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Management of Polytrauma 
Patients

Vittorio Miele, Gloria Addeo, Diletta Cozzi, 
Ginevra Danti, Luigi Bonasera, Margherita Trinci, 
and Roberto Grassi

1.1  Introduction

Trauma is the leading cause of death in people 
under 45 years old [1], the third most common 
cause of death in patients aged between 45 and 
54 years, and the fifth most common cause of 
death overall [2]. Approximately 5.8 million peo-
ple die each year worldwide as a result of injuries 
(15,000 people die every day), and estimates pre-
dict injury deaths to become one of the top 20 
leading causes of death in the world by 2030 [1]. 
Approximately a quarter of the 5.8 million deaths 
that are referred to as unintentional injuries are 
from road traffic injuries. Other main causes of 
death are the result of suicide, homicide, falls, 
drowning, burns, poisoning, and war [1]. Road 

traffic injuries represent a significant proportion 
of worldwide unintentional injury deaths. In 
2015, accidents were the fourth leading cause of 
death in the USA and the leading cause of death 
for those aged 1–44 although car safety and 
driver awareness of the use of safety devices have 
continuously improved. Nearly 200,000 people 
die from injury each year, which is one person 
every 3 min [3].

Because injuries usually occur in young 
healthy individuals (road traffic injuries are the 
leading cause of death for those aged between 15 
and 29 years), they result in potentially life-long 
disability, significant psychological trauma, and 
subsequent financial loss [4]. Unintentional inju-
ries were responsible for more than 138 million 
disability-adjusted life-years lost in 2004, while 
those from road traffic account for approxi-
mately one-third of unintentional injury 
disability- adjusted life-years in all regions [5]. 
More than 90% of deaths that result from injury 
occur in low- and middle-income countries. 
Comparing high-income countries (North 
America and Europe) with low-income countries 
(Africa and Southeast Asia), the mortality rate of 
unintentional injury deaths is double for low-
income countries (65 vs. 35 per 100,000 people), 
and the rate of life-years disability-adjusted is 
triple for low-income countries (2398 vs. 774 
per 100,000) [4].
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People with poorer economic backgrounds 
have higher rates of death from injury and non-
fatal injuries; this is due to, among other things, 
the poorer access to quality emergency trauma 
care and rehabilitation services. To minimize 
the effects of injuries, it is necessary to organize 
a national or regional multidisciplinary trauma 
system that includes trauma prevention, prehos-
pital care, and improved hospital structures, 
care, and rehabilitation. The cost for the national 
medical system in medical care and lost produc-
tivity from traumatic injury is astronomical if 
one includes other nonmedical costs that stem 
from short-term or permanent disabilities that 
may result in continuing restrictions on their 
physical functioning, psychosocial conse-
quences, or reduced quality of life. Road acci-
dents are also a major cause of hospitalization 
and access to emergency care and can cause 
severe traumatic disability, such as paraplegia, 
quadriplegia, and intracranial trauma. 
Additional expenses resulting from uninten-
tional injuries that occur in high- (87.5%) ver-
sus low- income countries (12.5%) is estimated 
to be 518 billion US dollars [6]. In the case of 
children, the cost in terms of future job disabil-
ity and impaired quality of life amounted to 
17,000 per child for a total of 347 billion dollars 
per year [7].

In Italy, over 7000 and 250,000 people died or 
were injured, respectively, in road accidents or 
were victims of accidents at work, home, or while 
partaking in sport events. Trauma is the third 
cause of death in Italy and the first in young peo-
ple under 40 years of age; also, it greatly contrib-
utes to the number of permanently disabled 
people. In 2013, the number of road accidents 
resulting in deaths or injuries in Italy was 
181,227; this included 3385 deaths (deaths within 
30 days) and 257,421 injured persons [8]. In 
2004, road accidents caused less than 1.5% of the 
annual deaths. More than 40% of deaths included 
young people between 15 and 24 years, constitut-
ing by far the leading cause of death in this age 
group; therefore, trauma is responsible for 

extremely serious consequences in terms of 
human and social costs [9].

1.2  Trauma Definition

Major trauma is defined as a traumatically 
induced structural injury and/or physiological 
disruption of a body function determined by an 
external dynamic force that causes single or 
multiple life-threatening lesions immediately 
after an event. Under this aspect, trauma should 
be considered itself a “vector-borne disease,” 
whose means of transmission is a motor vehicle, 
firearm, or another blunt object, and which is 
followed by an admission to an emergency 
department to formulate a course and 
treatment.

A major trauma (or polytrauma) is defined 
when the injury severity score (ISS) is greater 
than 15; this threshold was first described by 
Boyd et al. in 1987 as being predictive of 10% 
mortality [10]. Injury mortality, which was origi-
nally described with a trimodal distribution, is 
now more accurately described as bimodal, since 
deaths presenting in the immediate and early hos-
pital stages with the advancements in prehospital 
care, early resuscitation, and critical care have 
produced near elimination of the late deaths that 
occur after days or weeks due to sepsis and mul-
tiple organ failure.

Immediate deaths, which account for about 
60% of all injury-related deaths, are mainly due 
to non-salvageable injuries, like the rupture of the 
heart or vessels, and occur immediately after 
trauma (<1 h), while early deaths account for 
around 30% and occur during the first 6 h of 
injury and are due to evolving conditions like 
hemorrhagic injuries of abdominal organs or 
expanding intracranial mass lesions [11].

Early deaths are commonly considered pre-
ventable given that organization of assistance of 
trauma patients is optimized at both on-scene and 
within the hospital by implementing technical 
and nontechnical skills at various levels.

V. Miele et al.
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1.2.1  Emergency and Trauma Care 
System

The aphorism “Time is life: the smaller the delay 
until patients’ admission at the ER, the better the 
prognosis indeed” summarizes the relationship 
between shortened prehospital time and improved 
survival of the traumatized patient well [12]. 
These authors extensively demonstrated that heli-
copter medical services are superior to ground 
medical transportation by referencing historical 
wars. As a matter of fact, a 52% reduction in the 
mortality rate was observed in trauma patients 
treated at the site of injury and transported to the 
trauma center by air medical transport when 
compared with standard prehospital management 
services [12].

The adequacy of initial management of 
patients from the scene of injury and definitive 
care are factors that determine prognosis and 
remote outcome in traumatic events. The term 
“golden hour,” which is ubiquitous in emergency 
situations, refers to a time period lasting for 1 h 
or less, during which there is the highest likeli-
hood that prompt medical treatment will prevent 
death [13]. However, the literal meaning of the 
term does not imply that survival rates drop off 
after 60 min. Some use the term to refer to the 
core principle of rapid intervention in trauma 
cases rather than the narrow meaning of a critical 
1-h time period. It is well established that the 
patient’s chances of survival are greatest if they 
receive care—both intra- and extra-hospital 
care—by narrowing the critical time within a 
short period after a severe injury.

So, if a successful and definite diagnosis and 
therapeutic evaluation is done within the first 
hour after trauma (i.e., in the golden hour), the 
polytrauma patient’s chances for survival signifi-
cantly increase. Thus, therapeutic procedures and 
diagnostic evaluation must be performed as soon 
as possible and simultaneously by a multidisci-
plinary team (trauma team) made up of different 
professional specialists and technicians who are 
all dedicated to the patient’s management [14].

Effective emergency and trauma care sys-
tems—from first aid at the scene of the injury to 
operating theater trauma surgery—are key fac-
tors that affect the success of healthcare facili-
ties in preventing avoidable mortality and 
morbidity during mass casualty incidents [15]. 
Building up trauma centers and services to man-
age with most serious traumas and deliver spe-
cialist facilities relatively quickly must therefore 
be a priority.

Evidence during the last two decades has 
shown that rapid patient triage followed by trans-
portation to a designated trauma center is associ-
ated with a significant reduction in mortality after 
severe injury compared with transport to a non- 
trauma center [16, 17]. During initial evaluation, 
an accurate and timely diagnosis of bleeding and 
other important injuries is essential to plan and 
prioritize therapy [18].

For a significant reduction in the number of 
fatal wounds in a geographical area, it is neces-
sary to develop an integrated system of care. A 
trauma care system is an organized and 
 coordinated effort to deliver the full spectrum of 
care to an injured patient from the time of the 
injury to transport to an acute care facility, and to 
rehabilitative care. A trauma care system con-
sists of three major providers—pre-hospital, 
acute care, and rehabilitation—that, when 
closely integrated, ensure a continuum of care 
[19] (Fig. 1.1).

1.2.2  Prehospital Care: Triage

Emergency medical services provide out-of- 
hospital medical care and transport patients to 
hospitals for extended evaluations by the diag-
nostic structure. Patients receiving prehospital 
care have a lower in-hospital mortality compared 
to those directly managed in the hospital and a 
reduced length of stay, considerably less than 
might be expected with; they also experience pos-
sible cost savings and reduced risks of long-term 
disabling sequelae. However, specific situations, 
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particularly in the case of inefficiency of emer-
gency department services—mainly in the phase 
of management and diagnostic classification at 
the hospital with patients receiving a standard of 
care that was less than good practice—increased 
the proportion of preventable trauma deaths.

So, when clinical teams and facilities (e.g., 
hospital, community, primary care) are organized 
to meet best practice clinical guidelines and stan-
dard services within the trauma system, each 
patient’s mortality could be significantly reduced 
[20]. The golden rule would mean that if the right 
team in a dedicated major trauma center with an 
efficient organization treats the patient, signifi-
cant outcome benefits for patients with major 
trauma will be obtained.

Therefore, the quality of the emergency man-
agement system (EMS) as well as response 
times is critical to life-saving practices. To meet 
the growing demand of emergency medical ser-
vices and prevent early deaths, it is crucial for 
care providers to calibrate and reduce transport 
time. Once an emergency call is received, the 
dispatch center identifies the urgency of the call, 
and on the basis of urgency, the center makes 
decisions on whether an ambulance or helicop-

ter needs to be dispatched. This depends mainly 
on the distance to the site of the accident, the 
accessibility of the site to motor vehicles, traffic 
intensity, and the right hospital that is able to 
manage the identified injuries. European health 
systems provide treatment at the site of the inci-
dent, and  healthcare professionals are able to 
correctly apply the principles of patient trauma 
stabilization and triage procedures and to con-
tinue care during transport aboard a land or air 
ambulance.

The initial assessment is indicated in the 
guidelines of the advanced trauma life support 
[ATLS] approach outlined by the American 
College; the ATLS is a training program for med-
ical providers in the management of acute trauma 
cases. Nowadays, ATLS is widely accepted as the 
standard of care for initial assessment and treat-
ment in trauma center.

It suggests to first treat the greatest threat to 
life. Prehospital trauma care is addressed 
immediately according to the ABCDE scheme, 
focusing on the following steps, A: Airway 
management; B: Breathing, ventilation, and 
oxygenation; C: circulation and external bleed-
ing control; D: disability, immobilization of 

No care
on site

No
specialist

care

No medical
care during

transportation

No stabilization
on site

Treatment and
stabilization on

site

medical care
during

transportation

In-hospital care
Trauma center

% mortality

100

75

50

25

0

T0 10’ 30’ 60’ 120’

Fig. 1.1 Timely healthcare and best chance of survival. 
An early continuing healthcare significantly increases the 
probability of survival in patients with polytrauma. 
Mortality rates tend to decrease monotonically with life- 
saving primary care at the accident scene by rapid transfer 

to the most appropriate hospital for the definitive care. 
Treatment as early as 1 h or shorter after the traumatic 
event, especially first aid—prehospital care—platinum 
10 min—can help reduce preventable deaths
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the spine, disability, or neurological status; and 
E: exposure or undressing of the patient while 
also protecting from hypothermia. There are 
conflicting views about the most suitable pro-
cedure to follow at the scene of the injury—for 
example, to start with a consistent, high-qual-
ity patient care at the accident site or to trans-
fer the injured patient without delay to the 
trauma unit.

This dualism has had consequences in differ-
ent countries.

Out-of-hospital care concepts such as “scoop 
and run” (rapid transport to hospital), “stay and 
play” (treatment and stabilization on site), or 
“load, go, and play” (charge quickly and stabi-
lize the patient during the transport) have been 
compared in recent decades. The “stay and play” 
relief model, which is currently applied in 
European countries for closed traumas, predicts 
the presence of medical and paramedic figures 
aboard.

Staff administering Advanced Life Support 
(ALS) at the site of trauma results in an average 
trip time to the hospital of about 18.5 min. In the 
“scoop and run” procedure, where only Basic 
Life Support (BLS) is provided, emergency trips 
average 5 min less than the “stay and play” pro-
cedure [21].

A study undertaken to investigate changes in 
prehospital care for patients with severe trau-
matic brain injury demonstrated that the overall 
mortality rate did not change for the historic 
BLS cohort (average time on scene 7.5 min) 
with respect to the current ALS cohort (about 
four times as long as in the historic cohort) [22]. 
Regardless of the procedure followed in the res-
cue of the patient, the best common practice is 
to carry out life-saving operations on site as 
quickly as possible and to transport the patient 
to the most appropriate center in the shortest 
possible time.

In addition to the aforementioned golden 
hour, which indicates the importance of early 
relief and treatment during the first hour after 
the traumatic event, special attention is paid to 
the first “platinum 10 minutes” in which the 
causes of preventable deaths (e.g., airway 

obstruction, hemorrhagic shock) easily lead to 
death. The first “platinum 10 minutes” becomes 
important to make the golden hour effective and 
should be distributed as follows to make it fruit-
ful: assessment of the victim and primary sur-
vey, 1 min; resuscitation and stabilization, 
5 min; and immobilization and transport to 
nearby hospital, 4 min [23].

This philosophy has been likely borrowed 
from the military, as many battlefield fatalities 
occur within the first minutes post injury. 
Seriously injured patients should have no more 
than 10 min of scene-time stabilization by 
emergency medical personnel prior to trans-
port to definitive care at a trauma center [24]. 
Two possible errors can lead to negative poten-
tial consequences at the scene of the rescue 
that is under- and over-triage of the patient’s 
injury.

Triage protocols were developed by an expert 
panel and indicate that over-triage is safer than 
under-triage because if the patient does not 
require care in a higher level trauma and is 
unnecessarily transported to such a center, this 
causes an overutilization of financial and human 
resources and can lead to overcrowding of the 
trauma center [25]. Over-triage rates vary in the 
approximate range 25–50% and may be able to 
be reduced while maintaining low under-triage 
rates [26].

Based on presenting signs and symptoms, the 
protocols recommend patients to one of four 
alternatives: (1) ambulance transport to an 
 emergency department (ED); (2) transport to an 
ED by alternative means; (3) referral to a primary 
care provider (PCP) within 24 h; or (4) treatment 
at the scene only [27].

According to the “Guidelines for Field Triage 
of Injured Patients” published by the Centers for 
Disease Control and Prevention (CDC, 2011), if 
any of the following alterations that fall into 
four categories (physiologic, anatomic, 
mechanism- of- injury, and special consider-
ations) are identified, it is recommended to 
transport the patient to a facility that provides 
the highest level of care within the defined 
trauma system [28, 29]:
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Physiologic Criteria
• Glasgow Coma Scale <13
• SBP of <90 mmHg
• Respiratory rate of <10 or >29 breaths per 

minute (<20 in infant aged <1 year) or need 
for ventilation support

Anatomic Criteria
• All penetrating injuries to head, neck, torso, 

and extremities proximal to the elbow or knee
• Chest wall instability or deformity (e.g., flail 

chest)
• Two or more proximal long-bone fractures
• Crushed, degloved, mangled, or pulseless 

extremity
• Amputation proximal to the wrist or ankle
• Pelvic fractures
• Open or depressed skull fractures
• Paralysis

Mechanism of Injury
• Falls

 – Adults: >20 ft (one story = 10 ft)
 – Children: >10 ft or two to three times the 

height of the child
• High-risk auto crash

 – Intrusion, including roof: >12 in. occupant 
site; >18 in. any site

 – Ejection (partial or complete) from 
automobile

 – Death in same passenger compartment
 – Vehicle telemetry data consistent with a 

high risk for injury
• Automobile versus pedestrian/bicyclist thrown, 

run over, or with significant (>20 mph) impact
• Motorcycle crash >20 mph

Special considerations: EMS personnel must 
determine whether persons who have not met 
physiologic, anatomic, or mechanism steps have 
underlying conditions or comorbid factors that 
place them at higher risk of injury or that aid in 
identifying the seriously injured patient.

• Older adults
 – Risk for injury/death increases after age 

55 years
 – SBP <110 might represent shock after age 

65 years

 – Low-impact mechanisms (e.g., ground- 
level falls) might result in severe injury

• Children
 – Should be triaged preferentially to pediat-

ric capable trauma centers
• Anticoagulants and bleeding disorders

 – Patients with head injury are at high risk 
for rapid deterioration

• Burns
 – Without other trauma mechanism: triage to 

burn facility
 – With trauma mechanism: triage to trauma 

center
• Pregnancy >20 weeks
• EMS provider judgment

The ideal triage system will direct patients to 
the appropriate health services for their needs. 
Updated ambulance technology can speed up 
response times and improve emergency commu-
nications using high-tech wireless networks and 
making it possible to relay critical patient data to 
headquarters in real time. Nowadays, there are 
new apps that allow ambulance personnel to 
transmit key information to the trauma center, 
including vital signs and, more importantly, pho-
tos or video of the patient’s wounds; thus, the 
trauma center is able to make the necessary prep-
arations for the patient’s arrival [30].

EMS service technologies are emerging that 
provide more options for healthcare providers 
and make patients’ lives better during ambulance 
transport. Boarded personnel are able to commu-
nicate via secure instant messaging with the cen-
ter to obtain information regarding, for example, 
traffic and other obstacles; this helps to gain pre-
cious minutes when transporting patients to the 
trauma center.

1.3  Trauma Network

Trauma centers are specially designed to care for 
the most critically injured patients. New trauma 
centers are placed geographically with good 
motorway access, given that the prompt treat-
ment of polytrauma patients by a specialized 
team has a higher probability of favorable out-
comes. Stakeholders and healthcare planners 
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should therefore consider this factor in the devel-
opment of trauma systems [31]. In a research 
work comparing the availability of hospital facil-
ities to urban and rural communities, rural com-
munities were found to have higher risk than 
urban communities because they have less access 
to trauma centers.

The ACS-COT (Optimal Care of the Injured 
Patient, by the American College of Surgeons 
Committee) trauma center classification scheme 
(Level I through Level IV) is intended to assist 
communities in their trauma system development 
[32]. ACS oversees designation of trauma centers 
in various levels according to hospital resources 
and educational and research commitments. 
These categories may vary from state to state and 
are typically outlined through legislative or regu-
latory authorities. The different levels (i.e., Level 
I, II, III, IV, or V) refer to the kinds of resources 
available in a trauma center and the number of 
patients that are admitted yearly.

Level I trauma center is a comprehensive 
regional resource that is a tertiary care facility 
that is central to the trauma system. In this center, 
total care for every aspect of injury—from pre-
vention through rehabilitation—is supplied, 
including educational and research branches.

Level II trauma centers are also able to pro-
vide complete treatment for trauma patients, but 
they do not have educational and research pro-
grams. Level III centers have the stabilization 
and initial resuscitation measures for major 
trauma patients. Level IV centers assure initial 
care and have well-functioning protocols for 
rapid transfer of the patients [33, 34]. Generally, 
the regional emergency service is organized in 
specialist centers of excellence (major trauma 
center [MTC] or “hub”) located in the regional 
capitals, which are equipped and staffed to pro-
vide care for patients suffering from major trau-
matic injuries.

An MTC must admit at least 1200 trauma 
patients yearly or have 240 admissions with an 
injury severity score of more than 15; they also 
must be equipped with specialist medical and 
nursing care. MTCs are directly connected with 
peripherals, radially diffused, trauma units 
(“spokes”) that no longer have to provide major 

trauma care but still play an essential role in less 
severely injured patients in whom transfer to an 
MTC may result in worse outcome.

Despite the longer transport times this entails, 
triage of major trauma patients to an MTC results 
in a 30% decrease in mortality in the first 48 h 
compared with transport to a non-MTC, which 
may be the closest medical facility [17]. This 
happened because the key point is not the time to 
reach a hospital but the efficiency of the final 
treatment [i.e., interventional radiology (IR) or 
surgery]. MTC trauma services run 24/7 for diag-
nostic and interventional services and provide 
24/7 whole-body computed tomography (WBCT) 
by experienced personnel together with the image 
interpretation as well as 24/7 access for IR ser-
vices for emergency bleeding control.

1.3.1  Inhospital Care: Primary 
and Secondary Survey

It is undeniable that application of time- dependent 
EMS interventions (e.g., airway obstruction, 
respiratory arrest, external hemorrhage at a com-
pressible site) has potential positive effects on 
outcomes for most trauma patients. However, it is 
also plausible that the “golden hour” is primarily 
dependent on the timeliness of hospital-based 
interventions (i.e., initiation of definitive care 
after arrival at an ED) rather than out-of-hospital 
care [35].

The ATLS method establishes priorities in 
emergency trauma care by dividing the assess-
ment of each patient’s trauma into a primary and 
secondary survey. The radiologist plays a key 
role in the early diagnosis of possible life- 
threatening injuries in the trauma room for defin-
ing focused treatments (primary survey) and then 
in the identification and definition of prognostic 
scores to assist in stratification of patients in clin-
ical management (secondary survey).

1.3.1.1  The Trauma Resuscitation Team
Once the patient arrives to the hospital, the 
trauma team takes charge of the patient from the 
ambulance crew and the traumatized patient is 
transferred to a trauma room. The trauma resusci-
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tation team consists of physicians, nurses, and 
allied health personnel, and they are all dedicated 
to managing the patient. Typically, trauma cen-
ters have a single level of trauma, while others 
may have two or three that are specifically defined 
in policy and monitored through the trauma 
quality- assurance process. The size and composi-
tion of the team may vary with hospital size, the 
severity of injury, and the corresponding level of 
trauma team activation.

A high-level response to a severely injured 
patient usually consists of a team with the follow-
ing professionals: general surgeon, emergency 
physician, anesthetist, radiologist, laboratory 
technician, radiology technologist, and critical 
care nurse. The main tasks of the trauma team are 
the maintenance and improvement of vital func-
tions, diagnosis and early treatment of lesions, 
and execution of emergency procedures. Major 
trauma, covering various organs and districts, is 
certainly the disorder/disease for which a multi-
disciplinary approach could provide a significant 
outcome. All levels are based specifically on the 
hospital resources available to the trauma patient 
as well as the patient’s physiological status. 
Hospital staff may rely on a report from EMS 
about the life-threatening injuries identified by 
the rescue team aboard the ambulance by appli-
cation of the systematic ATLS primary survey 
protocol to confirm previously detected vital sign 
changes.

Therefore, the first step is the activation of the 
trauma team and to provide immediate resuscita-
tion to the seriously injured trauma patient using 
hospital resources. In this way, the trauma leader 
continuously reevaluates the prior ATLS findings 
since the patient’s condition may change (e.g., 
deteriorate) rapidly. Usually, when a polytrauma 
patient is identified, the trauma team activates all 
resources within 15 min of notification.

Each trauma center acts according to internal 
protocols clearly documented by a “trauma team 
activation policy” with defined roles and respon-
sibilities for each component. These protocols 
are subjected to continuous improvements to 
meet the needs of the plurality of cases encoun-
tered. Since there are a variety of hospitals at dif-
ferent organizational levels, no definitive list of 

trauma team activation criteria exists that is 
safely employed at all facilities. Each ED that 
treats polytrauma patients should develop an 
internal protocol for appropriate multidisci-
plinary team mobilization on the basis of the 
internal human and facility-based resources.

In Level I and II trauma centers, the highest 
level of activation requires the response of the 
full trauma team within 15 min of arrival of the 
patient; this includes a surgeon, emergency phy-
sician, trauma-trained nurses, imaging depart-
ment team support, laboratory team support, and 
respiratory team support.

1.3.1.2  Primary Survey
Historically, the standard of care for trauma 
patients (i.e., the advanced trauma life support 
[ATLS] approach) outlined by the American 
College of Surgeons [36] indicates the guidelines 
for a reliable evaluation of traumatized patients. 
The protocol states to identify the most immedi-
ate life-threatening conditions and adopt the 
measures for minimizing the potential risk. The 
objectives of the initial evaluation of the trauma 
patient are as follows: (1) to rapidly identify life- 
threatening injuries, (2) to initiate adequate sup-
portive therapy, and (3) to efficiently organize 
either definitive therapy or transfer to a facility 
that provides definitive therapy.

In the primary survey, the sequence and tim-
ing of the resuscitation procedures are identified 
by successive phases following the order A–B–
C–D–E (airways–breathing–circulation–disabil-
ity–exposure/environment). The initial 
assessment and the arrangement in the primary 
survey and resuscitation phases can and should 
be rapid (5–10 min).

A (Airway): Airways and Cervical Spine 
Protection
The first priority is airway patency by determin-
ing the ability of air to pass unobstructed into the 
lungs. An acute airway obstruction is the leading 
cause of death in trauma patients. Maxillofacial 
trauma, neck trauma, and laryngeal trauma are 
the most common causes of airway dysfunction. 
As obstruction may partially or totally prevent air 
from getting into the lungs, and consequent clini-
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cal signs ranging from stridor, dysphonia, 
wheezes, or high respiratory rates together with 
an altered state of consciousness (e.g., restless-
ness, stupor, coma) can be a consequence of a 
respiratory tract obstruction. The most common 
cause of airway obstruction in the unconscious 
patient is the hypotonic tongue, but foreign body 
upper airway obstruction, secretions in the air-
way, soft tissue damage, and respiratory tract irri-
tation are all potential causes of an obstructed 
airway. The most basic airway maneuvers are the 
chin lift and jaw thrust. In a patient who has not 
been cleared of a cervical spine injury, these 
maneuvers must be done without significant neck 
extension. Once the basic maneuvers have been 
performed, the oral cavity is carefully cleaned, by 
aspiration of foreign bodies and liquids using 
electric vacuum suction, which hinders vomit 
and worsening of the situation. Immobilization of 
the cervical spine must be instituted until a com-
plete clinical and radiological evaluation has 
excluded injury (Fig. 1.2).

Oropharyngeal and nasopharyngeal airway 
devices can provide temporary return of airway 
patency in an unconscious patient until the airway 
is definitely secured though intubation. Tracheal 
intubation is indicated for airway protection 
(GCS < 9; severe maxillofacial fractures; laryn-
geal or tracheal injury; evolving airway loss with 
neck hematoma or inhalation injury) and as a con-

duit for ventilation (apnea, respiratory distress—
tachypnea >30, hypoxia/hypercarbia) [37].

B (Breathing): Ventilation 
and Oxygenation
A consequential step is the immediate evaluation 
of the patient’s ability to ventilate and oxygenate. 
A thorough physical examination of the chest 
should be performed quickly after the initial 
assessment to rule out possible tension pneumo-
thorax, massive hemorrhage, flail chest, and car-
diac tamponade, which are all life-threatening 
conditions. According to the ATLS, the patient’s 
chest should be exposed to adequately assess 
chest wall excursion, then auscultation should be 
performed to assure gas flow in the lungs; then, 
percussion should be performed to exclude the 
presence of air or blood in the chest, and finally 
visual inspection and palpation may detect 
 injuries to the chest wall that may compromise 
ventilation. A pulse oximeter can be applied to 
evaluate the efficiency of breathing, and if needed 
provide supplemental oxygen with bag-valve 
mask unit or tracheal intubation. In the case of 
flail chest/severe pulmonary contusion, pneumo-
thorax, or hemothorax, re-expansion of alveolar 
volume can be obtained by performing endotra-
cheal intubation, mechanical ventilation using a 
thoracentesis needle, or tube thoracostomy.

C (Circulation): Circulation 
and Hemorrhage Control
For the hemorrhagic shock in the injured patient 
who is unresponsive to the usual measures of 
resuscitation, pericardiocentesis treatment is 
applied during the primary survey. Circulation is 
initially assessed by simple observation of the 
patient, then the peculiar stress and hypovolemia 
response is taken into account; moreover, the 
traumatized patient, to compensate for a signifi-
cant hemorrhage, releases a significant amount of 
catecholamine and increases cardiac contractil-
ity, which increases the heart rate and the sys-
temic resistance. As blood loss progresses, 
mental status deteriorates, heart rate increases, 
blood pressure falls, and oliguria is apparent [38]. 
The estimated blood loss, using vital signs pro-
posed by ATLS to manage the best resuscitation 

Fig. 1.2 Immobilization of the cervical spine and maneu-
vers to ensure the patency of the airway
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strategy, classifies the state of shock into four 
classes, according to the blood loss, pulse rate, 
and pulse pressure [39].

The patient whose persistent vital sign evalua-
tion suggests hypotension is at significant risk for 
loss of 30–40% of blood volume on presentation 
and often leads to imminent cardiac arrest. Rapid 
and accurate assessment of the patient’s hemody-
namic status based on clinical and hemodynamic 
criteria is assessed by a combination of parame-
ters: cardiovascular (blood pressure, pulse, pulse 
pressure); pulmonary (oxygen saturation via 
pulse oximetry, respiratory rate); skin appearance 
(color, temperature, capillary refill); CNS (con-
sciousness level); renal-urine output (normal 
0.5 cc/kg/h in adults, 1.0 cc/kg/h in children, 
2.0 cc/kg/h in neonates).

The estimated blood loss using vital signs pro-
posed by ATLS to manage the best resuscitation 
strategy classifies the state of shock into four 
classes according to the blood loss, pulse rate, 
and pulse pressure [39]:

• Class I: Blood Loss <15% (<750 mL); Pulse 
rate < 100, normal BP, normal Pulse/Pressure;

• Class II: Blood Loss 15–30% (750–1500 mL); 
P = 100–120, normal BP, decreased PP;

• Class III: Blood Loss 30–40% (1500–
2000 mL); P = 120–140, decreased BP, 
decreased PP;

• Class IV: Blood Loss >40% (>2000 mL); 
P > 140, decreased BP, decreased PP.

It is important to note that with the increase of 
blood loss, particularly when quantification of 
the loss amount is not feasible (e.g., trauma and 
occult bleeding), the vital signs that are used to 
guide fluid replacement in trauma patients with 
hypovolemic shock due to hemorrhage are not 
altered. In fact, in Class II, when faced with a cir-
culating blood volume reduction of up to 30%, 
patients may display blood pressure values that 
are quite normal but with altered pulse and pulse 
pressure values. Patients only exhibit tachypnea, 
tachycardia (HR > 120), decrease in systolic BP, 
delayed capillary refill, decreased urine output, 
and a change in mental status for Class III hemor-
rhages, which are characterized by 30–40% 

blood loss (1500–2000 mL). For each class, 
ATLS allocates therapeutic recommendations for 
example, either the replacement of intravenous 
fluids (class I–IV) or the administration of blood 
products (class III–IV) [39].

It is always required to identify the presence 
of any source of external bleeding with a sys-
temic approach by applying direct pressure; in 
the presence of uncontrolled bleeding from 
limbs, pneumatic tourniquets should be immedi-
ately used. All polytraumatized patients should 
be connected to a multi-parameter monitor in 
order to have a continuous reassessment of the 
respiratory and circulatory parameters. Two 
large-bore intravenous lines should be obtained 
to replace fluids and deliver medications. In case 
of hypovolemic shock, the infusion plan involves 
the administration of 250–500 mL warmed 
boluses; often, a total of 2–3 L of IV fluids is nec-
essary, which will then need to be followed by 
blood transfusion bolus if hemodynamic stability 
is not achieved. The positive response to therapy 
leads to a substantial improvement of vital signs 
manifested through blood pressure, tachycardia, 
CNS-mental status normalization, urine output, 
and organ perfusion improvement [40].

A shock condition in traumatized patients is 
attributed to hemorrhage until proven otherwise; 
in relation to the context, of course, different and 
concurrent causes should be assessed: bleeding 
from the thorax (massive hemothorax, vascular 
injury, penetrating cardiac injury); abdomen 
(solid-organ injury [liver, spleen, or kidney], 
major vessel injury, or mesenteric bleeding); ret-
roperitoneum (pelvic fracture); long bone frac-
tures (e.g., femur); and also myocardial 
dysfunction after contusion due to thoracic 
trauma, or medullary impairment with neuro-
genic shock (hypotension without increase of 
heart rate or vasoconstriction) due to head and 
neck injuries.

D (Disability): Neurological Assessment
A brief neurologic exam is carried out to assess 
whether a serious head or spinal cord injury 
exists. This assesses the patient’s level of con-
sciousness, papillary size, and reaction and pos-
sible lateralizing signs. The level of consciousness 
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is classified according to the Glasgow coma scale 
(GCS) or the AVPU score. The GCS evaluates 
the severity of head injury by classifying three 
different aspects of behavioral response to exter-
nal stimulation: eye opening; motoric reaction; 
and verbal response. The score ranges from 3 to 
15, where a score of 15 represents a patient’s eyes 
spontaneously opening, obeying commands, and 
being normally oriented. The worst score is 3 
points.

A decreased GCS can be caused by a focal 
brain injury (i.e., an epidural hematoma, a subdu-
ral hematoma, or a cerebral contusion) and by 
diffuse brain injuries ranging from a mild contu-
sion to diffuse axonal injury [41]. The pupils are 
also examined for size, symmetry, and reactive-
ness to light, the spinal cord is assessed for injury 
by observing the spontaneous movement of the 
extremities and spontaneous respiratory effort. 
Oxygenation, ventilation, perfusion, drugs, alco-
hol, and hypoglycemia may all also affect the 
level of consciousness. Patients should be reeval-
uated frequently at regular intervals, as deteriora-
tion can occur rapidly, and often patients can be 
lucid following a significant head injury before 
worsening.

E (Exposure): Exposure and Thermal 
Protection
Trauma patients should be completely undressed 
for a thorough physical examination. Soon after, 
they should be protected from thermal disper-
sion. Then, the trauma patient is treated prophy-
lactically with the administration of warmed 
intravenous fluids, blankets, heat lamps, and 
warmed air-circulating blankets as needed.

Formulation of the Patient’s Severity Index
At the end of the qualitative and quantitative 
assessment of all phases summarized with the 
acronym ABCDE, the patient’s chance of sur-
vival is calculated according to the injury severity 
score (ISS), which correlates the mortality, mor-
bidity, and hospitalization time after trauma with 
a number varying between 0 and 75. A major 
trauma (or polytrauma) is described by an ISS 
index greater than 15 [42]. In addition to the ISS, 
many trauma score systems have been developed 

and used. For instance, the revised trauma score 
(RTS) [43] is the most widely used although its 
calculation is too complicated for easy use in the 
ES [44].

According to the ATLS indications, imaging 
is helpful during the primary survey, but the use 
should neither stop nor delay life-saving maneu-
vers. The inherent instability of the trauma patient 
in this setting provides a requirement for rapid 
imaging and accurate, timely interpretation. It is 
especially relevant because evaluation by history 
and clinical examination alone has been shown to 
result in misdiagnosis in 20–50% of patients with 
blunt polytrauma [45]. A common concept in 
trauma management that early intervention leads 
to improved outcomes is that of the “golden 
hour” [36]. Since its inception, the advanced 
trauma life support (ATLS) program has been 
adopted in over 60 countries and has repeatedly 
undergone important changes. Throughout these 
revisions, the role of medical imaging has 
evolved. The current iteration of the program 
includes, after the “ABCDE” of the primary sur-
vey, descriptions of a trauma series (plain film 
radiographs of the cervical spine, chest, and pel-
vis), a focused assessment with sonography for 
trauma (E-FAST) examination, and the selective 
use of MDCT. The secondary survey is essen-
tially a head-to-toe examination with completion 
of the history and reassessment of progress and 
vital signs.

Flowchart of Diagnostic Imaging
The diagnostic procedure to be used varies 
according to the patient’s hemodynamic condi-
tion. An “unstable” patient is one with blood 
pressure < 90 mmHg and heart rate >120 bpm, 
with evidence of skin vasoconstriction (cool, 
clammy, decreased capillary refill), altered level 
of consciousness, and/or shortness of breath [46]. 
In particular, in the case of hemodynamically 
stable patients (blood pressure > 90 mmHg, pulse 
<120/min) or patients stabilized after primary 
resuscitation, full-body CT scan remains the gold 
standard in the evaluation of injured patients 
because it allows a detailed view of the body. In 
contrast, for hemodynamically unstable patients 
(blood pressure < 90 mmHg, pulse rate > 120/
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min), the time-consuming TC scan is not sug-
gested; instead, it is suggested to use X-ray and 
US during the primary survey [47, 48].

X-rays and ultrasonography provide an initial 
diagnosis of conditions that can endanger the 
patient during the diagnostic phase, and in this 
scenario, the radiologist plays a key role at the 
emergency setting to provide a first effective 
diagnostic confirmation of potentially life- 
threatening clinical situations [49].

During maneuvering, resuscitators are beside 
the patient who is lying supine, making all the 
maneuvers to stabilize the patient and carrying 
out imaging tests such as chest X-ray (CXR) with 
an AP view, cervical spine X-ray with an LL 
view, pelvis X-ray with an AP view, and E-FAST 
scan (extended focused assessment with sonogra-
phy for trauma). Subsequently, as mentioned 
above, the hemodynamically stabilized patient 
undergoes a TC exam that obtains a complete 
evaluation of all of the body parts (Fig. 1.3).

Emergency Radiology During the Primary 
Survey
Radiology is the key component of the trauma 
center, which is a determining factor for the diag-
nosis and subsequent treatment of trauma inju-
ries, and therefore radiologists are a part of the 

trauma team. In dedicated trauma services in 
large hospitals, the team leader of the emergency 
radiology (ED) directs the evaluation and resus-
citation in cooperation with general and orthope-
dic surgeons, physicians, radiologists, and 
anesthetists of the ED staff. Neurosurgeons inter-
ventions, when significant central nervous sys-
tem injury is present, can be life saving. A 
well-integrated team should include all medical 
professionals involved in the patient’s care in 
addition to the radiologist. Often trauma patients 
are unconscious and uncooperative with medical 
staff, and this hampers the correct interpretation 
of the injury mechanism within the right context 
of the trauma event. This does not properly 
address the physician and radiologist toward the 
best-suited technique and protocol for the patient 
considering the technological resources available 
to the ED. So, radiologists undergo a significant 
amount of formal education to provide their 
expertise to the emergency staff in cooperation 
with other specialists to improve the quality of 
patient management.

Logistics of the ED put the patient at the cen-
ter of the scenario; specialists in the emergency 
room surround the patient (Fig. 1.4). In this con-
text, the role of the radiologist is of primary 
importance because he is the only specialist that 

Primary survey
ABCDE

Chest X-ray
Pelvis X-ray
Cervical X-ray
E-fast

Secondary
survey Re-evaluation

Operative
management

Stabilization Whole body CT Limbs X-ray

Operative
management

Operative
procedures

Non-operative
management

Orthopedics
Vascular

+

+ +

– –

–

Fig. 1.3 Outline of the current algorithm for the assessment and management of polytraumatized patients
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Fig. 1.4 The use of multidisciplinary in-hospital polytrauma teams within an Emergency and Admission Department 
in a context of concrete and complete collaboration improves patient outcomes

has a full understanding of the final product (the 
images) and the knowledge of technical equip-
ment and imaging techniques.

Radiology can no longer be viewed as an 
“add-on” to ED. Indeed, there is no case of 
urgency or a few cases that are not followed by an 
imaging act. Emergency radiology is distin-
guished mostly by the adaptation to any clinical 
patient’s situation, and the radiological response 
can oftentimes be the most effective, most spe-
cific, fastest, and least expensive.

Imaging services therefore must be as rigor-
ous as the other specialties involved in the ED, 
and they should have the same human resources 
as other medical services. The powerful infor-
matics systems introduced in the medical arena 
have allowed to rapidly solving complex health 
problems and are dependent on the development, 
for the main part, of the social and political inter-
action skills of the developer. Therefore, before 
being a hardware problem, the radiological emer-
gency is a human-based problem.

The clinical radiologist orients and adapts the 
radiological prescription under its responsibility 
by an immediate interpretation, and intervening 
eventually on therapeutics (interventional radiolo-
gist). Efficient and optimized care is realized with 
the cooperation of team members that contribute 

to the patient’s health. Therefore, each qualified 
“professional” that is directly involved in the 
diagnostic and therapeutic management will dis-
cuss with the radiologist the choice of explora-
tions according to the patient’s problem. Efficient 
patient management requires communication 
between team members and the radiologist. Each 
team member supports the patient-centered care 
to the best of his or her ability.

In order to minimize delay and transport, life- 
saving maneuvers need to be performed without 
stopping resuscitation—this may even require 
bringing mobile diagnostic apparatus to the 
patient’s bedside. From the emergency room, the 
patient is transported to the operating block in the 
shortest possible time; therefore, the CT room 
must be located within the emergency care area.

Chest X-Ray (CXR)
The plain anteroposterior chest radiograph 
remains the standard initial exam for the evalua-
tion of the polytraumatized patient in the emer-
gency room. Because of the inaccuracy of clinical 
signs, important thoracic problems that require 
possible intervention can be identified using a 
chest X-ray.

In cases of hemodynamic instability, the pres-
ence of respiratory failure (hypoxemia and dys-
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pnea), or after pleural decompression or pleural 
drainage insertion, an ordinary chest X-ray is 
recommended. In all cases of blunt trauma, the 
patient must have a chest X-ray in the supine 
position in the resuscitation room since unstable 
spinal fractures have not been ruled out at this 
stage. In penetrating trauma (penetrating inju-
ries), both from firearms and stab wounds, a 
chest X-ray should be taken preferably with the 
patient seated upright to increase the sensitivity 
for detecting small hemothorax, pneumothorax, 
or diaphragm injury.

Cervical Spine X-Ray
Cervical spine injuries are the most dreaded 
among all spinal injuries because of the potential 
serious neurological sequelae. Significant cervi-
cal spine injury is very unlikely in the case of 
trauma if the patient has normal mental status 
without neck pain, tenderness on neck palpation, 
neurologic signs, or symptoms referable to the 
neck (such as numbness or weakness in the 
extremities), other distracting injuries, and his-
tory of loss of consciousness [50]. However, the 
radiological series for excluding a cervical spine 
fracture requires a posteroanterior view, a lateral 
view, and an odontoid view. The lateral view 
must include seven cervical vertebrae as well as 
the C7-T1 interspace, allowing visualization of 
the alignment of C7 and T1.

According to current evidence, CT imaging of 
the cervical spine in polytrauma patients has 
replaced plain film imaging due to its greater 
sensitivity.

Pelvis X-Ray
Pelvic fractures resulting from motor vehicle 
accidents and also from falls from heights are 
very complex, as they imply high-energy trauma 
that disrupt the solid pelvic ring. These fractures 
are rarely isolated and are often associated with 
life-threatening complications such as bleeding 
(arterial, venous, and cancellous bone).

Up to 60% of mortality rates likely related to 
significant differences in fracture types have been 
reported [51]. Hemodynamic instability and mul-
tiple organ failure as direct consequences of pel-
vic hemorrhage have been identified as the 

primary causes of death following pelvic fracture 
[52]. In the prehospital exam, signs and symp-
toms of pelvic injury include deformity, bruising, 
or swelling over the bony prominences, pubis, 
perineum, and/or scrotum. Leg-length discrep-
ancy or rotational deformity of a lower limb 
(without fracture in that extremity) may also 
appear. Wounds over the pelvis or bleeding from 
the patient’s rectum, vagina, or urethra may indi-
cate an open pelvic fracture. Neurological abnor-
malities may also rarely be present in the lower 
limbs after a pelvic fracture [53]. Screening 
radiographs of the pelvis are recommended when 
the mechanism of injury or the degree of hemo-
dynamic instability indicates the possibility of a 
pelvic fracture. According to the mechanism and 
severity, pelvic fractures are classified into three 
main patterns of injuries: anteroposterior 
 compression, lateral compression, and vertical 
shear [54].

Anterior posterior compression is secondary 
to a direct or indirect force in an AP direction 
leading to diastasis of the symphysis pubis with 
or without obvious diastasis of the sacroiliac joint 
or fracture of the iliac bone. AP compression 
injuries cause an increased pelvic volume with 
any resulting hemorrhage that is unlikely to spon-
taneously tamponade. Pelvic wrapping therefore 
should be a priority in early management [55]. 
The AP projection, recommended by the ATLS 
program performed during the primary survey 
provides a large amount of information about the 
mechanism of injury. In the anterior, the AP pro-
jection can identify the presence and extent of the 
diastasis of symphysis pubis and/or the fracture 
of the obturator ring. In the posterior, the AP pro-
jection recognizes the presence and extent of dis-
location of the injured side of the pelvis, 
dislocations of the sacroiliac joint, or fractures of 
L5 transverse apophysis. However, this type of 
projection does not help to evaluate the real 
dimension of the injury, especially its posterior 
component [56].

Lateral compression is a lateral compression 
force that causes rotation of the pelvis inwards, 
leading to fractures in the sacroiliac region and 
pubic rami. The lateral fractures are the most 
common type of pelvic fractures that are mainly 
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associated (88% of cases) to the sacral fractures 
[54]. In lateral fractures, there is a reduction of 
the pelvic volume with hemorrhage that is more 
likely to spontaneously tamponade.

Vertical shear is an axial shear force that dis-
rupts the iliac or sacroiliac junction and is com-
bined with cephalic displacement of the fracture 
component from the main pelvis. In vertical shear 
injuries, the hemipelvis is shifted cranially, and 
fractures are vertically and rotationally unstable. 
There is a high rate of associated injuries to the 
torso and spine and a high rate of hemodynamic 
instability [55].

Other projections that can add more informa-
tion are the following: the oblique outlet view, 
performed with patient in supine position; 
caudal- cranial inclination of 30° of the incidental 
beam centering on the pubis is useful in quantify-
ing the cranial dislocation of the injured hemipel-
vis; and the oblique inlet view, which is performed 
with patient in supine position, caudal-cranial 
inclination of 30° of the incidental beam center-
ing on the umbilicus is useful in documenting the 
posterior sacroiliac joint dislocation or pubic 
branches dislocation on AP view or the inward/
outward rotation of the pelvis [56].

Focused Assessment with Sonography 
for Trauma (FAST) and Extended to  
Thorax- FAST (E-FAST)
Ultrasound (US) is an important adjunct to the 
primary survey of polytraumatized patients and 
has replaced diagnostic peritoneal washing or 
sometimes laparotomy in the resuscitation room 
because it is noninvasive, repeatable, safe, non- 
irradiating, inexpensive, and quick to perform 
[57]. There are no absolute contraindications 
against its use except in cases where the patient 
may require immediate surgery. However, before 
transferring the patient to the operating room for 
emergency laparotomy, it may be necessary to 
exclude pericardial tamponade or pneumothorax.

In the trauma setting, the FAST and E-FAST 
examinations are usually performed in hypoten-
sive and hemodynamically unstable patients 
because they help to determine whether immedi-
ate surgery is needed before the patient under-
goes a CT evaluation [58] (Fig. 1.5).

In patients with major trauma, the first-line 
abdominal US examination is generally per-
formed with a FAST protocol (i.e., focused 
assessment with sonography for trauma), which 
aims to identify a free-fluid effusion within the 
peritoneal cavity or pericardial sac through the 
ultrasound exploration of four regions (subxi-
phoid region, right and left hypochondriac 
regions, pelvic cavity). The FAST scan is per-
formed at bedside in the ER; it is usually per-
formed with a portable machine using a lower 
frequency transducer, such as a 3.5–5 MHz con-
vex array [59]. Although the effectiveness of the 
FAST scan to detect free intra-peritoneal fluid 
has been reported by many studies, the sensitivity 
of the FAST examination as a diagnostic test for 
therapeutic laparotomy accounts for only 75% 
(while confounded by multiple variables); simi-
larly, its positive predictive value was only 37.3% 
[59]. In another review, a positive FAST exam 
was found to vary in the 24.2–56.3% range for 
penetrating trauma, while the diagnostic modal-
ity was highly specific (94.1–100.0%) but not 
very sensitive (28.1–100%) [60]. If the free 
abdominal effusion is considered as the only 
diagnostic finding, the rate of false negatives may 
further increase, since too-early scans might miss 
significant releases of intra-peritoneal fluid, 

Fig. 1.5 The extended FAST examination (e-FAST) dur-
ing the primary survey is essential for the exclusion of 
pneumothorax and pericardial tamponade in unstable 
patient
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requiring more time to accumulate [61]. Even if it 
is claimed that ultrasound can detect as little as 
100 mL of free intra-peritoneal fluid, for a nega-
tive response it is necessary to observe the patient 
for at least 4–6 h and, if indicated, repeat the 
FAST scan or conduct a CT scan [62]. Some cli-
nicians incorporate inferior vena cava (IVC) 
evaluation into the FAST examination to help 
determine the patient’s volume status and fluid 
responsiveness [63].

Ultrasound may also be technically limited in 
the traumatized patient due to bowel gas, obe-
sity, subcutaneous emphysema, or patient posi-
tioning. Other limitations to FAST assessments 
include its poor sensitivity in detecting the 
hemoretroperitoneum, parenchymal traumatic 
injuries, and almost bowel and mesenteric inju-
ries detection; the latter two are both diagnos-
able with a CT scan.

Although FAST has a high specificity, false- 
positive results can be encountered in patients 
with a history of ascites or inflammatory pro-
cesses in the abdomen or pelvis or even ovarian 
cyst rupture.

The Consensus Conference recommends that 
hemodynamically unstable patients with positive 
FAST examination should generally be followed 
by a laparotomy, while a search for extra- 
abdominal sources of hemorrhage should follow 
a negative exam [64].

In hemodynamically stable patients, a positive 
FAST result should be followed by a TC exam to 
better define the nature of the injuries. For nega-
tive FAST scan cases, a period of monitoring for 
at least 6 h, serial FAST scans, or further investi-
gations (e.g., CT scan or peritoneal lavage) are 
recommended.

In many trauma centers, the use of the FAST 
technique is extended to the thorax (Extended- 
FAST) for the detection of hemothorax and 
pneumothorax, including the presence of hemo-
pericardium (whose evaluation is already per-
formed with a FAST scan) through the execution 
of some standard scanning with a convex and 
linear probe (transducer) [58]. Thoracic ultra-

sound (e-FAST) is defined as a rapid and accu-
rate first-line bedside diagnostic modality for the 
diagnosis of pneumothorax in unstable patients 
with major chest trauma during the primary sur-
vey in the emergency room [58].

The diagnostic performance of ultrasound is 
high (i.e., 77% sensitivity, 99.8% specificity, 
98.5% positive predictive value, 97% negative 
predictive value, and 97.2% accuracy). This sen-
sitivity value is statistically significantly higher 
than that of supine chest radiograph (approxi-
mately 50%, as reported in the literature). 
According to anti-gravity laws, PNX air in the 
pleural space tends to accumulate in the least- 
dependent part of the chest [65, 66]. When the 
patient lies in the supine position, the area of 
interest corresponds to the anterior and inferior 
part of the chest on both sides of the thorax, 
which is approximately the third–fourth intercos-
tal space between the parasternal and the 
 mid- clavicle lines [67, 68]. The probe should be 
placed in the intercostal acoustic window of the 
located area.

The parietal pleura appears as a thin echo-
genic horizontal line located between and below 
two adjacent ribs. Sometimes, it is necessary to 
scan more intercostal spaces by moving the probe 
laterally and inferiorly in order to evaluate the 
extension of PNX or to confirm the diagnosis. 
Sonographic signs that can help in the diagnosis 
of a pneumothorax are the absence of lung slid-
ing (the visualization of lung sliding has a 100% 
negative predictive value), lung pulse, loss of B 
lines, and identification of the lung point (100% 
specificity) [69].

Patients in physiologic extremis and suspected 
of having PTXs on physical examination should 
undergo immediate tube or needle thoracostomy 
without awaiting imaging studies [70] (Fig. 1.6). 
The limitations in the evaluation for pneumotho-
rax include main-stem bronchus intubation, 
severe chronic obstructive pulmonary disease, or 
other lung pathology that inhibit adequate visual-
ization of lung sliding, and small apical or local-
ized pneumothoraces may not be visualized [63].
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Contrast-Enhanced Ultrasound (CEUS)
Ultrasonography has in recent years found new 
application areas through the use of contrast 
enhancement based on microbubbles [48]. This 
method has many advantages mainly due to the 
fact that avoiding ionizing radiation represents a 
safe tool—particularly in selected series, includ-
ing pediatric patients and females of reproductive 
age [71].

Its application for children is still considered 
off-label, and it is allowed only after the parents 
(or legal guardians) have been adequately 
informed and given their specific consent. CEUS 
also exhibits an advantage compared to contrast- 
enhanced MRI and CT because it can be used in 
patients with renal failure or allergy [72]. The 
CEUS technique can be carried out in a variety of 
scenarios, including bedside, operating room, 
and trauma suite [71]. Also, compared to other 
techniques, it is not expensive. There is still 
debate for how to integrate CEUS in the trauma 
patient workup [73, 74].

Although it is considered to be more sensitive 
and accurate than baseline US and almost as sen-
sitive as CT in the identification and characteriza-
tion of solid-organ lesions in blunt abdominal 
trauma, the CEUS use in the primary survey is 
limited by several factors such as the lack of pan-
oramic view, typical of CT, and, like conventional 

US imaging, insensitivity in depicting diaphrag-
matic rupture, bowel, or mesenteric traumatic 
injuries [75]. Moreover, CEUS is strongly opera-
tor dependent, requiring dedicated contrast 
agent-specific software, and it takes a long time 
to be performed [76]. An excellent correlation 
was found between the size of the traumatic 
injury (as shown at CT) and the related CEUS 
findings with respect to hepatic traumatic inju-
ries, advocating its employment as a first-line 
examination in mild blunt abdominal trauma and 
in pediatric patients and leaving CT as the gold 
standard for polytrauma and major trauma [74].

Nowadays, contrast-enhanced ultrasound 
(CEUS) has an important role in the follow-up of 
conservatively treated traumatic injuries of the 
abdominal parenchymal organs (liver, spleen, and 
kidneys) or as a first-line examination in low- 
energy or mild isolated abdominal trauma [76, 77]. 
It can integrate conventional US imaging in the tri-
age of hemodynamically stable patients, in partic-
ular with low-energy abdominal trauma; also, it 
can be routinely used as a completion of a US 
FAST examination to scan severe trauma patients 
in the assessment of solid-organ injuries [78]. This 
happens especially when the use of CT exposes 
patients to excessive radiation dose. In some 
departments, protocols for the follow-up of blunt 
abdominal trauma that are conservatively treated 
include a CEUS at 24 and 72 h after trauma as well 
as CEUS and MRI after 1 month [79].

CEUS cannot replace abdominal CT, but it 
represents a noninvasive and repeatable imaging 
tool that is capable of providing a reliable assess-
ment of trauma severity and expediting the 
patient’s treatment [71].

1.3.1.3  Secondary Survey
Once any life-threatening problems have been 
identified using diagnostic procedures during the 
primary survey, hemodynamic stability is re- 
established through a series of therapeutic 
maneuvers (plasma expanders, fluid recovery, 
drainages). The effectiveness of vital organs are 
then maintained, and the secondary survey iden-
tifies other injuries with the definitive treatment. 

Fig. 1.6 The use of the e-Fast protocol allows to place as 
promptly as possible a pleural drainage in a patient with 
pneumothorax and subcutaneous emphysema
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To this end, in accordance with the ATLS proto-
col, a comprehensive head-to-toe physical assess-
ment is carried out to detect other significant but 
not immediately life-threatening injuries that 
were not detected or managed during the initial 
assessment and resuscitation.

A brief medical history of the patient is 
obtained according to the procedure summarized 
in the acronym SAMPLE (S—Signs/symptoms, 
A—Allergies, M—Medications, P—Pertinent 
past medical history, L—Last oral intake, E—
Events leading to disease or injury) and a reas-
sessment of all vital signs (pulse, respirations, 
skin signs, pupils, and blood pressure). Heart 
tones and peripheral pulses are also checked. If 
any clinical deterioration is detected during mon-
itoring of the vital signs, the primary survey must 
be repeated immediately and measures must be 
taken to rectify the problem.

The head-to-toe examination takes no more 
than 2–3 min and identifies and urgently treats 
lacerations, bruising, swellings, bleedings, dis-
colorations, bone protrusions, tamponading 
bleeding, and splinting fractures.

At this stage, the role of trauma radiology, 
essentially based on the use of CT, is important to 
depict life-threatening diagnoses, properly deter-
mine the stage, help the medical team to suggest 
treatment options, debate prognosis, and take the 
prognostic scores that can dictate a surgical or 
conservative treatment. Finally, CT scanning 
remains the gold standard in terms of radiologi-
cal assessment for diagnosing abdominal injuries 
during the secondary survey for both hemody-
namically stable patients and patients stabilized 
after primary resuscitation.

Radiology in the Secondary Survey

Whole-Body Computed Tomography (WBCT) 
in Trauma
Current scanners are capable of rendering submil-
limeter resolution images of the entire body in a 
matter of seconds [80]. Among the long list of 
advantages derived from MSCT technology for 
obtaining useful imaging information, we enucle-
ate three: (a) shorter scan time, (b) extended scan 
range, and (c) improved longitudinal resolution, 

particularly when 3D post-processing is part of 
the clinical protocol. The ability to acquire vol-
ume data also paved the way for the development 
of three-dimensional (3D) image processing tech-
niques, such as multiplanar reformation (MPR), 
maximum intensity projection, surface- shaded 
display, and volume-rendering techniques, which 
have become a vital component of medical imag-
ing today. CT has become an especially vital com-
ponent of patient evaluation in the ED and is 
helped by the increased diffuse use of picture 
archiving and communication systems (PACSs), 
teleradiology, and voice recognition software, 
which facilitate all the rapid image dissemination 
and interpretation [80–83]. CT is well suited for 
the ED: it provides rapid, minimally invasive, 
high-resolution imaging that can quickly direct 
patients toward further treatment. Factors that 
might limit the growth of CT use include cost-
containment efforts [84], intervention to improve 
evidence-based guideline adherence [85], and 
concerns regarding radiation exposure [86].

WBCT is a sensitive and comprehensive tool 
for the diagnosis of a wide range of traumatic 
injuries, especially in the severely injured patient 
[87–91].

Contrary to selectively performing CT scans 
on one or more body regions, a WBCT scan com-
prises a CT of the head without intravenous con-
trast, cervical spine (acquired before, or 
following, intravenous contrast), and chest, abdo-
men, and pelvis following intravenous contrast. 
In the largest systematic review and meta- analysis 
that determined the odds of mortality in trauma 
patients, patients who underwent a WBCT scan 
were less likely to have a fatal outcome compared 
to those who received selective CT.

Indications for WBCT in Trauma
What Is Major Trauma?

A crucial step for major trauma care is the 
accurate identification of trauma patients—both 
for rapid transport to Major Trauma Centers and 
for triaging patients for WBCT.

A threshold criterion ISS >15 is routinely 
assumed to describe the severity of trauma, calcu-
late the probability of survival, and evaluate trauma 
care of patients [92] in order to appropriately 
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match the CT trauma protocol to major trauma 
victims [93–96]. For the ISS calculation, a physi-
cian who is experienced in trauma care manage-
ment and radiological diagnostics determines the 
abbreviated injury scale (AIS), which is an ana-
tomical scoring system. The body is divided into 
six regions: head, face, chest, abdomen, extremi-
ties, and external. The ISS score is the sum of the 
squares of the highest AIS grade in each of the 
three most severely injured body regions. Injuries 
are ranked on a scale of 1–6, where 1 is minor, and 
6 represents a fatal injury. The three most injured 
body regions have their AIS squared and added 
together to produce the ISS score.

The ISS score takes values from 0 to 75. If an 
injury is assigned an AIS score of 6 (unsurvivable 
injury), the ISS score is automatically assigned to 
75 [92]. An analysis of >1 million US trauma 
patients (between 2002 and 2006) showed that 
anatomic and physiological parameters only have 
a sensitivity of 56% for detecting patients with an 
ISS score >15; this highlights the importance of 
using a combination of criteria-physiological, 
anatomical, and mechanism of injury to identify 
severely injured patients with occult or compen-
sated injuries [97]. The mechanism of injury 
information, which is ascertained during the pre-
hospital survey, is routinely provided during 
patient handover to ED staff. However, the mech-
anism alone has a low sensitivity as an indicator 
of serious injury, resulting in an over-triage rate 
of up to 75% [98].

A prospective observational study of hemody-
namically stable trauma patients with unremark-
able examination and physiological parameters 
who underwent WBCT screening based on mech-
anism of injury alone (including automobile vs. 
pedestrian injury with the pedestrian thrown more 
than 10 ft) discovered that 19% of patients had 
their management changed on the basis of the CT 
findings, resulting in eight laparotomies in 
patients with normal findings on abdominal 
examinations [88]. Most of the unexpected find-
ings were thoracic, but they were also intracranial, 
cervical spine, and abdominal, which suggests the 
need of WBCT. There is no consensus and no 
validated clinical prediction rule that defines 
clear-cut criteria for WBCT following trauma or 

indicates patients in whom WBCT can be safely 
omitted. Broadly, criteria for performing a WBCT 
include the mechanism of injury, injury location 
or pattern, initial vital signs (before resuscitation), 
or a combination of these [99].

According to the standardized trauma con-
cept, all patients have initial resuscitation and 
then are subjected to a scoring system (triage 
rule) to decide further diagnostics. If only one 
parameter in one of the three categories is posi-
tive, serious injuries in one or more organ sys-
tems are suspected, and the CT trauma protocol 
will be initiated [92].

During the initial resuscitation of blunt trauma 
patients, time and accuracy of diagnoses are 
essential for planning further therapy. According 
to the ATLS handbook, “CT is a time consuming 
procedure that should be used only in patients 
with no hemodynamic abnormalities” [39]. The 
handbook states that conventional diagnosis is 
performed first, e.g., chest radiography (CXR) 
and focused abdominal sonography in trauma 
(FAST), followed by selective use of computed 
tomography (CT) of specific body regions, if 
indicated.

Patients who are ABC unstable first undergo 
immediate CXR and FAST.

After stabilization, they undergo a total-body 
CT if possible or go to the operating room 
(Fig. 1.7). CT is increasingly used in the trauma 
bay: a standard ATLS plain radiograph trauma 
series (lateral c-spine, supine chest radiograph, 
and pelvis) contributes with only 2 mSv to the 
trauma patient’s radiation dose burden versus 
10–20 mSv for a WBCT [100, 101].

CT is highly sensitive in detecting several inju-
ries, since up to 76% of pneumothoraces and 
other significant chest complications detected on 
CT are occult on supine plain chest radiography; 
this questions its value if CT is immediately avail-
able for use in the ED [102, 103]. In a prospective 
study over a 7-year period, a direct comparison 
was made between polytrauma patients utilizing 
ATLS guidelines and standard trauma radiographs 
(AP chest, lateral C-spine, and AP pelvis) versus 
patients utilizing a whole-body helical MDCT 
protocol (CT brain, C-spine, thorax, abdomen, 
and pelvis). The study concluded that CT allows 
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the detection of a significant number of injuries 
not found by clinical assessment and plain radiog-
raphy (19 missed cervical spine fractures and 36 
pneumothoraces missed on radiography but iden-
tified via CT) [87].

Other authors reported that thoracic CT is 
highly sensitive in detecting thoracic injuries after 
blunt chest trauma and is superior to routine chest 
X-ray in visualizing lung contusions, pneumotho-
rax, and hemothorax [102]. Furthermore, MDCT 
has a far superior sensitivity (99%) in detecting 
cervical fractures compared to cervical spine plain 
film (52%) [104], especially for the evaluation of 
the traumatized spine in delineating extension of 
fracture fragments into the spine canal [105].

MDCT plays an important role for the cervical 
spine, especially in intubated patients, where the 

craniocervical junction and the lower cervical 
spine is often difficult to evaluate [106, 107].

Finally, MSCT could replace plain radiogra-
phy in the primary modality for the diagnosis of 
thoracolumbar spine fractures in severe trauma 
patients [108, 109].

Arm Positioning and Imaging Quality
The multipass CT acquisition technique involves 
separate CT phases of different body regions. 
Typically, this approach involves a non-contrast 
CT of the head and cervical spine during which 
the arms are long on the hips; then, a single heli-
cal acquisition is performed or as separate arte-
rial and venous phases following intravenous 
contrast of the chest, abdomen, and pelvis with 
the arms positioned behind the head. The shift of 

a b

Fig. 1.7 (a, b) A whole-body CT should be taken during the secondary survey, only after stabilization of the patient’s 
condition with continuous monitoring of the vital signs and cardiac status
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the upper limbs with the consequent reposition-
ing of intravenous lines and ventilation tubing 
results in lengthening the total examination time 
from 4 to 8 min [110].

In the single-pass technique, there is a single 
acquisition of a non-contrast CT scan of the head 
followed by a single helical acquisition of the 
neck, chest, abdomen, and pelvis without reposi-
tioning the upper extremities after contrast injec-
tion. Various studies have been carried out to 
evaluate the effect of limb positioning on radia-
tion dose and image quality.

Nowadays, modern CT scanners use automated 
exposure control that modulates the tube current 
based on photon attenuation derived from the 
topograms or during the helical acquisition [111]. 
The presence of the limbs in the scan field results 
in an upmodulation of the current in the tube with 
a greater radiation emission. When the arms were 
placed behind the head, the highest image quality 
of the thoraco-abdominal district was associated 
with the lowest radiation dose with respect to the 
positioning the arms along the hips [112].

A novel technique in which subjects crossed 
their upper extremities and rested them on a pil-
low placed across their chest has been suggested 
[113]. A comparison of the arms-up and arms- 
down positions confirmed that the arms-up posi-
tion was associated with the lowest radiation 
dose (approximately 25% lower) and highest 
image quality and that the arms-down position 
significantly improved when the arms were 
placed across the chest compared with the stan-
dard arms-down position. As this technique 
avoids the need of repositioning the arms and 
life-support tubing between passes, the approach 
is currently used for trauma patients.

Contrast Injection Protocols
At trauma centers, protocols (whose choice 
depends on the equipment available), staff expe-
rience, and guidelines traditionally suggest the 
use of a non-contrast CT followed by a contrast- 
enhanced CT. In other centers, a direct scan of the 
head, which is crucial to detecting bleeding, 
eliminates chest and pelvic irradiation because 
the unenhanced CT scan is not very sensitive in 
diagnosing organ lesions.

However, the preliminary acquisition of a 
non-enhanced phase is recommended as a routine 
procedure in order to detect detached bone frag-
ments, especially as a result of fractures of chest 
or pubic bones. The lack of a direct CT imaging 
makes it difficult for observers to distinguish an 
intense bone calcification from an arterial active 
extravasation of the intravenous contrast medium, 
requiring multiple scans to obtain diagnostic 
certainty.

1.4  Contrast Administration

Nonionic contrast agents with a high iodine 
concentration (320–400 mg I/mL) are the most 
common contrast media used for computed 
tomography scanning. The dose of the contrast 
medium (CM) is administered according to the 
patient’s body weight [(mL/kg body weight: 
80–100 mL (<60 Kg); 100–120 mL (<80 Kg); 
120–140 mL (>80 Kg)] by intravenous injec-
tion in the antecubital vein at a flow rate (typi-
cally 4 mL/s) using a dual-head power injector, 
immediately followed by a saline flush (40–
50 mL) with a rate of injection of 4 mL/s. 
Higher CM flow rates increased arterial 
enhancement. According to the different indi-
vidual cardiac output or local vascular pathol-
ogy (stenosis, aneurysm), CT angiography is 
done using a bolus-tracking technique with an 
automatic triggering threshold of 100 HU ROI 
(region of interest) in the descending thoracic 
aorta [114].

Contrast injection causes CIN (contrast- 
induced nephropathy) in 11% of cases and severe 
CIN in 1% [115]. Trauma patients may have an 
increased risk of nephrotoxicity due to the com-
promised hemodynamic status (hypotension and 
bleeding) and time-consuming measurement of 
kidney function, which may delay life-saving 
maneuvers. In light of these considerations, we 
believe that the administration of contrast media, 
although risky, provides benefits in terms of sur-
vival over the likelihood of a possible nephropa-
thy. Therefore, it is good practice to perform 
adequate hydration of the patient after undergo-
ing a CT scan.
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1.4.1  Precontrast Phase

A cranial CT scan acquisition starts from the ver-
tex to the base of skull including the cervical ver-
tebrae without intravenous contrast medium 
[116]. The initial images should be analyzed at 
the CT console parallel to the positioning of the 
arms along the body. A slice thickness of 3–4 mm 
is used for the parenchyma evaluation and 
1–2 mm for the assessment of the bony struc-
tures. Sagittal and coronal multiplanar recon-
structions (MPRs) are obtained using the bone 
window using a distance of 2 mm and thickness 
of 2 mm. In all cases, the lateral scanogram 
should be enlarged as many fractures can be 
identified, particularly their possible crossing of 
the medial meningeal artery or of a venous sinus. 
An unenhanced CT scan has a crucial role in the 
hyperacute phase of traumatic brain injury as it 
provides to demonstrate intra- and extra-axial 
hematomas and parenchymal injury [117].

Chest abdomen, pelvis, and spinal column CT 
acquisition starts at the middle of the seventh cervi-
cal spinal column and ends at the proximal femur. 
The arms are positioned over the head. Lung paren-
chyma, soft tissue, and bone window images are 
reconstructed using a 5-mm slice thickness. A pre-
contrast phase CT of the thorax, abdomen, and pel-
vis is indicated to detect pneumothorax, 
hemothorax, and hemoperitoneum and to differen-
tiate them from a fluid-corpuscular collection of 
other density (bile, intestinal content). It is also 
used for the identification of the sentinel clot sign 
and for the identification of small bone fragments, 
especially in the thoracic cage and pelvic bones.

1.4.2  Contrast Phase

Many studies have reported an increased use of 
post-contrast CT since it is considered to be more 
sensitive than angiography in the detection of 
active bleeding; its sensitivity ranges from 87 to 
95%, and its negative predictive values range from 
93 to 98% [118–121]. There are several contrast-
enhanced CT protocols, which differ in the num-
ber of phases, bolus times, and injection times.

An arterial phase of the thorax is preferred 
for the detection and characterization of blunt 
thoracic great vessel injury; the lowest radiation 
and contrast dose is preferred [122] to search for 
pseudo-aneurysms, arteriovenous fistula, and 
active arterial bleeding in the spleen [123, 124]. 
For pseudo-aneurysms, the routine use of arte-
rial phase CT becomes necessary due to the fact 
that the venous phase is neither sensitive nor 
specific if directly acquired to detect pseudo-
aneurysms that may have become isointense to 
surrounding splenic parenchyma on delayed phase 
images.

1.4.3  Arterial Phase

Using the bolus tracking with a 100 HU ROI at 
the level of descending thoracic aorta, a 
 caudal- cranial scan direction acquisition from the 
pubic symphysis to the jugular fossa is preferred. 
With a minimum scan delay of 7 s, the injection 
of contrast medium is already complete when the 
thoracic inlet is reached. This reduces artifacts 
from in-flowing contrast medium, and the aorta 
and the supra-aortic vessels are maximally 
enhanced. If possible, the scans should be 
obtained while the patients hold their breath or, if 
tolerable, when the ventilator is kept in inspira-
tion in order to reduce motion artifacts. Images 
are reconstructed using soft tissue, bone, and 
lung windows.

A slice thickness of 1 mm is recommended 
for CT angiography. CT angiography has been 
shown to be an accurate diagnostic tool in 
assessing traumatic aortic injury [125]. Its use 
is recommended to study epiaortic vessels, tho-
raco-abdominal aorta, and parenchymal vessels 
in order to detect non-contained and contained 
vascular injuries (e.g., post-traumatic dissec-
tions, spasm, hematomas, devascularization of 
organs, or parts of organs) and differentiate vas-
cular lesions (e.g., pseudo-aneurysms, arteriove-
nous fistula) from actively bleeding lesions and 
defining the presence and the extent of bleeding 
in relation to progressive increase of the area of 
extravasation [126].
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1.4.4  Venus or Portal Phase

Thirty-five seconds after the beginning of the arte-
rial phase (about 70 s after the beginning of the 
injection), the CT acquisition in the portal phase 
starts with a cranial-caudal scan direction acquisi-
tion from the diaphragm to the pubic symphysis; 
this is performed carefully to include both the prox-
imal part of the femurs. All images are observed in 
the soft tissue, bone, and also lung parenchyma 
windows using a 5-mm slice thickness; the latter 
provides sensitive proof of free intra-abdominal air 
[117]. Also, sagittal and coronal MPRs are obtained 
using the bone and soft tissue windows.

The venous phase is required to evaluate 
extension and characteristics of solid-organ 
lesions, ranging from small contusion to a paren-
chymal hematoma or lacerations. It is also impor-
tant to evaluate any venous supply of hematoma 
or to better demonstrate the distribution of a con-
trast material leakage from the blood vessels that 
have already been detected in the arterial phase; it 
is possible to extend the study to the chest if there 
are significant alterations in the enhanced scan or 
in the arterial phase (e.g., thoracic wall hema-
toma or parenchymal lacerations).

1.4.5  Delayed or Excretory Phase

A delayed phase is often required to differentiate 
active bleeding from an iodinated urine extrava-
sation and to detect the exact topographical loca-
tion of extravasation iodinated urine from 
intrarenal urinary tracts, the ureters, and the blad-
der. Depending on the lesions found in the previ-
ous analysis, the CT acquisition starts with a 
cranial-caudal scan direction from the diaphragm 
to the pubic symphysis in the delay range 3 to 
8–10 min from the beginning of the portal phase. 
Images are reconstructed using soft tissue with a 
slice thickness of 5 mm.

These delayed images are helpful in several 
different scenarios. In acute injury to kidneys or 
ureters, delayed imaging often helps to identify 
or further characterize injury to the collecting 
system or ureters. Secondly, in soft tissue organ 

injuries, we use delayed imaging for definitive 
characterization of hyper-attenuating foci (con-
trast blush) seen on early acquisitions. This 
includes differentiating active arterial extravasa-
tion of contrast from vascular injury such as 
pseudoaneurysm or arteriovenous fistula. This 
differentiation may also be useful in mesenteric, 
muscular, or other areas of potential arterial 
injury. An additional benefit in patients with 
acute hemorrhage is the added information of an 
image at a second moment in time. Given the 
delay of 5 min, subjective determination of any 
increase in the area of hemorrhage may be a 
potential indication of the rate of bleeding [127].

Bladder injuries usually occur in patients with 
severe blunt trauma found to have sustained pel-
vic fractures. CT cystography, in which the blad-
der is filled in a retrograde flush with 350 mL of 
dilute (3–5%) contrast via a bladder catheter, is a 
powerful diagnostic adjunct tool, especially in 
equivocal cases.

The distinction between intra- and extra- 
peritoneal bladder rupture is crucially important, 
since intra-peritoneal ruptures require surgical 
repair, while the latter are usually treated with 
conservative catheter drainage [128].

1.5  Postprocessing

Given the current trend of performing immediate 
TBCT scans for detecting injuries from the head 
to the pelvis, a number of images not less than 
1000 are obtained which increase to about 4000 
for the angiographic acquisition of the extremi-
ties. There are several reconstruction techniques 
that use these axial images to visualize volume 
forms. These techniques include multiplanar 
visualization, maximum intensity projection, and 
3D volume rendering [127].

1.5.1  Multiplanar Reformations

The multiplanar reconstruction (MPR) method 
provides 2D sectional images in all axial, coronal, 
and sagittal planes perpendicular to the original 
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axial plane; this method is particularly useful in 
the study of tortuous structures such as vessels 
[129, 130]. Thanks to the fact that these sections 
overlap, spiral/helical CT has greatly improved 
the quality of the MPRs by eliminating the stair- 
step artifacts, which often occur with the conven-
tional slice-by-slice CT.

Multislice CT has further improved the qual-
ity of MPRs as it allows isotropic imaging in 
which the image quality of the reconstructed 
MPR is equivalent to that of the original axial 
image. In the polytrauma patient, subtle frac-
tures, especially those involving the pelvic region 
and oriented in the axial plane, are better seen on 
MPR images or 3D volume-rendered images. 
Complex injuries can be better demonstrated 
with 3D volume-rendered images, and compli-
cated spatial information about the relative posi-
tions of fracture fragments can be easily 
demonstrated to the orthopedic surgeons. 
Including these techniques of reconstruction in 
routine pelvic imaging protocols can change 
management in a significant number of cases. 
Such visualization techniques provide more intu-
itive information that optimizes, on one hand, the 
high amount of acquired images and, on the other 
hand, the coronal and sagittal reconstruction, 
which is condensed on fewer images and which 
permit a faster and more easily comprehensible 
communication with clinical colleagues.

1.5.1.1  Three-Dimensional 
Reformation

The introduction of multidetector computed 
tomography (MDCT) brought tremendous 
advantages by providing a thinner slice thickness 
in a reduced amount of time as well as isotropic 
voxel data, which contribute to the unprecedented 
quality of 3D reformats. Specialized 3D recon-
struction techniques allow the visualization of 
anatomical details that would otherwise not be 
visible using axial reconstructions alone and pro-
vide visualization of the vessel flow [126] and 
complex bone fractures, which require specific 
techniques such as maximum intensity projection 
(MIP), minimum intensity projection (MinIP), 
surface-shaded volume rendering (SS-VRT), and 
virtual endoscopy [131].

MIP reconstruction emphasizes the voxels 
with maximum intensity and is mainly used to 
show contrasted vessels in CT angiography (CTA) 
and MR angiography (MRA), but it is also used in 
PET examination to provide clear views of lesions 
[132]. SS-VRT typically exploits real- time user 
manipulation of view perspectives and virtual 
light sources to zoom in and highlight minute ana-
tomical details, which is particularly useful in 
bone fractures. It is also particularly helpful in 
documenting more extensive lesions, such as mul-
tiple rib fractures or complex fractures with mul-
tiple dislocated fragments as may be seen in 
maxillofacial trauma or even distal limb fractures 
[133]. 3D reconstruction techniques for examin-
ing volumetric data works well and also improves 
the speed of interpretation, recognition, and 
description of life-threatening injuries through the 
use of a software package that is directly incorpo-
rated into the PACS workstations [131].

CT scan imaging of traumatic injuries that 
affect multiple organs and structures are exten-
sively dealt with in the following chapters.

1.5.1.2  Secondary Survey: Upper 
and Lower Limbs X-Rays: Limbs

The most common mechanisms that produce 
major trauma of the extremities are open frac-
tures, crush injuries, and major soft tissue injuries, 
which often mask more serious internal injuries 
and are mainly due to road traffic accidents, falls, 
assaults, and sports injuries with lower limbs. 
Limb traumas may exhibit varying degrees of 
involvement and severity that vary from simple 
neurovascularly intact fractures to cramped 
extremity or traumatic amputation. A severe crush 
injury can result in a serious limb- threatening 
injury that includes complex open fractures and/
or dislocations, vascular lesions, mangled extrem-
ity, traumatic amputation, compartment syn-
drome, or neurological lesions. Depending on the 
injury pattern, there may be several life-threaten-
ing injuries. Penetrating trauma with the lesion 
involvement of the brachial, femoral, or popliteal 
arteries can induce massive bleeding.

The traumatic involvement of both the axillary 
and proximal femoral arteries, which are vessels 
that are not directly compressible because they 
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are positioned under the clavicle and the inguinal 
canal, respectively, is considered as trauma to the 
torso and require immediate surgical interven-
tion. Open fractures, associated with the concom-
itant disruption of overlying tissue and skin 
involve a high risk of infection and consequently 
a greater chance of limb loss [134]. A crush 
injury, defined as a direct injury that results from 
a crush, can afford crush syndrome, which 
expresses as muscle cell damage resulting from 
pressure or crushing [135]. A crush injury or 
crush syndrome may occur as a result of natural 
disasters or any other situation resulting in the 
compression between two hard surfaces, or they 
can occur due to severe brief pressure, such as 
when a limb is run over by a heavy vehicle and 
the limb is then freed and reperfused. These con-
ditions result in impaired blood flow to the 
extremity, resulting in ischemia and potential 
necrosis of tissue distal to the injury collapse.

A compartment syndrome should be suspected 
when there is a long bone fracture, because any 
subsequent hemorrhage and/or hematoma causes 
a pressure increase within the compartment 
formed by muscles, vessels, and nerves covered 
by an inelastic fascia, and, if prolonged, deter-
mines ischemia and necrosis. All of these injury 
patterns can be associated with nerve lesions, so 
that it becomes important to proceed with a com-
plete neurologic examination for pulses, periph-
eral warmth, paresthesia, and paralysis. In any 
case, a general examination of the limbs should 
carefully inspect for deformity, presence of an 
open wound, degree of soft tissue involvement, 
contamination, active bleeding, and wounds, 
especially if in proximity to an artery, as well as 
palpation for the crepitus, pulsatile hematoma, 
palpable thrill, and swelling. Radiological exami-
nations are performed if one or more fractures, 
presence of foreign bodies, skeletal deficits, and/
or subcutaneous emphysema is suspected.

Most emergency radiology departments per-
form orthogonal views in frontal (i.e., anteropos-
terior or posteroanterior) and lateral projections 
for the long bones. Since one projection is most 
commonly performed to detect a fracture/dislo-
cation, it is essential to take at least two images 
including the joints above or below the fracture 

site to adequately inspect the degree of defor-
mity. Fractures to the shoulder, scapula, clavicle 
(especially the middle third), and proximal 
humerus are often the consequence of a direct 
blow to the area from a fall, collision, or motor 
vehicle accident and may especially impact 
elderly patients.

The standard radiographic examination of the 
shoulder should provide, in addition to the stan-
dard AP projection (anterior–posterior), one or 
more apical oblique projections (APEX) that are 
helpful in the convenient setting of acute trau-
mas and in fracture and dislocation visualization 
[136, 137].

A traumatic forearm and elbow injury is 
another common site of the upper-extremity 
 musculoskeletal injuries, especially in children 
[138]. The minimal radiographic series includes 
anteroposterior (AP) and lateral images, while an 
oblique radial head-capitellum view can help 
detect subtle fractures by removing osseous over-
lap of the radial head and coronoid [139].

Among the fractures of the forearm and the 
wrist, the distal radial growth plate is a common 
site of injury among adolescents, while a fracture 
of the distal radius with a dorsal displacement of 
the distal fragment (Colles fracture) is very com-
mon in the elderly. An anteroposterior and a lat-
eral projection should be performed to detect 
fractures and fragment displacement.

Pelvic fractures that have already been treated 
in the primary survey section are frequently 
associated with femur fractures. Femoral shaft 
fractures occur at any age, and their pattern can 
be transverse, oblique, spiral, streaked, or green-
stick and equally in the upper, middle, and lower 
third of the shaft. Proximal and distal femur frac-
tures, however, occur more in high-speed trau-
mas in young, while low-energy trauma occur in 
the elderly because of osteoporosis. Given that 
hip and tibial shafts and ligamentous disruptions 
of the knee are frequently associated with frac-
tures of the patella, a radiograph should include 
the hip and knee joints [140]. The radiographic 
series includes anteroposterior (AP) and lateral 
images. One of the most feared complications of 
the femoral head fracture with nutrient and cap-
sular vessel lesion is avascular necrosis, which is 
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associated in many cases with both displaced 
and nondisplaced fractures. If the X-rays are 
negative but there is clinical suspicion, a CT 
should be performed with its excellent spatial 
resolution and multiplanar capability, because 
this is useful for demonstrating fractures; alter-
natively, an MRI should be considered [141].

The numerous different fractures and fracture 
dislocations of the ankle are diagnosed via X-ray 
on anteroposterior and lateral projections cen-
tered over the joint. This concerns the particular 
cases of spiral fractures of the distal fibula and 
fractures of the posterior lip of the distal tibia that 
is often best seen on the lateral view [142]. In 
addition to fractures, any subluxation or disloca-
tion can be deduced from the apparent diastasis 
of the distal tibiofibular joint and displacement of 
the talus.

1.5.2  Open Issues Associated 
with the CT Use in Polytrauma 
Patients

1.5.2.1  WBCT Radiation Dose
One of the major concerns against the use of 
WBCT as a diagnostic test is the exposure to 
unnecessary radiation risk. However, the evi-
dence does not support this concern in the case of 
polytrauma patients who require a balanced judg-
ment regarding the risk/benefit balance to 
undergo a CT scan. The dose of exposure for a 
single WBCT changes in the 14–22.7 mSv range 
according to the scanning protocol, the scanner 
type, and the patient size and positioning. 
Usually, when a responsive patient is informed 
that they need a CT scan, the natural compliance 
to undergoing CT imaging did not significantly 
change, the natural unwillingness significantly 
changed undergoing CT imaging, although the 
patient becomes more willing to consider other 
imaging options if equally effective [143].

Although 1.5–2% of cancers may eventually 
be caused by the ionizing radiation used in CT 
[144], we believe that the potential risks of expo-
sure to ionizing radiation during the radiological 
examination supported by a clinical suspect jus-
tify the potential clinical benefits. From this per-

spective, all members of the radiology team 
cooperate to ensure safety and protection through 
an effective communication in order to keep the 
radiation dose as low as possible. Reducing or 
preferably eliminating unnecessary or inappro-
priate procedures is the most effective means to 
decrease radiation associated with imaging. 
There are several ways to reduce the CT radiation 
dose. As discussed in the previous paragraphs, 
the arm positions impact organ doses during CT 
scans: a patient having raised arms received 
smaller doses to organs located within the chest, 
abdomen, or pelvis when compared with the 
patient having lower arms. Considering the use of 
tube current modulation (TCM), the patient with 
lowered arms may receive 50% higher radiation 
dose to most of the organs because of the 
increased tube current. Modern machines have 
internal modulators that regulate the radiation 
emission according to the patient-specific charac-
teristics. The use of dual source CT (DSCT) may 
further decrease the administered dose due to the 
different delivery of the voltage tube to different 
body regions; this helps to capture the images 
faster, and the 3D images can be rebuilt. Future 
efforts should seek techniques to reduce CT dos-
age without compromising the diagnostic infor-
mation of the radiological technique.

1.5.2.2  Early WBCT in Trauma
Although level 1 evidence of survival benefit for 
early WBCT is lacking, several retrospective 
studies have shown an association between total- 
body CT scanning and survival in patients with 
trauma [145–150]. A decrease in the absolute 
mortality and an increase in the probability of 
survival in patients with polytrauma (ISS ≥ 16) 
who had received a total-body CT scan compared 
with a non-total-body CT scan has been reported 
[151, 152]. In contrast, REACT-2, a multicenter 
randomized controlled trial, concluded that no 
difference was found between the mortality of 
the two groups [153]. However, total-body CT 
did shorten the median time to finish the diagnos-
tic workup as well as the median time to diagno-
sis, abbreviating the time between a patient’s 
arrival to the ED and the initiation of life-saving 
procedures.
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In an analysis of registry data, with the use of 
TBCT, the average time from trauma room 
admission to CT was significantly lower with 
respect to non-TBCT given [151]. The same 
research group also found significant differences 
in time from the admission in the ED to the oper-
ating room. Time to reach a definitive diagnosis 
was also shorter for the TBCT scan than the con-
ventional protocol utilizing CR, FAST, and radio-
graphic imaging supplemented with selective CT 
[154–156].

After the results of REACT-2, it is still unclear 
whether conventional radiographs may be used in 
the safe treatment of polytrauma patients or 
should be supplanted by TBCT as the sole means 
of investigation. TBCT scanning is increasingly 
used in trauma assessment. Many centers use 
TBCT as their only radiological tool, while many 
others use it in addition to conventional radio-
graphs. In our opinion, a regional trauma center 
must be equipped with all of the equipment 
needed to carry out the investigation. Many 
trauma centers that have a WB-MSCT scanner 
available in the resuscitation room should 
undergo a severely injured patient who is pre-
sumed to have multiple organ damage. In order to 
obtain a complete picture of the patient and to 
issue a rapid, accurate, and complete diagnosis, 
the initial use of WBCT should be mandatory. 
Instead of the arrival of a patient with penetrating 
injury such as a stab or gunshot wound that 
requires immediate surgical intervention, the ini-
tial X-ray diagnosis of the chest and pelvis along 
with a simultaneous FAST should be simultane-
ously performed with life-saving procedures, 
such as chest-tube insertion, thoracotomy, and 
cardiopulmonary resuscitation. Therefore, the 
ability to perform X-ray imaging is essential in 
the resuscitation room, even in the presence of a 
CT scanner. Here, after stabilization, a definite 
diagnosis can be conducted by WB-MSCT [157].

1.5.2.3  Innovation
Starting from a patient’s arrival to the ED to oper-
ative and intensive care, the major time con-
straints are the transfer to the CT scanner (45%), 
time for scanning (35%), and data acquisition, 
manipulation, and interpretation (20%) [158]. 

These factors can preclude the use of CT scan-
ning for hemodynamically unstable patients. 
This group of severely injured patients might 
potentially benefit the most from early CT scan-
ning during the “golden hour.” Advantages of 
WBCT are earlier diagnosis and targeted, priority 
orientated treatment planning. Also, the integra-
tion of multiple imaging modalities into a single 
system in one room minimizes patient transfers 
and can save almost 15 min [159]. Minimizing 
the transfer time of admitted patients from the 
emergency room to the CT suite can optimize 
workflow, especially in situations of true mass 
casualty incidents. Conventionally, an average of 
15 min is required for basic radiological diagno-
sis (sonography, cervical spine, thorax, and 
 pelvis), even in tightly structured programs. 
Next, the time needed for diagnosis and patient 
relocation for CT causes unnecessary delays as 
well as additional risks associated with transfer-
ring traumatized patients. Therefore, CTs have 
been positioned close to the ED to save as much 
time as possible. Ideally, conventional radiology 
equipment along with angiography and MR 
suites should also be located close to the ED [48, 
83]. An optimal solution is to install the CT suite 
next to the resuscitation bay. This also offers a 
“parking option” if the scanner is already in use.

The term “focused assessment with computed 
tomography in trauma” (FACTT) was introduced 
for whole-body computed tomography during the 
primary trauma survey [160]. The term empha-
sizes to first focus on the search for life- 
threatening injuries, then on the need for damage 
control surgery, and third on other injuries and 
surgery. A prerequisite for applying FACTT is an 
accessible MSCT scanner that is either situated 
in or close to the trauma room. Trauma workflow 
first provides the management of respiratory 
problems (Airway, Breathing) to detect causes of 
bleeding (Circulation) or intracranial pathologies 
(Disability).

After controlling respiratory problems and 
obvious external bleedings, WBCT is performed 
in order to detect relevant internal bleeding in the 
chest, abdomen/pelvis, or intracranial pathology. 
The first images on the CT console enable the 
trauma team to “look into the patient” and search 
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for life-threatening problems and injuries that 
require emergency procedures and operations, 
such as chest-tube insertion, thoracotomy, lapa-
rotomy, pelvic C-clamp, or CT-guided aortic bal-
loon occlusion [160]. After life-threatening 
conditions are managed or excluded, a secondary 
survey supported by multiplanar reconstruction 
(MPR) is carried out. The observed mortality rate 
was significantly lower than the expected mortal-
ity rate [157], and WBCT examinations are 
increasingly used. In Germany, WBCT is used 
almost as much as CT. Nowadays, CT, in most 
hospitals, is very close to the ED and is located in 
the trauma bay or less than 1 min away [161]. A 
retrospective multicenter cohort study showed 
that the closer the CT is located to the trauma 
room, the better the probability of survival of 
severely injured patients [162]. For distances 
greater than 50 m, distances had a significant 
negative effect on the outcome. If new emergency 
departments are planned or rebuilt, the CT scan-
ner should be placed preferably in the trauma 
room for logistic reasons.

A further improvement was introduced for the 
shock room resuscitation. A moveable, multislice 
computed tomography (MSCT) scanner was 
placed in this room that is able to scan patients 
during the initial trauma resuscitation phase 
without patient transfers. By this means, a com-
plete diagnostic trauma workup was made possi-
ble within the shock room [163]. Moreover, 
resuscitation can be simultaneously performed 
while obtaining critical imaging information with 
the CT scanner. The new trauma workflow con-
cept, as proposed by Ping et al. (2008), combines 
a moveable multislice CT scanner, a conventional 
X-ray installation, and a multifunctional extended 
carbon-fiber radiolucent patient table with a slid-
ing carbon-fiber patient treatment board. The 
multislice CT scanner is placed on rails to enable 
the CT scanner to move between two-mirrored 
traumas rooms separated by radiation-shielded 
sliding doors. With this construction, the patient 
can be initially evaluated on one end of the table-
top (e.g., ATLS procedures, conventional X-ray 
imaging), and, subsequently, the patient treat-
ment board can be transferred over the tabletop 
toward the CT gantry side. Then, the latter slides 

over the patient using its rails. The construction 
of both scanning rooms has the option of scan-
ning the patient with the feet entering the gantry 
first, thereby reducing the need to reposition IV 
lines and monitors before scanning. The multi-
functional extended carbon-fiber tabletop has 
eliminated the need for patient transfers onto 
trolleys until the patient leaves the trauma resus-
citation room after all imaging has been com-
pleted; this ultimately prevents further falls.
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2.1  Introduction

Trauma is the result of the transfer of kinetic 
energy to the body from an outside force [1].

It is well known that consequences of each 
trauma are strongly related to the mechanisms of 
injury.

From a general point of view, two main cate-
gories of traumatic injuries can be identified: 
blunt trauma and penetrating trauma. Both these 
mechanisms may cause different lesions accord-
ing to direction of forces, strength, and predis-
posing factors too (age, habitus, presence or 
absence of physical restraint devices) (Table 2.1).

A rapid overview of the situation to establish a 
tailored appropriate therapeutic strategy is man-
datory, as survival rate after trauma is influenced 
by the preclinical and clinical trauma manage-

ment within the first hour after an injury, known 
as “the golden hour” [2].

Notoriously clinical evaluation of patients 
who suffered high-energy trauma may be unreli-
able [3].

Physical examination of those patients is 
indeed often insidious as they may show multiple 
concomitant injuries, thereby diverting the 
responding “physician’s” attention, or because of 
an altered state of consciousness due to drug or 
alcohol intoxication.

In this context, as a member of the trauma 
team, the radiologist has the major role of 
promptly recognizing (or to exclude) critical 
injuries requiring immediate treatment and also 
identifying the mechanisms of injury that may 
suggest subtle associated lesions that could be 
easily overlooked (Fig. 2.1) [4]. Actually, MDCT 
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Table 2.1 Trauma mechanisms

Trauma Main etiology Mechanism Main injuries

Blunt Motor vehicle 
collision (MVC) 
fall from height

Direct impact Direct-impact forces 
transmitted along the 
trajectory of the “force 
vector”

Extremity injuries, head and 
thoracoabdominal parietal and 
parenchymal injuries

Compression Collision of the tissues 
with a fixed object

Thoracic injuries (flail chest, 
tracheobronchial tree injuries), 
abdominal parenchymal (spleen, 
liver injuries) and pelvic injuries

Acceleration/
deceleration

Stretching of the organ at 
the fixed points of 
attachment

Vessel, mesenteric, 
tracheobronchial tree injuries

Combined compression and deceleration 
(airbag/seat belt injuries)

Sternal fractures, spinal trauma, 
bowel and mesenteric injuries

Penetrating Stab wound Tissue disruption Direct injury to a focal 
area with tissue penetration

Depend on the involved anatomical 
regionGunshot wound

Blast Improvised 
explosive 
devices (IEDs)

Barotrauma High-pressure blast wave 
followed by sudden drop in 
pressure

Lung contusions, mesenteric and 
bowel injuries

Penetrating trauma Depend on the involved anatomical 
region

Combined blunt and penetrating Bone fractures, as well as visceral 
injuries and closed head injuries

Thermal and 
inhalation 
injuries

Thermal and chemical 
exposure of the respiratory 
mucosa

Respiratory mucosa and lung 
injuries

has revolutionized the management of trauma 
patients, representing the most useful screening 
tool to quickly assess injuries [1, 2, 5].

Modern technologies allow fast evaluation of 
traumatic injuries with the maximum concentra-
tion of time, which has a great impact on the 
results in terms of resuscitation and safety [6, 7].

This chapter will discuss the most common 
mechanisms of injuries and related imaging find-
ings, focusing on the importance for radiologists 
to look for anatomic sites at risk of lesion accord-
ing to direction of forces with the aim to individ-
uate expected but also unexpected injuries.

2.2  Mechanisms of Lesions

Forensic medicine distinguishes two main 
transfers of kinetic energy, blunt or penetrating 
traumas (Table 2.1) [1]. Blunt trauma is consid-

ered as an injury in which tissues are not pene-
trated by external objects; it occurs most 
frequently in the context of road traffic acci-
dents and is classified according to whether the 
primary mechanism of injury is related to a 
compression or deceleration forces [8] 
(Fig. 2.1).

As this trauma is usually the result of motor 
vehicle crushes (MVCs), it is the most frequent 
cause in the western countries.

Conversely, penetrating injuries result from an 
object entering the body and sometimes exiting 
the body, causing damage along its path 
(Table 2.1) [1].

Commonly the object penetrates the fascia 
and injures underlying structures resulting in 
“open” injuries (Fig. 2.2).

Penetrating trauma involves a disruption of 
the skin and underlying tissues in a small, focused 
area (Fig. 2.2).
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The severity of a stab wound depends on the 
area involved, depth of penetration, blade length, 
and angle of penetration.

Firearms are the primary mechanism resulting 
in penetrating trauma.

One point to consider is that every penetrating 
event results in open injuries, but not all open 
injuries are caused by penetrating mechanisms. 
For example, an open fracture from motor vehi-
cle collision (MVC) is by definition a blunt 
trauma in which bone fragments become second-
arily exposed by an indirect mechanism, due to 
the high energy of the trauma (Fig. 2.3).

Nowadays a particular mechanism of trauma 
is injury resulting by the use of improvised 
explosive devices (IEDs) such as the ones 
encountered in terrorist attacks. As the terror-
ism represents a matter of big concern in mod-
ern countries, radiologists working in a trauma 
center have to be aware of “blast injury pat-
terns”. Recent evidence emerged from the vic-
tims of Boston marathon bombing has 
underlined the role of imaging in the evaluation 
of foreign bodies and skeletal trauma in blast 
injuries [9].

a d

b c

Fig. 2.1 Contrast-enhanced MDCT shows a large trau-
matic pseudoaneurysm of the descending thoracic aorta 
(a, arrows) with typical location and morphology (a–c 
straight arrows) with a large mediastinal hematoma dis-

placing and compressing the carina, in a patient after 
high-energy blunt trauma. Note also a sternal fracture (b, 
curved arrow)

2 Traumatic Injuries: Mechanisms of Lesions
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2.3  Imaging

MDCT represents “the cornerstone” of the 
decision- making process in polytrauma patients, 
and the emergency radiologist is the leader of 
this process, who must be present in CT room 
24/7 to provide a continuous coverage [2, 4]. 
Nowadays, modern CT scanners allow enhanced 
image resolution with a marked reduction of the 
time needed for scanning, thereby allowing 

examination of the whole body within a few 
minutes. Motion artifacts can be minimized 
with this shorter acquisition time. Moreover the 
location of CT scanner next to the emergency 
unit allows rapid examination even in patients 
with some degree of hemodynamic instability 
[4, 10]. Wurmb et al. demonstrated in their study 
that direct whole- body CT accelerated diagnos-
tic interval from a median of 70 to 23 min and 
decision-making process interval from 82 to 
47 min [4, 11].

a

c d

b

Fig. 2.2 Contrast-enhanced MDCT in sagittal (a), coro-
nal (b), and axial (c, d) views showing the entry point of a 
penetrating trauma (a, straight arrow) involving the unci-

nate process of the pancreas (a, curved arrow; b, straight 
arrows) and the fifth liver segment (c, d, arrows) with 
hemoperitoneum (c, asterisk)
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As mentioned above, clinical examination is 
often unreliable, as patients may be unconscious-
ness due to the trauma or due to altered mental 
status; thus hollow visceral or vessel injuries 
may be easily overlooked in the presence, for 
example, of multiple bone fractures, differing 
time to treatment with life and cost 
consumption.

2.4  Blunt Trauma

As previously mentioned blunt trauma repre-
sents the most frequent mechanism of injury in 
modern countries [1]. It recognizes two major 
situations: motor vehicle collisions (MVCs) 
and falls.

2.5  MVC

Motor vehicle collisions are the leading cause 
of trauma death in all age groups from 1 to 
65 years [1].

The injuries produced from MVC strongly 
depend from the energy of the impact, the direc-
tion of the forces, and also the presence of 
restraint devices. Frontal collision determines a 
moving forward of the occupant, if unre-
strained, as long as the patient impacts the sta-
tionary vehicle chassis. Often the first site of 
the impact is represented by the extremities, 
resulting in arm and leg fractures; then injuries 
may occur to the head and spine, also because 
of torsional forces. Conversely in lateral colli-
sions, the victim is moved away from the side 

a

c d

b

Fig. 2.3 Contrast-enhanced MDCT and MIP reconstruc-
tion in the axial plane (a) showing multiple displaced rib 
fractures in more than one-point “flail chest.” Pulmonary 
window in the axial plane (b) shows multiple lung contu-

sions, hemothorax, pneumothorax, and subcutaneous 
emphysema. Multifragmentary fracture of the acetabulum 
(c) with displacement of the femoral head (c, d) 
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of the vehicle; it determines more often com-
pressive pelvic and thoracoabdominal injuries. 
With the wide use of restraint devices (i.e., air-
bags, seat belts), there has been in last years a 
drastic reduction of both morbidity and mortal-
ity from crashes but a corresponding increase in 
the number of injuries attributable to these 
devices [12].

Airbags are responsible of injuries to upper 
extremities, the face, and the neck; corneal abra-
sions; and cervical hyperflexion injuries if the 
victim is seated too close to the restraint.

Seat belt injuries may vary from simple chest 
and/or abdominal abrasion at the site of seat belt 
contact to sternal fractures, spinal trauma 

(Fig. 2.4), and injuries to the bowel and mesen-
tery (Figs. 2.5 and 2.6) [13].

It is a well-known issue that motorcyclists are 
at substantially higher risk of dying from crashes 
than car occupants.

Globally, motorcyclists account for nearly a 
quarter of all road traffic deaths (WHO 2015). 
In 2014, in the United States, motorcyclists 
accounted for less than 1% of person per miles 
traveled but more than 13% of the total mortal-
ity from motor vehicle crashes [14]. Most of the 
injuries are to the head, so these are often criti-
cal injuries, as in the final ground impact decel-
eration/acceleration mechanisms are strongly 
involved.

a c

b

Fig. 2.4 Contrast-enhanced CT in the arterial phase in 
axial (a, b) and sagittal planes (c) after a seat belt injury. 
Note a spot of active bleeding (a, b arrows) within the 

anterior abdominal wall and a fracture of the fifth lumbar 
vertebra (c, arrow) along the same force vector
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2.6  Falls

Falls represent one of the most common mecha-
nisms of trauma across all age groups, varying 
from simple ground-level falls to falls from sig-
nificant height, the latter resulting in severe 
injuries [1].

Simple ground-level falls often do not require 
any diagnostic imaging, but may be dangerous in 
the elderly, as the bones are more fragile, and 

bone injuries, as lumbar, femoral, and radial 
 fractures, as well as subdural hematomas are 
quite common. Injuries from falls from signifi-
cant heights may be intentional or not (work-
related accidents); almost all these patients show 
multiple lesions, and the musculoskeletal system 
is often involved [1, 15]. Falls from a height 
result in an axial load, and injury patterns depend 
on several factors: the height of the fall, the land-
ing position of the victim, the surface of the 

a c

db

Fig. 2.5 Contrast-enhanced MDCT in arterial phase in axial (a, c), coronal (b), and oblique views (d) after a seat belt 
injury. Note the lumbar transverse process fracture (a, arrow) and a pooling of active bleeding in the mesentery (c, d 
arrows)
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impact, as well as age and comorbidities of the 
patient. For example, landing on the feet can 
result in calcaneus and long bone fractures 
(Figs. 2.7 and 2.8), with secondary involvement 
of the lumbar and thoracic spine as the kinetic 
energy travels up the body [1].

The American College of Surgeons recom-
mend that patients injured in falls from heights 
greater than 20 ft need to be taken to a trauma 
center, as the height is a factor exponentially 
related to the energy produced, resulting in life- 
threatening injuries [15].

a b c

Fig. 2.6 Multiphasic contrast-enhanced MDCT in a seat belt injury shows increasing amount of active mesenteric 
bleeding in the arterial (a), venous (b), and late phases (c)

a b c

Fig. 2.7 Plain film views (a, b) and CT volume rendering (c) of bilateral calcaneal fractures (a, b, arrow) due to a fall 
from height

a b c d

Fig. 2.8 Plain film views (a, b), CT in sagittal plane (c), and volume rendering CT (d) of a proximal tibia (a, arrow) 
and astragalo- calcaneal fractures (b, c, arrows and d) due to a fall from height
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2.7  Mechanisms of Blunt Trauma

Blunt trauma resulting injuries essentially depends 
from changes in pressure and shear forces pro-
duced by three main mechanisms [16–19]: (a) 
direct-impact, (b) compression, and (c) rapid 
acceleration/deceleration injuries (Table 2.1) [2].

2.7.1  Direct Impact

Direct-impact injuries are generally considered 
less dangerous, resulting, more often, in minor 
injuries, such as rubbings, ecchymosis, and/or 
hematomas that sometimes do not even require 
any imaging evaluation. In some cases, however, 
direct-impact injuries resulting from a motor 
vehicle accident, fall, or a direct blow from a 
moving object can lead to localized wall injuries, 
such as fractures of the skull, ribs, and sternum 
and sternoclavicular joint dislocation. Depending 
on the high kinetic energy, direct-impact forces 
may be transmitted through the body to the 

deeper tissues and organs, such as the brain, 
lungs, heart, liver, and spleen along the trajectory 
of the “force vector.” In these cases, for example, 
a direct blow to the chest wall may cause signifi-
cant vascular injuries requiring immediate treat-
ment, even in the absence of skeleton fractures. 
Therefore, according to the energy delivered by 
the injury, a direct impact may evolve into a com-
pression mechanism, as internal organs may be 
secondarily involved by compression/shearing 
forces. An example of direct injury is extra-axial 
brain hematoma (epidural, subdural, and sub-
arachnoid/intraventricular) and intra-axial injury 
(cortical contusion, intracerebral hematoma) 
(Figs. 2.9 and 2.10). In blunt brain injuries, corti-
cal contusion may occur when the brain is pushed 
against the irregular inner surfaces of the skull at 
the time of impact at the coup site or, more com-
monly, at the opposite site. This last is produced 
by the impact of the moving brain to a fixed point, 
and it is more dangerous when the blow occurs to 
the occiput, due to the irregular surfaces of the 
anterior and central skull base, with characteristic 

a b

Fig. 2.9 MDCT scan in a patient underwent a direct trauma to the skull. Note the occipital fracture (a) in the site of the 
direct impact and the typical hemorrhagic contusions in the opposite site (frontal lobe) (b)
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hemorrhagic contusions seen in the inferior 
 frontal and temporal lobes (Fig. 2.9) [20]. In the 
acute setting, a direct trauma to the skull, espe-
cially in elderly patients, requires a non-contrast 
CT scan, which represents the modality of choice, 
as it promptly allows depiction of intracranial 
traumatic lesions.

2.7.2  Compression Mechanisms

Compression injuries result from strike of the tis-
sues to a fixed object like the chest/abdominal wall 
or spine, leading to organ rupture, contusion, or 
hemorrhage. These injuries may follow a direct 
impact or may be the result of a deceleration injury.

a b

c d

Fig. 2.10 MDCT scan in axial planes (a–c) and volume 
rendering (d) in a patient underwent a direct head trauma. 
There is a subgaleal (a, arrow) and epidural hematomas 
(b, straight arrow) in the site of impact and brain contu-

sion on the opposite site (b, curved arrow). Note also a 
subarachnoid hemorrhage on the left side (c). Finally, vol-
ume rendering image demonstrates the parietal fracture 
(d, arrow)
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Chest wall deformities are fairly common, as a 
result of compressive forces directed latero- 
laterally, right-sided thoracic injuries or left- 
sided thoracic injuries, and anteroposteriorly, 
midline thoracic injuries, which typically involve 
the sternum or the spine.

Of importance is the “flail chest” which 
involves three or more consecutive rib fractures 
in two or more sites and produces a free-floating, 
unstable segment of the chest wall [2, 27].

Thoracic compression may frequently cause 
lung parenchyma (contusion and laceration) 
(Fig. 2.11) and pleura (pneumothorax and hemo-
thorax) injuries.

Furthermore, relatively uncommon but poten-
tially life-threatening injuries include fractures, 
lacerations, and disruptions of the tracheobron-
chial tree and the diaphragm. Airway injuries 
constitute only a small fraction of admission to 
trauma centers, as many patients die before their 
arrival to the hospital. Rapid anteroposterior 

compression of the chest may cause lateral trac-
tion on the lungs and tearing of the bronchus 
from the fixed carina, with consequent rupture of 
the tracheobronchial tree [2, 21].

Rupture may also occur in the presence of an 
abrupt increase in pressure against a closed glot-
tis or after compression of the trachea between 
the sternum and spinal column. Involvement of 
vital structures, as the heart and great vessels, 
represents the leading cause of death in compres-
sion injuries with a direct compression of the 
heart to the sternum and spine. The right ventricle 
is more often involved, as it is anterior and 
retrosternal. The heart can also be secondarily 
involved in the presence of delayed traumatic 
diaphragmatic hernias that can produce a cardiac 
tamponade by compression of the left ventricle 
due to direct herniation of abdominal contents 
into the pericardial sac or into the pleural space 
[22]. It is important to note that compression 
chest injuries may not be necessarily confined to 

a c d

b

Fig. 2.11 Contrast-enhanced MDCT scan in a decelera-
tion injury with thoracic compression and compression- 
distraction injury of the lumbar spine. There is a sternal 
fracture (a, straight arrow) with an adjacent active bleed-

ing (b, c, straight arrows), rib fracture with pulmonary 
contusion (a, curved arrow), and fractures of the L2 body 
vertebra (d, arrow) and L1 spinous process (d)
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the chest but also involve the homolateral abdom-
inal side—right- and left-sided thoracoabdomi-
nal injury—causing abdominal solid-organ and/
or very serious vessel injuries. Considerable 
forces are needed to injure directly the abdominal 
viscera [3]. Compression of the abdominal vis-
cera occurs in the presence of a direct blow or of 
a direct compression against a fixed object (e.g., 
compression of the upper abdomen between 
vehicle chassis and spine) [8]. In order of fre-
quency, the spleen represents the most commonly 
injured abdominal organ, followed by the liver, 
kidneys, small bowel and/or mesentery, bladder, 
colon/rectum, diaphragm, pancreas (Fig. 2.12), 
and major vessels [3]. Spleen trauma accounts 
indeed 40% of abdominal organ injuries; com-
pression mechanisms may lead to minor injuries 
as contusions or lacerations and to critical lesions 
as shattered spleen (Figs. 2.13, 2.14, and 2.15). 
The spleen is quite commonly involved in the 
presence of left lower rib fractures (9–12 ribs). 
Conversely right lower rib fractures are often 
associated with liver injuries. The liver represents 
the second most frequently injured abdominal 
organ in blunt trauma, with a prevalence of liver 
injury between 1 and 8% [3]. As for the spleen, 

compression mechanisms may cause different 
traumatic liver injuries, from contusion to lacera-
tions, with or without vascular and biliary 
involvement. Vascular injuries are more fre-
quently related to deceleration mechanisms, as 
further described below. Abdominal compression 
mechanisms may also produce hollow viscus 
organ injuries. Despite bowel and mesenteric 
injuries are quite rare, representing only 4–15% 
of blunt abdominal trauma, they may carry dev-
astating effects if missed. Even a short delay in 
diagnosis can result indeed in high morbidity and 
morbidity, these lesions are usually overlooked 
unless the clinical picture is highly suggestive, 
and in this context imaging has a pivotal role 
(Figs. 2.5 and 2.6). It is well known that delay in 
diagnosis and treatment of the hollow viscus 
injuries (HVI) results in early peritonitis and 
hemodynamic instability with increased mortal-
ity and morbidity. Hollow viscus injuries tend to 
occur secondary to three major mechanisms: a 
sudden increase in intra-abdominal pressure, 
direct compression of the viscera between the 
anterior abdominal wall and the vertebral col-
umns, and secondary to shear forces resulting in 
pedicle injuries (in deceleration trauma). 

a b

Fig. 2.12 Contrast-enhanced MDCT scan after a motor vehicle accident in coronal (a) and axial (b) views. Note a 
fracture of the pancreatic uncinate process (a, arrow)
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a c

b

Fig. 2.13 Contrast-enhanced MDCT scan after a motor 
vehicle accident. There is a spleen fracture (a, arrow) and 
a transection of the left renal artery (b, arrow) with active 

bleeding and devascularization of the left kidney, anteri-
orly displaced (c). MPR in coronal view gives an optimal 
depiction of the above mentioned CT findings

a b c

Fig. 2.14 Multiphasic MDCT scan in a patient with 
spleen fracture. Note the increasing arterial active bleed-
ing (a–c, arrows) in two sites (i.e., around the spleen 

(white arrows) and in the left obturator space next to pel-
vic fracture (black arrows))
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Restraint devices as seat belts may produce mes-
enteric/bowel tears and contusions, as an abrupt 
increase of intra-abdominal pressure may cause 
deformation of hollow organs resulting in an 
increase intraluminal pressure that may lead to 
rupture of the intestinal wall, if overfilled. Thus, 
in patients presenting with possible seat belt 
injury, meticulous analysis of MDCT for signs of 
bowel and mesenteric trauma is required. In tho-
racolumbar trauma seat belt injuries represent a 
classical example of compression-distraction 
mechanism; they may determine characteristic 
horizontal fractures involving the anterior and 
posterior elements of the lumbar spine, frequently 

at L2 or L3 levels (Fig. 2.4). Other causes of 
spine compression injuries are falls from height, 
where axial loading or lateral flexion produces a 
visible loss of vertebral body height or disruption 
of the vertebral endplate (Fig. 2.16) [23]. Because 
of its retroperitoneal location, the pancreas is a 
very rare site at risk of injury in blunt abdominal 
trauma. However in the presence of severe 
anteroposterior compression, this organ may be 
secondly involved to impact against the spinal 
column, in connection with seat belt injuries, 
handlebar compression trauma, as well as decel-
eration injuries [24]. High compression forces in 
anteroposterior direction as in latero-lateral 

a

b d

c

Fig. 2.15 Contrast-enhanced MDCT scan in a patient 
with splenic injury. At admission, there is a spot of active 
bleeding in axial (a, arrow) and coronal views (b, arrow) 
which was conservatively managed. After 6 h, the patient 

becomes hemodynamically unstable and therefore was 
immediately taken to the CT suite. Follow-up CT shows a 
large perisplenic hematoma with free hemoperitoneum (c,  
d asterisks)
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direction are responsible for severe pelvic ring 
fractures (Fig. 2.3). Pelvic ring fractures are a 
common consequence of motor vehicle accidents 
or falls from heights. CT with multiplanar refor-
matted imaging (MPR) allows diagnosis, classifi-
cation, and surgical planning of these complex 
fractures. In addition CT angiography is essential 
to detect active bleeding from injured bones, ves-
sels, or soft tissues, as these lesions may cause 
significant hemorrhage, and it is mandatory for 
the radiologist to promptly recognize the source 
of blood loss [25].

2.7.3  Acceleration/Deceleration 
Mechanisms

Acceleration/deceleration injuries are the most 
common and lethal injuries in our part of the 
world. This mechanism is responsible for major 
head injuries, tracheobronchial tree injuries, aor-
tic lesions, diaphragmatic ruptures, and mesen-
teric injuries. Rapid deceleration produces 
stretching and linear shearing at interfaces 
between fixed and mobile parts in the body, for 
example, at the gastrointestinal tract between 
mobile parts of bowel loops and their mesenteric 
attachments or avulsion of vascular pedicles 
with massive hemorrhage [2, 26]. Diffuse axonal 
injury (DAI) represents a dramatic consequence 
of shearing forces from deceleration injury; in 
this case a high-speed motor vehicle crash or 
prolonged head shaking leads to shearing and 
straining of the axonal cytoskeleton due to sus-
tained acceleration/deceleration. Damage to the 
neurons occurs not only at the moment of the 
trauma but also in the hours, days, and years fol-
lowing the accident, due to Wallerian-type 
degeneration and progressive neuronal loss [20]. 
Blunt aortic injuries follow closely behind head 
injury as a cause of death after blunt trauma. 
Falls from heights and MVCs involving a pedes-
trian are other recognized causes. In these cases 
the mechanisms of injury are rapid deceleration, 
production of shearing forces, and direct luminal 
compression against points of fixation (espe-
cially at the ligamentum arteriosum). Many of 
these patients die from vessel rupture and rapid 
exsanguination at the scene of the injury or 
before reaching definitive care. Given that dis-
ruption of the aorta requires high-force trauma, 
other injuries are often present in the lung (con-
tusions), pleura (hemothorax and pneumotho-
rax), diaphragm, bones, and spines. Predictor 
markers of a possible aortic traumatic injury are 
fractures of the first and second ribs, even though 
patients with thoracic aortic injury may also not 
present any scratch or abrasion [5, 27]. Wilson 
et al. [28], as do many others, believe that trau-
matic aortic injuries must be suspected in all 
patients who have been involved in a motor vehi-
cle accident in which speeds exceed 30 miles/h. 

a

b c

Fig. 2.16 Contrast-enhanced MDCT scan of a patient 
who underwent spine compression injury. Axial view (a) 
shows disruption of the vertebral body with height loss (b, 
coronal view, arrow) and posterior displacement of the 
lumbar spine (c, sagittal view, arrow)
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Before the advent of CT, this diagnosis was 
rarely made in the acute clinical setting. MDCT 
is the best diagnostic tool to quickly and accu-
rately evaluate the aorta allowing not only to 
diagnose or rule out aortic injuries but also to 
show appropriate grade of injuries that correlates 
to the need of urgent treatment. This is of par-
ticular importance in the acute setting because 
these patients usually have more than one prob-
lem to solve at the same time: stabilizing the 
patient before taking any treatment may be the 
key to a successful outcome. Acceleration/decel-
eration mechanisms are fairly associated to cer-
vical spine injuries, as this segment, with its 
wide range of motion and its relatively lack of 
supporting structures, is particularly susceptible 
to those mechanisms of trauma, resulting in 
lesions of the bone, ligaments, and soft tissues 
(Fig. 2.17) [29]. As previously mentioned in 
blunt abdominal injuries, deceleration/accelera-
tion mechanisms produce lesions to solid organs 
in their points of attachment, for example, if the 
blunt force comes from the front to the upper 
right abdomen, the liver may be propelled in an 
anteroposterior direction; in this context, as the 
vena cava is relatively fixed, the liver lacerates 

along Cantlie’s line. Conversely if the blunt 
force comes from the front to left upper abdo-
men, the left lobe of the liver is pushed back-
ward, and the laceration is produced to the left of 
the falciform ligament. The hepatic veins and the 
portal veins or hepatic bile ducts may be avulsed 
in deep lacerations of this pattern of injury. 
Avulsion of vascular pedicles, due to shear 
forces, represents a critical lesion, as it leads to 
secondary devascularization of the supplied 
organ and massive hemorrhage. In the abdomen 
shearing forces may also disrupt ureteropelvic 
junction or ureterovesical junction that repre-
sents the only fixation points of the ureters; in 
this case laceration of the ureter and extravasa-
tion of contrast media can be easily detected on 
CT delayed scans [30].

2.8  Penetrating Injuries

Penetrating injuries result from an object entering 
the body and sometimes exiting the body along a 
defined trajectory (Table 2.1) [1]. It recognizes 
two major origins: stab and gunshot wounds. The 
velocity, size of the implement, direction of entry, 

a b

Fig. 2.17 CT scan (a) and MR in sagittal views (b) in a patient with a severe cervical spine injury (a, arrow) and spinal 
cord transection (b, arrow)
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and above all the trajectory determine the lesions 
produced. As this mechanism of trauma always 
leads to open injuries, penetrating injuries are 
often associated with a non-sterile condition, with 
increased risk of bacterial growth that may require 
secondary surgical debridement.

2.9  Stab Wound

Stab wound victims usually present minor inju-
ries that may benefit from nonoperative manage-
ment. In these circumstances the radiologist has 
the role to exclude the presence of critical injuries 
that may be overlooked during clinical local 
wound examination. Local wound exploration 
may be indeed unreliable in obese patients or in 
back and flank injuries, as well as for long or 
obliquely oriented wounds. In this context CT 
allows identification of subtle internal lesions, 
providing a focused time-saving approach used to 
triage patients for surgery or expectant manage-
ment [31]. Identification of wound track is impor-
tant with imaging because it permits to select the 
anatomic sites at risk of lesion, as they are directly 
correlated with the trajectory of the knife. With 
the advances in imaging and introduction of 
multi-detector CT, path of the penetrating injuries 
is easier to identify thanks to multiplanar refor-
matted images (MPR) and volume rendering 
(VR) (Fig. 2.18). As a consequence, a dedicated 
technique has been reached manipulating isotro-
pic data during post- processing analysis. This 
technique, defined as CT trajectography (CTT), 
allows a trajectory analysis marking the point of 

entry and rotating the cut planes on orthogonal 
planes to visualize the wound track in profile, in a 
double-oblique orientation. This technique seems 
to be more accurate in the presence of gunshot 
wounds compared with stab wounds, as lesion 
produced from stab wounds may be harder to see. 
Therefore, the radiologist has to look for indirect 
signs of knife wound tracks, depicting small dis-
continuous foci of gas on thin section images; 
however, migration of soft tissue emphysema 
along the body wall can hide the real track. 
Usually stab wound injuries involve the abdomen 
in the region of the flank, the epigastric region, the 
intercostal region, and the back. Approximately 
50% of stab wounds to the anterior abdomen and 
85% of stab wounds to the posterior abdomen 
may be safely managed without surgery [32]. 
Life-threatening injuries involve more frequently 
the left thoracic region, as a knife wound may 
damage the hearth and major vessels, with the 
hemomediastinum, hemothorax, and/or pneumo-
thorax. In the abdomen the liver represents the 
most injured organ, followed by the small bowel 
and the colon. Lacerations, hematomas, and active 
extravasation are the most frequent lesions 
detected. Signs of small bowel injuries can be 
very difficult to recognize as a sign like pneumo-
peritoneum, that is, a significant specific predictor 
of significant small bowel lesions in blunt traumas 
in penetrating injuries is unremarkable, as free air 
can enter the peritoneal cavity by the knife wound 
or because there is a direct communication of the 
peritoneum with the outside air. The most com-
mon CT finding of intraperitoneal injury is free 
fluid, seen in 85% of patients, with an accuracy of 

a b c

Fig. 2.18 Contrast-enhanced MDCT scan after a penetrating trauma. (a) Volume rendering image shows multiple holes 
in the skin from a knife (a, arrows). Axial scans (b, c) show inner tracts of the wounds (arrows)
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CT evaluation next to 99% [31]. Lozano et al. [32] 
recommend a triple- contrast CT protocol in the 
presence of penetrating trauma, by using oral, 
intravenous, and rectal contrast in stable patients. 
However, this triple-contrast protocol is time-con-
suming and also presents some risks for aspiration 
of the contrast material.

2.10  Gunshot Wounds

Gunshot wounds are recognized as a specific 
mechanism of injury known as the “blast” 
effect. The bullet produces a cavitation within 
the tissues, a permanent hole, that typically 
measures between 0.5 and 2 cm; the surround-
ing tissue stretched and deformed by the bullet 
constitutes the temporary cavity, whose size is 
function of the velocity of the bullet and the 
elasticity of the tissues involved. The damage 
entity is indeed inversely related to tissue elas-
ticity and directly correlated to the amount of 
energy dissipated [1, 30] (Fig. 2.19). Bullets 
may exit from the body or be retained (Fig. 2.20), 

with exit wounds usually larger than entrance 
wounds. Different studies have reported the 
high accuracy of CT for determining the bullet 
trajectory, peritoneal involvement, and visceral 
injuries in selected patients with gunshot 
wounds to the torso [8]. Bullet may follow an 
oblique path crossing different body regions, 
producing multiple lesions that need to be 
promptly recognized with imaging. It is manda-
tory for radiologists to depict the “nonlinear” 
trajectories and possible fragmentation of the 
bullet within the body that may result in effects 
on tissues remote to the tract. While less than 
one-third of knife wounds require surgical 
repair [33], gunshot wounds are responsible of 
internal wounds in over 80–90%, and in 75% of 
cases, more than one organ is injured [31]. As 
previously described wounding potential is 
inversely related to tissue elasticity, so dense 
tissues as the renal parenchyma, liver, spleen, 
and bones exhibit greater degrees of tissue 
destruction and fragmentation [34]. Delayed 
CT phases are often necessary to rule out 
lesions to ureters and bladder. Obviously the 
most dangerous injuries are those associated 
with transmediastinal gunshot wounds, with 
possible involvement of the heart and major 
vessels. Clearly gunshot wounds are often 
intentional resulting in critical lesion. In the 
past victims of transmediastinal injuries, when 
stable, were studied with panendoscopy, esoph-
agogram, and echocardiography, with time and 
cost consumption. CT allows quick identifica-
tion of injuries, defining the trajectory of the 
bullet, to avoid useless and invasive additional 
procedures. The most common transabdominal 
gunshot wounds involve the liver and bowel; 
retroperitoneal colonic segments may also be 
injured. CT provides excellent depiction of 
those injuries. If the bullet follows a transpelvic 
trajectory, a careful imaging evaluation of the 
rectum, bladder, and prostate should be taken, 
as in the past, the alternatives were time- and 
cost-consuming techniques like proctosigmoid-
oscopy and conventional cystography, in con-
junction with digital rectal examination, but 
they were of limited accuracy in an unprepared 
bowel [8].

Fig. 2.19 Volume rendering image of a patient with mul-
tiple gunshot wounds on the right upper limb
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2.11  Blast Injuries

Nowadays radiologist should be aware of the 
mechanism of injury and the spectrum of lesions 
produced by improvised explosive devices 
(IEDs) as the ones encountered in terrorist attacks 
(Table 2.1). Ajay K et al. have recently published 
a work about imaging findings emerged from the 
victims of Boston marathon bombing [9]. The 
authors classify injuries produced by IED in four 
categories as primary, secondary, tertiary, and 
quaternary injuries. Primary injuries are caused 
by barotrauma, determined by the high-pressure 
blast wave and the subsequent sudden drop in 
pressure. The mechanisms of primary blast inju-
ries are compression and shearing of tissues as 
the wave crosses the body and causes lesions to 
gas or fluid-filled structures as the ear, the lungs, 
and the bowel, as well as the brain. Lungs are 
involved because the combination of increased 
pressure and sudden decrease causes disruption 
of interalveolar septa, alveolar hemorrhage, and 
rupture. CT shows lung contusions, ground glass 
opacities, pneumothorax/hemothorax, as well as 
systemic air embolism caused by traumatic 
alveolar- venous fistulas [35]. Typically injuries 
are more severe at interfaces as between the lung 
and mediastinum, at the costophrenic angles, and 
at the intercostal spaces. Clinically victims will 
present cough, dyspnea, and hypoxia, known as 
“blast lung syndrome” [36]. Blast bowel injuries 

occur as a consequence of sudden compression in 
the positive pressure phase, followed by sudden 
expansion in the negative pressure phase of fluid- 
filled cavity, with associated shearing forces. 
Imaging shows bowel intramural hematoma, 
with possible pneumoperitoneum due to second-
ary perforation as stretching of mesenteric ves-
sels with consequent mesenteric ischemia. Blast 
bowel syndrome is characterized by nausea, 
vomiting, melena, hematemesis, and peritonitis 
[9]. While for primary blast injuries the main 
mechanism can be attributable to a blunt mecha-
nism, for secondary injuries the mechanism can 
be led to penetrating lesions. IEDs usually con-
tain debris such as rocks, glass, screws, as well as 
bullets with the aim to increase the lethality of the 
devices, so secondary blast injuries are caused by 
the penetration of the debris thrown out from the 
bomb. These injuries can lead to critical injuries, 
if it involves the brain, the heart, or major vessels 
as minimal superficial injuries confined in soft 
tissues. Imaging is useful to detect fragments 
retained within the body and their relation to neu-
rovascular structures and to depict subtle internal 
injuries in selected patients that may be missed. 
Tertiary blast injuries are caused by a combined 
mechanism (blunt and penetrating) and are the 
result of the crash of the victim against surround-
ing cars, walls, or fences. These injuries gener-
ally involve musculoskeletal segments, with bone 
fractures, as well as visceral injuries and closed 

a b c

Fig. 2.20 CT scan of a patient with a bullet retained within C1–C2 space (a, b, arrows). Volume rendering image gives 
a exact identification of the retained bullet (c, arrow)
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head injuries. CT findings are usually similar to 
those encountered with victims of MVC and 
falls. Quaternary blast injuries are caused by 
thermal and inhalation injuries. Imaging plays a 
little role in this category of injuries.

Nowadays radiologists working in big cities 
have to be aware of lesion caused by IEDs as ter-
rorism represents a matter of big concern, so 
knowing mechanism of lesion can be useful to 
understand findings in these particular categories 
of victims.

 Conclusions

MDCT has revolutionized the management of 
polytraumatized patients. Victims of major 
injuries are often unconscious or may present 
multiple traumas; therefore, clinical evalua-
tion may be unreliable. In this context radiolo-
gist plays the major role to quickly assess/rule 
out critical injuries and to guide the most tai-
lored and timely management. Dedicated pro-
tocols and post- processing algorithms may 
allow definition of trajectories of penetrating 
lesions as well as depiction of subtle unex-
pected injuries related to specific mechanisms 
of trauma, such as contrecoup brain lesions in 
closed head injuries, spine fractures due to 
axial load forces, or vascular complications 
caused by shear forces before they become 
clinically evident. Knowledge of the mecha-
nisms of injury means to know what to 
exclude/look for and how to do it, with the 
maximum concentration of time. Saving time 
by addressing victims to tailored management 
means saving lives. Imaging findings can 
make the difference between life, death, or 
serious disability. Hence, the patient’s life is in 
the radiologist’s hands (and eyes!) because 
important management decisions are taken on 
the basis of his report.
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3.1  Introduction

Traumatic brain injuries (TBIs) are the leading 
cause of mortality and morbidity in patients 
younger than 40 years, affecting 1.7 million 
people every year in the USA. They are 
responsible for one-third of all injury-related 
deaths, whereas patients who survive may 
develop severe debilitating long-term sequelae 
[1–3].

They consist of a wide spectrum of diseases, 
defined as a whole as an “alteration in brain func-
tion, or other evidence of brain pathology, caused 
by an external force.” The causes may vary 
depending on patient’s age: abuse traumas are 
most commonly observed in infants, while trau-
matic and sports-related injuries are seen in tod-
dlers and children. Motor vehicle accidents 
involve most commonly young adults, whereas 
the elderly population is more prone to accidental 
falls [4–9].

TBIs are clinically divided into minor, mild, 
moderate, and severe traumas by using the 
Glasgow Coma Scale (GCS), the most commonly 
used grading scale to evaluate the entity of head 
injuries within the first 48 h, which aims to pro-
vide a uniform approach to the clinical assess-
ment of patients involved in acute head traumas. 
GCS is the sum of three components which are 
eye opening, motor response, and verbal 
response; a minor trauma has a GCS = 15; mild, 
GCS > 13; moderate, GCS 9–12; and severe, 
GCS < 8.

An additional TBI clinical classification is 
provided by the Brain Injury Interdisciplinary 
Special Interest Group of the American Congress 
of Rehabilitation Medicine, based on the loss of 
consciousness, loss of memory for events 
occurred immediately before or after trauma, 
changes in mental status, and focal neurologic 
deficits. According to this classification, a mild 
trauma is defined as a physiologically disruption 
of brain functions, evaluated by the presence of 
one of the previous described criteria; additional 
findings are no abnormalities on computed 
tomography (CT) scan, GCS > 12, no surgical 
lesions, and length of hospital recovery less than 
48 h. Moderate trauma is defined as a GCS of 
9–12, hospital recovery of at least 48 h, surgical 
intracranial lesions, and positive CT scan find-
ings. Severe traumas are evident at the moment of 
clinical presentation.
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Chronologically, TBIs are divided into pri-
mary (injuries occurring at the time of impact) 
and secondary lesions (lesions occurring after 
the initial injury, i.e., cerebral herniation, swell-
ing, ischemia, infection, hydrocephalus), result-
ing from complication of physiological response 
to injury. Secondary injuries are potentially pre-
ventable by stabilizing the patient, by monitor-
ing vital parameters, and, in some cases, by 
performing decompressive hemicraniectomy 
[10–14].

Other classifications are based on the mecha-
nism of injury (open or blunt trauma) and on the 
location, dividing them into intra-axial lesions 
(cortical contusions, diffuse axonal injury, intra-
cerebral hematoma) and extra-axial lesions (sub-
dural, epidural, subarachnoid, and intraventricular 
hematomas).

Given these data, it is easy to understand the 
significative role of imaging in this clinical set-
ting, since its goals are to identify treatable 
lesions, assist to prevent secondary damage, and 
provide prognostic information.

In this chapter we aim to review the most com-
monly encountered and severe brain injuries and 
their complications.

3.2  Imaging Techniques

CT without contrast media injection is the imag-
ing technique of choice to assess acute TBI 
because it is rapidly available, fast, compatible 
with life-support devices, and really sensitive to 
detect neurosurgical emergencies; in fact, basing 
on CT findings, the physician can decide how to 
manage the patient, if surgically or medically 
[15, 16].

A relatively recent cost-effectiveness study 
showed that the liberal use of CT in this field is 
justified because the possible consequences of 
undiagnosed brain injury are unacceptable. A 
further study showed that an early CT scan is a 
feasible and cost-saving management procedure 
[17, 18].

Several decisional algorithms have been pro-
posed to assess the best clinical management of 
head traumas; one study proposes to quickly per-
form CT scan for patients with a GCS < 13; 
another study proposes an algorithm based on 
three risk categories (low, moderate, and high 
risk), advocating the use of CT scan for the latter 
one and close observations for the other groups, 
reserving CT for patients exhibiting clinical dete-
rioration [19, 20].

Several decision rules about the use of CT 
scans in patients with minor trauma have been 
proposed, and the most well known are the New 
Orleans Criteria and the Canadian CT Head 
Rules [21–23].

The first one proposes CT for patients older 
than 60 years, with headache, vomiting, short- 
term memory defect, or injury above the level of 
the clavicles. The Canadian CT Head Rule 
 decision rules indicate CT for medium-risk 
patients (retrograde amnesia more than 30 min in 
duration and a severe mechanism of injury) and 
high- risk patients (GCS < 15 after 2 h from the 
injury, suspected skull fractures, vomiting, and at 
least 65 years of age).

CT scan is characterized by some drawbacks, 
because, while it is able to detect acute hemor-
rhages and hemorrhagic contusions, some paren-
chymal injuries are difficult to detect, such as 
diffuse axonal injury, brainstem injury, and deep 
gray matter trauma. Although their misdiagnosis 
may not impair the treatment, their detection can 
be helpful to better understand unexplained neu-
rological deficits.

In a trauma setting, images must be reviewed 
with brain, subdural, and bone windows. Bone 
window helps to assess skull fractures; the images 
are then reconstructed in multiple planes to 
increase the accuracy of interpretation and avoid 
misses (Fig. 3.1).

The use of contrast media is reserved to evalu-
ate the vascular structures at submillimeter reso-
lution. It should be performed using a rapid 
contrast bolus injection with vessel tracking; the 
classic imaging parameters are a slice thickness 
of 1.25 mm with a 0.625-mm overlap and a bolus 
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injection rate between 3 and 4 mL/s. Its use is 
required when a vascular injury is suspected, 
such as pseudoaneurysm, carotid–cavernous fis-
tula, laceration–extravasation, and dissection. It 
is performed in cases of penetrating head injury 
or skull base fractures traversing the carotid canal 
or a venous sinus also (Fig. 3.2). When these 
findings are positive, a catheter angiography must 

be performed to confirm and to treat the vascular 
injuries [24–28].

In some diagnostic dilemma not resolved by 
CT scans, magnetic resonance imaging (MRI) 
can serve as a problem-solving tool, since, owing 
to its higher contrast resolution for soft tissues, it 
is by far more capable than CT to detect all the 
stages of the hemorrhage, diffuse axonal injury, 

a b

Fig. 3.1 (a, b) Three-dimensional CT reconstructions. Comminute cranial vault fracture, well delineated on 3D 
reconstructions

a b

Fig. 3.2 (a, b) CT angiography (coronal reconstruc-
tions). Presence of bilateral sphenoid fractures (black 
arrows); the left internal carotid artery is interrupted at the 

supraclinoid segment from dissection, associated with a 
small hemorrhagic collection (white arrows)
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small subdural collections (the only indicator of 
child abuse), and ischemia.

Nevertheless, MRI has some downsides in 
the emergency settings, owing to long imaging 
times, incompatibility of many medical 
devices, insensitivity to acute subarachnoid 
hemorrhage, and excessive sensitivity to 
patient’s motion. The key sequences are fluid-
attenuated inversion recovery (FLAIR), gradi-
ent-recalled echo (GRE) or better 
susceptibility-weighted images (SWIs), and 
diffusion- weighted imaging (DWI). FLAIR is a 
T2-weighted sequence with suppression of the 
cerebrospinal fluid, improving detection of 
lesions in periventricular regions and cerebral 
cortex; it is very sensitive to cortical contu-
sions, diffuse axonal damage, and subarach-
noid hemorrhage. GRE sequences are 
particularly sensitive to blood breakdown 
products and can easily depict small areas of 
micro-hemorrhage not visible on CT. The 
blood products result in areas of signal loss 
because of the alteration of local magnetic sus-
ceptibility. This sequence is particularly indi-
cated to evaluate subacute and chronic TBI, 
since hemosiderin can persist indefinitely. SWI 
is the most sensitive sequence for evaluating 
petechial hemorrhage (Fig. 3.3); this is a high-
spatial- resolution three-dimensional gradient 
echo technique involving phase post-process-
ing that enhances the paramagnetic properties 
blood products. By using this sequence, a mask 
is created to enhance the phase difference 
between susceptibility artifacts and surround-
ing tissue, and the contrast-to-noise ratio is 
optimized by increasing the mask and magni-
tude images; the phase images are sensitive to 
regions of local alteration of the magnetic field 
caused by some substances, such as hemor-
rhage, iron, and so on. SWI is three to six times 
more sensitive than GRE to detect hemorrhagic 
diffuse axonal injuries. A potential drawback 
of this sequence is the signal loss within the 
veins because of the magnetic properties of the 
intravascular deoxygenated hemoglobin and 
the resultant phase differences with adjacent 
tissues; to avoid misinterpretation and to mini-
mize partial volume effects, it is auspicable to 

adjust the thickness of the minimal intensity 
projection to the brain size [29–36].

DWI is the sequence of choice when an acute 
diffuse axonal injury (Fig. 3.4) or ischemia is 
suspected. DWI is based on the random motion 
of water molecules (Brownian motion), which is 
affected by the intrinsic speed of water 
 displacement based on tissue properties and type 
(gray matter, white matter, cerebrospinal fluid). 
In the nervous system, water diffusion is impeded 
by cell membranes, myelin sheaths, proteins, and 
all the subcompartment structures within the liv-
ing nervous cell; therefore water diffusion is 
faster in the extracellular than in the intracellular 
space. When water molecules move from the 
extracellular space to the intracellular one, the 
overall diffusion is restricted; this restriction cor-
relates with cytotoxic edema, allowing the early 
election of ischemia [37, 38].

Diffusion tensor imaging (DTI) is sensitive to 
the spatial orientation of water diffusion and allows 
the virtual reconstruction of axonal networks 
within the brain by observing restricted water dif-
fusion; in healthy white matter, there is a greater 
diffusion along the long axis of the axonal bundles 
rather than the radial ones. The concept behind 
DTI is that water diffusion in the white matter 
tracts occurs in one direction rather than randomly, 
which is called anisotropy. The key indices of DTI 
are fractional anisotropy (FA) and ADC. FA is sen-
sitive to changes in white matter integrity provid-
ing information about the degree of white matter 
damage; therefore, in the presence of an acute TBI 
in which a huge damage of white matter occurs, 
FA values are expected to be very low.

On the other hand, ADC correlates with the 
average magnitude of water movement in a voxel; 
so, it increases in the presence of vasogenic 
edema and decreases with cytotoxic edema and 
when diffusion is impeded by injured swollen 
cells [39–41].

Magnetic resonance spectroscopy (MRS) 
evaluates noninvasively brain chemical environ-
ment, revealing posttraumatic neurometabolite 
abnormalities when conventional neuroimaging 
is normal. The most common brain metabolites 
measured are sensitive to hypoxia, neuronal 
injury, inflammation, and energy dysfunction; 
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they include N-acetylaspartate (NAA), creatine 
(Cr), choline (Cho), glutamate (Glu), lactate, and 
myoinositol. Basically, a reduction of NAA (indi-
cating either neuronal loss or neuronal/mitochon-
drial dysfunction) occurs as a dynamic process 
after TBI: it remains low in patients with poor 
prognosis and returns normal in patients with 
good outcomes.

Cho is a marker for membrane synthesis or 
repair, inflammation, or demyelination and is 
typically increased in TBI.

Several studies performed on the brain of 
injured patients found a great increase in Cho lev-
els and decrease in NAA levels, indicating mem-
brane disruption and increased cell membranes 
turnover on one hand and a permanent neuro- 

a b

c d

Fig. 3.3 (a, b) FLAIR axial sections; (c, d) SWI axial 
sections. Presence of small hemorrhagic foci in the right 
portion of the corpus callosum, the bilateral external cap-

sulae, and the left fronto-mesial region due to axonal dam-
age (c, d), not identifiable on FLAIR (a, b)
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axonal damage or reversible axonal dysfunction 
on the other hand, respectively [42–47]. Cr is a 
marker for intact brain metabolism, and an 
increased Cr level may be an expression of repair 
mechanism associated with increased mitochon-
drial function in areas of injury. After a TBI an 
alteration of levels of Glu, the brain’s major neu-
rotransmitter, as well as an increase in lactate 
may be observed.

Cr peak is the most stable index in a wide 
spectrum of conditions, so allowing a ratio with 
the other metabolites.

3.3  Extra-axial Injuries

3.3.1  Fractures

A close examination of the scalp should be one of 
the first steps to perform while interpreting a 
trauma head CT, since the identification of a soft 
tissue lesion helps to identify the coup site, which 
must be carefully inspected to recognize any 

underlying skull fracture, a soft tissue laceration, 
and the eventual presence of foreign bodies.

The three main types of fractures are the linear 
(the most common), depressed, and basal frac-
tures. The linear one is the less commonly associ-
ated with parenchymal injuries, although it has a 
high clinical impact when involving bones close 
to the vascular structures. Therefore, temporal 
bone fractures are more prone to injure the mid-
dle meningeal artery, with a following arterial 
epidural hematoma, while occipital ones can 
damage venous sinuses, with a venous epidural 
hematoma.

On axial plane they can be easily missed, and 
a close examination of the “scout” may help to 
recognize them.

Depressed fractures are more often associated 
with brain injuries, and they are usually surgi-
cally explored to evaluate a potential dural tear, 
to remove some fragments, and to reduce the risk 
of infections.

Basal fractures are the most dangerous from a 
prognostic point of view, since they can be com-

a b

Fig. 3.4 (a) CT scan; (b) DWI on axial plane. Presence of a restricted diffusion focal area located in the right portion 
of the corpus callosum, not identifiable on CT
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plicated by injuries to the cranial nerves and ves-
sels of the base of the skull (the petrous and 
cavernous portions of the internal carotid artery 
(ICA), the transverse and sigmoid sinuses).

Temporal bone fractures can be classified as 
“longitudinal” versus “transverse” with respect 
to the long axis of the petrous temporal bone or as 
“otic capsule sparing” versus “otic capsule 
involving” fractures. Longitudinal TBF is the 
most commonly (95%) encountered and is often 
associated with a fracture extending to the squa-
mosal portion of the temporal bone. It typically 
spares the otic capsule but may involve the ossi-
cles, resulting in conductive hearing loss. It is 
usually associated with facial paresis due to the 
facial nerve injury.

Transverse fracture is much less common and 
results from an occipital impact. It is more prone 
to injure the otic capsule, resulting in sensorineu-
ral hearing loss and/or facial nerve injury.

Independently from this classification, many 
fractures, mixed or obliquely oriented, can be 
identified, thanks to the new multislice tech-
niques and the possibility to reconstruct them on 
multiple planes [48–51].

3.3.2  Vascular Injuries

Blunt cerebrovascular injuries (BCVIs) include 
carotid and vertebral artery injuries, occurring in 
the setting of either generalized multitrauma or 
direct craniocervical trauma.

Some recent studies report a prevalence rang-
ing from 1.1 to 1.6% among all blunt traumas, 
while among severely injured patients, the preva-
lence may be as high as 2.7%. The morbidity and 
mortality associated with vascular injuries are 
usually attributed to cerebral or cerebellar infarc-
tion. Blunt carotid artery injuries are associated 
with morbidity and mortality rates of 32%–67% 
and 17%–38%, respectively. The morbidity rate 
for blunt vertebral artery injuries is 14–24%, and 
the mortality rate is 8–18%. Considering only 
BCVI-specific deaths, the mortality rate for 
untreated BCVI ranges from 25 to 38% [52–55].

Several studies advocate an early treatment to 
prevent or limit the infarction development after 

a vascular injury; however, some authors prefer 
to adopt a nonoperative management with antico-
agulants or antiplatelet therapy. In selected 
patients the endovascular treatment can be per-
formed [56, 57].

The gold standard examination to diagnose a 
vascular injury is the four-vessel digital subtrac-
tion angiography, which is characterized by some 
drawbacks, being invasive and associated with 
some rare complication such as stroke. On the 
other hand, CT scans with contrast media injec-
tion are widely accepted because of its rapidity, 
safety, and noninvasivity.

The mechanism responsible for cerebrovascu-
lar injury seems to be related with the longitudinal 
stretching of the artery beyond its mechanical lim-
its, with partial or complete loss of mural integrity; 
vertebral artery injuries occur when spinal sublux-
ation or dislocation stretches the relatively fixed 
vertebral artery over the adjacent bone structures, 
or against the dural margins in cases of craniocer-
vical junction injury [58]. Displacement of bone 
fragments from fractures of the skull base or cervi-
cal spine can lead to direct injury to the carotid 
(Fig. 3.2) or vertebral arteries, respectively. An 
ICA injury may occur also with a strong hyper-
flexion of the head or a posterior displacement of 
mandible fragments, crushing the ICA between 
the mandible and the spine [59–61] (Fig. 3.5).

In the acute setting, a vascular damage is sus-
pected in the presence of fixed lateralizing or 
central neurologic deficits that are incongruent 
with the results of brain imaging or when imag-
ing signs of unexplained cerebral or cerebellar 
ischemic stroke are present.

Additional clinical signs include active hem-
orrhage from the mouth, nose, ears, or open 
wounds, an expanding neck hematoma, cervical 
bruit in a patient younger than 50 years, transient 
ischemic attack or amaurosis fugax, pulsatile tin-
nitus, and Horner syndrome.

Signs and symptoms suggestive of posttrau-
matic carotid cavernous fistula include orbital 
pain; pulsatile exophthalmos; chemosis; propto-
sis; palsies of cranial nerves III, IV, or VI; and 
blurred vision.

It is a shared opinion that patients with clinical 
or imaging evidence of severe craniofacial or 
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neck trauma are considered to suffer from brain 
vascular injury. In fact some studies reported that 
central skull base fractures and those involving 
the carotid canal are risk factors for blunt carotid 
artery injury and that severe facial fractures (Le 
Fort II and III injuries) and diffuse axonal injury 
have been identified as independent risk factors 
for carotid artery injury.

Several studies have identified cervical spine 
injuries as predictors of blunt vertebral artery 
injury, especially those involving C1–C3, the 
transverse foramen or other lateral vertebral ele-
ments, and subluxation–dislocation [62]. The so- 
called Denver criteria group together the most 
common risk factors for vascular injuries, includ-
ing Le Fort II or III facial fractures, basilar skull 

a b

c d

Fig. 3.5 (a–d) CT scan. Presence of comminuted fractures in the left occipital and frontal regions with depressed bone 
fragments (black arrows); a longitudinal left temporal fracture is associated (white arrow)
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fractures involving the carotid canal, diffuse axo-
nal injury with a Glasgow Coma Scale score 
under 6, cervical spine fracture patterns that 
involve C1–C3, cervical spine fracture extending 
into a transverse foramen, cervical spine sublux-
ation, and near hanging with anoxic brain injury. 
In addition, a major chest trauma (injury scale 
score > 3) has also been associated with vascular 
injuries [63, 64].

The subtypes of traumatic cerebrovascular 
injury can range from minimal intimal injury, 
raised intimal flap, separation of the intima from 
the media resulting in dissection, and medial and 
adventitial perforation with the consequent pseu-
doaneurysm to complete vascular transection or 
occlusion. The minimal intimal injuries appear as 
areas of luminal irregularity best appreciated on 
multiplanar or three-dimensional reformatted 
images.

Raised intimal flaps appear as linear intralu-
minal filling defects rising from the arterial wall 
[64, 65].

Dissection with intramural hematoma can 
either be focal or involve a long arterial segment. 
The hematoma causes mural thickening which 
may be eccentric or circumferential. Luminal 

narrowing may be minimal to nearly occlusive 
and is usually eccentric [66–70].

ICA dissection occurs more commonly in the 
cervical and petrous segments of the artery, and it 
is highly suspected in the presence of a skull base 
fracture near the carotid canal. Also the distal 
cervical vertebral artery is very prone to dissec-
tion in blunt trauma. An interesting study reported 
that 35% of patients with a carotid canal fracture 
were found at angiography to have an ICA dis-
section, but 40% of the patients with an ICA dis-
section did not have a carotid canal fracture.

The diagnosis can be performed using CT 
angiography, MR imaging or MR angiography, 
and catheter angiography. The advances in multi-
detector CT have made this technique a first-line 
tool to assess a neurovascular injury, showing 
mural irregularity, narrowing, or occlusion. On 
MR imaging, the most common finding is a cres-
cent hyperintensity (representative of intramural 
hematoma) around the lumen of the dissected 
vessel. Unenhanced T1-weighted images using 
fat saturation technique and proton density and 
T2-weighted images are particularly sensitive for 
detecting the intramural hematoma associated 
with arterial dissection (Fig. 3.6).

a b

Fig. 3.6 (a) T1-weighted axial section; (b) T2-weighted 
axial section; (c, d) 3D TOF MR angiography (MIP 
reconstructions). Internal carotid artery dissection demon-
strated by the presence of a hyperintense intramural 

hematoma with eccentric narrowed lumen (arrows). MR 
angiography confirms the ICA occlusion after the carotid 
bifurcation (arrow), with the flow of the terminal branches 
sustained by the circle of Willis

3 Head Injuries



66

Vertebral artery dissections are more com-
monly extracranial in location because of the 
close proximity to the adjacent bone as the artery 
courses through the vertebral artery canal or 
along the sides of the C1–C2 vertebral body 
complex.

Pseudoaneurysms are characterized by eccen-
tric outpouchings of contrast media from the arte-
rial lumen with an intact adventitia, which provides 
a little support, being thus more prone to rupture.

On imaging their appearance varies from min-
imal contour abnormality to large, irregular, and 
saccular, with a wide neck. At times, a pseudoan-
eurysm can narrow the native arterial lumen, with 
potentially significant compromise of arterial 
flow (Fig. 3.7). At MRI, in the absence of throm-
bosis or turbulent flow, the pseudoaneurysm 
appears as a round area of signal void on both 
T1- and T2-weighted images [64, 71].

Active hemorrhage appears as an irregular col-
lection of extravascular contrast material that sur-
rounds the parent vessel, although the exact site of 
arterial transection may be impossible to identify.

The traumatic arteriovenous fistula (AVF) 
appears when laceration of an artery occurs adja-
cent to a vein, resulting in communication 
between the two systems [72].

The archetypal traumatic arteriovenous fis-
tula is the carotid cavernous fistula (CCF), which 
results from a laceration of the ICA with direct 
communication to the cavernous sinus. It usually 
occurs in the presence of skull base fractures 
involving the carotid canal. Symptoms often 
develop in a delayed fashion, days to weeks after 
the initial trauma; therefore, these injuries can 
pass misdiagnosed [73–77].

Clinical findings of CCF include proptosis, 
chemosis, and ophthalmoplegia, with vision loss 
and facial pain variably present. The cross- 
sectional imaging findings of a CCF include early 
venous enhancement during the arterial phase, 
enlargement of the involved draining veins (i.e., a 
dilated superior ophthalmic vein-normal diame-
ter < 4 mm), retrobulbar fat stranding, enlarged 
extraocular muscles, and proptosis, findings that 
reflect venous engorgement resulting from 
increased venous outflow from the intracranial 
circulation.

On conventional catheter angiography, there is 
an abnormal early filling of the cavernous sinus 
during the arterial phase and early venous out-
flow to the superior ophthalmic vein, inferior 
petrosal sinus, and/or contralateral cavernous 
sinus [78].

c d

Fig. 3.6 (continued)
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A traumatic AVF can also result from lacera-
tion of the middle meningeal artery with fistulous 
communication to the middle meningeal veins.

In addition to these traumatic AVFs that may 
present acutely, venous thrombosis in the setting of 
head trauma can lead to formation of indirect, gen-
erally lower flow dural AVFs in a delayed fashion.

3.3.3  Epidural Hematoma

Epidural hematoma (EH) is usually arterial in its 
origin and represents a hemorrhagic collection 
within the inner table of the skull and the outer 
dural layer. It usually results from a skull fracture, 
often a temporal fracture, which strips away the 
dura from the inner table, and injures the middle 
meningeal artery, with consequent filling of the 
newly formed epidural space. Being the dura 
tightly adherent to the skull at cranial suture lines, 
the EH does not typically cross the cranial sutures 

(with an exception at the level of the sagittal 
suture, since dura does not cover the suture due to 
the presence of the superior sagittal sinus).

The majority of cases occur at the coup site 
with an underlying fracture being identifiable in 
the 90% of cases.

The loss of consciousness is often immediate, 
although many patients may experience the so- 
called lucent interval, during which time the EH 
expands until it can impact the patient’s level of 
consciousness.

EH is a neurosurgical emergency requiring 
immediate evacuation since it causes mass effect 
symptoms with shift of the midline structures, 
compression of the lateral ventricle and subfal-
cine herniation, and sometimes uncal herniation. 
Small EHs can be managed conservatively.

Venous EHs can also occur, associated with 
skull fractures, manifesting typically infra- 
tentorially or within the anterior aspect of the  middle 
cranial fossa, after injuries to the  transverse/sigmoid 

a b cFig. 3.7 Common 
carotid artery digital 
angiography 
(anteroposterior view). 
Presence of an 
extracranial ICA 
pseudoaneurysm (white 
arrows), associated with 
another syphon 
pseudoaneurysm and 
narrowing of the arterial 
lumen, involving the 
homolateral terminal 
branches (black arrows)
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sinuses or the sphenoparietal sinus, respectively; 
EHs located in the anterior aspect of the middle cra-
nial fossa have a better prognosis.

On non-contrast CT it appears as a well- 
defined biconvex, hyperdense, extra-axial collec-
tion not crossing sutures (Fig. 3.8). Occasionally, 
an acute EH may contain heterogeneous foci 
which appear hypodense at imaging (Fig. 3.9), 
indicating active extravasation of fresh unclotted 
blood (swirl sign); these lesions have a worse 
prognosis as they are more prone to further 
enlargement than the homogeneous EH, requir-
ing thus an immediate surgical management 
[79–82].

Other CT findings associated with an adverse 
outcome are thickness greater than 1.5 cm, vol-
ume greater than 30 mL, location within the lat-
eral aspect of the middle cranial fossa, and 
midline shift greater than 5 mm.

A rapidly expanding EH can occur also after a 
decompressive craniectomy, maybe because of 
the removal of the tamponade effect on a previ-
ous extra-axial collection. Some studies suggest 
performing a postoperative CT scan in patients 
with a skull fracture remote from the planned cra-
niotomy or a small collection not surgical in 
nature, remote from the craniectomy.

Chronic EHs show low density and peripheral 
enhancement and they might be concave [83, 84].

3.3.4  Subdural Hematoma

Subdural hematoma (SDH) is usually venous in 
its origin and represents a hemorrhagic collec-
tion within the space between the inner menin-
geal layer of the dura and the arachnoid. Acute 
SDHs result from a significant head injury caus-
ing the disruption of the bridging cortical veins. 
They can be found both in the coup and in the 
contrecoup side, the latter one being more 
common.

They usually occur along the cerebral con-
vexities, the falx cerebri, and the tentorium 
cerebelli; they can cross the suture lines but not 
the dural reflections, such as the falx and 
tentorium.

They can also occur in patients without a his-
tory of head trauma, such as elderly patients, 
those ones on anticoagulant therapy and hemodi-
alysis, and thrombocytopenic patients; thus the 
symptoms may be very subtle and remain undis-
covered for days and weeks until it enters the 
subacute or chronic stage.

a b

Fig. 3.8 (a, b) CT scan. Epidural hematoma: presence of a well-defined biconvex, hyperdense, extra-axial collection 
in the right parietal region
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Infratentorial SDHs are rare in adults and are 
more commonly seen in neonates secondary to 
perinatal injury [69, 83, 85–88].

They can be divided into three stages, namely, 
acute, subacute, and chronic, with their own dis-
tinct imaging features.

Acute SDH is usually a crescentic, hyperdense 
extra-axial collection on CT. In some specific con-
ditions, they may be iso- or hypodense due to an 
underlying anemia or have a mixed density because 
of active bleeding in the hyperacute setting: in 
these cases the hypodense areas correspond to the 

a b

c d

Fig. 3.9 (a–d) CT scan. Epidural hematoma of venous 
origin: presence of a left retrocerebellar biconvex, extra- 
axial collection, inhomogeneously hyperdense due to the 

presence of fresh unclotted blood. The fourth ventricle 
and the aqueduct of Sylvius are compressed, with supra-
tentorial hydrocephalus
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unclotted blood. Alternatively, a preexisting 
chronic SDH or an arachnoid tear can show a 
mixed density due to rebleeding, resulting in a mix-
ture of blood with CSF. These “atypical” acute 
SDHs may be lentiform (biconvex) rather than 
crescentic in shape, likely secondary to adhesions 
in the subdural space, as a typical epidural hema-
toma (Fig. 3.10). Small SDHs may be overlooked 
on traditional CT “brain windows,” because of the 
high convexity location, beam hardening artifacts, 
or narrow window settings; an additional wider 
“subdural window” (width 200; level 70) should be 
used in all trauma patients to detect these small 
SDHs, helping to differentiate between bone and 
hemorrhage.

SDHs occurring at the falx cerebri appear as 
hyperdense collection between the two hemi-
spheres. The thin SDHs over the tentorium can be 
very difficult to recognize because of volume 
averaging effect with the brain, so that thinner 
axial CT slices, or coronal ones, may help to 
identify them.

As for as their management, because acute 
SDHs can rapidly enlarge, they often require sur-
gical intervention; on the contrary small acute 

SDHs that remain static in size over few days 
after the trauma are not surgically treated.

Subacute (1–3 weeks) SDHs usually appear 
isodense to the gray matter on CT, making it dif-
ficult to be recognized on CT; possible imaging 
clues include the so-called abnormally thick cor-
tex, a medial displacement of the gray–white 
junction from the inner table, white matter buck-
ling, midline shift, compression of the ipsilateral 
ventricle, and sulcal effacement.

As mentioned before, in the elderly, most 
SDHs are discovered in the subacute–chronic 
stage because of the subtle clinical presentation; 
in particular, brain atrophy seems to play a central 
role in developing of these lesions, since as the 
distance between the cortex and the dura increases, 
small veins extending from the cortex to the dura 
(the “bridging” veins) become stretched and can 
be disrupted by violent head motions even in the 
absence of a high-energy head trauma. SDHs can 
slowly increase over a few weeks or months, 
because of repeated small hemorrhages, produc-
ing a subdural collection composed of blood 
products of different stages (Fig. 3.11), often hav-
ing a thick proteinaceous consistency.

a b

Fig. 3.10 (a, b) CT scan. Acute subdural hematoma: 
presence of a hyperdense extra-axial collection in the left 
frontotemporal region, associated with subfalcine hernia-

tion; it has a mixed density because of unclotted blood, 
and a somewhat crescentic/lentiform shape
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Chronic SDHs (>3 weeks) appear as homoge-
neous hypodense crescentic collection; when a 
rebleeding occurs, a bilayered appearance may 
result, with a hypodense layer (the chronic hem-
orrhage) in the less dependent position and the 
hyperdense component (the acute hemorrhage) in 
the dependent position (Fig. 3.12). In this phase 
multiple adhesions and membranes within the 
collection can be observed, giving the appear-
ance of multicompartment collection.

MR imaging is more sensitive than CT in the 
detection of small SDHs and tentorial and inter-
hemispheric SDHs; in addition, MR can easily 
stage the disease according to the blood signal 
intensity changes over the time. In the first few 
days, blood is in the stage of intracellular 
 deoxyhemoglobin; the SDH will be isointense 
to gray matter on T1-weighted images and 
hypointense on T2-weighted images. After a 
few days, being blood in the stage of intracellular 

a b

c d

Fig. 3.11 (a–d) CT scan. Subacute–chronic subdural hematomas: bilateral subdural collections composed of blood 
products in different stages deriving from repeated hemorrhages

3 Head Injuries



72

methemoglobin, SDHs become hyperintense 
on T1-weighted images. After the first week, 
with lysis of red blood cells and production of 
extracellular methemoglobin, SDHs become 
hyperintense on both T1- and T2-weighted 
images, a finding that can persist for many 
months,  associated with hypointense compo-
nents on T2*-weighted images (Fig. 3.13) [32, 
33, 35].

3.3.5  Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) results from 
injury to the small, bridging, cortical vessels on 
the pia and arachnoid that cross the subarachnoid 
space, from extension of interventricular hemor-
rhage via the fourth ventricular outlet foramina, or 
from contiguous extension of an intracerebral 
contusion/hematoma into the subarachnoid space.

a b

c d

Fig. 3.12 (a–d) CT scan. Chronic subdural hematomas: 
bilateral bilayered crescentic collections, with a hypodense 
component (the chronic hemorrhage) in the less depen-

dent position and the hyperdense component (the acute 
hemorrhage) in the dependent position
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The most common locations are the convexity, 
the fissures (contrecoup Sylvian fissure), and the 
basal cisterns [69, 89–91].

Aneurysmal SAHs can be differentiated from 
the traumatic ones basing on the distribution of 
the hemorrhage [92]; in fact while the aneurys-

mal SAHs are more centrally located, involving 
the suprasellar, interpeduncular, and prepontine 
cisterns, the latter have a peripheral distribution. 
On CT they appear as hyperdensity within the 
subarachnoid space (Fig. 3.14); occasionally, 
effacement of the sulci, secondary to the presence 

a b

c d

Fig. 3.13 (a, b) T1-weighted coronal sections; (c, d) 
T2*-weighted coronal sections. Subacute–chronic subdu-
ral hematomas: bilateral subdural collections hyperin-

tense on T1-weighted images, with hypointense 
components on T2*-weighted images
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of intrasulcal SAH, can be the only indicator of 
SAH.

It is important to differentiate SAH from the 
“pseudo-SAH,” which is a phenomenon observed 
in the setting of acute TBI, characterized by dif-
fuse brain swelling and downward transtentorial 
herniation. It consists of an increased density in 
the subarachnoid spaces caused by its contraction 
due to a decrease in the amount of CSF in that 
space and/or engorgement of small pial vessels 
by low-density cerebral edema (Fig. 3.15).

3.3.6  Intraventricular Hemorrhage

Intraventricular hemorrhage (IVH) can result 
from tearing of subependymal veins along the 
surface of the ventricles, from contiguous exten-
sion of a parenchymal hematoma into the ven-
tricular system, from retrograde flow of SAH 
into the ventricles, or from a direct penetrating 
injury. Isolated IVH hemorrhage is rare, as it is 
usually associated with SAH and contusions 
[69, 90, 93].

a b

c d

Fig. 3.14 (a–d) CT scan. Subarachnoid hemorrhage: presence of linear hyperdensities within the left frontoparietal 
subarachnoid spaces, associated with a contiguous depressed fracture
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The typical aspect is a fluid–fluid level layer-
ing dependently within the occipital horns or as 
an intraventricular clot. Patients with IVH are at 
risk for developing noncommunicating hydro-
cephalus secondary to the obstruction of the 
aqueduct from ependymal adhesions and 
scarring.

3.4  Intra-axial Injuries

3.4.1  Parenchymal Injuries

Parenchymal injuries can be divided into four 
categories. The first two categories, contusion 
and diffuse axonal injury, are more common than 
the last two, brainstem injury and deep gray mat-
ter injury, which have a worse prognosis.

3.4.2  Cortical Contusions

Cortical contusions occur in up to 43% of patients 
with blunt head injuries. They consist of bruises 

and lacerations of the brain, covered by the dura, 
occur on gyral surfaces, and can extend into the 
white matter. Brain contusions can be classified 
as fracture contusions, coup contusions, and/or 
contrecoup contusions. Fracture contusions occur 
at a site of direct impact, usually beneath a 
depressed skull fracture. The coup contusions 
occur when the brain strokes the skull at the site 
of an externally applied force and is not necessar-
ily associated with a fracture. Contrecoup contu-
sion is found at an opposite point (180°) from the 
site of impact, where the brain strikes the inner 
table of the skull; a classic example of the contre-
coup contusion is the injury of the anterior and 
inferior orbitofrontal and temporal lobes from an 
occipital impact [69, 94, 95].

At imaging they are wedge-shaped with the 
base on the cortical surface and the tip pointed 
toward the center of the brain. Contrecoup lesions 
are usually a little bit larger than coup lesions.

About one-half of acute contusions are hem-
orrhagic, and they usually appear as rounded- 
shaped or oval hyperdense foci at gyral 
surfaces, surrounded by edema. A characteristic 

a b

Fig. 3.15 (a, b) CT scan. Pseudo-subarachnoid hemorrhage: increased density in the subarachnoid spaces caused by 
diffuse brain swelling with consequent decrease of CSF and engorgement of small pial vessels
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 “salt-and- pepper” pattern of mixed hypodense 
and hyperdense areas becomes more evident 
after the first week from the trauma (Fig. 3.16). 
In some severe cases, the whole temporal lobe 
may be contused, resulting in the so-called 
burst lobe.

Nonhemorrhagic contusions may be difficult 
to detect on CT; some days after trauma, they can 
be recognizable since they become more con-

spicuous developing a hypodense appearance 
(Fig. 3.17). Delayed hemorrhage can be seen 
within initially nonhemorrhagic lesions a few 
days after trauma (Fig. 3.18).

Four to six weeks after trauma, contusions 
become less conspicuous on CT examination, as 
hemorrhage and edema resolve, leaving a region 
of encephalomalacia as the unique evidence of 
trauma [30].

a b

c d

Fig. 3.16 (a–d) CT scan. Hemorrhagic contusion: rounded-shaped and oval hyperdense foci at gyral surfaces of the 
frontal and temporal lobes, surrounded by edema
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a b

c d

Fig. 3.17 (a–d) CT scan. Nonhemorrhagic contusions in the temporal lobes, with a hypodense appearance, associated 
with a hemorrhagic lesion in the left fronto-basal region
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a b

c d

e f

Fig. 3.18 (a–f) CT 
scan. Presence of linear 
hyperdensities, from 
subarachnoid 
hemorrhage, within the 
left frontal subarachnoid 
spaces (a, b); presence 
of a nonhemorrhagic 
contusion in the left 
frontal lobe 2 days after 
trauma (c, d); delayed 
hemorrhage within the 
initially nonhemorrhagic 
lesion 6 days after 
trauma (e, f)
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Contusions are more easily detectable and 
appear more conspicuous on MR than on CT, 
especially when they involve the gyral crests over 
the convexity and skull base, where beam hard-
ening artifact limits CT. Nonhemorrhagic contu-
sions appear hypointense on T1-weighted and 
hyperintense on T2-weighted images [30, 83].

MR imaging is more sensitive to the presence 
of parenchymal hemorrhage than CT. As 
 demonstrated by several authors, nonhemor-
rhagic contusions on CT often have hemorrhagic 
components on MR imaging, especially when 
using a GRE sequence, and the products of hem-
orrhage can be detected by MR imaging for many 
months after trauma.

An acute hemorrhagic contusion has a cen-
tral dark signal (deoxyhemoglobin) with sur-
rounding hyperintense edematous cortical tissue 
on T2-weighted images. After 2 days, the sub-
acute contusion develops increasing vasogenic 
edema, and deoxyhemoglobin evolves into 
intracellular methemoglobin, resulting in T1 
hyperintensity.

The subacute contusion and hematoma often 
demonstrate ring enhancement following intrave-
nous contrast administration.

Chronic contusion appears as a focal, wedge- 
shaped, peripheral area of encephalomalacia, 
often lined with hemosiderin, resulting in the 
characteristic dark T2 signal intensity seen on 
GRE and SWI sequences [69, 96].

3.4.3  Diffuse Axonal Injury

Diffuse axonal injury (DAI) is one of the most 
common types of primary neuronal injury in 
patients with severe head trauma and the most 
common cause of significant morbidity and mor-
tality after head trauma, causing immediate and 
sustained loss of consciousness. It is characterized 
by a widespread disruption of axons occurring at 
the time of an acceleration or deceleration injury.

Histologically DAI is characterized by axonal 
damage in the parasagittal white matter and 

gray–white matter junctions of the cerebral cor-
tex and in the corpus callosum and brainstem.

The clinical manifestations depend on the 
severity of the injury and can vary from mild 
symptoms to coma. The identification of DAI- 
related white matter lesions is critical, as they are 
thought to be responsible for the majority of TBI 
cognitive deficits. Unfortunately, DAI is often 
underdiagnosed with conventional imaging 
techniques.

They can be hemorrhagic or nonhemorrhagic 
with the former being sometimes identifiable on 
CT scan, where focal punctate regions of high 
density surrounded by a collar of low-density 
edema may be observed.

Nonhemorrhagic lesions are very difficult to 
be detected on CT [97] and are more conspicuous 
on MR, where they appear hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images. Hemorrhagic DAI lesions 
have various signal intensities corresponding to 
the age of the blood products and are hypointense 
on T2*-weighted images [98–102] (Fig. 3.19). 
Patients with a discrepancy between the clinical 
status and their CT findings should undergo MR 
imaging, because of its increased sensitivity to 
white matter and brainstem injury.

The most common locations of TAI are the 
lobar gray–white matter junction, the corpus cal-
losum, and the dorsolateral midbrain: these loca-
tions correspond to the classic “shear injury 
triad.” The location of TAI tends to correlate with 
the severity of the trauma; specifically, mild DAI 
(grade I) involves only the gray–white junction of 
the lobar white matter, commonly the parasagit-
tal regions of the frontal lobes, and periventricu-
lar regions of the temporal lobes. Moderate DAI 
(grade II) involves the corpus callosum, particu-
larly the posterior body and splenium, in addition 
to the lobar white matter. In severe DAI (grade 
III), the dorsolateral midbrain, in addition to the 
lobar white matter and corpus callosum, is 
involved. Other areas include the fornices, cap-
sules, periventricular white matter, and superior 
cerebellar peduncles.
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3.4.4  Brainstem Injury

Brainstem injuries are classified as primary or 
secondary according to whether they occur as the 
immediate result of the trauma or delayed in 
onset. Primary brainstem injury is the result of 
the direct impact of the brainstem with the tento-
rium; they usually occur along with DAI and 
deep gray matter injuries, and they are usually 
located in the posterolateral aspect of the pons, in 
the periaqueductal region. They can be hemor-
rhagic or nonhemorrhagic, being the latter ones 
more difficult to be detected on CT [103–105].

Secondary injuries usually appear in the 
ventral part of the brainstem, and they include 
the so-called Duret hemorrhage, occurring in 
the setting of abrupt and prolonged downward 
herniation which leads to stretching and rupture 
of the perforating vessels of the brainstem, 
causing punctuate hemorrhages, and compres-
sion of the midbrain by uncal herniation result-
ing in a lateral translation of the brainstem, 
causing the contralateral cerebral peduncle to 
be compressed against the tentorial edge, lead-
ing to the “Kernohan notch.” This phenomenon 
is responsible for the false-localizing sign 

a b

c d

Fig. 3.19 (a–d) T2*-weighted axial sections. Diffuse 
axonal injury: presence of multiple, small hypointense 
foci located within the lobar gray–white matter junction 

(d), the corpus callosum (b, c), and the dorsolateral mid-
brain (a), corresponding to the classic “shear injury triad”
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resulting in ipsilateral motor weakness and 
ischemic injury.

The compression responsible for the Duret 
hemorrhages can cause a severe compromising of 
the respiratory centers, leading to death.

As mentioned before, these lesions may be 
nonhemorrhagic also, being more difficult to be 
evaluated by means of CT scans; in these cases 
MR is much more feasible because of the better 
contrast resolution and the absence of artifacts, 
helping to predict the outcomes, since the recog-
nition of bilateral pontine injuries has a poor 
prognosis.

3.4.5  Deep Gray Matter Injury

Injury in the thalamus and basal ganglia is a rare 
manifestation of TBI, accounting for about 5% of 
parenchymal traumatic lesions. These lesions are 
associated with severe neurological impairment 
and poor outcomes [106]. They can be hemor-
rhagic, appearing on CT as small foci of hyper-
density in the basal ganglia, possibly because of 
the disruption of small perforating blood vessels. 
The lesions are generally associated with a low 
initial GCS score [83, 103, 107].

Nonhemorrhagic lesions appear as hypodense 
regions of variable size within the basal ganglia 
and thalamus.

Both of these forms are much more conspicu-
ous on MR, especially by applying the SWI 
sequences [108].

3.5  Secondary Lesions

Most secondary injuries are represented by an 
increased intracranial pressure and cerebral her-
niations. They occur in the early posttraumatic 
period. CT and MR allow to easily distinguish 
these lesions from the late sequelae of a brain 
injury, such as hydrocephalus, pneumocephalus, 
cerebrospinal fluid leak, infections [109], and 
encephalomalacia.

The most important lesions which can be a 
real danger for patient’s life are cerebral edema 
and brain herniation. [110, 111]

3.5.1  Cerebral Edema

Cerebral edema may occur because of either an 
increase of cerebral blood volume or an increase 
of tissue fluid content, as a response to direct focal 
injury, such as contusion or DAI [6, 83, 112].

Regardless of the type of fluid accumulation 
(blood or fluid), the imaging effects are the same, 
such as effacement of sulci, suprasellar and quad-
rigeminal plate cistern, and compression of the 
ventricular system. On CT brain edema appears 
as focal or diffuse areas of low attenuation with 
loss of normal gray–white differentiation. In 
cases of severe, diffuse cerebral edema, the brain 
becomes very low in attenuation and dura and 
circulating blood in the cranial vasculature 
appears hyperdense on CT “pseudo- subarachnoid 
hemorrhage”; the so-called white cerebellum 
sign is characterized by relatively hyperdense 
cerebellum with respect to edematous cerebral 
hemispheres.

Another visible sign is that on MRI brain 
edema is noted as areas of high signal intensity 
on FLAIR and T2-weighted sequences [113]. In 
addition, DWI may detect subtle areas of cyto-
toxic edema when they are not still visible on the 
other sequences, as seen in acute stroke.

3.5.2  Brain Herniation

Cerebral herniations represent a mechanical dis-
placement of the brain through or across one 
compartment to another, secondary to a mass 
effect, as occurs in cases of hematoma or cerebral 
edema.

The types of brain herniation recognized are 
subfalcine herniation, transtentorial herniation 
(descending and rarely ascending due to upward 
herniation of the cerebellum), uncal herniation (or 
temporal lobe herniation), and tonsillar hernia-
tion, when cerebellar tonsils are forced through 
the foramen magnum. All types of herniation are 
a serious sign of cerebral injury accompanied by 
displacement of blood vessels and nerves.

The subfalcine herniation occurs when the cin-
gulate gyrus is displaced across the midline under 
the falx, between the supratentorial compartments, 

3 Head Injuries



82

and anterior cerebral artery is displaced resulting 
in secondary ischemia and infarction. On imaging 
the ipsilateral cingulate gyrus is pushed down and 
under the midline falx, compressing the contralat-
eral gyrus, along with depression of the ipsilateral 
corpus callous with elevation/compression of the 
contralateral one. If posteriorly located, these her-
niations may compress the internal cerebral veins, 
Galen vein and the deep subependymal veins, with 
an increasing of ICP.

The transtentorial herniation can be ascend-
ing or descending. The ascending form, less 
common than the descending one, is caused by 
an increased pressure in the posterior fossa push-
ing the cerebellum upward, through the tentorial 
incisura. On CT images the signs may be very 
subtle [114] and changes can often be bilateral 
and symmetric; imaging features are the “spin-
ning top” appearance of the midbrain, caused by 
the bilateral compression of the posterior aspects 
of the midbrain by the posterior fossa, narrowing 
the ambient cisterns. A prolonged herniation 
causes effacement of the quadrigeminal cistern, 
displacing the midbrain anteriorly against the cli-
vus; over time mass effect causes occlusion of the 
cerebral aqueduct and, finally, hydrocephalus. 
Rapidly expanding lesions clinically present with 
compressions symptoms such as respiratory fail-
ure, coma, and death.

Descending transtentorial herniation is a very 
serious consequence of brain injury. It occurs 
when the cerebral structures are forced through 
the incisura of the tentorium. The structures 
involved are the uncus, parahippocampal gyrus, 
perimesencephalic cistern, posterior cerebral 
artery, mesencephalon, and the third cranial 
nerve. On imaging it can be recognized by a dila-
tation of the contralateral ventricular system, 
compression of the basal cisterns, and midline 
shifts of the brain parenchyma.

Uncal herniation is characterized by a medi-
ally and inferiorly displacement of the uncus over 
the edge of the tentorium into the suprasellar cis-
tern. On imaging one can observe the effacement 
of the classic “star” configuration of the suprasel-
lar cistern on the same side of the herniation. One 
or both the cerebral peduncles are compressed 
and the midbrain results rotated or tilted. Clinically 

it can be observed contralateral hemiparesis and 
blown pupil due to compression of the ipsilateral 
cerebral peduncle and on the third cranial nerve.

Tonsillar herniation occurs when cerebellar 
tonsils are pushed through the foramen magnum; 
this form is usually associated with an ascending 
transtentorial herniation. It may cause compres-
sion of the posterior inferior cerebellar arteries, 
with cerebellar infarction, compression of the 
forth ventricle with hydrocephalus, and compres-
sion of brainstem with respiratory failure, coma, 
and death.
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Maxillofacial Injuries

Alessandro Stasolla

4.1  Radiologists and Facial 
Trauma

The face is a complex three-dimensional ana-
tomic region involved in special senses, cosmet-
ics and personal identity, whose even minor 
injury may be associated with significant 
damage.

During acute trauma assessment, the radiolo-
gist is often the primary specialist interpreting 
facial injuries, therefore assuming a special clini-
cal responsibility. Indeed, even if facial injuries 
are almost always clinically obvious, soft tissue 
swelling, limited patient cooperation and poly-
trauma can present a significant challenge to the 
physical examination.

Apart from the diagnosis of fractures them-
selves, radiologists should try to anticipate the 
complications of the trauma, therefore facili-
tating the clinical approach. Indeed maxillofa-
cial injuries are heterogeneous conditions that 
may:

• Be immediately life-threatening when they 
affect the airway (e.g. flail mandible) or cause 
vascular lesions

• Lead to early loss of vision, sometimes avoid-
able with expedite surgery

• Lead to delayed life-threatening complica-
tions (e.g. meningitis from CSF leak)

• Impair major functions such as mastication
• Severely affect patient cosmetics (e.g. nasal 

fractures)
• Be a cause of chronic pain and/or late infec-

tions (e.g. retained foreign body)

Provided that the airway is secured and vas-
cular injuries are expeditiously excluded on 
contrast- enhanced images (post-contrast imag-
ing of the face is recommended), tension orbit 
and globe injury are the diagnostic priority of 
facial imaging. Which is the benefit in detect-
ing a hairlike fracture of the maxillary sinus 
wall, if you miss signs of impending loss of 
vision?

4.2  General Features of Facial 
Fractures

The epidemiology of maxillofacial fractures is 
variable, depending on the geographical area 
and socioeconomic differences. Common causes 
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of facial fractures are road traffic accidents 
(RTAs), assaults, falls, sports and work injuries. 
In Europe there has been a recent decreasing 
trend in maxillofacial trauma; furthermore cases 
due to assaults and falls nowadays outnumber 
those due to RTAs [1]. With the progressive age-
ing of the population, road and work legislation 
are thought to be responsible for this change [1]. 
The most frequently observed fractures are 
mandibular fractures, orbital-zygomatic-maxil-
lary (OZM) fractures (24%), orbital fractures 
(16%), nasal fractures (9%), Le Fort fractures 
(5%), frontal sinus fractures (3%) and naso-
orbital-ethmoidal (NOE) fractures (1%). 
Condylar fractures are the most commonly 
observed mandibular fracture, accounting for 
the 34% [1]. It should be noted that in children 
relatively minor traumas can cause buckled or 
“greenstick” (i.e. mandibular fractures, trapdoor 
fractures of the orbital floor).

The so-called facial buttresses are the thick-
est bone structures providing support to the 
facial skeleton; therefore repair of injured but-
tresses is the key to surgically restore shape and 
function of the face. The facial skeleton is 
indeed formed by a series of vertical and rela-
tively frail horizontal struts, the former being 
the paired nasomaxillary, zygomaticomaxillary 
and pterygomaxillary buttress and unpaired 
frontoethmoidal-vomerine buttress and the latter 
being the superior alveolar ridges, palate and 
inferior orbital rims.

Surgical treatment of maxillofacial fractures 
is aimed to restore function and cosmetics, pre-
venting complications. Surgery is generally per-
formed within a week after the trauma; 
sometimes, however, it needs to be delayed 
either for general reasons or due to the occur-
rence of life-threatening injuries [2]. Unstable 
fracture fragments have to be fixed to stable 
structures; open reduction is most often accom-
plished by internal fixation with miniplates and 
miniscrews. Nasal haemorrhages may require 
anterior and posterior nasal packing, manual 
reduction of fractures, surgical ligation or cath-

eter embolization of external carotid artery 
branches.

Up to 50–70% of patients with facial trauma 
are reported with concomitant injuries; cervical 
spine injuries can be seen in 4–10%, and 18–45% 
of patients with a facial fracture may have an 
associated head injury [3]; therefore radiologists 
should carefully look associated findings in the 
field of view of CT scans.

4.3  Imaging of Facial Trauma

Plain films should no longer play a significant 
role in evaluating facial trauma. Computed 
tomography (CT) with bone and soft tissue algo-
rithms and coronal and sagittal multiplanar refor-
mations (MPR) is the standard for diagnosing 
maxillofacial injuries. Thin sections are manda-
tory (≤1.25 mm).

Fracture identification should rely entirely on 
this data set. Soft tissue images should not be 
overlooked, e.g. orbital content is inaccurately 
depicted on bone algorithm images; furthermore 
skin and soft tissue modifications, particularly 
when clinical information are scant and dynam-
ics of the trauma are unknown to the radiologist, 
can direct the imager to the fractures and associ-
ated injuries. Volume-rendering (VR) three- 
dimensional CT post-processing may be helpful 
for a fast understanding of complex pattern of 
fracture and fragment displacement; however, 
radiologists should not rely on these beautiful 
images for fracture detection (Fig. 4.1): as a mat-
ter of fact, VR imaging can easily miss maxillary, 
orbital, sphenoidal and especially ethmoidal frac-
tures [4]. CT angiography can show vascular 
complications including leaks, dissections, aneu-
rysms and occlusion, and its use should be 
stressed in the daily practice. Cone beam volume 
computed tomography (CBVCT) may be useful 
in detecting isolated fractures as a low-dose tech-
nique but cannot depict soft tissue injuries. 
Magnetic resonance (MR) imaging is used occa-
sionally to assess the optic nerve. Plain films 
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have still a role as panoramic imaging for man-
dibular injuries (Fig. 4.1) and dental images for 
teeth and alveolar fractures. As X-ray examina-
tion of nasal fracture gives a much too high num-
ber of false positive and false negative results, its 
use has been discouraged [5].

The clear sinus sign, i.e. the absence on CT 
scans of sinus fluid or opacification to exclude 
fractures involving the sinus walls, can be used 
for a rapid triage of facial fractures. Generally 
speaking, fractures through sinus walls tear 
mucosal vessels producing haemorrhage; thus, 
in the acute phase, the absence of free fluid in 
a sinus cavity is an evidence against the 
hypothesis of a fracture. As the floor of the 
orbit is the roof of the maxillary sinus, the 
medial orbital wall is the lamina papyracea, 
and the orbital roof is the floor of the supraor-
bital ethmoidal cells or the frontal sinus; frac-
tures may cause blood levels in these sinuses. 
The clear sinus sign is reliable to exclude inju-
ries requiring surgical intervention, identifying 
severe facial ZMC and orbital and sinus frac-
tures. However, it should be stressed that 10% 
of complex facial fractures may not have asso-
ciated sinus opacification (Fig. 4.2); further-
more nasal bone and mandibular fractures 
cannot be ruled out at all [6].

A note about the CT appearance of foreign 
bodies is mandatory before offering a systematic 
approach to facial fractures. Metallic foreign 

bodies are easy to find with CT, while glass, plas-
tic, wood and vegetable matter have a variable 
density and may be overlooked. As a general 
rule, any density with a highly geometric shape is 
likely a foreign body [7]; blood and gas may be a 
clue to the presence of a possible foreign body. 
When a wooden foreign body is suspected, CT 
evaluation with −500 HU level and 1000–
2000 HU width is recommended, given the 
aspected density in the range of +20 to −600 HU 
[7]. Apart from the special harm of foreign bod-
ies into the orbit, delayed consequences of an 
overlooked, retained foreign body in other soft 
tissues of the face (e.g. pain, suppurative infec-
tion, tetanus) cannot be underestimated.

4.4  Orbital Fractures

Orbital fractures may rarely require emergency 
orbital surgery, as most of the fractures can be 
addressed with close observation or can be repaired 
after several weeks [8]. However, provided that the 
airway is secured and vascular injuries are 
excluded, orbital trauma should be addressed at 
the beginning of the reporting process, as a com-
prehensive ophthalmic clinical evaluation is usu-
ally limited in the acute polytrauma setting, 
especially in the unconscious patient. Therefore, 
the radiologist is often the primary specialist call-
ing for globe injuries and tensive orbit.

a b

Fig. 4.1 Volume rendering (VR) should not be overem-
phasized as a screening tool to diagnose facial fractures. 
In that case, the left non-displaced condylar fracture, 
barely demonstrated on VR, is an easy diagnosis on pan-

oramic radiography. Note bilateral intermaxillary fixation, 
left side mandibular angle fracture treated with screws and 
a displaced right extracapsular condylar fracture
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Systematic approaches can be used in the set-
ting of a busy emergency workflow; general radi-
ologists taking patient responsibility “from head 
to toe” and even neuroradiologists having little 
clinical interest in head-neck imaging may take 
advantage from some mnemonics such as 
“BALPINE”—bones, anterior chamber, lens, 
posterior globe structures, intraconal orbit, neu-
rovascular structures and extraocular muscles/
extraconal orbit [9].

While the absence of an orbital fracture 
doesn’t rule out a globe injury, an eye which is 
intact on CT scan is likely not to have a penetrat-
ing injury, and immediate surgical intervention is 
probably not required [10].

Evaluation of the globe (Figs. 4.3 and 4.4) 
should include width of anterior chamber 
(decreased in corneal lacerations or anterior dis-
placement of the lens, increased in globe rup-
tures), lens position (dislocation) and density 

a

d e

b c

Fig. 4.2 Orbital floor “blow-out” fractures on parade. (a) 
Displaced fracture with subperiosteal haematoma and 
rounding of the inferior rectus muscle. Note the lack of 
haemosinus and, therefore, a false negative clear sinus 
sign. (b) Displaced fracture with large herniation of fat 

and inferior rectus muscle. (c) Displaced fracture with 
complete haemorrhagic opacification of the maxillary 
sinus. (d) Displaced fracture with herniation orbital con-
tent and hypoglobus (e), again with a false negative clear 
sinus sign
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(acute traumatic cataract, hypoattenuating com-
pared with the nonaffected side), posterior 
chamber haemorrhage, globe deformity, intra-
ocular air and foreign bodies (vide infra). CT 
provided an overall accuracy of 81% in the diag-
nosis of globe rupture [11]. Reference to the 
ophthalmologic examinations is in any case piv-
otal to avoid misinterpretations in case of previ-
ous ocular surgery, e.g. intraocular haemorrhage 
as seen on CT confused with surgical changes 
(Fig. 4.5).

After an orbital trauma, tension orbit 
(Figs. 4.3c, 4.6 and 4.7) can be defined as a threat 
to vision because of the presence of an acute and 
exceeding increase of orbital content (blood, air, 

bone, foreign bodies) stretching the optic nerve 
[12]. The anterior displacement of the eye (pro-
ptosis), caused by the mass effect, stretches the 
optic nerve, thus compromising its vascular sup-
ply and ultimately leads to ischaemic optic neu-
ropathy. The procession of CT changes in tension 
orbit is described by Mancuso and Verbist [12]: 
(1) space-occupying process within the orbit; (2) 
proptosis; (3) full extended, stretched optic nerve, 
entirely visible all in one plane of section; and (4) 
optic nerve diameter diminished due to the 
stretching. At point 4 tension orbit is incipient, 
and a potential emergency surgical decompres-
sion may be warranted. By the next point, a loss 
of visual acuity can be predicted with near cer-
tainty: (5) posterior globe assuming a cone- 
shaped or tented appearance and (6) continued 
worsening of previous points, mainly the tenting 
of the globe. Even when “incipient”, direct com-
munication with the clinical team is mandatory 
for the radiologist.

Orbital fractures can be isolated or associated 
with other midfacial fractures (e.g. Le Fort II and 
III, NOE, ZMC fractures). A solitary non- 
displaced fracture of an orbital wall usually doesn’t 
require any treatment. Displaced wall fractures 
may have a blow-in or a blow-out pattern.

The orbital apex, formed by the superior 
orbital fissure and optic canal, is the crossroad 
between the orbit and the intracranial structures. 
Fracture of this area can be associated with optic 
nerve impingement and intraorbital haematoma. 
Given the little room available in that area, even 

a b c

Fig. 4.3 “Flat tyre” appearance (a) and abnormal con-
tour of the globe (b), suggesting an open globe injury. 
Both the eyes had eventually to be enucleated. Posterior 

“tenting” of the globe, secondary to posttraumatic haema-
toma and tension orbit (c)

Fig. 4.4 Young firework casualty with a massive vitreous 
haemorrhage. Homogeneous hyperattenuation in the pos-
terior segment of the globe and periorbital soft tissue 
swelling. The anterior segment is obscured
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small injuries can be extremely dangerous to the 
optic nerve: extremely careful inspection and 
reporting are therefore de rigueur (Fig. 4.8).

Blow-out fractures (Figs. 4.2 and 4.9) are 
among the most common orbital fractures. They 
are produced by a direct impact on the orbit caus-
ing a sudden increase in intraorbital pressure. 
This leads most commonly to a fracture of the 
medial wall and/or the orbital floor. It should be 
noted that non-traumatic dehiscence of lamina 
papyracea can be found in 6.5% of population 
[13]. Medial and inferior rectus muscles can be 
trapped in the fracture, leading to restriction of 
gaze and diplopia. Indirect signs of blow-out 
fractures are orbital emphysema (from commu-
nication with adjacent air-containing sinuses), 
fat and/or extraocular muscle projecting as a soft 

a b c

Fig. 4.5 Radiologist should familiarize with materials 
used to treat retinal detachment, including gas, scleral 
bands and silicon oil (a–c). Note the hyperattenuating sili-

con oil in the posterior segment of the globe, mimicking 
haemorrhage

a b

Fig. 4.6 Despite the absence of significant displaced fractures, intraconal and retrobulbar haematoma should induce a 
prompt clinical evaluation for tension orbit

Fig. 4.7 An extraocular metallic foreign body is seen in 
the region of the medial rectus muscle, along the path of 
the optic nerve. Note the extra- and intraconal haematoma 
tracking along the nerve, which appears stretched, with 
evident proptosis
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tissue mass into the maxillary or ethmoidal 
sinuses and fluid (blood) in the sinuses. 
Extraocular muscles may appear swollen and 
round, as a result of contusive damage and lack 
of soft tissue support.

In children a characteristic orbital floor blow- 
out fracture is the so-called trapdoor fracture, a 
greenstick fracture in which prolapsed orbital tis-
sues may be entrapped on the maxillary sinus 
side of the orbital floor. These features may be 
easily overlooked at imaging [14].

Fracture of the orbital roof occurs in the adult 
population, although they are more common in 
children. It is often frequently associated with 

frontal sinus and skull base fractures, dural tears, 
intracranial haemorrhage and brain injuries. 
Direct blows to the forehead may cause inward 
displacement fractures of the orbital roof: these 
so-called blow-in fractures (Fig. 4.10) may be 
associated to globe injuries, and displaced bone 
fragments may impinge and damage the optic 
nerve. Prior to age 7, the frontal sinus is not pneu-
matized, and frontal hits can fracture the orbital 
roof in isolation [15]. Apart from the classic 
cases above-mentioned, “blow-in” and “blow- 
out” patterns may variably affect the orbital walls 
(Fig. 4.11).

The optic nerve is vulnerable to shearing 
effects that may lead to traumatic optic neuropa-
thy. The risk of traumatic optic neuropathy may 
be predicted by the presence of intraconal haema-
toma (the best predictor), intraconal  emphysema, 
optic canal fracture, haematoma along the poste-

Fig. 4.8 Bone impingement of the superior orbital fis-
sure. Such a detail may be overlooked in the bone disaster 
of a big facial crash but can be responsible for ptosis, pro-
ptosis, ophthalmoplegia, fixation and dilatation of the 
pupil, anaesthesia of the upper eyelid and forehead

a b c d

Fig. 4.9 Medial orbital wall blow-out fractures: note the variable amount of orbital emphysema and the swollen medial 
rectus muscle

Fig. 4.10 Left superior orbital rim fracture (black arrow) 
with “blow-in” of the roof (white arrow) in the setting of 
a complex midfacial fracture involving the frontal bone. 
Note the reduction in the vertical dimension of the left 
orbit
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rior globe and extraconal haematoma. In these 
cases early ophthalmologic consultation is recom-
mended [16].

The orbit should be also screened for dilation 
of the ophthalmic veins, as a sign of traumatic 
carotid-cavernous fistula.

4.5  Frontal Sinus Fractures

Frontal sinus fractures can lead to significant 
complications such as meningitis, encephalitis, 
intracranial abscesses, osteomyelitis and muco-
celes. Posterior table involvement and the pres-
ence of pneumocephalus should be noted, 
suggesting an associated dural tear (Fig. 4.12). 
Nasofrontal outflow tract injury and obstruction 
are to be stressed [17]. As already stated, prior 
to age 7, the frontal sinus is not pneumatized, 
and frontal hits often fracture the orbital roof in 
isolation [15].

4.6  Midfacial Fractures

4.6.1  Nasal Bone Fractures

The nasal bones are the commonest fractured 
bones of the face (Fig. 4.13). Most of nasal frac-
tures occur within the lower and thinner portion 
of the bones, in the transverse plane, while nor-

a b

Fig. 4.11 Although less usual than the counterparts, 
“blow-in” patterns may affect the floor (a) and “blow-out” 
the roof (b) of the orbit. Note orbital emphysema in both 

cases and quite extensive subperiosteal haematoma in (b), 
continuing in the frontal sinus

Fig. 4.12 Comminuted and displaced fracture of the 
anterior and posterior walls of the frontal sinus with asso-
ciated opacification of the sinus and pneumocephalus, 
suggesting a dural tear
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mal sutures and nasociliary grooves are longitu-
dinally oriented and do not cross the midline, as 
fractures can. Plain films of nasal bone fractures 
have high rates of false positive and false nega-
tive findings and are inadequate for an accurate 
diagnosis of nasal bone fractures. Old nasal 
fractures heal by ossification in only 50% of 
cases, whereas the remaining heal more or less 
by fibrosis connecting the fragments, and thus 
the old fractures are visible on CT/X-rays for 
the rest of the patient’s life [18]. Fracture and 
focal thickening of the nasal septum should be 
carefully reported, as they may lead to haema-
toma, necrosis, infection, abscess and eventu-
ally airflow obstruction or nasal saddling. The 
anterior nasal spine is an often overlooked 
structure; however, it is involved in the cosmet-
ics of the lower nose. Although treatment usu-
ally consists of a simple closed reduction, 
incorrect diagnoses and inadequate reductions 
can cause secondary deformity. Additional 
operation like corrective rhinoplasty or septo-
plasty could be needed later [19].

4.6.2  Naso-Orbital-Ethmoidal 
Fractures

Naso-orbital-ethmoidal (NOE) fractures involve 
the central upper midface and are distinguished 
from nasal fractures by posterior disruption of 
the medial canthal region, the ethmoids and the 
medial orbital walls. By definition, NOE frac-
tures include damage to the ethmoidal sinus and 
walls (Fig. 4.14).

NOE fractures can be also thought as a 
“telescoping” injury of nasal bones, posteri-
orly displaced into the ethmoidal sinuses 
involving commonly the frontal bones. 
Telecanthus, i.e. increased distance between 
the medial canthi of the eyes, is a typical find-
ing. The status of the medial canthal insertion 
onto the lacrimal fossa (so-called central frag-
ment) is the key factor in grading of NOE frac-
tures. According to the Markowitz and Manson 
system [20], in type I (Fig. 4.14), the fractured 
piece is large, and the medial canthal insertion 
around the lacrimal fossa is intact. In type II, 

a b c

d

Fig. 4.13 Nasal fractures may heal by fibrosis; the lack 
(a) or the presence (b) of soft tissue injury suggests, 
respectively, an old and an acute fracture. Clinical exami-
nation is however pivotal for a correct diagnosis. Anterior 

nasal spine fractures (c) should not be overlooked, as this 
maxillary structure has a role in the nasal shape. Nasal 
septum fractures (d) can evolve with septal haematoma 
and abscess
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there is comminution of the buttress and the 
canthus is attached to a small bone fragment 
(Fig. 4.15). The type III pattern cannot be diag-
nosed with imaging. Injury to the frontal sinus 
outflow tract should be noted, as it may lead to 
obstruction and late frontal mucocele develop-
ment [21].

4.6.3  Zygomatic Fractures

The zygoma is the most anteriorly projected 
bone in the facial skeletal structure, making it 
prone to injury from any blow to the anterolat-
eral midface. Zygomatic fractures are also 
known as a zygomaticomaxillary complex 

a b

Fig. 4.15 Unilateral left NOE type II or III fracture, with comminution of the central fragment

a b c

Fig. 4.14 (a) Osseous insertion of the medial canthal 
ligament. The NOE fractures are categorized on the mor-
phology of that area, referred to as the “central fragment”. 
(b, c) Bilateral naso-orbital-ethmoidal (NOE) fracture 

associated with frontal sinus fracture. The fractures 
involve the nasomaxillary buttresses of the facial skeleton; 
these are Markowitz type I fractures, with a single large 
NOE fragment bearing the medial canthal tendon
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(ZMC); tripod, tetrapod or quadripod fracture; 
trimalar fracture; or malar fracture. They result 
from direct blows to the malar eminence. As 
the zygoma is articulated with the frontal bone, 
the maxillary bone, the temporal bone, and the 
sphenoid bone and gives a contribution to the 

orbital floor, ZMC fractures involve (1) the 
zygomatic arch, (2) inferior orbital rim and 
floor, (3) lateral orbital rim and (4) maxillary 
sinus walls. The sphenozygomatic junction is 
also fractured and may be associated to a sig-
nificant displacement (Figs. 4.16 and 4.17). 

a b c

Fig. 4.16 Zygomaticomaxillary complex (ZMC) frac-
ture: (a) zygomaticomaxillary (small arrow) and zygo-
maticotemporal fractures (arrow). (b and c) Non-displaced 

zygomaticofrontal suture fracture (white arrow). There is 
also a fracture of the sphenosquamosal suture (arrow-
head, b)

a c

b

Fig. 4.17 (a) Impaction of the malar prominence (white 
arrow), with non-displaced zygomaticofrontal (green 
arrow) and zygomaticotemporal suture (red arrow) frac-

tures, (b, c) zygomatic-sphenoidal fracture with minimal 
rotational displacement (blue arrow)
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Zygomatic arch fractures may occur in isola-
tion and may impinge on the temporalis muscle 
or the coronoid process of the mandible, dam-
aging the mastication.

4.6.4  Isolated Posterior Maxillary 
Wall Fractures

Isolated posterior maxillary wall fractures 
(Fig. 4.18) are associated with ipsilateral man-
dibular fractures. As it is considered as an effect 
of a puncture to the posterior maxillary wall by 
the anteriorly displaced coronoid process, that 
kind of fracture should prompt further investiga-
tion of the mandible and possibly the TMJ to 
exclude concomitant injury [22].

4.6.5  Le Fort Fractures

The Le Fort system is a useful and widely 
accepted method for classifying midfacial frac-
tures: Le Fort I pattern is the so-called  palatofacial 
disjunction, Le Fort II midfacial disjunction and 
Le Fort III craniofacial disjunction. Apart from 
the above-mentioned pattern of fracture, knowl-
edge of Le Fort fractures is helpful to the radiolo-
gist by increasing the detection rate of distributed 
injuries in which one traumatic finding leads to a 
focused search for related injuries [22]. 

Furthermore, radiologists, if unaware of these 
patterns, may create a litany of fractures without 
clinical context, whereas an appropriate categori-
zation helps the surgeon in determining the treat-
ment plan, surgical access, incisions, expected 
treatment outcomes and prognostication [23]. 
Finally, using a common language may enhance 
the dialogue that takes place between the radiol-
ogy service and the clinical service; otherwise 
the surgical services should be induced to review 
imaging independently of the radiologist [24].

To diagnose Le Fort fractures, a sequential 
examination of the facial bones should be 
 performed one side at a time, starting at the ptery-
goid processes, as, by definition, all Le Fort frac-
tures involve the pterygoid [23, 25]. Thereafter, 
fractures unique to a particular Le Fort level 
should be specifically sought. The easiest place 
to start is at the zygomatic arches (for Le Fort 
III), then the inferior orbital rims (for Le Fort II) 
and then the pyriform aperture (for Le Fort I) 
(Figs. 4.19 and 4.20). The mandible and zygo-
matic bone fractures (tripod or malar complex 
injury) should then be evaluated, as they were 
found to be common associations with Le Fort 
injuries [25].

Any combination is possible among the pat-
tern on each side of the face. Furthermore, facial 
trauma often produces complex forces with facial 
fracture patterns not conforming to “classic” Le 
Fort patterns. Given the frequent recognition of 
unexpected associated fractures, describing in 
detail the fractures is recommended apart from 
categorizing the injuries into the Le Fort system.

High-energy injuries involving the entire mid-
face, mandible and calvarium are sometimes 
referred to as “panfacial” fractures.

4.7  Mandibular Fractures

The mandible is one of the most frequently injured 
bones, fractured in isolation or in association with 
midfacial injures, particularly Le Fort fractures. 
As a consequence of its “ring-shaped” structure, 
mandible and temporomandibular joint (TMJ) 
fractures are often multiple or accompanied by 

Fig. 4.18 Isolated posterior maxillary wall fractures 
should prompt further investigation to exclude concomi-
tant TMJ injury
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TMJ dislocation; bilateral injuries are frequent 
(Fig. 4.21). The trauma team should be alerted to 
forms of flail mandible, including trifocal (para-
symphyseal and bicondylar), bilateral angle and 
bilateral body fractures, any of which may lead to 
airway compromise [26].

In children solitary mandibular fractures are 
the commonest, with frequent involvement of the 
condylar and subcondylar areas [15].

The body, ramus and angle of the mandible are 
frequently involved (Figs. 4.22 and 4.23). 
Symphyseal fractures are within the central incisors; 
parasymphyseal fractures are within the canines.

The report should mention inferior alveolar 
nerve, foramen or canal involvement and pres-
ence or absence of teeth in line of fracture [27].

Condylar fractures can be classified as 
condylar head (intracapsular), condylar neck 

a

e f

b c

d

Fig. 4.19 (a) Pterygoid process fracture, suggesting a Le 
Fort fracture. (b) Zygomatic arch fracture, unique to Le 
Fort III. Fracture of frontal-zygomatic suture (c) is also 
typical of that pattern, while fractures of the maxillary 
sinus walls (d) are less specific of this pattern. Coronal 

reformations show fractures involving the anterolateral 
margin of nasal fossa (e) and inferior orbital rim (f) that 
are, respectively, unique to Le Fort I and II patterns. 
Diagnosis: right Le Fort I + II + III fractures
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a b c

Fig. 4.20 (a) Bilateral pterygoid process fractures, sug-
gesting bilateral Le Fort fracture. (b) On the left there is 
fracture of the anterolateral margin of nasal fossa, unique 

to Le Fort I pattern. (c) Bilateral fracture of the inferior 
orbital rim unique to Le Fort II pattern. Diagnosis: right 
Le Fort II, left Le Fort I + II fractures

a b c

Fig. 4.21 CT scans showing a displaced longitudinal disruption of the right mandibular body (a, b) associated with 
bilateral condylar fractures (c)

Fig. 4.22 A displaced fracture through the body of the mandible that has not interrupted the tooth root
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(extracapsular) or subcondylar [28] (Fig. 4.24). 
The degree of condylar displacement has been 
categorized into four classes: (1) non-displaced, 
(2) deviation at the fracture line, (3) displace-
ment (condylar fragment not in contact with the 
distal fragment but condyle still in the glenoid 
fossa) and (4) dislocation (condyle dislocated 
from the glenoid fossa) [29]. Complications 
of condylar fractures are impaired occlusal 
function, deviation of the mandible, internal 
derangements of the TMJ and ankylosis of the 

joint. Radiologists reporting brain CT scan for 
“head injuries” are recommended to look for an 
“empty” glenoid fossa as a sign of unexpected 
condylar displaced fracture (Fig. 4.25).

Dentoalveolar fractures are uncommon; iso-
lated dentoalveolar fractures are commonest 
among children. The teeth may be fractured at 
the crown or at the root. A fracture through the 
root may be an indication for extraction. 
Fractured, extruded or grossly displaced pri-
mary teeth should be extracted (Fig. 4.26). All 
fractures involving the dentoalveolar structures 
should be considered open fractures. Further 
investigations (e.g. careful scrutiny of neck CT 
or chest X-ray) are indicated if teeth are absent 
and cannot be located or the patient is obtunded 
to rule out aspiration or swallowing [30] 
(Fig. 4.27).

4.8  Final Thoughts 
from the Diagnostic 
Forefront

• Radiologist is often the primary specialist 
interpreting facial injuries, therefore assuming 
a special clinical responsibility.

• Reporting by shortcuts as 3D VR images or clear 
sinus sign should be avoided: unfortunately all 

Fig. 4.23 CT sagittal reformation showing a linear non- 
displaced fracture of the mandibular angle, entering the 
last molar tooth socket

a b c

Fig. 4.24 Patterns of mandibular condyle fractures. Condylar neck displaced fractures (a, b). Comminuted intracapsu-
lar fracture of the condylar head dislocated from the temporomandibular joint fossa (c)
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a b

Fig. 4.25 Mandibular condyle should be always given 
attention on brain CT scan. In that case the radiologist 
noted displacement of the left condyle (a) and completed 

the examination with maxillofacial CT (b) that confirmed 
diagnosis of a displaced fracture

a c d

b e

Fig. 4.26 Right upper central incisor injury: crown facture (a–c) and root dislodgement (d, e) from the alveolus
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the axial, coronal and sagittal images have to be 
evaluated.

• Bone algorithm images do not suffice.
• Look at the brain and cervical spine while 

reporting the face.
• An early and active search for tension orbit 

and globe injuries is mandatory; if you find 
them, shout and dial the phone number to alert 
the whole clinical team: you are part of it!
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Spine Trauma

Alfonso Cerase and Antonio Leone

Spine trauma is an extremely complex event, 
whose effects and related choice of time of 
 treatment and appropriate treatment is classi-
cally based on the evidence of the lesions, ana-
tomic landmarks, and mechanisms of injury at 
diagnostic imaging. Patient’s prognosis depends 
on the type of lesions of the spine, spinal cord, 
and nerve roots, and their early management. 
For instance, early removal of a bone fragment 
displaced into the spinal canal and early spinal 
stabilization can stop the chain of neurolesive 
events that otherwise would result in further pro-
gression or chronicity of the neurological 
damage.

This chapter will review epidemiology of 
 spinal trauma, indications to different diagnos-

tic imaging techniques, spinal functional anat-
omy, and diagnostic imaging findings which 
have to be searched in a patient with spinal 
trauma, in order to adopt a pattern-based 
approach for efficient imaging interpretation 
and communication with physicians involved in 
spinal trauma.

5.1  Epidemiology

In large trauma centers, the annual frequency of 
spinal fractures ranges from 6 to 23% and that of 
spinal cord injury from 5 to 22% [35, 38]. The 
influence of spinal trauma on patient’s social and 
financial well-being is often more significant 
than that of other traumatic injuries since they 
may have the poorest functional outcomes and 
the lowest rates of return to work among all major 
organ system injuries. In USA [2, 21] and Canada 
[37], the annual incidence of spinal cord injury 
resulting in permanent paralysis or neurological 
deficit is ~40 and ~35 cases per million persons, 
respectively.

In developed countries, traffic accidents are 
the first cause of spinal trauma and spinal cord 
injuries trauma, followed by accidental falls in 
workplace and during sport, and violence 
assaults. The higher incidence is in males, 
mainly in the age group between the second and 
fourth decade. Spinal injury in children is rare, 
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associated with a high prevalence of spinal cord 
injury, particularly in the age group of 8 years 
and under [27].

Spinal injuries include vertebral fractures 
(which may involve the vertebral body, laminae, 
and pedicles, as well as the spinous, articular, 
and transverse processes), subluxations (which 
involve joints and ligaments injuries, also with-
out bony injury), and dislocations (which typi-
cally involve the facets, but also the vertebral 
bodies or osseous fragments in more severe inju-
ries). Lumbar spine is the most common region 
of spinal fractures, accounting for about half of 
fractures, followed by cervical and/or thoracic 
spines (each segment accounting for 20–30%, 
according to different results in different series), 
while sacrum is the site of about 2% of fractures 
[38, 57]. The first lumbar vertebra is the most 
 commonly injured, followed by the adjacent ver-
tebrae. The spinal segments more exposed to 
traumatic injuries are those physiologically pro-
vided by high mobility, such as the cervical spine 
and the thoracolumbar junction. Notably, the 
thoracolumbar junction is a transition zone 
between a spinal segment in kyphosis and quite 
rigid (the thoracic spine, moreover bounded in 
its movements by the ribs) and one in lordosis 
and very mobile (lumbar spine), as well as 
between a segment in which the prevailing inter-
vertebral motion is the rotation (thoracic spine) 
and one in which prevails the flexion-extension 
(lumbar spine).

Up to 20% patients have multiple fractures 
involving different areas of the spine [38, 45], 
most frequently of the lumbar and thoracic 
spines, followed by thoracic and cervical spines, 
and then by all the other possible associations 
[57]. The prevalence of multilevel fractures in 
pediatric patients is up to 7.4% [27]. Up to 79% 
patients may have associated head injuries; con-
versely, 24% of patients with head injuries may 
have spinal injury [27, 38].

The worst prognosis and highest medical 
costs result from cervical spine injury, while 
lumbar spine injury is the most curable. Notably, 
acute cervical trauma may result in the most 

serious and catastrophic traumatic injury of the 
spinal cord, because of biomechanical predis-
posing features such as small size of the verte-
brae, less massive muscle support, need to 
support the head with a lever arm not always 
favorable. This results in about 20% of deaths in 
road accidents.

5.2  Diagnostic Imaging

Diagnostic imaging plays an essential role in 
the management of patients with spinal trauma 
since continuous technological evolution has 
resulted in the availability of radiography, com-
puted tomography (CT), and magnetic reso-
nance imaging (MRI), which show both the 
spinal “containing,” i.e., bone, discs, ligaments, 
and joints, and the spinal “content,” i.e., menin-
ges, subarachnoid space, nerve roots, and spinal 
cord. It has also been proposed the use of ultra-
sound for the study of the posterior ligamentous 
complex of the thoracolumbar spine. Thus, 
diagnostic imaging may show lesions, injury 
mechanisms, residual stability, and provide sup-
port for prognosis of spinal cord injury, as well 
as allows the follow-up of complications of spi-
nal trauma and its treatment, and the evaluation 
of outcome [4, 6, 7, 9, 12, 15, 16, 19, 20, 24, 26, 
28, 31, 34, 39, 42, 47].

5.2.1  Radiography

Radiography remains the most easily accessible 
examination and simple to perform, with a suf-
ficient direct view of osseous structure and 
lesions, including vertebral fractures (Fig. 5.1), 
dislocation, and subluxation. When performed 
by a correct and rigorous technique, including 
adequate positioning and views (anteroposte-
rior, lateral, open-mouth, swimmer, bending), 
when possible to perform, radiography may 
also show indirect signs of discal, ligamentous, 
and joints injuries, possibly providing a general 
diagnostic interpretation, by demonstrating the 
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a c

b d

Fig. 5.1 Lumbar and thoracic fractures by axial loading 
injury mechanism (dashed open arrows): potential and 
limitation of radiography (two different patients). In both 
patients, radiographs (a, c) clearly show the reduction in 
height of the vertebral body, resulting from the axial load-
ing injury mechanism. Source axial and 2-D reformatted 

sagittal CT images (b, d) did not show fracture line 
extending to posterior somatic wall in one patient,  
(a, b)while in the other one (c, d) clearly show that the 
fracture line involves the posterior somatic wall (solid 
arrows), thus reclassifying the L4 fracture as a burst one
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overall alignment, including areas of kyphosis 
or lordosis, changes in disc height, or changes 
to the interspinous distances [4, 6, 23, 24]. For 
instance, a simple lateral view of the cervical 
spine (Fig. 5.2) allows to:

 – Assess the continuity and regularity of four 
longitudinal lines, almost parallel to each 
other and convex anteriorly. The anterior 
vertebral or marginal line passes along the 
anterior margin of the vertebral body, the 
posterior vertebral or marginal line passes 
along the posterior margin of the vertebral 
body, the spinolaminar line passes along the 
anterior margin or the base of the spinous 
processes at the junction with the laminae, 
and the posterior spinous line passes along 
the tips of the spinous processes. The discon-
tinuity of one of these lines is an expression 
of abnormal spinal motion in the sagittal 
plane.

 – Suspect an underlying, generally previously 
not known, condition of cervical stenosis, 
through the evaluation of the anteroposterior 
diameter of the spinal canal (distance between 
posterior vertebral line and spinolaminar one) 
and/or the Torg-Pavlov ratio, i.e., between 
anteroposterior diameter of the spinal canal 
and vertebral body, lower than 0.8.

 – Assess the height of intervertebral, interarticu-
lar, and interpinous spaces, as well as the thick-
ness of prevertebral tissues whose increase is 
the sign of anterior longitudinal ligament 
lesion.

 – Be the easiest way to perform dynamic studies 
(flexion, extension, lateral bending), for the 
evaluation of spinal stability. Dynamic studies 
avoid overlook of discal, ligamentous, and 
joints injuries potentially dangerous for the 
spinal stability and myeloradicular function. 
In cervical distorsive trauma, lateral radio-
graphs in maximum flexion allows to demon-
strate the abnormal increase of the interspinous 
space, as well as the increase of the inter-
apophyseal articular range of motion or prop-
erly the dislocation, even if modest, of a 

vertebral body, such as indirect signs of pos-
sible discoligamentous or joints injury. 
Certainly, dynamic studies must be conducted 
in an absolutely safe state, in relation to the 
patient’s clinical conditions.

However, despite its diagnostic potential, 
technical limitations of radiography in depicting 
the highly complex anatomy of the spine are 
well known, above all in the craniocervical junc-
tion, cervicothoracic junction (Fig. 5.3), and tho-
racic spine, as well as in the presence of 
associated spinal diseases, mostly in elderly 
patients (Fig. 5.3). Notably, studies have shown 
that radiography has only 30–60% sensitivity in 
evaluating fractures and ligamentous injuries 
[18, 30, 44]. The rate of missed cervical spine 
injuries by conventional radiography is high: in 
a retrospective evaluation of 800 patients with 
polytrauma, CT identified fractures with a sensi-
tivity of 98.5%, compared with a sensitivity of 
43% for radiography [34]. Clear visualization of 
the cervicothoracic junction is mandatory as a 
fracture of C7 (Figs. 5.3 and 5.4) or a fracture or 
dislocation of C7-T1 (Fig. 5.5) accounts for 
nearly 17% of cervical spine injuries [14]. This 
explains the frequent need of CT (Figs. 5.3, 5.4, 
and 5.5) and/or MRI (Fig. 5.5). In pediatric 
patients, diagnostic imaging of spinal injury, 
especially the cervical one, remains a difficult 
issue. Clinical assessment is essential, and it has 
been proposed to use radiography more selec-
tively, i.e., by a single lateral view. However, 
since every effort should be made to rule out a 
potentially devastating injury, doubtful cases 
need to be followed by cross-sectional imaging 
[50].

Thus, radiography is indicated in conscious 
adult patients, without radiculo-medullary symp-
toms, but still at risk of spinal injury after a low- 
energy trauma. On the other side, radiography 
should not be used as a first-line diagnostic pro-
cedure in adult patients unconscious, or with 
radiculo-medullary symptoms, after major 
trauma, who represent indications to CT and/or 
MRI.
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5.2.2  Computed Tomography

CT is significantly superior to radiography in 
terms of sensitivity, specificity, and diagnostic 
accuracy (Figs. 5.1 and 5.3). Axial, multiplanar 
2D-, and 3D-reformatted CT images are the 
optimal tools to show the more complex ana-
tomic regions of the spine, such as craniocervi-
cal (Fig. 5.6), cervicothoracic, and 
thoracolumbar junctions, as well as the classical 
anatomical model of the “three columns” of 
Denis [5] of the thoracic and lumbar spine 
(Fig. 5.7a), as well as the anatomic model of the 
“four columns” of the subaxial cervical spine 
(Fig. 5.7b) for the Cervical Spine Injury Severity 
Score [33]. CT may confirm the diagnosis of 
compression fracture at radiography or reclas-
sify the lesion as a burst fracture (Fig. 5.1), with 
possible impact on the management plan. 
Similarly, only CT defines with certainty the 
fracture lines involving bone and joint compo-
nents of the lateral arches (Figs. 5.3 and 5.4). 
Surely, CT is the best technique for the recogni-
tion of vertebral bony portions and fragments 
(Fig. 5.8), as well air or gas, which may not be 
recognized or wrongly interpreted as bone by 
MRI. Notably, also thanks to multislice tech-
nique and providing the most accurate assess-
ment of the fine anatomy of the osseous spine, 
CT allows the identification of indirect signs of 
discoligamentous or capsular injury, sometimes 
hardly recognizable in lateral view radiographs, 
although CT analysis of the soft tissues is less 
accurate than that directly provided by MRI 
(Figs. 5.8, 5.9, 5.10, and 5.11) [9, 16, 20]. These 
reasons explain why CT is now considered the 
first-line procedure in polytrauma patients who 
however require CT of the head, chest, abdo-
men, and pelvis to rule out intracranial and vis-
ceral injuries.

Furthermore, thanks to technological prog-
ress and the availability of multislice CT scan-
ners, a further advantage is the possibility of 
performing CT angiography (CTA) of cervico-
cranial arteries in patients with associated risk 

Fig. 5.2 Cervical spine ligamentous injury by anterior 
flexion distraction injury mechanism: potential of radi-
ography. Lateral view of the cervical spine shows anteri-
orly concave with fulcrum at C4-C5 level anterior 
vertebral or marginal (a) and posterior vertebral or mar-
ginal (b) lines, straight spinolaminar (c) and posterior 
spinous (d) lines, as well as the increase of the C4-C5 
interarticular and interpinous (asterisk) spaces, from 
anterior flexion distraction injury mechanism (dashed 
open arrow). The low ratio between anteroposterior 
diameters of the spinal canal (dashed line) and vertebral 
body (continuous line), i.e., the Torg-Pavlov ratio, indi-
cating a congenital stenosis of the cervical spinal 
canal. Intervertebral spaces are normally symmetric. 
Prevertebral soft tissues, i.e., nasopharyngeal (single 
arrowhead), retropharyngeal (double arrowhead), and 
pretracheal (triple arrowhead) spaces, are normal. These 
findings required prompt CT scan (not shown) for com-
plete evaluation of posttraumatic scenario
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a

b

Fig. 5.3 C6 and C7 fracture dislocation and subluxation 
by translational injury mechanism in an elderly patient 
with degenerative spinal disease: potential and limitation 
of radiography. Anteroposterior, lateral, and open-mouth 
views (a) show an avulsion fracture of the C6 spinous 
process (long white arrow) and a fracture line in the 
peduncular area of C7 (arrowhead). Only right- and left-
side 2D-reformatted sagittal and source axial CT images 

(b) allow the identification of both C7 pedicles fracture 
lines (short white arrows), and C6-C7 facet joints right 
dislocation (white arrowhead) and left subluxation from 
translational injury mechanism (dashed open arrow). 
Note also a thin posterior epidural hematoma (black 
arrows). MRI (not shown) did not add further significant 
information
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of blunt cerebrovascular injury [1, 3, 13, 36, 
49]. An Italian study performed by a 16-slice 
CTA showed that blunt cerebrovascular injury 
occurred in more than 3% of 1153 patients 
admitted as multi-trauma, i.e., with two or more 
injuries (of which at least one life-threatening or 
Injury Severity Score ≥ 16) and/or high-speed 
trauma or fall from an height > 3 m [1]. 
Fractures, dislocations, and  subluxation of the 
craniocervical junction and the cervical spine 
are among the conditions at risk (Figs. 5.10, 
5.12, 5.13, and 5.14), including fractures of the 
transverse processes with involvement of the 
transverse foramen where the vertebral artery 
passes (Fig. 5.13). Other risk  factors include 
injuries from high-energy trauma, such as 
LeFort fractures, fracture of the first rib and of 

the sternum, as well as associated signs of neck 
trauma suggesting hanging as the mechanism of 
injury. Catheter digital subtraction angiography 
is still considered the “gold standard” tech-
nique; however, it is relatively invasive, has a 
significant cost, requires specific resources, and 
is not always available. In the screening evalua-
tion at the time of admission for trauma, it has to 
be replaced by modern-scanners multislice CTA 
[36]. CTA may be performed by a “whole body” 
or a sequential technique on the basis of institu-
tional experience: always it has to include the 
aortic arch and cover the intracranial arterial 
vessels [1, 49].

Additionally, iodine contrast medium intra-
thecal injection, i.e., myelography completed by 
high-resolution CT myelography, may be still 

a

b

dc

Fig. 5.4 C7 fracture: nonconsecutive right to left 
2D-reformatted sagittal (a) and source axial (b) CT 
images at admission show thin fracture lines in both the 
posterior hemiarches and in the posterior third of the ver-
tebral body; C6-C7 interspinous space is not clearly 
enlarged. Despite appropriate immobilization, 10 days 

later similar CT images (c, d) show clear-cut diastasis of 
the bony fragments in both the C7 vertebral body (black 
arrows) and the posterior hemiarches (white arrows) 
incipient kyphosis and C6-C7 interspinous space enlarge-
ment (arrowhead)
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advocated for a more detailed evaluation of post-
traumatic nerve root avulsions, especially in bra-
chial plexus injuries, providing a support to 
somatosensory evoked potentials in prognosis 
and surgical exploration planning, especially 
when high-resolution MRI including MR 
myelography is contraindicated or provides 
uncertain findings [43, 60].

Finally, various potential pitfalls may mimic 
or mask spinal injuries at multislice CT [19], 
including anatomical and developmental variants 
resulting from failure of fusion or segmentation, 
vascular channels (Fig. 5.15), intervertebral 
discs, motion-related and beam-hardening arti-

facts, and non-traumatic or underlying condi-
tions. The (neuro)radiologist has to be familial 
with such possibilities.

5.2.3  Magnetic Resonance Imaging

MRI is the only imaging procedure providing a 
direct study of the spinal cord and spinal root. 
Thus, it is indicated in patients with spinal cord 
symptoms and signs and in those with 
 discrepancy between findings at radiography 
and/or CT and neurological clinical status [12, 
15, 31, 39, 47].

a bFig. 5.5 C7-T1 severe 
fracture-dislocation and 
spinal cord transection: 
2D-reformatted sagittal 
and source axial CT 
images (a), and T1- and 
T2-weighted sagittal 
MR images (b). CT 
clearly shows the 
bilateral interfacetal 
dislocation resulting 
from translational injury 
(dashed open arrow). 
Despite poor quality due 
to cervical collar and 
spinal longboard, MRI 
shows a spinal cord 
divided into a cranial 
and caudal portion (solid 
arrow). At C7-T1 level, 
the disconnection of 
flavum, interspinous, 
and supraspinous 
ligaments are obviously 
evident. Asterisk 
indicates a hemorrhagic 
prevertebral collection 
resulting from anterior 
longitudinal ligament 
tear
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High contrast resolution of MRI, especially in 
short tau inversion recovery (STIR) and fat- 
suppressed T2-weighted images, results in the 
further advantages of direct identification of 
posttraumatic bone edema, as well as interverte-
bral discs, ligaments, and joints lesions, even 
with normal findings at radiography or CT.

MRI examination should always include:

 – T1-weighted sagittal images, for anatomical 
details and sensitivity in the identification of a 

possible spinal hematoma (Figs. 5.5, 5.8, 5.9, 
5.10, 5.11, and 5.15)

 – T2-weighted sagittal images, for the evalua-
tion of the spinal cord (Figs. 5.5, 5.8, 5.9, 
5.10, 5.11, 5.15, and 5.16);

 – STIR or fat-suppressed T2-weighted sagittal 
images (Figs. 5.10, 5.11, 5.16, 5.17, 5.18, and 
5.19), for a better evidence of bone edema and 
soft tissues damage

 – T2- or T2*-weighted axial images to confirm 
spinal cord injury since in sagittal planes arti-

a

b c

Fig. 5.6 Potential of CT in depicting the normal anatomy 
of the craniocervical junction: nonconsecutive right to left 
2D-reformatted sagittal (a), 2D-reformatted coronal (b), 
and source axial (c) CT images. Long arrows indicate nor-
mal relationship of the joints between occipital condyles 
and C1 lateral masses, i.e., the occipitoatlantal joints, 
which show close apposition and almost equidistant space 
along their extent. 2D-reformatted midsagittal image 
shows the atlantodental (white dots) and basion-dens 
(continuous short line) spaces, the posterior axial line 
(continuous long line), the basion to posterior axial line 
distance (dashed line), and the C1–C2 interspinous dis-

tance (dotted line). Black dots indicate laterodental spaces. 
Powers ratio measures the relationship between the fora-
men magnum and the atlas, by the ratio between the lines 
from the basion (B) to the posterior spinolaminar line of 
the atlas (C) and the line between the anterior arch of the 
atlas (A) and the opisthion (O) in the midsagittal plane, 
i.e., BC/AO. The McGregor line (not shown), i.e., a modi-
fication of the Chamberlain line, connects the posterior 
edge of the hard palate to the most caudal point of the 
occipital curve. When the odontoid process lies more than 
4.5 mm above the McGregor line, this is defined basilar 
invagination
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a b

Fig. 5.7 Potential of CT images in depicting the “three- 
column” model of Denis of the thoracic and lumbar spine 
(a), and the “four-column” model of the cervical spine 
(b). In the thoracic spine (a), a 2D-reformatted sagittal CT 
image shows the anterior column (A) formed by the ante-
rior longitudinal ligament and the anterior (two-thirds) of 
the vertebral body and intervertebral disc, the middle col-
umn (M) formed by the posterior (one-third) of the verte-
bral body and intervertebral disc and posterior longitudinal 
ligament, and the posterior column (P) formed by the 
structures which are posterior to the posterior longitudinal 
ligament including pedicles, laminae, articular processes 

and facet joints, flavum ligaments, i.e., neural arch and 
interconnecting ligaments. In the cervical spine (b), a 
source axial CT image shows the anterior column (con-
tinuous circle) formed by the vertebral body, interverte-
bral disc, anterior and posterior longitudinal ligaments, 
the lateral columns (dotted circles), i.e., the pillars, formed 
by the pedicles, superior and inferior facets, lateral mass, 
and facet joints, and the posterior column (dashed circle) 
formed by the flavum ligament flavum, lamina, spinous 
processes, and nuchal ligaments, i.e., infraspinous, supra-
spinous, and nuchae ligaments

a b

Fig. 5.8 T11 translational injury (dashed arrow): noncon-
secutive 2D-reformatted sagittal and T11 source axial CT 
images (a), T1- and T2-weighted sagittal and nonconsecu-
tive T2*- and T2-weighted T10 axial MR images (b). CT 
better depicts the osseous fractures and the displacements of 
T11 fragments, most notably of its right superior facet (long 
white arrows) with low signal intensity on both T1- and 

T2-weighted sagittal MR images. On the other hand, at T10 
level the T2* low signal intensity on the surface of the spinal 
cord (short white arrows) results from hemorrhage and not 
from bone fragments; at the same level, white arrowhead 
shows spinal cord edema. Black arrowheads show tears of 
anterior longitudinal ligament, T10-T11 flavum ligament 
and adjacent portion of supraspinous ligament
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factual images can “overlap” to the spinal cord 
(Figs. 5.8, 5.10, and 5.18);

 – T2*-weighted sagittal or axial (Figs. 5.8, 
5.10, and 5.18) images, for the best demon-
stration of hematomyelia compared to 
T2-weighted images, since they allow a 
more satisfactory conspicuity of areas with 
low signal intensity within a larger abnormal 
T2 area.

Furthermore, in the evaluation of the neurologi-
cal damage, a significant advantage of MRI is to 
study neural roots (Fig. 5.19) and plexi, limiting 

the need for radiography and CT myelography. 
Root avulsions and lesions of the neural pockets 
possibly resulting in pseudomeningocele may be 
shown already in the acute phase, especially by 
high-resolution 3D T2-weighted “myelographic” 
sequences. However, when necessary, the com-
plete MR study of a plexus is generally performed 
on a later stage (generally after 1 month from the 
trauma) since it requires complete patient’s immo-
bility, absorption of possible posttraumatic hemor-
rhage, and finally possible surgical therapeutic 
options (nerve reconstruction) are not performed 
in the acute phase but generally in 2–3 months 

a

b

Fig. 5.9 L2 Flexion 
distraction fracture 
(Chance fracture): 
3D-reformatted right 
and left oblique and 
2D-reformatted coronal 
CT images (a), and 
T1- and T2-weighted 
sagittal MR images (b). 
CT clearly shows the 
fractures lines of both 
L2 pedicles (black and 
white arrows), and the 
increase of interspinous 
processes (double 
arrow) indicating L2-L3 
interspinous ligament 
injury. At L2-L3 level, 
MRI better depicts 
hemorrhage in the 
interspinous ligament 
(black asterisk), as well 
as the complete tear of 
supraspinous ligament 
(black arrowhead), with 
associated large 
hemorrhagic collection 
in the subfascial space 
(white asterisk). Note 
also a subtle posterior 
subdural hematoma 
(white arrowhead) and 
bone edema in L2 and 
L3 vertebral bodies
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from trauma. In addition to “myelographic” 
images for assessing the integrity of roots and neu-
ral pockets, the study should include STIR or fat-
suppressed T2-weighted images to rule out or 
show damage of the plexus elements. Intravenous 
paramagnetic contrast medium may be useful to 
demonstrate the damage of the blood–neural bar-
rier in the subacute and chronic phase.

Additionally, MR imaging is superior to CT in 
the evaluation of bone edema, disc and ligaments 
injury. Recently, it has been advocated as appro-
priate to include STIR or fat-suppressed 
T2-weighted sagittal images of a spinal segment 
wider than the area of the posttraumatic injury 
(Figs. 5.11 and 5.16), and possibly of the whole 
spine. This is to rule out other spinal lesions 

a

c d

b

Fig. 5.10 C4-C5 flexion distraction injury complicated 
by left vertebral artery dissection and hematomyelia: 
2D-reformatted sagittal and coronal CT images (a), coro-
nal and sagittal CT angiography images including magni-
fication (b), T1- and T2-weighted, and STIR sagittal (c), 
and T2*-weighted axial (d) MR images. At C4-C5 level, 
the distraction injury mechanism (open dashed arrow) 
resulting in pure discal and ligamentous damage is clearly 
evident. CTA shows intimal flap (black arrows) of the left 
vertebral artery. MRI better shows an acute posttraumatic 

C4-C5 posterior disc herniation (long white arrows) 
directly depicts tear of anterior longitudinal, and interspi-
nous ligaments resulting in prevertebral (small asterisk) 
and paravertebral (large asterisk) hemorrhagic collec-
tions. At C5-C6 level, MRI shows also an inhomogeneous 
centromedullary spinal cord area of prevalent T2 high sig-
nal intensity with portions of T2* low signal intensity 
(solid open arrows), such as hematomyelia in edema/con-
tusion. Still note that there are no bony lesions
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a b

Fig. 5.11 C5 teardrop split fracture by flexion distraction 
and compression injury mechanisms: 2D-reformatted sag-
ittal and nonconsecutive source axial CT images (a), and 
T1-weighted and STIR sagittal MR images (b). Fracture 
lines involve the C5 anterior lower body (white arrow), as 
well as both superior and inferior endplates (black arrow-
heads), i.e., a split fracture, with involvement of the poste-

rior wall. MRI clearly depicts tear of the flavum (black 
arrow) and interspinous (asterisk) ligaments, as well as 
bone edema in the vertebral bodies of C6, T1, T2, and T3 
(white arrowheads), some of which show reduction in 
height. Note also the incipient subluxation of right C5-C6 
facet joint, as well as a subtle fracture of the ipsilateral C6 
superior articular process (white circle)

which, although generally of no great clinical rel-
evance, can be important for overall clinical prog-
nosis and surgical planning [38, 45, 57]. 
Supraspinous ligament injury may be diagnosed 
by the discontinuity or nonvisualization of its 
black stripe of low signal intensity on T1- and/or 
T2-weighted sagittal images (Figs. 5.8, 5.9, 5.10, 
and 5.18), i.e., a sign which may be advocated 
also for flavum ligament injury (Figs. 5.8, 5.10, 
5.11, 5.17, and 5.18). Interspinous ligament injury 
may be diagnosed by high signal intensity on 
STIR and fat- suppressed T2-weighted images 
(Figs. 5.9 and 5.17), consistent with hematoma 
[16], despite this evidence does not mean its cer-

tain disruption (Fig. 5.10). Surgical exploration 
remains the standard reference for the identifica-
tion of the ligamentous damage. Thus, abnormal 
T2 signal intensity seen in the capsules or liga-
ments with normal bone relationships results in an 
“indeterminate” score in TLICS and SLIC classi-
fication systems [52, 53]. Nevertheless, diagnos-
tic imaging aimed to the specific lesional situation 
seems to facilitate the most appropriate therapeu-
tic choice.

Finally, in the acute phase, certainly the 
 quality of MR studies may be reduced by the 
presence of cervical collar or spinal longboard 
(Fig. 5.4).
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5.3  Anatomy, Function, 
and Stability

Two adjacent vertebrae and the corresponding 
interconnected soft tissue are the simplest and 
principal functional motion segment of the spine, 
i.e., the functional spinal unit. Stability is strongly 
correlated with the integrity of discal, joint, and 
ligamentous structures supporting bony 
elements.

In the craniocervical junction, occipital con-
dyles, atlas, and axis are provided by a number of 

ligamentous and articular structures including the 
transverse ligament of the atlas and the apical 
ligament (which both form the so-called cruci-
form ligament), the alar ligaments, the tectorial 
membrane which blend with the posterior longi-
tudinal ligament, and the atlanto-odontoid, occip-
itoatlantal, and atlantoaxial joints.

In the subaxial cervical spine and in the thora-
columbar spine, the functional spine unit is 
formed by an anterior and a posterior portion. 
The anterior portion includes the two aligned ver-
tebral bodies, the interposed intervertebral disc 

a

b c

Fig. 5.12 Fracture subluxation of the craniocervical 
junction complicated by bilateral vertebral artery dissec-
tion in pre-CTA era: source axial and 2D-reformatted sag-
ittal CT images (a), T2-weighted coronal MR image of 
the head (b) and digital subtraction angiography antero-
posterior view (c). At admission, CT showed type III left 
occipital condyle fracture from ipsilateral alar ligament 

avulsion (black arrows). One day later, the patient under-
went abrupt worsening of her neurological conditions, 
and MRI showed signs of ischemia in both infra- and 
supratentorial posterior circulation. Angiography showed 
right vertebral artery occlusion and left vertebral artery 
stenosis (white arrows), both signs consistent with arterial 
dissection
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containing a central hydrated nucleus pulposus 
and a peripheral annulus fibrosus, and the ante-
rior and posterior longitudinal ligaments. The 
anterior longitudinal ligament is a strong band of 
variable thickness and width running the entire 
length of the spine from the skull base to the 
sacrum, connecting the anterior vertebral body to 
the anterior annulus fibrosus. The posterior longi-
tudinal ligament is a strong band, spanning from 
the body of the axis to the posterior surface of the 
sacrum, connecting the posterior vertebral body 
to the posterior annulus fibrosus, forming the 
anterior wall of the vertebral canal, and superi-
orly blending with the tectorial membrane. The 
anterior portion primarily supports axial, or 

 compressive, loading, which is resisted by verte-
bral bodies and intervertebral disc, which directs 
forces circumferential towards anterior and pos-
terior ligaments.

The posterior portion includes the vertebral 
arches, flavum ligaments, facet joints, interspi-
nous and supraspinous ligaments. Flavum liga-
ments connect the laminae of the adjacent 
vertebrae and keeps them aligned. Facet joints 
are posterior portions of the laminae and are the 
primary elements allowing spinal movements on 
the basis of their morphology in the cervical, tho-
racic, and lumbar segments. In the cervical spine, 
the upward and superomedial inclination of supe-
rior articular facets allows free flexion and 

a c

b

Fig. 5.13 Fracture of C2 odontoid process (type III or 
“low”) and mass complicated by vertebral artery dissec-
tion: 2D-coronal and sagittal unenhanced CT (a), source 
axial (b), and 2D-reformatted sagittal and coronal CT 
angiography (c) images show the axis fracture (white 

arrows), the impingement of a fragment of its left lateral 
mass on the left vertebral artery (long black arrow), and 
left vertebral artery irregularity and stenosis (short black 
arrows)
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 extension, as well as combination of lateral flex-
ion and rotation. In the thoracic spine, superior 
articular facets are oriented in the coronal plan, 
face posteriorly, and are directed a little supero-
laterally, resulting in free lateral rotation and 
minimized flexion and extension. In the lumbar 
spine, superior articular facets are oriented in a 
sagittal oblique plan and face posteromedially, 
resulting in a wider range of extension than flex-
ion, while rotation is minimized. Interspinous 
ligament is a weak and thin membrane connect-
ing the adjacent spinous processes. Supraspinous 
ligament is a strong cordlike ligament connecting 
the tips of the spinous processes from C7 to the 
sacrum. The posterior portion of the functional 
spinal unit primarily supports movements of the 

spine, including flexion, extension, and rotation, 
resisting excessive tensile forces possibly result-
ing also in translational injuries.

Spinal stability is defined as the ability of the 
spine to prevent progressive deformity and neu-
rologic injury by maintaining relationships 
between vertebrae and limiting reciprocal dis-
placements in the different positions, under the 
action of physiological loading and normal range 
of movements: this may result only from the 
whole integrity of vertebrae, intervertebral discs, 
joints, ligaments, muscles, and neural control [4, 
23, 24, 58, 59].

A posttraumatic spinal lesion is considered 
stable when it can be reduced with external maneu-
vers and maintained reduced with external means 

a b

Fig. 5.14 C6 left mass fracture-dislocation and C7 left 
mass fracture associated with C6-C7 and C7-T1 sublux-
ation from extension distraction injury, complicated by 
carotid artery dissection: 2D-reformatted coronal and sag-
ittal, and nonconsecutive source axial CT images (a), and 
2D-reformatted coronal and sagittal, and source axial CT 
angiography images (b). CT images show fracture- 
dislocation of left C6 mass (black circle) and fracture of 

left C7 (white circle) mass, as well as C6-C7 (black 
arrows) and C7-T1 (white arrows) facet joint subluxation. 
CTA shows intimal injury and thrombus in the left internal 
carotid artery (white arrowhead). Note also occlusion of 
the proximal V2 segment of the left vertebral artery (black 
arrowhead) associated with hematoma in the left 
 longissimus muscles and anterior scalenus muscles region 
(asterisk)
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(casts, corsets) till to healing, and unstable when it 
cannot be reduced by external maneuvers nor it 
can be maintained reduced by external elements 

until the healing. Therefore, an unstable posttrau-
matic spinal lesion requires surgery to restore the 
stability. However, the differentiation between 

a b c

Fig. 5.15 Basivertebral veins: anteroposterior and lateral 
radiographic views (a), consecutive axial CT images (b), 
and T1-weighted and fat-suppressed T2-weighted sagittal 
and axial MR images (c). Radiography shows a subtle 
radiolucency (black arrow) along the anterior wall of T12 
vertebral body: this finding was considered suspicious for 
fracture after a skiing fall. CT clearly depicts the vertebral 
body basivertebral veins which course horizontally 

 receiving tributaries from numerous small venous chan-
nels, through many openings in the anterior and lateral 
surfaces of the vertebral body, then draining into the ante-
rior internal vertebral plexus in the middle of the posterior 
vertebral body. MRI confirms this finding, i.e., its mor-
phology (white arrows) associated with T1 low and T2 
high signal intensity. Furthermore, MRI does not show 
bone edema

a c

b

Fig. 5.16 C2 atypical traumatic spondylolisthesis in 
multiple vertebral injuries: nonconsecutive right to left 
2D-reformatted sagittal (a) and source axial (b) CT 
images, and STIR sagittal MR image (c). The fracture line 

involving both axis pedicles and axis body (black arrows) 
is well depicted. MRI shows posttraumatic bone edema in 
the C7, T1, T2, and T3 vertebral bodies
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stable and unstable lesions is still under discussion, 
and there are no stability or instability criteria uni-
versally accepted, even for the specific anatomical 
and functional characteristics of spinal segments. 
This resulted in the development of many classifi-
cation systems guiding clinical and surgical treat-
ment, historically based on anatomic structures and 
injury mechanisms (axial loading or compression/
burst, distraction in flexion or extension, transla-
tion/rotation, seat belt injury) determined through 
analysis of osseous components and their relation-
ships [5, 17, 25, 29, 33, 42, 46, 52, 53].

For instance, for a long time the evaluation of 
thoracolumbar fractures has been performed on 
the Denis three-column model classification sys-
tem (Fig. 5.5), which was based on morphology 

from compression, burst, seat belt, and fracture 
dislocation injury mechanisms [5]. Fractures of 
articular, transverse, and spinous processes, and 
pars articularis were considered minor fractures. 
This classification system introduced and high-
lighted the involvement of the posterior vertebral 
body and intervertebral disc and the posterior 
longitudinal ligament, i.e., the “middle column,” 
whose lesions (Fig. 5.4) were defined to render 
the spine mechanically unstable and preferably 
requiring surgery. However, it has been demon-
strated that “two-column” “unstable” injuries can 
also be successfully treated nonsurgically, if the 
posterior ligamentous complex is intact [29]. 
Notably, the anatomical models of the columns 
are not free from criticism since the columns do 

a b c

Fig. 5.17 Multiple fractures of the craniocervical junc-
tion and thoracic spine: nonconsecutive source axial (a), 
right to left 2D-reformatted sagittal, and midsagittal (b) 
CT, and STIR sagittal MRI (c) images. In the craniocervi-
cal junction, CT shows a type I right occipital condyle 
fracture (thin long white arrow), a type II atlas fracture 
(white arrowheads), and an atypical traumatic spondylo-

listhesis of the axis (black arrow) of the posterior third of 
the body of the atlas. Note also the burst fracture of T5, 
the edema (thick long white arrows) in the T2, T3, T4, and 
T7 vertebral bodies, the interruption of T5-T6 and T6-T7 
ligamenta flava (short white arrows), as well as signal 
alteration in T3 to T6 interspinous ligaments (asterisk)
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not represent anatomical or functional biome-
chanical realities.

A more accurate classification system of frac-
tures of the thoracolumbar spine based on mech-
anism of injury was then proposed by Magerl et al. 
in 1994 and also called AO (Arbeitsgemeinschaft 
für Osteosynthesefragen or Association for 
Osteosynthesis) classification system [25]. The 
three main lesional mechanisms give the name to 
the three main groups of the lesion, i.e., compres-
sion, distraction, and translation/rotation. On the 

basis of fracture location, morphology, osseous 
or ligamentous disruption, and direction of dis-
placement, each of these three groups is divided 
into three other and each of the resulting nine 
subgroups is further divided, for a total of 53 sub-
types. The main principle was that fractures rep-
resent a continuum of progressively increasing 
injury severity and instability groups from A to 
C, resulting in an increasing likelihood of the 
need for surgery. AO system introduced and 
highlighted the role of injuries to soft tissues, 

a b

d

c

Fig. 5.18 T9 split fracture by a mixed compression 
(white dashed open arrow) and translation (black dashed 
open arrow) injury mechanisms: 2D-reformatted midsag-
ittal (a) and source axial CT (b), and fat-sat T2-weighted 
sagittal (c) and T2*-weighted axial (d) MR images. Solid 
arrowheads indicate the involvement of both endplates, 

i.e., a split fracture. Short white arrow indicates tears of 
supraspinous ligament at T8-T9 level and T8-T9 ligamen-
tum flavum, as well as injury to T8-T9 ligamentum fla-
vum. White long arrow indicates hematomyelia. The 
spinal cord is highly compressed and distorted
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namely the posterior ligamentous complex. 
Nevertheless, the complexity of this classifica-
tion resulted in a certain degree of limited 
interobserver disagreement, providing poor prog-
nostic data, and thus resulting in a limited use. 
Additionally, these classification systems did not 
provide information on the patient’s neurologic 
status, which is the other basis guiding surgical 
intervention. Notably, most classification sys-
tems lacked an overall assessment of the stability 
of the spine which has to include a comprehen-
sive assessment of injury mechanism (as expres-
sion of immediate mechanical stability), 
ligamentous injury (as expression of long-term 
mechanical stability), and neurological status (as 
expression of clinical stability).

To overcome some of these limitations, in the 
first decade of 2000s, thoracolumbar injury clas-
sification and severity score system, or TLICS 
[52] and the subaxial cervical spine injury classi-
fication system, or SLIC [53] have been proposed 
for the management and treatment options of frac-
tures of the thoracolumbar and subaxial cervical 
spine, respectively. These classification systems 
identified three major characteristics resulting in a 
weighted score critical to clinical decision-mak-
ing: (1) injury morphology as determined by the 
pattern of spinal column disruption on available 
imaging studies, (2) integrity of the posterior liga-
mentous complex, or “posterior tensioning band” 
formed by flavum ligament, facet capsule, inter-
spinous and supraspinous ligaments in the thora-
columbar spine, and of the discoligamentous 
complex formed by the anterior longitudinal liga-
ment, intervertebral disc, and posterior longitudi-
nal ligament anteriorly, flavum ligament, facet 
capsule, interspinous and supraspinous ligaments 
posteriorly in the subaxial cervical spine, and (3) 
neurologic status of the patient.

More recently, a new comprehensive modified 
AO spine fracture classification systems have 
been proposed [54, 55], taking the best of the 
Magerl, TLICS, and SLIC systems, and scoring 
fracture morphology, neurologic status, and rele-
vant site- and patient-specific modifiers for thera-
peutic decisions.

5.4  Patterns of Injuries

The results of a spinal trauma depend upon its 
injury mechanism and the capacity of resistance 
and resilience of normal bony, discal, joint, and 
ligamentous structures.

5.4.1  Injury Mechanisms

The knowledge of axial loading, distraction, and 
translational/rotational mechanisms of injury is 
crucial to understand the morphological fea-
tures of vertebral fractures and to recognize 
their radiological signs. Each mechanism has 
typical features, however a combination of the 
three primary morphologies is relatively fre-
quent and results in more complex fracture pat-
terns of spine failure. For instance, a severe 
rotational injury may be associated with a burst 
fracture, which would be best described as a 
rotation burst fracture. Similarly, a distraction 
injury may be associated with a compression 
and a translation component, resulting in the 
best description of a distraction translation com-
pression injury.

Axial loading is the injury mechanism where 
the energy is transferred along the spine by the 
movement of a vertebral body against the one 
below and pressure increase along the circumfer-
ence of the intervertebral disc. Diagnostic imag-
ing shows a loss of height through a portion, i.e., 
the endplate, or the entire vertebra. Axial com-
pression fracture prevails in the anterior column 
of Denis, with buckling of the anterior wall of the 
vertebra and possible kyphosis (Fig. 5.1a). 
Involvement of the posterior somatic vertebral 
body wall (Fig. 5.1b) or of three columns of 
Denis results in the so-called axial burst fracture, 
with various degrees of somatic fragments retro-
pulsion in the more severe forms. Associated 
forces may result in flexion compression or burst, 
i.e., the so-called teardrop injury of the subaxial 
cervical spine (Fig. 5.11), flexion compression 
or burst with distraction of posterior elements, 
 lateral compression, or lateral burst injury 
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 mechanism, as well as in associated translation 
(Fig. 5.15) and/or rotation.

AO spine classification system defines axial 
loading injury mechanism as Group A and 
includes:

 – No bony injury or minor injury such as an iso-
lated lamina fracture or spinous process frac-
ture (A0); compression fracture involving a 
single endplate without involvement of the 
posterior wall of the vertebral body (A1); cor-
onal split or pincer fracture involving both 
endplates without involvement of the poste-
rior wall of the vertebral body (A2); burst 
fracture involving a single endplate with 
involvement of the posterior vertebral wall 
(A3); burst fracture or sagittal split involving 
both endplates (A4) in the subaxial cervical 
spine [55].

 – Minor, nonstructural fractures, i.e., fractures 
which do not compromise the structural integ-
rity of the spinal column such as transverse 
process or spinous process fractures (A0); 
wedge-compression fracture, i.e., fracture of a 
single endplate without involvement of the 
posterior wall of the vertebral body (A1); 
split fracture, i.e., fracture of both endplates 

 without involvement of the posterior wall of 
the vertebral body (A2); incomplete burst 
fracture, i.e., fracture with any involvement of 
the posterior wall and only a single endplate 
fractured. (A3); complete burst fracture, i.e., 
fracture with any involvement of the posterior 
wall and both endplates (A4) in the thoraco-
lumbar spine. In A3 and A4 fractures, vertical 
fracture of the lamina is usually present and 
does not constitute a tension band failure [54].

Distraction is the injury mechanism where the 
energy transmission determines the displacement 
of a vertebral body from the underlying along the 
sagittal plane, leaving a space in between. 
Distraction injuries are less common than com-
pressive ones. In hyperflexion, the anterior col-
umn of Denis is compressed and the posterior 
one is distracted (Figs. 5.2 and 5.9), while the 
opposite occurs in hyperextension which disrupts 
the anterior longitudinal ligament and widens the 
anterior disc space (Fig. 5.19). This can occur 
through a circumferentially disruption of anterior 
and posterior ligaments, through anterior and 
posterior bony elements, or a combination of 
both. Thus, distraction signifies a greater degree 
of anatomic disruption and potential instability. 

Fig. 5.19 Potential for MRI in depicting nerve roots: 
nonconsecutive 2D-reformatted axial images from high- 
resolution 3D-TSE T2-weighted images. At C4-C5 (left 

image) and C5-C6 (right image), anterior and posterior 
nerve roots are clearly evident
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Diagnostic imaging shows disconnection 
between a cranial and a caudal portion of the 
spine through the disc space or through the facet 
joints, such as that seen in facet subluxation or 
dislocation without fracture and translation/rota-
tion. Hyperflexion injury may also be associated 
with concomitant axial loading injury of the ver-
tebral body. Hyperextension injury may also be 
associated with concomitant compression across 
the posterior elements resulting in posterior 
 element fractures or spinal cord compression 
through inward buckling of the ligamentum 
flavum.

Translational/rotational forces may be 
associated.

AO spine classification system defines distrac-
tion injury mechanism as Group B and includes:

 – Posterior tension band bony injury, i.e., physi-
cal separation through fractured bony struc-
tures only (B1); posterior tension band bony, 
capsuloligamentous, and ligamentous injury, 
i.e., complete disruption of the posterior cap-
suloligamentous or bony capsuloligamentous 
structures together with a vertebral body, disc, 
and/or facet injury (B2); and anterior tension 

band injury, i.e., physical disruption or separa-
tion of the anterior structures (bone/disc) with 
tethering of the posterior element (B3) in the 
subaxial cervical spine [55].

 – Transosseous tension band disruption, i.e., the 
so-called classical Chance fracture, i.e., 
monosegmental pure osseous failure of the 
posterior tension band (B1); posterior tension 
band disruption, i.e., bony and/or ligamentous 
failure of the posterior tension band together 
with a Type A fracture (which should be clas-
sified separately) (B2), and hyperextension, 
i.e., injury through the disc or vertebral body 
leading to a hyperextended position of the spi-
nal column (B3) in the thoracolumbar spine 
[54]. In the thoracolumbar spine, B3 fractures 
are commonly seen in ankylotic disorders 
(Fig. 5.20). Anterior structures, especially the 
anterior longitudinal ligament, are ruptured 
but there is a posterior hinge preventing fur-
ther displacement.

Translation/rotation is the injury mechanism 
where the energy transmission determines the 
displacement of a vertebral body from the one 
below along the axial plane (Fig. 5.21). If the 

a b

Fig. 5.20 T12 fracture by extension distraction mecha-
nism injury in ankylosing spondylitis: nonconsecutive 
right to left 2D-reformatted sagittal CT images (a) and 
STIR sagittal MR image (b). Dashed open arrow shows 

the extension distraction mechanism injury, without 
involvement of the pedicles. MRI shows a small posterior 
epidural hematoma (arrow)
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facet joint(s) is(are) intact but dislocated (unilat-
erally or bilaterally), the term dislocation can be 
interchanged. Diagnostic imaging shows an 
anteroposterior/posteroanterior to lateral hori-
zontal displacement of one part of the spine with 
respect to the other in the axial plan. For instance, 
facet jump or abnormal alignment of the pedicles 
above and below the level of the injury indicate a 
translational/rotational injury. These signs have 
to be searched on all the three imaging plans and 
may be evidenced on either static or dynamic 
(abnormal displacement exceeding normal physi-
ologic ranges) imaging.

Associated axial loading may result in transla-
tion/rotation compression or burst, unilateral or 
bilateral facet dislocation compression or burst.

AO spine classification system defines transla-
tion/rotation mechanism as Group C and includes:

 – Translational injury in any axis-displacement 
or translation of one vertebral body relative to 
another in any direction in the subaxial cervi-
cal spine [55]

 – Displacement or dislocation in the thoraco-
lumbar spine [54]

5.4.2  Facet Joints

In the subaxial cervical spine, injuries involving 
the facet joints or lateral masses may result from 
lateral compressive forces and/or a distractive 
mechanism of injury. This results in Group F in 
the AO spine classification system for the subax-
ial cervical spine [55], including nondisplaced 
facet fracture with fragment <1 cm in height, 
<40% of lateral mass (F1), facet fracture with 
fragment >1 cm, > 40% lateral mass, or displaced 
(F2), floating lateral mass (F3), pathologic sub-
luxation or perched/dislocated facet (F4), and 
bilateral injury (BL).

5.4.3  Discal, Joints, 
and Ligamentous Injuries

The integrity assessment of these structures relies 
on the measurements and angulations obtained 

by radiography and CT [4, 23, 24, 42, 58, 59] and 
can be supported significantly by MRI [16, 42]. 
Identification and description of injury to such 
ligamentous discoligamentous and joint damage 
help in the therapeutic choice.

In TLICS and SLIC classification systems [52, 
53], diagnostic imaging has to indicate if the 
structure is intact, the findings are “undetermined” 
(when it is not possible to define with certainty the 
presence of the damage), or if the structure is cer-
tainly damaged. In both scoring systems, there is 
inherent overlap since abnormal bone relation-
ships described in the morphology score are abso-
lute indicators of discal, joints, or ligamentous 
injury. Notably, distraction injuries are scored 3 
on the basis of morphology and receive other 2 
points for discal and/or ligamentous injury, there-
fore requiring surgery. Although an indeterminate 
score was meant to be used infrequently, it has 
been reported in up to 30% of cases. For instance, 
an indeterminate score may be given when iso-
lated interspinous widening is seen at CT since 
interspinous ligament is the weakest support 
structure, and its integrity plays a small role in 
overall stability, as well as when bone relation-
ships are normal but abnormal T2 signal intensity 
is seen in the capsules or ligaments at MRI.

5.5  Associated Conditions

In daily clinical evaluation, regardless of any 
classification scheme the choice of treatment 
cannot ignore the careful evaluation of specific 
associated conditions or properly confounding 
variables, such as age or systemic diseases 
including obesity and osteopenia. The predic-
tion versus surgical and nonsurgical manage-
ment is still under evaluation, due to some 
inherent limitations. For instance, patients may 
be affected by degenerative osteoarthritis 
(Fig. 5.3), diffuse idiopathic skeletal hyperosto-
sis and ossification of posterior longitudinal 
ligament, ankylosing spondylitis (Fig. 5.20), or 
rheumatoid arthritis that may alter surgical 
planning or lead to unnecessary surgery. 
Furthermore, it is increasingly frequent the 
occurrence of a trauma—even minor—deter-
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mining spinal cord injury because of a predis-
posing cervical spine degenerative or mixed 
constitutional/degenerative stenosis of which 
the patient was not aware. Some of these vari-
ables are important for designating those inju-
ries with stable injuries from a bony standpoint 
for which ligamentous insufficiency may help  
to determine whether operative stabilization 
has to be considered. TLICS was the first com-
prehensive injury grading scale to consider 
these variables (defined as qualifiers) to be 
added to morphologic and neurologic  status 

into a system capable of guiding injury man-
agement [52].

AO spine classification systems include the 
following confounding variables in Group M, 
i.e., modifiers (Group M):

 – Posterior capsuloligamentous complex injury 
without complete disruption (M1), vertebral 
artery abnormality (M2), critical disc hernia-
tion (M3), stiffening/metabolic bone disease, 
i.e., diffuse idiopathic skeletal hyperostosis, 
ankylosing spondylitis, ossification of  posterior 
longitudinal ligament, and ossification of the 

a

b

Fig. 5.21 Translational (a) and rotational (b) injury 
mechanisms in two different patients with fractures of L1: 
2D-reformatted coronal and sagittal, and source axial CT 
images (a), T1-weighted sagittal, T2-weighted coronal 

and T2*-weighted axial MRI images (b). Linear dashed 
open arrow indicates the anterior translation of the spine 
above the fracture level. Curvilinear dotted open arrow 
indicates the rotation leading to the spinal destruction
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ligamentum flavum (M4) in the subaxial cervi-
cal spine [55]

 – Fractures with an indeterminate injury to the 
tension band based on spinal imaging with or 
without MRI (M1), and patient-specific 
comorbidity (i.e., ankylosing spondylitis or 
burns affecting the skin overlying the injured 
spine) which might argue either for or against 
surgery for patients with relative surgical indi-
cations (M2), in the thoracolumbar spine [54]

5.6  Neurological Status

Patient’s neurologic status, i.e., degree of spinal 
cord and root nerves injury, is of great importance 
as a critical indicator for prognosis and treatment 
reccomendation. The severity of spinal cord injury 
is usually assessed by the American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) 
which is a clinician-administered scale based on 
the Frankel scale. Grade A defines complete spinal 
cord injury (no motor or sensory function pre-
served in sacral segments S4-S5), grades B (sen-
sory, but not motor function preserved below the 
neurologic level and includes sacral segments 
S4-S5), C (motor function preserved below the 
neurologic level, and more than half of key muscles 
below the neurologic level have muscle grade < 3), 
and D (motor function preserved below the neuro-
logic level, and at least half of key muscles below 
the neurologic level have muscle grade ≥ 3) define 
incomplete spinal cord injury, and grade E (motor 
and sensory functions are normal) defines spinal 
trauma without spinal cord injury. In TLICS and 
SLIC classification systems [52, 53], incomplete 
spinal cord injury, incomplete conus medullaris 
injury, and cauda equina syndrome are assigned the 
highest score, since patients with these type of 
injury may receive greater potential benefit from 
surgical decompression than patients with no initial 
neurologic injury or with complete spinal cord or 
conus medullaris injuries. In the AO spine classifi-
cation systems [54, 55], the neurological status is 
then clinically defined as intact (N0), transiently 
deficitary (N1), radiculopathy (N2), incomplete 
spinal cord injury (N3), complete spinal cord injury 
(N4), unknown for sedation or coma (NX), with a 
“plus” for ongoing cord compression in setting of 

incomplete neurologic deficit or nerve injury in 
cervical spinal cord injury.

5.6.1  Diagnostic Imaging

Clinical neurologic status cannot be directly 
determined by diagnostic imaging. However, CT 
clearly shows the vertebral fractures, bone frag-
ments, and spinal canal occupation, and MRI 
may show spinal cord and/or nerve root injury. 
Notably, severe kyphotic deformities, higher 
canal occupation by bony fragments, higher spi-
nal cord compression, larger lesion length, spinal 
cord hemorrhage, and/or swelling are associated 
with poor initial neurological status and recovery. 
Qualitative and quantitative parameters measured 
at diagnostic imaging have a significant role in 
predicting initial severity of neurological status 
and outcome [42, 48]. In the acute setting, MRI is 
an excellent modality to evaluate the spinal cord, 
and its findings are significant and useful in the 
prediction of neurological outcome [48].

5.6.2  Clearance of the Cervical 
Spine

After blunt trauma, airway protection and cervi-
cal spine immobilization are the first steps 
required by the Advanced Trauma Life Support 
protocol developed by the American College of 
Surgeons Committee on Trauma. Unstable cervi-
cal spine injuries possibly resulting in neurologic 
injury or death has to be considered present until 
proven otherwise. Thus, cervical spine injury has 
to be ruled out, or “cleared,” in order to safely 
remove cervical spine precautions, i.e., the collar. 
Early removal of cervical spine collar results in a 
reduced frequency of complications, fewer days 
of mechanical ventilation, and a short stay in the 
intensive care unit, while the rate of secondary 
neurologic injury is extremely high in cases of 
missed or delayed diagnoses.

Asymptomatic, stable, and alert (i.e., 
Glasgow Coma Scale Score-GCS: 15) adult 
patients require radiography when a clinical 
evaluation results in concern for a cervical spine 
injury. The Canadian C-spine rule and the 
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National Emergency X-Radiography Utilization 
Study (NEXUS) have become the standard of 
care, resulting in a negative predictive value for 
fractures, 100% and 99.8%, respectively. 
Canadian C-spine rule requires (1) age 
<65 years, (2) no dangerous mechanism (such 
as fall from height of >3 ft, i.e., 90 cm, axial 
loading injury to the head, i.e., diving, motor 
vehicle high speed, i.e., >110 km/h, rollover, 
ejection, motorized recreational vehicles, bicy-
cle struck or collision), (3) no paresthesias, (4) 
low-risk factor allowing safe assessment of 
range of motion (simple rear-end motor vehicle 
collision, sitting position in emergency depart-
ment, ambulatory at any time, delayed onset of 
neck pain, absence of midline cervical spine 
tenderness), and (5) the ability for neck rotation 
of 45° left and right. Canadian C-Spine rule is 
not applicable in the presence of age <16 years, 
GCS <15, non-trauma cases, unstable vital 
signs, acute paralysis, known vertebral diseases, 
previous cervical spine surgery, and pregnancy. 
According to NEXUS criteria, cervical spine 
radiography is indicated for patients with neck 
trauma unless they meet all of the following cri-
teria: no posterior midline cervical spine tender-
ness, no evidence of intoxication, a normal level 
of alertness, i.e., a GCS: 15, no focal neurologic 
deficit, no painful distracting injuries. Thus, on 
the other side, all the patients with a presump-
tive significant injury mechanism and meeting 
the Centers for Disease and Control and 
Prevention criteria from trauma team alert pre-
senting at a Level I trauma center have to 
undergo CT [11]. The American College of 
Radiology currently recommends cervical spine 
CT for patients with positive findings at 
radiography.

Patients may be obtunded by trauma itself, as 
well as by analgesia or sedation, thus their neu-
rological symptoms and signs may be masked. 
Notably, a Scottish population-based study dem-
onstrated associated cervical spine injuries in 
~5.3% of head injury patients [8], and about one-
third of polytrauma patients have a closed head 
injury, a finding that increases the risk of cervi-
cal spine injury by 8.5% [9]. American College 
of Radiology recommends screening CT as the 

standard of care for initial screening of obtunded 
polytrauma patients. Higher diagnostic accuracy 
of CT clearly counterbalances the increased esti-
mated lifetime cancer risk and monetary cost in 
both low- and high-risk patients of all ages [51]. 
Obtunded patients with negative findings at 
screening cervical spine CT may undergo early 
discontinuation of cervical spine precautions. 
Notably, despite the higher sensitivity of MRI 
for spinal and spinal cord lesions, evidence from 
both large studies and meta-analyses demon-
strated that MRI also has a false-positive rate. 
Isolated signal abnormalities without bone injury 
or abnormal alignment are generally of uncer-
tain importance although may result in unneces-
sary spinal immobilization. Few patients have 
positive MRI findings requiring a change in the 
management or develop evidence of delayed 
instability. The need for MRI is liberal and 
depends upon patient’s clinical condition [9, 11, 
28].

5.6.3  Absence of Diagnostic 
Imaging Alterations

The acronym SCIWORA, i.e., spinal cord injury 
without radiographic alterations, was first defined 
in children with signs of acute traumatic myelop-
athy in the absence of spinal column findings on 
radiography and/or CT, most probably related to 
traumatic cervical spine motion beyond the nor-
mal physiological range but not until the risk of 
fracture, and injury to the spinal cord by contu-
sion or ischemia from temporary occlusion of 
vertebral arteries then returning to their original 
position. Availability of MRI showed that 
approximately two-thirds of patients with 
SCIWORA have demonstrable injury to the spi-
nal cord, soft tissue components of the spinal col-
umn or vertebral body endplate, likely explaining 
a posttraumatic concussion syndrome. This 
results in the proposed acronyms of SCIWORET, 
SCIWOCTET, i.e., spinal cord injury without 
radiography or CT evidence of trauma. Notably, 
physicians and (neuro)radiologists involved in 
trauma patients have to know that patients with 
blunt trauma and transient neurologic symptoms, 
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even if resolved at the time of initial evaluation 
and/or admission, may have injury to the spinal 
cord and/or spine, despite a normal physical 
examination and normal spine radiographs and/
or CT, thus requiring MRI [10].

5.7  Diagnostic Imaging Findings

In this section, diagnostic imaging findings of spinal 
trauma will be discussed by site, i.e., craniocervical 
junction, subaxial cervical spine, thoracolumbar 
spine, and spinal cord and nerve roots.

5.7.1  Craniocervical Junction

Occipital condyle fractures should not be consid-
ered uncommon, occurring possibly in as many 
as 16% of patients with craniocervical injury [9, 
22]. They should be suspected in all patients 
 sustaining high-energy trauma to the head and/
or neck involving components of either axial 
 compression, lateral bending, axial rotation, or 
direct blow, regardless of the clinical condition 
and physical examination results. The great 
potential of these fractures for long-term morbid-
ity due to pain and limited motion, serious neuro-
logic deficits, or even death explains the need for 
an accurate diagnosis. According to Anderson 
and Montesano classification system [9, 22], 

a

b

c

Fig. 5.22 Occipital condyle fractures types I (a), II (b), and III (c): source axial and 2D-reformatted sagittal and coro-
nal (a, c) and nonconsecutive source axial (b) CT images. Black arrows indicate the fracture lines
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occipital condyle fractures are classified into 
types I, II, and III. Type I (Figs. 5.17 and 5.22) is 
an impaction- type fracture resulting in a commi-
nution of the occipital condyle, with or without 
minimal fragment displacement, most likely 
resulting from axial loading of the skull onto the 
atlas, similar to a Jefferson fracture of the atlas, 
with or without lateral bending. It is considered 
stable since the tectorial membrane and contra-
lateral alar ligament are intact; however, bilateral 
lesions may be unstable. Type II (Figs. 5.17 and 
5.22) is part of a more extensive basioccipital 
fracture, involving one or both occipital con-
dyles, resulting from direct blow to the skull. An 
intact tectorial membrane and alar ligaments pre-
serve stability. Type III (Figs. 5.17 and 5.22) is an 
avulsion type of fracture near the alar ligament 
resulting in medial fragment displacement from 
the inferomedial aspect of the occipital condyle 
into the foramen magnum. The mechanism of 
injury is forced rotation, usually combined with 
lateral bending. Contralateral alar ligament and 
tectorial membrane may be stressed and “loaded”, 
resulting in a partial tear or complete disruption. 
Thus, type III is considered a potentially unstable 
injury.

Atlas fractures include type I involving poste-
rior arches (considered stable), type II involving 
the anterior arch (considered stable) (Fig. 5.17), 
type III including bilateral posterior arch with 
bilateral or single unilateral anterior arch (i.e., the 
classic “Jefferson burst” fracture, whose stability 
depends on the integrity of transverse ligament), 
type IV involving a lateral mass (considered sta-
ble), and type V which is transversely oriented 
through the anterior arch from avulsion of longus 
colli muscle or atlantoaxial ligament (considered 
stable), according to the classification system of 
Jefferson modified by Gehweiler et al. [9]. The 
typical Jefferson burst fracture of the atlas results 
from an axial loading force transmitted from the 
top of the skull, through the occipital condyles, to 
the lateral masses of the atlas, which will be dis-
placed laterally. The classic form consists of the 
fracture of all four vertebral atlas emiarches 
(Fig. 5.23). Transverse ligament of the atlas may 
remain intact or be damaged partially or com-
pletely; the complete injury can cause an anterior 

or lateral atloaxial dislocation. Fracture of the 
anterior vertebral emiarches may result in an 
increase in thickness of the prevertebral soft tis-
sue due to hematoma and lesion of the anterior 
longitudinal ligament. Isolated fractures of poste-
rior arch including laminar fractures, and avul-
sion fracture of the anterior arch result from 
distraction injury mechanism.

Axis fractures include fractures of the odon-
toid process, the so-called hangman fracture, and 
teardrop fracture of the body.

Fractures of the odontoid process (Fig. 5.24) 
may result from multiple injury mechanism, 
including hyperflexion, hyperextension, and lat-
eral bending or combination of these forces. They 
can be comminuted, but typically consist of a 
simple fracture with variable displacement of the 
cranial fragment, whose dislocation extent is cor-
related with nonunion. The injury mechanism 
can be recognized depending on localization, 
front or posterior, of the cranial fragment. They 
are, in most cases, isolated but may be associated 
with other fractures, such as the fracture of atlas 
posterior arch or C2 traumatic spondylolisthesis 
and the teardrop fracture by hypertension. 
Depending on fracture location, they have been 
classified into types I (through the dens apex 
from alar ligament avulsion), II (through the 
dens-base junction), and III (fracture involving 
C2 vertebral body), according to Anderson and 
D’Alonzo classification system [9]. However, it 
has been demonstrated that type I is rare and 

Fig. 5.23 Typical Jefferson fracture of the atlas: source 
axial CT image. Arrows indicate four line fractures of 
both anterior and posterior arches
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doesn’t deserve a specific designation. Therefore, 
it has been proposed to classify odontoid frac-
tures in “high”, corresponding to types I and II, 
and “low”, corresponding to type III (Fig. 5.24). 
In the “high” fractures, the involved dens portion 
is essentially represented by poorly vascularized 
cortical bone: thus, nonunion is very frequent, 
reaching most 100% if the posterior  displacement 
of the cranial fragment is >0.5 cm. Dens apex 
avulsion is generally stable. Fracture at the dens-
base junction may lead to atlantoaxial instability 
since the fragment and the atlas constitute a sin-
gle unit. In the “low” fractures, the rim fracture 
extends to the cranial portion of C2 body, i.e., 
predominantly well-vascularized spongy bone; 
thus, the fracture consolidates in the vast major-
ity of cases. Nevertheless, even the “low” frac-
tures are considered mechanically unstable 
because dens, atlas, and occiput move as a single 

unit. Obviously, fractures’ fragments may com-
promise spinal canal.

“Hangman” fracture of the axis is a bilateral 
fracture involving the thin portion of articular 
process located between the upper and lower 
facet joints, i.e., the interarticularis isthmus of 
axis. Many authors prefer the definition of trau-
matic spondylolisthesis. Most commonly this 
occur during a car crash, especially with no seat 
belt, when the chin can slam against the steering 
wheel, dashboard, or windshield, causing hyper-
extension, such as in hanging. Neurological defi-
cits occur in <30% of patients because of the 
favorable ratio between the volume occupied by 
the spinal cord and the width of central spinal 
canal at C2 level. These fractures are classified 
into type I or hairline fracture (where extension is 
followed by compression, resulting in anterior 
displacement of C2 over C3 <2 mm, without 

a
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c

Fig. 5.24 Fractures of the odontoid process: 2D-reformatted sagittal and coronal, and source axial CT images of flex-
ion (a) and extension (b) “high,” and “low” (c) fractures
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angulation between opposed vertebral endplates 
of C2 and C3, considered stable), types II and IIa 
(where extension and axial compression are fol-
lowed by hyperflexion and/or distraction, result-
ing in anterior displacement of C2 on C3 >2 mm 
and angulation between the opposite endplates of 
C2 and C3 >11°, or severe angulation without 
displacement, respectively; type II and IIa are 
considered variably stable), and type III (where 
extension is followed by flexion distraction injury 
mechanism resulting in uni- or bilateral interfac-
etal dislocation, considered unstable), according 
to Effendi et al. classification system modified by 
Levine and Edwards [9].

The term atypical traumatic spondylolisthesis 
means a variant in which one of the two fractures 
(unilateral atypical) or both (bilateral atypical) 
affect the posterior margin of C2 vertebral body 
(Fig. 5.16); if the atypical fracture is bilateral, a 
posterior fragment of C2 body can migrate into 
the spinal canal and compress the spinal cord.

“Teardrop” fracture of the body of the axis is 
the most frequent, and located along the lower 
front edge of the vertebral body, generally affect-
ing the elderly patients with osteopenia or degen-
erative disease of the spine. A small somatic 
fragment results from hyperextension causing 
distraction of the anterior longitudinal ligament. 
This fracture is considered unstable in extension, 
since the anterior longitudinal ligament is 
detached from C2 body, but stable in flexion for 
the integrity of facet joints and discoligamentous 
complex, unless other lesions are associated.

Occipitocervical dissociation, including occip-
itoatlantal and atlantoaxial dissociation (Fig. 5.25), 
and atlantoaxial rotational dissociation may also 
affect craniocervical junction.

Occipitocervical dissociation may be incom-
plete (subluxation) or complete (dislocation). The 
traumatic energy, which exceeds the physiological 
tolerance of the ligaments that extend between 
occiput and atlas, and between occiput and axis, 
involves first of all the destruction of the ligamen-
tous structures (Fig. 5.24). Occipitoatlantal 
 dissociation is generally a fatal injury easily recog-
nizable with only lateral radiographs of the cervi-

cal spine. Subluxation is less common, difficult to 
recognize with radiography and generally without 
neurological deficits. Powers ratio (Fig. 5.6) is a 
measurement of the relationship of the foramen 
magnum to the atlas, used in the diagnosis of 
occipitoatlantal dissociation. Normal values are 
<1 at radiography and <0.9 at CT. A ratio >1 leads 
to the suspect of the anterior occipitoatlantal dis-
sociation. Because of technical limitations of radi-
ography, including magnification, measurements 
would be made by multidetector CT [40] 
(Fig. 5.25).

Atlantoaxial rotational dissociation, i.e., sub-
luxation and dislocation, is a rare lesion, with no 
clear mechanism of injury, from a traumatic event 
resulting in incomplete (subluxation) or full (dis-
location) destruction of lateral atlantoaxial joints. 
The rotation of the atlas around the dens signifi-
cantly reduces the space between the anterior 
arch of the atlas and the dens and causes the dis-
location of the atlas joint masses ahead (on one 
side) and back (the other side) compared to dens 
and articular masses of axis. Atlantoaxial rota-
tional dissociation include types I (rotatory fixa-
tion in normal physiologic range, <48°–52° left 
or right, where dens acts as a pivot, alar and 
transverse ligaments are intact, and is variably 
stable), II (where transverse ligament is injured, 
the center of rotation shifts to a lateral mass, and 
atlas is anteriorly displaced <5 mm, considered 
unstable), III (where transverse and alar liga-
ments are injured, similar to type II but at last is 
anteriorly displaced >5 mm, considered unsta-
ble), IV (where odontoid process is injured, with 
atlas posteriorly displaced, considered unstable), 
according to Fielding and Hawkins classification 
system [9]. A possible atlantoaxial rotational 
subluxation remains a difficult differential diag-
nosis, i.e., a simple functional condition rather 
than the clear-cut result of an anatomical 
damage.

The distance between the anterior arch of the 
atlas and the dens (normal value <3 mm in adults 
and <7 mm in children who show physiological 
ligamentous laxity) increases in anterior atlanto-
axial subluxation with anatomical and/or func-
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tional damage of the transverse ligament of the 
atlas.

A cranial displacement >2 mm of the apex of 
the dens compared to the line of McGregor is 
expression of a vertical atlantoaxial subluxation. 
Lateral dislocation >7 mm of one or both of the 
lateral masses of the atlas with respect to the 
underlying body of axis is the expression of a lat-
eral subluxation due to complete damage of the 
transverse ligament of the atlas.

5.7.2  Subaxial Cervical Spine

In the subaxial cervical spine, the most severe 
lesional mechanism is the translation/rotation, 
followed by distraction, burst fracture, and com-
pression. Translation and/or rotation is generally 

associated with distraction mechanisms in hyper-
flexion or in hyperextension.

Translation/rotation fractures may be associ-
ated with hyperflexion (interfacetal unilateral and 
bilateral dislocation, fracture-dislocation) or 
hyperextension (pedicle-laminar fracture).

Bilateral interfacetal dislocation presents typi-
cal findings of the lesion of the posterior ligamen-
tous complex, the intervertebral disc, and often the 
anterior longitudinal ligament, with dislocation of 
the vertebral inferior articular processes that goes 
over the upper articular processes of the vertebra 
below, going to be wedged in the underlying root 
canals. Bilateral interfacetal dislocation often 
results in spinal cord injury and is always highly 
unstable because of widespread ligamentous dam-
age (Figs. 5.3 and 5.5). It is the only cervical trau-
matic injury that may result in anterior displacement 

Fig. 5.25 Occipitoatlantal and atlantoaxial dissociations: 
2D-reformatted midsagittal and coronal, source axial, and 
2D-reformatted right and left sagittal CT images. 
Occipitoatlantal (thick arrow) is greatly more severe than 
atlantoaxial dislocation. Note the massive prevertebral 

hematoma and the intraspinale peridural hemorrhagic col-
lection. Note also a tiny avulsion bone fragment (thin 
arrow) from the anterior arch of the atlas, indicating tear 
of the transverse ligament of the atlas
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of the vertebral body more than half of anteropos-
terior diameter of the underlying soma.

Fracture-dislocation is an injury where a rota-
tional force vector that involves the dislocation of 
an interapophyseal joint, while the contralateral 
acts as a fulcrum. From the side of the dislocation, 
the inferior articular process spinal goes over the 
superior one of the underlying vertebra and goes 
to wedge itself into the root canal below. The lat-
ter finding, in the absence of fractures of the artic-
ular processes, causes the “blocking” of the 
vertebra and allows the lesion to be mechanically 
stable, even in the presence of a lesion of the pos-
terior ligamentous complex. In general, however, 
it is not a pure dislocation, but a fracture- 
dislocation (fracture of an articular process) 
resulting in loss of structural bone integrity and, 
therefore, instability. The vertebral body is not 
only rotated to the right or left, it is also displaced 
forward, but this location never goes beyond the 
half of the vertebra below. Furthermore, since a 
mechanism of hyperflexion is also present, the 
interspinous distance will increase for the destruc-
tion of the posterior ligamentous complex.

Pedicle-laminar fractures consist of the frac-
ture of the pedicle and ipsilateral lamina, from 
a prevalent hyperextension injury mechanism 
followed by rotation. The corresponding joint 
mass becomes a free fragment. Three types are 
unilateral and characterized by an increasing 
degree of rotation of the articular mass and, 
therefore, of instability. A fourth type is bilat-
eral, characterized by interfacetal dislocation 
from the side of the pedicle-laminar fracture 
and by the fracture of the contralateral articular 
mass, and unstable. The practical importance of 
recognizing the lesional mechanism as hyper-
extension, i.e., not considering these fractures 
as by hyperflexion, is that immobilization in 
extension or traction reproduce the mechanism 
of injury. Anterior translation of a vertebral 
body associated with pedicle-laminar fracture, 
the rotation, and the possible comminuted frac-
ture of a joint mass should suggest a fracture by 
hyperextension-rotation.

Distraction injuries (Fig. 5.2) include “clay 
shoveler’s,” and “teardrop” fracture, both in 
hyperflexion.

“Clay shoveler’s fracture” or “of diggers” 
owes its name to the fact that has been observed 
for the first time in coal miners. It represents an 
avulsion fracture of the spinous process of C7, 
C6 (Fig. 5.3), and T1, in decreasing order of inci-
dence. It is the result of an abrupt flexion of the 
head and neck that causes, after the stretching of 
the posterior ligamentous complex, the fracture 
of the proximal portion of the spinous process. It 
is typically considered stable, but may be associ-
ated with more complex fractures, and possibly 
require CT and/or MRI (Fig. 5.3).

“Teardrop” fracture by hyperflexion (Fig. 5.11) 
is the most destructive cervical fracture among 
those compatible with life. The high traumatic 
energy in flexion involves the separation of a bone 
fragment along the anterior- inferior margin of the 
vertebral body and the intracanal migration of the 
remaining body with lesion of the anterior longi-
tudinal ligament, the posterior one, and interverte-
bral disc. In addition, the traumatic energy acting 
on the posterior column may result in injury of the 
posterior ligamentous complex (increased inter-
spinous distance in the lateral radiographs or in 
2D-reformatted sagittal CT images), complete or 
incomplete uni- or bilateral interfacetal sublux-
ation or dislocation. Teardrop fracture by hyper-
flexion, therefore, is a highly unstable lesion.

Furthermore, distraction injury mechanism by 
hyperflexion may result in a highly destructive 
potential and bad neurological prognosis, despite 
associated only with minor fractures of the artic-
ular masses (Fig. 5.10) or resulting in isolated 
discal, joints, and ligamentous injury (Fig. 5.14).

Axial loading fractures show the characteris-
tic finding of a comminuted fracture of the verte-
bral body, with the cervical spine that appears 
more straight or in extension. Therefore, it lacks 
the attitude of the cervical spine in flexion seen in 
the “teardrop” fractures by hyperflexion, and 
there are no signs of posterior distraction such as 
increasing of the interspinous distance. Because 
of the consequent pressure increase, “burst” with 
more or less significant migration of the frag-
ments occurs. Somatic posterior fragment then 
migrates into the central spinal canal, causing a 
more or less significant compression of the ven-
tral surface of the spinal cord.
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5.7.3  Thoracolumbar Spine

In the thoracolumbar spine, the most serious 
mechanism of injury is distraction, followed by 
translation/rotation and axial loading (simple, 
with lateral angulation >15° and burst).

Distraction fractures are more often in flexion. 
More frequently, they result from a car accident 
where a passenger with a seat belt is pushed for-
ward by the force of the trauma, by hyperflexion 
with rotation center in the anterior abdominal wall. 
Generally, the posterior and medium columns of 
Denis suffer a huge distraction, while the anterior 
column is compressed. This may result in the 
involvement of single vertebra, or bone- ligament 
involvement of many. In the so-called Chance 
fracture, the fracture line, with horizontal course, 
goes through the spinous process, the laminae and 
the pedicles up to the posterior third of the verte-
bral body; for its horizontal course, the fracture 
line might not be seen in the axial CT images and 
thus requires attention to 2D-reformatted multipla-
nar and 3D-reconstructed images (Fig. 5.9). When 
the injury is also ligamentous, destruction of inter-
spinous and supraspinous ligaments, dislocation 
of interfacetal joints, and destruction of the poste-
rior longitudinal ligament are evident.

The less frequent fractures in extension gener-
ally occur in ankylosing spondylitis (Fig. 5.20).

Translation and/or rotation fractures are charac-
terized by the dislocation of a vertebral body com-
pared to the adjacent one in the axial plane. They 
can lead to a severe damage of the spinal cord. 
Fractures/dislocations by multiple mechanisms gen-
erally involve all three columns of Denis and, there-
fore, are highly unstable (Figs. 5.8, 5.18, and 5.21).

Axial loading fractures represent almost 50% 
of all thoracolumbar fractures. They are the con-
sequence of a predominant axial force, possibly 
associated with hyperflexion, with the traumatic 
energy that spreads along the spine. In compres-
sion fracture, the involvement of the only anterior 
column of Denis results in a “wedge” morphol-
ogy with a posterior base, resulting in a stable 
fracture (Fig. 5.1a). Burst fractures result from a 
higher traumatic energy, with involvement of the 
middle columns or of all three columns of Denis. 
Therefore, they are generally unstable and char-
acterized by migration of vertebral fragments 

(Figs. 5.1b and 5.17). Associated more or less 
severe neurological deficits are frequent.

5.7.4  Discs, Joints, and Ligaments 
of the Subaxial Cervical Spine 
and Thoracolumbar Spine

The following signs have been proposed for 
subaxial cervical spine and thoracolumbar spine 
posttraumatic instability resulting from joints 
and ligamentous injury [4, 23, 24, 40, 41, 56, 
58, 59]:

 – Anterior, posterior, or lateral luxation, or dis-
location greater than 2 mm by all or a major 
portion of a vertebra (displacement).

 – An increase in the distance between the lami-
nae or spinous processes greater than 2 mm at 
contiguous levels (wide interlaminar or inter-
spinous space).

 – An increase in width, malalignment, or loss of 
contact between contiguous facets, i.e., over-
lapping <50% or diastasis >2 mm of joint 
space (wide facet joints).

 – Any fracture, rotation, displacement, angula-
tion, or absence of the posterior margin of the 
vertebral body (disrupted posterior vertebral 
body line).

 – An increase in the interpedicular distance of 
more than 2 mm at contiguous levels (wide 
vertebral canal).

 – Kyphotic deformity resulting in angular dis-
placements >11° between adjacent vertebrae, 
as measured by Cobb angle (the angulation or 
sagittal rotation criterion).

 – Thickening of cervical spine prevertebral soft 
tissues. In adulthood, upper limits are 8.5 mm 
at C1, 6 mm at C2, 7 mm at C3, 18 mm at C6, 
and 18 mm at C7 levels [41]. In childhood, 
upper limits in patients 0–2 years old, 3–6 
years old, 7–10 years old, and 11–15 years old 
at C2 and C6 levels are 7.6, 8.4, 6.8, and 
6.8 mm, and 9.0, 9.8, 12.1, and 14.5, respec-
tively; for all age groups the highest variabil-
ity is at C3 and C4 [56].

MRI has the ability to directly identify the 
disc, joints, and ligamentous structures and 
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the possibility to demonstrate ligaments inter-
ruptions/tears or edema/hematoma, by the 
 correct integration of T1- and fat-suppressed 
T2-weighted, and STIR images. The finding 
may be of certain integrity or interruption 
(Figs. 5.9, 5.10, 5.11, 5.17, and 5.18), but may 
remain “undetermined,” and surgical explora-
tion remains the standard reference. Whether 
suspected or indeterminate injuries can still 
result in progressive instability is still a matter 
of discussion and debate about the adjuvant role 
of MRI; nevertheless, MRI seems to facilitate 
the most appropriate therapeutic choice.

5.7.5  Spinal Cord and Nerve Root 
Injuries

The main advantage of MRI is to allow direct 
identification of the spinal cord injuries [12, 15, 
31, 39, 47] which Ramon et al. [39] have classi-
fied into the following six patterns:

 – 0: normal findings at MRI.
 – I: hemorrhage, or hematomyelia. It appears 

as an area of low signal intensity on T2- or 
T2*-weighted images, however as an iso-
lated pattern is a rare occurrence. More often, 
it presents in the context of a contusion, 
which then appears more inhomogeneous for 
areas of low T2 and T2* signal intensity 
(Figs. 5.10 and 5.18). Then, lesion evolution 
is characterized by the classical evolution of 
hemoglobin metabolites. Hematomyelia con-
stitutes a negative prognostic factor due to 
the cascade of biochemical events induced 
by micro- hemorrhages in the gray matter. 
Notably, a bleeding larger than 10 mm is 
generally correlated with complete neuro-
logical damage, with little chance of 
recovery.

 – II: edema, which appears as an area of sub-
stantially homogeneous variable high signal 
intensity on T2-weighted images for intracel-
lular and interstitial edema (Fig. 5.8), with 
possible spinal cord bulge.

 – III: contusion, which appears as mixed central 
signal on T2-weighted images with peripheral 

high signal intensity; hematomyelia may be 
associated (Figs. 5.10 and 5.18).

 – IV: compression, which appears as a less or 
more obliteration of the subarachoid space 
surrounding the spinal cord, and a variable 
alteration of its morphology (Figs. 5.8, 5.10, 
and 5.18), possibly preventing detection of 
signal alterations including hematomyelia; the 
percentage of spinal canal compromise may 
be calculated by the following formula: 
(1−x/y) × 100 where x = spinal canal midsag-
ittal diameter at the injury level, and y = mean 
midsagittal diameter of the spinal canal one 
segment above and one segment below the 
injury level [32].

 – V: transection or laceration, which appears as 
a partial or complete discontinuity of the spi-
nal cord in the sagittal images (Fig. 5.5), obvi-
ously resulting in deterioration of the 
prognosis.

The central portion (gray matter) of the spinal 
cord is the most common site of the lesions, i.e., 
patterns I, II, and III. The level is generally the 
point of greater mechanical impact; signal altera-
tion extent correlates with the degree of initial 
neurological deficit.

The primary lesion determined directly from 
the trauma is followed by minor alterations to a 
cascade of biochemical events, worsened by 
hematomyelia, leading to neurolysis with propa-
gation of the damage in cranio-caudal direction 
and the surrounding white matter.

Nerve root avulsions and pseudomeningo-
celes may be seen by high-resolution 3D “myelo-
graphic” sequences.

Additionally, MRI is the method of choice for 
intraspinal hematoma (Figs. 5.9 and 5.20), supe-
rior to CT, since it allows its detection and dif-
ferential diagnosis, shows its location and extent, 
and the degree of spinal cord and cauda equina 
compression. However, in some cases MRI fails 
to show the exact location of hematoma, i.e., the 
subdural or epidural space, which may be dis-
closed only at surgery. This occurs more fre-
quently in poor quality exam obtained with 
cervical collar or spinal longboard. Epidural 
hematoma generally results from a lesion of the 
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venous plexus or epidural veins rather than epi-
dural arteries; more frequently, it appears as an 
area with biconvex morphology with tapered cra-
nial and caudal ends (Fig. 5.20). Anteriorly, it 
does not extend over the median line (i.e., the 
sign of the tent), due to the close adhesion of the 
dura to the posterior longitudinal ligament, while 
posteriorly can exceed the midline due to the 
absence of adhesion of the dura to the vertebral 
arch (Fig. 5.3). Subdural hematoma results from 
rupture of subarachnoid or subdural space veins: 
morphology is most often circular or semicircu-
lar rather than biconvex in the axial images, and 
linear in the sagittal ones (Fig. 5.20). Epidural 
hematoma pushes the dura within the spinal 
canal, while subdural hematoma is contained 
within the dura. Posttraumatic intraspinal sub-
arachnoid hemorrhage is uncommon. The search 
for intraspinal hemorrhage justifies the use of 
T2*-weighted images in the MRI protocol for 
spinal trauma.

Normal spinal cord and spinal cord edema are 
generally associated with more favorable neuro-
logical outcome. Spinal cord contusion shows 
lesser neurological recovery, when compared to 
edema. Spinal cord hemorrhage, mean spinal 
canal compromise, mean spinal cord compres-
sion, and spinal cord lesion length are higher in 
patients presenting with ASIA A impairment 
scale injury and generally associated with the 
poorest prognostic value in spine injury.

Decreasing trends towards ASIA E impair-
ment scale injury at admission and neurological 
recovery is generally associated with lower mean 
spinal canal compromise and spinal cord com-
pression, and lesion length [26].

5.8  Extra-Spinal Findings

In polytrauma patients with spinal trauma, mor-
bidity and mortality may result from extra-spi-
nal clinically relevant injuries associated to the 
spinal ones. Despite the frequent concomitant 
evaluation by “whole body” CT including head, 
neck, thorax, abdomen, and pelvis, some find-
ings may be overlooked. For instance, CT lim-
ited to the cervical spine may overlook lesions 

of only partially imaged skull and facial bones 
(such as pneumocephalus or air–fluid levels in 
the paranasal sinuses), prevertebral hematomas 
narrowing the aerodigestive tract, laryngeal 
cartilages fractures, foreign bodies within the 
airway, sternal fractures (which may be associ-
ated with clinically significant mediastinal 
hematomas), and rib fractures which may be 
the sign of an underlying pneumothorax or a 
factor risk for cerebrovascular injury [1, 3, 13, 
19, 36, 49].

5.9  Outcomes 
and Complications

Radiography and CT are essential for evaluating 
the consolidation of bone fractures and spinal 
stability. MRI is the technique of choice to assess 
the results of the spinal cord damage. A few 
weeks after the trauma, spinal cord edema is 
reabsorbed, necrotic tissue and hemoglobin deg-
radation products are removed by macrophages, 
with evolution in a glial reaction and possible 
subsequent residual cavitation. Notably, the final 
findings of spinal trauma are represented by glio-
sis, myelomalacia, spinal cord medullary cysts, 
syringomyelia, and/or medullary atrophy. Gliosis 
and myelomalacia show T2 high signal intensity 
and variable T1 low signal intensity (greater in 
myelomalacia), with poorly defined margins and 
irregular shape, possibly associated with atrophy. 
Myelomalacia is more frequent in the cervical 
spine and can extend up to four metamers. Spinal 
cord cyst and syringomyelia are the results of the 
coalescence of microcysts in a tissue with myelo-
malacia. The cysts are formed generally in the 
point of maximum compression at the time of the 
trauma; they have round or oval shape, with a 
maximum diameter less than 2 cm. They are well 
demarcated of comparable signal to that of the 
cerebrospinal fluid; it is possible that the wall is 
made of glial cells. Pathogenesis of syringomy-
elia is still not well known although it seems to be 
correlated with hematomyelia in acute phase. 
Subsequent colliquative necrosis would form a 
cavity also for the CSF and/or interstitial fluid 
inflow from the ependymal central canal or from 
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the CSF perimedullary spaces through the inter-
stitial perivascular spaces of Virchow-Robin. 
According to another hypothesis, even syringo-
myelia is derived from the coalescence of micro-
cysts. The cyst is stable over time, while the 
syringomyelia is generally a condition in 
 evolution (both at MRI and clinically). In some 
cases, the progression of syringomyelia, with 
increased swelling, occurs many years after the 
trauma and determines a late worsening espe-
cially of pain and spasticity. The spinal cord atro-
phy occurs with reduction of the diameters of the 
involved cord, and increased perimedullary CSF 
space. Other possible outcomes include sub-
arachnoid adhesions—which can cause attraction 
and fixation of the spinal cord—and arachnoid 
cysts, usually single, most often in the dor-
sal spine, which can lead to spinal cord 
compression.

 Conclusions

Images and information provided by modern 
diagnostic imaging allows the (neuro)radiolo-
gist an overall assessment of spinal content 
and spinal containing. The anatomical and 
functional complexity requires proper “readi-
ness” in dealing with spinal trauma.

(Neuro)radiologist should use the key com-
ponents of the SLICS and TLICS and AOS to 
analyze, evaluate, and report osseous, discal, 
joint, and ligamentous lesions, as well as the 
mechanism of injury. Following the algorithm 
proposed by AOS classification systems, the 
first step for a morphologic classification 
should be the search for displacement or dislo-
cation which indicates a translation/rotational 
injury mechanism. In the absence of transla-
tion/rotation injury, the second step should be 
the search for discoligamentous complex 
injury in the subaxial cervical spine and poste-
rior tension band injury in the thoracolumbar 
spine which both indicate a distraction injury 
mechanism. In the absence of translation/rota-
tion and distraction injury mechanisms, the 
third step is to evaluate and characterize verte-
bral body and arches fractures in order to char-
acterize the axial loading injury mechanism.

Radiography and, above all, CT provide the 
great majority of the information useful for 
this purpose. MRI can provide additional data 
on the state of the discoligamentous and capsu-
lar structures, thus being able to contribute to 
better definition of the stability of the spine. Of 
course, MRI is mandatory in all the cases of 
neurological compromise or discrepancy 
between clinical and CT findings. The report 
must specify the type of bone, joints, ligamen-
tous, spinal cord, and nerve root damage, for its 
prognostic implications. Best results come 
from the knowledge of anatomy, biomechanics, 
and clinical features, which only allow when 
and how to proceed to CT and/or MRI, of 
course according to the framework conditions 
in which the (neuro)radiologist operates.
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6.1  Introduction

Neck injuries are often a challenge for emergency 
radiologists because this small part of the body 
contains so many important anatomical struc-
tures, such as the epi-aortic arterial vessels, cervi-
cal vertebrae, and spinal cord.

Misdiagnosis of vascular neck injuries is very 
often a dramatic mistake because the neck ves-
sels are important for cerebral vascularization. 
An error in the description of the interruption of 
cerebral blood flow can cause a huge cerebral 
ischemia with a high rate of morbidity and 
mortality.

Vascular lesions can be caused by penetrating 
or blunt trauma: these two mechanisms have a 
different etiopathology and could produce a dif-

ferent type of lesion. Thus, recognition by emer-
gency radiologists of all the types of lesions is 
very important.

6.2  Anatomy of the Epi-aortic 
Vessels

The epi-aortic vessels arise directly from the 
aortic arch; from right to left the first branch is 
the brachiocephalic trunk, then the common 
left carotid and the left subclavian artery. The 
right common carotid artery arises from a 
bifurcation of the brachiocephalic trunk (the 
right subclavian artery is the other branch). 
The left common carotid artery arises directly 
from the aortic arch. The left and right com-
mon carotid arteries do not give off any 
branches in the neck, passing laterally to the 
trachea and inferiorly to the sternocleidomas-
toid muscles.

Around the level of the C4 vertebra, the com-
mon carotid arteries split into external and inter-
nal carotid arteries in an area called the carotid 
triangle. Before this bifurcation, the common 
carotid arteries are slightly dilated in an area 
called the carotid sinus, where important blood 
pressure baroreceptors are located.

The external carotid artery gives blood to the 
areas of the neck and head that are external of 
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the cranium. It arises from the common carotid 
arteries, passes posterior to the ramus of the 
mandible, and ends in the parotid gland, divid-
ing into the superficial temporal artery and the 
maxillary artery. The external carotid artery 
gives off six branches: superior thyroid artery, 
lingual artery, facial artery, ascending pharyn-
geal artery, occipital artery, and posterior auric-
ular artery.

The deep structures of the face are mainly 
supplied by the maxillary artery; the superficial 
structures of the face are mainly supplied by the 
facial and superficial temporal arteries.

The internal carotid arteries supply the brain, 
eyes, and forehead, entering the skull within the 
carotid canal in the petrous part of the temporal 
bone. The internal carotid artery does not supply 
any structures in the neck.

The vertebral arteries arise directly from the 
subclavian arteries. They run in the foramen 
transversarium inside the transverse processes 
of the cervical vertebrae. The vertebral arteries 
enter into the skull through the foramen mag-
num and converge, giving off the basilar arter-
ies, which supply the posterior part of the brain. 
The vertebral arteries do not give off any 
branches in the neck. Branches of the subcla-
vian arteries are the main supply for the neck 
[1].

6.3  Penetration Trauma: 
Perforating and Cutting

Perforating and cutting lesions to the neck are 
typically inflicted by the penetration of sharp 
objects or gunshots. The percentage of vascular 
injuries is surprising lower than expected (only 
25–33% described in the literature). Classification 
of penetrating neck wounds is obtained by divid-
ing the neck into three different anatomical 
zones. The site of the injury is clinically evalu-
ated at admission to separate patients who need 
direct surgical exploration from patients for 
whom a computed tomography (CT) angiogra-
phy scan is needed.

Even if this classification is no longer manda-
tory in many important emergency centers (that is, 
in the presence of a stable condition, one prefers to 
obtain a diagnostic CT scan before exploration), 
this knowledge is important for radiologists to cor-
rectly communicate with clinicians.

Starting from the bottom, the three zones are 
described as follows.

Zone I: From the sternal notch, clavicles to 
cricoid cartilage. There is an overlap with the 
thoracic inlet and superior mediastinum in 
the inferior part. Many important structures are 
located in this part of the neck, such as the 
innominate artery, brachiocephalic veins, seg-
ments of the subclavian arteries and veins, the 
common carotid and vertebral arteries, and the 
esophagus, trachea, and thyroid. Damage in this 
zone could require the attention of both thoracic 
and general surgeons: an exact description of the 
pathology can help with better and more precise 
surgical planning.

Zone II: From the cricoid cartilage to the angle 
of the mandible. This second zone includes the 
common, internal, and external carotid arteries 
and jugular veins, and the larynx, upper esopha-
gus, and pharynx. This zone allows a safer surgi-
cal approach, and patients with lesions in this 
zone are usually directly sent to exploratory sur-
gery; also, now many centers prefer to send 
patients (if hemodynamically stable) to CT angi-
ography for a noninvasive approach.

Zone III: From the angle of the mandible to 
the base of the skull. Included in this zone are the 
internal carotid and vertebral arteries, external 
carotid artery branches, internal jugular vein, and 
pharynx. Many of the vital structures in this 
region are poorly accessible to the surgeon 
because of their proximity to the skull base.

We have mentioned that only 25% to 33% of 
penetrating injuries of the neck result in arterial 
injury. Among penetrating arterial injuries of the 
neck, 80% involve the carotid arteries and 43% 
involve the vertebral arteries. Carotid artery inju-
ries have a particularly poor prognosis, causing 
stroke in 15% of patients and death in 22%. Vessel 
damage may consist of partial or total wall dam-
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age. Radiological signs of arterial injuries include 
occlusion, free blood extravasation, contained 
extravasation that results in a pseudo- aneurysm, 
intimal flap, dissection, or arteriovenous fistula.

Penetrating venous injuries are seen in 16% to 
18% of patients with penetrating neck trauma. A 
recent review in the literature assesses the superi-
ority of CT angiography to surgical exploration 
in the evaluation of venous lesions [2–5].

6.4  Blunt Trauma: Direct or 
Distraction

Blunt neck trauma can have direct or distraction 
causes. The majority of the injuries are caused by 
motor vehicle accidents; minor causes include 
falls, chiropractic error, trauma from an intra-oral 
object (babies), and fracture of the basicranium 
and transverse process of cervical vertebrae (with 
involvement of the vertebral arteries) [6].

The most frequent pathological mechanism of 
injury is the stretch of the arterial vessels between 
the third and fourth cervical vertebral soma; this 
site in the neck has the possibility of major mobil-
ity excursion, and the mechanism of rapid flexo- 
extension and rotation can involve both carotid 
and vertebral arteries.

Blunt trauma of the neck has a low rate of 
associated vascular injuries (0.67–1.1%), which 
has justified a more conservative approach in the 
past, but the possibility of tragic consequences in 
the case of misdiagnosed traumatic injury has 
led the scientific community to include as man-
datory the study of the neck arterial vessels in 
traumatized patients, especially in high-energy 
impacts. Morbidity rates of 40–80% and mortal-
ity rates of 5–40% are described in cases of neck 
arterial vessel lesions in victims of blunt trauma. 
The Denver criteria modified from the Eastern 
Association of Surgery and Trauma substantially 
assessed that patients who suffer a high-energy 
trauma, patients with GCS < 8, and patients with 
complex fractures of the skull and cervical spine 
should also be investigated for supraaortic 
injuries.

Partial or complete occlusion of arterial ves-
sels after blunt trauma is reported in the literature 
with the same percentage as penetrating trauma 
(33%). Radiological signs of occlusion are nar-
rowing of the lumen, no enhancement of the ves-
sel after contrast administration, and luminal 
irregularity [7–11].

6.5  Imaging Techniques 
and Findings

The epi-aortic arterial vessels can be investigated 
with different technologies, from US performed 
directly in a red room, to CT examination, to 
magnetic resonance (MR) and angiography pro-
cedures that could also be part of surgical repair 
with stenting.

In the management of trauma patients we per-
form a focused assessment with sonography 
(FAST) thoracic and abdominal US scan directly 
in the emergency red room to investigate the 
presence of blood and fluid in the abdominal or 
pleural cavity and pneumothorax; if hemody-
namically stable with no evidence of blood in the 
peritoneum, the patient undergoes a total-body 
CT scan [12]. In this workflow we prefer to use 
US in the very first evaluation and to study the 
epi-aortic vessels with CT for its high sensitivity 
and fast scanning.

Magnetic resonance (MR) evaluation has 
some advantages in term of radiation exposure 
and the possibility of obtaining images without 
administration of contrast media, but it is not 
feasible in a monitored or intubated patient 
because of the presence of high magnetic fields 
and the long scanning times. MR exams could be 
used in follow-up to reduce patient X-ray expo-
sure. Diffusion-weighted sequences are manda-
tory in the study of cerebral parenchyma and to 
evaluate the very early ischemic suffering of 
cerebral cells.

Arterial vessel pathology includes occlusion, 
wall vessel rupture, pseudo-aneurysm, intimal 
flap, dissection, and arteriovenous fistula. The 
mechanism of the stretching of an artery causes 
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an intimal lesion and rupture of the vasa vasorum, 
resulting in an intramural hematoma that can be 
evolved in dissection; the dissection usually 
evolves cranially in the same direction as blood 
flow. In consequence of dissection and the intra-
mural hematoma, compression of the real lumen 
and dilatation of the arterial diameter occur. When 
the lesion extends to the adventitia, blood pres-
sure causes the formation of a pseudo-aneurysm.

Extracranial carotid dissection, in most cases, 
spares the carotid bifurcation as well as the intra-
cranial part of the internal carotid [13–16].

6.5.1  Color Doppler Ultrasound

A high-frequency linear transducer should be 
used to investigate the common internal carotids, 
the bifurcation, and the external and internal 
carotid arteries bilaterally.

A fresh mural hematoma is visible as a 
hypoechoic thickening of the wall. The presence 
of hyperechoic plaque with some posterior can-
cellation of the US signal suggests calcified 
plaque, which is typical of chronic atherosclero-
sis and tends to exclude acute pathology. The 
intimal flap is well depicted by US and Doppler 
signal; thus, dissection of the proximal part of the 
carotid arteries could be missed because of the 
impossibility of reaching it even with a low- 
frequency transducer. The possibility of evaluat-
ing the vertebral arteries is very difficult in an 
emergency setting with US examination.

Increased Doppler velocity is linked with dif-
ferent grades of stenosis of the arterial vessel 
with peak systolic velocity (PSV) less than 
125 cm/s, meaning normal flow even with evi-
dence of atherosclerotic plaque that could be esti-
mated in less than 50%; PSV from 125 to 
230 cm/s means that the stenosis is evaluated as 
50% to 69%; and PSV <230 cm/s means that ste-
nosis is evaluated as greater than 70%.

Many pitfalls could cause underestimation or 
overestimation of peak velocity and thus the steno-
sis: redundancy of the internal carotid artery, fibro-
muscular dysplasia, vasospasm, and malformation 
could affect both blood flow and velocity peak [17].

6.5.2  CT Angiography

CT angiography is the gold standard in a patient 
with high-energy traumatization after a FAST US 
performed directly in the red code emergency 
room. Stable patients without signs of intraperi-
toneal blood at the FAST US exam are sent for 
CT evaluation, which should be performed before 
and after intravenous injection of iodine contrast 
media.

In addition to the percentage of neck vascular 
injuries in polytrauma patients being reported as 
very low (0.6–1.1%), the sedated condition of many 
of the patients does not allow us to understand the 
changing of neurological status in the case of misdi-
agnosis of carotid artery or vertebral artery lesions, 
and the consequences are very often dramatic.

CT has a high sensitivity and specificity for 
epi-aortic vessel lesions and can depict well the 
lumen and vessel wall irregularities. The use of a 
correct scanning protocol combined with the 
right use of contrast media and the post- 
processing visualization algorithm allow perfect 
and easy evaluation of the neck vessels [18–21].

6.5.2.1  Protocol of Study
The epi-aortic arteries present a very high blood 
flow that allows the use of the “fast protocol.” 
Before describing the scan protocol parameters, 
it is important to present a brief reminder about 
the characteristics of arterial enhancement in CT 
angiography.

Arterial enhancement follows a peak–plateau 
dynamic and depends on several factors (Fig. 6.1):

 1. The iodine rate per second influences the 
declivity of the ascendant part of the curve. 
The correct iodine rate per second described 
in the literature to obtain a correct enhance-
ment is 1.8–2.0 g I/s.

 2. The cardiac ejection fraction determinates the 
peak of the curve.

 3. The amount of contrast media influences the 
plateau of the curve.

Of these factors, the only one that can be modi-
fied by the radiologist is the iodine rate per second, 
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which depends on the injection flow and the iodine 
concentration of the contrast media.

For example, to obtain the correct iodine rate 
per second inside the arterial vessels 
(1.8 g/s–2.0 g/s), we could use a 370-mg iodine 
contrast at 5 ml/s (5 × 0.37 = 1.85 g I/s) or a 400- 
mg I at 4.5 ml/s (4.6 × 0.4 = 1.84 g I/s); by mov-
ing these two parameters we can obtain the same 
arterial enhancement with different contrast 
media concentrations.

CT angiography for epi-aortic vessels in 
trauma cases constitutes a pre-contrast phase, 
mandatory to delineate recent bleeding, an arte-
rial phase, and a venous phase for late venous 
bleeding. A pre-contrast brain scan is mandatory 
to better delineate the presence of parenchyma-
tous hemorrhage.

The scout view has to delineate the aortic arch 
where the bolus tracking should be positioned. 
Minimum delay from the peak of 100 HU inside 
the aortic arch is preferred.

The scan could be managed in a caudo-cranial 
direction from the aortic arch to the brain, and 
next a cranio-caudal full-body scan in late arterial 
phase must be performed to evaluate the paren-
chymatous organs. The pitch parameter should 
be set as fast as possible; rotation time should be 
the lowest possible to correctly scan a narrow 

window time using a very high contrast adminis-
tration flow.

The use of a low-kilovolt setting [100 or 
80 KV, depending on body mass index (BMI)] 
allows a better delineation of high-density struc-
tures as the X-ray spectrum created is less pene-
trating and tends to stop better on high-density 
structures, in particular on vessels full of iodine 
contrast media.

The use of milliampere (mA) modulation and 
an iterative reconstruction algorithm are manda-
tory to reduce patient exposure, especially for 
young patients (Table 6.1). In cases of poly-
trauma patients and high-energy impacts, it is 

Table 6.1 Technical multi-detector computed tomogra-
phy (CT) parameters

Technical parameter

Pitch Maximum possible
Gantry rotation 0.5 s
Collimation 0.6 mm
Trigger-scan delay 5 s
Bolus tracking At the level of aortic arch
Scan direction Caudo-cranial
Multi-phase scan Pre-contrast, arterial, and venous 

phase
Kv 100
mA Variable with modulation

Fig. 6.1 Scheme of the 
curve of enhancement in 
the arterial district: 
description of factors 
that influenced the 
different steps
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mandatory to comprehend the study of the neck 
vessels in the total body scan.

Use of the right scan protocol and the choice 
of the right concentration (g/s) of iodine con-
trast allow very easy diagnosis of lesions. 
Automatic or manual reconstruction with the 
multiplanar reconstruction algorithm, oblique 
reformation along the vessel axis, and maxi-
mum intensity projections (MIP) and volume-
rendering (VR) reconstructions allow the 
easiest recognition of the lesions and better 
communication with the clinician or surgeon 
for the right surgical or medical choice and pro-
gramming [21–23].

6.5.2.2  CT Signs of Pathology
Intraluminal dissection and hematoma of the ves-
sel wall should be visible on unenhanced CT as a 
“crescent moon” hyperdensity. In many cases the 
carotid dissection spares the carotid bifurcation 
and the intracranial part.

The use of an arterial and portal phase scan 
after the administration of contrast media is man-
datory to evaluate the false and real lumen; the 
real lumen is usually thinner and will be enhanced 
sooner.

Carotid dissection is characterized by narrow-
ing of the lumen, the intimal flap, which is very 
well depicted when the right contrast enhance-
ment is achieved (Figs. 6.2, 6.3, and 6.4).

Vertebral arterial dissections are very well 
depicted with CT angiography. Chen et al. (2004) 
reported a sensitivity of 100% and specificity of 
98%. In CT angiography of the vertebral arteries, 
the finding of an intimal flap is less common than 
in the carotid artery with a prevalence of wall 
hematoma. Potential artifacts in the study of ver-
tebral arteries could be the presence of bone arti-
facts at the level of the skull base or dental 
implant artifacts.

Venous injuries are less common in blunt 
trauma. The most frequent evidence is the pres-
ence of a thrombus inside the jugular vein that 
appears as a hypodense tissue inside the hyper-
dense contrast (Fig. 6.5).

6.5.3  MR Angiography

Magnetic resonance (MR) imaging is very diffi-
cult to be used suitably for a trauma patient. The 
high magnetic field and long acquisition times 
make the continuous monitoring of life parame-
ters quite impossible without the presence of 
nonmagnetic life support equipment. Other dis-
advantages of the MR exam are the impossibility 
of evaluating pulmonary parenchyma and of 
evaluating many districts in a short time as CT 
can do.

The advantage of MR exams are that patients 
are not exposed to ionizing radiation, an advan-
tage when many follow-ups are necessary, espe-
cially in young patients (Fig. 6.6). The possibility 
of evaluating cellular cerebral parenchyma suf-
fering in a very early stage with the use of 
diffusion- weighted imaging should be an option 
when clinical evaluation is not possible [24].

6.5.3.1  Protocol of Study
The angiographic study of epi-aortic vessels with 
MR could be done with time-of-flight (TOF) 
sequences without the administration of contrast 
media or with phase-contrast and contrast 
enhancement sequences after the administration 
of gadolinium-based contrast media. The TOF 
sequences have less spatial resolution than MR 
angiography post-contrast sequences, but TOF 
sequences allow a larger scanning volume in a 
small scanning time. The TOF sequences for 
their technical characteristics could create some 
artifacts when blood flow is not linear. The post- 
contrast angiographic sequences on the other 
hand could suffer from some artifacts such as 
segmental blurring or signal intensity loss in the 
vertebral artery, especially in a young patient 
where the blood flow is particularly fast. These 
artifacts (feathering artifacts) are caused by rap-
idly changing signal intensity in small vascular 
structures around the vertebral artery during sam-
pling the central part of the K-space. These arti-
facts could mimic stenosis or dissection of the 
vertebral artery.
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Fig. 6.2 Axial contrast enhancement computed tomogra-
phy (CT) images of aortic arch dissection after a motor 
vehicle accident (a). The dissection seems not to involve 
the origin of common carotid arteries, but there is dissec-

tion and occlusion of the internal carotid arteries bilater-
ally (b). (c) Tridimensional maximum intensity projection 
(MIP) and volume-rendering (VR) reconstructions

a

b
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The protocol of epi-aortic vessel angiography 
follows:

• Balanced steady-state gradient echo sequence 
in axial and coronal planes to evaluate cor-
rectly the extension and course of the vessels

• T1-weighted images with fat saturation in cor-
onal and axial plane

• T2-weighted images in coronal and axial plane
• Time-of-flight sequence (TOF)
• 3D FAST spoiled gradient echo with elliptical 

K-space sampling; contrast enhancement 
angiography sequence

• 0.2 ml gadolinium contrast enhanced 0.5 mol 
with a flow of 2.0 ml/s

• Bolus tracking is mandatory at the level of the 
aortic arch

6.5.3.2  MR Signs of Pathology
T1-weighted imaging with fat saturation allows 
visualization of a hematoma inside the vessel 
wall, with different characteristics depending on 
the paramagnetic effect evolution of signal inten-
sity during the hemoglobin degradation process.

In the very early and chronic stage, the hema-
toma is usually iso-intense when compared to the 
other structures. In the subacute phase (between 
7 days and 2 months after the accident), the 
hematoma appears hyperintense in T1-weighted 
images.

TOF sequences also allow us to evaluate a 
subacute hematoma because it does not com-
pletely suppress short T1 tissue values. Contrast 
enhancement angiography allows the visualiza-
tion of only the lumen of the arterial vessels. 

c

Fig. 6.2 (continued)
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a

b

c

Fig. 6.3 (a) Brain parenchyma the day of the trauma (A) 
and 2 days after (B). Neck vessels were not included in the 
first examination. The scan 2 days later included the neck 

arterial vessels, confirming the right internal carotid dis-
section and occlusion (b, c)
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Fig. 6.5 Traumatic thrombosis of the right jugular vein

a

b

Fig. 6.4 Bilateral dissection of internal carotid arteries. (a) Axial images demonstrate the bilateral dissection of internal 
carotid arteries (red arrows). (b) Tridimensional volume rendering reconstruction images of the bilateral dissection of 
internal carotid arteries
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Fig. 6.6 Traumatic partial dissection of the right com-
mon carotid artery after a blow with the elbow during a 
sports activity. Axial CT images (a), multiplanar (MPR) 

curve reconstruction; magnetic resonance (MR) examina-
tion control (b, c)

a
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Fig. 6.6 (continued) b

c
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There is some experience using phase-contrast 
sequences to evaluate blood flow.

The signs of carotid artery dissection include 
increased external diameter and narrowing of the 
lumen, which therefore are not specific signs. 
High specificity and sensitivity (84% and 99%, 
respectively) are reported. The percentages of 
correct diagnosis decrease when evaluating the 
vertebral artery (specificity, 60%; sensitivity, 
58%). We discuss the presence of artifacts at the 
level of the foramen magnum. It is therefore dif-
ficult to evaluate the first part of the vertebral 
arteries because of the limitation of the reception 
coil in the scan volume [25].

6.5.4  Digital Subtraction 
Angiography

Digital subtraction angiography is never the 
first diagnostic choice because of the impossi-
bility of evaluating the vessel wall. It is of 
course the gold standard in diagnostic proce-
dures and in evaluation of the vessel lumen. 
The string sign is a long eccentric and irregular 
stenosis beginning distal to the carotid bulb and 
is the sign of dissection. A dilatation aneurysm 
is another typical sign [26].

6.6  Differential Diagnosis

Many conditions can mimic or should be differenti-
ated from the epi-aortic dissection stenosis. Many 
of them are not coherent with the history of trauma 
of the patient and can be readily dismissed.

6.6.1  Fibromuscular Dysplasia

This noninflammatory vascular disease of the 
medium–small vessels has a low prevalence in 
the population (0.6–1.1%). It is more frequent in 
middle-aged women and affects the renal artery 
(75%) less frequently than the epi-aortic vessels 
(25%). The disease spares the proximal part of 
the vessel and is very often bilateral in the carotid 

artery. Vertebral arteries are less commonly 
involved. Tight stenosis and subarachnoid hem-
orrhage are the main symptoms.

6.6.2  Dysgenesis of the Internal 
Carotid Artery (ICA)

With a very low prevalence of disease (0.13%), 
dysgenesis of the carotid artery could be asymp-
tomatic for a long time. The dysgenesis could 
mimic a long stenosis.

6.6.3  Atherosclerosis

Atherosclerosis disease is a very common syn-
drome involving the carotid bulb and bifurcation 
that usually occurs in the elderly. The vertebral 
arteries are more frequently involved at the 
ostium. The disease evolves in steps starting from 
soft lipomatous plaque to calcified plaque. It can 
be differentiated well from acute trauma disease 
by the presence of calcification.

6.6.4  Takayasu Arteritis

This chronic inflammatory disease involves the 
large vessels, primarily the aorta and its main 
branches, including supraaortic vessels and the 
pulmonary arteries.

It is a very rare pathology (2.6 per million), 
occurring more frequently in young women. 
More common in Asia and Mexico, it is rare in 
Europe and North America. The disease involves 
primarily the media and adventitia, causing 
occlusion and aneurysm.

6.6.5  Behçet Disease

This multi-systemic recurrent inflammatory dis-
ease involves the vasa vasorum of arteries and 
veins, causing occlusion and thrombophlebitis; it 
more frequently affects people from 30 to 50 years 
of age in the Mediterranean and Asian areas.
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6.6.6  Giant Cell Arteritis

This inflammatory disease more frequently 
involves patients more than 50 years old and more 
often affects the temporal artery. It can cause 
occlusion, especially of the vertebral artery; the 
carotid artery is less frequently involved.

The most typical manifestation is headache 
with an increased erythrocyte sedimentation rate. 
Giant cell arteritis is a rare cause of stroke, most 
often in the vertebrobasilar territory. The diagno-
sis is generally made with a temporal biopsy.
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Airway Injuries

Luigia Romano, Antonio Pinto, Ciro Acampora, 
Nicola Gagliardi, Sonia Fulciniti, 
and Massimo Silva

7.1  Introduction

Thoracic trauma causes 25% of the annual traf-
fic deaths in the United States. Among patients 
suffering chest blunt trauma, tracheo-bronchial 
injury is rare, occurring in only 0.8–2% of cases 
[1–3].

The causes of injury include height fall, 
impact with the car steering wheel, the handle-
bars of a motorcycle or a steel plate. Furthermore, 
blunt trauma to the neck can determine lacera-
tion, transection or shattering injury of both cer-
vical and mediastinum trachea.

Closed injury to the cervical trachea can also 
result from a strong impact against the cervical 
spine, while closed injury to the mediastinal tra-
chea and main bronchus can depend on a knock 
against the thoracic spine. The consequence 
could be a fracture of the cartilage rings, fre-
quently associated with lesions of other deep 
neck structures as larynx, oesophagus, nerves 
and vessels.

In addition, tracheal or bronchial rupture can 
be determined by intubation manoeuvre and 
post-intubation injuries [4].

Depending on the depth of damage, a wide 
spectrum of lesions may occur and can deter-
mine, as consequence, a mucosal-tracheal ste-
nosis, tracheo-malacia and full-thickness 
stricture.

Pathogenesis of intubation manoeuvre injury 
is frequently proportional to pressure necrosis 
determined by the cuff of endotracheal tube. In 
addition, the tip of the endotracheal tube may 
predispose to erosions or granulomas within the 
wall of the trachea (Fig. 7.1).

Post-intubation injuries occur because of tra-
cheal irritation from the endotracheal tube or for 
tracheostomy stoma. There are different predis-
posing factors, including too large a stoma, infec-
tion in the stoma and excessive pressure from the 
connecting systems. Granulation tissue can 
determine a narrowing of the tracheal lumen 
(Fig. 7.1).

Acquired tracheo-oesophageal fistula 
(Fig. 7.2) could be the result of prolonged 
erosion by the endotracheal tube positioned 
postero- laterally, while the tracheo-innominate 
artery fistula may result from prolonged cuff 
erosion inferiorly and anteriorly to the trachea. 
Inappropriate low stoma may further increase the 
probability of a direct erosion of the trachea by 
the innominate artery.

L. Romano (*) • A. Pinto • C. Acampora 
N. Gagliardi • S. Fulciniti • M. Silva 
Department of Radiology, A.O.R.N. A. Cardarelli, 
Via Cardarelli n.9, 80131 Naples, Italy
e-mail: luigia.romano1@yahoo.com

7

mailto:luigia.romano1@yahoo.com


158

Also penetrating injury to the cervical or 
mediastinum trachea is often the cause of a 
tracheo- bronchial rupture. However, high speed 
traffic accidents are the most frequent cause of 
tracheal and bronchial injuries.

Tracheal rupture is associated with a higher 
morbidity and mortality [1, 5, 6].

It is supposed that 50% of patients die at the 
trauma scene from severe respiratory insuffi-
ciency or other associated injuries, especially 
significant traumatic lesions of thoracic cage, 
lungs and thoracic aorta [7, 8]. In patients that 
survive, airway injuries have an overall mortality 
rate of 30% [9].

Generally, airway injuries are mainly 
located on the initial part of the respiratory 
tract. In 15–27% of cases, rupture is tracheal 
(Fig. 7.3) and 76% is exclusively bronchial, 
either on the right main-stem bronchus (47%) 
(Fig. 7.4) or on the left main-stem bronchus 
(32%) [10].

Laceration of the cervical trachea is rare for the 
elasticity of the cartilagineus rings and the pres-
ence of many hard bones as the jaws, the sternum 
manubrium, the clavicles ant the cervical spine 
that protect this upper segment of the airways.

Bronchial injuries occur more commonly than 
tracheal, usually on the right side and between 
2.5 cm from the carina [11] (Fig. 7.4), while 80% 
of tracheal lacerations occur generally 2 cm 
above the carena.

Most major airway injuries are not recog-
nized initially. Diagnosis of tracheal rupture 
may be delayed as a result of its rare incidence, 
subtle and not specific clinical and radiological 
manifestation and the presence of additional 
clinical findings of other more common associ-
ated injuries of the thorax and other body dis-
tricts [6, 12].

A significant number of cases are undiagnosed 
until complications develop either at the site of 
rupture, such as bronchial stenosis, or in the lung 
distal to the rupture such as lung infection and 
atelectasis (Fig. 7.5) [13, 14].

In fact, in two thirds of airway injuries, the 
diagnosis is delayed with subsequent high mor-
bidity for serious complications, such as recur-
rent pneumonia, empyema (Fig. 7.6), pulmonary 
abscesses, mediastinitis (Fig. 7.7), sepsis, airway 
obstruction and atelectasis [10, 15].

Fig. 7.1 Post-contrast axial CT scan at the level of the 
upper mediastinum depicts a circumferential granulomas 
within the wall of the trachea (white arrow) with stenosis 
of the lumen

Fig. 7.2 Post-contrast axial CT scan at the level of the 
upper mediastinum depicts a defect of the posterior wall 
of the trachea continuing in the lumen of the oesophagus 
(white arrow head), due to a post-traumatic tracheo- 
oesophageal fistula
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Generally, the most frequent symptoms of all 
blunt airway injuries are dyspnoea (76–100%), 
hoarseness (46%), subcutaneous emphysema 
(35–85%) and haemoptysis (14–25%) [16].

In many cases, the diagnosis is missed in the 
acute phase and is detected only because of per-
sistent lung or lobar atelectasis. Bronchoscopy 
should be performed in any cases in which the 

features described previously provide at least 
some suspicion of an airway lesion.

7.2  Clinical Features

Clinical findings of airway rupture are sometimes 
unclear and may be hidden by other traumatic 
injuries. Alternatively, some obvious airway rup-
ture features may be wrongly assigned to lesions 
of other structures, especially oesophagus.

Fig. 7.3 Coronal CT reconstruction demonstrates a focal 
discontinuity of the right wall of the trachea (white arrow) 
associated with ipsilateral pneumothorax and subcutane-
ous emphysema

Fig. 7.4 Post-contrast axial CT scan depicts the disrup-
tion of the right main-stem bronchus with a visible poste-
rior wall defect (white arrow). There is a bilateral 
pneumothorax associated with lung contusions and paren-
chymal haemorrhage of the right inferior lobe due to a 
diffuse laceration

Fig. 7.5 Post-contrast axial CT scan shows a middle lobe 
atelectasis associated with an abscess (white arrow)

Fig. 7.6 Post-contrast axial CT scan shows a left side 
empyema with air-fluid level (white arrow) correlated to 
pulmonary atelectasis (white arrow head). The right lung 
shows multiple, lobular, patchy, confluent consolidation 
areas, due to bronchopneumonia associated with pleuric 
fluid
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Pain associated with swallowing and skin con-
tusion, neck emphysema, pneumo-mediastinum 
and hoarseness are clinical findings that can 
allow suspecting the diagnosis.

Other symptoms are dyspnoea, cough, bloody 
saliva, haemoptysis and dysphagia. These symp-
toms are frequently associated with physical 
features as cyanosis, pneumothorax, vocal cord 
paralysis, aphonia and subcutaneous emphy-
sema diffused also into shoulders and chest fat 
planes (Fig. 7.8).

The pneumothorax is frequently large and 
under tension (Fig. 7.9). The air leak may be 
persistent after introduction of pleural drain-
age. In these circumstances, the lung fails to 
expand. One unusual but characteristic feature 
that may be evidenced in cases of bronchial 
tear and a large pneumothorax is that bronchial 
rupture may allow the lung to bulge downwards 
from the hilum giving rise the “fallen lung” 
sign (Fig. 7.10). Normally, in the presence of 

a pneumothorax, the lung recoils towards the 
hilum, the vascular pedicle persists in its nor-
mal site and the lung remains perfused although 
under-ventilated.

If the “fallen lung sign” is present, the conse-
quent ventilation-perfusion discrepancy may 
result in hypoxia and cyanosis.

Fig. 7.7 Post-contrast CT coronal reconstruction shows 
multiple neck and mediastinal fluid collections (white 
arrows) mixed to air bubbles due to a post-traumatic 
cervical-mediastinitis

Fig. 7.8 Chest radiograph shows extensive subcutaneous 
emphysema diffused into shoulders and chest fat planes; it 
is also present pneumo-mediastinum, with multiple lucen-
cies along mediastinal planes

Fig. 7.9 X-ray film performed immediately after the 
admission, evidences an extensive right pneumothorax 
with complete collapse of the ipsilateral lung
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It is also necessary to evaluate if tracheal 
injury is partial or complete.

Clinical signs of partial tracheal rupture 
include gradually increasing dyspnoea, haemop-
tysis, hoarseness and subcutaneous emphysema. 
In complete tracheal rupture, the skin of the ante-
rior neck moves in and out with breathing move-
ment and a gap in the tracheal rings can be felt 
beneath the moving skin.

Tracheo-bronchial injuries could also be 
suspected in the presence of subcutaneous cer-
vical emphysema expanding with mechanical 
ventilation, pneumo-mediastinum and recur-
rent pneumothorax due to the persisting air 
leak (Fig. 7.11) [17].

Sometimes, patients have other blunt lesions 
as laryngeal trauma, cervical spine or mandibular 
fractures, oesophageal injury, clavicular, scapular 
or ribs fractures. Oesophageal perforation is pres-
ent in up to 20% of cases (Fig. 7.12).

Clinical features of tracheal stenosis 
(Fig. 7.13), as a consequence of a tracheal injury, 
include dyspnoea on effort, stridor or wheezing 
and episodes of obstruction even with small 
amounts of mucus. Other complications could be 
the development of a tracheo-oesophageal fistula 
(Fig. 7.14) or a tracheo-innominate fistula.

The most common clinical manifestation of a 
post-traumatic tracheo-oesophageal fistula is rep-
resented by considerable secretion associated 

Fig. 7.10 Post-contrast axial CT scan demonstrates a left 
undertension pneumothorax. The ipsilateral lung bulges 
downwards from the hilum, giving the “fallen lung” sign 
(white arrow); it is also evidenced the presence of pneu-
mopericardium (white arrow head)

Fig. 7.11 Post-contrast axial CT scan evidences a diffuse 
subcutaneous chest cage emphysema associated with a 
large pneumo-mediastinum (white arrow head) and left 
pneumothorax (white arrow) due to air leak

Fig. 7.12 Post-contrast CT axial image at the level of 
inferior mediastinum shows a mediastinal fluid collection 
(white arrows) mixed to air bubbles, posteriorly to the 
oesophagus (white arrow heads), due to oesophageal 
injury and perforation
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with cough and recurrent broncho-pneumonia. 
Gastric lumen enlargement may also occur.

Tracheo-innominate fistula may be associated 
with severe haemoptysis.

7.3  CT Technique

CT is considered the more relevant diagnostic 
tool in patients with blunt chest trauma follow-
ing the basic and indispensable chest X-ray 
film [18].

When a closed injury to the airways is sus-
pected, it is important to perform immediate neck 
and chest CT scan, including three-dimensional 
image reconstruction of the trachea and the main 
bronchus.

Traditionally, the gold standard for the diagno-
sis is bronchoscopy because it enables visualization 
both the side and extent of the tracheo-bronchial 
injury. But in patients with severe respiratory insuf-
ficiency or in haemodinamically unstable patients, 
it may be impossible to perform. Bronchoscopy 
is not only time  consuming, but also not always 
immediately available. Differently from bronchos-

copy, CT is non-invasive, quicker and more ready 
available [5].

CT can clearly demonstrate fascial fat planes, 
arterial and venous vessels, larynx, trachea, 
bronchus and oesophagus traumatic lesions 
(Figs. 7.12 and 7.14), and it is the most impor-
tant preoperative diagnostic imaging modality 
for determining the location, extent and type of 
airway lesions [6, 19].

7.4  MDCT Protocol Design 
Consideration

The MDCT protocol that is illustrated is designed 
for 64-row CT scanner; images are acquired at 
0.625 collimation, with reconstruction axial slice 
of 2.5 mm, pitch of 0.984 and gantry rotation 
time of 0.5 s.

Preliminary unenhanced neck and chest CT 
is obtained to detect free air bubbles into the 
superficial and deep fascial fat planes or in fluid 
 collections to depict blood clots inside haemotho-
rax, haemopericardium and haemomediastinum.

Fig. 7.13 CT coronal reconstruction of the trachea shows 
a post-traumatic stenosis (white arrows)

Fig. 7.14 CT coronal reconstruction obtained after 
administration of oral contrast demonstrates the passage 
of the c.m. from the lumen of the oesophagus in the lumen 
of the main right bronchus (white arrows) due to a post- 
traumatic broncho-oesophageal fistula. The oral contrast 
is also spread in the lumen of bilateral bronchial tree 
(white arrow heads)
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Intravenous administration of contrast medium 
is mandatory for clearly evidencing neck and 
chest injuries.

Intravenous injection of a volume of 70–90 of 
iodine c.m. is generally sufficient for evaluating 
the enhancement of vessel lumen and surround-
ing other structures.

The contrast medium (c.m.) is injected with an 
18–20 gauge needle through the ante-cubital vein 
by the use of a dual syringe power injector.

The c.m. transit time is determined by using a 
test-bolus in the ascending aorta lumen.

The optimal delay time corresponds to the 
peak arrival time of a test-bolus in the aortic 
lumen. The image acquisition is triggered at an 
attenuation threshold of 150 UH.

For better viewing, the enhancement altera-
tions of the neck and chest tissues and vessels, 
contrast agents with higher concentration of 
iodine (400 mg/mL) and high injection rates (at 
least 3–4 mL/s) are preferred and are followed by 
a 30–50 mL saline chaser, also injected at a rate 
of 3–4 mL/s.

The c.m. arterial phase is mandatory to detect 
neck and chest arterial injuries.

The portal phase acquisition, obtained with a 
scan delay of 70 s, gives maximum airway wall, 
neck and mediastinum tissues and venous lumen 
enhancement.

In selected cases, orally administration of 
iodine contrast material could be helpful for 
demonstrating tracheo-oesophageal fistulization.

Sagittal and coronal MIP reformatted images 
are useful for localizing the ruptured segment of 
tracheo-bronchial tree and evaluating the map of 
the distribution of air bubbles, pneumothorax and 
blood collections. The post-processing procedure 
mainly requires a minimum-intensity projection 
technique for airway imaging. If tracheo- 
bronchial injury is suspected, three-dimensional 
(3D) extraction of the airway may be useful by 
focusing the 3D volume-rendering technique on 
the tracheo-bronchial tree. This technique is clas-
sically utilized for depicting stenosis or distortion 
of the tracheo-bronchial lumen, but may also 
allow the diagnosis of tracheo-bronchial injury 
by demonstrating a wall defect and/or an abnor-
mal position of lobar and segmental bronchi [20].

7.5  Radiological Findings

As the clinical symptoms of acute airway injuries 
may not be specific and initially hidden by the 
presence of traumatic lesions of other organs and 
structures; the chest radiograph and CT scan are 
both important methods for diagnostic evaluation.

There are two main radiographic manifesta-
tions of tracheal and bronchial injuries: evidence 
of air leakage at the site of rupture and dysfunc-
tional ventilation of the lung distal to the rupture. 
Evidence of air leakage is the more critical find-
ing, and the absence of air leakage makes the 
diagnosis of a tear of the tracheo-bronchial tree 
very difficult (Fig. 7.15) [9].

The predominant radiographic findings could 
be attributed to air leak evidenced by cervical and 
thoracic subcutaneous emphysema and various 
degrees of pneumo-mediastinum and pneumo-
thorax (Fig. 7.8). The coexistence of a pneumo-
thorax and pneumo-mediastinum is the strongest 
manifestation of a bronchial rupture. On the other 
hand, if the outer adventitial layer of the bron-
chus remains intact, no air leak may exist, a situ-
ation that occurs in approximately 10% of cases 
of tracheo-bronchial lesion.

The presence of pneumo-mediastinum is 
a critical finding in patients with severe chest 

Fig. 7.15 Chest radiograph shows subcutaneous emphy-
sema especially diffused into supraclavicular fat planes; it 
is also present pneumo-mediastinum, with multiple lucen-
cies along mediastinal planes and pericardium. A pleural 
tube has been inserted on the right
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trauma and may be the only visible sign of an air 
leak associated with tears of tracheal wall or intra-
mediastinal portion of the bronchi. It is a more 
specific sign of a breaking of airway integrity.

Air in the mediastinum is seen as streaky 
lucencies in the carinal region extending superi-
orly as the air dissects in the tissue planes around 
the trachea, aorta and great vessels. On the mar-
gins of the mediastinum, the air dissects and ele-
vates the mediastinal parietal pleura from the 
aorta, the venous vessels and the heart (Fig. 7.15). 
On lateral films, a pneumo-mediastinum is best 
appreciated inside the retrosternal space.

Subcutaneous emphysema is a non-specific 
sign. It is most likely the result of decompression 
of pneumo-mediastinum [21] and is more com-
monly found in the acutely traumatized patients 
after difficult intubation, penetrating chest 
wounds or multiple rib fractures [22].

Conventional chest radiography shows pneumo-
mediastinum in 60% of cases. Absence of 
pneumo-mediastinum in the presence of tracheo- 
bronchial tear has been attributed to preservation 
of the integrity of the paratracheal or peribron-
chial connective tissue layer or transitory occlu-
sion of the tear by an endotracheal balloon cuff 
or by fibrin [23].

However, the most common X-ray film find-
ing is pneumothorax (Fig. 7.16), found in 60% up 
to 100% of cases. Other radiographic signs 

include over-distension of endotracheal tube cuff, 
displacement of endotracheal tube or, in the case 
of complete transection, the fallen lung sign of 
Kumpe (Fig. 7.10) [24].

A pneumothorax is also a frequent sign asso-
ciated with rib fractures and its potential signifi-
cance may be overlooked.

CT performed with appropriate window set-
tings can frequently demonstrate the exact site of 
tracheo-bronchial tear, by showing a circumferen-
tial absence of the tracheal wall, a parietal defect 
of the posterior wall of the trachea (Fig. 7.17) 
or bronchus (Fig. 7.4), a contour deformity 
(Figs. 7.18, 7.19, and 7.20), a fracture of the car-
tilage rings of the trachea or a fistulization with 
other mediastinal structures, especially oesopha-
gus (Fig. 7.14) and innominate artery [25].

Other specific CT findings include over- 
distension of the tracheal tube balloon 
(Fig. 7.21a, b), the herniation of the deformed 
endotracheal tube balloon beyond the trachea 
(Fig. 7.22) or an extra-luminal position of the 
endotracheal tube [26].

In addition, CT can evidence other associated 
findings as cervical and thoracic subcutaneous 
emphysema, pneumothorax, pneumo- mediastinum 

Fig. 7.16 Chest radiograph shows a right undertension 
pneumothorax. Right lung is seen to be collapsed below 
the hilus (fallen lung sign). A pleural tube has been 
inserted on the right

Fig. 7.17 Post-contrast axial CT scan at level of upper 
mediastinum shows a parietal defect of the posterior wall 
of the trachea (white arrows), associated with pneumo- 
mediastinum and subcutaneous emphysema
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and air surrounding a bronchus (Fig. 7.23), abnor-
malities in the appearance of an endotracheal tube, 
with over-distension of the cuff or extra-luminal 
position of the tip, the “fallen lung sign” and upper 
thoracic fractures that involve the clavicles, scap-
ula, sternum and ribs. Among these features, cer-
vical and thoracic subcutaneous emphysema are 
the most consistent CT findings in tracheal injury 
caused by blunt trauma [27].

If the source of the subcutaneous air is 
unknown and it does not increase in amount, it 
may be considered of little clinical significance. 

In the presence of tracheo-bronchial laceration, 
when air inside the fascial fat planes is a conse-
quence of continuing air leak, the subcutaneous 
emphysema would be expected to persist or 
increase (Fig. 7.23).

Oesophageal injury is sometimes associated 
with tracheo-bronchial tear. It is associated with a 
clear tear of the oesophageal wall or with the 
presence of air bubbles around the oesophagus 
(Fig. 7.12).

Persistent pneumothorax after pleural drainage 
tube application is correlated with the “fallen lung” 
sign and is demonstrated by the collapsed lung, 
recoiling away from the hilum, towards the depen-
dent portion of the haemithorax (Fig. 7.16) [28]. 
The term “fallen lung” refers to the peripheral dis-
placement rather than the usual central position of 
the collapsed lung. This is usually the result of 
complete rupture of a bronchus wall [28, 29].

The airway tear associated with haemorrhage 
can occlude the bronchial tree lumen by clots and 
blood aspiration and interfere with the ventilation 
of the related pulmonary lobe, with consequential 
atelectasis. In these cases, there are differential 
diagnostic difficulties because in severely 
 traumatized patients, atelectasis may develop 
also for a severe lung contusion with alveolar 
haemorrhage.

Fig. 7.18 Post-contrast axial CT scan at level of middle 
mediastinum shows an enlargement of main right bron-
chus due to a partial tear of the wall

Fig. 7.19 Post-contrast axial CT scan at level of main- 
stem bronchus depicts an enlargement with contour defor-
mity of the main right bronchus (white arrow). There is a 
right pneumothorax associated with a large lung contu-
sion with alveolar haemorrhage

Fig. 7.20 Axial CT scan at level of middle mediastinum 
shows a pseudo-diverticulum of the right posterior wall of 
the trachea, as a consequence of a partial tear

7 Airway Injuries



166

Atelectasis correlated with bronchial rupture 
is usually persistent and unresponsive to normal 
therapeutic procedures. Collapse of the lung is 
also waited in the presence of pneumothorax, 
particularly if it is large and under tension.

In a small number of cases, the CT diagnosis 
of major airway injury has been supposed by 
observing an unusual configuration of the air- 

a b

Fig. 7.21 CT coronal (a) and sagittal (b) reconstruction evidence the over-distension of the tracheal tube balloon, 
herniating through injury site

Fig. 7.22 Axial CT scan at level of middle mediastinum 
shows the “Mickey Mouse head” sign demonstrated by 
the over-distension of the tracheal tube balloon, herniating 
besides the tracheal wall

Fig. 7.23 CT coronal reconstruction demonstrates exten-
sive cervical and thoracic subcutaneous emphysema dif-
fused also into shoulders and superior limbs, left 
pneumothorax and severe pneumo-mediastinum
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filled cuff of the mechanical ventilation tube or 
an abnormally positioned endotracheal tube. 
Normally, the walls of the trachea circumscribe 
the cuff of the tube. In the presence of a tracheal 
rupture, the diameter of the over-distended endo-
tracheal balloon cuff can be greater of the normal 
diameter of the trachea (Figs. 7.21 and 7.22).

In cases in which the tracheo-bronchial tear 
depends on a traumatic intubation, the tip of the 
endotracheal tube may be seen to be positioned 
outside the tracheal lumen [30].

Pneumothorax in patients with tracheo- 
bronchial transection is the result of rupture of the 
mediastinal pleura, or injury to the right main-
stem bronchus or distal left bronchus, allowing air 
to enter the pleural space on the same side.

Tears in the trachea or proximal left main 
bronchus produce central air dissection with cer-
vical and mediastinal emphysema without pneu-
mothorax [31].

Other associated CT findings could be haemo-
thorax, myocardial contusion, haemopericardium 
and oesophageal tear.

The presence of any kind of bone fractures 
involving the upper thorax associated with air-
way injuries is approximately 40%.

Especially fractures involving one or more of 
the upper three ribs in addition to an ipsilateral 
pneumothorax are considered to provide an 
important diagnostic indication to tracheo- 
bronchial transection. Although fracture of an 
upper rib may suggest the possibility of a contem-
porary fractured bronchus, rib fractures generally 
occur more often in the absence of airway injury 
[6]. Frequently, the rupture of the first three ribs is 
on the opposite side of the bronchus transection.

These fractures are common in patients over 
30 years age, with reports of their frequency 
varying from 40 to 90%; on the other hand are 
uncommon in children and young adults with 
tracheo-bronchial tears because of the greater 
flexibility of the thoracic cage [12]. The thoracic 
fractures may also involve the clavicles, scapula 
and sternum.

Three-dimensional reconstruction of the air-
way associated with multiple oblique reforma-
tions of the lungs is particularly useful for 
evidencing a complete bronchial rupture, espe-

cially if it is located just below the origin of the 
bronchus and associated with a partial or total 
collapse of the pulmonary lobes.

7.6  Management of Tracheal 
Injuries

Early repair of injuries to the airways helps to 
preserve the function of these structures (b). The 
main therapeutic aim is to maintain the airway 
patency.

The management may be difficult and includes 
endotracheal intubation or eventually emergency 
tracheostomy [18].

At the admission, all patients suspected for 
neck and/or thoracic trauma have to receive fluid 
resuscitation and vital signs should be stabilized.

As soon as possible, the patient should also be 
assessed and treated for eventual consequent 
haemorrhagic shock and other important organs 
and apparatus lesions. If it is necessary, blood 
transfusion has to be done.

If a III or IV degree of dyspnoea is present, a 
tracheotomy is needed.

Cervical tracheal injury management has a 
different approach than mediastinal one.

If a small partial laceration of cervical trachea 
is identified and there is a good apposition of lac-
erated tissue and there are no other associated 
injuries, the tear can be treated conservatively.

In this case, the endotracheal tube is placed 
distal to the lesion, and the cuff is kept inflated 
for some days. Cervical tracheal injury may also 
be treated with primary repair without tracheos-
tomy. This approach is indicated with most knife 
and gunshot wounds and occasional cases of 
blunt transection.

For complex shattering injuries, the tracheos-
tomy may be best done through the damaged 
tract of the cervical trachea.

For injuries to mediastinal trachea, the surgical 
approach is based on thoracotomy. Tracheostomy 
is rarely needed. Most patients have selective 
intubation of the main-stem bronchus, double 
lumen tube or jet ventilation.

There is debate regarding whether airway 
patency is best maintained by tracheal intubation 
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or by tracheotomy [31]. Blind oral intubation in 
patients with tracheal injury can lead to false 
extra-tracheal intubation and irreversible damage 
to the airway. If tracheotomy is performed before 
confirmation of the diagnosis, the distal end of 
the injured trachea may retract into the thoracic 
cavity, causing airway obstruction and death.

After validation of diagnosis, the patient with 
significant tracheal injury should undergo stan-
dard tracheostomy to reduce the risk of potential 
damage of airway.

The diagnosis of tracheo-bronchial rupture 
should be performed before proceeding with any 
treatment.

In patients with partial tracheal rupture, oral- 
tracheal intubation may worsen the damage and 
lead to massive haemorrhage causing worsening 
of dyspnoea [32]. The distal end of the trachea 
may retract into the thoracic cavity and intuba-
tion attempts may increase the separation 
between the ends of the tracheal borders and can 
cause additional trauma and haemorrhage in the 
tracheal lumen and inside surrounding tissues.

If the endotracheal tube cannot be success-
fully placed in the distal end of disrupted trachea, 
respiratory distress may increase and the patient 
may die owing to airway obstruction.

Tracheal fracture should be repaired as soon 
as possible, before the development of surround-
ing adhesions and scars, for preventing the devel-
opment of granulation tissue, scarring and 
tracheal stenosis (Figs. 7.1 and 7.13).

A tracheal stenosis rarely demands a definitive 
procedure either electively or emergently. 
However, emergency management of obstruction 
may include the placement of the tracheostomy 
through the stricture, then through the old trache-
ostomy site, then remote from the lesion.

Conservative measures can be added on a 
chronic basis with a stent, especially if the patient 
is of poor risk or has a partial thickness lesion 
with potential for regression.

 Conclusions

Closed injury of the airways due to blunt 
trauma is rare and presents diagnostic and 
management challenges. Early diagnosis is 
important and a high suspicion is required, 

particularly in cases of head, neck or chest 
trauma and in patients with discordant clinical 
findings who respond poorly to therapeutic 
measures. We vigorously advise CT scan 
before bronchoscopy, as reliable diagnostic 
modality for closed injury to the cervical tra-
chea. Early recognition and airway manage-
ment are important [12, 33, 34].

Although always symptomatic, tracheo- 
bronchial injury is a rare entity, not easy to diag-
nose. The lack of specificity of subcutaneous 
emphysema, stridor, pneumo-mediastinum, 
haemoptysis, pneumothorax and the occult 
nature of the rupture frequently result in a 
delayed diagnosis. In addition, associated inju-
ries such as head and abdominal severe trauma 
can hide the diagnosis in the early period fol-
lowing hospital admission, and the emergency 
procedure may also interfere with the diagnostic 
one.

Among all clinical and radiological signs that 
are frequently observed in tracheo-bronchial 
rupture, both the presence of pneumo-mediasti-
num and cervical emphysema appears to be the 
most frequent association [26, 35]. The pneumo- 
mediastinum is related to the tracheal or bron-
chial rupture into the hilum with a retrograde 
dissection into the mediastinum.

Logically, tracheo-bronchial rupture 
should not be associated with pulmonary 
interstitial emphysema, a radiological sign 
resulting from alveolar rupture at the lung 
periphery [36].

The interstitial emphysema could not be 
related to airway injuries, but it is frequently 
associated, suggesting that alveolar baro-
trauma and tracheo-bronchial injuries might 
be associated in many patients with severe 
blunt chest trauma [37].

Early diagnosis and treatment of airway 
injuries are mandatory because the severity of 
the injury is frequently life threatening [1, 38].

The diagnosis of tracheo-bronchial rupture 
should be confirmed before undertaking surgi-
cal repair.

Traditionally, the gold standard for the 
diagnosis is bronchoscopy because it enables 
direct visualization of both the side and extent 
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of the tracheo-bronchial tear. But in patients 
with severe respiratory insufficiency or in hae-
modinamically unstable patients, it may be 
impossible to perform.

In fact, bronchoscopy is a procedure that 
requires specific skills and therefore is not 
always and easily available under emergency 
conditions [39].

Furthermore, endotracheal intubation often 
precludes the use of rigid bronchoscopy, nec-
essary for clearing the airways from blood, 
clots and secretions. Sometimes, the technical 
conditions of the bronchoscopy are unreliable, 
for the presence of large blood quantity inside 
the airway lumen and a rapid drop of arterial 
oxygen saturation, all factors that preclude the 
procedure.

Differently from bronchoscopy, CT is non- 
invasive, quicker and more ready available.

CT has an overall sensitivity of 85% [26]. 
It is the most important preoperative diagnos-
tic imaging modality for determining the loca-
tion, extent and type of airway lesions.

CT is also considered the more relevant 
diagnostic tool in patients with blunt chest 
trauma following the basic and essential chest 
X-ray film [26].
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8.1  Introduction

Trauma is the most common cause of death dur-
ing the first three decades of life in occidental 
countries, followed only by malignancies, and 
deaths for thoracic trauma account for about 
25% of all trauma deaths [1]. As thoracic 
trauma may produce injuries to endothoracic 
organs that play a vital role in normal physiol-
ogy and homeostasis, some injuries to the chest 
and its contents, if unrecognized or untreated, 
may produce death within minutes [2]. In the 
diagnostic algorithm of thoracic trauma, clini-
cal data are of extreme importance and must be 
well recognized by the emergency physician. 
But, because of the low specificity of most of 

them consisting mainly in dyspnea, cough, 
hemoptysis, chest pain and, in very critical 
cases, in severe hypoxia or shock, imaging 
plays an essential role in the diagnostic work-
up of these events permitting in most cases a 
fast and definite diagnosis and, therefore, a 
prompt adequate treatment.

Thoracic traumas are frequently due to blunt 
traumas (70–90%), generally consequent to 
road accidents (85%) and, less frequently, to 
working or domestic accidents [2]; open trau-
mas from wounds, either ballistic or non-ballis-
tic, are rare [3]. Lung and pleural involvement 
is very frequent in each of these as they are 
involved in approximately 65–75% [4] in blunt 
thoracic traumas and in nearly 95% of open 
traumas [5].

In blunt thoracic trauma, we find at least three 
different mechanism of action: direct force, rapid 
deceleration, and barotrauma. Usually, each 
modality is responsible for different effects on 
thoracic structures. Direct trauma generally inter-
ests structures near the site of impact and, very 
often, damages the thoracic cage. In deceleration 
traumas, intrathoracic mobile organs or regions, 
such as heart, ascending aorta, or pulmonary 
parenchyma, are thorn off from adjacent organs 
or structure that are fixed to the thoracic cage 
(such as descending aorta, trachea, and main 
bronchi) or may hit nearby bony structures as ribs 
or spine [2]. Blunt trauma has got a very peculiar 
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mechanism of action due to the drastic increment 
of intrathoracic pressure. In this case, the princi-
pal organs involved are lungs and airways. But, 
very frequently, the three mechanisms coexist in 
many traumatic events, and the involvement of 
thoracic organs consists in different associations 
of injuries [2].

In open trauma, we can find different mech-
anisms of damage starting from the direct stab 
of non-ballistic wounds to the complex mecha-
nism of injury of a bullet wound. The resultant 
injuries are the same as in blunt trauma but, as 
in open traumas there are imaging peculiari-
ties that should be acknowledged [5], we will 
discuss them separately at the end of the 
chapter.

8.2  Imaging Modalities

In an emergency context, three imaging modali-
ties are helpful in the diagnosis of a thoracic 
trauma: chest X-ray, ultrasound (US) examina-
tion, and multidetector computed tomography 
(MDCT). Chest plain film and US examination 
play an important role in the initial emergency 
work-up of post-traumatic thoracic injuries as 
they are cheap and bedside available [2, 6] and 
should be considered the first and last imaging 
approach in unstable patients as MDCT is the 
technique of choice in stable ones.

Chest radiography is the first-line examination 
for assessment of thoracic trauma in the emer-
gency setting [7]. Generally, in the emergency 
room with patients obliged in a supine position, 
single-view anteroposterior radiographs have 
many limitations characterized mainly by the 
incapacity to distinguish alterations in superim-
posed opacification from bones or damaged lung 
parenchyma and the impossibility to see air-fluid 
levels as the XR beam is perpendicular to the air- 
fluid level surface. Furthermore, the scarce inspi-
ratory status and the heart magnification effect 
can produce apparent increases in pulmonary 
vascularity and pseudo-cardiomegaly [7].

Actually, many studies confirmed its lacking 
in sensibility and specificity compared to chest 

MDCT [1, 8, 9]. In particular, in 2007 Brink 
et al. [8] demonstrated the higher accuracy of 
routine chest CT in detecting lung injuries in 
post-traumatic patients compared to elective CT 
acquired only post-positive chest X-ray. More 
recently, Corbacioglu et al. confirmed this state-
ment [9]. Both the authors, furthermore, proved 
that the nonselective CT method had changed the 
course of patient management in 2–22% of the 
patients [8, 9].

Nevertheless, chest X-ray is a useful tool for 
the patient evaluation in the emergency setting 
of thoracic trauma as it should be considered a 
completion of the history and physical examina-
tion [7]. Furthermore, in unstable patient’s chest 
X-ray can rapidly detect tension pneumothorax 
and massive hemothorax while the patient is 
still in the emergency room, thus permitting 
immediate treatment of these life threatening 
conditions [2].

Chest US examination is a bedside procedure 
with rapid availability, absence of ionizing radia-
tion (children and pregnant patients can be safely 
examined), easy repeatability, and lack of contra-
indications and can be performed at patient supine 
in the emergency room. Furthermore, US can 
guide invasive procedures, e.g., drainage of pleu-
ral effusions or of tension pneumothorax [10, 11].

Its limitations consist mainly in its depen-
dence on the patient constitution (obese patients 
cannot be easily explored) and clinical conditions 
(chest US is not feasible in the presence of exten-
sive subcutaneous emphysema) and in its depen-
dence on the skills of the examiner, which implies 
that adequate training in US of the chest is a pre-
requisite for proper results [10]. Another impor-
tant disadvantage is that pulmonary lesions can 
only be detected if they are pleura based [10].

Since 2008, the BLUE protocol included chest 
US for detection of pleuropulmonary emergencies, 
including pneumothoraces, pleural effusions, and 
pulmonary consolidations, in patients with respira-
tory failure admitted to the emergency department, 
demonstrating that chest US is a rapid and helpful 
tool in reducing diagnostic time in critical patients 
[12]. More recently, Zanobetti et al. demonstrated, 
in a very large cohort of patients, a higher sensitiv-
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ity of US, compared to chest X-ray, for pneumo-
thorax, free pleural effusion, and pulmonary 
consolidations in dyspnoic patients presenting in 
the emergency department [13].

Regarding post-traumatic patients, Hyacinthe 
et al. demonstrated that chest US acquired in the 
emergency room is a better diagnostic test than 
objective examination plus chest X-ray in com-
parison with CT scanning, particularly for diag-
nosing pneumothorax and lung contusion [14].

Actually, US examination of the thorax is 
strongly suggested in addiction to abdominal 
examination as part of the extended-FAST 
(focused assessment with sonography for trauma) 
[6, 15, 16] which has been developed in order to 
rule out pleural and pericardial post-traumatic 
alterations along with the abdominal ones [6].

The US chest examination in post-traumatic 
patients is generally performed with a linear probe. 
A range of frequencies (4–12 MHz) can be used 
to visualize the lungs. High frequencies are useful 
to look at the periphery of the lung with a high 
resolution as in looking for signs of pneumotho-
rax. Lower US frequencies help with the imaging 
of deep lung tissues as in looking at consolidation. 
The examination consists mainly of longitudi-
nal and oblique scans acquired on anteromedial, 
anterolateral, and posterolateral thoracic wall 
areas [6]. In polytraumatized patients, it is targeted 
to the detection of specific US patterns identified 
according to the international recommendations 
on point-of-care lung US for pulmonary contu-
sion, pneumothorax, and pleural effusion (in par-
ticular hemothorax) [16, 17]. US signs of normal 
and injured pleura and lung are based mainly on 
the high acoustic mismatch between aerated lung 
tissues and the pleura which casts a total reflection 
of the sound wave [18]. When air content within 
the lungs decreases (e.g., in lung contusion), the 
acoustic mismatch is lowered, and the ultrasound 
wave can partly demonstrate the deeper pulmo-
nary parenchymal structures. It is important to 
note that many signs at lung US represent artifacts 
occurring naturally because of acoustic mismatch 
of tissues reflecting sound waves [18].

Actually, MDCT has established itself as the 
preferred imaging method for the evaluation of 

polytrauma patients [19]. MDCT is widely avail-
able, quick, permits a whole-body imaging, 
offers the possibility of multiplanar and three- 
dimensional reconstructions, and it has been 
established as more sensitive and specific than 
chest radiography [1, 8, 9, 19].

MDCT in a post-traumatic chest should 
always include a direct acquisition with at least 
three window levels: one dedicated to the visual-
ization of lung parenchyma; one for soft (medias-
tinal) structures; and one for the evaluation of 
bones. These permit us to respectively detect: 
pulmonary injuries and pneumothoraces, recent 
hematic extravasations inside (hemothorax) or 
outside the pleural space (hemopericardium or 
hematoma), and scheletric disruptions.

Successively, it is mandatory to perform an 
angio CT of the thoracic aorta in order to rule 
out large vessels injuries and to depict any con-
trast media extravasation suggesting arterial active 
bleeding. A venous and a delayed acquisition 
are important in order to rule out the non-arterial 
bleedings [3]. Furthermore, we must not for-
get that a traumatized patient is often a thoraco-
abdominal one. This statement is particularly true 
in open traumas where stab or bullet trajectories 
often include supra- and infra-diaphragmatic 
structures [5].

Isotropic acquisition is necessary in order to 
obtain high quality multiplanar and tridimensional 
reconstructions, helpful in detecting irregular or com-
plex wound trajectories and in exactly evaluating the 
site and the extension of post-traumatic injuries.

In this chapter, we will discuss the principal 
MDCT aspects of lung and pleural injuries fol-
lowing blunt and open thoracic trauma.

8.3  Pleural Injuries

Pleura is frequently involved in chest trauma [2] due 
to its ubiquitarian localization along the inner sur-
face of the chest wall. Generally, when a mechani-
cal breach to the pleural surface occurs after a 
penetrating or blunt injury, the collapsed interpleu-
ral space may fill with air, blood, or both, forming, 
respectively, a pneumothorax, a hemothorax, or a 
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hemopneumothorax [20]. The percentage of their 
incidence in chest traumas is approximately 28% 
for hemothorax, 28% for pneumothorax, and 11% 
for hemopneumothorax [2].

8.3.1  Pneumothorax

Pneumothorax refers to an air collection in the 
pleural space, and it is found in about 15% to 
50% of cases of blunt trauma [2]. The rate of 
bilateral pneumothorax is reported to be 8–10%. 
In 52% of these cases, pneumothorax develops in 
the right hemithorax; in 44%, it develops in the 
left; and in 4% it developed bilaterally [21].

Following blunt trauma, the main mechanism 
accountable for a pneumothorax is usually lacer-
ation to the visceral pleura from the sharp edges 
of fractured ribs. It can also be caused, in the 
absence of rib fractures, by peripheral lung lac-
erations or by ruptured alveoli and visceral pleura 
due to the drastic increase of intrapulmonary 
pressure in barotraumas or even, more rarely, by 
rupture of the proximal airways [20]. This last 
rare event is achieved only if the lesion affects the 
pleura-covered bronchial wall nearby the pulmo-
nary hilum. Otherwise, airways lesions more fre-
quently generate pneumomediastinum [20]. 
Penetrating injuries are also likely to produce 

pneumothorax due to direct pleural laceration, 
with air entering the interpleural space via either 
the chest wall or the lacerated lung [7].

The diagnosis of pneumothorax with chest 
X-ray in a supine patient relies on few, scarcely vis-
ible, signs. In particular, as in supine patients the 
free air collects anteriorly, medially, and basally, 
we should search for one or more of the next signs: 
hyperlucency at the lung base, a better definition of 
the mediastinal contour, the “deep sulcus” sign (an 
apparent deepening of the costophrenic angle) and 
the “double diaphragm” sign, the latter consisting 
in the presence of two diaphragm-lung interfaces 
[7]. Actually, 10–50% of pneumothoraces are not 
diagnosed on chest radiographs acquired on supine 
chest X-rays in emergency rooms [19] also if it fre-
quently permits to depict rib fractures (Fig. 8.1).

Due to the lack of sensitivity of chest X-ray in 
the supine position, US has progressively been 
taken into account. In 2010, an evidence-based 
review of chest X-ray and US in post-traumatic 
pneumothorax, found a US sensitivity ranging 
from 86 to 98% in the enrolled studies, an US 
specificity of 97–100%, a supine chest X-ray sen-
sitivity of 28–75%, and a chest X-ray specificity 
of 100%, suggesting that bedside thoracic US is a 
more sensitive screening test than supine chest 
X-ray in detecting pneumothorax in blunt chest 
trauma [16, 22]. In a recent study, compared to 

a b c

Fig. 8.1 Left pneumothorax. Supine chest X-ray 
acquired in the emergency room (a) (note the opacity of 
the spinal support over imposed) where is scarcely appre-
ciable a “deep sulcus sign” at the basal left of the radio-

gram (arrows) suggesting a subtle layer of anterobasal left 
PNX, associated with a rib fracture (arrowhead). The 
signs are better depictable in the magnification (b). The 
chest CT examination in (c) confirms the diagnosis

C. Moroni et al.



175

chest CT as gold standard, the sensitivity of bed 
US to detect pneumothorax was 88% and the 
specificity 99.5%; these results are very similar 
to those reported in the previous review [21].

To detect a pneumothorax, the area of interest 
corresponds to the anterior part of the chest on 
both sides of the thoracic wall, approximately the 
third to eighth intercostal space between the para-
sternal and the midclavicular lines. It is essential 
that the results obtained have to be compared with 
the contralateral site. The probe is moved longitu-
dinally in order to study the intercostal tissues on 
the real-time image. The hyperechogenic pleural 
line between the shadows of two ribs must be 
detected. The necessary criteria to diagnose a 

pneumothorax sonographically have been assessed 
in the “International evidence-based recommenda-
tions for point-of-care lung ultrasound” [17] and 
consist in absence of respiratory lung movement 
during dynamic examination (the so-called lung 
sliding sign), absence of lung pulse at power color 
Doppler imaging, absence of B-lines (vertical nar-
row based lines arising from the pleural line to the 
edge of the ultrasound screen, the so-called comet-
tail image), detection of a “lung point” that reflects 
the border between the movement of the lung dur-
ing respiration, and the area of absence of the slid-
ing sign due to the pneumothorax [17] (Fig. 8.2).

While the absence of lung sliding can be seen 
in conditions in which there is no lung movement 

a

d

b

e

c

Fig. 8.2 US images to detect a pneumothorax. Despite 
the fact that diagnosis is purely dynamic, we have to find 
some basic features: first of all, the hyperechogenic pleu-
ral line between the shadows of two ribs must be detected 
(arrowhead in a). It is crucial to find the “lung point sign” 
(arrows in a) that reflects the border between the move-
ment of the lung during respiration and the area of absence 
of the sliding sign due to the pneumothorax. It is essential 

that the results obtained have to be compared with the 
contralateral site: in (b) it’s possible to detect the hyper-
echogenic pleural line in the left lung, instead in the right 
one (c) there is subcutaneous emphysema that creates an 
acoustic barrier (asterisk). M-mode on a physiological 
pleura (d), and on a pathological one (e). (Courtesy of Dr. 
G. Volpicelli, Department of Emergency Medicine, San 
Luigi Gonzaga University Hospital, Turin)
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against the thoracic wall, for example, after pneu-
monectomy, pleuroparenchymal adhesion, or 
subpleural bullae [23], the “lung point” sign has 
been shown to be 100% specific for pneumotho-
rax and should routinely be sought in all the 
patients with loss of lung sliding [24].

In spite of its high sensibility and specificity, 
we must take into account US limitations. In addi-
tion to the above-mentioned referring to the patient 
constitution, the presence of anterior subcutaneous 
emphysema and the operator skill, we must not 
forget that small, apical, and dependent pneumo-
thoraces are poorly detected using thoracic US. A 
perspective study in 2012 correlated the site of 
pneumothoraces detected with chest CT with the 
capability of the previously acquired chest US to 
detect them. They found that the frequency and the 
extent of pneumothoraces both increments mov-
ing towards the medial and inferior thoracic 
regions which should always, in the authors opin-
ion, be the first to be scanned [25]. Another limita-
tion of chest US examination is that quantification 
of the pneumothorax is not easy [10] even if 
Volpicelli et al. in 2014 demonstrated that in 
supine patients, the more posterior the lung point 

is located, the greater the pneumothorax is, as 
compared to CT volume measurement [26].

MDCT offers confident diagnosis of the pneu-
mothorax itself plus a panoramic view of all tho-
racic structures allowing the detection of associated 
injuries and accompanying pathological processes. 
In particular, it allows to detect the exact number 
and site of rib fractures, the associated lung inju-
ries and the definition of presence and extent of an 
eventual subcutaneous emphysema, the latter fre-
quently associated with pneumothorax when rib 
fractures are involved [11, 19, 27] (Fig. 8.3).

Intrapleural air usually collects in the nonde-
pendent regions of the thorax and, in particular, as 
the patients during CT scan is in a supine position, 
in the anteromedial basal pleural recesses [27] 
(Fig. 8.4). Sometimes however, especially in little 
pneumothorax, air can be detected nearby the rib 
fracture, wherever the fracture is (also if in a 
dependent region). This fact may be due to preex-
isting or trauma-related pleural adhesions which 
can delimitate small air collections (Fig. 8.5).

A tension pneumothorax is a less common 
and more dangerous variant of the simple pneu-
mothorax and occurs when air continues to 

a

e f

b c d

Fig. 8.3 Left pneumothorax. Axial CT-scans in (a–f) 
shows large pneumothorax located in the anteromedial 
regions with extensive chest wall emphysema. Lung 
parenchyma window (a–c) best helps to detect the intra-
pleural and intramural air collections while bone-window 
(e–f) permits to determine site and number of rib frac-

tures. Note the panoramic views, often very useful for 
surgeons or clinicians, offered by sagittal (c), and maxi-
mum intensity projection (d) images. In the sagittal 
CT-image, you can also depict the mural disruption which 
permits the passage of the air from the interpleural to the 
intramural space (arrow)
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enter the interpleural space with each breath, 
either via laceration in the chest wall or via an 
injured lung, but cannot escape [20]. The resul-
tant progressive increase in volume of trapped 
air will compress the adjacent lung and dimin-
ish its expansion leading initially to respiratory 
distress and hypoxemia. As the interpleural vol-
ume of air continues to increase, the mediasti-
nal structures, including the vena cava, are also 

displaced and compressed, producing an even-
tual drop in cardiac preload due to diminished 
venous cardiac filling pressures. The result is 
compromised cardiac output which usually rap-
idly progresses to cardiogenic shock and even-
tual cardiac arrest [20].

In this life-threatening situation, chest X-ray 
permits to depict in a few minutes the hyperlu-
cency of a hemithorax plus the opacification of the 

a b c

Fig. 8.4 Left pneumothorax. Axial CT-scan (a) shows a 
pneumothorax localized in the anterior-basal site, associ-
ated with rib fracture (arrow) and subcutaneous emphy-

sema (arrowhead), as it is shown in coronal (b) and 
sagittal (c) reconstruction

a b

Fig. 8.5 Bilateral pneumothorax. Left pneumothorax 
located anteromedially and a very small air collection in 
the right para-mediastinal space (arrows): axial (a) and 
coronal (b) CT-scan. Note the absence of rib fractures in 

the right hemithorax: here, the main mechanism involved 
in the intrapleural air collection may have been parenchy-
mal disruption due to the high increase in intrapulmonary 
pressure
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contralateral (occupied by the mediastinal struc-
tures and by the contralateral collapsed lung) thus 
permitting immediate pleural drainage which is 
necessary as promptly as possible in order to save 
the patient’s life [7] (Fig. 8.6). We must remember 
that only a mediastinal shift from its median local-
ization is not a definite sign of a tension pneumo-
thorax as it can also occur in a massive lung 
athelectasia. So it is important to look for hyperlu-
cency of a hemithorax associated with the ancil-
lary signs of overinflation: flattened or inverted 
diaphragm profile and enlarged intercostal spaces 
[7]. Sudden evacuation of a large pneumothorax 
with tube drainage can be complicated by re-
expansion pulmonary edema [28, 29] which is 
clearly visible in a chest radiogram, being charac-
terized mainly by immediate appearance of subtle 
opacifications in the ipsilateral lung that can rap-
idly progress to the total opacification of the entire 
hemithorax. The complication is more common in 
younger patients (20–50 years of age), occurs 
more often than was previously believed, and it 
has a reported variable mortality rate reaching 
20% [29]. So, a control chest X-ray should always 
be acquired after positioning a drainage tube in a 
hypertension pneumothorax as it exactly localizes 
the tube apex and helps us to rapidly diagnose 
acute complications of the invasive maneuver [7].

MDCT signs are much the same as in conven-
tional radiography, namely contralateral mediasti-
nal shift and collapsed ipsilateral and contralateral 
lung in a hyperexpanded ipsilateral hemithorax. 
Also in MDCT imagines, we can find a flattened 
or inverted ipsilateral diaphragm [19] (Fig. 8.7). 
Sometimes, with MDCT we are able to find the 
exact site of the laceration responsible for the 
intrapleural air accumulation.

8.3.2  Hemothorax

Hemothorax represents blood in the pleural space. 
It is seen in 50% of blunt thoracic trauma [19] 
with many possible bleeding sources including 
pleura, chest wall, lung, mediastinal structures, 
and diaphragm [20]. The main reported sources of 
bleeding are intercostal vessels (in rib fractures) 
and lung parenchyma which, respectively, repre-
sent the 50 and 30% of sources [20]. In the left 
hemothorax, we must also be aware that the 15% 
of blood is derived from the aortic isthmus [20].

Chest X-ray is scarcely sensible in the depiction 
of pleural effusion in the supine position, as it has 
been demonstrated that between 50 and 100 cm3 of 
pleural fluid can be detected on upright chest radio-
graph while about 170–200 cm3 are usually neces-

a b

Fig. 8.6 Tension pneumothorax. Chest X-ray (CXR) in 
(a) shows the radiological signs of massive tension pneu-
mothorax: contralateral dislocation of the mediastinum 
(arrow), hyperlucency of the ipsilateral hemithorax asso-

ciated with flattening of the diaphragm and increment of 
the intercostal spaces (arrowheads). (b) CXR control after 
drainage positioning. Note the complete re-expansion of 
right lung without any sign of edema
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sary for detection when the radiograph is taken 
with the patient supine [30]. Chest X-ray, however, 
can diagnose complete opacification of a hemitho-
rax that, in unstable post-traumatic patients, is 
highly suggestive of massive hemothorax, actually 
defined as a pleural collection of blood exceeding 
1 L with clinical signs of shock [31] and so a life- 
threatening condition [31] (Fig. 8.8).

Following the actual international evidence- 
based recommendations for point-of-care lung 
ultrasound [17], the optimal site to detect a free 
pleural effusion is at the posterior axillary line 
above the diaphragm and the main standardized 
US signs to look for are a space (usually anechoic) 
between the parietal and visceral pleura and respi-
ratory movements of the lung within the anechoic 
space. It has been demonstrated that US is an 
accurate methodic not only to detect even small 
pleural effusions but also to differentiate its nature 
[32]. In fact, visualization of internal echoes, 
mobile particles, or septa is highly suggestive of 

hemothorax. Unfortunately, if depicting anechoic 
fluid, US alone can’t differentiate between pleural 
effusion and hemothorax (Fig. 8.9) [33].

Although it has been stated that even very small 
quantities of fluid can be detected with ultrasound, 
with one study estimating that as little as 20 cm3 of 
pleural fluid can be visualized [30], a recent meta-
analysis pursued in 2016 [34] showed that the sen-
sitivity of US in detection of hemothorax is higher 
than radiography but it is still at a moderate level 
(67%), while the specificity of both imaging 
modalities was found to be very high. In this 
review, the performance of US was influenced, in 
the different studies, mainly by the operator skill 
and by the transducer frequency [34].

MDCT readily characterizes pleural fluid in 
the setting of trauma and can show even subtle 
fluid collections [8]. As blood may not be the 
only fluid encountered in the injured pleural 
space, with serous effusion and chyle being other 
possibilities, attenuation measurement may be 

a b c

d e f

Fig. 8.7 Tension pneumothorax: axial (a–d), coronal (b), 
and sagittal (c) CT-scans show a massive-right pneumo-
thorax associated with contralateral mediastinal shift col-
lapsed ipsilateral and contralateral lung and hyperexpanded 

ipsilateral hemithorax. It is also visible a rib fracture in (f) 
(arrow), sagittal bone-window. Chest X-ray control after 
drainage positioning (e)
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employed to try to differentiate the various enti-
ties although this is not a simple effort due to the 
frequent coexistence of various fluids in the pleu-
ral space with different proportion [2]. However, 
all the authors recommend that measurement of 
attenuation of pleural space fluid should be rou-

tinely performed in the appropriate setting [2]. 
Usually, a mean density <15 HU is indicative of 
serous effusion, liquid blood attenuation typi-
cally measures 30–45 HU, and clotted blood is 
50–90 HU. A mixture of serous and blood fluid 
can present as a homogeneous fluid with an inter-
mediate density or as a very inhomogeneous one 
where hyperdense areas or stripes can be seen in 
the contest of a more hypodense fluid collection, 
usually the first located in the depending regions 
of the pleural space [2].

It is mandatory to perform an angio CT of tho-
racic aorta in order to identify active intrapleural 
bleeding and to differentiate arterial bleeding 
from venous one. Arterial hemorrhage is charac-
terized by rapidly increasing hemothorax volume, 
mainly with hyperdense fluid, with depiction of 
active arterial bleeding by extravasation of con-
trast material into the pleural space in the arterial 
phase, having density similar to that of the con-
trast-enhanced arterial vessels [3] (Fig. 8.10). In 
active venous hemorrhage, you can find the pres-
ence of contrast media into the pleural space in 
the venous or delayed phase of the contrast-
enhanced examination with the extravasated con-
trast media showing density values similar or 
inferior to venous vessels. When an active bleed-
ing is suspected, a delayed acquisition at 5 min is 
highly recommended, provided that the patient’s 
hemodynamic stability allows for it [3] (Fig. 8.11).

a b

Fig. 8.8 Chest X-ray (CXR) in (a) shows an opacification of the right hemithorax caused by a massive hemothorax; 
subcutaneous emphysema is associated. CXR control after drainage positioning (b)

Fig. 8.9 US hemothorax. The optimal site to detect a free 
pleural effusion is at the posterior axillary line above the 
diaphragm (arrow) and the main standardized US signs to 
look for are: a space (usually anechoic) between the 
parietal- visceral pleura and respiratory movements of the 
lung within the anechoic space (asterisk). It has been 
demonstrated that US is an accurate method not only to 
detect even small pleural effusions but also to differentiate 
its nature. In fact, visualization of internal echoes, mobile 
particles or septa, is highly suggestive of hemothorax. 
Unfortunately, if depicting anechoic fluid, US alone can’t 
differentiate between pleural effusion and hemothorax
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a b c

Fig. 8.10 Hemothorax. Axial CT-scan at baseline (a) 
shows a posterior pleural fluid collection. As blood may 
not be the only fluid encountered in the injured pleural 
space, measurement of the attenuation of pleural space 
fluid collection should be performed. In (a), the pleural 
fluid is homogeneous with a marginal hyperdense area: 

one roi (red circle) shows an attenuation of 37 HU (liquid 
blood attenuation measures 30–45 HU) and another roi 
(yellow circle) has 53 HU (clotted blood is 50–90 HU). 
Angio-CT is performed (b, c) and shows an extravasation 
of contrast material, proving the active arterial bleeding 
from an intercostal artery (arrows)

a b

c d

Fig. 8.11 Right hemothorax with active venous bleed-
ing: axial CT-scan at baseline (a) shows an inhomoge-
neous fluid collection with iso- and slightly hyperdense 
coexisting areas. No extravasation of contrast media can 

be seen in arterial phase (c). The venous phase in (d) 
proves the active blood supply from a lumbar artery 
(arrow), in a vertebral fracture, (b) (asterisk)
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8.4  Lung Injuries

The spectrum of pulmonary injuries consequent 
to thoracic blunt or open trauma consists in pul-
monary contusion, pulmonary laceration, and 
pulmonary extrathoracic herniation [2].

8.4.1  Lung Contusion

It is the most common type of lung injury in blunt 
chest trauma with a reported prevalence of 
17–70% [35].

Although the pathophysiology of pulmonary 
contusion is complex and poorly understood, 
three possible mechanisms have been hypothe-
sized [36, 37]:

 1. Inertial effect: the lighter alveolar tissue is 
sheared from the heavier hilar structures due 
to different tissue densities and therefore dif-
ferent rates of acceleration or deceleration.

 2. Spalling effect: lung tissue bursts or is micro-
sheared where a shock wave meets the lung 
tissue at interfaces between gas and liquid.

 3. Implosion effect: it occurs when a pressure 
wave passes through a tissue containing bub-
bles of gas; the overexpansion of gas bubbles 
stretches and tears alveoli walls [36] with no 
macroscopic disruption of pulmonary 
parenchyma.

These injuries damage alveolar capillaries, so 
blood and other fluids accumulate in the alveolar 
spaces. Then, the different blood components 
entering the lung tissue most likely cause the 
release of multiple inflammatory factors which 
act as starter for many processes as damage to 
type II pneumocytes and enrollment of many flo-
gistic cells and molecules into pulmonary paren-
chyma [36].

Recently, studies on rats demonstrated a rising 
level in bronchoalveolar lavage (BAL) of inflam-
matory cellules and molecules. They all decline 
to baseline in about 1 week [38]. This inflam-
matory response probably leads to multiple 
events including endoalveolar and endobronchial 

mucus production. Aufmkolk et al. in 1999 and 
Raghavendran et al. in the first 2000s [39, 40] 
reported some abnormalities in surfactant lipid 
composition in BAL from trauma patients which 
reflect type II cell injury or dysfunction. Such 
surfactant activity deficits were most severe 24 h 
after contusion and returned to normal state over 
48–96 h in parallel with improving lung parame-
ters. Furthermore, tracheal instillations of bovine 
surfactant in rats with trauma-induced pulmonary 
contusion improve pulmonary function at 24 h 
post-injury [40] and surfactant therapy was to be 
found beneficial in suine with unilateral induced 
lung contusion [41].

So, contusion has been proved to be sustained 
by multiple, non-completely known, mecha-
nisms, including alveolar and interstitium filling 
with hematic and non-hematic fluids, flogistic 
activation (which can be responsible also for sys-
temic effects as fever or contralateral pulmonary 
edema), and surfactant abnormalities. All these 
mechanisms lead to a precocious lung dysfunc-
tion which rapidly tends to resolve, usually with 
complete restitution [36, 37].

The principal complications of lung contusion 
are ARDS and pneumonia [37]. ARDS develops 
in 17% of patients with isolated pulmonary con-
tusion, while 78% of contusions with additional 
injuries develop ARDS [42]. Globally, signifi-
cant pulmonary contusion leads to ARDS in 50 to 
60% of cases while pneumonia develops in about 
20% of cases [43].

Systemic activation of neutrophils after 
trauma is likely to be the leading cause of acute 
respiratory distress syndrome and multiple organ 
failure in post-contusion hospitalization [44, 45].

Lung contusion is also a well-known risk fac-
tor for development of pneumonia. However, the 
reason for this increased susceptibility is not 
clear. It has been supposed that acute lung inju-
ries of lung contusion create in the local pulmo-
nary immune system a sort of vulnerability from 
a “second” hit bacterial infection [46].

The respiratory impairment of lung contu-
sion includes ventilation/perfusion mismatching, 
increased intrapulmonary shunting, increased 
lung water, segmental lung damage, and loss of 
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compliance [36, 37]. Clinically, patients with pul-
monary contusion present very unspecific signs as 
hypoxemia, hypercapnia, and dyspnea [36, 37].

In lung contusion, findings on chest radiogra-
phy are nonspecific, varying from irregular, patchy 
areas of opacification to diffuse and extensive 
homogeneous hypolucency. These changes are 
usually evident within 6 h after trauma and resolve 
rapidly, typically within 3–10 days [2, 7, 37]. The 
scarce specificity of pulmonary post-contusion 
changes on chest X-ray suggest clinicians to refer 
as pulmonary contusion every opacification seen 
on radiograms in post-traumatic patients with the 
reported time evolution, until proven otherwise 
[36, 37].

As already stated, lung pulmonary changes 
in lung contusion consist mainly in three phases 
characterized, respectively, by: a precocious 
hematic or serous flooding of alveolar cavities, 
an intermediate (1–2 h after the traumatic 
event) edematous infiltration of lung intersti-
tium and a successive flooding of air spaces 
with inflammatory cells associated with local 
surfactant deficiency [47]. This last phase, 
occurring from 6 to 24 h after the trauma and 
developing in consolidation, is the one visible 
on chest X-ray [7]. As it has been demonstrated 
the US accuracy in diagnosing pulmonary inter-
stitial edema [48], we can assume that US is 
able to depict pulmonary contusion changes in 
the interstitial phase, earlier than chest X-ray. A 
study by Soldati et al. [47] confirmed this state-
ment as demonstrated a sensibility of an admis-
sion ultrasound examination of 94.6% and a 
specificity of 100% (in the selected trauma 
population) compared to CT as gold standard. 
This specificity cannot be reached in a clinical 
population, since there are other lung diseases 
that show the same US patterns, and although 
US is able to recognize different alterations in 
lung parenchyma, its specificity in a general 
population is not so high [47].

As a bedside technique, lung US is performed 
focusing on the anterior and lateral walls and on 
the most posterior accessible region beyond the 
posterior axillary line, not compromising patient 
immobilization in supine position [18]. The US 

signs for lung contusion [17] are: the presence of 
the gliding sign (that is generated by the lung 
parenchyma movement under the parietal pleural 
and that indicates the absence of pneumothorax 
or pleural effusion) associated with the presence 
of an alveolo-interstitial syndrome defined as the 
presence of multiple B-lines, in a patient with no 
clinical suspicion of cardiogenic pulmonary 
edema, or peripheral parenchymal lesions defined 
as subpleural echo-poor (or with tissue-like 
echotexture) regions, allowing ultrasound trans-
mission, from which B-line-like artifacts arise 
[17, 47]. Lower frequency ultrasound scanning 
may allow for better evaluation of the extent of a 
consolidation [17] (Fig. 8.12).

In a recent article [49], the diagnostic accuracy 
of US was compared to that of combined clinical 
examination and chest radiography for pneumo-
thorax, lung contusion, and hemothorax, with tho-
racic CT-scan as reference. It tested also the 
ability of an US score, measuring the extent of 
lung contusions, to predict ARDS. It confirmed 
the major accuracy of US than that of combined 
clinical examination and chest radiography for all 
the three injuries, and it demonstrated that the 
suggested US score can identify patients at risk of 
developing ARDS after blunt trauma [49].

The more frequent MDCT findings of contu-
sion consist of poorly defined, generally 

Fig. 8.12 Lung contusion: US image shows an early pul-
monary contusion, which was not yet detectable with a 
standard chest X-ray. The interstitial involvement is 
shown by the vertical hyperechoic lines, the so-called 
B-lines (asterisk)
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 non-segmental areas of consolidation and 
ground glass alterations [2] sometimes (espe-
cially in children) sparing 1–2 mm of subpleu-
ral lung parenchyma adjacent to the injured 
chest wall [43]. Contusion areas generally do 
not show air bronchograms as the bronchioles 
are often filled with fluid. These signs are well 

visible with MDCT, unlike chest X-ray, imme-
diately after the traumatic event though it 
reaches the major increment within the first 
6–24 h [19, 37, 50] (Fig. 8.13). As in chest 
X-ray, clearance of an uncomplicated contusion 
in MDCT begins at 24–48 h with complete res-
olution after 3–14 days [2] (Fig. 8.14).

Despite the high sensibility, MDCT is poorly 
specific so in clinical practice, any kind of densi-
tometric increment in lung parenchyma that 
shows the same temporal pattern is related to 
contusion damage (Figs. 8.15 and 8.16). At the 
same time, any kind of parenchymal increase in 
density arising after 24 h from the traumatic 
event should be referred to other lung injuries 
rather than contusion (the more frequents, in a 
post-traumatic setting, being pneumonia or aspi-
ration) (Fig. 8.17). On the other hand, any kind of 
lung alterations that do not resolve within a week 
in a traumatic patient should be regarded as con-
tusion complications, in particular as infection or 
ARDS [2, 27] (Fig. 8.18).

MDCT is the most useful tool not only in 
the depiction and in the recognition of contu-
sion injuries but also in its quantification. In 
fact, it has been proved that, in a large post-
traumatic population, the Thoracic Trauma 
Score (TTS) which considers patients’ charac-
teristics as long as CT measurement of contu-
sion extent plus associated thoracic injuries 
significantly correlates with the occurrence 
of ARDS.

a b c

Fig. 8.13 Bilateral parenchymal contusion. Coronal 
CT-reconstruction immediately after trauma (a) shows 
large parenchymal consolidations. Chest X-ray (CXR) 

acquired 2 h after the trauma (b) shows patchy areas of 
opacification in the upper lobes. CXR after 14 days shows 
a complete resolution (c)

a

b

c

Fig. 8.14 Contusion of the posterior-lower lobes (a), that 
improves in the controls after 5 (b), and 10 days (c)
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Fig. 8.15 Several examples of pulmonary contusion: it 
generally consists of poorly defined and non-segmental 
areas of consolidation and/or ground glass alteration adja-
cent to the injured chest wall. As we can see, the heteroge-
neity of lung contusion doesn’t permit a differential 

diagnosis based only upon CT-scan aspect. Thus, every 
consolidation or ground glass alteration seen on CT-scan 
after a thoracic trauma should be considered pulmonary 
contusion until proven otherwise

a b c

Fig. 8.16 Atypical contusion areas in the posterior seg-
ments of the inferior lobes. Post-traumatic CT-scan in 
axial (a), coronal (b), and sagittal (c) reconstructions. 

Their clarification in less than 10 days from the traumatic 
event suggested the hypothesis of pulmonary contusions 
unless their atypical aspect
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8.4.2  Laceration

Pulmonary laceration occurs when there is a 
macroscopic disruption of pulmonary paren-
chyma. Although lung lacerations occur more 
frequently with penetrating traumas, they may 
occur also in blunt traumas, caused by much the 
same mechanisms as pulmonary contusions: the 
direct effects of pressure on the thorax, the dam-
age of rib fracture, the sudden tears of mobile 
pulmonary tissue from still structures [19].

The mechanism of laceration consists in lung 
parenchyma disruption and subsequent filling of 
intraparenchymal defects with air and/or blood. 
Due to the elastic recoil properties of lung tissue, 
normal tissue surrounding pulmonary lacerations 
recoils to form oval or round defects as opposed 
to linear or branching defects seen in solid organ 
tissues [2, 27].

It is difficult to detect lacerations as hyperlu-
cency areas with chest radiography as they usually 
overlap opacifications due to contusions, hemotho-
rax, or lung collapse [7, 28]. Furthermore, as in their 
evolution generally fill with fluids and persists for 
weeks or months, in a later depiction on chest X-ray, 
they may be misdiagnosed as pulmonary nodules, 
having the shape of a rounded opacification [28].

CT [35] is significantly superior to chest radi-
ography in detecting even a small laceration and in 
revealing their overall extent. In the acute setting, 
it is visualized as a rounded cystic lesion, with air 
or fluid in its cavity, usually surrounded by ground 
glass or consolidated area due to surrounding con-
tusion [2, 19, 27]. When filled with fluid and sur-
rounded by consolidation, it is more difficult to 
detect a laceration even with a CT examination. 
Lacerations may range from a solitary lesion to 
multiple confluent small ones; these ones, when 

a b

c d

Fig. 8.17 Complication of a pulmonary contusion. (a, b) 
Axial CT-scans show the parenchymal areas of consolida-
tion immediately after trauma. Any kind of parenchymal 

increase in density seen after 24 h should be referred to 
other causes, such as pneumonia as in this case (c, d) 
where pleural effusion and fever appeared
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surrounded by consolidated parenchyma, are 
defined as “swiss cheese appearance” [51].

Lacerations have been classified into four 
types according to the mechanism of injury, the 
morphological pattern, and their localization [35]:

Type 1: Compression rupture injury is centrally 
located, can become very large, and is pro-
duced by compressing or tearing off the lung 
parenchyma from the adjacent tracheobron-
chial tree (Fig. 8.19).

Type 2: Compression shear injury is produced 
when the lower lobes are suddenly squeezed 
against the spine. It is located paraspinally and 
may be tubular in morphology (Fig. 8.20).

Type 3: Rib penetration tear is peripherally 
located, is small and round, and is very often 
multiple and associated with pneumothorax 
and subcutaneous emphysema (Figs. 8.21 
and 8.22).

Type 4: The adhesion tear is seen adjacent to a 
previous pleuropulmonary adhesion and is 

a b c

d e f

Fig. 8.18 Complication of a pulmonary contusion. (a–c) 
Post-traumatic CT-scans show bilateral areas of contu-
sion. Although the relative clarification of contusion areas 
in the posterior regions, we can appreciate the emerging 

ground glass alteration of the entire parenchyma at the 
control CT-scan in (d–f), acquired 1 week after the hospi-
tal admission. The patients experienced a serious ARDS 
despite the rapid and appropriate respiratory support

a b c

Fig. 8.19 Type 1 lacerations (arrows). In (a–c) are centrally located, surrounded by extensive contusion areas and 
without any rib fracture visible nearby. Note the ipsilateral hemopneumothorax
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almost always seen at surgery or at autopsy, 
not recognizable in MDCT images.

Lacerations resolve more slowly than contu-
sions, and clearance may take months. Over 
time, they become increasingly filled with blood/
fluid and then regress, often ending in residual 

scarring [52] (Fig. 8.23). Complications of lac-
eration are uncommon and can be: pulmonary 
abscesses, bronchopleural fistula, or very large 
pneumatoceles generated by a ball-valve mecha-
nism [19, 28].

Intrapulmonary hematoma is a special kind 
of laceration consisting in the presence of an 

a b c d

Fig. 8.20 Type 2 lacerations: these injuries (showed in a-b-c-d) are produced when the lower lobes are suddenly 
squeezed against the spine. These lacerations are generally paraspinally located (arrows) and bilateral

a b c d

e f g h

Fig. 8.21 Axial CT-images show contusions and type 3 
lacerations (arrow). Immediately after trauma (a–e) the 
lacerations are small peripheral and associated with local 
rib fractures, pneumothorax, and chest wall emphysema. 

In the following controls after 1 (b–f), 4 (c–g), and 
10 days (d–h), the lacerations are evolving: become 
increasingly filled with blood or fluid, so less appreciable 
(c–g) and regress slowly, often ending in a residual scar
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 organizing hematoma inside the rounded cavity 
of lacerated parenchyma. It is well depicted with 
CT that shows a solid rounded consolidation with 
high density values at the direct examination and 
no significant increase in Hounsfield Units after 
administration of contrast media (Fig. 8.24).

8.4.3  Pulmonary Hernia

Traumatic lung herniation occurs when a 
 pleura-covered part of the lung extrudes through 
a traumatic defect in the chest wall [2]. It is gen-
erally an acquired condition, mainly caused by 
trauma (52% of cases), which is more often a 
penetration than a blunt injury [53]. Any chest 
trauma may cause bones or joint disruption, 
resulting in acquired chest wall defects and 
allowing lung herniation; however, lung pro-
trusion is more likely when the trauma causes 
a sudden marked increase in intrathoracic pres-
sure; many ribs are broken or a focal blunt 
trauma occurs [53].

Generally, anterolateral chest wall is more 
susceptible to traumatic lung herniation because 
of the lesser soft tissue support compared to the 
posterior wall. The first, in fact, relies only to 
intercostal muscles while the latter is supported 
also by the trapezius, latissimus dorsi, rhomboid, 
and paravertebral muscles [50]. Herniation 
caused by penetrating trauma occurs, naturally, at 
the site of the wound [53].

In case of lung hernia, symptoms are aspe-
cific including pain, coughing, hemoptysis, 
and breathlessness while chest examination 
may reveal a soft mass that moves paradoxi-
cally with respiration and/or is more evident 
in Valsalva maneuver [53]. Sometimes, lung 
hernias can remain asymptomatic and uncom-
plicated and presentation can be delayed. 
Delays of a few months to 40 years have been 
reported [54].

a

b

c

Fig. 8.22 Left lower lobe contusion associated with a 
small type 3 parenchymal laceration (arrow) in a young 
boy: axial CT-scan immediately after trauma (a). Images in 
(b, c) show the CT controls after 5 and 10 days: the progres-
sively filling of the small laceration with fluids does not 
permit its depiction in the successive CT controls

a b c d e

Fig. 8.23 Multiple parenchymal lacerations (arrows): 
coronal (a) and Axial (b) CT-scans done immediately 
after trauma; note the large subcutaneous emphysema and 
ipsilateral pneumothorax. Controls after 10 days (c), 

3 months (d), and 1 year (e). Note the progressive filling 
of the cavities and their slow involution in irregular resid-
ual scars
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Lung hernia, when symptomatic, may be a life  
threatening condition as can be itself complicated 
with tension pneumothorax or strangulation of 
the protruding lung and as it is usually associated 
with other severe injuries of thoracic structures, 
due to the high energy mechanism that implies 
this event [50].

Plain chest may see bone or joint rupture 
[53]. Sometimes, owing to the opacity differ-
ence between herniated lung and surrounding 
soft tissues, the hernia itself may be apparent 
[7, 53] (Fig. 8.25). Chest X-ray acquired during 
the Valsalva maneuver have also been demon-
strated to be of value for diagnosis because of 
the increasing hernia volume [54]. Utilization 

a

c d

b

Fig. 8.24 Intrapulmonary hematoma: it is an organizing 
hematoma inside the rounded cavity of lacerated paren-
chyma (a, b). CT-scan shows a solid rounded consolida-

tion with high density at baseline (c), and no significant 
increment after administration of contrast media (d)

Fig. 8.25 Suspect of right basal lung herniation (arrows) 
in the chest X-ray done immediately after trauma
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of plain radiographs is not  recommended when 
a CT-scan can be rapidly performed [53].

MDCT can easily depict the herniated lung 
portion and evaluate the adjacent altered thoracic 
wall structures [50] (Fig. 8.26). Furthermore, 
during the contrast-enhanced phase, MDCT 
enables to suspect a strangulation of the herni-
ated region when we do not find any opacifica-
tion of the herniated lung vessels [53] (Fig. 8.27). 

Owing to the panoramic visualization of all tho-
racic structures, MDCT can also depict pneumo-
thorax, pneumomediastinum, and hemothorax, 
which are often associated, and permits to evalu-
ate any other injured thoracic structure. Minimum 
intensity projection reconstructions may be of 
value to the cardiothoracic surgeon managing the 
patient, particularly with regard to their surgical 
strategy [53] (Fig. 8.28).

a b

c d e

Fig. 8.26 Lung herniation of the posterolateral chest 
wall. Axial (a), coronal (b, c) and sagittal reconstructions, 
the latter with both lung (d), and bone (e) window. While 
the lung window allows to depict and localize the herni-

ated lung, the bone window provides optimal visualiza-
tion of the rib cage. As we can see, the hernia wasn’t 
associated to any rib fracture

a b c

Fig. 8.27 Same patient as Fig. 8.25. Axial CT-scans after 
administration of contrast media (a–c). We can appreciate 
the lack if opacification on arterial (b) and venous (c) ves-
sels of the herniated portion of the lung, suggesting the 

possibility of its strangulation (arrows). In the lung win-
dow image in (a), the protruding lung shows subtle incre-
ment in density as in aspecific suffering
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As lung herniation is a rare condition with a 
wide spectrum of causes, severities, associations, 
and complications, some of which are life threat-
ening, it is important for the radiologist to recog-
nize the condition as fast as possible [27]. This is 
particularly true in dyspnoic or hypoxic patients 
as herniation may increase with positive-pressure 
ventilation [50, 53].

8.4.4  Open Trauma

Although blunt trauma accounts for approxi-
mately 70% of trauma cases, penetrating trauma 
should not be overlooked as a cause of significant 
morbidity and mortality. In fact, gunshot wounds 
are the second leading cause of injury death after 
motor vehicle crashes in the United States [55]. 
Overall, the exact incidence of penetrating chest 
injury varies according to the geographical loca-
tion with incidence ranging from 1 to 13% of all 
trauma admissions [56]. These injuries are fre-
quently serious and, particularly in gunshot 
wounds, any region of the chest may be involved. 

Also, as many as 20% of open thoracic trauma 
will have associated abdominal injuries [56]. 
Generally, less than one-third of knife wounds 
and approximately one half to two-thirds of gun-
shot wounds in stable patients will require surgi-
cal repair [5] and, in unstable patients (event not 
rare due to the frequent involvement of vascular 
structures along the stab trajectory), an acute 
exploration is required in 5–15% of cases [56].

The lung parenchyma and the pleural sheets 
are involved in the great majority of open tho-
racic traumas. From 88 to 97% of penetrating 
chest injuries involve the chest wall, pleura, or 
lung [5] and the tissue damage has the same 
anatomo-pathological characteristics as in blunt 
trauma. There are, however, peculiarities in 
imaging of penetrating trauma, especially in 
 gunshot injuries, that are worth considering by 
the emergency radiologist.

Penetrating trauma can be divided into ballis-
tic and non-ballistic. The first cause tissue disrup-
tion and laceration along their trajectory and 
damage tissue nearby their entrance [55]. In the 
second, we can identify at least three major 

a b c

d

Fig. 8.28 Same patient as in Fig. 8.26: CT confirms the herniation and enables to evaluate the chest wall disruption: 
coronal (a), axial (b), minimum intensity projection (c), and 3D reconstructions (d)

C. Moroni et al.



193

mechanism of disruption: the direct tissue lacera-
tion occurring along the bullet trajectory, as in 
non-ballistic wounds (called permanent cavity); 
the damage caused by the pressure gradients 
resulting in tissue separation in a radial direction 
along the bullet trajectory (called “temporary 
cavity”); and the damage obtained by the ballistic 
pressure preceding the bullet [55]. While the 
term “temporary cavity” refers to the effect of 
bullet shockwaves on gelatin in experimental 
studies, in vivo it is usually referred to the “con-
cussion zone” located radially with respect to the 
bullet path [55]. So, the wound is not in a linear 
shape (as in stab wounds) but involves also tis-
sues around the trajectory. The degree of injury 
will depend on how the projectile transfers its 
kinetic energy into the target tissues. In vital 
organs, the transfer of energy is influenced by the 
velocity of the projectile, the bullet shape and 
design, and the intrinsic tissue characteristics. 
Experimental studies demonstrated that the tem-
porary cavitation size becomes more significant 
at higher velocities with almost an exponential 
relationship between the bullet velocity and the 
cavity size [55]. Regarding tissue characteristics, 
damage increases with tissue density and 
decreases with tissue elasticity [5]. As lung has 
got more elasticity than abdominal organs (as 
liver, kidney, or spleen), it can better absorb the 
perforating forces thus experiencing less damage 
from the same ballistic trauma [55]. So, while 
renal, hepatic, and splenic parenchyma show 
greater degrees of tissue destruction and frag-
mentation, a surrounding contusion around the 
bullet path in the highly elastic lung is often the 
most commonly visible injury of the “concussion 
zone” [5].

The clinical presentation of a patient with pen-
etrating trauma is highly variable depending 
mainly on two interrelated factors: the hemody-
namic stability and the mechanism and location 
of the wound and can range from a stable to a 
comatose condition [55].

Although from 88 to 97% of patients who are 
admitted with penetrating injuries to the chest 
have involvement of the chest wall, pleura, or 
lung, it has been demonstrated that up to 62% of 
patients are asymptomatic and have normal chest 

radiographs [57]. Furthermore, other studies and 
case series reported rates of delayed pneumo- or 
hemothorax of 8–12%, after a negative admission 
chest X-ray in asymptomatic patients with pene-
trating thoracic wounds [58]. In order to prevent 
this, many studies explored the utility of sequen-
tial chest X-rays acquired during the first hours 
after the patient’s admission. In particular, a 2013 
study based on a population of 88 patients with 
thoracic penetrating injuries suggested a hospi-
talized observational period in asymptomatic 
patients with normal initial chest radiographs, 
with repeat chest X-ray, at intervals approaching 
1 h, for at least 3–6 h [58]. As a matter of fact, 
already in 2007, Magnotti et al. [59] demon-
strated that after an initial chest CT there was no 
need for repeat chest radiograph after penetrating 
thoracic trauma. Actually, chest X-ray in pene-
trating thoracic traumas, as in blunt trauma, 
should be considered a helpful tool in the prior 
evaluation of patients and provides, along with 
bedside US, immediate useful information in the 
unstable patient as it rapidly recognizes hemo-
thorax and pneumothorax [3].

The evidence for the use of chest US in the 
evaluation of thoracic penetrating trauma is more 
limited than that for blunt trauma [60]. Current 
literature, however, demonstrates that US is a 
valid screening tool for penetrating thoracic inju-
ries with a high sensitivity for detecting injury 
requiring acute intervention [60] as hemothorax, 
pneumothorax, and pericardial effusion.

In particular, since 1997, it has been demon-
strated the high sensitivity of US in detecting 
hemothorax in penetrating thoracic injury com-
pared to CT and tube thoracostomy as gold stan-
dard [30]. In this study was found a sensitivity 
and specificity of US of 100% in detecting hemo-
thorax in 18 patients with thoracic penetrating 
trauma [30].

Other studies have also evaluated US for the 
depiction of pneumothorax in penetrating trauma, 
and recently Ku et al. [61] compared, in 47 
patients, thoracic US for pneumothorax with 
computed tomography, tube thoracostomy, and 
supine chest radiograph followed by clinical 
observation. In this case report, US demonstrated 
a sensitivity of 57% and a specificity of 99% with 
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respect to the CT examination [61]. The lack in 
sensitivity may be explained by the high “opera-
tor dependence” of US as this study was per-
formed with many operators, each of them with 
different experience [61].

Finally, we must not forget that, in penetrating 
traumas, US is a valuable instrument to detect 
also a pericardial effusion. In 2015, in a large 
cohort of injured patients, US demonstrated a 
sensitivity of about 86% [62].

MDCT has certainly become the modality of 
choice in stable patients with penetrating torso 
trauma [63]. The mayor utility of MDCT in pen-
etrating trauma relies in its capability to detect 
the trajectory of non-ballistic and ballistic 
wounds, the so-called CT trajectogram [5]. This 

is particularly true since the advent of multidetec-
tor technology which permits to achieve rapid 
isotropic acquisitions and, thus, to perform multi-
planar and 3D reconstructions,

It has been demonstrated that the depiction of 
the wound trajectory allows a better management 
of the patient in the acute setting, reducing the 
frequency of diagnostic surgery, and has got 
forensic utility as it provides valuable data 
regarding the dynamic of the traumatic event and 
the nature of the injuring object [5].

Non-ballistic wound trajectories are often not 
entirely evaluable, even with MDCT, as tissues 
tend to return to the one adjacent to the other after 
releasing the stab [5] (Fig. 8.29). Ballistic wounds 
path, on the other hand, are better depicted as 

a

b c

Fig. 8.29 Young man stabbed to the anterior left chest 
wall. In (a) (lung parenchyma window), it is possible to 
notice the small air bubbles behind the sternum (arrow), 
an indirect knife-penetration sign. We have no more 
appreciation of the stab trajectory but have indirect signs 

of pericardial and pleural disruption in the axial CT-scans 
with smooth tissues window (b, c) that show left hyper-
dense pleural and pericardial effusion, signs of left hemo-
thorax and hemopericardium
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there is a greater tissue disruption as the damage 
is not only along the wound tract but also in sur-
rounding tissues. Furthermore, since MDCT has 
high sensitivity in finding and exactly localizing 
metallic external fragments, air, hemorrhage, and 
small bone or bullet fragments (lead dust) along 
the wound track, it allows better identification of 
the course of the bullet compared to a stab wound 
[28] (Fig. 8.30). Unfortunately, pitfalls may 
occur, especially in cases of multiple penetrating 
injuries, or when there is not a linear trajectory, 
for example when projectiles or stab are 
rebounded off or deviated by bony structures [5]. 
It is important, in order to reduce pitfalls, to use 
more than one window setting in order to ade-
quately identify CT trajectograms in the thorax. 
In fact, it is suggested to use wide CT windows in 
order to identify the exact wound entry site in the 
subcutaneous fat, as well as the intrapulmonary 
path and the bone damage, while we will need a 
“soft tissues” CT window to identify the relation-
ship of the bullet path with the mediastinal struc-
tures [28] (Fig. 8.31).

As just said, since 88–97% of penetrating 
wounds involve the chest wall, pneumothorax, 
and hemothorax are the most common complica-
tions following these events. In particular, in pen-
etrating traumas, open or communicating 
pneumothorax occurs, also called “sucking chest 
wound,” which develops when the skin and 
pleura are both injured [7]. This kind of pneumo-
thorax may more easily develop in tension pneu-
mothorax (up to one-third of patients) [5]. Air 
location in the pleural space, as in blunt traumas, 
depends mainly on the patients’ position and 
only rarely on the site of laceration or on previous 
or newly generated pleural adhesions.

Hemothorax is more frequently seen in open 
injuries than in blunt traumas [5]. It is usually the 
result of a laceration or contusion of lung paren-
chyma (associated to a disruption of the visceral 
pleura), or of diaphragm, internal mammary, and 
intercostal vessels, heart or great vessels. Also, 
more frequently than in blunt trauma, there can 
be active bleeding that can became rapidly mas-
sive and life threatening [5].

a b c

d

Fig. 8.30 The wide disruption of soft tissues and of 
bones permits to depict quite exactly the projectile trajec-
tory along the cervicothoracic outlet (arrows). In these 
axial (a–d), sagittal (b), and coronal (c), CT-scans we 
appreciate that the bullet entered from the anterior left 

jugular region and emerged from the right suprascapular 
region, crossing the first thoracic vertebral body. Note 
that, although not directly involved, right lung apex 
shows a wide contusion area related to the “concussion 
zone” (c, d)
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As already stated, compared to many solid 
organs, lung is more elastic and is less dam-
aged by bullet wounds and the extent of paren-
chymal damage depends on the energy of the 
projectile.

Lung contusion is the main injury after pene-
trating chest trauma as it occurs along the wound 
track and in the concussion zone as a result of 
microscopic disruption of small vessels and alve-
olar walls which lead to hemorrhage into the 
parenchyma at the time of trauma, followed in 
1–2 h by interstitial edema, which peaks 24 h 
after injury [28].

Laceration are the most frequent lung injury 
seen along the wound trajectory and, in penetrat-

ing traumas lacerations are much more frequent 
than in blunt ones [5].

Due to the increase in temperature in lung 
parenchyma along the bullet path, caused by the 
high energy released, blood in lacerated parenchy-
mal cavities may tend more frequently to coagulate 
and pulmonary hematomas are more easily seen.

In all these injuries, MDCT multiplanar 
images are very useful not only to depict the 
wound trajectory and to evaluate the site and 
extent of lung damage [28].

Finally, we must not forget that in thoracic 
penetrating wound, very often is involved the 
abdomen and MDCT permits, in a single acquisi-
tion, a view of the whole body [5] (Fig. 8.32).

a

d

b

e

c

Fig. 8.31 CT trajectogram. CT allows to depict the tra-
jectogram using multiple window levels and multiplanar 
reconstruction (a–e). If the trajectory is not linear, as often 
occurs due to the different densities of crossed tissues, 
curved reconstruction along the bullet pathway (a, b) 

allows to evaluate correctly all the involved organs in just 
one image. More wide windows width allows to highlight 
the bullet entry hole in the subcutaneous fat and in the 
sternum and the bullet itself, in this case, stopped in the 
posterior chest wall (e)
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9.1  Introduction

Injury to the aorta and the arch vessels can occur 
following blunt and penetrating trauma. 
Penetrating trauma commonly occurs secondary 
to gunshot and stab wounds, is uncommon, and is 
a highly lethal injury (90%), with most patients 
dying rapidly in the field. Blunt trauma is almost 
invariably resulting from high-impact trauma (col-
lision >50 km/h), usually with rapid deceleration 
forces. Patients sustaining blunt traumatic aortic 
injury (BTAI) usually have many concomitant 
injuries that will distract from studying the aorta.

BTAI is relatively rare. Incidence of BTAI in 
polytrauma victims transported to hospitals is of 
0.3%, and it occurs in about 2% of cases with 
massive chest trauma [1].

Despite its relative rarity, BTAI has a high 
mortality and remains the second leading cause 
of death, after head injury, in polytrauma patients 
[2–4]. Approximately 80% of patents with TAI 
die before even reaching the hospital, 4% die dur-
ing transportation, and 19% die during triage in 
the hospital [5, 6].

These potentially life-threatening conditions 
need urgent detection and treatment.

Significant advancements have been made in 
the diagnosis and treatment of aortic injuries over 
the past two decades. These include the wide-
spread use of computed tomography angiography 
(CTA) for diagnosis, medical management of 
minimal aortic injuries (MAI), delayed repair 
(>24 h) for stable patients, and broad implemen-
tation of endovascular repair. Previously, around 
50% patients that reached the hospital with TAI 
died within 24 h, but now with better imaging, 
improving surgical techniques, and percutaneous 
interventions, the mortality among these patients 
has decreased up to approximately 5% [7].

Especially, following treatment, the mortality 
rate varies from 5 to 28% depending on the tech-
nique used and the extent of the associated 
lesions. However, with modern therapeutic tech-
niques, particularly endovascular repair, it is 
close to 9% according to more recent studies [8].

Patients with BTAI are mainly males (72%) 
and the mean age is 41 (±20) [6].
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Hospitalized BTAI patients have frequently 
concurrent chest wall injuries (as bone fractures) 
and severe injuries elsewhere in about 40% of 
cases, as head injury, pulmonary contusion, 
hepatic and splenic injury, pelvic trauma, upper 
extremity trauma, and spine injury [9].

9.2  Anatomy

The thoracic aorta can be divided into four seg-
ments (Fig. 9.1).

The first two segments, which are intraperi-
cardial, are the Valsalva sinus (segment 0), where 
the coronary arteries originate, and the ascending 
aorta (segment 1), which originates 1–2 cm above 
the coronary ostia. From the aortic arch (segment 
2) arise the brachiocephalic, left common carotid 
and left subclavian arteries (LSAs), which are the 
three major branches of the arch in most patients. 
The brachiocephalic artery bifurcates to form the 
right common carotid and right subclavian arter-
ies. The ligamentum arteriosus is the remnant of 
the patent ductus arteriosus, which shunts blood 
from the pulmonary artery to the aorta during 
development. Finally, the descending aorta (seg-

ment 3) is situated beyond the subclavian artery 
and extending to the diaphragmatic orifice, where 
it becomes the abdominal aorta [10]. The isthmus 
is the portion of the proximal descending tho-
racic aorta located between the origin of the left 
subclavian artery and the site of attachment of the 
ligamentum arteriosus [11].

A variety of congenital alterations to the aortic 
arch exist, such as the true bovine arch and the 
so-called bovine arch. The true bovine arch 
(Fig. 9.2a) is a rare variant in which a single, 
large common brachiocephalic trunk comes off 
the arch and separates into the right and LSAs 
and the bicarotid trunk. This bicarotid trunk then 
bifurcates to form the right and left common 
carotid arteries. A more common variant is the 
so-called bovine arch, present in as many as 20% 
of patients. The so-called bovine arch (Fig. 9.2b) 
includes a brachiocephalic trunk that splits into 
the right subclavian, right common carotid, and 
left common carotid arteries. The LSA comes off 
separately from the arch of the aorta. Other vari-
ants include the left vertebral artery coming off 
directly from the arch in 2.5% of patients 
(Fig. 9.3) and the existence of a right-sided aortic 
arch in patients with dextrocardia or situs inver-

Ligamentum
arteriosum

Descending aorta
(20-30 mm)

Isthmus

Aortic annulus (20-31 mm)

Aortic arch
(22-36 mm)

Ascending aorta:

Tubular
ascending aorta
(22-36 mm)

Sinotubular
junction (22-36
mm)

Sinuses of
Valsalva (29-45
mm)

Fig. 9.1 Three-dimensional volume-rendered (3D-VR) image shows the segments of the thoracic aorta
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sus. Anatomic variants of the aorta can mask as 
traumatic injury. For example, a ductus diverticu-
lum may be present along the anterior surface 
near the ligamentum arteriosus, which may be 
confused with pseudoaneurysm formation. An 
aortic spindle may present as circumferential 
dilatation between the LSA and ligamentum arte-
riosus [12].

9.3  Pathophysiology 
and Location

There are several causes of traumatic aortic 
injury, but the common factor is the violence of 
the shock. Motor vehicle accidents make up 

75–80% of the cases, while motorcycle, aircraft, 
pedestrian accidents, fall from height, and crush 
injury to chest account for the remainder [5].

Injury to the aortic wall is likely a result of 
any or a combination of several potential mecha-
nisms include torsion and shearing forces, rapid 
deceleration, stretching, increased intravascular 
pressure (water-hammer effect), and compres-
sion of the aorta (osseous pinch) [13, 14] 
(Fig. 9.4). Osseous pinch results from direct 
compression of the aorta between the vertebral 
column and the anterior chest wall (sternum, 
clavicles, and ribs). Torsion indicates rotational 
forces of the aorta along its longitudinal axis. 
Shearing forces are caused by differential rela-
tive motion at different points of fixation; at the 

a b

Fig. 9.2 Three-dimensional volume-rendered (3D-VR) images show in (a), bovine arch (white circle); in (b), the so- 
called bovine arch (white arrow); see also small pseudoaneurysm isthmus (black arrow)
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aortic root, the ligamentum arteriosus attach-
ment, and the diaphragmatic crus, the aorta is 
connected to other tissues, so it’s submitted to 
increasing regional strain by different decelera-
tion characteristics of the joined tissues. 
Stretching of the aorta from displacement of ver-
tebrae is the so-called stretch injury. The water-
hammer effect, proposed by Lundevall, results 
when the flow of a non-compressible fluid is 
occluded dramatically; this condition leads to 
high-pressure waves being reflected back along 
the vessel wall, and it could happen after a com-
pression on the abdomen or lower chest. Sudden 
deceleration is the most common cause of trau-
matic aortic injury, and it concerns particularly 
the front seat passenger of a vehicle going at 
speeds 100 km/h, (sudden deceleration 
>32 km/h) subjected to frontal or lateral or rear 
shock [15]. This mechanism causes displace-
ment of the heart, with torsion and shearing 
forces against the aorta at levels of relative 
immobility, mainly the ligamentum arteriosus, 
aortic root, diaphragm, and intercostal arteries.

Direct penetration from fractured ribs, sternum, 
vertebrae or from gunshot and stab wounds may 

a b

Fig. 9.4 Three-dimensional volume-rendered (3D-VR) image shows various mechanisms of injury: in (a), osseous 
pinch, shearing, stretching, and water-hammer effect; in (b), torsion

Fig. 9.3 Three-dimensional volume-rendered (3D-VR) 
image shows normal anatomic aortic arch variant. Black 
arrowhead shows left vertebral artery coming off directly from 
the aortic arch; white arrow shows pseudoaneurysm isthmus
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also occur. Penetrating injuries to the thoracic aorta 
are uncommon. When present, they are likely to 
lead to rapid exsanguination, and many of these 
patients do not survive transport to the hospital.

Depending on the forces in play, the aorta 
injury site can be the root, ascending aorta, arch, 
isthmus, descending aorta, or even abdominal 
aorta (less common). A considerable number of 
patients have aortic injury at multiple sites.

The isthmus is the commonest location for 
lesions (approximately 90% of all cases of 
patients who have been subjected to thoracic 
trauma) [16]. Its relatively immobile position in 
the thorax due to its attachment by the ligamen-
tum arteriosus explains the reason for this site 
being involved in many injuries (Fig. 9.5).

Lesions of the root of the aorta are sometimes 
associated with damage to the aortic valve. 
Lesions of the ascending aorta are rare (between 5 
and 8% of the cases) [17] and mainly occur close 
by the brachiocephalic origin. In contrast, injuries 
infrequently occur at the proximal portion of the 
ascending aorta [18]. These two types of lesions 
are sometimes associated with hemopericardium.

Involvement of the aortic arch and its branches 
is not so common. While involvement of the aor-
tic arch itself is rare (about 2% of the cases) [18], 
the incidence of aortic arch branch involvement 
varies considerably in the literature (about 3% 
have a combined aortic and aortic branch vessel 
injury, whereas the great vessels alone are injured 
in about 16%) [19].

At multidetector CT, a careful search for a 
branch vessel injury should be performed in the 
presence of mediastinal hematoma when there is 
no direct sign of aortic injury. The innominate 
artery accounts for 50% of these injuries and is 
the second most common injured vessel after the 
thoracic aorta [20]. The left common carotid and 
left subclavian artery account for the remaining 
injuries. Innominate artery and left carotid inju-
ries almost always occur proximally at the vessel 
origin; anatomically, this is where the vessel is 
tightly fixed onto the aortic arch, whereas the dis-
tal part is more mobile and flexible (Fig. 9.6).

In contrast, blunt subclavian injuries tend to 
be more distal; these can be explained by add-
ing the direct force of posterior dislocated clav-
icles [21].

In 1–12% of the cases, there is trauma to the 
descending thoracic aorta [17]. The distal 
descending aorta is attached to the adjacent verte-
bral column by the diaphragm. When there is a 
shock to the thorax, the resulting shear forces are 
responsible for lesions at this site. Injuries to this 
segment of the thoracic aorta can be associated 
with diaphragm injury in 10% of cases and with 
adjacent compression fractures of the thoracic 
spine [22].

In the abdomen, the most common site of 
injury is the infrarenal abdominal aorta. These 
injuries are typically related to lap belt compres-
sion. There are a number of additional abdomi-
nal injuries that are associated with traumatic 
abdominal aortic injury, including lumbar spine 
fracture, splenic injury, pelvic fractures, bowel 
injury, and solid organ injury. Lumbar spine 
fracture has the highest association with trau-
matic abdominal aortic injury [23] and if seen 
should prompt a careful evaluation of the aorta 
and vice versa.

Fig. 9.5 Oblique multiplanar reformation (MPR). White 
arrow shows site of attachment for ligamentum arteriosus 
(A aorta, PA pulmonary artery)
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9.4  Clinical Presentation

Clinical signs and symptoms (Table 9.1) are 
nonspecific and insensitive for the diagnosis 
and exclusion of BTAI. A majority of patients 
with BTAI have no clinical signs of aortic 
injury until the sudden onset of hemodynamic 
instability [24].

Symptoms of BTAI are thought to be due to 
stretching of the mediastinal connective tissues 
by mediastinal blood and include retrosternal 
pain, referred interscapular pain, dyspnea, and 
cough [25].

Clinical signs of BTAI are absent in up to one- 
third of patients but when present include upper 
limb hypertension and lower limb hypotension 
with diminished femoral pulses due to “pseudo-
coarctation syndrome,” systemic hypotension, 
systolic murmur, external chest wall injuries, 
fractures (sternal, rib, or vertebral column), and 
paraplegia [26].

Factors negatively influencing prognosis are a 
systolic blood pressure < 90 mmHg and hypo-
thermia with T < 35 °C.

Therefore, the clinical picture of patients with 
BTAI varies from asymptomatic to profound 
shock.

9.5  Diagnosis

The most important factor in preventing a delay 
in diagnosis is the arousal of clinical suspicion 
based on mechanism of injury. Patients sustain-
ing massive chest trauma associated with rapid 
deceleration (motor vehicle accidents or falls) 
should carry suspicion of thoracic aortic injury.

9.5.1  Chest X-Ray

A chest X-ray (CXR) has long been a part of the 
initial imaging assessment of suspected BTAI 
with a long list of signs described (Table 9.2), 
including a widened mediastinum (>8 cm at the 

Table 9.1 BTAI signs and symptoms

Symptoms Signs

Chest pain Unexplained systemic hypotension
Dyspnea “Pseudocoarctation syndrome” (upper 

limb hypertension and lower limb 
hypotension with diminished femoral 
pulses)

Cough Systolic murmur
Dysphagia Chest wall ecchymosis
Hemoptysis Sternal, rib, or thoracic spine 

fractures

a b c

Fig. 9.6 Combined thoracic aorta and aortic branch ves-
sel injury. (a) Axial CT scan and (b) multiplanar reforma-
tion (MPR) show small pseudoaneurysm artery 
innominate proximally at the vessel origin (white arrow in 

a and white circle in b); (c) three-dimensional volume- 
rendered (3D-VR) image shows combined pseudoaneu-
rysm isthmus (white arrow) in the same patient
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arch), irregular aortic knob, loss of aortic- 
pulmonary window, an apical cap, tracheal devia-
tion to the right, nasogastric shifting to right, 
widening of the left paraspinal line, and the pres-
ence of a basilar hemothorax, with sensitivities 
ranging from 80 to 92% [27, 28].

Furthermore, scapular, sternal, thoracic spine, 
or multiple rib fractures should heighten suspi-
cion of thoracic aortic injury. Patel et al. com-
bined positive chest radiograph findings with 
clinical suspicion and elevated the sensitivity of 
plain radiographs to 98% [29].

The most common radiographic abnormality is 
widened mediastinum (>8 cm) although only 
20–43% of patients with a widened mediastinum 
have a thoracic aortic injury. The finding of a wid-
ened mediastinum may be an indirect determinant 
of thoracic aortic injury being a result more from 
bleeding small vessels contained within the medi-
astinum hemorrhage than from aortic bleeding or 
an aortic pseudoaneurysm, therefore giving low 
positive predictive values [27] (Fig. 9.7).

The utility of chest radiographs in the diagno-
sis of blunt aortic injury was questioned because 
radiographic signs on plain chest films carry low 
specificity and no improvement in overall accu-
racy [30].

An important factor to bear in mind is that 
these RX findings are based on upright chest 
radiographs, thus decreasing projection and mag-
nification artifact appreciated on supine studies. 
This is complicated by the difficulty in obtaining 
upright plain films during initial trauma resus-
citations secondary to a patient’s injury status. 
Furthermore, there are several reports document-

ing thoracic aortic rupture with normal initial 
chest radiographs [31], so a normal CXR does not 
exclude an aortic injury. Therefore, plain chest 
radiographs should not be used as sole criteria 
for either excluding or confirming thoracic aortic 
injury and the utility of CXR in the setting of sus-
pected BTAI is low. However, in the acute trauma 
setting, the supine chest radiograph is still fre-
quently obtained mainly to detect immediate life-
threatening lesions requiring immediate treatment 
(massive hemothorax or tension pneumothorax).

CRX could be used in the long-term follow-up 
of young BTAI patients after endovascular treat-
ment to reduce radiation exposure as compared 
with CT; it enables to detect stent-graft migration 
or collapse [32].

9.5.2  Angiography

Conventional angiography was considered the 
gold standard for the diagnosis of BTAI for 
decades with sensitivity and specificity nearing 
100%. The publication of the Eastern Association 
for the Surgery of Trauma (EAST) practice man-
agement guideline for the diagnosis and manage-
ment of blunt aortic injury in 2000 still defined 
angiography as the “gold standard” for the diag-
nosis of BTAI [33, 34].

Table 9.2 Thoracic aortic injuries: radiographic signs

Widened mediastinum >8 cm
Loss or abnormal aortic contour
Left apical cap
Loss of the aortopulmonary window
Depression of the left main stem bronchus
Fractures (sternal, vertebral, 1–2 rib, clavicular)
Nasogastric tube and/or trachea displacement to the 
right midline
Pneumothorax
Pulmonary contusion
Left-sided hemothorax

Fig. 9.7 Chest X-ray (CXR) in blunt thoracic trauma 
shows widened mediastinum, abnormal aortic contour, 
loss of the aortopulmonary window, left-sided pleural 
effusion, and pulmonary contusion

9 Aortic Injury



208

Even though aortography is safe, it is a 
resource intensive, invasive, expensive and, most 
importantly, time consuming. It does not demon-
strate intramural hematoma and may miss less 
severe injuries, such as intimal flaps. A false- 
positive interpretation can occur due to focal ath-
eroma, particularly if ulcerated, an overlapping 
vessel, and a ductus diverticulum. A rapid devel-
opment of computed tomography (CT) tech-
niques has rendered CT more sensitive than 
conventional angiography, mostly due to the 
detection of extra-luminal abnormalities, either 
confined to the aortic wall or beyond.

Catheter angiography is now most commonly 
used to plan endovascular intervention.

9.5.3  Transesophageal 
Echocardiography (TOE)

Currently, the use of transoesophageal echocar-
diography (TOE) is very restricted: about 1% of 
BTAI patients receive TOE [35].

This technique is reported to identify intimal 
tears, intramural hematoma, pseudoaneurysms, 
pseudocoarctation, and active bleeding with a 
sensitivity of 91–100% and a specificity of 98% 
[36, 37].

TOE is an operator-dependent technique, and 
even in experienced hands there is incomplete 
visualization of the entire aortic circumference in 
a third of patients. Another disadvantage is the 
relatively poor visualization of the distal ascend-
ing aorta and proximal arch.

Patients with facial injuries, unstable cervical 
spine injuries, or where cervical spine injuries 
have not been excluded are unsuitable. TOE does 
not demonstrate the full spectrum of injuries that 
cross-sectional imaging can.

The primary use currently is to evaluate cardiac 
dysfunction and injury or hemodynamic state and 
response to treatment. In hemodynamically unsta-
ble patients, transoesophageal echocardiography 
can be performed quickly at the bedside or in the 
operating room, which is seen as its main advan-
tages. Thus, unlike the other imaging techniques, 
TEA can be used intraoperatively to immediately 
affect surgical and anesthesia decisions.

9.5.4  Intravascular US

Endoluminal or intravascular US is another use-
ful adjunctive imaging modality that can be used 
to provide high-resolution cross-sectional images 
of the vessel wall and the surrounding tissues. 
The findings of aortic injury at intravascular US 
include vessel wall disruption, intimal flap, focal 
pseudoaneurysm, intramural and periaortic hema-
toma, and complete transection. Although these 
findings are considered to be specific for BTAI, 
false-positive results have been described [38].

Patel et al. demonstrated better sensitivity 
compared to angiography especially for picking 
up MAI, before the era of CT angiography (CTA) 
as a gold standard [39, 40]. It can be performed 
concurrently with conventional aortography and 
has been shown to be a useful complementary 
modality. Intravascular US is an operator- and 
experience-dependent invasive procedure, requir-
ing arterial puncture, and complete evaluation of 
the aorta can be time consuming and may not 
allow complete visualization of the brachioce-
phalic artery [24].

9.5.5  Magnetic Resonance Imaging 
(MRI)

MRI combines safety with an acceptable diag-
nostic performance [41]. Nonetheless, this tech-
nique is not at present used in emergency 
situations. The duration of acquisitions and the 
immobility required of the patient prohibit the 
use of this modality. Furthermore, It may be con-
traindicated by the support or immobilization 
equipment required in polytrauma. MRI, how-
ever, may have a role in the follow-up when 
delayed surgery is contemplated, particularly as a 
strategy for radiation dose reduction in young 
trauma victims [42].

MRI is useful in the follow-up of patients who 
have been treated with MR-compatible stent 
grafts decreasing radiation dose in a usually 
young patient population although its poorer spa-
tial resolution could lead to a lowered sensitivity 
for subtle complications and will not detect stent- 
graft migration.
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9.5.6  Computed Tomography 
Angiography (CTA)

The diagnostic value of chest CT became of 
increasing interest throughout the 1990s. 
Previously, chest and abdominal CT have been 
used as a screening tool detecting periaortic 
hematomas or posterior mediastinal blood, both 
of which are highly specific for thoracic aortic 
rupture, but CT had decreased sensitivity if com-
pared to aortography [43]. During the past 
20 years, the wider use of newer, helical CT 
angiograms (CTA) have increased sensitivity and 
specificity to as high as 98–100% and a 100% 
negative predictive value [44], so that CTA is 
able to exclude aortic injuries without doing any 
other diagnostic test (Table 9.3) [45–48].

Two studies sponsored by the American 
Association for the Surgery of Trauma in 1997 
and 2007 showed how in this decade the diagno-
sis of BTAI shifted from angiography and TEE to 
CT scanning [49]. BTAI patients underwent 
angiography and TEE in 87% and 12% of cases, 
respectively, in 1997 and only in 8% and 1% in 
2007; in contrast, use of CT scan for the diagno-
sis of thoracic aortic injuries was increased from 
34.8 to 93.3% (1997 to 2007).

Dyer et al. also noted significant cost savings 
of CTA when compared to traditional aortogra-
phy for diagnosis [50].

With the arrival of multidetector CT (MDCT), 
the acquisition time was intensely reduced and 
the scan of whole body, from the base of the skull 
through the symphysis pubis, can be achieved in 
few second depending on the scanning parame-
ters (Fig. 9.8).

In addition to faster image acquisition, other 
MDCT benefits are the panoramicity and an ele-

vated spatial resolution due to axial thin slice 
(<1 mm) acquisition that can be utilized for 
“real” multiplanar reformations (MPRs) and 3D 
reformations.

These features of new CT scanners permit 
improved diagnosis of BTAI. The advent of dual- 
source CT scanners and scanners with 64 or more 
slices has revolutionized the cardiovascular 
applications of CT [51]. These scanners have the 
spatial resolution ranging from 0.25 to 0.47 mm, 
with most newer scanners offering 0.33 mm. 
These scanners also have a very high temporal 
resolution due to faster gantry rotation. Newer 
dual-energy and 256/320 slice CT machines have 

Table 9.3 Angiography versus computed tomography 
angiography (CTA)

Angiography (%) CTA (%)

94–100 Sensitivity 96–100
93 Specificity 100
99 Diagnostic accuracy 99.9
92.3 Negative predictive value 99.9
99 Positive predictive value 92.3

Fig. 9.8 Multidetector CT (MDCT) angiography three- 
dimensional volume-rendered (3D-VR) image allows 
scan of whole body
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allowed coverage of the entire aorta in <3 s [52]. 
Due to the faster image acquisition, still or 
motion-free images of even the ascending aorta 
can be obtained without any ECG gating. Also, 
motion artifacts from patient breathing are mini-
mal. Dual-energy CT scanners can also produce 
diagnostic images at a lower kV for most patients 
allowing a reduced contrast administration and a 
lowering of the radiation dose.

Computed tomography angiography (CTA) is 
currently the modality of choice for the acute diag-
nosis of BTAI replacing conventional angiography.

The practice management guideline from the 
Eastern Association for the Surgery of Trauma 
published in 2015 “strongly recommend CT with 
intravenous contrast for the diagnosis of BTAI” [5].

CT of the chest with intravenous contrast has 
the advantage of being readily available, less 
invasive, being less time consuming, and allow-
ing for identification of other intrathoracic inju-
ries and for assessment of subtle intimal 
abnormalities and indirect signs of aortic injury 
such as periaortic hematoma.

Imaging protocols for MDCT evaluation of 
the thoracic aorta vary considerably, depending 
on the technical specifications of the CT scanner 
(e.g., number of detector rows, the availability of 
electrocardiographic (ECG) gating). Opinions on 
the use of multiple phases differ between institu-
tions and a variety of imaging protocols is recom-
mended in the literature.

The protocol that is classically followed is that 
of the multiple trauma patient. This consists of a 
pre-contrast acquisition of the head, chest, and 
abdomen (most useful for diagnosis of intramural 
hematoma), followed by an arterial phase acqui-
sition covering the neck, chest, and abdomen.

This is usually followed by a portal phase 
acquisition of the abdomen, so that any injuries to 
wholly intra-abdominal organs can be better 
studied [10].

A low-dose delayed phase scan of abdomen 
and pelvis is performed if the injury is confirmed 
on portal venous phase or if kidney or bladder 
injury is suspected.

ECG-gated CT can only be considered when 
the patient is hemodynamically stable. This tech-
nique, which overcomes the issue of artifacts 

related to movements caused by the patient’s 
heartbeat, can prove to be very useful in some 
cases by removing doubts over diagnosis.

Different protocols exist to administer iodin-
ated intravenous contrast material, with either 
single-bolus, split-bolus, or triple-bolus adminis-
tration being used.

It should be injected high concentration con-
trast media (370/400 mg/mL) at a high rate 
(5 mL/s), followed by another injection saline at 
the same rate. To avoid streak artifacts from high 
concentrations of iodine in the left brachiocephalic 
vein, contrast material should preferably be admin-
istered via the right arm whenever possible. 
Contrast medium should be administered via an 
18 G or 20 G cannula. Depending on scanner man-
ufacturer and type, an empirically fixed delay or a 
bolus-triggering mode can be used. In our insti-
tute, we generally use bolus tracking with the 
region of interest (ROI) placed over the descend-
ing thoracic aorta and trigger set at 100–120 HU.

At our institution, all examinations are per-
formed by a 128-slice MDCT with slice thickness 
of 5–3 or 1 mm (reconstruction 1 mm), collimation 
of 128 × 0.6 mm, and rotation time of 0.33/0.5 s; 
intravenous contrast material consists 90–100 mL 
iodinated contrast agent at 400 mg/mL, concentra-
tion injected at 4–5 mL/s, followed by 40 mL of 
saline at the same flow rate. An automated bolus 
tracking, with region of interest placed in the 
descending aortic at an attenuation threshold of 120 
HU, is used to time the beginning of the arterial 
phase. The venous phase is performed at 50–60-s 
delay from the end of the injection [53].

Our CT trauma protocol is summarized in 
Table 9.4.

To detect and evaluate vascular injuries, it is 
mandatory to use thin slices (0.6 mm) so that 
it is possible to make post-processing works, 
as multiplanar reformations (MPRs), three- 
dimensional volume-rendered (VR) images, and 
maximum intensity projection (MIP) (Figs. 9.9, 
9.10, and 9.11).

Multiplanar reconstructions are sensitive for 
the detection of small grade I or II lesions, which 
are sometimes difficult to see on standard axial 
images. They also allow the lesions and their 
extent to be better understood.
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A sagittal-oblique reconstruction is especially 
useful since it shows the entire length of the tho-
racic (and possibly abdominal) aorta and is most 
helpful to evaluate the relationship of the injury 
with the left subclavian artery because they give 
a longitudinal view of the aorta comparable to 
standard angiographic projections (Fig. 9.12).

To obtain a more accurate vascular analysis, a 
dedicated software should be used; it should able 
to provide accurate and reproducible measure-
ments through reformat linear/curved images and 
axial analysis for choosing the appropriate 
management.

Finally, they are an essential tool for assessing 
the required dimensions of an endoprothesis 
when endovascular treatment is planned 
(Fig. 9.13).

CTA reports should include the information 
on location, length, severity and type of aortic 
injury, aortic diameter above and below the 
injury, and proximity to the origin of left subcla-
vian artery (in case of isthmic injuries). CTA 
reports should specify aortic arch anatomy and 
anatomical variants, any significant preexistent 
atherosclerotic disease or stenosis, prior 

Table 9.4 CT trauma protocol

High concentration contrast 
agent

400 mg/mL

Mdc ev. 80–100 mL
Saline 40–50 mL
Injection Bolus tracking
Injection rate 5 mL/s through 18 G 

cannula (right arm)
Pre-contrast acquisition Head, chest, and 

abdomen
Arterial phase acquisition Neck, chest, and 

abdomen
Portal phase acquisition 
(70 s after the injection)

Abdomen

Equilibrium phase 
acquisition (180 s after the 
injection)

If it is necessary

Collimation 128 × 0.6
Rotation rate 0.5/0.3
Pitch >1.2 (to reduce cardiac 

pulsation artifacts)
Slice thickness 0.6 mm (arterial 

phase)–5/3 mm (other 
phases)

Voltage 100–120 Kv
Current (mA) Optimized relative to 

body attenuation

Fig. 9.9 Thoracic aorta. Reformat—maximum intensity 
projection (MIP) shows the map of the parietal 
calcifications

Fig. 9.10 Thoracic aorta vessel-rendering 3D shows 
pseudoaneurysm isthmus (black arrow)
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a b

Fig. 9.11 Thoracic aorta multiplanar reformations (MPRs) show in (a) (sagittal reformat aortic arch) small pseudoan-
eurysm isthmus (white arrow); in (b), (coronal reformat), large pseudoanerysm aortic descendens (white circle)

a b c

Fig. 9.12 Aorta. (a) Reformat linear image with axial analysis; (b) reformat curved image with axial analysis; (c) 
reformat linear image with axial analysis shows small pseudoaneurysm isthmus
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 postoperative changes (like CABG—coronary 
artery bypass graft surgery) and comment on 
anatomic variation or anomalous origin of the 
great vessels. The radiologist should look for 
possible coexisting branch vessel injuries and 
assess femoral or brachial access. Vertebral 
artery dominance should be determined, if pres-
ent, on the basis of a measurable larger differ-
ence in caliber of one vertebral artery. This 
information helps the clinician to decide 
between the treatment options and also guides 
the intervention.

9.5.6.1  CT Imaging Findings
Based on the layer of the aortic wall involved, 
BTAI are called aortic dissection (when only 
intima and deep media are involved), intramural 
hematoma (when media is involved), pseudoan-
eurysm (injury contained by adventitia), or rup-

ture (when also adventitia lost its integrity). 
Based on anatomo-pathological analysis, post- 
traumatic aortic injuries are generally transverse, 
segmented, and circumferential, rarely spiral.

The spectrum of findings (Table 9.5) in tho-
racic aortic injury includes the following direct 
signs [13, 45, 54, 55]:

a

e f

b c d

Fig 9.13 Blunt trauma thoracic aortic injury. (a) 
Reformat and vessel analysis and (b) reformat linear 
image show small pseudoaneurysm isthmus; (c) reformat 
and vessel analysis show the distance measurement from 

left subclavian artery; (d) shows representation of 
 volume-rendered 3D image; (e, f) reformat and vessel 
analysis show diameter aorta pre-/post-lesion

Table 9.5 CT imaging findings

Direct signs Indirect signs

Intimal flap Hemomediastinum
Luminal thrombus Hemothorax
Aortic dissection Hemopericardium
Intramural hematoma Obliteration of the 

retrocrural periaortic fat
Pseudoaneurysm Unexplained acute renal 

infarcts
Pseudocoarctation
Rupture
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• Intimal tears/flaps (Figs. 9.14 and 9.15): lumi-
nal thrombus abutting the intima often demon-
strated as a small, round contrast-filling defect 
(10 mm in length or width) on the axial 
images, without external contour abnormality. 
An intimal flap is a more linear hypodense 
structure projecting into the lumen of the 
aorta, connected to the wall.

• Intramural hematoma alone (Fig. 9.16): can 
be seen as thickening of the aortic wall, sepa-
rating the intima and adventitia by hematoma 
in the media. It can be focal or rather long and 
usually are not circumferential. If a non- 

a b

Fig 9.15 Axial CT scan shows in (a, b) (white arrows) intimal tear (intimal flap isthmus)

a b

Fig. 9.16 Post-traumatic intramural aortic hematoma (see also rib fracture and pleural effusion). (a) CT axial non- 
contrast image show (white arrow) high attenuation material into aortic wall; (b) postcontrast image

Fig. 9.14 Axial CT scan shows (black arrow) intralumi-
nal aortic thrombus (minimal aortic injury)
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contrast- enhanced CT is performed, this por-
tion of the aortic wall will demonstrate 
increased attenuation (around 40–60 HU), a 
feature that is less obvious if contrast was 
given. Intramural hematoma plus is character-
ized by contour changes and/or intimal flaps 
(Fig. 9.17).

• Pseudoaneurysm: focal abrupt change in the 
aortic contour with a regular (Fig. 9.18) or 
irregular outpouching, most commonly just 
distal to the left subclavian artery (Fig. 9.19). 
Pseudoaneurysm has one or both acute angles 
with the aortic wall (Fig. 9.20). Especially if 
there are irregular outlines and surrounding 
hematoma, there is a high chance of rupture 
(Fig. 9.21). It has been proposed that a cir-
cumferential abrupt change in the aortic con-
tour with an irregular outpouching is at higher 
risk of rupture.

• True aortic dissection (long flap indistinguish-
able from spontaneous dissection and managed 
in the same way as spontaneous dissections). 
This is an uncommon injury (Fig. 9.22).

• Pseudocoarctation (obstructive flap reducing 
the caliber of the descending aorta) (Fig. 9.23).

• Active extravasation (rare and often an imme-
diately antemortem finding) (Fig. 9.24).

Indirect signs of aortic injury are hemomedi-
astinum and hemothorax. The location of hemo-
mediastinum is an important data because the 

Fig. 9.17 Contrast-enhanced thoracic multidetector CT 
(MDCT) scan of a patient with blunt trauma shows hema-
toma post-isthmic aortic with intimal flap (intramural 
hematoma plus)

a b

Fig. 9.18 Isthmus, small pseudoaneurysm with periaortic hematoma. (a) Axial CT scan (white arrow); (b) reformat 
linear 2D image (size 11 mm)
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immediate periaortic region or beyond is mostly 
related to the bleeding from the aortic injury. 
Periaortic hematoma is used to describe hema-
toma directly bordering the aortic adventitia and 
obliterating the periaortic fat plane (Fig. 9.25). 
If periaortic hematoma is present, the aorta 
should be scrutinized for the presence of injury. 
However, lesser grade injury is possible if peri-

aortic hematoma is absent, around 21–22% of 
such cases occurring without surrounding hema-
toma [56, 57]. In the presence of periaortic 
hematoma without direct signs of major vessel 
injury seen on a technically adequate study, 
debate exists about whether or not to perform 
follow-up scans in 48–72 h. Mediastinal hema-
tomas not immediately adjacent to the aorta 

a b c

Fig. 9.19 Aortic isthmus, same large post-traumatic pseudoaneurysm (white arrows). (a) Reformat linear image; (b) 
axial CT scan; (c) reformat 3D image

a b c

Fig. 9.20 Pseudoaneurysm (acute angles with the aortic 
wall). (a) Axial CT scan shows small pseudoaneurysm 
isthmus (white arrow); (b) reformat oblique image and (c) 

reformat 3D image show large pseudoaneurysm isthmus 
(white circle in b and white arrow in c)
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Fig. 9.21 Axial CT scan shows pseudoanerysm: irregular 
outlines and surrounding hematoma

Fig. 9.22 Multiplanar reformation (MPR) shows post- 
traumatic aortic dissection

a b

Fig. 9.23 Traumatic pseudoaneurysm with pseudocoarctation (obstructive flap reducing the caliber of the descending 
aorta). (a) Axial CT scan; (b) reformat linear image

(with a obliterating the periaortic fat plane) are 
likely to be secondary to venous bleeding 
(Fig. 9.26). Isolated anterior mediastinal hema-
toma is unlikely to be due to BTAI; injuries to 

the internal mammary artery (which may be life 
threatening), bronchial arteries, superior inter-
costals veins and ribs, clavicles, and sternal 
fractures are all more likely culprits.
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Bleeding from the aortic injury can extend into 
the pleural space (Fig. 9.27) or pericardium, 
depending on the location of the injury, giving rise 
to hemopericardium or hemothorax. Usually, 
hemopericardium is homogenously hyperdense, 
whereas hemothorax can have mixed densities 
with more hyperdense areas indicating cloth. 
However, if pleural effusion has densities similar 

to fluid (0–20/30 HU), differentiating hyperacute 
hematoma from reactive effusion can be difficult.

Other two indirect signs can be seen on 
abdominal CT and should mandate further inves-
tigation of the thoracic aorta. These are oblitera-
tion of the retrocrural periaortic fat (possibly 
indicating caudal extension of more cranially 
located periaortic hematoma) and otherwise 
unexplained acute renal infarcts, especially when 
bilateral, that can originate from luminal throm-
bus of more cranially located BTAI.

Secondary signs of injury (SSI) were recently 
defined as pseudocoarctation, extensive mediasti-
nal hematoma (with mass effect), and large left 
hemothorax [58, 59]. The SSI seem to be associ-
ated with a higher risk of rupture.

Chronic pseudoaneurysms can develop at the 
sites of undiagnosed and/or untreated aortic 
injury. These often have extensive peripheral cal-
cification and may also contain thrombus. The 
peripheral calcification is thought to be protective 
against aneurysm rupture.

Concurrent injuries in patients with blunt TAI 
include major abdominal injury (57%), closed 
head injury (50%), major peripheral vascular 
injury (46%), multiple rib fractures (46%), pul-
monary contusion (38%), pelvic trauma (31%), 
upper extremity trauma (20%), flail chest (12%), 
and spine injury (12%) [9].

Fig. 9.24 Axial CT scan shows aortic dissection with 
active extravasation (hematoma periaortic, hemothorax)

Fig. 9.25 Axial CT scan shows periaortic hematoma 
(obliterating the periaortic fat plane)

Fig. 9.26 Axial CT scan shows mediastinal hematoma 
(white arrow shows preserved periaortic fat plane)
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9.6  Differential Diagnosis 
and Pitfalls

A number of artifacts can mimic a traumatic 
injury of the thoracic aorta.

Diagnostic pitfalls (Table 9.6) can be divided 
into two categories: anatomic and technical 
[13, 60].

The classic example of technical pitfall is that 
of the cardiac pulsation artifact, which is particu-
larly present at the root of the aorta and in the 
ascending aorta that simulates an intimal pseudo- 
flap (Fig. 9.28). This image continues in the 
mediastinal fat giving a blurred interface with the 
hyperdense lumen of the aorta, which can help 
with diagnosis. Otherwise, these artifacts can be 
removed by ECG-gated CT in stable patients if 

there is any doubt. Breathing and patient move-
ment artifacts can also be found. They are 
revealed by visualizing the thorax in the lung 
parenchymal window.

Anatomic pitfalls that can be mistaken for 
BTAI mainly reside around the level of the isth-
mus, namely a ductus diverticulum, patent ductus 

a b

c d

Fig. 9.27 Aortic rupture with active extravasation. (a, b) 
Axial CT scan show traumatic aortic injury (isthmus- 
descending aorta) with hemothorax and hemomediasti-

num. (c) Multiplanar reformation (MPR) oblique reformat 
image; (d) elaborate maximum intensity projection (MIP) 
image

Table 9.6 The most common diagnostic pitfalls

Cardiac pulsation artifacts
Ductus diverticulum
Branch vessel infundibula
Anatomic variants
Superior intercostal artery/vein
Ulcerative plaques
Pulmonary atelectasis adjacent
Kammerell’s diverticulum
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arteriosus, and aortic spindle. The ductus diver-
ticulum, found in 9% of the arteriograms in the 
adult, is a remnant of the closed or partially 
closed ductus arteriosus which connects the pul-
monary artery to the aorta in fetal circulation. 
Ductal remnants are located at the inferior sur-
face of the aortic arch near the aortic isthmus 
which leads to confusing them with BTAIs. 
Ductus diverticulum has typically smooth, obtuse 
angles with the aortic wall and are often calcified, 
whereas BTAI usually is more irregular and 
steeply angled (Fig. 9.29).

A patent ductus arteriosus is a rarity in itself, 
and it can be recognized as a tubular structure 
with regular contours, where the differential of 
active contrast extravasation in BTAI is usually 
irregular and situated within hematoma.

Aortic spindles are located just distal to the 
isthmus and are smooth, regular fusiform mild 
dilatations of the aorta, without periaortic hema-
toma (Fig. 9.30).

Branch vessel infundibula can also be con-
fused with a small pseudoaneurysm. They can 
have a similar appearance to a ductal remnant, 
but are found at the origin of bronchial or inter-
costal arteries. They are typically cone shaped 
and smooth walled with a small artery extending 
from the apex (Fig. 9.31).

Penetrating ulcerated atherosclerotic plaques 
(Fig. 9.32) is a focal contrast-medium filled out-
pouching within the media wall. Focal outpouch-
ing can present a substantial diagnostic problem 

a b

Fig. 9.28 Artifact. (a) Axial CT image shows motion artifact at the aortic ascendant. (b) Axial CT image shows dense 
contrast media in the superior vena cava

Fig 9.29 Ductus diverticulum. Multiplanar reformation 
(MPR), sagittal-oblique reconstruction, shows smooth, 
obtuse angles with the aortic wall (white rectangle)
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due to post-traumatic pseudoaneurysm. The pres-
ence of atherosclerotic plaques associated with 
intramural hematoma, thickening of aortic wall, 
displaced calcifications, and irregular and multi-
ple outpouching can be helpful in distinguishing; 
as an alternative to exclude the evolution, CT 
follow-up would be helpful.

Finally, enhancement of the collapsed lung 
adjacent to the aorta may also simulate an intimal 
flap.

Furthermore, not all mediastinal bleeding 
corresponds to aortic injury. Mediastinal hema-
tomas can be due to injury to other structures 
including the pulmonary artery, great vessels 

a b c

Fig 9.30 (a) Multiplanar reformation (MPR), oblique reconstruction, (b) axial CT scan, and (c) three-dimensional 
volume-rendered (3D-VR) image show aortic spindle, regular fusiform mild dilatation of the aortic isthmus

a b

Fig. 9.31 Post-traumatic periaortic hematoma isthmus. 
(a) Axial CT scan shows ostium intercostal artery mimics 
small pseudoaneurism posterior wall (black arrow); (b) 

elaborate maximum intensity projection (MIP) image 
shows small artery extending from the apex (white arrow)

9 Aortic Injury



222

a b

Fig. 9.32 (a) Axial CT scan and (b) oblique MPR show ulcerative (black arrows) plaques (white arrows)

or mediastinal veins, or even fractures of verte-
bral bodies. It is important to pay specific 
attention to detect abnormalities of the supra-
aortic vessels, possibly using 3D reconstruc-
tions. These dangerous lesions are a therapeutic 
challenge. They are often associated with aor-
tic injuries although they can sometimes be 
isolated. The literature describes trauma inju-
ries to the great veins like the superior vena 
cava; these injuries are rare, but they can be 
life threatening.

9.7  Minimal Aortic Injury (MAI)

The term “minimal aortic injury” (MAI) was 
used for the first time in 1999 in “Presley Trauma 
Center CT Grading System of Aortic Injury” by 
Gavant [61] to describe injuries that are minor in 
nature.

Recent studies estimated that this injury is 
present in 25–35% of patients with BTAI [56], 
whereas it was initially estimated to be present in 
approximately 10% [40].

The increased detection of MAI may be 
related to a combination of factors including 
increased availability of CTA, improvement in 
CTA technology, and better vehicle safety [62].

The most common site for MAI are descend-
ing aorta and the aortic isthmus [63].

MAI is an evolving concept and there cur-
rently is no unanimity definition of this aortic 
injury (Table 9.7).

The definition ranges from injuries in which 
outer aortic wall contour is preserved (luminal 
thrombus; intimal flap or hematoma smaller than 
10 mm) (Figs. 9.33 and 9.34) to those including 
pseudoaneurysm of up to 50% of the normal 
aorta diameter (Fig. 9.35).

As with the definition of MAI, there is also no 
consensus on management and follow-up of 
these injuries. Relatively to low risk of rupture of 
MAI, most studies in the literature have sug-
gested that it can be safely managed with medical 
treatment, by controlling blood pressure and 
heart rate [63, 64]. However, the selection of 
appropriate treatment for patients with MAI 
should be done on individual basis, keeping in 
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mind other comorbidities. Nonoperative manage-
ment is based on the use of negative inotropes 
(most commonly β-blockers) with a goal of sys-
tolic blood pressure (BP) of 100–120 mmHg and 
heart rate goal of 60–80 beats per min to decrease 
vascular shear stress [65].

Even clinical practice guidelines published by 
the Society for Vascular Surgery in 2011 sug-
gested expectant management for minimal aortic 
injuries with serial imaging follow-up for intimal 
injuries (type I by Azizzadeh’s classification) [8].

There is a lack of specific recommendation on 
“expectant” management and follow-up proto-
col, so that the imaging surveillance of MAI is 
usually variable and based on each particular 
institution’s experience and their observations. 
Although there is no consensus on the timeline, 
the surveillance should end when the aorta 

Table 9.7 Definition of MAI in various studies

Gavant ML Minimal aortic injury = Grade II;
  IIa. Intimal flap or pseudoaneurysm <1 cm. No mediastinal hematoma
  IIb. Intimal flap or pseudoaneurysm <1 cm. Mediastinal hematoma present

Malhotra et al. Intimal flap <1 cm in size with no or minimal periaortic hematoma
Azizzadeh et al. Grade 1 = Intimal tears
Paul et al. Presley CT Grade I and II (normal aorta with/without mediastinal hematoma, intimal flap 

or pseudoaneurysm <1 cm with/without mediastinal hematoma)
Mosquera et al. Intramural hematoma without intimal tear

Intimal flap <10 mm
Kidane et al. Intimal flap with minimal or no periaortic hematoma
Riesenman et al. Intimal tears (Grade 1 classification system proposed by Azizzadeh et al.)
Starnes et al. Absence of aortic external contour abnormality and intimal defect and/or thrombus of 

<10 mm in length or width
Estrera et al. Intimal tears (Grade 1 classification system proposed by Azizzadeh et al.)
Forman et al. Aortic contour abnormality

Intimal flap with or without attached thrombus
Intramural hematoma
Pseudoaneurysm <10% of the normal aortic diameter as measured at the level of the 
pseudoaneurysm

Gunn et al. Abnormality of the internal contour of the vessel wall projecting into the lumen, not 
thought to represent an atheromatous plaque
Intimal flap
Intraluminal filling defect
Intramural hematoma
No evidence of an abnormality to the external contour of the aorta (i.e., no 
pseudoaneurysm)

Rabin et al. Intimal tears, intramural hematoma, or small pseudoaneurysm (< 50% circumference)
Osgood et al. Intimal tear or intramural hematoma without external contour deformation (Grades 1 and 

2 classification system proposed by Azizzadeh et al.)
Heneghan et al. No external contour abnormality

Intimal tear and/or thrombus <10 mm

Reproduced with permission from Nagpal P et al. Advances in Imaging and Management Trends of Traumatic Aortic 
Injuries. Cardiovasc Intervent Radiol (2017) 40: 643–654. Doi:10.1007/s00270-017-1572-x

Fig. 9.33 MAI. Axial CT scan shows intraluminal filling 
defect (intimal flap) (white arrow)
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returns to normal appearance, as many studies 
suggest [47, 64].

The nonoperative management of MAI has 
been proposed according to the evidence of no pro-
gression of disease in the majority of patients, and 

if it occurs, it happens in the first month of injury 
[63, 64]. To resume, in the presence of a small inti-
mal flap or pseudoaneurysm without periaortic 
hematoma, the literature suggests that it can be 
safely followed with serial CTA (at 24 h, every 
48–72 h for 7 days and after 4 weeks). However, if 
the injury is associated with significant thrombus 
or periaortic hematoma, it could be recommended 
to proceed with endograft coverage.

9.8  Classification

Currently, there is neither common classification 
nor grading of BTAI, and several different clas-
sification systems have been proposed (Table 9.8).

The first classification system has been pub-
lished by Parmley et al. in 1958 on the basis of a 
large autopsy study; it was an accurate descrip-
tion of the relationship between injury and layer 
of the aortic wall involved. Parmley classified the 
lesions into six groups: (1) intimal hemorrhage; 
(2) intimal hemorrhage with laceration; (3) 
medial laceration; (4) complete transection; (5) 
pseudoaneurysmal formation; (6) periaortic hem-
orrhage [16].

a b

Fig. 9.34 MAI. (a) Axial CT scan and (b) three-dimensional volume-rendered (3D-VR) image show small hematoma 
in the wall of the aorta (white arrows)

Fig. 9.35 MAI. Sagittal oblique Multiplanar Reformation 
(MPR) image of the aortic isthmus shows small pseudoa-
neurysm (< 50% of the normal aortic diameter)

M. Moroni et al.



225

With the arrival of the new generation of CT 
scanners, able to detect the architecture of aortic 
injuries, a CT-based grading system became nec-
essary to evaluate the severity of traumatic aortic 
injury and identify what patients needed urgent or 
emergency therapy and what patients needed only 
medical management. Many classification sys-
tems were proposed to stratify injury severity.

Gavant et al. published the first classification 
system based on CT images in 1999, very 
 comprehensive but somewhat difficult to use 
[61], because the first three grades were split 
into two subgroups and not correlating with 
clinical outcome. The injury classification was 
based on the progressive involvement of the aor-
tic wall. Gavant identified four grades: (I) nor-

Table 9.8 BTAI classification systems

Gavant I. Normal aorta
  Ia. Normal thoracic aorta on CT
  Ib. Normal thoracic aorta on CT. Mediastinal hematoma present
II. Minimal aortic injury
  IIa. Intimal flap or pseudoaneurysm <1 cm. No mediastinal hematoma
  IIb. Intimal flap or pseudoaneurysm <1 cm. Mediastinal hematoma present
III. Confined thoracic aorta injury
  IIIa.  >1 cm, regular, well-defined pseudoaneurysm with intimal flap or thrombus. No 

involvement of ascending aorta, arch, or great vessels. Mediastinal hematoma present
  IIIb.  >1 cm, easily identified, regular, well-defined pseudoaneurysm with intimal flap or 

thrombus. Ascending aorta, arch, or great vessels present. Mediastinal hematoma present
IV. Total aortic disruption
    Easily identified, irregular, poorly defined pseudoaneurysm with intimal flap or thrombus. 

Mediastinal hematoma present
Azizzadeh et al. 
(endorsed by 
SVS)

1. Intimal tear
2. Intramural hematoma
3. Aortic pseudoaneurysm
4. Free rupture

Vancouver 1. Intimal flap, thrombus, or intramural hematoma <1 cm
2. Intimal flap, thrombus, or intramural hematoma >1 cm
3. Pseudoaneurysm (simple or complex, no extravasation)
4. Contrast extravasation (±pseudoaneurysm)

Harborview Minimal
  No external contour abnormality
  Intimal tear and/or thrombus is <10 mm
Moderate
  External contour abnormality or intimal tear >10 mm
Severe
  Active extravasation
  Left subclavian artery hematoma >15 mm

Starnes I.  Intimal tear = No aortic external contour abnormality: tear and/or associated thrombus is 
<10 mm

II.  Large intimal flap = No aortic external contour abnormality: tear and/or associated thrombus 
is >10 mm

III. Pseudoaneurysm = Aortic external contour abnormality: contained
IV. Rupture = Aortic external contour abnormality: not contained, free rupture

Rabin Grade I: Intimal tear or localized hematoma
Grade II: Pseudoaneurysm involving less than 50% of the total aortic circumference
Grade III: Pseudoaneurysm involving more than 50% of the total aortic circumference
Grade IV: Rupture or complete section

Reproduced (modified) with permission from Nagpal P et al. Advances in Imaging and Management Trends of 
Traumatic Aortic Injuries. Cardiovasc Intervent Radiol (2017) 40: 643–654. Doi: 10.1007/s00270-017-1572-x
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mal aorta; (II) minimal aortic injury; (III) 
confined thoracic aorta injury; (IV) total aortic 
disruption. The cut- off between grades I and II 
was 10 mm.

In 2011, the Society for Vascular Surgery 
(SVS) published clinical practice guidelines for 
endovascular repair of BTAI [8], using the clas-
sification system by Azizzadeh et al. [66] that 
divides injuries into four grades: (Grade 1) inti-
mal tear; (Grade 2) intramural hematoma or large 
intimal flap; (Grade 3) pseudoaneurysm; (Grade 
4) free rupture (Fig. 9.36).

Lamarche et al. [67] proposed Vancouver 
classification. This grading system was repro-
ducible among radiologists, and they showed 
that the grade correlated well with patient out-
come, but it does not provide direct grade-based 
management recommendations. The Vancouver 
classification, like most other classifications, 
has four grades. Grade 1 and grade 2 essentially 
have preserved outer aortic contours and consist 
of luminal thrombus, intimal flap, and/or intra-
mural hematoma, these lesions in grade 1 being 
smaller than 1 cm and in grade 2 larger than 

Fig. 9.36 Classification of BTAIs (With permission: 
Anthony L. Estrera, Charles C. Miller III, Gustavo 
Guajardo-Salinas, Sheila Coogan, Kristofer Charlton- 
Ouw, Hazim J. Safi, and Ali Azizzadeh; Update on blunt 
thoracic aortic injury: Fifteen-year single-institution 

Experience. The Journal of Thoracic and Cardiovascular 
Surgery c March 2013, Doi: 10.1016/j.jtcvs.2012.11.074 
Copyright 2013 by The American Association for 
Thoracic Surgery)
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1 cm. Grade 3 and grade 4 lesions demonstrate 
abnormality of the outer wall of the aorta, with 
grade 3 lesions being pseudoaneurysms of any 
size and grade 4 lesions showing frank contrast 
extravasation. Correlating the severity of aortic 
trauma to clinical outcome, grades 1 and 2 show 
a survival rate of 100%, grade 3 has a survival 
rate of 29%, and grade 4 of 33%. A recent study 
proved these data showing similar survival rate 
(grades I/II 100%, grades III 88%) among BTAI 
patients who mainly underwent to surgical 
approach [68].

Starnes et al. [69] have proposed a classifica-
tion based on the CT angiography images, allow-
ing a distinction to be made from the outset 
between two clear groups: patients with no 
abnormality to the external contours of the aorta 
(grades I and II); patients with an external con-
tour abnormality to the thoracic aorta (grades III 
and VI). Concurrent periaortic hematoma 
>15 mm at the aortic arch is a severe sign associ-
ated with a higher risk of death. Grades I and II 
show a survival rate of 100% (except for not 
aortic- correlated death).

Rabin et al. utilized the dimension of the pseu-
doaneurysm to distinguish grade II (including 
psuedoaneurysm <50% of the normal aorta diam-
eter) from grade III (including pseudoaneurysm 
>50%). They suggested to incorporate the follow-
ing criteria for serious injury into the classifica-
tion: significant mediastinal hematoma, extent of 
left hemothorax, and the presence of pseudocoarc-
tation [58]. The presence of these criteria worsens 
the grade of injury. According to this classifica-
tion, survival rate is of 13% for grade I, 20% for 
grade II, 21% for grade III, and 17% for grade IV.

Recently, Heneghan et al. [7] proposed the 
“Harborview Classification” of BTAI, which also 
helps to guide management based on the grade of 
injury. Harborview classification divides BTAI into 
minimal, moderate, and severe injury and suggests 
that patients should be managed, respectively, by 
follow-up imaging, initial stabilization of concomi-
tant injuries, and urgent repair of aortic injury.

In the future, more accurate indications for 
treatment modality could be made possible by 
the use of a common, simple classification sys-
tem for the description of traumatic aortic injury.

9.9  Management and Treatment

There is an ongoing debate among the best man-
agement option for BTAI patients.

The initial treatment requires strict adher-
ence to advanced trauma life support (ATLS) 
principles. Once the stability and assessment 
of a patient have been achieved and the pres-
ence of a thoracic aortic injury has been estab-
lished, the subsequent management can vary 
considerably.

The rationale for treating BTAI is to prevent 
early rupture from the acute injury and prevent 
late aneurysm formation and rupture.

In BTAI patients, the treatment of choice may 
be interventional (immediate or delayed, surgical 
or endovascular repair) or conservative (medical 
management) depending on clinical judgement 
on an individual basis related to the degree of 
aortic disruption, the safety of controlling blood 
pressure, the clinical assessment, and other asso-
ciated injuries [21].

9.9.1  Medical Management

Nonoperative management is a therapeutic option 
with acceptable survival in carefully selected 
patients with aortic injuries that could benefit 
from delayed repair or with multiple severe asso-
ciated injuries or high-risk comorbidities.

Medical management is based on blood 
pressure control by the use of antihypertensive 
medication (100–120 mmHg) and β-blockers 
(60–80 bpm) since this circumstance, by decreas-
ing aortic shear forces, proved to be able to avoid 
progression of aortic injuries.

Conservative management became the treat-
ment of choice for low-grade lesions, in particu-
lar for MAI, because these aortic injuries, even 
when not repaired, either have a spontaneous 
resolution or no progression, with a survival rate 
of 100%.

A retrospective study on BTAI patients under-
gone medical treatment, showed how 78% of 
grade I-III (based on Rabin’s classification) 
remained stationary, 18% had spontaneous reso-
lution, and only 4% evolved. The conclusion of 
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this study was that “deliberate nonoperative 
 management of selected patients with traumatic 
aortic injuries may be a reasonable alternative in 
the polytrauma patient” [70].

Another recent retrospective study showed 
similar conclusion: among 44 grades I and II 
(based on Azizzadeh’s grading) patients under-
gone conservative treatment (86 days of follow-
 up), 55% had spontaneous resolution, 40% had 
stable lesions, and only 5% evolved to grade III 
(pseudoaneurysm) [63].

The aortic injuries undergone medical treat-
ment are closely followed with serial CTA at 
48–72 h from the trauma and, in case of station-
ary lesions, at 30 days, 6 and 12 months and 
annually thereafter. For the follow-up, currently, 
magnetic resonance scans have been proposed 
as alternative to CTA in order to decrease the 
radiation dose in a usually young patient popu-
lation [71].

9.9.2  Operative Repair

The first acute repair of aortic rupture was 
reported in the 1950s by DeBakey et al. For 
decades, open repair of aortic injuries was con-
sidered the standard of care.

During the years, the operative repair for blunt 
aortic injury has undergone a number of modifi-
cations that have reduced the morbidity associ-
ated with the procedure. Until the mid-1970s, 
most of these procedures were completed with an 
expeditious clamp-and-sew technique that usu-
ally included an interposition graft of woven or 
knitted Dacron to bridge the defect. Although 
there are isolated reports of reasonable outcomes 
[72], a meta-analysis of this technique reported 
an associated mortality of 16% and a striking 
19% incidence of paraplegia.

Various methods of distal aortic perfusion 
have evolved for use during the period of aortic 
clamping in order to protect the spinal cord. The 
use of a blood pump (active perfusion) further 
reduced the rate of paralysis to 2.3% [73].

Most centers with extensive experience in 
such procedures now use active bypass. Active 
perfusion can be performed by two main tech-

niques: bypass from the left atrium to the femoral 
artery (or descending aorta) or venoarterial 
bypass that involves cannulation of the pulmo-
nary artery (or the right atrium) and the femoral 
artery (or descending aorta). The downside of 
these techniques is that they all require systemic 
heparinization. Typically, the thoracic aorta is not 
injured in isolation; closed head injuries, solid 
organ, and pulmonary contusions, as well as pel-
vic and long bone fractures, are all adversely 
affected by systemic anticoagulation.

Despite technical advances, a prospective 
series of 274 cases of blunt aortic injury collected 
from 50 trauma centers during a 2.5-year period 
involving a variety of operative techniques 
showed an overall rate of death of 31% and rate 
of paraplegia of 8.7% [2].

The best management strategies for ascending 
aortic injury is a topic of an ongoing debate, but 
open surgical repair remains the treatment of 
choice for traumatic ascending aortic injuries.

9.9.3  Endovascular Repair

The most significant advance for the treatment of 
blunt aortic injury in the past 50 years has been 
endovascular grafting, first described by Parodi 
et al. in 1991 for the treatment of abdominal aor-
tic aneurysms [74].

Endografts are placed through a femoral 
artery. A guide wire is advanced under fluoro-
scopic guidance to the site of injury. The position 
is identified on angiography and the stent graft 
deployed across the injured aorta, excluding it 
from the circulation. Endovascular grafting has 
numerous advantages. It is a minimally invasive 
procedure. Single-lung ventilation is not required. 
The procedure can be accomplished with mini-
mal or no heparin, and there is no need for a 
bypass of any kind.

Thin slice CTA with multiplanar and three- 
dimensional reconstruction allows for appropri-
ate visualization of the vascular injuries as well 
as the planning for thoracic endovascular repair 
(TEVAR).

The various multiplanar reconstructions allow 
to assess the caliber of the aorta, which assists in 
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the choice of aortic endoprothesis, keeping in 
mind how the diameter of the aorta is influenced 
by the hemodynamic status of the patient [75, 
76]. Hemodynamically unstable patients have 
smaller diameters and require more oversizing 
than hemodynamically stable patients. 
Abdominal and pelvic images allow to assess the 
various femoral or brachial accesses and if they 
are of sufficient diameter to deliver the stent 
graft. The existence of any anatomical variant 
must be noted in the pre-treatment CT angio-
gram report. For example, an arteria lusoria may 
need to be occluded before an endoprothesis can 
be placed in the descending thoracic aorta.

Table 9.9 lists what information should be 
present in CTA reports to aid in planning TEVAR.

Currently, endovascular repair has replaced 
open surgery as the primary treatment of blunt 
aortic injuries in several institutions. The 
American Association for the Surgery of Trauma 
(AAST) confirmed endovascular repair is cur-
rently performed more commonly than open 
repair in patients with BTAI, demonstrating that 
64.8% of the patients were treated with endovas-
cular stent grafts in 2007 in contrast to 0% in 
1997 (open repair 100% in 1997 versus 35.2% in 
2007) [49].

Clinical practice guidelines published by the 
Society for Vascular Surgery in 2011 recom-
mended TEVAR as the first policy for the treat-
ment of BTAI, supporting the progressive shift 
in management from open to endovascular 

repair. From a review of many studies (1990–
2009), they detected a lower mortality for 
patients managed with endovascular repair ver-
sus open repair (9% vs. 19%). Comparing 
TEVAR with open surgical repair, also the rate 
of paraplegia as iatrogenic complication was 
lower for endovascular repair (3% vs. 9%) [8], 
whereas the incidence of stroke was slightly 
higher for endovascular when compared to open 
repair (2.5% vs. 1%) [5].

TEVAR shows a technical success rate which 
often reaches 100%, with cause-specific mortal-
ity at 30 days hovering around 2.1%, and a 2-year 
survival rate of 93.7% [77, 78]. The practice 
management guideline from the Eastern 
Association for the Surgery of Trauma published 
in 2015 “strongly recommend the use of endo-
vascular repair in patients who do not have 
 contraindications to endovascular repair” [5] 
(Fig. 9.37).

Table 9.10 shows the benefits of TEVAR as 
compared with open repair.

Nevertheless, as with any endovascular proce-
dure, placement of an aortic endoprothesis is not 
devoid of risk, with mortality during the interven-
tion of around 4% and periprocedural mortality of 
around 16%. This mortality rate is of course more 
often attributable to the traumatic injury itself 
rather than to endovascular procedure. Among iat-
rogenic complication, spinal cord ischemia 
remains a very rare complication in this condition, 
estimated to arise in fewer than 1% of cases [79].

There are currently some technical limitations 
to endografting. Injuries that occur adjacent to a 
sharp bend in the aorta may result in poor apposi-
tion of the covered stent to the aortic wall. This 
leads not only to failure in covering the injury, 
but also to device collapse [80]. Another techni-
cal issue relates to the management of the left 
subclavian artery. Lesions adjacent to the left 
subclavian artery may require covering this 
 vessel in order to achieve adequate repair. 
Although usually well tolerated, coverage of the 
left subclavian artery (LSA) can result in isch-
emia of the upper extremity or territory perfused 
by the left vertebral artery. In such cases, bypass 
from the left common carotid artery to the left 
subclavian artery may be required. Patients with 

Table 9.9 What CTA reports should include to aid in 
planning TEVAR

Anatomy of aortic injury (location, length, severity, and 
type)
Distance from the origin of left subclavian artery (at 
least 15–20 mm; if <15 mm covering LSA and possible 
bypass from the left common carotid artery to the LSA)
Suitable femoral or brachial access (femoral access 
>6–9 mm; optional iliac access)
Aortic diameter (value aortic stent 
16–20 mm/36–44 mm)
Curving angle between aortic arch and descending 
aorta (>90°)
Winding of aorta
Atherosclerotic disease of aorta (vascular calcification)
Vascular stenosis
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a dominant left vertebral artery (relative to the 
right) should be considered for left subclavian 
artery revascularization before coverage.

Finally, the durability of endografts is 
unknown. There are questions about long-term 
device integrity as well as the natural history of 
the aorta itself after this type of injury and repair. 
These issues are particularly important when 
considering the relatively young age of trauma 
patients, in comparison to patients with aneurys-
mal disease. Therefore, several trauma centers 
still perform open repair awaiting long-term out-

a b c

d e f

Fig. 9.37 Treatment BTAI of isthmus (grade 3). (a) Axial 
CT scan, (b) Multiplanar reformation (MPR), and (c) 
three-dimensional volume-rendered (3D-VR) image show 
traumatic pseudoaneurysm isthmus grade 3 with periaor-
tic hematoma. (d) Angiography image after placement of 

the endovascular stent; (e) reformat linear image; and (f) 
three-dimensional volume-rendered (3D-VR) image show 
that the stent has expanded correctly and there is no 
leakage

Table 9.10 Benefits of TEVAR as compared with open 
repair

No thoracotomy
No single-lung ventilation
No aortic clamping
No cardiopulmonary bypass
Reduced systemic heparinization (and decreased 
hemorrhagic risk)
Reduced blood loss
Lesser postoperative pain
Lower mortality and incidence of paraplegia
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comes. However, the short-term complication 
rate for endovascular repair is substantially lower 
when compared to open repair.

In 2008, Demetriades et al. detected device- 
related complications in 20% (endoleaks in 14%) 
[49]. In the years thereafter, many studies dem-
onstrated a significant decrease of the rate of 
device-related complications.

In 2014, Azizzadeh et al. [81] published the 
follow-up results of 82 consecutive patients who 
underwent endovascular repair for BTAI. Average 
time to follow-up was 2.3 years, and the inci-
dence of device-related complications was 2.4%.

Follow-up imaging after TEVAR aims to diag-
nose potential adverse events such as device migra-
tion, disconnection, or endoleak, which might need 
additional treatment. However, there are no guide-
lines regarding follow-up imaging after TEVAR 
for BTAI. The RESCUE trial, published in 2013, 
defined its follow-up protocol as follows: “a CTA 
or magnetic resonance angiogram at 1, 6, and 12 
months and annually thereafter for 5 years. Multiple 
view chest x-rays will also be acquired at 1, 3, and 
5 years to assess for device integrity.” [82].

Evaluation at the time of immediate or delayed 
follow-up imaging should assess any residual con-
trast material flow within the pseudoaneurysm, 
compare pseudoaneurysm size and configuration 
with those at prior examination or initial repair, 

and compare stent position with that at prior exam-
ination. Other anatomic features that should be 
reviewed are the diameter and appearance of the 
aorta proximal and distal to the injury, complete-
ness of injury exclusion by the stent, apposition or 
seal of the stent along the length of the aortic wall 
(particularly at the endograft ends), stent patency 
and luminal configuration, adjacent branch ves-
sels, and surrounding soft tissues and organs.

Complications after endograft repair 
(Table 9.11) can manifest immediately or in a 
delayed fashion. The reported complications 
(many of which are rare) include endoleak 
(Fig. 9.38), graft collapse, branch vessel com-
plications including both stroke and left upper 

Table 9.11 Endograft-related complications

Stent migration
Endoleak
Endograft collapse
Stroke
Upper extremity ischemia
Graft infection
Access site complications (infection, dissection, 
thrombus, pseudoaneurysm)
Paraplegia
Endograft structural failure
Retrograde dissection

a b

Fig. 9.38 Endoleak tipe II. (a) Axial CT scan (black arrow); (b) elaborate maximum intensity projection (MIP) shows 
intercostal artery (white arrow)
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extremity ischemia (from covering LSA as yet 
explained), endograft infection, graft material 
failure, missed injury or stent migration, and com-
plications related to the access site (Fig. 9.39).

Endoleak is the most common complication 
after endovascular repair with a prevalence rang-
ing from 3.2 to 14.4% [49, 80].

Small endoleaks are sometimes managed 
conservatively with imaging follow-up, but 
most require rapid intervention with either addi-
tional overlapping stent placement or conver-
sion to open surgical repair. Three designated 
types of endoleaks (Table 9.12) have been 
described and are adapted from endoleak types 
originally described after stent repair of non-
traumatic abdominal aortic aneurysms. Type I is 
the most frequently reported [83] and is defined 
as blood flow into the aneurysm sac secondary 
to incomplete or inadequate sealing of the graft 
end. Type Ia endoleaks occur at the proximal 
end of the graft and are more common. Type Ib 
endoleaks occur at the distal end. A shorter 
proximal neck length between the LSA and the 
injury has been shown to correlate with an 
increase in the  prevalence of type Ia endoleaks. 

A type II endoleak is defined as blood flow into 
the aneurysm sac as a result of opposing retro-
grade flow from a collateral vessel. Type II 
endoleak has been associated with stent cover-
age of the LSA [84].

A type III endoleak is defined as blood flow 
within the aneurysm sac from inadequate sealing 
at the junction of two stent grafts, from break-
down of graft material, or from fracture of the 
metallic skeleton.

Endograft collapse is a serious potential com-
plication of endograft repair that can result in 
high morbidity and mortality. A short neck above 
the level of injury and sharp angulation or bend 
of the aortic arch can cause poor apposition of the 
endograft to the aortic intima. Device collapse 

a b

Fig. 9.39 TEVAR, access site complications. (a) Volume-rendered (3D-VR) image and (b) axial CT scan show large 
pseudoaneurysm of left common femoral artery (white circle in a and white arrows in b)

Table 9.12 Types of endoleaks

I.  Incomplete or inadequate seal at either side of the 
stent graft

II.  Blood accumulation in the excluded segment as a 
result of opposing retrograde flow from a collateral 
vessel

III.  Blood leakage between overlapping stent grafts 
due to breakdown of graft material or fracture of 
the metallic skeleton.

M. Moroni et al.



233

can also occur when the endograft is oversized in 
comparison to the thoracic aorta [85].

A focal collapse may appear as a focal con-
cavity in the endograft. Partial or complete col-
lapse will appear as narrowing and irregularity of 
the endograft lumen or even apposition of the 
endograft walls, with blood flow diverted between 
the aortic wall and endograft.

Endograft infections are rare but are associated 
with significant morbidity and mortality [86].

Patients with graft infection can present with 
nonspecific clinical findings such as leucocyto-
sis, fever, and chest pain. CT findings suggestive 
of endograft infection after BTAI repair include 
perigraft soft-tissue or fluid collection, pseudoan-
eurysm, perigraft air, adjacent soft-tissue strand-
ing or abscess formation, and graft thrombosis or 
expansion [87].

The long-term integrity of endografts used for 
repair of acute thoracic injury has not been well 
established because of a lack of long-term data. 
Endograft material failure is a lifelong complica-
tion risk. Close inspection of the integrity of the 
graft should be performed during every follow- up 
CT study. The configuration of the stent should be 
compared with the ones in previous examinations. 
Sharp angulation of the metallic framework or 
irregularity in contour of the stent- graft material 
should raise suspicion of an endograft disruption.

Stent migration can also occur and lead to 
reexposure of the aortic injury. Patients with 
endografts that lack complete exclusion of the 
aortic injury may have the same risk of aortic 
rupture and mortality as nontreated aortic injury 
patients [88], and urgent reintervention is always 
required. Both the position of the endograft in 
comparison with the ones at previous examina-
tions and its relation to the entire aortic injury 
should be assessed at every follow-up CT angiog-
raphy examination.

Access site complications are among the most 
common problems after endograft repair. In a 
meta-analysis by Tang et al. [79], the access site 
complication rate was 2.8%. Complications 
include arterial rupture, dissection, pseudoaneu-
rysm, mycotic aneurysm, thrombosis, and subcu-
taneous infection.

9.9.4  Delayed Vs. Immediate Repair

The timing of repair is based both on the extent of 
the patient’s coexisting injuries as well as the 
extent of injury to the thoracic aorta [21].

The risk of rupture of contained BTAI is 
highest within the first 24 h of injury. For this 
reason, immediate repair of BTAI was advo-
cated and considered the standard of care for 
decades.

Although the traditional approach to BTAI has 
been emergency (<24 h) repair, currently there is 
a trend toward delayed repair (open or endovas-
cular). During the last years, several studies have 
suggested that not all traumatic injuries of the 
thoracic aorta require emergency treatment and 
that some patients can be safely managed with 
medical treatment, adequately controlling blood 
pressure and contractility [58].

Demetriades et al. compared the findings of 
two studies conducted by of the American 
Association for the Surgery of Trauma in 1997 
and in 2007. They found that the mean time from 
traumatic event to surgical repair increased from 
16.5 h in 1997 to 67.6 h in 2007 and the mean 
time from injury to endovascular repair was 
48.1 h [49].

From a literature review of seven compara-
tive studies (1998–2013), Fox et al. found that 
mortality decreased from 21 to 9%, paraplegia 
from 5.5 to 0.6%, and stroke from 9 to 7% when 
delayed repair was adopted when compared 
with emergency repair. The only exception was 
renal insufficiency that increased from 8.6 to 
9.3% when delayed repair was chosen. Based on 
results, they suggested that in hemodynamically 
stable patients the definitive management of 
TAI should be delayed until other acute life- 
threatening injuries are adequately managed 
and appropriately resuscitated, enphasizing that 
in these cases an effective blood pressure con-
trol with antihypertensive medication must be 
used. If instead the patient is hemodynamically 
unstable and there are direct signs of the aortic 
injury on CT, definitive emergent management 
of the aortic injury is suggested [5, 89] 
(Table 9.13).
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Aside from patients presenting signs of com-
plications (significant left hemothorax, pseudo-
coarctation, or extensive mediastinal hematoma), 
trauma injuries can be traditionally classified 
into two distinct groups according to their 
course:

• injuries in which the external wall of the aorta 
is spared: these are grade I and II injuries and 
they can be treated medically, combined with 
close monitoring. Over half of grade I and II 

injuries will resolve spontaneously with medi-
cal treatment only. Just 5% of grade I and II 
injuries deteriorate [59].

• injuries with abnormality of the outer wall 
of the aorta; they must be treated as an 
emergency. Traditionally, these included 
traumatic aortic pseudoaneurysms (grade 
III) and contrast extravasation on CTA 
(grade IV) although the management of 
BTAI varies per operator and among trauma 
centers.

Patient presenting to
ER with blunt trauma

Presence of BTAI

Is patient
hemodynamically

stable?

Appropriate resuscitation
and manage other

potentially life-
threatening injuries

Effective blood pressure
control followed by
delayed* definitive

procedure (endovascular
repair is preferred)

Can the BTAI grade
explain hemodynamic

instability?

Perform urgent* repair
(endovascular repair is
preferred if there is no

contraindication)

Look for other injuries
and causes of instability
and manage accordingly

Look for other injuries
and causes of instability
and manage accordingly

Yes

Yes

Yes

No

No

No

* Decision for urgent or delayed repair should be based on combination of patient-specific risk of aortic rupture,
  clinical suspicion, imaging characteristics, and/or grade of injury.

Table 9.13 The management algorithm of BTAI (Reproduced with permission from Nagpal P et al., Advances in 
Imaging and Management Trends of Traumatic Aortic Injuries. Cardiovasc Intervent Radiol 40: 643–654. Doi:10.1007/
s00270-017-1572-x)
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Recent research shows that an expectant 
approach is also justified for patients with trau-
matic pseudoaneurysms [58, 70], especially if 
these grade III injuries don’t show signs of seri-
ous damage and other trauma injuries. Akins 
et al. reported a 24–14% decrease in the mortality 
of patients when operative intervention was 
delayed at least 48 h [90]. Several studies since 
then have demonstrated both the safety and 
reduction in mortality in delayed traumatic aortic 
repair (>24 h) [91].

Delaying immediate operative intervention 
allows time to assess for further injuries, assess 
prognosis (especially in severe head injury), and 
maximize resuscitation. Delay does not equate 
observation; rather, it means pharmacologic 
intervention and rigorous intensive care unit 
(ICU) monitoring. The cornerstone for delayed 
therapy involves precise control of blood pres-
sure in an effort to reduce aortic wall tension. 
Initial nonoperative management is predicated on 
the concept that maintaining a mean arterial pres-
sure of less than or equal to 80 mmHg is possible 
since late rupture is uncommon under these cir-
cumstances [92] β-blockers are the preferred 
antihypertensive agents.

When applied more broadly, medical manage-
ment has enabled more patients with advanced 
aortic lesions to undergo delayed aortic repair 
[93, 94].

9.9.5  Practice Management 
Guideline

About the treatment of BTAI, clinical practice 
guidelines published by the Society for Vascular 
Surgery in 2011 recommended TEVAR as treat-
ment of BTAI preferentially over open surgical 
repair or nonoperative management. They sug-
gested urgent repair (<24 h) except for mini-
mal aortic injuries for which they advocated 
an expectant management with serial imaging 
for type I injuries. TEVAR is the treatment of 
choice, regardless of age; only if anatomical 
criteria aren’t permissive they suggested to con-
sider conventional open repair [8].

However, appropriate patient selection 
remains challenging and must balance poorer out-
comes associated with emergency repair against 
the risk of aortic rupture. Multiple radiographic 
grading systems exist to stratify the severity of 
aortic injuries although none of the current sys-
tems quantify a lesion’s risk of rupture. A recent 
study developed an aortic injury risk score that 
predicts early rupture based on patient physiol-
ogy, lesion characteristics, and secondary signs 
of aortic injury [91]. The objective was to help to 
appropriately select patients for early vs delayed 
intervention and to reduce the number of unnec-
essary emergency procedures in patients with 
high-grade (Society for Vascular Surgery grade 
III and IV) aortic lesions but otherwise low-risk 
lesions for aortic rupture. From their study, they 
conclude that a patient is at high risk of early 
rupture if any two of the following three factors 
are present: admission lactate >4 mM, posterior 
periaortic hematoma >10 mm, or lesion/normal 
aortic diameter ratio > 1.4 (meaning an aortic 
diameter increased more than 40% when com-
pared to the nearest normal aortic diameter).

Another recent study sought parameters for suc-
cessful nonoperative management of BTAI. They 
concluded that grade 3 aortic injuries (pseudoan-
eurysms involving more than 50% the circumfer-
ence of the aorta in their study) with secondary 
signs of injury (SSI) (pseudocoarctation, extensive 
mediastinal hematoma, and large left hemothorax) 
needed urgent repair, whereas those without SSI 
could undergo delayed repair [58].

Starnes et al. proposed a well-structured manage-
ment for patients with BTAI. They recommended 
a nonoperative management with follow-up CTA, 
respectively, within 1 week for intimal tear (< 
10 mm) and within 1 month for large intimal tear 
(>10 mm), suggesting for the last one an endovas-
cular repair in case of progression. All patients with 
an aortic external contour abnormality should be 
considered for semielective (≤1 week) endovas-
cular repair in case of a high likelihood of survival 
from other associated injuries. An earlier repair is 
considered in the presence of an aortic arch hema-
toma >15 mm on CT scan or in patients with hypo-
tension on presentation (Table 9.14) [69].
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10.1  Background

Patients victim of trauma with blunt cardiac injury 
(BCI) aren’t uncommon even if the exact inci-
dence is unknown. Subtler cases of BCI are often 
misdiagnosed, frequently overshadowed by con-
comitant consequences of the trauma, while 
severe injuries can cause the patient’s death. 
Indeed, cardiac injury includes a spectrum of 
pathology ranging from clinically silent, transient 
arrhythmias to deadly cardiac wall rupture [1]. 
The cardiac contusion is the most frequent possi-
bility and the management of that is still debated 
[2, 3]. Actually, in patients with traumatic injuries 
cardiac contusions might remain hidden.

However, laboratory data as troponin release 
have been observed far from the occurrence of 
the chest trauma [4]. After cardiac injury, arrhyth-

mias, cardiac wall motion abnormalities, cardiac 
failure, cardiogenic shock, septum, papillary 
muscles or valves rupture can occur and great 
attention to these clinical signs should be paid to 
these patients [5, 6]. Due to their anterior posi-
tion, right ventricle (RV) and right atrium (RA) 
are most frequently involved, whereas left-sided 
lesions are less frequent. On the contrary, lesion 
of septum, coronary arteries, and valve injuries 
rarely occur [7].

Pericardium or myocardium laceration and/or 
coronary artery or vein lesions frequently result 
in life-threatening hemopericardium and cardiac 
tamponade. The prompt diagnosis and treatment 
(pericardiocentesis and/or surgical repair of the 
lesion) are crucial.

Evaluation of trauma patients with suspected 
cardiac injury can be complex and include elec-
trocardiography (ECG), measurement of car-
diac biomarkers, and imaging examinations. 
ECG and cardiac biomarkers are useful screen-
ing tools for injury, while echocardiography is 
allowing to evaluate function and anatomic 
abnormalities.

The patient may not notice or be capable of 
reporting chest trauma. If the injury occurs in the 
hospital (e.g., perforation of a cardiac chamber 
by catheters) in a conscious patient, the individ-
ual often complains of severe chest discomfort.

The occurrence of hemopericardium, with or 
without clinical signs of hemodynamic impairment, 
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could be the main sign of cardiac injury. The 
multislice spiral computed tomography 
(MSCT), with administration of intravenous 
iodinated contrast material, can detect a spec-
trum of complications related to the trauma [8]. 
The careful assessment of patients with car-
diac trauma, with or without penetrating inju-
ries, is a challenging and time-critical issue. 
Clinical data and imaging findings provide 
complementary information necessary for an 
accurate diagnosis, therapeutic planning, and 
prognosis also in hemodynamically stable 
patients. In addition to transthoracic and trans-
esophageal echocardiography, chest radiogra-
phy and computed tomography (CT), other 
available modalities such as nuclear medicine, 
and magnetic resonance imaging (MRI) may 
play a role in selected cases [9].

10.2  Definitions, Diagnosis, 
and Treatments

BCI historically refers to a broadly defined group 
of injuries typically occurring after a rapid decel-
eration or a direct blow to the chest. BCI has been 
associated with valvular or myocardial dysfunc-
tion leading to heart failure, dysrhythmias, free 
wall rupture causing pericardial effusion and 
tamponade, and, rarely, coronary artery damage 
leading to acute myocardial infarction (AMI).

Myocardial rupture, contusion, and laceration 
account for almost 90% of deaths secondary to non-

penetrating cardiac trauma [1]. Penetrating cardiac 
trauma is characterized by high mortality rate and 
those who survive to hospital discharge still have an 
overall mortality approaching 80% [10]. Evaluation 
for cardiac trauma should be mandatory for patients 
with anterior chest wall injury.

10.2.1  Definition

BCIs, based on specific injuries, will be addressed:
Myocardial contusion, extremely variable in 

severity, is usually caused by blunt chest trauma 
(car or motorcycle accidents) or chest compres-
sion during cardiopulmonary resuscitation 
(CPR) maneuvers. Palpitations, arrhythmias, or 
unexplained tachycardia or hypotension may 
occur. Some patients develop conduction abnor-
malities. Normal troponin I or T assay in combi-
nation with an ECG are exclusion criteria for 
cardiac injury/damage and the patient can be 
safely discharged [11].

Cardiac camera ruptures are usually associ-
ated with quick death. Sometimes, in case of lim-
ited wall damage, such as in case of trauma 
involving the atrium, the junction with vena cava, 
or the right ventricle, the clinical presentation can 
be characterized by hemopericardium (Fig. 10.1). 
In these cases, a timely diagnosis is crucial. Both 
ultrasound and CT examination can provide use-
ful information leading to emergent surgery.

Similar to the previous conditions, valve inju-
ries, such as leaflet rupture, rapidly lead to a clinical 

a b c

Fig. 10.1 Traumatic inferior cava disconnection. Contrast enhanced MSCT—post-surgical control after 1 day (a) and 
after 1 week (b, c). In (a) (arrow) is still present a hematoma; in (b, c) the hematoma decreased (arrow)
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scenario of heart failure (rapidly evolving respira-
tory insufficiency due to pulmonary edema, pulmo-
nary crackles, and hemodynamic instability) [12].

Septal rupture can cause delayed heart failure. 
It is important to understand if septal defect (SD) 
is a preexisting situation or it is caused by trauma. 
Acquired ventricular SD could be associated 
with a third heart sound, a loud systolic murmur, 
and signs of left or right ventricular failure. 
Finally, commotio cordis is characterized by sud-
den death following a blunt chest impact in 
patients without preexisting or traumatic struc-
tural heart diseases. Common situations of com-
motio cordis are those that occur during sport 
activities [13]. Although the pathophysiology is 
unclear, the temporal correlation between the 
trauma and the death keeps the ventricular fibril-
lation the most likelihood etiopathogenesis [13].

10.2.2  Diagnosis

In multiple trauma, the chest trauma is considered 
to cause up to 25% of the causes of death. 
Therefore, chest trauma should always be taken 
into serious consideration even in the absence of 
external signs or specific symptoms. The dynam-

ics of the event is also important in the stratifica-
tion of the risk of damage (impact on steering, 
airbags, etc.) [14]. Cardiac involvement should be 
suspected in patients with significant chest injury 
or polytrauma referring palpitations, ore suffering 
of arrhythmias, presenting new cardiac murmur, or 
unexplained tachycardia or hypotension. ECG ST 
segment might change by mimicking myocardial 
ischemia after cardiac trauma. The most common 
conduction abnormalities include atrial fibrilla-
tion, bundle branch block (mostly right), unex-
plained sinus tachycardia, and single or multiple 
ventricular ectopic beats. Cardiac biomarkers (i.e., 
troponin, CPK-MB) are useful tools for the screen-
ing of blunt cardiac injury. If cardiac biomarkers 
and ECG are within normal limits and there are no 
arrhythmias, blunt cardiac injury can be excluded. 
Rarely, chest trauma can cause a coronary artery 
damage causing myocardial infarction (Fig. 10.2). 
In addition, in approximately 20% of patients with 
penetrating lesions of the heart, and in patients 
with non- penetrating trauma, a delayed form of 
pericarditis, similar in character and natural his-
tory to those occurring after AMI, can occur [15]. 
In these cases, the medical history before chest 
trauma is of major importance in diagnosing the 
cardiac disease.

a b

Fig. 10.2 Post-traumatic right coronary occlusion. (a) VRT reconstruction and (b) MIP reconstruction
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Nuclear medicine. Until now, the role of nuclear 
medicine (including PET using 18F-2- fluoro-2-
deoxy-D-glucose) has not well established in the 
setting of blunt thoracic trauma [16]. In selected 
cases, the same nuclear medicine techniques that 
are successfully used to diagnose myocardial isch-
emia have been attempted in evaluating trauma 
patients.

Angiography. Angiography, although not spe-
cifically indicated, can visualize or suspect some 
of the mechanical consequences of a chest trauma 
such as pericardial effusion, ventricular septal 
defects (VSDs), fistulae, and ventricular or aortic 
aneurysms [17].

Echocardiography. Ultrasound techniques, in 
the setting of trauma, has gained wide acceptance 
in the form of the Focused Assessment with 
Sonography for Trauma (FAST), in which echog-
raphy is used to detect free fluid in the pericar-
dium [16].

Echocardiography usually performed during 
the early phases of resuscitation can show wall 
motion abnormalities, pericardial fluid, or cham-
ber or valvular rupture.

In addition, regurgitant valvular lesions, 
aortic- atrial or ventricular fistulae, and VSDs can 
produce left ventricular dilatation or hypercon-
tractility at the echocardiographic examination. 
Valvular regurgitation and shunt flow can be 
detected and quantified by means of the Doppler 
evaluation. Myocardial contusion and MI result 
in regional hypokinesis or akinesis [2].

Chest X-ray (CXR): CXR continues to be an 
appropriate primary screening modality in tho-
racic trauma assessment, as noted in “ACR 
Appropriateness Criteria Blunt Chest Trauma” 
[16]. Antero-Posterior (AP) chest radiography is 
essential to quickly exclude rough displacement 
of lines and tubes that could be difficult to detect 
in the setting of polytrauma. Although AP chest 
radiographs are often of pore quality in case of 
polytrauma, they still are considered essentials. 
Signs include cardiomegaly secondary to hemo-
pericardium or pericardial effusion; signs of left 
ventricular failure (vascular redistribution, inter-
stitial or alveolar edema, pleural effusion) sec-
ondary to myocardial contusion, ventricular 
aneurysm, valvular disruption, intracardiac fis-

tula, or VSD; and mediastinal widening second-
ary to aortic disruption and tracheal deviation. In 
addition, chest X-ray can easily investigate the 
occurrence of further findings, such as fractured 
ribs, hemo/pneumothorax, or pulmonary infil-
trates in patients with trauma. However, it is 
widely known that AP chest radiography has 
lower accuracy for blunt traumatic injuries than 
CT and the use of this as the only diagnosis tool 
in trauma does not seem appropriate [16].

CT how and when. CT represents a gold stan-
dard modality in polytrauma. Contrast enhanced 
chest CT is known as a reliable modality for the 
investigation of thoracic trauma [16]. A cardiac 
injury can be present in patients with high kinetic 
energy trauma associated with sternum or rib 
fractures, lung contusions, pneumothorax, and 
vascular lesions. Although CT clearly allows 
detailed evaluations of trauma patients, the use of 
ionizing radiation have raised some safety con-
cerns related to the extensive use of CT. In fact, 
ionizing radiation derived from medical use has 
increased, and the use of CT should be limited to 
the necessity [18]. There are conflicting data on 
whether routine chest CT is necessary in the set-
ting of blunt trauma so far.

Depending on CT available apparatus, a col-
limation of 0.6 mm is recommended. The radia-
tion dose should be kept as lower as possible, 
especially by applying dose reduction software 
wherever available. Nevertheless, the use of 
120 KV and 300 mA is currently considered 
appropriate. Intravenous administration of 
 contrast medium is imperative for imaging poly-
trauma patients. Usually, pre- and post-contrast 
imaging is performed in arterial phase (as not to 
miss any injury of the major vessels) and in 
venous phase. In case of suspected bleeding, a 
delayed acquisition at 5 min is highly recom-
mended, taking into account patient’s hemody-
namic stability. Optimal opacification may be 
obtained with injection of 100–140 mL of iodin-
ated contrast medium (preferable high concentra-
tion) at a flow rate of 3–4 mL/s followed by a 
saline flush injection. Importantly, pericardial 
effusion must be considered a red flag sign 
(Fig. 10.3). ECG gating for thoracic trauma is 
quite controversial as it provides a high diagnostic 
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quality for vascular structures (aortic, coronary, 
or cardiac injury) but may reduce the quality of 
bone and lung injury. Given the fact that retro-
spective ECG gating compared with prospective 
ECG gating increases the radiation dose signifi-
cantly, and that polytrauma patients may have an 
unstable heart rate higher than 80 beats/min, one 
should weigh the use of ECG gating carefully so 
as not to lose valuable time [14]. When a cardiac 

trauma or great vessels heart connection injury 
are suspected in stable patients, a gated CT exam-
ination could be useful after the initial CT as 
extending. A gated cardiac CT can be useful also 
in a suspect of iatrogenic cardiac trauma as post- 
surgery or vascular procedures (Fig. 10.4).

Post-mortem computed tomography is now an 
emerging method which is employed in forensic 
medicine before autopsy for “violent” death [19].

a b

Fig. 10.3 (a) Non-contrast enhanced CT shows a hyper-
dense pericardial effusion; this must be a warning sign 
(arrow). The CT study may require the completion of a 

gated exam. (b) Contrast enhanced MSCT doesn’t show 
any change in the pericardial effusion

a b

Fig. 10.4 Myocardial laceration caused by cardiac catheter. Gated cardiac CT acquisition. (a) VRT reconstruction 
shows the catheter end that goes beyond the myocardial wall. (b) MIP reconstruction
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MRI: how and when. MRI is not widely used 
in the trauma setting since, differently to radiog-
raphy, ultrasound, and CT, a rapid image acquisi-
tion is not possible with MRI. In addition, cardiac 
assessment is usually performed with breath-hold 
sequences which imply a cooperation frequently 
impossible in trauma patients.

Moreover, in emergency, the patient’s past 
medical history, often unknown, could hide a 
dangerous contraindication to MRI examination. 
But, in conditions of clinical stability, MRI can 
be used to solve any residual doubt. The cine 
images can highlight areas of hypokinesia and 
also to assess the possible presence of myocar-
dial or pericardial tearing. T1 w and T2 w 
sequences could underline the presence of peri-
cardial effusion (and eventually blood content) as 
well as the presence of myocardial edema [16].

The assessment of perfusion and late gadolin-
ium enhancement (LGE) may reveal ischemic 
injury or the presence of complications such as 
post-traumatic pericarditis.

Also, MRI in special cases helps to character-
ize possible injury as the presence of intramyo-
cardial or pericardial hematoma (Fig. 10.5) [9].

10.2.3  Treatment

Patients with myocardial contusion causing con-
duction abnormalities require cardiac monitoring 
for 24 h due to the risk for sudden major arrhyth-
mias. Treatment is mainly supportive (e.g., treat-

ment of symptomatic arrhythmias or heart 
failure) and a further therapy is seldom needed. 
In severe injury, medical therapy (as volume 
loading) could be necessary awaiting surgical 
treatment. But, medical therapy could be enough, 
as in case of cardiac contusion, resembling that 
of non-Q wave myocardial infarction. Heart fail-
ure usually can be managed with conventional 
treatments, including vasodilators, diuretics, and 
inotropes.

In case of myocardial or valvular damages, sur-
gical repair could be indicated, and in such cases, 
valve reconstruction is commonly successful. 
Fistulae and significant septal defects usually must 
be surgically repaired since spontaneous recover 
does not usually occur. Patients with commotio 
cordis are treated for their arrhythmias (e.g., resus-
citation with CPR and defibrillation followed by 
in-hospital observation). Post- traumatic pericardi-
tis treatments are similar to those that follow an 
infarction. Transient or permanent conduction dis-
turbances may require temporary or permanent 
transvenous pacing. Laceration or rupture of a 
coronary vessel, a cardiac chamber, or the aorta 
requires urgent surgical repair. A coronary artery 
bypass could be necessary.

Key Points

• In case of chest trauma, the occurrence of pal-
pitations, arrhythmias, new cardiac murmur, 
or unexplained tachycardia and/or hypoten-
sion could suggest blunt cardiac injury.

a b c

Fig. 10.5 Septal post-traumatic hematoma after cardiac 
catheterization. (a) T2w SPAIR short axis acquisition 
shows a septal thickening with the presence of focal well- 

circumscribed hypointense lesion. (b, c) Post-contrast 
cine bTFE and PSIR images show septal non-enhanced 
core
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• ECG and cardiac biomarkers are useful tools 
for screening. Echocardiography is a simple 
and promptly available method to evaluate 
cardiac function and anatomic abnormalities.

• Chest radiography and chest CT or computed 
tomography angiography (CTA) are comple-
mentary first-line imaging modalities in the 
evaluation of patients with blunt trauma. 
Whether the combination of clinical condi-
tions and mechanism of injury suggest a low 
probability of damage, a chest radiograph 
could be enough as first line of investigation.

• Transthoracic echocardiography is always 
indicated when cardiac injury is suspected.

• Cardiac CTA, cardiac MRI, and transesopha-
geal echocardiography may be useful addi-
tional tools in selected cases
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Traumatic Chest Wall Injuries

Michele Tonerini, Francesca Pancrazi, 
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Piercarlo Rossi, and Giuseppe Zocco

11.1  Introduction

A chest wall injury can occur as the result of an 
accidental or a deliberate penetration of foreign 
objects into the chest. This type of injury can also 
result from blunt trauma causing rib bruises, frac-
tures, lung or heart contusions.

Blunt chest wall injuries account for over 15% 
of all trauma admissions to emergency depart-
ments (ED) worldwide [1], with a mortality that 
ranges between 4 and 60%, depending on the 
grade of the trauma suffered [2].

The patients may present minor chest wall 
injuries, with rib fractures being the most com-
mon findings, (about 50% of cases); the overall 
incidence is probably higher because not all rib 
fractures are detected, in the acute phase, on chest 
X-ray (CXR). Other minor chest wall injuries 
include soft-tissue contusions and hematoma that 
might result from arterial or venous bleeding. 
A hematoma from a high-pressure arterial injury 
may enlarge rapidly requiring an intra- arterial 

embolization, whereas a bleeding from a low-
pressure venous injury is usually self- limiting. 
Patients treated with anticoagulants are at higher 
risk for developing hemorrhagic complications 
even from minor trauma.

The pain is normally the only symptom 
referred to the clinician in the ED, and few risk 
factors have to be taken into account in the man-
agement of chest wall trauma patients: age, pre-
existing disease, number of fractured ribs, and 
the onset of respiratory and vascular complica-
tions, 24–72 h after the trauma [2].

Major chest wall traumatic injuries include 
deep organs laceration and flail chest syndrome 
(seen in 6% of patients with rib fractures), an 
immediate life-threatening injury that require 
evaluation and treatment during the primary 
survey.

The AAST (American Association of the 
Surgery of Trauma) developed a scale, where 
site, extent of fractures, and concomitant soft- 
tissue injuries define the grade [3].
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Trauma scoring might be considered evaluating 
the following:

Grade I Contusion Any size
Laceration Skin and subcutaneous 

tissue
Fracture <3 adjacent ribs

Nondisplaced clavicle
Grade II Laceration Skin, subcutaneous, and 

muscle
Fracture >3 adjacent ribs

Open or displaced clavicle
Nondisplaced sternum
Scapular body

Grade III Laceration Full thickness including 
pleura

Fracture Displaced or flail sternum
Unilateral flail segment <3 
ribs

Grade IV Laceration Avulsion of chest wall 
tissues with underlying rib 
fractures

Fracture Unilateral flail chest >3 ribs
Grade V Fracture Bilateral flail chest

More than two-thirds of cases of chest wall 
trauma are the result of a motor vehicle collision 
(MVC). Other causes include falls from height, 
sport injuries, motorcycle/bike accident, or of 
blows from blunt objects.

Imaging plays an important role in the diagno-
sis. CXR is typically used as the first and, in most 
cases, as the only diagnostic technique. Multi- 
detector computed tomography (MDCT) must be 
performed in stable polytrauma patients or in 
doubtful cases at initial plain film study and has a 
very high sensibility and specificity; it can dem-
onstrate significant disease in patients with nega-
tive initial CXR images, thus changing their 
clinical management [4].

11.2  Anatomy of the Chest Wall

11.2.1  Bones

The rib cage surrounds the thoracic cavity and 
supports the pectoral girdle (shoulder girdle, 
scapulae, and clavicles), enclosing the thoracic 
organs and with its muscle being a component of 
the human respiratory system.

In its normal shape, the human thoracic cage 
consists of 12 pair of ribs, the sternum, and the 12 
thoracic vertebrae.

11.2.1.1  Ribs
About 1 in 200–500 people have an additional 
cervical rib, with female predominance. Bifid 
ribs (with the sternal end cleaved in two) occur in 
about 1.2% of the population. An extra cervical 
rib, from the seventh vertebra is also a common 
variant, which may mechanically interfere with 
the nerves (brachial plexus) going to the arm.

Ribs that articulate directly with the sternum 
are called true ribs (the first seven), whereas those 
that connect indirectly via cartilage are termed 
false ribs.

The last two pair of ribs are called floating 
rib, attached only to the vertebrae, not to the 
sternum.

Between the ribs there are the intercostal 
spaces, containing the intercostal muscles, 
nerves, arteries, and veins.

Each rib consists of a posterior head and neck, 
attached posteriorly to the thoracic vertebrae (the 
insertion point of the longissimus dorsi muscle), 
a body and a cartilaginous anterior part articulat-
ing with the sternum.

Ribs body has a flattened shape with a lateral 
convex face and a concave medial face, two mar-
gins: a smooth superior one and an inferior one, 
where there is a rut due to the passage of the 
intercostal nerves and vessels.

11.2.1.2  Thoracic Spine
Dorsal vertebrae, in number of 12, compose the 
middle segment of the vertebral column, between 
cervical and lumbar spine.

They are distinguished from the other ones by 
the presence on either side of the bodies of two 
semi-facets articulating with the ribs heads and 
the presence of complete facets on the transverse 
processes, except for the 11th and 12th one, join-
ing them with the ribs tubercula.

Pedicles and laminae are broad, thick, and 
directed backward and slightly upward.

Spinous processes are long and triangular 
shaped, directed obliquely downward, arising 
from the lamina with a pointed end.
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Superior and inferior articular processes arise 
at the junction between pedicles and laminae, 
articulating the vertebrae with the one below and 
above.

Posterior to the latter ones the transverse pro-
cesses arise, directed obliquely backward and 
laterally.

11.2.1.3  Sternum
The sternum is a flat bone, forming the middle 
portion of the front of the thorax. It consists of 
three parts, from the top: manubrium, body, and 
xiphoid process.

The manubrium is the upper part of the ster-
num. It has a quadrangular shape, with a superior 
jugular notch, located in the middle part of the 
manubrium; its lateral surface presents two clav-
icle notches, articulating with the medial parts of 
the clavicles and the costal notches, articulating 
with the first pair of ribs.

The manubrium, in his lower part, articulates 
with the body of the sternum, with a synarthrosis, 
(the angle between the manubrium and the body 
is named angle of Louis) laterally at this point 
there is the attachment of the second pairs.

The sterno-pericardial ligament attaches the 
pericardium to the posterior side of the 
manubrium.

The body of the sternum, the longest part, is 
flat with a front and back surface. Laterally, there 
are the costal notches, articulating with the ribs.

The xiphoid process is located at the inferior 
end of the body of the sternum and might remain 
cartilaginous also in the elderly people.

11.2.1.4  Clavicle
Clavicle or collarbone is a long bone between the 
scapula and the sternum, with a body, a medial 
and a lateral end. Clavicle body is flat, forming a 
superior and posterior face with two margins; the 
superior and posterior face gives attachment to 
many muscles: deltoid, trapezius, subclavius, 
pectoralis major, sternocleidomastoid, and 
sterno-hyoid muscles.

11.2.1.5  Scapula
The scapula is a flat bone with a lower apex and a 
triangular shape, attached to the rear face of the 

rib cage, forming the shoulder skeleton, articulat-
ing with humerus at its lateral margin with the 
glenoid cavity.

It has an anterior and a posterior face, with 
three margins: a medial, a lateral, and an upper 
one. The anterior face is concave, with the attach-
ment of the subscapular muscles.

The posterior one is divided into two parts due 
to a bone process, named spine, dividing it into a 
small supraspinous fossa and in the larger infra-
spinous fossa.

The spine becomes more prominent assuming 
a triangular shape, constituting the so-called 
acromion, articulated with the clavicle.

The superior margin has a bone process 
called coracoid process, giving attachment to 
ligaments and muscles (biceps and pectoralis 
minor muscle) [5].

11.2.2  Muscles

Chest muscles may be divided into intrinsic and 
extrinsic according to their origin and insertion 
entirely in the thorax. Intercostal, levatores costa-
rum and transversus thoracis muscles are the only 
intrinsic chest muscles.

11.2.2.1  Intrinsic Muscles
Intercostal muscles are a group of three muscles, 
located between the ribs in order to reduce or 
increase the size of the rib cage during respiration. 
They are the external intercostal, internal inter-
costal, and the innermost intercostal muscles.

External intercostal muscles are obliquely ori-
ented, from the lower edge of a rib to the upper 
part of the lower one and functioning to elevate 
the ribs as an inspiratory muscle. The internal 
intercostal muscles are oriented postero- inferiorly 
and functions to depress the ribs, as an expiratory 
muscle. The innermost intercostal muscles are a 
thin layer of fibers oriented similarly to those of 
the internal intercostal, separated from them by 
the intercostal neurovascular bundles.

The intercostal blood supply is derived from 
the posterior intercostal branches of the aorta and 
the anterior intercostal branches of the internal 
thoracic artery.
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Other intrinsic muscles are the levatores costa-
rum muscles: they are 12 in number on either 
side, with a triangular shape, lateral to the spine, 
originating from the transverse processes of the 
vertebrae ending on the upper edge of the rib 
below, with the role of helping in inspiration.

Another intrinsic muscle is the transversus tho-
racic muscle that is a flat muscle, originating from 
the body and the xiphoid process of the sternum, 
ending on the cartilaginous part of the ribs from 
the second to the sixth, helping in expiration.

11.2.2.2  Extrinsic Muscles
Extrinsic muscles include thoracoappendicular, 
spinoappendicular, spinocostal muscles, and the 
diaphragm.

The pectoralis major is a fan-shaped muscle, 
originating from the medial clavicle, the antero- 
lateral surface of the sternum, the costal cartilages 
(from second to sixth ribs) and inferiorly from rec-
tus muscle fibers and the aponeurosis of the exter-
nal oblique muscle; inserting on the lateral lip of 
the bicipital groove of the humerus. Its actions are 
to flex, adduct, and rotate the arm medially.

The pectoralis minor muscle is located deep to 
the pectoralis major and mainly acts as an inspi-
ratory muscle, also stabilizing the scapula. It 
originates from the outer face and the posterior 
margin of the third, fourth, and fifth ribs, near the 
costal cartilages. Its fibers are obliquely oriented 
superiorly and converge at the apex of the cora-
coid process of the scapula.

The serratus anterior is located on the side of 
the chest wall; this muscle is embedded in the 
vertebral border of the scapula and originates 
from the first ten ribs. It is usually divided, given 
its size, in three parts depending on where the 
fibers originates from the ribs and where they fit 
exactly in the shoulder bone. This muscle mainly 
acts abducting and externally rotating the scapula 
as well as make it adhere to the chest (the latter 
action coupled to the rhomboids and trapezius 
muscles). It lowers the shoulder blades with his 
lower beams, raises them with the upper beams. 
If taken as a fixed point elevates the coasts par-
ticipating in the forced inspiration (inspiratory 
accessory muscle) [6].

11.3  Mechanisms of Injury

Four main mechanisms of injury are responsible 
for chest wall injury: direct chest impact, thoracic 
compression, rapid acceleration/deceleration, 
and blast injury.

Direct impact injuries are normally less 
risky, affecting mainly only the soft tissues and 
muscles of the chest wall (hematomas, bruises, 
cuts, and scratches). On occasion, a localized 
injury to the osseous part may occur, mainly 
rib fractures, but also sternal fracture and ster-
noclavicular dislocation. Rarely direct impact 
forces may be transmitted through the chest 
wall to the deeper organs, causing serious 
injury to the heart, lung, or large mediastinal 
vessels.

In the thoracic compression injuries, the chest 
wall is put against a fixed anatomical bone struc-
ture, anteriorly the ribs or sternum and posteri-
orly the vertebrae causing deep organs laceration, 
contusion, or rupture. Thoracic compression 
may cause contusion or laceration of lung paren-
chyma, pneumothorax or hemothorax, tracheo-
bronchial fractures as well as rupture of the 
diaphragm.

In acceleration/deceleration injuries, the 
production of shearing forces causes direct 
compression against fixed points. This type is 
the most common and potentially lethal injury, 
may  causing major tracheobronchial disrup-
tion, cardiac contusions, aortic, and diaphrag-
matic rupture [7].

Blast injuries are increasing recently, resulting 
from the sudden conversion of a solid or liquid 
material into gas after activation of explosive 
material. A primary blast injury results from the 
creation of a blast pressure wave, applying pres-
sure differentials, mostly at air-tissue interfaces 
within the chest wall, affecting mainly the pul-
monary and gastrointestinal systems.

Secondary blast injuries result from objects 
driven by the explosion impacting the individ-
ual and creating a chest wall injury. Tertiary 
blast injuries might also be indirect, due to the 
blown out of the individual subject to the 
explosion [8, 9].
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11.4  Anterior Rib Fractures, First 
Rib and Lateral Rib Fractures

11.4.1  Pattern of Injury

Rib fractures are the most common injury after 
blunt chest trauma which occurs in approxi-
mately 50% of patients. It is important to con-
sider the specific location of rib fractures because 
this is an important indicator of related injury. 
Rib fractures can be studied as three distinct pat-
terns according to their location: (1) fractures of 
the first rib and those of the second to fourth ribs, 
(2) fractures of the fifth to ninth ribs, and (3) frac-
tures of the 10th to 12th ribs. These three distinct 
patterns of rib fractures represent different patho-
physiology and associated morbidity. A rib score 
has been proposed to predict adverse pulmonary 
outcomes [10].

A high-energy trauma is necessary to result in 
fracture of the first, second, or third ribs because 
these ribs are well protected by the scapulae, 
clavicles, and musculature. The presence of this 
fracture should prompt the evaluation of vascular 
thoracic injuries, brachial plexus injury, or sub-
clavian vascular injuries [11].

Isolated first rib fractures are seen in associa-
tion with cranial and maxillofacial injuries and 
are probably secondary to avulsion of the first rib 
by its muscular attachment rather than direct 
trauma to the rib, which is relatively protected.

Fractures of the fourth up to the eighth ribs are 
the most common [12].

The compression of the rib cage with associ-
ated fracture of the 10th, 11th, or 12th rib might 
cause internal abdominal organs injuries, of 
course fractures of the right lower ribs are more 
often associated with hepatic injury, fractures of 
the left lower ribs with splenic injury, and frac-
tures of the posterior portion of the lower ribs 
with renal injury.

Injury to the liver might result in tearing, 
intraparenchymal or subcapsular hematoma, 
active bleeding, or there might be injury of major 
liver vessels. Injury of the spleen or kidney might 
result in subcapsular hematoma or abdominal 
rupture in greater force impact. Even hemor-

rhage around and within the adrenal glands rep-
resents a risk that is associated with fractures of 
the lower ribs.

Fracture of any rib can be associated with 
pneumothorax, hemothorax, or extrapleural 
hematomas. Although lung trauma is generally 
seen immediately, the occurrence of a pneumo-
thorax and hemothorax may be delayed for hours 
after the injury. Hemothorax of a significant 
degree secondary to rib fractures is usually the 
result of laceration of an intercostal artery rather 
than bleeding from the lung. It is important in the 
evaluation of rib fractures to check in particular 
the lower sulcus of the ribs where the intercostal 
arteries are located; fractures that involve the sul-
cus are more prone to hematomas and the hemo-
thorax resulting from a laceration of an intercostal 
artery can be life threatening.

The risk of intra-abdominal or intrathoracic 
injury increases if two or more rib fractures are 
present at the same level [13–15]. These injuries 
should always be ruled out by MDCT [16].

Elderly individuals are prone to rib fractures 
because of decreased rib cage compliance; lim-
ited respiratory movement may cause an 
increased prevalence of atelectasis and subse-
quent pneumonia which lead to pulmonary insuf-
ficiency, even from single rib fractures, that may 
increase morbidity and mortality [11, 17].

A study showed that in elderly people more 
than three rib fractures may indicate the need to 
transfer to a trauma center, and the more ribs bro-
ken, the greater the death rate [18].

In contrast, children’s bones are immature and 
more compliant, due to the greater pliability of 
children’s ribs, greater force is required to pro-
duce a fracture and rib fractures in this group of 
patients are indicative of high-energy transfer 
trauma [4, 9].

Anyway in elderly and not elderly people, 
knowing the number of ribs fractured might 
influence treatment decisions and might change 
morbidity and mortality.

A single blow may cause rib fractures in mul-
tiple places. At the level of the rib cage, the typi-
cal pattern of fractures varies depending on the 
site of compression: if the compression comes 
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from the front we usually observe sternal com-
pression fractures and antero-lateral rib fractures; 
if the compression comes from the back we usu-
ally observe posterior rib fractures; if a lateral 
force occurs, we usually observe posterior frac-
tures and detachment from the costochondral car-
tilage or anterior fractures.

If the compression is anterior and posterior, lat-
eral rib fractures occur on the lateral cortical mar-
gins; if the force is laterally direct to the ribs, 
internal cortical rib fracture might occur (Fig. 11.1).

Traumatic fractures most often occur at the site 
of impact or the posterolateral bend, where the rib 
is the weakest. Both displaced and nondisplaced 
fractures can be seen in adults and children.

Fractures might be anterior; there might be lat-
eral fracture with rib cage deformation and posterior 
fractures occasionally involving the costovertebral 
joint; it is important to note that buckle fractures are 
easy to overlook even at CT and additional coronal 
image scan be helpful in the diagnosis of rib frac-
tures that are not seen on axial images [19, 20].

11.4.2  Imaging Evaluation 
and Findings

11.4.2.1  Plain Radiography
A standard CXR is almost always the initial study 
for the evaluation of non-traumatic chest pain 
and for traumatic injuries. If rib fractures are sus-

pected clinically, a rib plain film series might be 
performed; this radiograph consists of oblique 
views and optimization of the X-ray parameters 
by the technologist to highlight bony detail. The 
decision to image a rib fracture in the absence of 
other underlying abnormalities or associated 
injuries depends on the clinical scenario.

Even in the absence of associated injuries, 
radiographic confirmation of a rib fracture can 
help prevent complications such as atelectasis 
and is particularly important in patients with 
comorbidities such as chronic obstructive pulmo-
nary disease, cardiac disease, hepatic disease, 
renal disease, dementia, and coagulopathy.

Despite its routinary use, CXR, even with ded-
icated oblique rib series, has limited sensitivity, 
showing only 40–50% of rib fractures [21, 22].

11.4.2.2  MDCT
MDCT is the study of choice to fully evaluate 
trauma-associated injuries and bony details; it is 
the most sensitive technique for imaging rib frac-
tures since it can help determine the site and 
number of fractures. It is however relatively 
costly, time-consuming, not always 24 h avail-
able, and exposes the patient to a significant 
amount of radiation [21].

With the help of reconstructed maximum 
intensity projections (MIP) and volume-rendered 
(VR) images, MDCT depicts with great detail the 
number and sites of rib fractures [12].

a bFig. 11.1 Chest trauma: 
different mechanisms of 
injury secondary to 
different axial load force 
(arrows). (a) Lateral 
impact. (b) Anterior-
posterior impact
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MDCT angiography plays a crucial role in the 
evaluation of the vascular injuries associated 
with chest trauma and should be considered in 
stable patients with first rib fractures if there are 
absent or decreased upper extremity pulses, if 
regional hemorrhage, and/or brachial plexus 
injury are present. Additional criteria for angio-
graphic MDCT include displacement of bone 
fragments and multiple thoracic injuries.

11.4.2.3  US
Ultrasonography (US) can be used to look for 
broken ribs and costal cartilage fractures, in cases 
in which they occur in an accessible thoracic 
point, especially in pediatric population and in 
young women. Unfortunately, US is unable to 
adequately assess certain portions of the thorax 
such as the first rib under the clavicle, and the 
upper ribs under the scapula.

Other limitations include subcutaneous 
emphysema and the pain at the site of the trans-
ducer compression, making it difficult in trauma-
tized patients; and its results depend greatly on 
the skill of the performer [23]. Even if with these 
limitations, US might demonstrate cortical dis-
continuity, linear edge shadow (Fig. 11.2), and 
acoustic reverberation artifacts in accessible 
points and associated injuries such as pneumo-

thorax and hemothorax; abdominal organ injuries 
might be evaluated too.

Studies have found it to be much more sensi-
tive than plain radiography in detecting rib frac-
tures, whereas other studies have suggested that it 
is only equally sensitive or slightly better, but it 
should be underlined that US is not as panoramic 
as plain radiography and MDCT.

11.4.2.4  MRI
Magnetic resonance imaging (MRI) has not yet a 
role in rib fracture evaluation and is not consid-
ered appropriate for evaluating rib fractures, due 
to the fact that it is time-consuming and not eas-
ily available in trauma centers. However, it may 
be useful if there is concern about soft-tissue or 
vascular abnormalities [21].

11.4.3  Natural History and Mortality

Pain from rib fractures can be severe for several 
days following the injury and even if most of them 
heal within 6 weeks, many patients are able to 
resume daily activities much sooner. Follow-up 
CXR after the injury are not routinely recommended 
and should be performed only if indicated by clini-
cal findings or if in complicated cases [24]. Clinical 
signs of worrisome might be unilateral decreased 
breath sounds suggesting pneumothorax or persis-
tent pain suggesting difficult consolidation or non-
union. A follow-up examination 6–8 weeks after the 
injury is reasonable to assess the patients, if they are 
unable to return to sports or work by that time.

The number of displaced rib fractures and 
fracture location could be a significant predictor 
for developing pulmonary and other organs com-
plications. For patients with fewer than three rib 
fractures without rib displacement and initial 
lung or other organ injuries, conservative man-
agement could be safe and efficient [25].

As the number of rib fractures increases, mor-
bidity and mortality grows substantially in all age 
groups owing to major risk of complications such 
as pneumothorax, pneumonia, and acute respira-
tory distress syndrome (ARDS).

Other associated injuries such as concomitant 
great vessel injury might happen in 3% of traumatic 

Fig. 11.2 US imaging showing interruption of cortical 
margins and a 2.9 cm hematoma after chest wall trauma 
(calipers)
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injuries to the first rib that affect prognostic outcome. 
Pneumothorax occurs in about 14–35% of rib frac-
tures, hemopneumothorax in 20–25%, pulmonary 
contusions in 17%, and a flail chest in 5.8%.

Chest wall injuries in older people should not 
be dismissed. Older patients have twice the mor-
bidity and mortality compared with younger peo-
ple; for every increase in the number of ribs 
fractured, mortality increases by 19% while the 
risk of pneumonia increases by 27%.

11.4.4  Treatment

Simple rib fractures themselves are usually not 
significant in isolation and are treated symptom-
atically. They have a good prognostic outcome 
and are rarely life threatening [12].

Virtually, all non-pathologic rib fractures heal 
well with conservative management. Some 
patients are able to return to work within a few 
days, depending on their occupation. One small 
case series suggests that some patients experi-
ence prolonged pain and disability [26]. It found 
that patients with an isolated rib fracture regain 
pain-free function at a mean of 51 days.

11.5  Costochondral Injuries

Costochondral injuries refer to the fracture at the 
joints between each rib and its costal cartilage. 
They are primary cartilaginous joints and represent 
the demarcation of the unossified and ossified part 
of the rib. There is no movement at these joints. 
Costal cartilages form part of the thoracic cage and 
anterior chest wall. There are ten costal cartilages, 
one for rib 1–10, each of which forms a costochon-
dral joint. Costal cartilages 1–7 articulate with the 
sternum at sternocostal joints, and costal cartilages 
8–10 are attached to each other via small interchon-
dral synovial joints forming the costal margin.

11.5.1  Patterns of Injury

Costal cartilage fractures are rare lesions, which 
may be located at the chondrocostal or chondro-
sternal junction.

While in adult patient pain is the primary 
complaint, in young children, a costal cartilage 
fracture may present as a thoracic wall mass 
associated with pain.

Costochondral injuries might occur in three 
locations: costochondral, midchondral, and ster-
nochondral. Disruptions or fractures of costal 
cartilage might result in an unstable rib cage and 
may expose thoracic contents, such as the heart, 
to injury.

While the more fixed first and second rib 
seems to be easily subjected to costochondral 
separation, the lower ribs can suffer costal carti-
lage fracturing more frequently.

11.5.2  Imaging Evaluation and 
Findings

11.5.2.1  Plain Radiography
Fractures of the costal cartilages are challenging 
to establish on physical examination and on plain 
radiographs, where they are easily overlooked. 
However, when there is severe calcification of the 
cartilage, a traumatic interruption might be dis-
played at this level [27, 28].

CXR is indicated to show associated findings 
such as pneumothorax, hemothorax, pulmonary 
contusion, and subcutaneous emphysema.

11.5.2.2  MDCT
MDCT is the gold standard technique to repre-
sent costal cartilage fractures and eventually 
associated injuries such as thoracic wall hema-
toma, pneumothorax, subcutaneous emphy-
sema, hemothorax, and pulmonary contusions 
[21, 29].

11.5.2.3  US
US is a reliable method to diagnose costal carti-
lage fractures and can increase the sensitivity of 
their detection when used together with MDCT 
scanning. US is preferable in a pediatric popula-
tion, in young or pregnant women and for follow-
 up examinations [30].

In pediatric population, US examination might 
be useful when costal cartilage fracture presents 
as a chest wall mass associated with pain to 
exclude neoplasm or post-traumatic hematoma.
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Furthermore, it is suggested an US examina-
tion when there is a high clinical suspicion and 
other modalities have not demonstrated an injury.

Sonographic signs of a cartilage damage 
include a fracture line, disruption of the anterior 
echogenic margin, a step-off deformity or gas 
located at the costochondral junction [27, 31].

Pitfalls in US examination include false frac-
tures that might be produced when the probe 
overlies the rib and partly the intercostal space. 
Also costal cartilage calcifications, running par-
allel to the rib margin, at the costochondral junc-
tion, may give rise to the false identification of a 
fracture due to normal sharp indentation (less 
likely in pediatric population) [32].

11.5.2.4  MRI
MRI can easily demonstrate costal cartilage frac-
tures and, like US, doesn’t result in radiation 
exposure.

Costal cartilage injuries are detected on MRI 
due to the high T2 signal from the surrounding 
edema, and they are often more easily detectable 
than on MDCT. Even in cases of remote injury, 
persistent high T2 signal at the site of fracture 
might be seen, presumably due to nonunion in 
persistent clinical symptoms.

When costochondral injury is suspected, a fat- 
saturated T2-weighted or STIR sequence in the 
coronal view are recommended [33].

11.5.3  Natural History and Mortality

Costochondral fractures slightly increases mor-
tality rate as they may determine rib cage insta-
bility and flail chest, impairing respiratory 
function [34].

11.5.4  Treatment

These injuries are usually treated like the osse-
ous rib fractures, typically with nonsurgical 
management involving ice, nonsteroidal anti- 
inflammatory medications and taping of the ipsi-
lateral chest wall or use of a rib belt; in addition, 
athletes are restricted from sport for 3 weeks or 
longer [33, 35, 36].

However when returning to sports, especially 
contact sports at risk for direct trauma (e.g., 
hockey, rugby), a protective padding may be used 
to allow for further healing while reducing the 
risk of any repeated injury.

11.6  Flail Chest

A flail chest deformity may be a severe conse-
quence of multiple rib fractures. It occurs when 
three or more contiguous ribs are fractured in two 
site, or five or more contiguous ribs are fractured 
in one site with or without associated sternal frac-
tures [37].

With regard to injury mechanism, such trauma 
may be caused by MVC, falls, and assaults in 
younger, healthy patients.

The initial diagnosis of flail chest is per-
formed with physical examination, when para-
doxical or reverse motion of a chest wall 
segment is detected while spontaneously breath-
ing. This pattern of injury gives the rib cage an 
unstable dynamic of motion because a segment 
can act as a flail segment. The movements of 
this segment are opposite to the expected in the 
dynamic of the rib cage motion: in inspiration 
the unstable segment of the rib cage is attracted 
towards the pleura and in expiration it goes 
away from it. In this pattern of fracture in a non-
ventilated patient, this segment of the rib cage 
movement is contrary to the expected and is 
called paradoxical. The segment of the chest 
wall that is flail is unable to contribute to lung 
expansion. This abnormal movement hinders 
the creation of negative intrathoracic pressure 
during inspiration and positive airway pressure 
during expiration.

The force that is needed to produce a flail 
chest varies on the structure on which it impacts, 
if the structural components (i.e., the ribs) are 
weakened for any reason (i.e., osteoporosis, total 
sternotomy, and multiple myeloma, as well as 
individuals with congenital absence of the ster-
num), then much lower force may be required. 
Mechanically, however flail chest generally 
requires a significant traumatic energy diffused 
over a large area (i.e., the thorax) to create mul-
tiple anterior and posterior rib fractures.
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The motion of the flail segment is usually lim-
ited by the surrounding structural components, the 
intercostalis, and the surrounding musculature. This 
mechanical limitation of motion affects the actual 
size of the changes in thoracic volume and patient-
generated tidal volume. Underlying pulmonary or 
cardiac disease determines the physiologic pertur-
bations to respiration caused by the flail segment.

Although the diagnosis of flail chest is ini-
tially clinical, it always requires radiological 
studies including CXR and MDCT.

11.6.1  Patterns of Injury

The chest wall is inherently stable, with 12 ribs 
attaching posteriorly to the spinal column and 
anteriorly to the sternum. Intercostal muscles 
with fascial attachments, coupled with other 
muscle groups, including the trapezius and the 
serratus groups, add further strength to the bony 
cage around the thoracic organs.

Borrelly and Aazami [38] reported that con-
traction of the serratus anterior muscle digitations 
pulls the flail segment posteriorly and superiorly. 
Canine flail chest experiments have also shown 
that the degree of inward inspiratory displacement 
is related to force differences between intrapleural 
pressure and parasternal muscle activity [39].

Frontal and lateral impact may result in multi-
ple anterior and posterior rib fracture points. Severe 
anterior compressive forces may cause sternochon-
dral disruption and a subsequent sternal flail.

Flail chest can be subdivided into anterior and 
posterior flail chest depending on the presence of 
fractures along the anterior or posterior rib 
angles, respectively [40]. Flail segment might 
include the sternum with ribs on both sides of the 
thoracic cage fractured.

The rib cage is a flexible ring-like structure; 
the arch design of the ribs allows some flexing in 
trauma. The rib cage is less compliant in adults 
rather than in children and in the latter can absorb 
small amounts of blunt kinetic energy. 
Consequently, flail chest in children is observed 
with lower frequency, rather than injury to the 
underlying structures. Contrary in an adult, a 
transfer of significant kinetic energy in blunt 

trauma to the rib cage or a crushing rollover 
injury is the most frequent cause of flail chest.

11.6.2  Imaging Evaluation 
and Findings

Patients with flail chest, resulting from a high- 
energy trauma, need to be considered at risk for 
severe associated injuries such as massive pul-
monary contusion or laceration, pneumothorax 
with subcutaneous emphysema, hemothorax 
(which are the major contributors to respiratory 
insufficiency) and vertebral fractures.

11.6.2.1  Plain Radiography
CXR is the first examination performed in case of 
acute chest trauma and the strict definition of 
three ribs broken in two or more places, or more 
than five contiguous ribs injured can be con-
firmed eventually by means of specific ribs plain 
films too. The inherent structural stability of the 
chest wall due to the ribs and intercostal muscles 
usually does not show abnormal or paradoxical 
motion without three or more ribs involved.

11.6.2.2  MDCT
CXR is less sensitive than MDCT for the diag-
nosis of flail segments, and thoracic MDCT is 
routinary performed in case of severe trauma 
with paradoxical chest movements to exclude 
associated complications, such as pulmonary 
contusions, usually subjacent to the point of 
impact or on the counterpoint; lung laceration 
frequently masked by the surrounding pulmo-
nary contusion; pneumothorax that is very com-
mon, but might be not clearly evident on supine 
CXR; hemothorax; pneumomediastinum; sub-
cutaneous emphysema; mediastinal hemor-
rhage; and major vascular injuries (Figs. 11.3, 
11.4, 11.5, 11.6, 11.7, and 11.8).

11.6.3  Natural History and Mortality

The incidence of flail segments is 10–15% in 
major thoracic trauma and might be associated 
with cranial, thoracic, and abdominal injuries.
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Early mechanical ventilatory assistance is pro-
vided to patients with severe concomitant inju-
ries. The paradoxical movements of the flail 
segment disappears after intubation with positive 
pressure ventilation.

Patients may demonstrate only the para-
doxical chest wall motion, with minimal respi-
ratory insufficiency, although they usually 
show some tachypnea with a notable decrease 
in resting tidal volume due to painful frac-
tures. The impairment of respiratory function 
is typically related to the underlying lung 
injury and loss of negative intrathoracic pres-
sure, rather than the chest wall abnormality. It 
can cause the development of atelectasis and 
adult respiratory distress syndrome secondary 
to impaired pulmonary drainage, with pro-

gressive hypoxemia, elevated airway pres-
sures, and a progressive infiltrate in the 
affected lung [41].

Flail chest can lead to severe respiratory fail-
ure and requires prompt intensive respiratory 
ventilation, sometimes also for prolonged peri-
ods in more than 50% of cases [12, 37].

Flail chest has a reported mortality rate 
between 10 and 15% that is primarily caused by 
associated injuries.

The mortality rate of patients with severe 
associated injuries may be decreased from 50% 
to 6% if mechanical ventilation is instituted 
within 24 h of injury; on the opposite, the mortal-
ity rate can exceed 90%, however, when there is 
hypotension and hypoxia for a period of more 
than 24 h [40].

a b

c d

Fig. 11.3 CT scout of a patient underwent to a severe 
chest trauma after MVA, showing subcutaneous emphy-
sema (long arrow in a, arrow in b) of the left thoracic 
wall, lung contusions (short arrow in a and in b). Left 
scapular fracture (arrowhead in a). Not dislocated frac-

ture of the proximal part of the first right rib of the same 
patient (arrowhead in c). Subcutaneous emphysema in the 
left neck (arrow in c). Chest wall hematoma without 
active bleeding (arrowhead in d)
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a b

Fig. 11.4 3D reconstruction (a. Left lateral view; b. Left 
posterolateral view) of a patient underwent to a severe 
chest trauma, after a MVA, showing flail chest with frac-

tures, in two points, from the second to seventh rib (arrow-
heads). Left scapular fracture (arrow). Chest, 
endotracheal, and nasogastric tube placement

Fig. 11.5 Chest X-ray performed in shock room in 
supine position on the spinal board, in a patient who 
underwent a severe chest trauma after a MVA, showing 
subcutaneous emphysema of the right chest wall, multiple 
rib fractures (arrows), lung contusions (arrowhead). 
Endotracheal tube placement

Fig. 11.6 CT axial imaging of the same patient showing 
subcutaneous emphysema (arrow) of the right chest wall, 
lung contusions (curved arrow). Right pneumothorax 
(black arrowhead). Chest tube placement (star)
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a b

Fig. 11.7 MPR images (a, b) of the same patient show-
ing lung contusions and subcutaneous emphysema (black 
arrow in b) of the right chest wall and lower portion of the 

neck (short black arrow in a). Multiple rib fractures 
(arrowhead in b) and T12 vertebral fracture (long black 
arrow in a)

ba

Fig. 11.8 3D reconstruction (a. Right posterolateral view; b. Posterior view) of the same patient showing flail chest 
with fractures from the seventh to twelfth rib. Chest drainage, endotracheal tube, venous catheter placement
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Prolonged mechanical ventilation and pulmo-
nary contusion are associated with the develop-
ment of pneumonia and a poor outcome.

11.6.4  Treatment

Flail chest is usually managed supportively, with 
adequate analgesia and chest physiotherapy to 
assist volume expansion and secretion manage-
ment, and to prevent secondary complications of 
atelectasis and pneumonia. Adequate analgesia is 
of paramount importance and may contribute to 
the return of normal respiratory mechanics.

Chest tube insertion might be necessary in case 
of complications such as hemo- or pneumothorax.

Posterior flail segments are easier to manage 
clinically because of the presence of strong mus-
cular and scapular support and because of a 
patient’s natural tendency to lie with his or her 
back against the mattress.

The surgical management has traditionally been 
reserved for the following indications: flail chest 
who require thoracotomy for other intrathoracic 
injuries, severe chest wall instability, persistent 
pain secondary to fracture malunion, and persistent 
or progressive loss of pulmonary function [40]. 
Surgical stabilization can effectively reduce the 
duration of mechanical ventilatory support and 
facilitating a shorter intensive care unit (ICU) stay 
and quicker recovery. The long- term benefits 
include restoration of normal chest wall geometry 
and improved pulmonary function testing.

Open fixation is also indicated for flail chest 
when thoracotomy is performed for other con-
comitant injuries. Rarely, severe rib injuries (e.g., 
flail chest) may be treated with open reduction 
internal fixation (ORIF), often in the setting of 
other severe traumatic injuries and in the hope 
that respiratory function will improve [12].

11.7  Sternal Fractures, Sterno-
chondral Injuries, and 
Sternoclavicular Dislocation

11.7.1  Sternal Fractures

Sternal fractures usually occur in patients who 
involved in high-speed motor vehicle collision, 

with an incidence of 8–10%. Their importance 
lies in the high frequency of associated injuries 
such as fractured ribs, pulmonary and cardiac 
trauma, cranio-cerebral injuries, thoracic and 
lumbar spinal fractures, whiplash, and lower- 
extremity injuries [42].

Sternal fractures have associated mediasti-
nal injuries in more than 50% of cases and a 
mortality of 22% due to cardiac and great ves-
sel lesions.

11.7.1.1  Patterns of Injury
Fractures may occur in any segment of the ster-
num but most commonly affect the upper third of 
the sternal body and the manubrium. In 18% of 
cases, fractures occur at the manubriosternal 
joint. The fractures of the manubrium, rather than 
the ones at the sternal body, require higher force 
[43, 44].

The degree of displacement is proportional to 
the energy of the impact and, thus, to the likeli-
hood of concomitant injuries.

The most common mechanism of sternal 
injuries is a direct impact between the ster-
num and the steering wheel or seat belt or air 
bag as a result of sudden deceleration. These 
injuries are more common in front-seat and/or 
restrained passengers and in frontal 
collisions.

Fractures may be displaced or undisplaced: an 
isolated undisplaced sternal fracture is consid-
ered a benign entity not associated with appre-
ciable morbidity [45].

On the contrary, a sternal fracture with dis-
placement or multisystemic trauma may alert 
the clinician to search for possible associated 
serious injury. In these cases, displaced frag-
ments are often associated with soft-tissue and 
cardiothoracic damage due to the posterior 
shift of the lower fragment. The manubrial 
fractures may be associated with aortic and 
brachiocephalic vessel injuries, while the 
depressed sternal body fractures may deter-
mine myocardial injuries in 1.5–6% of patients. 
A general rule is: the more displaced the frac-
ture, the higher the association with additional 
chest injuries.

Clinically, sternal fractures can be detected by 
inspection and palpation of the chest wall, but 
usually the diagnosis relies on imaging.
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11.7.1.2  Imaging Evaluation 
and Findings

 Plain Radiography
Frontal CXR detects only sternal fractures with lat-
eral displacement and may be useful in detecting 
concomitant injuries (rib fractures, pulmonary con-
tusions, hemothorax/pneumothorax). The presence 
of widened mediastinum, usually reflects a medias-
tinal hematoma; however, a hematoma due to a 
sternal fracture may be indistinguishable from one 
that is secondary to an acute aortic injury [46].

The essential radiographic projection required 
to establish the diagnosis of sternal injury is the 
lateral projection. Although lateral CXR is the 
best view to depict sternal fractures with sensitiv-
ity of 70%, it is hard to be obtained in the acute 
trauma setting and furthermore, it cannot show 
the associated thoracic injuries [22, 47].

 US
Chest US may demonstrate sternal fractures as a 
focal discontinuity, or stepping of the anterior 

cortex, sometimes associated with a localized 
presternal hematoma, pericardial effusion, car-
diac wall motion abnormalities, or hemopneumo-
thorax [48]. US pitfalls are determined by its 
inaccuracy for the evaluation of the degree of 
fracture displacement and misdiagnosis in case 
of incomplete sternal fusion in children and in 
case of subcutaneous emphysema [49].

 MDCT
In multitrauma patients, chest US and X-rays are 
replaced by MDCT examination because it iden-
tifies not only all sternal fractures and disloca-
tions but also internal thoracic injuries and 
retrosternal hematomas. Moreover, multiplanar 
reconstructions (MPR) allow to visualize hori-
zontal fracture lines [37], which may be missed 
on the axial scans (Fig. 11.9).

Electrocardiography (ECG), echocardiogra-
phy, serial enzyme analysis, and telemetry moni-
toring are useful to show pericardial effusion or 
other signs of myocardial injury in case of 
depressed, displaced sternal fractures. In 40% of 

a b

Fig. 11.9 Lateral X-ray projection of the sternum (a) showing a fracture in the upper third of its body (arrowhead) 
confirmed in 3D reconstruction of MDCT (b) (arrow)

11 Traumatic Chest Wall Injuries



264

cases, there are also compression fractures of the 
upper thoracic spine and more rarely of the cervi-
cal and lumbar spine. Clinically, there is violent 
chest pain, tenderness, bruising, and a stair-step 
sometimes palpable at the fracture line [44].

11.7.1.3  Natural History and Mortality
The isolated sternal fractures have a very good 
outcome in patients without abnormality in the 
ECG and no underlying chest pathology, with 
conservative management; most healing in a few 
months with a very low mortality rate (<1%).

The sternal fractures associated with other 
injuries have a higher mortality rate, ranging 
from 25–45%. Two-thirds of displaced or unsta-
ble sternal fractures have concomitant injuries 
which can be subdivided into three categories:

• soft-tissue injuries
• injuries to the chest wall
• injuries to the spine, extremities, and skull

Chest wall injuries include rib fractures, 
flail chest, and sternoclavicular dislocation. 
Pneumothorax, hemothorax, cardiac tamponade, 
and pulmonary contusions, as well as injuries to 
the abdomen and diaphragm are common soft- 
tissue injuries. Thoracic spine compression frac-
tures, as well as trauma to the head, neck, and 
extremities are also common [50, 51].

The complications following sternal fractures 
may include short-term sequelae, such as chest 
pain post-injury and long-term problems such as 
nonunion and painful pseudarthrosis that may 
require surgical correction.

11.7.1.4  Treatment
Satisfactory pain control is usually achieved 

with oral analgesics as well as codeine and non-
steroidal anti-inflammatory drugs (NSAIDs), in 
case of noncomplicated sternal fractures. 
Otherwise, the treatment of the underlying com-
plication is necessary.

11.7.2  Sternochondral Injuries

There are few published papers on sternochon-
dral injuries as they are often misdiagnosed.

11.7.2.1  Patterns of Injury
Most reported cases are in young males as the 
result of blunt trauma or a fall in sports, and they 
are represented by fractures and dislocations. The 
sternochondral dislocations are encountered 
especially in children and, when multiple, they 
produce an anterior flail chest. The most fre-
quently reported site of injury is the sternochon-
dral junction of first or second rib; in particular, 
Subhas et al. reported a characteristic pattern of 
injury at the sternochondral junction of the first 
rib, in which a small triangular chondral frag-
ment remains attached to the sternum [29, 33].

11.7.2.2  Imaging Evaluation 
and Findings

 Plain Radiography
The clinical presentation of sternochondral injuries 
may be identical to that of rib fractures, but carti-
lage injuries are not detectable with CXR, unless 
considerable costal calcification is present, so these 
injuries are usually overlooked on plain films.

 US
US have been reported as effective in revealing 
sternochondral fractures [29].

On sonographic examination, the cartilages 
appear hypoechoic than the adjacent muscle and 
are delineated by a thin echogenic anterior mar-
gin. US has the advantage of an easy multiplanar 
scanning, the lack of ionizing radiations, and the 
opportunity of a bedside examination.

 MDCT
Axial and MPR images from thin MDCT slices 
demonstrate focal interruption in the relatively high 
sternochondral density. Moreover, MDCT shows 
displacement of the adjacent segments and adjacent 
soft-tissue swelling [44], allowing to detect a hema-
toma with or without an active bleeding (Fig. 11.10).

 MRI
MRI, with its intrinsic soft-tissue contrast and the 
ability to evaluate cartilage elsewhere in the muscu-
loskeletal system, is very suitable for the evaluation 
of sternochondral junction; however, this approach 
has received low attention in literature, with only a 
single published series by Subhas et al. [33].
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11.7.2.3  Natural History and Mortality
Fracture or subluxation of the sternochondral 
joints is very common in wrestlers and mixed 
martial arts artists as a result of leverage and 
twisting again resistance. Symptoms are dys-
pnea, chest pain, worsening with deep breaths or 
arm movements, and tenderness (touching the 
joint area makes the pain worse). The outcome 
of these injuries is very good if they are isolated, 
while the presence of associated lesions (such as 
myocardial contusion, aortic rupture, pneumo-
thorax, and hemothorax) worsens prognosis.

11.7.2.4  Treatment
Pain relief is the most common treatment. Oxygen 
terapy is used in response to possible hypoxemia 
and to decrease workload on the myocardium; 
cardiac monitoring is employed to treat eventual 
cardiac arrhythmias due to trauma. Pain manage-
ment is used during the initial setting; the later 
rehabilitation allows healing and deep breathing, 
in order to prevent atelectasis, pneumonia, and 
other lung expansion complications.

In conclusion, these injuries are managed non-
surgically like osseous rib fractures.

11.7.3  Sternoclavicular Dislocation

The sternoclavicular dislocation are rare; they 
represent only 2–3% of shoulder dislocations, 

usually result from blunt or sport trauma and are 
distinguished in anterior or posterior.

11.7.3.1  Patterns of Injury
The anterior dislocations usually result from an 
anterior blow to the shoulder. They are more 
common than posterior ones and typically less 
dangerous because there is no significant risk of 
great vessel injury.

The posterior (or retrosternal) displacement 
results from a posterior blow to the shoulder or a 
blow to the medial clavicle; in particular, the most 
common mechanism is a massive direct trauma to 
the anterior chest wall, driving the medial end of 
the clavicle posteriorly or posterolaterally. It is fre-
quently associated with life- threatening complica-
tions caused by the compression of vital structures 
such as the trachea, great vessels, and nerves [52].

Posterior dislocations at the left sternoclavicu-
lar joint are particularly dangerous considering the 
contiguity with the left subclavian vessels [53].

11.7.3.2  Imaging Evaluation 
and Findings

Even if all these fractures/dislocation can be detected 
by inspection and palpation of the chest wall, usu-
ally the diagnosis relies on imaging studies.

 Plain Radiography
Standard view of a CXR may not provide a defin-
itive diagnosis, but an abnormal position of the 

ba

Fig. 11.10 Axial CT image (a) and 3D reconstruction (b) of a fracture of the first sternochondral joint (arrows in a) 
with right dislocation (white arrowheads in b)
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clavicle may arouse suspicion about the presence 
of sternoclavicular joint dislocation. Alternative 
views such as “serendipity view” (40° cephalic 
tilt) may provide more information.

 MDCT
MDCT gives a detailed depiction of the sterno-
clavicular joint [46] and helps distinguish dislo-
cation as either anterior or posterior and to 
assess an eventual vascular compromise 
(Figs. 11.11 and 11.12).

11.7.3.3  Natural History and Mortality
Clinically, they may present with pain, tender-
ness, a large hematoma and ecchymosis of the 

upper anterior chest wall, and a palpable or visi-
ble abnormality of the injured joint.

The main symptom of anterior dislocation is the 
deformity with palpable bump while in posterior dis-
locations there are dyspnea, dysphagia, tachypnea, 
and stridor, worsening in supine position. At physi-
cal examination, there is a prominence that increases 
with arm abduction and paresthesias increasing in 
elevation of the affected upper extremity; also venous 
congestion or diminished pulse when compared with 
contralateral side might be present [54, 55].

Many complications have been reported in the 
literature related to retrosternal dislocation of the 
medial end of the clavicle including subclavian 
compression and laceration, mediastinal com-
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Fig. 11.11 Chest X-rays showing posterior dislocation of 
the left clavicle (arrowhead in a). Shoulder X-plain film of 
the same patient demonstrating subluxation of the left ster-
noclavicular joint (arrowhead in b) and left humeral head 

comminuted fracture (arrow in b). MIP (c) and 3D recon-
struction of left shoulder at MDCT (d) confirms the left 
sternoclavicular subluxation (arrowhead in c) and the 
comminuted fracture of the left humeral head (arrow in d)
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pression, pneumothorax, esophageal rupture, and 
tracheal tear [56].

Anterior dislocations typically have a more 
benign course and conservative treatments are 
usually justified. However, they may result in 
chronic pain, ankylosis, and deformity.

11.7.3.4  Treatment
It consists of conservative therapy with ice, anal-
gesia, and shoulder sling for immobility leading 
usually to complete recovery in about 1 week. 
Subluxation of the sternoclavicular joint will 
require the application of a clavicular splint or 
sling for 3–6 weeks.

Different therapies will be requested if the dis-
location is associated to other chest wall or inter-
nal thoracic structures injuries.

11.8  Costovertebral Dislocation

The costovertebral articulations permit the 
respiratory movements of the ribs and consist of 
two gliding type of synovial joints, the costo-
central joint (between the head of the rib and the 
lateral portion of the vertebral body) and the 
costotransverse articulation (between the tuber-
cle of the rib and the tip of the transverse 
process).

In costovertebral joints, the head of a rib has 
two facets separated by a ridge which articulate 
with two vertebra, in particular the lower rib 
facet articulates with the upper costal facet of 
its own vertebra and the upper facet articulates 
with the lower facet of the vertebral body 
above.

a b
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Fig. 11.12 (a) Chest X-rays showing a fracture of the 
medial third of the right clavicle (arrow) with a sternocla-
vicular subluxation (arrowheads) in a polytrauma patient; 
(b) US of the same patient demonstrates subluxation of 

the sternoclavicular joint; (c) 3D reconstruction confirm-
ing the right sternoclavicular subluxation (arrowhead) 
and clavicular fracture (arrow); (d) coronal MPR image 
of the bilateral sternoclavicular dislocations
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The first rib articulates with the T1 vertebra 
only and the lowest three ribs articulate only with 
their own vertebral body [57].

The costovertebral joints are stabilized by 
articular capsules, the radiate ligaments, and the 
intra-articular ligaments (where they exist), 
the latest binding the medial ends of the ribs to 
the intervertebral disks.

The first, tenth, eleventh, and twelfth costo-
central joints have no intra-articular ligament, so 
they have only one synovial compartment.

The costotransverse joints consist the tubercle 
of a rib articulating with the transverse process. 
The tubercle has two facets, the medial and the 
lateral articulating, respectively, with the tip of 
the transverse process (forming a plane synovial 
joint, reinforced by a capsule) and with the trans-
verse process through three ligaments—lateral 
costotransverse, costotranverse, and superior cos-
totransverse. Superior costotransverse ligament 
attaches the superior border of the neck of the rib 
to the transverse process, immediately above. 
The first rib has no superior costotransverse liga-
ment [58]. All ribs have a feeble posterior costo-
transverse ligament which attaches the neck of 
the rib to the base of the transverse process and 
lateral border of the inferior articular process of 
the vertebra immediately above [59].

The lower two floating ribs are only attached by 
ligaments and do not form costotransverse joints.

11.8.1  Pattern of Injury

When subjected to severe trauma, these joints 
may be subluxated or dislocated. The costotrans-
verse joint is the more likely of the two to be 
injured. The first costotransverse joint is 
 especially vulnerable because of its unique posi-
tion at the top of the rib cage [59].

The predominant mechanism of injury is a 
blunt trauma such as motor vehicle collision, 
sports, fall, and gunshot. Significant associated 
injuries include fracture dislocation of the spine 
and of the sternum. Symptoms include pain, 
swelling, deformity, altered motility, anesthesia, 
or paresthesia up to paraplegia (especially with a 
fracture of the spine associated).

11.8.2  Imaging Evaluation 
and Findings

11.8.2.1  Plain Radiography
CXR is the first radiological examination per-
formed in case of suspected costovertebral dislo-
cation but it is not the best because these 
displacements can be subtle, especially when 
CXR is performed with portable devices on the 
spinal board, as in multitrauma patients. On AP 
view, the more significant finding is an asymmet-
ric rib interspace narrowing above and widening 
below the level of injury.

11.8.2.2  MDCT
The effect on ligamentous disruption and/or 
fracture may be assessed with axial MDCT 
images.

An important anatomic reference on MDCT 
axial images is the position of the head of the rib 
that is located at the level of the intervertebral 
disk enabling to evaluate this structure and the 
number the vertebral level as well. MDCT find-
ings include the displacement of the costal head 
from the pedicle and the transverse process with 
its associated rib displaced out of view usually 
anteriorly (naked transverse process) [57].

11.8.3  Natural History and Mortality

Because these costovertebral articulations pro-
vide the contact points of the rib cage, disruption 
could impede the thoracic spine’s ability to resist 
normal physiologic loads; particularly when it is 
involved the first costovertebral joint, associated 
with massive trauma to other part of the body, 
including the thorax, head, and abdomen [59]. 
The most common associated injuries are pneu-
mothorax, hemothorax, pulmonary contusion, 
and flail chest. Local injuries more directly 
related to the first costovertebral fracture/disloca-
tion include trauma of the brachial plexus, 
Horner’s syndrome, and tear of the subclavian 
artery.
The outcome of these injuries depends on associ-
ated fractures and on the presence of neurologic 
impairment.
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11.8.4  Treatment

Treatment ranges from strapping or bandaging of 
the chest and immobilization in uncomplicated 
cases up to surgical reduction in severe cases [60].

11.9  Scapulo-Thoracic 
Dissociation

The scapulo-thoracic dissociation (STD) is 
defined as the lateral displacement of the scapula 
from the thoracic cage after severe scapular girdle 
trauma [61], which leads to the disruption of the 
attachments of the shoulder girdle to the trunk, 
either by acromioclavicular or sternoclavicular 
dislocation or a fracture of the clavicle [62].

Closed rupture of the subclavian or axillary 
vessels, paralysis of the brachial plexus, and com-
plete or partial avulsion of the shoulder muscles 
might be associated [63]. First described by Oreck 
et al. in 1984, STD is a rare situation and only a 
few other similar cases have been reported. It has 
different variants, from the absence of neurovas-
cular injury [64] to bilateral involvement [65].

11.9.1  Patterns of Injury

STD is related to high-energy trauma, and it is usu-
ally caused by a lateral traction injury to the shoul-
der girdle. Approximately half of the cases is related 
to motorcycle accidents. Less frequently, other 
injury mechanisms are reported: motor vehicle 
crashes, rollover accidents, pedestrian accidents, 
and falls from heights [66]. The traction force dis-
rupts the muscular tissues and the acromioclavicu-
lar ligaments/sternoclavicular ligaments making 
the neurovascular tissues vulnerable to injury [67].

Significant cardiac, chest wall and pulmonary 
injuries might be associated, while the skin is 
usually intact.

The concomitant lesions might be:

• arterial (88% [68]), such as subclavian or, less 
frequently, axillary artery ruptures

• osteo-articular, such as scapula or clavicle frac-
tures, acromioclavicular dislocation/separation, 

sternoclavicular dislocation, or flail extremity 
(complete loss of motor and sensory function)

• neurologic, such as complete or, less fre-
quently, partial brachial plexus paralysis with 
root avulsion or trunk rupture, or phrenic 
nerve injury with diaphragmatic paralysis

11.9.2  Imaging Evaluation 
and Findings

In STD, the first imaging procedure required is 
CXR in anterior-posterior projection; lateral view 
of the chest and shoulder plain film is recom-
mended. STD diagnosis should be considered in 
patients with major trauma, with neurovascular 
upper limb deficit and if on CXR the ratio of dis-
tances between affected and the non-affected 
sides is 1.5 centimeters or greater (measured 
between the spine and the medial border of scap-
ula) [66]. Widely displaced clavicle fracture, 
acromioclavicular separation, and sternoclavicu-
lar dislocation are usually related findings. If the 
diagnosis is uncertain, additional trans-scapular 
or oblique views of the affected scapula as well 
as MDCT scan are recommended [67].

MDCT angiography is indicated to detect 
injury of subclavian and axillary artery and is 
recommended in hemodynamically stable patient 
before surgery.

Bone and joints injuries must be reported on 
X-ray examinations, but the diagnosis is fre-
quently missed [69], because of the presence of 
other severe associated injuries and the limited 
quality of radiographs performed in shock room 
(Figs. 11.12, 11.13, 11.14, and 11.15).

In the case of brachial paralysis, an MRI 
must be used to assess the nervous damage. This 
is essentially a preoperative assessment for the 
possibility of repair by nerve graft from an 
intact root [70].

11.9.3  Natural History and Mortality

The typical clinical presentation of STD is a 
swollen shoulder containing a large hematoma 
and extending to the thoracic wall; absent distal 
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ba

Fig. 11.13 Chest X-rays after MVA in a 14-year-old 
patient showing humeral shaft fracture with medial dislo-
cation of the humeral head (arrow in a). Intraluminal axil-

lary artery thrombosis (star in b) and subcutaneous 
emphysema (arrow in b)

a b

c

d

Fig. 11.14 Humeral X-ray after external fixation in the 
same patient (a). MIP (b) and VR reconstruction (c) of the 
subclavian and axillary artery after surgical repair. 

Surgical imaging of vascular reconstruction with saphe-
nous vein stent graft of the axillary artery (d). Courtesy of 
Professor Seccia
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pulses with pallor of the distal end of the upper 
limb; a brachial plexus palsy and a sternoclavic-
ular dislocation; a displaced fracture of the clav-
icle or a dislocation of the acromioclavicular 
articulation [62, 63, 71]. Common symptoms are 
pain and numbness or tingling in involved upper 
extremity. STD is often a missed or delayed 
diagnosis because in polytrauma patients the 
presence of concomitant severe injuries repre-
sents a sort of “distraction” for the emergency 
physician.

The arterial injury may be lethal in case of 
ongoing bleeding, and there is a 10% death rate 
in those who reach hospital, due to failure to treat 
hypovolemic shock or associated injuries [62]. 
Despite of arterial injuries are frequent, upper 
limb ischemia is a quite rare situation (12.5%), 
probably due to the good collateral arterial net-
work around the shoulder [62]. It is important to 

notice that diagnosis of upper limb ischemia in 
this clinical situation is not so obvious because 
radial pulse might be absent due to the hypovole-
mic shock.

Nerve injuries occur in 94% of the patients 
[66]. Brachial plexus paralysis is usually com-
plete, and it is associated with supraclavicular 
root avulsions or even rupture of the trunks in 
the interscalene space [61]. Partial damage is 
more frequently observed in retro- and infra-
clavicular injuries, and spontaneous recovery 
occurs in some cases but this is never com-
plete [72].

It is important to emphasize that double 
lesions might occur in this type of traumatic 
injury: root lesions upper in the neck region and 
trunk ruptures lower down the arm [63]. Damage 
of the plexus determines the functional prognosis 
of STD.

a

c d

b

Fig. 11.15 (a) Shoulder X-ray of a 51-year-old patient 
after a MVA with clavicular fracture and scapulo-thoracic 
dissociation; (b) macroscopic appearance of the right 
shoulder’s injury at the arrival in the emergency room. (c) 
MIP imaging with intravenous contrast medium of the 

shoulder showing clavicular fracture (arrow) with integ-
rity of the subclavian and axillary artery; (d) 3D volume 
rendering reconstruction of the shoulder showing scapulo- 
thoracic dissociation
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There is a classification system for the injury 
severity of the STD [73]:

Type 1: Musculoskeletal injury alone
Type 2A: Musculoskeletal injury with vascular 

disruption
Type 2B: Musculoskeletal injury with incom-

plete neurological impairment of the upper 
extremity

Type 3: Musculoskeletal injury with incomplete 
neurological impairment of the upper extrem-
ity and vascular injury

Type 4: Musculoskeletal injury with complete 
brachial plexus avulsion

11.9.4  Treatment

The STD is usually associated with other life- 
threatening injuries, which lead the further man-
agement. In hemodynamically stable patients, 
MDCT angiography is widely recommended 
prior to surgery or interventional radiology. In 
hemodynamically unstable cases, however, 
urgent surgical intervention is required to con-
trol the arterial bleeding [66]. In arterial inju-
ries, emergency revascularization is 
recommended only in patients with signs of 
severe ischemia, such as cold, temperature, and 
blue mottled color of the limb (compared with 
the opposite side) [62].

When the patient is stable, the shoulder is 
investigated in depth and then a decision regard-
ing the final treatment could be taken. Shoulder 
stability in such cases can be obtained later by an 
arthrodesis. In many cases, scapulohumeral 
arthrodesis as a primary or secondary procedure 
has proven to be satisfactory [66, 71, 74]. In sum-
mary, the nerve reconstructions must try to 
restore elbow flexion. If it is weak and/or the 
shoulder is unstable and painful, a shoulder 
arthrodesis may be indicated [62].

Management of the nerve lesions is not in 
itself an emergency, but their severity means that 
there should be early assessment to plan the most 
appropriate time for surgical intervention. Nerve 
reconstruction by neurotization and/or nerve 
graft, preferably within a period of 2–6 months of 

the accident, is performed with the sole objective 
of recovering elbow flexion [62]. In case of com-
plete brachial plexus avulsion, the functional 
recovery is usually poor and results mostly in a 
flail, anesthetic upper extremity [66].

Upper arm amputation remains a radical pro-
cedure which is only indicated when upper 
extremity function is not restorable. In these 
cases, the recommended treatment is an early 
above-elbow amputation with immediate pros-
thetic fitting in order to obtain a better functional 
outcome [66, 75].

The analysis of the previous literature about 
STD shows that approximately 11% of the 
reported patients died. However, probably the 
mortality of STD is overestimated because many 
of these patients die from the concomitant inju-
ries during the preclinical course [66].

11.10  Scapular Fractures

Scapular fractures are about the 3–5% of all frac-
ture of the shoulder girdle, where the most fre-
quent fractures occur in the clavicle and proximal 
humerus [76].

This low fracture rate might be explained by 
its high mobility, helping in dissipating energy 
during trauma, together with the anatomical 
 protection of the rib cage and the surrounding 
muscles [77].

The new evidences recently acquired show that 
the scapula plays an important role as dynamic 
stabilizer of the shoulder joint complex [78].

This is supported by several studies in the last 
two decades which have reported poor results 
following nonoperative management of both 
intra- and extra-articular fractures [79–81].

11.10.1  Pattern of Injury

Usually, scapular fractures are caused by high- 
energy injury (motor vehicle accidents account 
for 50%) through direct trauma to the shoulder 
region or indirect trauma by falling on out-
stretched hand. Non-accidental causes might be 
found in children injuries [82, 83].
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Scapular fractures might be initially underesti-
mated because attention is centered on the other 
frequent associated chest lesions such as a pneu-
mothorax, hemothorax, pulmonary contusion, and 
spinal injuries [77]. In a retrospective review of 
data in the national trauma database, Baldwin et al. 
assessed that in association with scapular fractures 
rib fractures were present in 52.9% spine fractures, 
in 29.1%, lung injury in 47.1%, head injury in 
39.1%, and clavicle fractures in 25.2% [84].

Also neurovascular lesions might be asso-
ciated, especially regarding the brachial 
plexus, which is present in 13% of scapular 
fractures [85].

They are divided into three main groups:

• fractures of the body (50%); due to direct 
impact to the scapula or sudden muscular con-
traction (seizures or electric shocks) and 
respond well to conservative management.

• fractures of the scapular neck and glenoid 
fossa; among which, the fractures of the ana-
tomic neck are rare, unstable, and necessitate 
surgical treatment. The variant, called “float-
ing shoulder,” is a scapular-neck fracture asso-
ciated with an ipsilateral clavicular fracture.

• fractures of the acromion and the coracoid 
process [77].

11.10.2  Imaging Evaluation 
and Findings

A standard CXR should be initially performed in 
order to evaluate associated injuries, such as pneu-
mothorax. Eventually, MDCT scan should be indi-
cated to evaluate associated parenchymal lesions 
and exclude spinal fractures [76]. A correct radio-
graphic study for scapular fractures should include 
an upright anterior-posterior scapula (called 
Grashey view), axillary, and scapula Y views.

In the Grashey view, we evaluate the glenopo-
lar angle (GPA) and the lateral border offset 
(LBO). First measure is created by the intersec-
tion of a line drawn from the inferior glenoid 
fossa to the superior apex of the glenoid fossa and 
a line drawn from the superior apex of the glenoid 
fossa to the inferior angle of the scapula. The sec-

ond measure concerns the medial displacement 
of the proximal fragment, relative to the distal 
fragment at the lateral border. In the Y view, we 
should draw a line parallel to the proximal frag-
ment and a line parallel to the distal fragment and 
then measured the resulting angle in order to 
evaluate the angulation of the scapular fracture. 
The indications for surgery are based on these 
X-ray parameters. The axillary view is helpful to 
show fracture of the acromion and coracoid [76], 
subluxation or dislocation and intra- articular 
step-off (Figs. 11.16, 11.17, 11.18, and 11.19).

As scapular fractures are often encountered in 
polytrauma patients, MDCT scan is almost always 
performed with higher accuracy in defining the 
scapular deformity, especially thanks to the pres-
ence of MPR and three-dimensional imaging [86].

11.10.3  Natural History and 
Mortality

The physical examination, as well as prognosis, 
may depend on the commonly associated injuries, 
especially those that are life threatening, usually 
located to the spine, skull, and thorax. When pos-
sible, the suspected shoulder should be assessed 
preferably while patient is sitting or standing and 
the clinical findings are medial and caudal displace-
ment of the shoulder with marked asymmetry [85].

11.10.4  Treatment

Treatment approaches are decided on the basis 
of imaging evaluation and measurements, in 
particular on angular deformity and displace-
ment. However, it is recommended to take into 
account other ipsilateral injuries, patient activ-
ity level, hand dominance, and any comorbidi-
ties. In the review article of P. A. Cole et al. 
about scapular fractures nonoperative manage-
ment of extra- articular scapula fractures is rec-
ommended for displacement smaller than 
15–20 mm and angle lower than 30°–45° (mini-
mal displacement) in order to obtain a better 
clinical outcome. When a clear deformity of 
scapula is depicted on X-ray, a MDCT scan with 
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a b

c d

Fig. 11.17 Axial CT images showing multiple scapular 
fractures. The fractures involve the scapular apex (arrow 
in a) and cross the whole body (arrow in b). Axial 4 mm- 

thick MIP images showing the involvement of the spine of 
the scapula (arrows in c, d)

ba

Fig. 11.16 Anterior-posterior (a) and Y (b) X-ray shoulder projections of a 64-year-old man after thoracic blunt trauma 
showing multiple fractures of the left scapula with fragments displacement (arrows)
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3D reconstruction should be performed prior to 
surgical intervention to confirm the entity of 
displacement. Surgical intervention is indicated 
if GPA ≤ 22°, LBO ≥ 2 cm, angulation ≥ 45°, 
and articular gap/step- off ≥ 4 mm. In case of 
multiple shoulder elements, fractures involving 
the superior shoulder suspensory complex 
(SSSC, which consists in the shoulder’s osseo-
ligamentous connection of the acromion, cora-
coid, and glenoid processes of the scapula and 
their respective capsule–ligamentous connec-
tions) causing instability of the displaced float-
ing shoulder the threshold for open reduction 
internal fixation is lower: LBO ≥ 15 mm and 
angulation ≥ 30° [87].

It is important to note that skin integrity should 
be assessed for appropriate timing of surgery. It is 
preferable to wait on surgery until the skin has 
re-epithelialized [76].

11.11  Chest Wall Hematoma

Chest wall hematoma often is caused by trau-
matic event or iatrogenic procedures and it is usu-
ally treated conservatively due to his self-limiting 
course [88].

Post-traumatic expanding chest wall hemato-
mas, with underlying active arterial bleeding, are 
a rare eventuality and they require urgent surgical 

a b

c d

Fig. 11.18 Selective 3D 
reconstruction images of 
a 26-year-old man 
showing multiple 
fractures of the scapular 
bone involving the 
whole body. Anterior 
(a), lateral (b), 
posterior-medial (c), and 
medial view (d). 
Displacement and 
angulation of the 
multiple fragments of 
the body are here 
depicted (arrows). These 
images demonstrate that 
the acromial process and 
the glenoid cavity are 
not involved
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exploration with hemostasis and/or angiographic 
embolization [89].

11.11.1  Pattern of Injury

Chest wall hematoma are usually associated with 
blunt and penetrating trauma, in particular when 
rib fractures occur. Frequently in traumatic rib 
fractures, the intercostal, internal mammary, or 
subclavian arteries might be injured, creating a 
blood collection between parietal pleura and 
endothoracic fascia, defined as extrapleural 
hematomas [37].

The mandatory use of seat belts resulted in the 
last decades in a significant decrease of injuries 
and deaths from car accidents [90].

At the same time, hollow viscus and soft- 
tissue injuries number increased because of the 
seatbelt itself, especially in women [91].

In female population, the seat belt during 
motor vehicle accident might represent a poten-
tial cause of injuries of the breast due to the shear 
and compressive forces from the chest strap over 
the breast and bony thorax [92, 93].

Soft-tissue injuries are most of the time repre-
sented by nonexpanding hematomas or ecchymo-
sis or avulsion.

a b

c

Fig. 11.19 Shoulder X-rays (a) in a 39-year-old patient after a gunshot. Axial CT imaging (a) and VR reconstruction 
(b) showing humeral shaft fracture (arrows in a–c) and multiple metallic fragments (arrowheads in a–c)
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11.11.2  Imaging Evaluation 
and Findings

Radiographically, extrapleural hematoma might 
be depicted as bulging convex chest wall mass 
that may project into the thoracic cavity.

11.11.2.1  MDCT-US
Usually, a MDCT scan is performed in poly-
trauma patients. Imaging studies like US or 
MDCT might help to confirm the diagnosis by 
differentiating the belonging chest wall compart-
ment. The typical imaging features are the same 
as bleeding in the other areas. US scan shows 
inhomogeneous hypoecoic fluid collection in the 
chest wall thickness. Non-contrast-enhanced 
MDCT scan might confirm the hyperdense fluid 
collection within the wall. Contrast-enhanced 
MDCT is able to differentiate arterial or venous 
origin of the hematoma. In arterial bleeding, we 
can find hyperdense spot in the arterial phase 
within the collection and we might identify the 
source of bleeding. In subsequent phases, the 
density of the fluid should increase due to the 
contrast medium accumulating within the collec-

tion. The typical clinical low-pressure and self- 
limiting features together with the absence of 
hyperdense spot in arterial phase of enhanced 
MDCT allows to diagnose the venous origin of 
hematoma (Figs. 11.20 and 11.21).

Angiography is usually performed in order 
to treat active arterial bleeding, when indicated 
(Fig. 11.22).

11.11.3  Natural History and Mortality

Chest wall hematoma could be induced by 
arterial or venous injuries. Arterial bleeding usu-
ally leads to rapidly enlarging hematomas with 
mass effect and displacement of adjacent struc-
tures. Venous blood collection are commonly 
low- pressure and self-limited. Diagnosis might 
be made clinically by swelling/bruising or might 
be nonspecific findings like chronic anemia, 
fever, and plural effusion. Usually, the clinical 
presentation is characterized by a painful, pul-
sating mass was on the chest wall. Physical 
examination might show distended discolor-
ation of the involved chest wall area. The active 

a b

Fig. 11.20 Axial CT images of a 26-year-old man after 
thoracic blunt trauma showing a hematoma of the 
posterior- lateral thoracic wall (stars in a–d) associated 
with subcutaneous emphysema (long arrows in a–d) and 

with left lateral rib fracture and lung contusions (short 
arrows in a–d). Different phases acquired: unenhanced 
CT scan (a), arterial (b), venous (c), and delayed (d) scan 
show there is no active bleeding
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a b

c d

Fig. 11.21 Anterior left chest wall trauma after stab 
wound injury, in a 26-year-old patient, showing chest wall 
hematoma with subcutaneous emphysema (arrowheads in 

a, b) and signs of active bleeding in arterial (c) and venous 
(d) phase (arrowheads)

c d

Fig. 11.20 (continued)
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range of motion over the ipsilateral shoulder 
might also be limited because of this expanding 
anterior chest wall hematoma. Large chest wall 
hematomas with important active arterial bleed-
ing might be life-threatening due to their sys-
temic and hemodynamic consequences [88].

11.11.4  Treatment

Venous hematomas are usually self-limiting and 
treated conservatively. In case of arterial bleed-
ing, there are several ways to manage the hemor-
rhage: selective angiographic embolization, 
US-guided hemostatic injection, and conserva-
tive management, such as compression [94].

When there’s no injury of the great vessels, 
MDCT angiography often allows to detect bleed-
ing from branches of the internal mammary 

artery, which can be embolized successfully with 
low complication rates [95].

If blunt injury to the subclavian artery is 
described, surgical intervention is needed in order to 
guarantee the blood supply to the upper limb [96].
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12.1  Introduction

A traumatic diaphragmatic injury (TDI) is a 
severe lesion that often produces an interrup-
tion in the continuity of muscular and tendinous 
fibers of the diaphragm, resulting in a commu-
nication between thorax and abdomen. It may 
be due to both a severe blunt trauma, from 
motor vehicle accidents, and penetrating 
trauma, from knife or gunshot wounds. The fre-
quency, with which either of these mechanisms 
leads to a diaphragmatic lesion , mainly depends 
on the geographic location and socioeconomic 
status of traumatic patients [1, 2]. TDIs are esti-
mated to occur in 0.8–8% of patients with blunt 

abdominal trauma and in 10% of patients with 
penetrating trauma, representing a diagnostic 
challenge for both emergency radiologists and 
surgeons; indeed, especially blunt TDIs are 
missed at initial presentation in 7–66% of cases 
[1, 3]. There are several reasons why these inju-
ries often remain early undiagnosed. Firstly, the 
specific clinical and radiologic signs may be 
absent or very subtle, and, considering the high 
frequency of  concurrent visceral lesions, espe-
cially in polytrauma patients, a TDI may be 
overshadowed by life- threatening multiple 
organ involvement. The diagnosis results easier 
when clinical manifestations is related to a 
complication: the latter is mostly caused by a 
massive visceral herniation through the dia-
phragm (that is responsible for respiratory 
compromise due to lung compression) and by 
the organ strangulation, secondary to visceral 
incarceration. Such kind of complication may 
occur long after the trauma and, if symptoms 
are not conspicuous, the TDI is missed. The 
radiologic interpretation is difficult too; each 
imaging technique has advantages and pitfalls 
related to the type of injury. The chest X-ray 
(CXR) is still the first imaging evaluation per-
formed in trauma patients at the Emergency 
Department, but, in the hemodynamically sta-
ble multitrauma patients, it is fundamental a 
total body examination with multi-detector 
computed tomography (MDCT) that is consid-
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ered the modality of choice, with a high sensi-
tivity rate for both blunt and penetrating TDIs 
[3–6].

Another reason that emphasizes the impor-
tance of detecting diaphragmatic injuries with 
imaging techniques concerns the fact that emer-
gency surgeons increasingly tend to perform a 
nonoperative management (NOM) both for blunt 
and penetrating abdominal trauma; indeed, these 
patients are treated conservatively, without 
immediate surgical intervention, that could lead 
to a prompt diagnosis and a treatment of the 
smallest and insidious diaphragmatic tears. 
Finally, there is a general lack of awareness 
about this serious traumatic entity on the part of 
both clinicians and radiologists and a lack of 
familiarity with all the imaging signs of TDI [1, 
4, 6–9].

Considering that diaphragmatic tears do not 
heal spontaneously and that delayed life- 
threatening complications, such as visceral her-
niation and strangulation, may occur, an early 
diagnosis and a prompt surgical repair are cru-
cial. The better way to improve TDI detection is 
to maintain a high degree of suspicion in every 
case of severe thoracoabdominal trauma to have a 
good knowledge of the mechanism of injury and 
familiarity with specific and nonspecific radio-
logical signs.

12.1.1  Anatomy

The diaphragm is a dome-shaped musculoten-
dinous structure with upper convexity that sep-
arates the thoracic from the abdominal cavity. It 
is composed by a peripheral striated muscular 
component that originates from the circumfer-
ence of the thoracic outlet and converges to a 
central tendinous component; these two parts, 
respectively, arise from the pleuroperitoneal 
membrane and from the septum transversum. 
The muscular fibers belong to three different 
groups according to the anatomic structure on 

which they insert: sternal, with attachment to 
the posterior margins of the lower sternum and 
xiphoid process; costal, with insertion on the 
inner margins of the sixth through twelfth rib; 
lumbar, with attachment to the medial and lat-
eral arcuate ligaments and to right and left 
crura. There are three normal orifices through 
the diaphragm: the aortic hiatus, the inferior 
vena cava foramen, and the esophageal hiatus 
[2, 10–13].

The diaphragmatic anatomy is not well 
appreciated in all its components on conven-
tional CT axial images because the dome is tan-
gential to transverse plane; therefore, thinner 
sections and multiplanar reformations (MPR) 
are needed to improve the diagnosis. MDCT 
allows the detection of the diaphragmatic lum-
bar aspect made of the crura and the arcuate 
ligaments that may appear thickened or nodular; 
the sternal and costal sections are much more 
difficult to depict on axial images (Figs. 12.1 
and 12.2). Besides, only the portions of the dia-
phragm outlined by fat will be clearly repre-
sented; instead, the parts bordering structures of 
similar attenuation, such as liver or spleen, are 
not well recognizable, a fact that partially 
explains some of the limitations in the diagnosis 
of diaphragmatic tears at MDCT [4, 14].

The pattern and site of TDIs may be influ-
enced by some typical regions of muscular 
weakness that predisposes to injury and are 
directly related to embryological development. 
These points of weakness are located where 
groups of muscle fibers from different embryo-
logical origins meet: the right and left sternocos-
tal triangles and the lumbocostal triangles. 
Indeed, the  majority of injuries occur in the pos-
terolateral areas of the left diaphragm between 
lumbar and costal muscular attachment, where 
the pleuroperitoneal membrane finally join with 
the septum trasversum during embryogenesis [1, 
15, 16]. On the right side, the diaphragm is more 
protected by liver parenchyma from blunt trau-
matic injuries.
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a b

c d

Fig. 12.1 Normal CT anatomy of the anterior, posterior, 
and lateral/costal part of the diaphragm. (a, b) Axial 
MDCT images show the anterior diaphragmatic compo-
nent (arrowheads) and the crura (arrows). (c, d) Axial 
MDCT scans of the lateral/costal part of the diaphragm 

show incomplete detection of the muscle where it abuts 
structures of similar attenuation, such as liver and spleen 
(arrows in c, d). The diaphragm is well appreciated when 
it is defined by peritoneal, retroperitoneal, or extraperito-
neal fat (arrowheads in c)

a b

Fig. 12.2 Normal CT anatomy. Coronal (a) and sagittal (b) MPR images contribute to the evaluation of the diaphrag-
matic profile (arrows). Note the poor visualization of the muscle in the portions next to the liver and the spleen
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12.1.2  Mechanism of Injury

The most common mechanisms of TDI include 
blunt and penetrating diaphragmatic trauma: the 
former results from considerable force and most 
often occur in high-energy vehicular impact, a fall 
from a height or a crushing blow; the latter is vari-
able and largely dependent on the nature, velocity, 
and path of the weapon or projectile [1, 4].

The pattern of a blunt TDI is partially deter-
mined by the direction of impact. A lateral impact 
distorts and elongates anterior-posteriorly the chest 
wall, shears the stretched dome of the diaphragm, 
and results in avulsion of its peripheral attachment. 
A frontal impact leads to a sudden and abrupt 
increase of the abdominal pressure, with rise of the 
diaphragmatic gradient and transmission of force 
to the diaphragm through the abdominal viscera, 
resulting in a large rupture. In the context of a blunt 
thoracoabdominal trauma, the diaphragm may also 
be injured by fractured or fragmented ribs that pen-
etrate the muscle [4, 8, 17, 18].

The penetrating thoracoabdominal wounds, at 
risk for a diaphragmatic involvement, generally 
occur anteriorly beneath the fourth intercostal space, 
laterally beneath the sixth intercostal space and pos-
teriorly beneath the eighth intercostal space [19].

Once the diaphragmatic tear has occurred, the 
positive pressure gradient, that exists between the 
peritoneal and pleural spaces, induces abdominal 
viscera herniation into the thoracic cavity [20].

The mechanism of injury is also influenced by 
other important factors like the respiratory phase 
and the position of the patient at the time of the 
impact, preexistent and congenital alterations of 
the diaphragm, volume and fullness of abdominal 
viscera [19].

The knowledge of the mechanism of injury and of 
the circumstances of trauma, as well as imaging 
signs, represents an important contribution to the 
detection of TDIs and helps to avoid a misdiagnosis.

12.1.3  Patterns and Site of Injury

A blunt TDI is generally large, measuring 
5–15 cm, and most often occurs in the posterolat-
eral aspect of the muscle, with spread in a radial 

direction toward the central tendon, following the 
structurally weak area, corresponding to the 
embryologic origin of the pleuroperitoneal mem-
brane. Other blunt ruptures of the diaphragm can 
occur in its central portion and at the costal 
attachment spreading in a transverse direction. 
The peripheral diaphragmatic detachment is the 
least frequent type of rupture observed at surgery 
(Fig. 12.3) [1, 3, 4, 17].

A penetrating trauma, due to stab or gunshot 
wounds, causes a diaphragmatic injury along the 
trajectory of the weapon, so it is more variable 
in location and are usually shorter, measuring 
1–4 cm, unless associated with blast injuries. 
These small defects may be easily missed on the 
initial MDCT (and even intraoperatively) unless 
deliberately sought for, especially when accom-
panied by other more threatening injuries [3, 4, 
21]. A left-sided blunt diaphragmatic injury 
occurs three times more frequently than right- 
sided one, and this is due to multiple factors. First 
of all, the liver protects the right diaphragm pre-
venting transmission of increased intra- 
abdominal pressure generated by the trauma and 
acting as a sort of buffer. Furthermore, the area 
between the lumbar and intercostal tendinous 
attachment represents a congenital structural 
weakness of the left diaphragm to which 
 contributes the presence of the esophageal hiatus. 
The relative minority of right-sided injuries may 
also be associated with the missed diagnosis: 
indeed, a correct detection of right diaphragmatic 
lesions results more difficult because the radio-

Fig. 12.3 A drawing showing sites and patterns of dia-
phragmatic injuries: radial (A), transverse (B), central (C) 
ruptures, and peripheral detachment (D)
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logic signs may be subtle, the breach may be 
obscured by the liver and the herniation may be 
delayed or absent [1, 8, 20, 22, 23]. Even if an 
equal incidence of left- and right-sided TDIs is 
expected from penetrating trauma, the left inju-
ries result to be predominant because most peo-
ple are right handed [8].

12.1.4  Associated Injuries

The anatomic site of the diaphragm, its adjacency 
to thoracic and abdominal organs, and the sever-
ity of the trauma represent the reason why a blunt 
diaphragmatic trauma rarely occurs as an isolated 
lesion and results in a high percentage of associ-
ated life-threatening injuries (44–100% of 
patients) [1, 4, 8, 20]. The most common injuries, 
associated with a left-sided blunt TDI, involve 
the spleen, while liver lesions are more frequent 
with right-sided blunt diaphragmatic injuries. 
Rib fractures, pneumothorax, and pleural effu-
sion are present in 90% of cases. Associated renal 
and aortic lesions and pelvic or spine fractures 
are less frequently encountered [1, 4, 8, 18, 24].

Emergency radiologists have to keep in mind 
the importance of suspecting a diaphragmatic 
rupture, especially in cases of high-energy trauma 
with multiple severe thoracoabdominal injuries.

Concerning penetrating trauma, the occur-
rence of associated injuries is variable and mainly 
dependent on the kind of weapon or projectile, on 
its velocity and trajectory [4, 18]. Anyway, it is 
fundamental to exclude a TDI before a chest tube 
placement (in example to drain a pneumothorax) 
in order to avoid iatrogenic perforations of the 
herniated viscera, especially in case of a left dia-
phragmatic rupture.

12.2  Imaging Evaluation 
and Findings

As previously mentioned, the role of imaging is 
to identify the abnormality as soon as possible to 
avoid acute or delayed severe complications that 
can result from a missed diagnosis. However, the 
radiologic interpretation is often difficult. The 

CXR is performed as initial screening study to 
evaluate the patient in the emergency room, but 
most radiographic features, concerning a TDI, 
are often subtle and nonspecific. The MDCT 
examination represents the second-level imaging 
necessary to stage a traumatized hemodynami-
cally stable patient; particularly, it allows an 
accurate evaluation of the injuries, because of the 
higher quality of axial and MPR images com-
pared to conventional single-slice CT, that 
showed a lower diagnostic accuracy for the TDI 
[7, 25–27].

12.2.1  X-Ray Signs

Despite its technical limitations, which include 
the supine positioning, the use of portable radiog-
raphy, and the limited patient’s cooperation, a 
CXR remains valuable as first radiological exam-
ination in the acute phase for the detection of a 
TDI [4]. It is generally performed only in the 
supine position and frequently it is acquired on 
the long spine board (LSB) in the shock room.
For these reasons, the CXR has a relatively poor 
sensitivity and specificity, resulting normal or 
nonspecific in 20–50% of cases of a traumatic 
TDI, due to the high range of initially unrecog-
nized injuries. Generally, the diagnosis or the 
suspicion of a left-sided injuries is easier (with 
detection sensitivity up to 60% of patients) than 
for right-sided injuries (18–33%) [8, 26, 28]. 
Indeed, a right TDI is more difficult to detect on 
CXR, as the liver blocks herniation of abdominal 
contents into the lower right side of the chest. 
Moreover, herniation of the liver is often over-
looked and differentiation of a herniated liver 
through a TDI, from other causes of elevated dia-
phragm, such as atelectasis, pleural effusion, or 
pulmonary contusion or laceration, remains dif-
ficult [4].

The following two are the main radiographic 
findings that are specific of TDI:

 – the presence of intrathoracic gastrointestinal 
air due to the herniation of abdominal viscera 
into the lower thorax (stomach, small bowel, 
or colon), with or without an associated focal 
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constriction of the herniated mass at the site of 
the diaphragm tear, the so-called collar sign 
(Fig. 12.4)

 – the visualization of the nasogastric tube above 
the left diaphragm, when stomach has herni-
ated, with an abnormal U-shaped course [29]

Other common and suggestive, but nonspe-
cific findings of TDI on CXR are:

 – a diaphragmatic elevation (4–6 cm, or more, 
above the level of the contralateral dia-

phragm), especially when the right one is 
involved (Fig. 12.5)

 – a contralateral mediastinal shift, toward the 
not affected side (Figs. 12.4 and 12.5)

 – an obliteration or distortion of the diaphrag-
matic contour (Fig. 12.6)

 – a pleural effusion (when the TDI devel-
ops a pleural effusion, the underlying 
 diaphragmatic injury may be masked, 
particularly with small tears not associ-
ated with the herniation of abdominal 
content) [30]

a b c

Fig. 12.4 Diaphragmatic rupture: specific CXR signs. 
Left diaphragmatic elevation associated to abdominal vis-
cera above the diaphragm (arrow in a) and to the presence 
of intrathoracic gastrointestinal air (arrow in b). Left 

hemithorax mostly occupied by a gas-filled herniated 
stomach, associated with a focal constriction at the site of 
the diaphragmatic tear, indicative of collar sign (arrow in 
c)

a b

Fig. 12.5 Right diaphragmatic elevation with undefined 
diaphragmatic contour (black arrow in a), pulmonary 
atelectasis, and left mediastinal shift, consistent with right 
TDI and liver herniation, then confirmed by MDCT (white 

arrow in b). In this case, a right chest tube was improperly 
positioned, in shock room, to drain a pneumothorax, 
before having excluded a diaphragmatic rupture
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 – an association with other traumatic thoracic 
injuries such as pneumothorax, pulmonary 
contusion, and multiple fractures of the ribs, 
spine, or both [11, 31]

It is important to underline how concurrent 
pulmonary abnormalities, related to the trauma, 
such as hemothorax, pulmonary contusion or lac-
eration, atelectasis, and phrenic nerve palsy may 
mimic or mask a TDI on CXR. In addition, the 
positive pressure of ventilatory support may 
delay herniation of abdominal contents through a 
torn diaphragm. Therefore, the rate of a missed 
TDI on CXR ranges from 12 to 66%, with the 
potential risk of a late visceral herniation through 
the diaphragmatic defect. Anyway, in the pres-
ence of both specific and nonspecific CXR find-
ings a MDCT examination is warranted in 
hemodynamically stable patients to confirm a 
TDI to assess potential associated injuries and to 
guide clinical management [1, 4].

12.2.2  CT Signs

The MDCT is nowadays considered the gold 
standard imaging study for the assessment of a 

TDI, with a specificity of 76–99% and a sensitiv-
ity of 61–100%, considerably higher if compared 
with the single-layer CT era [8, 10, 20, 32]. 
Indeed, the improvement of the MDCT technol-
ogy, such as the use of multilayer scanners, with 
higher spatial resolution and speed, reduces arti-
facts and produces high quality MPR images, 
which are fundamental for diagnosis [33]. If a 
TDI is suspected, on a clinical and/or a radio-
graphic basis, the hemodynamically stable 
patients should undergo a whole-body MDCT 
examination, whereas hemodynamically unstable 
patients (or patients with signs of acute peritoni-
tis) must be directed to a surgical exploration as 
soon as possible [6, 20, 34]. The MDCT proto-
cols vary depending upon the type of scanner 
available, the institution, and the patient’s clinical 
conditions. Usually, a whole-body MDCT, with 
intravenous (IV) contrast is performed. In our 
emergency department, the MDCT examination 
is composed by three phases: a first non-enhanced 
phase, from the thoracic inlet through the sym-
physis pubis to appreciate hyperdense features 
(such as calcification or blood), an arterial phase 
(for which it is advisable to use high-flow IV con-
trast, by means of a power injector) to detect arte-
rial lesion and a venous phase for visualization of 

a b

Fig. 12.6 Left diaphragmatic rupture. (a) Supine CXR 
on spinal board shows nonspecific signs: opacification of 
the left hemithorax base with lack of visualization of the 
left diaphragm (black arrow). (b) MDCT: a coronal MPR 

image clearly demonstrates the left diaphragmatic rupture 
with hollow abdominal viscera and mesenteric fat hernia-
tion (white arrow)
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parenchymal injuries. The arterial and portal 
venous scan can be acquired using, respectively, 
delays of 30 and 70 s, but, for the arterial phase, 
a bolus tracking or a smart prep technique is pre-
ferred. The images should have a thin collimation 
(2.5–3 mm) and they might afterwards be recon-
structed at 0.625–1 mm for the interpretation and 
post-processing.

Several MDCT findings have been described 
over the years, which have been classified into 
three groups [10]: direct and indirect evidence of 
rupture; uncertain-controversial signs; and asso-
ciated signs, according to Table 12.1. These signs 
are highly specific but the sensibility is lower 
because, in the setting of penetrating trauma, the 
herniation might be of small size and it might be 
overshadowed by more critical and severe 
 traumatic injuries. The fundamental role of 
MDCT is to establish the best therapeutic man-
agement for patients with TDI giving clear indi-
cations to the emergency clinician and surgeon. 
As summarized in Table 12.2, the findings spe-
cific for a diaphragmatic rupture directly refer the 
patient to the operating room, while nonspecific 
findings need a radiological follow-up [8].

Discontinuity of the diaphragmatic profile. It is 
the most frequent and important sign of a TDI 
since it represents the direct evidence of the tear of 
the musculotendinous component, which can be 
located both centrally and peripherally (Fig. 12.7). 
This sign is observed in almost 96% of all trau-
matic diaphragmatic hernia, and it is considered to 
be very significant since its sensitivity has been 
reported to be 58–82.7% and its specificity 
88–95%. The free edges of the ruptured diaphragm 
are usually thickened by post- traumatic edema, 
hemorrhage, or muscle retraction [10, 20].

Segmental non-visualization of diaphragm. It 
is an isolated absence of a part of the diaphragm 
in the site of the injury. This sign has a sensitivity 
of 86% and a specificity of 68% since it may be 
falsely positive in elderly patients, in whom the 
non-visualization of a section of diaphragm 
might be a normal variant, or when the outline of 
the diaphragm is blurred due to retroperitoneal 
hematoma, hemothorax, pulmonary contusion, or 
atelectasis of pulmonary bases [20].

Dangling sign. This sign has been recently 
described for a large TDI. The free edges of the 
torn diaphragm are retracted and they curl inward 
toward the abdominal cavity, assuming the 
appearance of a comma-shaped fragment 
(Figs. 12.7 and 12.8). The dangling sign has a 
sensitivity of 54% and a specificity of 98% [35].

Intrathoracic visceral herniation. At the time 
of the TDI, the sharp increase of intra-abdominal 

Table 12.1 Summary of the TDI findings, classified in 
three groups, according to their radiological meaning: 
direct evidence of diaphragmatic rupture, indirect signs 
hiding the presence of a diaphragmatic lesion, and uncer-
tain/associated findings suspected for a diaphragmatic 
involvement

Direct signs

  Discontinuity of diaphragmatic profile
  Segmental non-visualization of diaphragm
  Dangling sign
Indirect signs

  Intrathoracic visceral herniation
  Collar sign
  Hump sign and band sign
  Dependent viscera sign
  Contiguous injury on either side of the diaphragm
  Elevated abdominal organs
Signs of uncertain-controversial origin or associated 
signs

  Thickening of the diaphragm
  Hypoattenuated diaphragm
  Fractured rib
  Diaphragmatic/peridiaphragmatic contrast 

extravasation

Table 12.2 Management of the TDI

Specific findings

  Fat/abdominal viscera 
thoracic herniation

Surgery
  Collar sign
  Dependent viscera sign
Nonspecific findings

  Diaphragm thickening

X-ray/CT follow-up

  Discontinuity of the 
diaphragmatic profile

  Segmental non- 
visualization of 
diaphragm

When specific radiological findings are detectable, a sur-
gical approach is warranted, as a TDI do not heal sponta-
neously. On the other side, when only nonspecific signs 
are present a radiological follow-up is indicated
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pressure and the negative intrathoracic pressure 
causes the abdominal viscera to herniate into the 
thoracic cavity. The thoracoabdominal pressure 
gradient, that develops after the acute phase, may 
also induce an enlargement of the diaphragmatic 
tear, facilitating the herniation of viscera. In case 
of a left diaphragmatic rupture, the most likely 
organs to herniate are the stomach, the colon, the 
omentum, and the retroperitoneal fatty tissue; 
rarely small bowel, spleen, and/or kidney migrate 
into the chest. On the other hand, in the right side, 
the most likely organs to herniate are the right 
colic flexure, the liver, the gallbladder, or even 
the small bowel (Figs. 12.7, 12.8, 12.9, and 
12.10). This sign has a specificity of 94–100%, 
whereas its sensitivity is of 90.9%, if the TDI is 
on the left side (because hollow viscera are very 
well visible in the thoracic cavity), but it lowers 
to 8–81%, if the injury is on the right side. A vis-
ceral herniation might be absent in case of high 
intrathoracic pressure due to a hemothorax or a 
positive pressure ventilation. A very rare case of 
abdominal visceral migration into the chest is the 
intrapericardial herniation, which is caused by 
the tear of the central tendon of the diaphragm 
into the pericardium. It can be an acute or sub-
acute complication following the trauma, or it 
can also occur after several years. It might cause 
cardiac luxation into the peritoneal cavity, acute/

chronic cardiac tamponade, or symptoms related 
to the obstruction/strangulation of the herniated 
viscera [8, 10, 20, 36].

Collar sign. It is a waist-like area of constric-
tion of the herniated viscera or omental fat at the 
level of the diaphragmatic defect. It usually 
 concerns the stomach (Fig. 12.9) on the left side 
and the liver on the right side. It may be associ-
ated with a vascular compromise of the herniated 
abdominal organ. This sign has a high specificity 
(80–100%) but once again sensitivity is lower, 
especially for right-sided injuries (25–85%).

Hump sign and band sign. They are considered 
to be two variants of the collar sign in the right-
sided injuries of the diaphragm, specifically in the 
herniation of the liver. The hump sign refers to a 
rounded portion of liver bulging through the dia-
phragm and forming a hump- shaped mass; it has 
a sensibility of 83% [8, 20]. The band sign, which 
has a lower sensitivity of 33%, is a linear lucency 
of low attenuation across the liver, especially on 
the liver dome, at the site of the diaphragmatic 
breech. It is thought to be due to hypo-perfusion 
of the liver parenchyma at the level of the narrow 
herniation caused by the compressive edge of the 
torn diaphragm [6, 7, 20].

Dependent viscera sign. This sign is caused by 
the herniated viscera that, in the supine position, 
are not more supported by the torn diaphragm and 

a b c

Fig. 12.7 Coronal (a, c) and sagittal (b) MPR images 
show right diaphragmatic rupture characterized by a large 
interruption of the muscle profile with concomitant intra-
thoracic herniation of fat, part of the colon, and small 

bowel (arrows). Sagittal MPR view shows also the dan-
gling sign: the free edge of the diaphragm at the level of 
the traumatic tear bends outwards the abdominal cavity 
(arrowhead)
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they shift posteriorly, to lie in a “dependent” posi-
tion, against the chest wall (Figs. 12.8, 12.9, and 
12.10). This sign is usually associated with a wide 
diaphragmatic tear and has a sensitivity and a 
specificity, respectively, of 52–90% and 71–96% 

[20]. It involves the upper one-third of the liver, if 
the rupture is on the right side, whereas, if the tear 
is on the left, it interests the stomach, the spleen, 
or the bowel abutting the posterior ribs. It can also 
be bilateral in case of major trauma [8, 10, 37].

a b

Fig. 12.8 The axial MDCT scan (a) and the coronal 
MPR image (b) show a left diaphragmatic rupture with 
herniated stomach that occupies most part of the thorax 
and lies on the posterior chest wall, in a declivous posi-

tion, the so-called dependent viscera sign (arrow in a). In 
the coronal MPR image, it is appreciable also the dangling 
sign (arrowhead)

a bFig. 12.9 Left diaphrag-
matic rupture. The 
coronal MPR image 
shows an area of 
constriction of the 
herniated stomach, the 
so-called collar sign 
(arrow in a); the sagittal 
MPR image also depicts 
the dependent viscera 
sign, represented by the 
stomach lying on the 
posterior chest wall 
(arrow in b)
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Elevated abdominal organs. They are consid-
ered to be abnormally elevated if the left-sided 
organs are 4 cm or more above the dome of the 
right diaphragm and if the right-sided viscera are 
5 cm or more above the dome of the left dia-
phragm [10]. This sign is yet clear at the prelimi-
nary MDCT scout of view, and it is a good first 
predictor of a TDI, with a sensitivity and specific-
ity of 78.1% and 92.8%, respectively.

Thickening of the diaphragm. It may be caused 
by the retraction of the tendinous insertions or by 
the edema and hemorrhagic infarction of the dia-

phragm, especially in its peripheral portion 
(Figs. 12.11, 12.12, 12.13, 12.14, and 12.15). 
Sensitivity and specificity have been showed to 
be, respectively, 36–60% and 58.4–77%, even if 
false-positive cases might be due to the presence 
of intra- or retroperitoneal hematoma. For a bet-
ter evaluation of the thickening of the injured 
 diaphragm, a comparison with the controlateral 
one should be done and the measurement should 
be taken at the same level on both side, 10 mm 
from the midline. However, this sign may be con-
fusing since thickening of the diaphragmatic crus 

a b

Fig. 12.10 Blunt left diaphragmatic rupture. Axial
MDCT scan (a) and coronal MPR image (b): herniated 
colon, stomach, small bowel, and fat (arrows) are shifted 

posteriorly when the patient assumes the supine position 
in the scan, in a “dependent” position

a b c

Fig. 12.11 Axial MDCT scan (a, b) and coronal MPR 
image (c) show a TDI characterized by a lacerocontusion 
of the right lumbar vertebral insertion: the right crura is 
thickened with active bleeding demonstrated by contrast 

medium extravasation in the arterial phase (arrow in a) 
that increases in the venous phase (arrow in b). The 
patient was treated with angiographic embolization
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may vary in non-traumatic healthy patients 
accordingly to the age [10].

Hypoattenuated diaphragm. It is due to the 
hypo-perfusion of the diaphragmatic muscle, and 
it is considered to be associated to a TDI espe-
cially if there are others signs, such as rib frac-
tures or thickening of the diaphragm; otherwise, 
on its own it has a poor sensitivity [10].

Contiguous injury on either side of the dia-
phragm. Tracing the pathway of a penetrating 
wound, the presence of contiguous injury on 
either side of the diaphragm is considered an 
indirect but highly specific sign of a penetrating 
TDI. Patients suffering from penetrating trauma 
should be carefully evaluated looking for organ 
laceration, blood, and gas along the trajectory of 
the injury (Figs. 12.16 and 12.17).

12.2.3  Diagnostic Pitfalls

False-negative findings. Hemothorax, pulmonary 
contusion, and atelectasis are common findings 
in polytrauma patients and can mask a TDI, espe-
cially on CXR. It is frequently difficult to iden-
tify the margins of the diaphragm, following 
thoracic trauma, because of pleural effusion, par-
ticularly in small tears and in the absence of her-
niation of abdominal viscera. In addition, the 
types of diaphragmatic tears due to blunt trauma 
are not correlated with the sensitivity of CT for 
detection of diaphragmatic rupture.

False-positive findings. Some conditions can 
simulate TDI at MDCT evaluation, like congenital 

Fig. 12.12 Axial MDCT image shows a voluminous 
hematoma of the anterior-lateral costal part of the left dia-
phragm with contrast medium extravasation due to active 
arterial bleeding (arrow). Angiographic embolization was 
the treatment of choice

Fig. 12.13 Axial MDCT scan shows inhomogeneous 
thickening and hemorrhagic infiltration of the right crus 
and of perirenal fat tissue (surrounding right renal artery 
and vein) without arterial bleeding, consistent with a dia-
phragmatic contusion (arrow)

a b c

Fig. 12.14 Axial MDCT image (a), coronal (b), and sagittal MPR images (c): thickening of the left anterior part of the 
costal diaphragm caused by contusion and edema (arrows)
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a b

Fig. 12.15 Axial MDCT scan (a) and sagittal MPR image (b): hepatic laceration (black arrow) associated to right 
adrenal contusion (arrowhead) and right posterior costal diaphragmatic thickening, caused by contusion (white arrows)

a b

c d

Fig. 12.16 (a–c) Axial MDCT scans show a right ante-
rior diaphragmatic injury (white arrows) due to a penetrat-
ing wound, caused by a knife, associated with a right 
thoracic wall subcutaneous emphysema (black arrow) and 
pneumothorax drained by a chest tube (curved arrows). 

(d) The lung window of the axial scan displays free 
abdominal gas adjacent to the liver and just beneath the 
diaphragm, confirming the presence of a diaphragmatic 
laceration (arrowhead)
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or acquired diaphragmatic abnormalities including 
congenital hernias, acquired diaphragmatic defect 
and diaphragmatic eventration. The most common 
type of congenital diaphragmatic hernia is the 
Bochdalek hernia, which occurs more commonly
on the left side, in correspondence of posterolat-
eral diaphragmatic defects, where the pleuroperi-
toneal membranes fuse. This kind of hernia is 
detected on MDCT in approximately 6% of 
asymptomatic adults, it is generally small and con-
tains fat. Sometimes, they can be larger containing 
also abdominal organs. Another common type of 
congenital hernia is the Morgagni hernia, which 
results from a congenital defect of the anterome-
dial part of the diaphragm, the sternocostal trian-
gle [38]. An acquired diaphragmatic defect is a 
discontinuity that can be found in any region of the 
diaphragm, but results to be most often located in 
its posterior aspect or at the crura. It is seen more 
commonly in elderly women with emphysema 
[15, 39]. Finally, the term diaphragmatic eventra-
tion refers to an abnormal area of diaphragmatic 
relaxation and elevation, generally affecting the 
left side, that consists of a thinned but intact por-
tion of the  diaphragm (Fig. 12.18). It’s generally a 
congenital condition, but sometimes injuries to the 
phrenic nerve, with subsequent paresis or paralysis 
of the left or right diaphragm, can cause a dia-
phragmatic eventration. Coronal and sagittal MPR 
images are helpful to avoid false-positive diagno-
sis of TDI and to identify the site of injury. Motion 
artifacts due to respiratory movement decrease the 
quality of MPR images and can mimic a diaphrag-
matic rupture, especially on the right side with 
pseudoherniation of the liver.

12.2.4  Role of MRI

It is not the imaging study normally performed 
for the evaluation of a TDI in the acute trauma 
setting, but it can be helpful in selected cases, 
such as uncertain CT diagnosis or delayed signs 
of TDI. In addition to its intrinsic high contrast 
resolution, it can be useful to optimally visualize 
the entire profile of the diaphragm also thanks to 
respiratory and cardiac gating and to the coronal 
and sagittal planes of acquisition [40].

T1-weighted and gradient-echo sequences 
display the normal diaphragm as a continuous 
hypointense band. Injuries are so seen as defects 
in the low signal intensity diaphragm, as inter-
ruption of the diaphragmatic signal, associated 
with visualization of abdominal viscera or omen-
tum through the diaphragm tear (characterized by 
relative hyperintensity); so T1-weighted 
sequences are considered by some authors the 
most important, eventually associated with gado-
linium injection and fat-sat sequences [41].

Nevertheless, the high quality of current 
MDCT scanners has significantly reduced the 
necessity of using MRI in clinical practice.

12.3  Natural History, 
Complications, and Mortality

According to the classification originally pro-
posed by Carter et al., the natural history of a TDI 
can be divided into three main stages [20, 42].

The “acute phase” (within 14 days) is the 
period immediately following the traumatic 

a b c

Fig. 12.17 Axial MDCT scans of a patient injured by a 
knife shows contiguous lesions on both side of the dia-
phragm: pulmonary laceration (arrow in a), hepatic con-

tusion (arrow in b), and rib fracture (arrow in c). These 
are indirect but specific signs of a right diaphragmatic 
penetrating injury
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event, and the diagnosis of TDI is frequently 
missed, especially if shock, respiratory insuffi-
ciency, mechanical ventilation, severe visceral 
injuries, and coma are present [43]. Acute mor-
tality in patients with TDI is entirely dependent 
on associated injuries and rarely on the dia-
phragmatic involvement itself. This is the rea-
son why more severe lesions may overshadow a 
TDI and why it is important to have a high index 
of suspicion. The need for a radiographic fol-
low-up is emphasized to detect a TDI at an ear-
lier stage [44].

In case of undiagnosed injury or not repairing 
lesions, begin the so-called latent phase, which 
ranges from a few days to tens of years; it is char-
acterized by nonspecific and heterogeneous 
symptoms such as dyspnea, orthopnea, abdomi-
nal cramps, and decreased breathing sounds [43]. 
Usually, the “latent phase” is diagnosed through 
clinical and instrumental examinations per-
formed for other purposes, often after several 
years of injury [20]. Sometimes, a TDI is diag-
nosed on CXR at the end of the mechanical ven-
tilation in the intensive care unit.

With time, a missed diaphragmatic defect may 
enlarge and coupled with the gradient between 
the negative intrathoracic pressure and positive 
intra-abdominal pressure and may result in a sub-
sequent herniation of intra-abdominal contents 
into the chest. The stomach is the organ with the 
highest rate of involvement (48%), followed by 
the spleen (26%), and the small bowel, large 
bowel, and omentum (13%). Although less fre-

quent, there are right diaphragmatic ruptures with 
the herniation of the liver [45].

The “obstructive phase” is represented by the 
dramatic evolution of the “latent phase.” It is 
generally characterized by a massive herniation 
of the abdominal organs into the thoracic cavity 
with mediastinal “shift” and cardiorespiratory 
impairment. This event may be associated with 
ischemia and/or perforation of the herniated 
organs. The clinical evolution is associated to 
significant increase in morbidity (30–80% of 
cases) [20]. High mortality has been reported if 
patients have strangulated viscera in chronic trau-
matic TDI (30%) [46].

12.4  Treatment

Timely diagnosis and correct identification of a 
TDI and any associated lesions are essential for 
proper clinical management and surgical treat-
ment [47].

Surgical repair is the standard management of 
TDI and should be applied as soon as the diagno-
sis is confirmed in order to limit expansion of the 
traumatic tear to prevent or reduce herniation of 
intrathoracic abdominal viscera and to avoid late 
complications.

Two principles must be observed when repair-
ing acute traumatic diaphragmatic hernias: com-
plete reduction of the herniated organs back into 
the abdomen and watertight closure of the dia-
phragm to avoid recurrence [45].

a b c

Fig. 12.18 (a) Chest X-ray, (b) coronal, and (c) sagittal 
MPR images show: elevation of the left diaphragm that is 
thinned but intact (arrows); no dependent viscera sign or 

collar sign is depicted. These radiological findings are 
consistent with a diaphragmatic eventration
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The choice for surgical approach is controver-
sial, being possible both an abdominal and a tho-
racic approach. It is closely related to patient’s 
hemodynamic status, associated injuries. and sur-
geon’s experience [48].

According to Lesquen e al., three patterns can 
be described for surgical indications in the first 
48 h:

 – Traumatic TDI in unstable patients with 
abdominal associated injury: laparatomy is 
mandatory, offering the opportunity to repair 
diaphragmatic tears and associated lesions at 
the same time.

 – Traumatic TDI in stable patients without 
abdominal associated injuries: thoracotomy 
should be performed. As alternative, mini 
invasive approach like video-assisted thoraco-
scopic surgery (VATS) could be proposed.

 – Traumatic TDI suspected in stable patients 
without thoracic or abdominal injury: VATS or 
laparoscopy is required for diagnosis and 
treatment [48]. Indeed, there are reports of the 
use of laparoscopy for the diagnosis of TDI in 
the setting of acute trauma, when intra- 
abdominal injuries are suspected but not found 
with noninvasive imaging modalities [41, 48].

However, chronic traumatic diaphragmatic 
herniation is somewhat different from the acute 
injury. It induces intense fibrosis and severe 
adhesion, which leads to difficulty in the reduc-
tion of the herniated viscera and repair of the dia-
phragmatic defect [49].

In the majority of cases, repair is successfully 
accomplished using either interrupted or continu-
ous non-adsorbable sutures with or without mesh 
reinforcement; in fact, large defect can be bridged 
by synthetic mesh and recurrence after repair is 
uncommon [50].
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13.1  Introduction

Polytrauma is a leading cause of death and dis-
ability worldwide; the major cause is road traffic 
collisions but other causes exist such as work-
place and battlefield injuries [1, 2].

Thoracic injuries both blunt and penetrating 
mechanisms account for approximately one quar-
ter of deaths due to trauma and contribute to 
25–50% of the remaining deaths [3, 4]. Trauma 
to the thorax is responsible for 20–25% of all 
motor collision-related deaths, and the thorax is 
the third most common site of traumatic injury 

after the head and extremities [5]. Trauma 
patients are at risk for shock, coagulopathy, aci-
dosis, and multi-organ system failure: their treat-
ment is a race against time and most patients with 
thoracic trauma die at the crash scene [6]. Among 
those who survive the traumatic event, aortic 
injury is usually lethal if left untreated although 
70% of patients survive with intervention [7]. In 
the absence of aortic injury, thoracic trauma may 
usually be managed with appropriate life support 
and monitoring [8].

The increased prevalence of penetrating chest 
injury and improved prehospital and periopera-
tive care have resulted in an increasing number of 
critically injured but potentially salvageable 
patients presenting to trauma centers [9]. 
Moreover, a rapid recovery and mobility will 
allow patients to resume work and other activities 
thus resulting in a reduced overall cost to the 
social and healthcare systems.

In the last decades, there has been an acknowl-
edged improvement in trauma care, and there are 
constant ongoing developments, especially there 
has been a growing role for both diagnostic and 
interventional radiology (IR) in all types of trauma 
affecting different areas of the body, thorax included, 
with imaging becoming an integral part of the mul-
tidisciplinary approach to modern trauma care [10].

Computed tomography (CT) has sensitivity as 
high as 98% for depiction of aortic injury [11]. 
Injuries range from subtle intimal damage to 
active extravasation, with the latter rarely seen 
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because of its high lethality [6]. Dissection, seen 
as intimal flaps, is often present in conjunction 
with pseudoaneurysm, whose appearance varies 
from an eccentric irregular outpouching of con-
trast material to a sudden change in caliber that is 
sometimes referred to as pseudocoarctation [12]. 
Endovascular intervention (EVI) has emerged as 
the preferred treatment in patients with such inju-
ries. The multisciplinar team (MT) decision to 
perform EVI rather than conventional surgical 
repair is typically made on the basis of CT angio-
graphic findings [12].

Among the MT, interventional radiologists are 
ideally qualified to play an important role in the 
management of thoracic trauma patients [13]. 
Aside from their specialized training in the deliv-
ery of transcatheter therapies, IRs receive broad- 
based multimodality imaging training, which 
renders them highly capable of correlating find-
ings from preprocedural imaging studies to speed 
diagnosis and treatment of trauma patients in the 
emergency setting [14].

Aortic injury may be safely excluded if no 
luminal or mural abnormality is seen, irrespec-
tive of the presence of mediastinal hematoma 
[15]. When it abuts the aorta, hematoma may 
result from injury to the vasa vasorum, and 
when it is isolated to the anterior or posterior 
mediastinum, it likely is related to sternal or 
spinal injuries [16]. No treatment or further 
imaging is needed in either case; however, 
attention should be paid to the great vessels 
because periarterial hematoma in the superior 
mediastinum may be a sign of a great vessel 
injury [16].

Rupture of the hilar pulmonary arteries may 
result in brisk extravasation with massive hemo-
thorax, respiratory compromise, and exsanguina-
tion [17]. The pulmonary trunk and the anterior 
aspect of the intrathoracic IVC are intrapericar-
dial structures, and injury to these regions will 
likely lead to hemopericardium. The ensuing 
rapid increases in intrapericardial pressure that 
result from bleeding into an intact pericardium 
cause cardiac tamponade and hemodynamic 
compromise.

Although the primary role of whole-body CT 
angiography in patients with chest trauma is to 
identify or exclude the presence of aortic or other 
types of major vascular injury, important nonvas-
cular injuries may also be identified. In elderly 
patients, even a solitary rib fracture may lead to 
pulmonary insufficiency requiring prolonged 
periods of mechanical ventilation [18]. CT is able 
to depict large pneumothoraces that require 
immediate chest tube insertion [18]. However, 
detection of small pneumothoraces is also impor-
tant because their size may increase in patients 
who are intubated [19]. Although parenchymal 
lung injuries such as contusion and laceration are 
typically treated conservatively, early diagnosis is 
important because these injuries may contribute 
to respiratory failure [18]. Diaphragmatic injuries 
are uncommon in patients with chest trauma but 
also in this case an early diagnosis is essential to 
prevent herniation and strangulation of abdominal 
contents [18, 19].

In conclusion, thoracic trauma patients need 
to be rapidly and accurately assessed to deter-
mine the nature of their injuries with treatments 
prioritized by injury severity [11].

13.2  Blunt Traumatic Aortic 
Injuries

13.2.1  Introduction

Blunt traumatic aortic injury (BTAI) is the 
second most common cause of death after 
blunt trauma among patients with major trau-
matic injuries although it accounts for 1% of 
adult admissions to level I trauma centers 
[20].

Indeed, an estimated 80–90% of all victims 
die at the scene of the accident [20]. The progno-
sis for patients who survive the initial injury 
remains poor: nearly 30% will die within the first 
6 h, and 50% of these patients will not live beyond 
the first 24 h after the injury [20].

The affected population is generally young 
with an average age of 40 years [21].
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The classic injury mechanism of blunt tho-
racic aorta is related to the combination of sud-
den deceleration and traction on the inner 
curvature of the arch at the ligamentum arterio-
sum, which represents the junction between the 
relatively mobile aortic arch and the fixed 
descending aorta. Thus, the isthmus is the most 
common location for rupture (50–70%), followed 
by the ascending aorta or aortic arch (18%) and 
the distal thoracic aorta (14%) [22].

Given the location of injury, conventional sur-
gical repair typically involves a high posterolat-
eral thoracotomy with or without cardiopulmonary 
bypass, aortic cross clamping, and significant 
blood loss, which can negatively impact the sta-
tus of the patient. Historically, open repair of 
traumatic aortic injuries has been associated with 
a 28% mortality rate [23] and a 16% paraplegia 
rate [24]. There has been a risk of delayed rupture 
in the unrepaired thoracic transection that has 
been estimated to be 2–5% [25].

Thoracic endovascular aortic repair (TEVAR) 
is a rapidly evolving alternative therapy in the 
treatment of a variety of thoracic aortic patholo-
gies, consisting in placing an endovascular stent 
graft into the thoracic aorta from a remote periph-
eral location under imaging guidance.

To date, no randomized controlled trials have 
sought to determine whether use of TEVAR for 
treatment of BTAI is associated with reduced 
mortality and morbidity when compared with 
conventional open surgery [26]. However, clini-
cians are moving forward with EI of BTAI on the 
basis of a number of meta-analyses and large 
clinical series, which assessed that TEVAR is a 
safe and effective procedure for patients with 
traumatic aortic injuries and involves lower mor-
tality and spinal ischemia rates, as well as reduced 
risk of graft infection and systemic infection 
when it is compared with open repair [26].

13.2.2  Technique

TEVAR procedures can be performed under local 
or general anesthesia in an IR operating room. The 

abdomen and bilateral groins are prepared in stan-
dard way. Single femoral access may be achieved 
using an open or percutaneous technique. Then, 
the location of the injury is identified during an 
arch aortography. The cerebrovascular anatomy 
should also be evaluated based, especially if left 
subclavian artery coverage is planned. If angiogra-
phy is equivocal, IVUS can be used. The patient is 
then anticoagulated with heparin with a smaller 
dose than the standard weight-based protocol 
especially in patients with intracranial hemor-
rhage. The thoracic device(s) is selected on the 
basis on contrast enhanced CT images according 
to the manufacturer’s sizing recommendations. 
The device(s) is delivered over a stiff wire and then 
deployed using the standard technique without any 
pharmacological adjunct. The subclavian artery 
can be covered in order to obtain a proximal land-
ing zone or gain better apposition with the lesser 
curvature of the aortic arch, and if necessary the 
vessel can be selectively revascularized. Post-
deployment balloon angioplasty is generally not 
performed given the high risk of rupture [27, 28]. 
The procedure is supposed to end with a diagnos-
tic angiography to check the position of the graft 
and the resolution of the injury (Fig. 13.1).

13.2.3  Indications and Guidelines

According to the most recent consensus of the 
Society for Vascular Surgery (SVS) the use of 
TEVAR is supposed to follow some guidelines that 
the committee suggested on the basis of a system-
atic review and meta-analysis of the literature 
including 7768 patients from 139 studies [29]. As it 
was said before, only observational studies, case 
series and unsystematic observations or expert 
opinion are available to date; thus, using the 
GRADE system, all of the following indications 
should be regarded as Grade 2, Level C statements:

 1. Timing of TEVAR in a stable patient
The committee suggests urgent (24 h) 

repair in the absence of other serious concom-
itant non-aortic injuries, or repair immediately 
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after other injuries have been treated, but at 
the latest prior to hospital discharge [30, 31]. 
This is consistent with the available evidence 
in which mortality was 46% in those managed 
nonoperatively [32].

 2. Management of “minimal aortic injury”
Based on imaging, BTAI can be classified 

in four grades of severity:
• type I: intimal tear
• type II: intramural hematoma
• type III: pseudoaneurysm (presence of a thin 

layer of adventitia that covers a transverse tear 
in the intima and media preventing complete 
rupture)

• type IV: rupture
The committee suggests expectant man-

agement with serial imaging for type I inju-
ries, while types II to IV should be repaired. 
This is consistent with the evidence that 
most type I injuries can be managed with 
medical therapy (anti-impulse control). 

Decision to intervene and its timing should 
be guided by progression of the initial 
radiographic abnormality and/or symptoms 
[33].

 3. Choice of repair in the young: TEVAR vs. 
open

Age should not be a factor influencing the 
choice of the type of repair. The risks of death 
and spinal cord ischemia are significantly 
lower in all age groups after endovascular 
repair compared with open surgery, and these 
advantages overcome the concerns of poten-
tial late complications [34].

 4. Management of left subclavian artery
LSA is generally covered in 30% [32]. The 

committee suggests selective revasculariza-
tion (either before or after TEVAR) depending 
on the status of the vertebral anatomy, espe-
cially whether the right vertebral artery is 
atretic or hypoplastic with or without an intact 
Circle of Willis.

a b c g

d e f

Fig. 13.1 (a–c) CT-angiography showing intimal tear at 
the aortic istmus (arrows); (d) DSA confirms the presence 
of an intimal tear (arrow); (e, f) placement of the stent 

graft; (g) follow-up CTA showing the correct placement 
of the stent graft with disappearance of intimal tear
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 5. Systemic heparinization
The committee suggested routine heparin-

ization, but at a lower dose than in elective 
TEVAR.

 6. Spinal drainage
Given the low risk of spinal cord ischemia 

during TEVAR for BTAI treatment (3%) [32], 
the proximal location of the injury involving lim-
ited coverage of the thoracic aorta, and the risk of 
epidural hematoma in a coagulopathic patient, 
the committee suggests that spinal drainage is not 
routinely indicated, and it should only be placed 
for symptoms of spinal cord ischemia.

 7. Choice of anesthesia: general vs. regional vs. 
local

The committee endorses general anesthe-
sia because of unreliable cooperation of an 
agitated trauma patient and the presence of 
concomitant injuries that may require addi-
tional surgery.

 8. Femoral access technique
The committee suggests open femoral 

exposure
 9. Optimal follow-up strategy

In the absence of any abnormalities on 
imaging (i.e., stable endograft position, no 
endoleak) in the first 12–36 months, some 
have suggested decreasing the frequency to 
2–5 years, while others have expressed that, 
lacking any evidence to the contrary, follow-
up for traumatic thoracic aortic injuries should 
be no different than those treated with TEVAR 
for other pathologies. There was, however, 
some consensus suggesting that a combina-
tion of a multi-view chest X-ray and a mag-
netic resonance angiography (MRA) may be 
preferable over conventional contrast com-
puted tomographic angiography (CTA) for 
long-term imaging, with due consideration of 
the metallic composition of the endograft.

13.2.4  Challenges and Limits

Despite TEVAR is associated with a lower risk of 
complications compared to open repair, there 
remains a number of controversial issues:

 1. Young age of affected population:
As mentioned before, BTAI tends to affect 

younger populations, in contrast to the aneu-
rysm population. It is not uncommon that ado-
lescent or pediatric patients may present with 
this injury [29].

This carries some challenges:
• Poor conformability of grafts to the aortic 

arch:
• Young patients present not only a smaller 

aortic diameter, but also a shorter radius 
of aortic curvature compared to elderly 
patients. As individuals age, not only does 
the aorta enlarge, but the radius of curva-
ture also increases [29]. This is potentially 
problematic for devices that are designed 
to mimic the stiffness of older patients 
with thoracic aneurysms. As such, their 
conformability is not ideal along the lesser 
curvature of the arch, potentially resulting 
in proximal endoleaks.
Furthermore, when coupled with the 
increased aortic impulse in young patients, 
a lack of proximal conformability can also 
cause an aortic pseudocoarctation from 
compression of the device.
Both device collapse and endoleaks are not 
always predictable and avoidable occur-
rences. They can, however, be treated when 
they occur.

• Uncertain natural history of the repair:
Given the morphologic changes of the 
aorta that come with age, the possibility of 
stent- graft migration as the aorta enlarges 
must be considered [29].

 2. Stent sizing:
Severe hypovolemia can lead to aortic 

contraction with underestimation of the aor-
tic diameter ranging from 5 to 40% [35]. 
This can result in potential problems 
because undersized devices are associated 
with type I endoleak, persistent lesion per-
fusion, and bleeding. Oversizing the device 
would help minimize this risk but excessive 
oversizing can also lead to major complica-
tions as the aforementioned device com-
pression [20].
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 3. Manipulation of an endograft in the vicinity of 
the ascending aorta:

It is not only technically difficult but also 
carries a risk of stroke complications [29].

13.3  Interventional Radiology 
of Thoracic Wall Arteries

13.3.1  Introduction

Chest wall trauma shows a significant morbidity 
and mortality rate, with reported mortality rang-
ing from 5 to 25% [3, 4].

Pape et al. [36] developed a scoring system for 
guiding initial clinical decision-making in the 
blunt chest trauma patient with multiple associated 
injuries. However, there are no evidence- based 
guidelines for management in the blunt chest wall 
trauma patients without associated injuries.

13.3.2  Clinical Considerations

The chest wall is a typical site of injury in patients 
with thoracic trauma. Rib fractures, sternum frac-
tures, and flail chest are quite common findings, 
especially in case of blunt chest trauma. Dislocated 
fractures can induce damages to the pleuro-pulmo-
nary structures and vessels, with formation of 
hemothorax, pneumothorax, pulmonary hematoma, 
pulmonary contusion, and hemomediastinum.

Penetrating injuries of the chest wall are lesser 
associated with bone fractures, but have similar risk 
to damage the pleuro-pulmonary structures and 
vessels.

Bone fractures generally undergo to nonoper-
ative management. An exception is flail chest, for 
which recent studies suggest major benefits from 
surgical stabilization [37].

Vascular injury is a quite rare finding in chest 
wall trauma but its prompt recognition and man-
agement is fundamental for patient’s life. Both 
blunt and penetrating traumas are recognized to 
be causes of vascular damages of the chest wall 
arteries.

Thoracotomy was the only useful treatment 
in these patients until 1977, when Barbaric 

et al. first reported the effectiveness of TAE 
for post- traumatic intercostal arterial hemor-
rhage [38].

13.3.3  Anatomy

The chest wall is the boundary of the thoracic 
cavity. Arterial supply originates from the inter-
costal arteries and the internal thoracic arteries 
[39]. Knowledge of the anatomy is fundamental 
in case of EVTs because of the high number of 
collateral vessels that may cause reperfusion and 
delayed failure of TAE.

The intercostal arteries (11 for each side) are 
divided into two branches, anterior and posterior. 
They lie in the intercostal space near the lower 
margin of the rib, between the intercostal vein 
(above) and the intercostal nerve (below).

Posterior branches originate directly from tho-
racic aorta (except for the first and second branch, 
which arises from the supreme intercostal artery- 
collateral of the costo-cervical trunk). They give 
a dorsal branch which feeds the spinal cord 
(radicular and spinal arteries).

From the first to the sixth, the anterior branches 
originate from the two internal thoracic arteries, 
which give rise to the subclavian arteries; from 
the sixth space the internal thoracic artery divides 
into the superior epigastric artery and musculo-
phrenic artery. The latter goes downward and lat-
erally and gives out the remaining anterior 
intercostal branches.

13.3.4  Management

Arterial injuries of the thoracic wall should be 
suspected in every case of trauma patient with:

 – Abundant hemothorax/hemomediastinum
 – Markedly displaced rib fractures

Even if a wide consensus is missing, many 
authors [40, 41] suggest the following manage-
ment for these patients.

Patients with chest trauma and evidence of 
a pneumothorax or hemothorax have to 

G. Carrafiello et al.



307

undergo tube thoracostomy. Hemodynamically 
unstable patients and patients with >200 mL/h 
of blood loss from the thoracostomy tube 
should require emergent thoracotomy. When 
emergent thoracotomy is not indicated, CECT 
need to be performed. CECT may help to dis-
tinguish blood loss from an arterial source 
versus blood loss from a pulmonary lesion 
(bleeding from low-pressure pulmonary cir-
culation), which is usually self- limited and in 
any case cannot be resolved with EVI. If 
CECT reveals arterial extravasation of con-
trast medium, angiography with TAE is 
indicated.

Prompt recognition is important because of 
the high blood flow in these arteries (150 mL/min 
for thoracic internal artery), which can be poten-
tially life-threatening in few minutes [42]. 
Although a lesion of these arteries can achieve 
temporary hemostasis due to arterial spasm and 
hypotension, rebleeding may occur after the 
patient is resuscitated [43].

Active extravasation of contrast medium can 
be easily detected with CECT, which accurately 
shows the anatomic location of the bleeding and 
indicates the probable vascular origin. CECT, 
therefore, can be used as a guide for angiographic 
or surgical procedures [44].

CECT can show two types of alterations:

 1. Active bleeding: extravasation of contrast 
medium increasing in the time

 2. Pseudoaneurysm: disruption of one or more 
layers of the arterial wall forming a perfused 
sac with contrast medium that washes away 
with bloodstream

Both these lesions require an invasive treat-
ment because pseudoaneurysms are by definition 
instable lesions and may develop in a real arterial 
rupture in the time.

In these cases, the patient should be carried in 
an angiographic suite to have an arterial angiog-
raphy with TAE. The advent of superselective 
microcatheters has made the detection of bleed-
ing sources easier and TAE safer [45].

The most common embolic materials used are 
pushable microcoils and polyvinyl alcohol (PVA) 

particles. Different embolization strategies can 
be used depending on the location of the bleeding 
source:

 – If the bleeding source is in the main artery, 
microcoils can be first placed distal to the 
bleeding source (to prevent retrograde bleed-
ing and to protect the thoracic wall from 
embolization). This is followed by placement 
of further microcoils proximal to the bleeding 
source. Eventually, final injection of PVA par-
ticles can accelerate thrombosis.

 – If the source is in a distal part of the artery 
and could not be reached by the microcath-
eter, embolization need to be performed by 
first injecting PVA particles of a medium 
size (250–500 μm) which can occlude dis-
tally to the bleeding source; then, by plac-
ing coils proximal to the bleeding 
afterwards.

These approaches reduce the risk of delayed 
failure of TAE due to perfusion from other feed-
ing vessels that may be too small to detect during 
the first angiography [46].

Spinal cord ischemia is the only serious poten-
tial complication related to TAE and has been 
reported by several authors [47].

Nowadays, this adverse event is very rare 
because microcatheters can go beyond, with their 
tip, to the origin of medullary branches 
(Fig. 13.2).

13.3.5  Conclusions

Lesions of thoracic wall arteries are rare but 
potentially life threatening. Their management 
includes TEA or thoracotomy, but actually there 
aren’t standardized inclusion and exclusion 
criteria.

Some authors suggest that the endovascular 
treatment could be the most effective strategy to 
control hemorrhage, minimizing potential com-
plications, so that TAE should always be consid-
ered before surgery in stable patients [48].

Whigham et al. [43] demonstrated a higher 
success of TAE with respect to surgery (91.6% 
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vs. 66.0%) to stop the bleeding. Nonetheless, in 
most centers these traumas are still treated more 
frequently via thoracotomy.

According to the literature and the state of 
the art [49–52], stable patient with isolated or 
not isolated chest wall trauma should always be 
submitted to CECT. In case of active arterial 
bleeding, TAE should always be considered 
before surgery and performed as soon as 
possible.

13.4  Pleural and Airways Injuries 
in Trauma Patient

Airways trauma is a life-threatening condition 
which may be a result of blunt and penetrating 
injuries to the neck and chest [53]. Therefore, 
prompt diagnosis is mandatory for the survival of 
these patients, also because the presence of con-
comitant severe injuries and unspecific symp-
toms may delay the diagnosis and lead to early 
fatal outcome or late sequela such as airway ste-
nosis and recurrent pulmonary infections [54]. 
The treatment of these patients provides an ade-
quate ventilation and then the repair of the air-
ways injury with a smaller impact on the 
respiratory function and the quality of life of the 
patients [55].

Blunt chest trauma causes an abrupt increase 
in intrathoracic airways pressure. If this happens 
against a closed glottis, the trachea and major 
bronchi can be injured secondary to the increased 
pressure.

The incidence of tracheobronchial injuries 
(TBI) among trauma patients with thoracic inju-

ries, including those that died immediately, is 
estimated at 0.5–2% [56, 57]. The mortality 
from traumatic TBIs has decreased from 36% 
before 1950 to 9% in 2001 [53]. Laceration of 
the mediastinal pleura and/or bronchial injuries 
may allow air to enter in the pleural cavity; pneu-
mothorax occurs in 17–70% of the patients with 
TBIs [58] and in 30–40% of all patients with a 
blunt chest trauma [59]. The most common 
cause is a rib fracture that lacerates the lung, but 
it also may be caused by rupture of a preexisting 
bleb at the time of impact [59]. Finally, hemo-
thorax is seen in approximately 50% of patients 
who sustain blunt chest trauma [60]. Bleeding 
into the pleural space can originate from injury 
to the pleura, chest wall, lung, diaphragm, or 
mediastinum.

Concerning the approach to the patient with 
thoracic trauma, the airway in a neurologically 
intact patient is easily assessable: the injured 
patient who is alert and able to speak normally 
is maintaining a patent airway. However, espe-
cially in polytrauma patient, this must be care-
fully monitored as facial fractures with 
associated bleeding or edema, emesis, or for-
eign bodies can eventually compromise airway 
patency. The symptoms and signs of TBI depend 
on the site and the severity of the injury and 
most of them are not specific for this kind of 
injury.

Subcutaneous emphysema is the most com-
mon finding in TBI occurring in up to 87% of the 
patients [61]. Dyspnea, tachypnea, and respira-
tory distress are found in 59–100% of the patients 
[62], while hemoptysis can be seen in up to 74% 
of the cases [63].

a b c

Fig. 13.2 (a) CTA shows a small bleeding from a right 
intercostal artery. (b) DSA confirms the presence of a lit-
tle contrast medium extravasation from the same vessel. 

(c) Embolization planning by the C-arm Cone Beam CT 
embolization software
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Clinical signs of pneumothorax can be subtle 
and difficult to elicit in a patient who has multi-
system trauma [60]. Detection of even a small, 
asymptomatic pneumothorax is important 
because up to one third can develop into a tension 
pneumothorax with potential cardiopulmonary 
decompensation [64].

The most common findings in chest X-rays 
are subcutaneous emphysema, pneumomediasti-
num, and pneumothorax.

Subcutaneous emphysema signs include: tra-
cheal deformity, a defect in the tracheal contour, 
an endotracheal tube out of place, and the tube’s 
cuff over-inflated and protruding beyond the edge 
of the tracheal wall [65].

Radiographic signs of a pneumothorax can be 
subtle, and the appearance differs based on the 
patient position at the time that the radiograph 
was performed. In the supine position, air col-
lects within the anterior costophrenic sulcus, 
which extends from the seventh costal cartilage 
to the 11th rib at the midaxillary line [64]. This 
appears radiographically as abnormal lucency in 
the lower chest or upper abdomen, an abnormally 
wide and deep costophrenic sulcus (the “deep 
sulcus” sign), a sharply outlined cardiac or dia-
phragmatic border, depression of the hemidia-
phragm, or as a “double diaphragm” sign that is 
seen when air outlines the dome and anterior 
insertion of the diaphragm [66].

The appearance of hemothorax on a chest 
radiograph depends on the amount of blood that 
has collected in the pleural space and patient 
position. Plain radiography of the upright chest 
may be adequate to establish diagnosis by show-
ing blunting at the costophrenic angle or an air–
fluid interface if a hemopneumothorax is present. 
If the patient cannot be positioned upright, a 
supine chest radiograph may reveal apical cap-
ping of fluid surrounding the superior pole of the 
lung. In the acute trauma setting, the portable 
supine chest radiograph may be the first and only 
view available from which to make definitive 
decisions regarding therapy [60, 67]. When the 
size of a hemothorax reaches approximately 
200 mL, an upright chest radiograph demon-
strates blunting of the costophrenic angle. With 
progressive increase in size, a meniscus-sign will 

be seen: a concave upward sloping of fluid in the 
costophrenic angle. In contrast, a straight air–
fluid level on the upright chest radiograph indi-
cates a hemopneumothorax. A large hemothorax 
can opacify the hemithorax completely and cause 
contralateral shift of the mediastinum as the 
result of mass effect [68].

It is believed that up to 10–20% of the 
patients with TBI may have no signs of TBI on 
chest X-rays [57]; therefore, CT imaging helps 
the detection of the airways and pleural injury 
[15], especially the multi-slice detector CT 
(MDCT) with MPR/3D reconstruction of the 
images that can significantly increase the diag-
nostic accuracy of the procedure up to 94–100% 
[1, 69]. Discontinuity of the tracheal or bron-
chial wall can be seen, with air leaking around 
the airway. Among the indirect, more specific 
signs of tracheobronchial tear, there are the col-
lapsed lung resting on the most dependent area 
away from the hilum (fallen lung sign), persis-
tent pneumothorax after tube thoracostomy and 
herniation or overdistention of an endotracheal 
cuff in an intubated patient [57, 70]. All of these 
findings can be readily detected with MPR and 
3D reconstructions using MDCT, particularly 
when looking for discontinuity of the airway 
wall. The MDCT improved significantly the 
spatial resolution, bringing us isotropic multi-
planar and volume- rendering reconstructions 
and the MDCT’s increasingly faster acquisition 
times have made it more appealing as a screen-
ing tool in the trauma setting [18]. Moreover, 
CT is highly sensitivity in detecting a small 
hemothorax and the Hounsfield unit (HU) mea-
surement of fluid in the pleural space can be 
used to identify the origin of the fluid. 
Hemothorax measures 35–70 HU, depending on 
the amount of clot present [60]. In contrast, a 
sympathetic serous pleural effusion, which can 
be seen in patients who have splenic, hepatic, or 
pancreatic injuries, typically measures less than 
15 HU. Other less common causes of pleural 
effusion in the patient who has experienced 
trauma include chylothorax from injury to the 
thoracic duct [71] and bilious effusion, which is 
caused by formation of a biliopleural fistula in 
the patient who has injury to the liver and the 
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right hemidiaphragm [72]. Clues to the source 
of the bleeding into the pleural space can be 
gleaned from the appearance on imaging stud-
ies. A hemothorax that is due to bleeding from 
venous origin typically is self-limiting because 
of the tamponade effect from the lung paren-
chyma and usually does not increase in size. 
Arterial bleeding, such as from an intercostal 
artery, can be inferred by progression of size on 
radiography or CT [60]. CT also may demon-
strate active bleeding within the hemothorax 
showing a focus of high density of the nearest 
large artery and multiplanar CT reformatted 
images can be especially useful to demonstrate 
the site of active bleeding [60].

It should be recalled that up to 80% of the TBI 
can be missed during the first 24–48 h after the 
trauma because of the nonspecific nature of the 
presenting symptoms and the fact that an airway 
injury may sometimes allow near normal ventila-
tion [62, 73, 74]. With time the bronchus will be 
filled with fibro-granulation tissue and organiz-
ing hematoma. In the former, recurrent pulmo-
nary infections may lead to bronchiectasis and 
destruction of the lung parenchyma, while in the 
later the lung distally to a completely obstructed 
bronchus is filled with mucus and protected from 
infections [73].

As a general rule, for patients with severe 
neck and thoracic trauma, tracheal intubation 
is required in the presence of the following 
conditions: severe brain injury, documented 
or highly suspected thermal inhalation injury, 
severe pulmonary contusion with hypoxemia 
or ventilatory insufficiency, high cervical 
spine injuries, or any injury resulting in pul-
monary failure. However, the tracheal intuba-
tion in this patients with airway injury may 
result disastrous [53] because the pressure 
over a fractured cricoid may dislocate it 
enough to completely distort the upper airway 
or even lead to complete airway transection 
and obstruction [75]. Attempts to blindly 
overpass an upper airway injury may worsen 
the laceration and/or create false passage of 
the tube [76]. Therefore, spontaneous breath-
ing of the patient should be preferred until 
safe airway has been achieved [53].

The final goals of airways injuries treatment 
are the following:

 1. closing of the airway defect to improve 
ventilation

 2. preventing mediastinal spillage and infection
 3. avoiding spontaneous healing complications 

which can lead to airway stenosis and recur-
rent pulmonary infections.

The definitive management is essentially with 
surgery although in the 2001 was published a 
large revision of patients with blunt tracheobron-
chial injuries published in the literature [73] 
showing that conservative management is associ-
ated with higher rates of death; since then, several 
studies have commented on the possibility for 
nonoperative management in patients with air-
ways injuries [56, 77] and the recent data shows a 
rating of conservative treatment in patients with 
TBI that ranges from 33.3 to 94.4% [53, 61].

Concerning the treatment of pneumothorax, 
patients who are symptomatic or who demon-
strate a greater than 20% pneumothorax are gen-
erally considered for chest tube [78]. Prophylactic 
insertion of a chest tube also may be considered 
in a patient who has a small, asymptomatic pneu-
mothorax who will be placed on a mechanical 
ventilator or who will be undergoing a lengthy 
operative procedure.

A tension pneumothorax is a life-threatening 
condition in which air progressively accumulates 
in the pleural space as the result of a one-way 
valve mechanism and causes high ipsilateral intra-
thoracic pressures. This can cause compression of 
the vena cava, which impairs venous return and 
decreases cardiac output. Radiographic signs of a 
tension pneumothorax include shift of the medias-
tinum to the contralateral side, abnormal lucency 
of the hemithorax with a collapsed lung in the hilar 
region, depression of the ipsilateral hemidia-
phragm, and widening of the intercostal spaces. 
Prompt evacuation with needle aspiration or place-
ment of a chest tube can be life saving.

TBI, bronchopleural fistula, or malpositioning 
of the chest tube should be considered if a pneu-
mothorax does not respond completely to treat-
ment [60].
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Hepatic Injuries

Lina Bartolini, Ginevra Danti, Claudio Raspanti, 
Gloria Addeo, Diletta Cozzi, Margherita Trinci, 
and Vittorio Miele

14.1  Epidemiology 
and Mechanism of Action

Trauma is the leading cause of death in the popu-
lation under 40 years old. In blunt trauma, the 
liver constitutes, after the spleen, the most com-
mon organ involved. On the contrary, in open 
trauma, the liver is the most commonly injured 
solid organ [1]. The prevalence of liver injury in 
patients with blunt multiple trauma, in fact, is 
about 20%. However, isolated liver lesions are 
rare and in 77–90% of cases are associated with 
involvement of other internal organs.

Liver damage in abdominal trauma is generally 
caused by an accelerative/decelerative force, such 
as that occurs in road accidents. The right liver 
lobe, being the most voluminous portion of the 

hepatic parenchyma, is more often the site of dam-
age. The posterior-superior liver segments are 
located in close proximity to fixed anatomical 
structures such as ribs and spine, which play an 
important role in the genesis of the lesion. 
Furthermore also the insertion of the coronary liga-
ment in this region contributes to the acceleration–
deceleration mechanism. The right hepatic lesions 
may be associated with lacerations or contusions of 
the right lower lung lobe, hemothorax, pneumotho-
rax, rib fractures, renal or adrenal lesions. Traumatic 
lesions of the left hepatic lobe are less frequent and 
usually occur as a consequence of a compressive 
direct trauma in the epigastric region, e.g., in case 
of fractures of the sternum, besides damages of 
pancreas, duodenum, transverse colon, and myo-
cardium may be associated.

The lesions of the caudate lobe, however, are 
extremely rare and usually not isolated but asso-
ciated with other major injuries.

The development of Trauma Centers special-
ized in the management of critical patients, the dif-
fusion and advancements of imaging techniques, 
have determined a significant reduction in mortal-
ity from trauma; in particular, there was an impor-
tant decrease of the cases of death for hepatic 
trauma in the last decades. The most frequent 
clinical findings in patients with hepatic trauma 
are represented by pain localized in the right upper 
quadrant, extending in some cases to the ipsilat-
eral shoulder, hypotension and hemorrhagic 
shock, biliary peritonitis, and diffused abdominal 
pain in the absence of intestinal paresis [2].
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14.2  Radiological Diagnosis

In the past years, clinicians and surgeons based 
their assessments of traumatic lesions on clinical 
findings because radiological techniques (X-ray) 
were only able to provide information about bone 
structures lesions and the presence of free air in 
the peritoneum.

Patients who were in critical conditions were 
referred to the surgeons.

Before the introduction of the modern tech-
nique of imaging, the diagnostic peritoneal 
lavage allowed to detect the presence of hemo-
peritoneum with great sensitivity [3]. However, 
this instrument was not able to establish both the 
origin of bleeding and the degree of extension of 
trauma and did not exclude the possibility of 
false positives (peritoneal iatrogenic bleeding 
post-introduction of peritoneal drainage) or false 
negatives (traumatic injury in the absence of 
peritoneal bleeding or lesions of the retroperito-
neum) [4–6].

The introduction of modern imaging tech-
niques such as US and MDCT has been of great 
importance in the complete evaluation of the 
trauma patient [7, 8].

As a multidisciplinary approach is mandatory 
for the management of traumatic lesions, during 
the last years the radiologist gained a central role 
in the identification and staging of traumatic 
injury, thus providing indications about both clin-
ical and therapeutic priorities.

In fact, the diagnostic evaluation of a poly- 
traumatized patient presents a wide range of vari-
ability depending on clinical conditions, first of 
all hemodynamic stability or instability:

• Hemodynamically unstable polytrauma 
patient (BP <90 mmHg and HPM >120):
In this case, the imaging tests to be performed 
are: chest X-ray on AP view, cervical spine 
X-ray on LL view, pelvis X-ray on AP view, 
and E-FAST scan. While these radiological 
investigations are carried out, the patient is 
lying in a supine position and the resuscitators 
try to monitor and stabilize the patient’s vital 
signs.

As soon as the vital functions are stabilized, 
the patient will be subjected to a whole body 
MDCT exam for a complete diagnosis.

• Hemodynamically stable polytrauma patient 
(BP >90 mmHg and HPM <120 bpm):
In this case, the first imaging technique that 
can be used is MDCT scan. Only in case of 
low-energy localized trauma it’s preferable to 
use US and CEUS [9].
Not only diagnosis but also the types of thera-
peutic approaches have radically changed in 
the last years.
Currently, about 80–89% of liver injuries are 
treated conservatively, with a success rate 
which ranges from 85 to 94%.
Moreover, the presence of an interventional 
radiologist in the Trauma Center group might 
allow the possibility to treat multiple organ 
injuries by mini-invasive techniques (emboli-
zation and drainage), thus resulting in a 
 significant reduction of postoperative compli-
cations as well as in hospital days [10].

14.3  Ultrasonography

When the patient is in emergency room, the pur-
pose of the ultrasound exam is to reveal the pres-
ence of hemoperitoneum, which is an indicator 
of traumatic lesion. In this case, the exam is 
named Focused Assessment by Sonography for 
Trauma (FAST) and it doesn’t evaluate paren-
chymal lesion but only the presence of free fluid 
in abdominal recesses. This examination is 
widely accepted as an effective initial triage to 
evaluate trauma victims with suspected blunt 
abdominal injuries because it can be performed 
rapidly in the admission area; it’s repeatable, 
noninvasive, non-irradiating, and inexpensive 
[11]. The sensitivity of US for the detection of 
free intraperitoneal fluid is generally considered 
to be excellent.

There is a general consensus that in a poly-
trauma patient who is hemodynamically unstable 
at admission, the presence of a large amount 
of free intraperitoneal fluid on FAST requires 
surgery [12].
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The FAST protocol includes real-time scan-
ning of four regions:

 1. Sub-xiphoid region: aimed at seeking a pos-
sible pericardial fluid stratum

 2. Right upper quadrant: to highlight fluid in the 
hepatorenal fossa (Morison’s pouch)

 3. Left upper quadrant: sub-phrenic space and 
splenorenal recess

 4. Pelvis: hemoperitoneum in the recto-vesical 
space or pouch of Douglas

About the presence of free fluid, there is a 
semiquantitative model proposed by Federle in 
1983 that divided the amount of intraperitoneal 
fluid into four degrees:

Grade 0, refers to the absence of 
hemoperitoneum

Grade I, when there is a mild hemoperitoneum 
(fluid in perihepatic fossa, about 250 cm3)

Grade II, in the presence of medium hemoperito-
neum (fluid in perihepatic and perisplenic 
recesses, about 500 cm3)

Grade III, in the case of severe hemoperitoneum 
(fluid in perihepatic, perisplenic, in parieto- 
colic recesses and/or in the pelvic space, 
>500 cm3) [13]

The presence of hemoperitoneum in associa-
tion with hepatic traumatic injury is an important 
prognostic factor that can change the manage-
ment of the patient.

Abdominal US is very useful in emergency set-
ting and may be considered essential as the initial 
screening method in hemodynamically unstable 
patients, selecting those with significant hemo-
peritoneum and so candidates for surgery [14].

Nevertheless, the literature tells us that about 
34% of abdominal parenchymal lesions, even 
severe, which may be managed by interventional 
endovascular or surgical treatment, cannot be 
associated with hemoperitoneum or with an 
amount of fluid collection not proportionate to 
the severity of damage.

By ultrasound it may be difficult to distinguish 
if the presence of intra-abdominal fluids is due to 

non-traumatic conditions, as patients with asci-
tes, patients on peritoneal dialysis treatment or in 
the post-ovulatory period. Nevertheless, in some 
cases it is possible to depict the presence of a 
fluid corpuscular level suggestive for the pres-
ence of fresh blood in the abdomen.

As we know, the ultrasound examination has 
low sensitivity in detection of retroperitoneal fluid, 
which can also be conspicuous in case of liver 
damage at the level of the nude hepatic area (pos-
terior-superior region of the segment VII) [15].

By US it is possible to demonstrate a paren-
chymal liver injury but this technique is severely 
limited by the operator dependence and also it is 
conditioned by the body habitus and the clinical 
condition of the patient, often in such situations 
uncooperative.

Ultrasonography has low sensitivity in recogniz-
ing the small parenchymal lacerations and contu-
sions, especially if they are in the  sub- diaphragmatic 
region (literature tells us that only 12% of post-trau-
matic hepatic lesions are really identified with this 
examination) and not associated with free fluid in 
the peritoneal cavity [16].

The ultrasound characteristics of traumatic 
lesions of the liver are:

 1. In the early phase, during the first 24–48 h: 
US shows an hyperechoic area, for the pres-
ence of recent blood, with irregular morphol-
ogy and unclear margins.

 2. In the latter phase: there will be a changing of 
echogenicity over the time, the lesion will be 
hypoechoic, its size reduces, and in case of a 
favorable prognosis the liver parenchyma will 
return normal.

In the last years, US limits have been exceeded 
by the use of CEUS in the study of hepatic 
injuries.

First of all, it’s important to stress that CEUS 
is indicated in localized low-energy trauma, as 
well as in the follow-up of abdominal injuries.

Nevertheless, CEUS improves the accuracy of 
standard ultrasonography, being more sensitive 
than this in the detection of parenchymal liver 
injury.
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The performing of CEUS does not take much 
time; the consensus of the patient is needed.

As for the other contrast exam, we have differ-
ent phases according with the timing of intrave-
nous contrast bolus. The arterial phase is realized 
in 20–30 s after injection of contrast media and is 
quickly followed (about 10 s) by the venous 
phase, lasting about 2 min.

The late phase persists until the complete dis-
appearance of the constituent agents of contrast 
media (microbubbles) from hepatic parenchyma 
(4–6 min); there is no correspondence to the 
equilibrium phase of CT or MRI.

CEUS shows traumatic injuries of liver as 
low—or not—perfused parenchymal areas, bet-
ter detectable during the late contrast enhance-
ment phase; the border of the lesion is clear, the 

distance with the capsule and its integrity is well 
demonstrated (Fig. 14.1). It is often possible to 
detect the extracapsular or intralesional active 
bleeding as an extracapsular or intralesional 
hyperechoic image.

Regarding traumatic liver injury, there is a 
good correspondence between CEUS and 
MDCT; false negatives with CEUS may be rep-
resented by minor injuries, without significant 
consequences for management and prognosis of 
patient [17].

Many studies have shown that it is possible to 
monitor the functionality of hepatic microcircula-
tion, in those who suffered an ischemic damage 
with subsequent reperfusion of parenchyma, 
through the use of CEUS [18]. Thanks to this 
method, the dysfunction of liver microcirculation 

a b

c d

Fig. 14.1 Hepatic laceration. (a) Ultrasound shows a 
hypoechoic area within the right liver lobe (arrow); (b) 
CEUS: the laceration appears a nonvascular area (black 
arrow). The CE-MDCT, in arterial phase (c) and portal 

phase (d), confirms the presence of a liver laceration 
(arrows) involving segment IV; no active bleeding is 
appreciable in both CEUS and CE-MDCT imaging 
techniques.
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was evaluated and it was determined how the per-
fusion of contrast with microbubbles is negatively 
correlated with the severity of the injury [19].

Some authors suggest the use of CEUS fol-
lowing the execution of a standard ultrasound 
scan or ultrasound FAST, for those patients who 
have suffered a low-energy trauma and are hemo-
dynamically stable. Therefore, CT scan would be 
reserved to high-energy trauma with suspected 
multiple organ injuries or in cases in which 
CEUS was not conclusive. CEUS showed a diag-
nostic accuracy almost comparable to the 
contrast- enhanced CT scan in the detection of 
abdominal parenchymal lesions associated with 
low-energy trauma, with a sensitivity and speci-
ficity close to 95% [20]. Another recognized role 
of CEUS is to be able to highlight blood extrava-
sation and then the possibility of a subsequent 
therapeutic treatment in a short time.

Other applications are its use for pediatric 
patients and pregnant women, thanks to the 
absence of ionizing radiation and of harmful 
effects on fetus by ultrasound contrast agents. 
However, CEUS presents some limitations: 
operator- related method, high costs of contrast 
media, lack of panoramic view and difficulty to 
explore deep abdominal regions. Even if, as men-
tioned, CEUS proved to be more sensitive than 
baseline ultrasound in the detection of solid organ 
injury in blunt abdominal trauma, it cannot be 
deemed to replace CT scan in high-energy 
trauma. Also in case of isolated trauma, if CEUS 
detects a liver parenchyma injury, it must be fol-
lowed by a MDCT examination.

CEUS represents a diagnostic supplement to 
CT and a radiation protective option in the fol-
low- up of liver lesions, especially in young 
patients and children [21, 22].

14.4  Computed Tomography

Computed tomography (CT) is the diagnostic 
examination of choice for polytrauma hemody-
namic stable patients. In fact, it represents a time- 
saving diagnostic technique avoiding the use of 
other imaging methods and so enabling the 
Trauma Team to start treatment ahead of time.

MDCT scan allows the panoramic study of the 
abdomen also in critical patients that may be par-
tially or not collaborating because of their clini-
cal conditions and their need of resuscitation 
procedures, and this rapid panoramic assessment 
might be essential to enable treatment onset in a 
short time [23]. The CT examination has high 
sensitivity (approximately 99%), specificity 
(about 96.8%), and diagnostic accuracy (about 
97.6%) in the diagnosis of traumatic damage of 
the liver. It also allows the clinicians to monitor 
the lesions and highlight the possible occurrence 
of early and late complications over the time 
(seromas, bilomas, abscesses, necrosis, pseudo- 
aneurysm), either after conservative therapy or 
surgical/interventional treatment [24, 25]. MDCT 
can detect small amounts of free fluid, with 
 sensitivity similar to that of US, but it is superior 
to US in pointing out injuries of the visceral 
organs. Moreover CT, compared with US, is less 
dependent on the operator, less limited by techni-
cal factors and is also reproducible [26].

Contrast-enhanced CT scan for polytrauma 
patients encloses the study of the head, neck, tho-
rax, abdomen, and pelvis, sometimes even the 
lower and upper limbs are evaluated. It usually is a 
multiphase examination, with a basal phase fol-
lowed by an arterial and portal venous phase. 
Arterial phase is fundamental for the study of vas-
cular injuries, while venous phase is more useful 
to identify parenchymal liver injuries. It’s impor-
tant to use an appropriate personalized contrast 
dose based on patient’s weight; the exam needs a 
high-flow intravenous injection (3–4 mL/s). In 
fact, the amount of contrast greatly improves the 
visibility of parenchymal lesions and thus the final 
quality of the examination. In addition to the axial 
scan, the post-processing with coronal and sagittal 
multiplanar reconstructions (MPRs) are routinely 
performed for the evaluation of abdominal struc-
tures while maximum- intensity projections (MIPs) 
and volume rendering (VR) reconstructions are 
required in case of vascular injuries.

In 1989, Mirvis et al. proposed a classification 
system of liver lesions based on the size of lesions 
and the number of involved segments visualized 
on CT [27]. This classification divides traumatic 
liver lesions in five degrees.
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Grade I includes capsular avulsion, superficial 
laceration (<1 cm of thickness), sub-capsular 
hematoma (<1 cm of thickness), and peripor-
tal tracking.

Grade II includes laceration with thickness of 
1–3 cm and central sub-capsular hematoma 
with a diameter of 1–3 cm.

Grade III includes lacerations with thickness 
>3 cm and central sub-capsular hematoma 
with a diameter >3 cm (Fig. 14.2).

Grade IV includes sub-capsular hematoma with a 
diameter >10 cm and lobar parenchymal 

breaking or devascularization (Fig. 14.3, 
Fig. 14.4).

Grade V includes bi-lobar parenchymal breaking 
or devascularization [27].

Despite the usefulness of this classification for 
clinical research purposes, as it allows the 
description of the severity of injuries, it doesn’t 
seem to be helpful in clinical management 
because no correlation was reported between 
lesions grading and required treatment, as it was 
observed that even in high-grade lesions involv-

a b

Fig. 14.2 Hepatic trauma, grade III: (a) Axial CT scan and (b) coronal reconstruction show multiple lacerations with 
thickness >3 cm

a b

Fig. 14.3 (a) Axial CT scan and (b) coronal reconstruction show a grade IV parenchymal injury involving from 25 to 
75% of a liver lobe (arrows)
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ing three or more segments, good clinical results 
can be achieved by conservative treatment [28]..

This CT-based classification system comes 
from the surgical grading drawn up by the 
American Association for the Surgery of Trauma 
(AAST) that divides hepatic trauma in six grades. 
(Table 14.1) [29] (Fig. 14.5).

The surgical organ-injury scale of the AAST 
comprises some criteria that cannot be evaluated 
with CT and wide discrepancies have been seen 
between the CT injury grade and intraoperative find-
ings, with CT usually underestimating injury gravity 

[30]. So several studies say that the CT-based injury-
grading systems facilitate clinical research as they 
enable comparison of different series of patients, but 
their value for predicting the outcome of conserva-
tive treatment remains, however, unproven.

The traumatic hepatic injuries detected on CT 
may be summarized as follows:

Contusion: hypodense area with irregular 
margins resulting in interstitial blood suffusion. 
Rarely, contusion is an isolated post-traumatic 
liver injury, and it is usually associated with tear-
ing or hematoma.

a b c

Fig. 14.4 (a) Axial CT scan, (b) coronal, and (c) sagittal reconstruction show a IV grade parenchymal lesion, involving 
segment IV completely

Table 14.1 The American Association for the Surgery of Trauma (AAST) hepatic injury scale

Degree 
of injury Description

I Hematoma: sub-capsular with liver surface’s involvement <10%
Laceration: capsular lesion with depth <1 cm

II Hematoma: sub-capsular, interest 10–50% of the surface
Hematoma: intraparenchymal <10 cm in diameter
Laceration: capsular injury, depth 1–3 cm and length <10 cm

III Hematoma: sub-capsular, surfaces’s involvement >50% or sub-capsular hematoma with signs of breaking 
and with active bleeding
Hematoma: intraparenchymal >10 cm in diameter or with sings of breakage
Laceration: capsular lesion, depth >3 cm

IV Hematoma: peritoneal rupture and hemorrhage in progress
Laceration: parenchymal injury involving from 25 to 75% of a liver lobe or up to three segments of the 
same lobe

V Laceration: parenchymal lesions involving over 75% of a liver lobe or more than three segments of the 
same lobe
Venous injury: juxta-hepatic (intrahepatic lesion of inferior vena cava) or supra-hepatic veins

VI Avulsion: of the vascular pedicle
Laceration: parenchymal extended to both liver lobes

From Moore EE, Shackford SR, Patcher HL et al. (1989) Organ Injury Scaling: Spleen, Liver and Kidney. J Trauma 
29:1664–6. Obtained permission from Wolters Kluwer
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Laceration: it is the most common traumatic 
injury of the liver. It appears as a linear or 
branched image slightly hyperdense on direct 
examination, caused by the presence of blood 
and clots of recent deposition, and hypodense in 
contrast-enhanced scans [31].

Lacerations are often located in the proximity 
of an intrahepatic portal branch or a supra-hepatic 

vein; the most frequent lacerations are located 
parallel to the supra-hepatic veins or to the poste-
rior division of the portal vein’s right branch.

They are classified according with their size 
into: superficial (extension <1 cm deep) 
(Fig. 14.6), medium (between 1 and 3 cm deep) 
(Fig. 14.7), and deep (extension >3 cm deep) 
(Fig. 14.8).

a b c

Fig. 14.5 (a) Arterial phase axial CT scan shows a perihepatic fluid collection; there is no evidence of arterial bleed-
ing. (b) Venous and (c) equilibrium phases well depict the active intraperitoneal bleeding

a b

Fig. 14.6 (a) Axial CT scan and (b) coronal reconstruction show the superficial hepatic laceration (arrows): extension 
is <1 cm deep

a b

Fig. 14.7 (a) Axial CT scan and (b) coronal reconstruction show a laceration of hepatic parenchyma between 1 and 
3 cm deep (arrows)
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Liver lacerations are categorized as deep when 
affecting the liver parenchyma adjacent to intra-
hepatic portal branches of first and second order, 
independently of the involvement of the periph-
eral parenchyma [29].

If laceration involves the whole surface of the 
liver, the outcome could be in liver fracture with 
avulsion of a fragment devoid of vascularization. 
Depending on the location of the lacerations, they 
may be associated with other post-traumatic altera-
tions: hemoperitoneum in capsular tears of anterior 
liver surface, retroperitoneal hematomas adjacent 
to the inferior vena cava and to the right adrenal 
gland (“halo sign”) in tearing interesting liver’s 
nude area, damage of the biliary tract (hemobilia or 
bilomas) in tears near the hepatic hilum.

Liver lacerations are particularly serious when 
affecting the confluence between the supra- 
hepatic veins or intrahepatic vena cava, in this 
case resulting in massive venous bleeding.

Hepatic infarction: in this case, we see an isch-
emic area in the liver with irregular margins. It is 
hypodense in basal phase and doesn’t show 

enhancement during the contrast phase (Fig. 14.9). 
It’s generally caused by thrombotic obstruction or 
post-traumatic avulsion of one of the main hepatic 
vessels; the greater is the caliber of the vessel 
involved, the greater will be the ischemic area.

Hepatic infarction may extend to involve the 
whole liver in the event of avulsion of vascular ped-
icle. Disruption of the main vessel can also be asso-
ciated with massive intraparenchymal or peritoneal 
hemorrhage, which requires immediate surgical 
treatment. The rupture of the inferior vena cava or 
supra-hepatic veins, which cause intraparenchymal 
and/or extraperitoneal massive bleeding, is a rare 
and potentially lethal complication [28].

Periportal tracking: this sign is not specific for 
trauma lesion; it is represented as a hypo-density 
of periportal fat tissue (Fig. 14.10). It can be 
determined by:

 1. Post-traumatic blood suffusion of periportal 
interstitium

 2. Distension of the periportals lymphatic vessels 
and lymphedema, which can happen after a 

a b c

Fig. 14.8 (a) Axial CT scan, (b) coronal, and (c) sagittal reconstruction show a deep hepatic laceration >3 cm deep 
(arrows in a) and (b). In (c), a huge hemoperitoneum is appreciable (asterisks)

a b c

Fig. 14.9 (a, b) Axial CT scan in arterial (a), venous 
phase (b) and (c) coronal reconstruction show the hepatic 
infarction as a hypodense triangular-shaped area (arrows). 

Hepatic infarction is an ischemic area with irregular mar-
gins, which doesn’t show enhancement during contrast- 
enhanced phase
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rapid increase in central venous pressure (rapid 
fluid infusion to stabilize the patient, hyperten-
sive pneumothorax, cardiac tamponade, hema-
toma compressing supra-hepatic veins)

Right liver lobe is the more frequently affected 
by periportal tracking (63%) [32, 33].

Sub-capsular hematoma: it is a blood collec-
tion with biconvex margins between the capsule 
and liver parenchyma. It appears as hyperdense at 
direct CT scan and hypodense during contrast- 
enhanced phase. It is almost always associated 
with liver lacerations on the surface and gener-
ally it is localized along the antero-lateral surface 
of the right lobe. In contrast to the free fluid in 
peritoneal cavity, the sub-capsular hematoma 
determines compression on the adjacent liver 
parenchyma. This type of hematoma is rare in 
blunt abdominal trauma, but represents a fre-
quent complication of invasive procedures such 
as percutaneous liver biopsy.

Intraparenchymal hematoma: is a collection of 
blood which is developed in the context of a liver 
laceration. It appears as a round hyperdense area 
on direct CT scan (45–70 U.H, typical density of 
coagulated blood) with no enhancement after con-
trast media administration (Fig. 14.11). If air bub-
bles appear in the context of collecting blood, you 
could think of a bacterial superinfection by anaer-
obic bacteria or necrotic events. These elements 
are a negative prognostic factor, furthermore yet 
allowing a conservative treatment [34].

14.4.1  Vascular Contained Lesions: 
Arterial Pseudo-Aneurysm 
and Arteriovenous Fistula

Arterial pseudo-aneurysm: it is also known as a 
false aneurysm, and it is represented by a collec-
tion of blood between the two outer layers of an 
artery, muscularis and adventitia (Fig. 14.12). It’s 

a b c

Fig. 14.10 (a, b) Axial CT scans and (c) coronal reconstruction show the periportal tracking characterized by hypoden-
sities of periportal fat tissue (arrows)

a b c

Fig. 14.11 (a) CT scan without contrast media adminis-
tration, (b, c) CE-MDCT scan in arterial (b) and in venous 
phase (c) depict a parenchymal hematoma. The hematoma 

appears as a round hyperdense area in (a) (arrow), and 
hypodense in the post-contrast phases (b, c) (arrows)
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more frequent in open abdominal trauma. In 
blunt abdominal trauma, it can occur as a result 
of a bile extravasation. Usually, it can be found in 
proximity of a hepatic laceration that determines 
intimal lesion of the vessel.

On CT, it appears as a focal lesion with high 
attenuation values and featuring similar to normal 
arteries on contrast-enhanced scans. The mor-
phology of the pseudo-aneurysm does not change 
during the phases of the exam, and this is impor-
tant for differentiate it from a pooling. It may not 
be present at the first examination but it can appear 
in the following exams. In case of rupture, it can 
cause massive bleeding, fistula with biliary tract, 
intra-duodenal rupture, and consequent bleeding 
of the upper gastro- intestinal tract.

The demonstration of its presence is associ-
ated with the need for timely selective emboliza-
tion of the affected vessel using angiography.

Arteriovenous fistula is a rare event, usually 
generated by a penetrating hepatic trauma that 
causes a communication between a main hepatic 
artery and portal vein or between the hepatic 
artery and a supra-hepatic vein [35] (Fig. 14.13). 
In contrast-enhanced CT scans, fistula remains 
enhanced in both phases, arterial and venous.

The differentiation between arteriovenous fis-
tula and pseudo-aneurysm is easy to perform 
with angiography that is also useful in therapeu-
tic approach.

Active bleeding: Pooling of contrast material on CT 
indicates free extravasation of blood as a result of 

a b

Fig. 14.12 Hepatic trauma treated by surgical packing. (a) Axial CT scan and (b) coronal reconstruction show a 
pseudo-aneurysm: it appears as a focal lesion with high attenuation values in the arterial phase (arrows)

a b c

Fig. 14.13 Arteriovenous fistula in the arterial (a), venous (b), and equilibrium (c) phases; it is a communication 
between the main hepatic artery and a portal vein (arrows)
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active bleeding (Fig. 14.14). The presence of active 
bleeding is an important risk factor for the patient since 
it can be the cause of hemodynamic instability and 
determine the need for a timely surgical intervention. 
The contrast- enhanced CT scan can detect the pres-
ence, location, and extent of an active bleeding [36].

Active arterial bleeding has become evident 
due to the extravasation of contrast medium in 
the arterial phase in the context of a hematoma, 
liver laceration, or peritoneal collection. During 
venous and late phases, the area of active bleed-
ing spreads out. The attenuation values of an 
active bleeding are >90 U.H; therefore, higher 
than those of the coagulated blood and the liver 
parenchyma. To date, the recognition of an active 
arterial bleeding is an absolute indication to the 
embolic treatment through angiography.

Both the active bleeding and vascular con-
tained lesions (pseudo-aneurysm and arteriove-
nous fistula) appear hyperdense in arterial phase. 
Therefore, it’s necessary to differentiate them 

referring to venous and late phases. In fact, in 
these subsequent phases, the active bleeding 
appears more extended and mildly hyperdense, 
while the vascular contained lesions typically 
don’t change their shape and extension.

In general, the active bleeding in liver trauma 
is most frequently linked to arterial injury, but 
may also be due to lesion of the portal vein and 
supra-hepatic veins. Consequently, the identifica-
tion of extravasation of contrast in the arterial 
phase is useful to confirm the origin of the active 
arterial bleeding.

Venous lesions: lesions of the venous intrapa-
renchymal structures happen in high-grade 
trauma and in approximately 90% of patients in 
which there is the failure of conservative therapy 
[37, 38]. Such injuries should be suspected in the 
presence of large intraparenchymal hematoma 
generally located in the sub-diaphragmatic 
region. Massive retroperitoneal hemorrhage can, 
however, indicate a lesion of the inferior vena 

a b

c d

Fig. 14.14 Active bleeding: the extravasation of contrast in the arterial phase (a) becomes stronger in the venous (b), 
and the equilibrium (c), phases. (d) Coronal CT reconstruction confirms the active bleeding (arrow)
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cava, in this case the vein will be thinner than the 
normal. The lack of enhancement is the hallmark 
of avulsion of the liver vascular pedicle. Such a 
post-traumatic vascular lesion turns out to be 
absolutely the most serious.

14.5  Treatment 
and Complications

As already mentioned, the use of diagnostic imag-
ing is essential to the therapeutic classification of 
patients with liver lesions, in order to refer the 
patient to a nonoperative management—NOM, 
which is a clinical monitoring—embolization by 
angiography or operative management by surgery.

To date, the standard therapeutic strategy (50–
96%), in hemodynamically stable patients, even 
with high grading traumatic injuries, is nonsurgi-
cal (NOM) [25]. This is possible since it has been 
seen that the liver has high reparative capacity 
with restitutio ad integrum, which takes up to 
3–6 months. Such conservative treatment has 
contributed to a clear reduction in mortality for 
blunt abdominal trauma [39].

If the CT scan shows an active bleeding from 
an artery, in a hemodynamically stable patient who 
has undergone a liver trauma, a trans-arterial 
embolization treatment of the damaged vascular 
branch is indicated. The interventional treatment 
should be as selective as possible, in order to mini-
mize the risk of incurring parenchymal ischemia 
of the liver or the gallbladder, and possibly it 
should be made using reabsorbable materials [40]. 
The diagnostic role of angiography in polytrauma 
patients appears obsolete, after the development of 
multislice CT technology. On the contrary, it’s 
increasing its application as interventional endo-
vascular procedure. Thanks to the angiographic 
technique, in fact, it’s possible to treat post-trau-
matic blood spills through active embolization 
procedures that use specialized instrumentation 
(metal coils and particles). Interventional endovas-
cular procedures allow to avoid invasive surgery, 
resulting in reduced  hospital stay and postopera-
tive complications [41, 42].

Some studies reported an efficacy of 90–100% 
of trans-arterial embolization for active bleeding 
in hemodynamically stable patients (Figs. 14.15 
and 14.16).

a b

Fig. 14.15 In the same patient of Fig. 14.14, hepatic artery angiography (a) confirms active bleeding, previously iden-
tified on CE-CT scans. (b) Trans-arterial embolization achieved with coils (arrow)
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Some authors have also proposed to use the 
embolization technique for hepatic artery in all 
patients with traumatic liver lesions of grade 
III-IV, following the demonstration of a signifi-
cant clinical improvement in patients treated with 
conservative method compare to those of the con-
trol group [43].

The liver’s post-traumatic lesions, on the basis 
of angiographic findings, are classified according 
to “Hagiwara et al.” in four grades [44].

Grade A includes avascular lesion or irregular 
accumulation of contrast medium in liver paren-
chyma or dislocation of the hepatic artery’s branches.

Grade B refers to arteriovenous fistula or rup-
ture of the hepatic artery’s branches.

Grade C and Grade D indicate, respectively, 
extravasation of contrast in liver parenchyma and 
extravasation of contrast over liver parenchyma. 
The angiographic treatment is indicated for 
grades C and D if the patient is hemodynamically 
stable or if it is possible to pharmacologically 
maintain hemodynamic stability [44].

The new management for polytrauma patients has 
meant that the intervention of laparoscopic surgery in 
urgency runs in a small proportion of cases (about 
20%). In fact, this is reserved for multiple trauma 
patients in shock and that present the “lethal triad”:

 1. pH <7.3
 2. Body temperature <35°
 3. Need to transfuse more than five units of 

blood

Liver damage of IV and V degree is often 
associated with active arterial and venous bleed-
ing; endovascular arterial treatment is not indi-
cated for the latter.

The CT, at times, may not be always able to 
distinguish the two types of blood extravasa-
tion, especially if these are mutually associated 
and if very extended. Some studies show that 
CT evidence of IV and V degree injury com-
bined with the need to administer at least 
2000 mL/h of fluids to maintain hemodynamic 
stability of the patient are correlated with a 
greater likelihood of finding venous blood 
extravasation.

Anyway if the CT scan highlights an active 
venous bleeding, an attempt through laparotomy 
surgery and compression by perihepatic packing 
is indicated. After intervention of perihepatic 
packing or trans-arterial embolization of injury, it 
will be the need to perform a close monitoring of 
clinical, hemodynamic, and laboratory parame-
ters, in order to prevent the onset of complica-
tions which may require a subsequent surgery 
[45] (Fig. 14.17).

Complications that occur most frequently in 
trauma patients treated by surgery consist of bile 
leaks, abscesses, and lung infections.

In 12–28% of cases, a post-surgery trans- 
arterial embolization may be required if bleeding 
persists after perihepatic packing or in case of 
bleeding following the breaking of an arterial 
pseudo-aneurysm [46].

a b

Fig. 14.16 Follow-up CE-MDCT scan (a, b) after trans-arterial embolization for the treatment of bleeding arteries 
with coils (arrows)
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The probability of complications is greater as 
the degree of liver damage is greater; particularly 
for degrees higher than the III and in case it has 
been necessary to perform trans-arterial emboli-
zation of an active bleeding.

The mortality in patients with hepatic trauma 
of grade IV and V is higher. Many studies, how-
ever, tell us how a multidisciplinary approach and 
the combined use of endovascular embolization 
treatment, perihepatic packing, and liver’s resec-
tion lead to a reduction in mortality [47].

In conclusion, the general contraindications 
for nonoperative management of liver injuries 
include the hemodynamic instability, extravasa-
tions of intravenous contrast on abdominal imag-
ing, expanding hematoma and usually grade IV 
and V of liver trauma [48, 49].

The prevalence of complications in trau-
matic liver lesions is about 5–23%, and these 
are more common in injuries higher than III 
degree. They consist of late hemorrhage and 
complications related to injuries involving the 
bile ducts. Generally, post-traumatic lesions of 
the bile ducts cause extravasation of bile that 
is resolved quickly and spontaneously. In 
3–5% of cases, however, this doesn’t occur, 
resulting in the appearance of bilomas, hemo-
bilia, coleperitoneum that, instead, require 
treatment [50].

The liver’s main post-traumatic complications 
are represented by:

 1. Late hemorrhage: is suspected in the presence 
of a progressive decrease in hemoglobin. 
When it happens, contrast-enhanced CT scan 
must be repeated and, if active bleeding is 
present, it should be treated with blood trans-
fusion and trans-arterial embolization if the 
bleeding is arterial, surgical treatment if the 
bleeding is venous.

 2. Biloma: is a collection of bile with water 
density caused by lacerations affecting the 
bile ducts (Fig. 14.18). Usually small in 
size, sometimes of greater diameter whether 
a bile duct of large caliber is involved. 
Biloma can be intrahepatic, can develop 
beyond the hepatic parenchyma, or be 
entirely intraperitoneal. The dividing line 
for the treatment is the size: if less than 
3 cm in diameter biloma can be treated con-
servatively; if greater than 3 cm in diameter 
biloma is subjected to guided US or CT 
drainage.

 3. Hemobilia: appears with biliary tract hyper-
density at direct examination. It is determined 
by post-traumatic communication between a 
vascular branch (usually arterial) and bile 
duct (arterio-biliary fistula) or, less fre-
quently, by the rupture of a pseudo-aneurysm 
in a bile duct. Hemobilia can be treated by 
endovascular arterial embolization. The main 
complication in this type of treatment, how-
ever, includes in the possibility of causing the 

a b

Fig. 14.17 (a, b) Perihepatic surgical packing: dressings are visible, thanks to the presence of radio-opaque markers 
(arrows)
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passage of embolic material in the biliary 
tract with subsequent stenosis of the same.

 4. Coleperitoneum: bile effusion into peritoneal 
cavity. The biliary nature of fluid and the pres-
ence of an active bile leakage can be diag-
nosed by ERCP (with contrast media 
administered through the retrograde bile duct) 
or MRI with liver-specific contrast media in 
hepatobiliary phase (Fig. 14.19).

 5. Abscess: is a rare complication of high-grade 
liver injuries. It’s achieved, more frequently, 
as a result of embolization procedure for 
occlusion of portal vein or a lobar branch. The 
abscess is identified as a focal area with water 
density often with air bubbles or air-fluid level 
in the context (Fig. 14.20). It can be treated 
by percutaneous drainage with US or CT 
guidance.

a b

Fig. 14.18 (a) Axial CT scan and (b) coronal reconstruction show a small biloma (less than 3 cm) caused by lacera-
tions affecting bile ducts (arrows)

a b

Fig. 14.19 Coleperitoneum is a bile effusion into the peritoneal cavity, diagnosed by MRI with specific liver contrast 
media in the hepatobiliary phase (T1 W-fat sat). Axial scan (a) and coronal scan (b)
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14.6  Follow-up

As already mentioned, in the last two decades 
there has been a change in the management of 
traumatic liver injuries that has led to an increas-
ing number of cases treated by nonoperative 
methods.

Some studies have shown that the CEUS is 
almost as sensitive as MDCT in the detection of 
traumatic lesions in patients with low-energy iso-
lated trauma, with levels of sensitivity and 
 specificity approximately up to 95% [51, 52]. 
Considering the high number of young people 
involved in blunt abdominal trauma and the 
potential risks associated with the use of ionizing 
radiation and the possible adverse reactions to 
iodinated contrast media, there is a trend toward 
the use of CEUS for follow-up of the liver lesions 
[53–56].

CEUS, however, has some limitations. In fact, 
it is an operator-dependent technique, with low 

panoramic views and in case it shows some com-
plications such as abscesses, biloma, vascular 
complications, a MDCT is needed [57–60].

Nowadays, the use of MRI (magnetic reso-
nance imaging) was considered as a possible 
diagnostic tool to CEUS in the follow-up of liver 
injury. This method in fact turns out to be 
 panoramic, devoid of ionizing radiation, and not 
operator dependent.

In addition, MRI allows a temporal staging of 
lesions, thanks to the dating of the bleeding 
through the variation of signal intensity. This is 
possible in relation with two parameters: the state 
of hemoglobin oxygenation (which influences 
the relaxation properties and magnetic suscepti-
bility) and the state of red blood cell membranes 
(intact or lysed) [61].

In any case, MRI also has some limitations. In 
fact, it is possible to use it only on compliant 
patients, it’s characterized by long exam dura-
tion, and by the inability to use in case of patients 

a b

c d

Fig. 14.20 Liver abscess 20 days after trauma. (a) 
Unenhanced CT scan, (b, c) CE-MDCT in the arterial (b) 
and venous (c) phases. (d) Coronal reconstruction. CT 

shows the liver abscess as a hypodense area with some gas 
bubbles into the lesion (arrows)
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who are carriers of non-compatible MRI devices 
or if they are claustrophobic.

Until now, there isn’t a standardized protocol 
for the follow-up of blunt abdominal trauma con-
servatively treated, but some studies have shown 
that it can be effectively done through CEUS at 
24 and 72 h after trauma, CEUS and MRI at 
1 month and only MRI until the complete resolu-
tion of liver injury or the highlighting of a stable 
residual scar [62].

This point can therefore be made for low- 
grade lesions (I–III) treated conservatively, while 
follow-up should be performed differently for 
high-grade lesions (IV–V).

So for the latter (grades IV and V, with high 
risk of complications), the timing of follow-up 
provides at first a CT scan, aimed at demon-
strating the hemoperitoneum resolution, 
7–10 days after trauma. Subsequent controls 
that show the resolution of liver lacerations, 
40–60 days after trauma [63]. Any precaution-
ary intermediate checks can be performed 
through ultrasonography.

In general, hemoperitoneum reabsorbs in a 
variable time, which depends, however, on the 
amount of fluid collection, lacerations are 
reduced in size gradually over time becoming 
more hypodense, fluid collections (biloma, hema-
toma, seroma) may persist for longer without 
requiring a percutaneous drainage, unless there is 
suspicion of superinfection.

Many studies have confirmed that the only 
reliable prognostic factor for follow-up of trau-
matized patients, conservatively treated, is 
hemodynamic stability. It has been proved that 
other factors, such as the amount of hemoperito-
neum or the extension of parenchymal lesions, 
are not directly related to the need to resort to 
surgery [64].
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Pancreatic Injuries

Margherita Trinci, Eva Berardi, 
Giovanna Calabrese, Giovanni Maria Garbarino, 
Matteo Pignatelli, and Vittorio Miele

15.1  Anatomy

The pancreas is an exocrine and endocrine retro-
peritoneal gland located transversely across the 
posterior abdominal wall at level of lumbar (L1–
2) spine [1]. It’s possible to identify three parts: 
head that is divided in head proper and uncinated 
process, body, and tail (Drawing 15.1a).

In adults, the pancreas weighs approximately 
100 g and is about 17–20 cm long, it has a soft 
texture and friable.

The main pancreatic duct of Wirsung 
(3–4 mm) traverses the entire length of the gland 
and pours the pancreatic secretion into the duo-
denum. The caliber of the duct decreases homo-
geneously from head to tail. The duct receives 
25–35 side branches; at the level of the papilla it 
merges with the choledocus into the Vater 
ampulla (Drawing 15.1b). There is a secondary 
duct named Santorini; it is the embryonic vestige 
of the primitive pancreas and as such may not be 
working. If it is anatomically functional, it drains 
the back of the pancreas head. It opens in the 
duodenum about 2–3 cm above the main duct, in 
the papilla called “minor” that does not have 
sphincter, and for this reason, if the ostium is ste-
notic, it is related to pancreatitis.

Pancreatic vascular supply is owing to the 
superior pancreaticoduodenal artery from the 
gastroduodenal artery and the inferior pancreati-
coduodenal artery from the superior mesenteric 
artery which supplies the head of the pancreas.
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The pancreatic branches of the splenic artery 
(the largest is called the greater pancreatic 
artery) supply the neck, body, and tail of the 
pancreas.

The head of the pancreas drains into the supe-
rior mesenteric and portal veins; the neck and the 
body drains into the splenic vein [2].

15.2  Etiopathogenesis

Pancreatic trauma, due to its retroperitoneal posi-
tion, is relatively rare especially as an isolated 
lesion; it is still more frequent in children [3].

Pancreatic traumatic injuries have a mortality 
rate that can reach 39%, occur in 0.4% of total 
blunt abdominal trauma with an incidence of 7% 
(range 2–13%) in major trauma, such as in motor 
vehicle accidents, pedestrian accidents, or bicy-
cle accidents especially in children “handlebar” 
trauma [4]. We must not forget that the pancreas 
for its “central position” is an organ particularly 
affected in child abuse cases; the injuries of this 
organ are responsible for about 1/3 of post- 
traumatic pancreatitis in pediatric age [5].

Nowadays we must take into consideration 
not only the blunt trauma but also the penetrating 
trauma as gunshot wounds and blade injuries that 
is rising in incidence and accounts for 70% of all 
traumatic pancreas injuries.

With regard to the zone of lesion, body and isth-
mus are affected in 2/3 of the cases generally for 

front force vectors (e.g., trauma caused by the steer-
ing wheel of the car in the absence of seat belt). The 
head and tail of the pancreas are involved in 1/3 of 
the cases generally for lateral force vectors.

Pancreatic lesions are often (in over 90% of 
cases) associated with other abdominal organ 
injuries, especially associated with the viscera 
situated in the upper abdomen [6]. Bone injuries 
are also often associated.

The absence of specific clinical symptoms and 
the frequent presence of multiple organ injuries 
make it difficult to develop a diagnosis. This 
injury is associated with considerably high mor-
bidity and mortality in cases of delayed diagno-
sis, incorrect classification of the injury, or delays 
in treatment.

It’s important to notice that in children you 
may have pancreatic damage even in small claims 
traumas, due to the lower strength of the abdomi-
nal wall [7].

15.3  Clinical Presentation

Ecchymosis in either the upper abdomen or along 
the flank may be present in cases of pancreatic 
injury. In the child, in the bicycle handlebars 
trauma often there is a round bruise in mesogas-
tric region.

The rise in the serum of amylase and lipase 
is present respectively in 73% and 82% of 
cases.

a b

Drawing 15.1 (a) Anatomy of the pancreatic gland, (b) anatomy of the pancreatic duct
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The classical clinical triad of pancreatic 
trauma is upper abdominal pain, leukocytosis, 
and elevated serum amylase level, that may, 
however, be absent in the first 24 h (in up to 40% 
of patients) or even after several days although it 
does not always indicate the severity of the 
injury [8].

Amylase may be elevated even in injuries of 
duodenum, salivary gland, hepatic trauma, and 
injuries of head and face [1].

The lack of clinical manifestations makes it 
difficult to diagnose, and delay in diagnosis is the 
main cause of complications, therefore it is nec-
essary to have a second level radiological 
diagnosis.

15.4  Classification

Traumatic lesion could interest any site of the 
pancreas; those that are localized to the head and 
body (90%) are most frequent and are connected 
to the compression of the pancreas against lum-
bar spine.

The most recent grading system for pancreatic 
injuries was outlined by the American Association 
for Surgery in Trauma (AAST) [9].

It takes into account both the type of paren-
chymal damage and the site of the parenchymal 
gland in which the damage has occurred, the 
involvement of the duct of Wirsung, that usually 
occurs in 15% of cases, or of the ampulla.

The classification is divided into five degrees 
in relation to the severity of the damage.

In the grade I: there is a minor contusion/
hematoma or superficial laceration without duc-
tal injury (Drawing 15.2a, b); sometimes the 
minor contusion of the gland may be difficult to 
see especially in a patient with multiple organ 
lesions. The gland can be enlarged with ill- 
defined profiles also due to the surrounding fluid 
often present (see Fig. 15.6).

In the grade II: there is a major contusion/lac-
eration; the lesion is largest than in the first degree 
but the duct is always intact (Drawing 15.3a, b).

In the grade III: there is a laceration or paren-
chymal injury with duct injury in distal pancreas 
(Drawing 15.4a, b).

In the grade IV: there is a proximal (right of 
superior mesenteric vein) laceration or parenchy-
mal injury with associated injury to bile duct/
ampulla (Drawing 15.5a, b).

In the grade V: there is a massive destruction 
of pancreatic head (Drawing 15.6).

a b

Drawing 15.2 I grade pancreatic lesion (a) minor contusion, (b) superficial laceration. Note in both cases the integrity 
of the pancreatic duct
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Based on the severity and extent of the lesions 
that we can find at CT exam:

• Pancreatic contusion: interstitial edema with 
focal or diffuse enlargement of the gland 
(Figs. 15.1 and 15.2).

• Pancreatic hematoma: blood collection often 
intraglandular (Fig. 15.3).

• Pancreatic laceration: partial thickness tear of the pan-
creas, frequently with vertical axis [10] (Fig. 15.4).

• Pancreatic transection: full thickness tear of 
the pancreas (Fig. 15.5).

a b

Drawing 15.3 II grade pancreatic lesion. (a) Major contusion, (b) major laceration. Note in both cases the integrity of 
the pancreatic duct

a b

Drawing 15.4 III grade pancreatic lesion. (a) Distal laceration (b) distal parenchymal injury. In both cases there is a 
distal duct injury

a b

Drawing 15.5 IV grade pancreatic lesion. (a) Proximal laceration, (b) proximal parenchymal injury. In both cases 
there is a proximal duct injury
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• Intra- or extraglandular active bleeding 
(Fig. 15.6).

Pancreas head injuries are more severe than 
those in the body and tail. Pancreatic injury is 
uncommonly (<10%) an isolated lesion; other 
organs are frequently involved like: duodenum 
(involved in 60%), liver (46%), stomach 
(42%), spleen, kidney, mayor vascular: aorta, 
inferior cava vein, splenic artery and vein 
(41%), spine fractures (28–30%), stomach, 
and other tract of the bowel [11]. The involve-
ment of mayor vessels is responsible for pre-
mature mortality for massive bleeding; the 
bowel involvement increases long-term mor-
tality and late complications for septic state 
due to perforation and peritonitis. In case of 
pancreatic lesion, the dehiscence of intestinal 
anastomosis increases.

Drawing 15.6 V grade pancreatic lesion. There is a 
massive destruction of pancreatic head

Fig. 15.1 Enhanced CT scan shows pancreatic head con-
tusion as a focal enlarged area with hypodense aspect due 
to interstitial edema (white arrows)

a

b

Fig. 15.2 CE-MDCT scans (a, b) show a fracture of the 
upper pole of the spleen associated with pancreatic body 
and tail contusion (arrows)

Fig. 15.3 Enhanced CT scan shows pancreatic hema-
toma: diffuse enlargement inhomogeneous hypodense 
aspect and irregular borders, in the head there is a focal 
rounded hypodense area with thin border. Hepatic lesion 
and free fluid are associated

15 Pancreatic Injuries



340

a

b

Fig. 15.4 Pancreatic laceration: (a) axial CT scan and (b) 
coronal reconstruction show partial thickness tear of the 
body (arrow); there is a fluid collection behind and below 
the pancreatic body (arrowheads)

a

b

c

Fig. 15.5 Unenhanced CT (a) and enhanced CT scan in 
arterial (b) and portal (c) phases show a case of pancreatic 
body transection. In unenhanced CT (a) there is an inho-
mogeneous aspect of the pancreas body; CE-CT scans (b, 
c) well detect the complete transection of the body as a 
hypodense linear image

Fig. 15.6 Enhanced CT exam shows a case of pancreatic 
active bleeding (white arrows) complex trauma treated 
with splenectomy and packing
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15.5  CT Imaging

Computed tomography (CT) is the imaging 
modality of choice in the study of hemodynami-
cally stable polytrauma patient, detecting all 
grades of pancreatic lesions in 80% [8, 12]. The 
CT is also able to evaluate most of the prognostic 
indicators that can change the management of the 
patient and it is fundamental to follow complica-
tions which occur very often.

The pancreas can appear normal in 20–40% of 
patients in the first 12 h after trauma because pan-
creatic injuries may produce nuanced hyperden-
sity which may not be detectable [13].

The CT is not always able to view the pancre-
atic duct injury but its tear can be suspected in 
cases of parenchymal injury larger than 50% of 
the diameter of the pancreas and MPR recon-
struction is fundamental in detecting injury. 
However, it often happens that the ductal lesions 
are discovered in the operating room. If ductal 
injury is suspected and the clinical condition of 
the patient allows further studies, the evaluation 
of pancreatic duct should be carried out with 
magnetic resonance (MRI) or endoscopic retro-
grade cholangio-pancreaticography (ERCP) [14].

15.5.1  CT Protocol

The CT scan is performed with MDCT scanner. 
The exams are obtained in cranio-caudal direc-
tion, in cases of polytrauma patients from “head 
to toe,” and in cases of localized minor trauma 
the evaluation can be limited to the abdomen.

CT examination includes unenhanced scans, 
followed by enhanced CT scans, in arterial and 
portal phases. Arterial phase is performed with 
bolus tracking (with a ROI located in abdominal 
aorta below the diaphragm) or with a delay of 
30–40 s from the beginning of contrast adminis-
tration; portal phase is usually performed with a 
delay of 70–80 s.

The quantity of a nonionic low-osmolar iodin-
ated contrast depends on the patient’s weight and 
on the acquisition speed time of the machine; 
generally, the quantity is around 120–140 mL 
injected at a rate of 3–4 mL/s.

A thin collimation is necessary, MPR recon-
struction on coronal plane is fundamental to 
assess the lesion of the duct, even 3D reconstruc-
tions can be of help.

The CT findings of acute pancreatic trauma 
may be separated into specific (direct) features 
and nonspecific (indirect) features [15].

Direct CT signs of pancreatic trauma include 
evidence of parenchymal contusion, hematoma, 
laceration, and transection [4, 16].

15.5.1.1  Pancreatic Contusion
Unenhanced CT scan: Contusion cannot be 
detectable; however, it is possible to find focal or 
diffuse pancreatic enlargement in case of intrapa-
renchymal edema.

Enhanced CT scan: Small contusion can be 
difficult to detect; in some cases, it appears as 
focal or diffuse low attenuation area inside the 
parenchymal gland without discontinuity at the 
surface of the gland; the margins of the gland 
appear irregular, and fluid collection may sur-
round the gland (Fig. 15.7).

15.5.1.2  Pancreatic Hematoma
Unenhanced CT scan: Blood content determines 
focal hyperdensity that tends to become isodense 
in later hours.

Fig. 15.7 CE-MDCT in a case of pancreatic head and 
body contusion; note the difference between the hazy 
irregular contours of the head and part of the body 
(arrows) compared with the rest of the gland. There is also 
a small fluid collection surrounding pancreatic head and 
located along the right anterior renal fascia in the retro-
peritoneal space (arrowhead)
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Enhanced CT scans: Hematoma can be a very 
specific sign of pancreatic injury and manifests 
as an area of focal attenuation within the pancre-
atic parenchyma. It is often peripherally located 
and distorts the gland profile (Fig. 15.8).

15.5.1.3  Laceration
Unenhanced CT scan: Lacerations manifest as lin-
ear, irregular, low attenuation areas within the pan-
creatic parenchyma. The laceration is often 
perpendicular to the long axis of the pancreas. It is 

often difficult to see in basal conditions and can man-
ifest only as an area of glandular inhomogeneity.

Enhanced CT scans: Lacerations are 
hypodense but more defined with a linear or 
irregular aspect. The line, ideally, represents the 
separation of fragments with fluid or blood within 
the fragments. This can be classified into superfi-
cial laceration (involving <50% of the 
 parenchyma) and deep laceration (>50% pancre-
atic parenchyma) [4]. It’s possible to collect fluid 
effusion in retroperitoneal space.

a b

c d e

Fig. 15.8 Contrast-enhanced MDCT (a, b) shows hema-
toma of the pancreatic body in a polytrauma patient, 
already undergoing splenectomy. It is possible to detect 
focal attenuation within the pancreatic tail parenchyma; 
the tail is enlarged. In arterial phase (a) note active bleed-

ing coming from a branch of the left hypogastric artery 
(white arrows). (c) Selective arteriography shows the 
active bleeding (arrow), treated by selective embolization 
with microcoils and spongostan (d, e)
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In case of laceration, the pancreatic duct may 
be intact or damaged, depending on the extension 
of the laceration; sometimes the presence of a 
deep laceration leads to the suspicion of ductal 
lesion. In doubtful cases, it is recommended to 
complete the study as soon as possible with mag-
netic resonance cholangiopancreatography 
(MRCP) (Fig. 15.9).

15.5.1.4  Transection/Fracture
Unenhanced CT scan: Pancreatic transection/
fracture was defined as a low-attenuating band 
extending throughout the thickness of the gland 
with fluid collection between the two separated 
fragments. Usually occurs vertical transection of 
the pancreatic body or head.

Enhanced CT scans: The CT aspects of tran-
section previously described have better evidence 
in CE-MDCT; furthermore active hemorrhage 
from the pancreatic parenchyma can be seen as 
contrast extravasation with hyperdense spots.

In case of transection or fracture of the pan-
creatic gland, the main duct is always involved; 
this eventuality determines a change in the man-
agement of the patient (Fig. 15.10).

Indirect signs of pancreas trauma are nonspe-
cific and may also be caused by injuries of other 
organs. However, they are important to know, 
recognize, and evaluate because they may also be 
a sign of pancreatic lesion and combined with 
alteration of specific laboratory analysis may 
suggest a pancreatic involvement.

• Peripancreatic fluid or hematoma: frequently 
found between the splenic vein and the pan-
creas this is the most CT finding suggesting 

Fig. 15.9 CE-MDCT. Pancreatic body laceration appears 
as linear, irregular line within pancreatic body (arrow-
head); note also the enlargement of pancreatic tail expres-
sion of contusion (arrows)

a b

Fig. 15.10 Axial CT scan (a) and coronal reconstruction 
(b) show the fracture of the pancreatic body (arrowheads) 
associated at mayor duct injury; fluid collection located in 

the lesser sac (arrow), between the two separated frag-
ments and in peripancreatic space. Note the fluid between 
splenic vein and the pancreas (asterisk)
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pancreatic trauma [8], detected in 90% (see 
Fig. 15.9a).

• Peripancreatic fat stranding.
• Mesenteric fluid.
• Thickening of Gerota’s fascia and retroperito-

neal free fluid (see Fig. 15.3a).
• Pancreatic ductal dilatation.
• Fluid in the pararenal spaces.
• Fluid in transverse mesocolon and lesser sac 

(Fig. 15.9a).
• Peritoneal free fluid.

It’s very important to evaluate the integrity 
of duodenum, which is frequently involved. 
Duodenal contusion should be suspected when 
it is possible to detect edema or hematoma of 
the duodenal wall, intramural gas collection, 
and focal duodenal wall thickening (>4 mm) as 
in small bowel injury (Fig. 15.11). In the case 
of duodenum wall rupture, the amount of free 
air around it may be small, there may be enteric 
juice, but it does not differ from other free 
fluid.

a b

c d

Fig. 15.11 Duodenal injury. Ultrasound (a) shows the thickening of the duodenal wall (arrows). Contrast-enhanced 
CT, axial scan (b), coronal (c) and sagittal (d) reconstructions show a duodenal wall rounded hematoma (arrowheads)
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15.6  MRI Technique 
and Manifestation

If the suspicion of pancreatic injury persists after 
CT and CT findings are negative, endoscopic ret-
rograde cholangio-pancreatography (ERCP) or 
MRCP can prove useful as important second-line 
imaging [12, 17].

The outcome of pancreatic trauma in patients 
depends upon the integrity of the pancreatic duct, 
and the evaluation of the duct is fundamental. 
MRI has emerged as an alternative noninvasive 
diagnostic tool for direct imaging of the pancre-
atic duct with an accuracy of 100% [12] 
(Fig. 15.12). The MRI also provides a complete 
evaluation of the glandular parenchyma and 
abdominal organs. Compared to the ERCP, the 
MRI is a faster method and, without being inva-
sive, it does not expose the risk of pancreatitis.

MRI of the pancreas should be performed 
with height field strength scanners (1.5 T or 3 T); 
the normal protocol for the study of the pancreas 
includes coronal and axial T2-weighted single- 
shot echo train spin echo (SS-ETSE), axial 
T2-weighted fat suppressed fat spin echo, axial 
in-phase and out-phase T1-weighted spoiled gra-
dient echo (GRE), and axial T1-weighted fat sup-
pressed 3D GRE images, before and after 
intravenous administration of gadolinium con-
trast material. It is important, if possible, the 

administration of negative oral contrast agent to 
remove high signal intensity from the fluid inside 
the stomach and duodenum; if the commercial 
product is not available, pineapple juice and blue-
berry juice can be used as alternative negative 
MR contrast material.

Cholangiopancreatography (MRC) should be 
performed with coronal and axial T2 sequences 
(SS-ETSE) for the anatomical display of the 
common bile duct and 3D images in an oblique 
coronal projection following the plane of the 
main pancreatic duct [18].

Fig. 15.12 Pancreatic isthmus injury (same patient of 
Fig. 15.4). MR depicts a subtle dilation of the pancreatic 
duct in the body and tail. In the site of transection is well 
appreciated a minimal fluid collection (arrow)

a b

Fig. 15.13 Pancreatic body transection. Axial CT scan 
(a, b) and coronal reconstruction (c) show the transection 
as a thick hypodense linear image through the pancreatic 
body (arrow). A traumatic injury of the hepatic left lobe is 

also depicted (asterisks). (d) The ERCP highlights a bili-
ary leakage from the injured ducts of the left liver lobe 
(arrowhead)
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Secretin-enhanced MRCP, obtained after intra-
venous injection of secretin (0.2 μg/kg), may be 
helpful to characterize pancreatic ductal anomaly. 
In fact, secretin increases the signal of pancreatic 
secretion and can be used to highlight leaks from 
the destruction of pancreatic duct [19].

ERCP is an invasive method that allows direct 
imaging guided treatments and in effect ERCP 
can guide surgical repair or can be used for stent 
placement (with a rate of complication of 5–15%, 
such as pancreatitis, cholangitis, and duodenal 
perforation); it should be used in the suspect of 
small ductal biliary or pancreatic lesions 
(Fig. 15.13) that can be treated within 72 h by 
stent placement, beyond this time increases the 
incidence of complications [8, 17].

The advantages of MRI is that MRI is a 
noninvasive study, faster than ERCP, and 
can illustrate the entire pancreatic parenchy-
mal and ductal anatomy, as well as a patho-
logical fluid collection and ductal destruction 
[20].

Pancreatic contusion and laceration are seen 
as focal T2 hyperintense areas within the gland. 
Pancreatic hematoma is seen as intrapancreatic 
T1 hyperintense area which has variable signal 
intensity in T2 [21].

It is important to remember that MRI is also 
crucial in the follow-up of conservative managed 
cases or to diagnose sequelae of pancreatic 
trauma such as pseudocysts, fistulae, etc. 
(Fig. 15.14) [22].

c d

Fig. 15.13 (continued)

a b

Fig. 15.14 Pancreatic tail injury. The enhanced CT scan 
(a) shows the pancreatic tail enlargement, with inhomoge-
neous enhancement and a subtle peripancreatic fluid col-
lection (arrow). (b) One week later, the follow-up 

T2-weighted MRI scan confirms the well-defined enlarge-
ment of the pancreatic tail; there is no fluid collection nei-
ther involvement of the peripancreatic fat tissue (arrow)
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15.7  Ultrasonography

Pancreatic injuries are difficult to diagnose 
despite the use of technically adequate sonogram. 
However, it is a good technique in the follow-up 
of complications, for example, pseudocysts. The 
ability to identify a pancreatic lesion and its fol-
low- up is influenced by the patient’s constitution 
and for obvious reasons it’s often easier in chil-
dren and adolescents [23–27].

However, US may show localized traumatic 
enlargement of pancreas or diffuse pancreatic 
edema.

Pancreatic laceration can be depicted as a 
hypoechoic linear image through the glandular 
parenchyma (Fig. 15.15). An indirect sign of 
trauma due to the pancreatic head edema is the 
dilation of the bile ducts. Peripancreatic effusion 
may also be an indirect sign of pancreatic contu-
sion detectable with US.

With the coming of contrast-enhanced ultra-
sound (CEUS) the ability to highlight even a 
small lesion is undoubtedly increased.

At CEUS exam, pancreatic laceration is well 
depicted as a hypoechoic linear image within 
the enhanced hyperechoic glandular 
parenchyma.

It is also easier in the viewing of indirect signs 
of trauma, for example fluid collection around 
the gland will appear as a hypoechoic rhyme sur-
rounding the gland, easy to detect even in small 
amounts (Fig. 15.16).

CEUS exam is not usually performed, as first 
study, in polytrauma patients but it can be the first 
choice in minor localized trauma as integration of 
an ultrasound exam. If a pancreatic lesion shows 
up at CEUS, it is essential to continue the study 
with contrast-enhanced CT to evaluate all the 
other abdomen viscera, the bones, and prognostic 
factors.

a b

Fig. 15.15 Ultrasonography (a) shows pancreatic body transection, which appears as a thin hypodense linear image 
through the pancreatic body (arrow). Contrast-enhanced CT (b) confirms the pancreatic lesion (arrowhead)
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15.8  Management

Mortality for pancreatic injuries ranges from 9% 
to 60%; this variability in ranges depends not 
only on the severity of the pancreatic injury and 
on the involving of its duct, but also on the pres-
ence of coexisting viscera injuries and covers all 
types of complications [11].

In fact, many patients with pancreatic injuries 
have multiple associated injuries including vas-
cular or other intra-abdominal organs (Fig. 15.17); 
priority must be given to stabilizing the patient 
before any definitive management of pancreas 
injuries. When a pancreatic lesion is suspected, it 
is important to evaluate all the gland, the duct, 
and the duodenum.

The hemorrhagic lesions of the portal vein, 
splenic vein, and inferior vena cava are the most 

responsible for mortality related to pancreatic 
trauma.

Management of pancreatic trauma depends on 
[28]:

 1. Grade/severity of injuries
 2. Location of injuries
 3. Other abdominal injuries
 4. Time passed after injuries

It is possible to have a conservative or surgical 
approach which depends on the integrity of the 
main pancreatic duct, extent of parenchymal 
damage, location of the injury, and degree of 
associated organ damages [29].

Once diagnosed it is important to stage pan-
creatic injuries with CT in accordance with 
AAST classification [3, 30].

a b

c

Fig. 15.16 Ultrasonography (a) shows a mild inhomoge-
neity of the pancreatic tail (arrow); CEUS (b) highlights 
the parenchymal inhomogeneity of the pancreatic tail, 

with subtle peripancreatic fluid collection; CT (c) con-
firms the pancreatic tail lesion and the peripancreatic 
collection
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Grade I injuries allow a conservative treatment, 
including only patient observation; in some cases, 
an omental pancreatorrhaphy may be requested. In 
Grade II, external drainage can be necessary.

Pancreatic injuries with complete transection, 
from III to V grades, can be sent at surgical 
treatment.

In grade III, distal pancreatectomy is the stan-
dard surgery choice, with or without splenec-
tomy. If the injury occurs at the neck, 
pancreaticojejunostomy may be done to preserve 
the entire intact distal pancreas.

For grade IV or V injuries, Whipple’s proce-
dure (pancreaticoduodenectomy) may be done at 
first stage [8, 31]. Other options are: roux-en-Y 
distal pancreatojejunostomy, pancreatoduodenot-
omy, anterior roux-en-Y pancreatojejunostomy, 
endoscopically placed of stent or simple drainage 
in damage control situations.

ERCP guided stent placement into the major 
duct has been indicated in selected cases [3].

Endocrine and/or exocrine failure of the pan-
creas is uncommon if more than 20% of the glan-

dular tissue is conserved and it is more important 
to conserve as much as possible in cases of young 
patients.

Medical treatment of traumatic pancreatitis 
consists of bowel rest, nasogastric suction, and 
nutritional support [15].

15.9  Complications

In cases of pancreatic traumatic injury, up to a 1/3 
of patients develop complications; in many cases, 
these are the result of missed findings or diagnos-
tic delays or both [10].

Early diagnosis and treatment are associated 
with better overall outcomes in traumatic pan-
creas injuries.

In cases of pancreatic duct injury, the leakage 
of pancreatic juice with its corrosive effect caus-
ing inflammation and sepsis is the major reason 
of morbidity and mortality.

The most frequent complications in pancreatic 
injury, detected with CT imaging or MRI (when 

a b

c d

Fig. 15.17 Young girl fallen from great height. (a–d) 
contrast-enhanced CT scans shows traumatic lesion of the 
body and the tail of the pancreas (white arrow), intraglan-
dular (white arrowhead) and extraglandular active bleed-
ing. There are other associated organ injuries: liver (black 

arrows), spleen with active bleeding (black asterisk), 
devascularization of the left kidney (white asterisk), right 
adrenal hemorrhage (black arrowhead), peritoneal and 
retroperitoneal free fluid
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patient condition permits to perform MRI), 
include [32].

Early complications (48 h):

• Pancreatic abscess (10–25%) (Fig. 15.18): its 
frequency increases in the event of ductal 
lesion and decreases in its absence.

• Traumatic pancreatitis (10% that looks identi-
cal to a different cause pancreatitis)

• Pneumonia
• Septicemia

Late complications:

• Pancreatic fistula (10–18%, some report up to 
50%) (2–3 weeks later): its frequency 
increases in the event of ductal lesion and 
decreases in its absence [33].

• Pancreatic pseudocyst, which appears in 5% 
of cases around 1 month later. The presence of 
a pseudocyst is a sign of a ductal lesion.

Other less frequent complications include:

• Peritonitis
• Intestinal obstruction
• Gastrointestinal bleeding
• Endocrine and/or exocrine insufficiency
• Splenic vein thrombosis
• Splenic artery pseudoaneurysm formation or 

breaking

• Ductal stenosis
• Acalculous cholecystitis
• Multiorgan failure

Active bleeding may occur at any stage (see 
Fig. 15.2).

The majority of these complications can be 
managed with conservative therapy and CT 
follow-up.

If there occur complications, both early or 
late, the mortality rate significantly increases and 
it is principally due to sepsis and multiorgan 
failure.

The mortality in pancreatic trauma is evalu-
ated at 28% in case of head trauma; the death 
happens generally in the first 48 h. Mortality 
increases in case of associated vascular/paren-
chymal/bones or brain lesions. One-third of 
patients survive with sequelae: pseudocysts, 
abscesses, bleeding, recurrent pancreatitis, and 
fistulae.

15.10  Take Home Points

The role of the radiologist is to determinate 
whether the pancreatic injury is:

 1. Is there a traumatic pancreatic injury?
 2. Distal or proximal
 3. Partial (<50%) or complete (>50%)

a b

Fig. 15.18 Complication of pancreatic traumatic injury. 
Contrast-enhanced CT, 6 weeks after trauma (a), shows 
two fluid-corpuscular collections in the region of pancre-
atic head and in the body and tail of the pancreas. Contrast- 

enhanced CT, 2 months later (b) shows the abscess 
formation in both collections, with multiple air bubbles 
within the fluid

M. Trinci et al.



351

 4. Signs of ductal injury
 5. Pancreatic tissue destroyed is present
 6. Other visceral injury that can worsen the 

situation
 7. During the follow-up detection of eventual 

complications

Contrast-enhanced MDCT is the gold stan-
dard technique in the first evaluation of all poly-
trauma patients [34] and in the assessment of 
pancreatic involvement. MRI or ECPR are the 
best techniques for the evaluation of the integrity 
of the principal duct that can be performed in 
hemodynamically stable patients and can be used 
during the follow-up.

If there aren’t clinical or laboratory evident 
signs of pancreas injury but there is high suspect 
of it, it’s important to repeat CT scan after 
12 h/24 h from trauma, because radiological CT 
signs of pancreatic injury often occur late [8].

In children pancreatic damage can happen 
even in small traumas, due to the lower strength 
of the abdominal wall.
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Splenic Injuries
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16.1  Epidemiology and Causes

Trauma is the most common cause of death in 
young people under the age of 45 years, with 
higher incidence between the ages of 14 and 30 
[1]. About 15% of those arriving at the emer-
gency department have intra-abdominal inju-
ries [2] and the spleen is one of the most 
commonly injured organ in blunt abdominal 
trauma, in a percentage varying in literature 
from 37 to 49% [3, 4].

The spleen is very vulnerable in blunt abdomi-
nal trauma due to various factors such as its par-
enchymatous texture and its anatomic position, 
contiguous to resistant structures like the ribs, 
spine, and diaphragm. Furthermore, if the patient 
also suffers from splenomegaly, it increases their 

susceptibility to traumatic injury. There is an 
additional risk of splenic injury during childhood 
due to greater flexibility of the ribs (the ribs break 
less), the thinner muscles in chest wall, and size 
of the spleen, which is larger in proportion to the 
other abdominal organs [3].

Some conditions can underline a spontaneous 
spleen fracture: some infective diseases (tubercu-
losis, malaria, mononucleosis), hematological 
disease (leukemia and lymphoma), and previous 
splenic infarcts. Splenic lesion can be isolated 
but often is associated with left hepatic lobe 
lesions, left adrenal and/or renal lesions, pan-
creas and diaphragm injuries in 36.5% of cases 
[3]. Splenic lesion could also be associated with 
an extra-abdominal lesion in 80% cases.

16.2  Clinical Presentation

The spleen is highly vascular: in fact, a traumatic 
splenic injury can cause significant bleeding with 
the risk of hemorrhagic shock and patient death, 
if it is not identified and treated promptly [5]. 
Furthermore, in case of early confined spleen 
injuries or post-traumatic vascular damage (like 
arteriovenous fistula and pseudoaneurysm), 
delayed bleeding is common and can result in 
serious bleeding even a long time after the trau-
matic event.
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Moreover, patients with traumatic splenic 
injuries have a significantly higher risk of 
bleeding than those with hepatic ones (5% vs. 
1–10%) [6].

Symptoms of a blunt splenic injury are unspe-
cific and change with the severity and type of 
spleen lesion, from self-limited hemorrhagic 
effusion to severe hemorrhagic shock. The clinic 
is represented by upper left quadrant pain radiat-
ing to the ipsilateral shoulder (Kehr sign), associ-
ated with lower quadrant pain typical of 
hemoperitoneum, caused by irritation of the 
serosa; there may also be defensive abdominal 
signs.

The spleen is one of the most commonly 
injured solid organs following abdominal trauma. 
Recognition of its vital role in immune function, 
especially in children, increased complications 
and longer hospital stays following splenectomy 
have led to an increased drive for Non-Operative 
Management (NOM) of splenic trauma, which is 
dependent on accurate CT diagnosis and, when 
necessary, embolization [7, 8].

The clinic and diagnostic imaging always 
play an important role in grading and diagnos-
ing a splenic injury, but often the symptoms are 
blurred or missing in more than 40% cases; in 
fact, these patients with splenic lesion have no 
sign or clinic symptoms. In addition, the clinic 
may be masked when there is a state of impaired 
consciousness, hemorrhagic shock and in case 
of intoxication (alcohol and narcotics). 
Therefore, it is necessary to resort to diagnostic 
imaging to accurately diagnose and classify a 
splenic injury and it is essential for the prognos-
tic stratification, with the aim of leading the 
patient into a conservative intervention (NOM) 
or to a surgical one [9].

16.3  Classification and Grading 
Systems

During the years, various blunt splenic injuries 
classifications based on the findings of 

Computed Tomography (CT) have been pro-
posed. These classifications concern the type of 
splenic lesions that consist of subcapsular or 
parenchymatous hematomas, contusions, 
parenchymal lacerations, and vascular lesions. 
The CT-based classification system comes 
from the surgical grading drafted by the 
American Association for the Surgery of 
Trauma (AAST) [10]. This classification 
(Table 16.1) divides splenic trauma in five 
grades:

• Grade 1 includes subcapsular hematoma and 
parenchymal lesions involving less than 
10% of the surface area or smaller than 
1 cm;

• Grade 2 includes subcapsular hematoma 
involving 10–50% of surface area or paren-
chymal laceration from 1 to 3 cm without 
involving intraparenchymal vessels;

• Grade 3 includes subcapsular hematoma 
involving more than 50% of surface area, rup-
tured subcapsular or parenchymal hematoma 
and depth laceration more than 3 cm involving 
trabecular vessels;

• Grade 4 defines splenic laceration involving 
segmental or hilar vessels producing a devas-
cularization more than 25% of spleen; at 
least

• Grade 5 includes complete shattered spleen or 
a hilar vascular injury with de-vascularized 
spleen.

However, this surgical classification interna-
tionally used is not perfectly comparable to the 
real CT-findings: the differences could be attrib-
utable in some cases to the evolution of the injury 
by the time of surgery after the CT scanning, but 
the major limitation of the AAST scaling system 
was that it has not been reliable in predicting the 
outcome and guiding the management of blunt 
splenic injury [11]. In fact, in the last years tar-
geted classification to define a CT-scoring system 
has been created. The most widely used classifi-
cation based on CT is the Mirvis’ one [12, 13]. 
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This classification includes the distinction in four 
grades:

• Grade 1 includes capsular avulsion, superfi-
cial laceration, and subcapsular hematoma 
smaller than 1 cm (Fig. 16.1);

• Grade 2 includes parenchymal lesions from 1 
to 3 cm, or parenchymal and subcapsular 
hematoma smaller than 3 cm (Fig. 16.2);

• Grade 3 defines splenic laceration deep more 
than 3 cm (Fig. 16.3); at least

• Grade 4 defines the fragmentation of the 
splenic parenchyma (“shattered spleen”) or its 
devascularization, what is called “non- 
enhanced spleen” (Fig. 16.4).

While severity of splenic injury according to 
the AAST does correlate with outcome, this clas-
sification, with the Mirvis’ one, does not take 
account of active extravasation or contained vascu-
lar injury such as arteriovenous fistula or pseudoa-
neurysm formation (Figs. 16.5 and 16.6). In fact, 
the last CT-based classification was written by 
Marmery in 2007 [14] and recalls Mirvis’, while 
adding vascular lesions (Grades 4a–4b), which are 
predictive of the necessity (or lack thereof) of sur-
gical treatment or splenic embolization (Fig. 16.7).

Table 16.1 The American Association for the Surgery 
of Trauma (AAST) spleen injury scale

Grade 
of injury Description

I Hematoma: subcapsular with spleen surface 
involvement <10%
Laceration: capsular tear, <1 cm 
parenchymal depth

II Hematoma: subcapsular, interest 10–50% of 
surface area
Hematoma: intraparenchymal, <5 cm in 
diameter
Laceration: capsular injury, 1–3 cm 
parenchymal depth that does not involve a 
trabecular vessel

III Hematoma: subcapsular, interest >50% of 
surface area or expanding; ruptured 
subcapsular or parenchymal hematoma
Hematoma: intraparenchymal, >5 cm or 
expanding
Laceration:>3 cm parenchymal depth or 
involving trabecular vessels

IV Laceration involving segmental or hilar 
vessels producing major devascularisation 
(>25% of spleen)

V Laceration: complete shattered spleen
Vascular: hilar vascular injury with 
devascularized spleen

From Moore EE, Cogbill TH, Jurkovich GJ et al. Organ 
injury scaling: spleen and liver (1994 revision). J Trauma 
1995; 38:323–4. Obtained permission from Wolters Kluwer

a b

Fig. 16.1 Grade 1. Contrast-enhanced CT scan shows a small splenic laceration: (a) arterial and (b) venous phase. The 
portal-venous phase is better for the illustration of parenchymal damage (arrow)
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a b c

Fig. 16.2 Grade 2: Not replenished parenchymal hematoma (smaller than 3 cm) associated with a small peri-splenic 
hemoperitoneum. CE-MDCT axial images in baseline (a), arterial (b), and venous phase (c)

a

b

c

Fig. 16.3 Grade 3: These CT images show a deep hilar splenic laceration with rupture of the capsule. Multiphasic CT 
scans in arterial (a–c) and venous phase in (b)
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a

c

b

Fig. 16.4 Grade 4: Fragmentation of the splenic upper pole parenchyma, what is called “shattered spleen” (arrow). (a) 
Axial CT scan and (b) coronal reconstruction of the venous phase

a b

Fig. 16.5 Grade 4a: CE-MDCT in arterial (a) and venous (b) phases allows to make a diagnosis of lower splenic pole 
pseudoaneurysm (arrows), associated with hemoperitoneum in peri-splenic and peri-hepatic spaces

16 Splenic Injuries
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16.4  Radiological Diagnosis

The radiologist has the essential task of providing 
an adequate diagnosis and classification of a 
splenic injury in order to refer the patient to a 
conservative treatment or to a surgical one.

The poly-injured patient’s radiological study 
is different according to the dynamics of trauma 
and their clinical conditions upon arrival at the 
emergency room.

• Poly-traumatized hemodynamically unstable 
patient: Basic diagnostic tests are performed 
(chest and pelvis X-Rays, US e-FAST) to find 
pneumothorax, hemothorax, and hemoperito-

neum. If one of these three is diagnosed and 
the patient is still hemodynamically unstable, 
he is directed to the surgical room. In the emer-
gency room, the doctors try to stabilize the 
patient (with plasma expanders, hemothorax 
and pneumothorax drainage, pelvis  fracture 
stabilization) and, if they achieve a hemo-
dynamic stability, the patient is subjected to 
a total-body contrast-enhanced MDCT scan 
(CE-MDCT).

• Poly-traumatized hemodynamically stable 
patient: Contrast-enhanced CT scan is always 
the best choice in major trauma.

• In case of a localized low energy trauma, it 
is preferred to do an ultrasound exam (US), 

a b

Fig. 16.6 Arteriovenous fistula. Multiphasic CT study 
shows a small arteriovenous fistula at the upper splenic 
pole (arrow): the dynamic study is essential as it shows 
the classical sign of a contained vascular lesion that is a 

focal area of parenchymal hyperdensity in the arterial 
phase (a), followed by a typical “wash-out” isodensity in 
the portal phase (b)

a b c

Fig. 16.7 Grade 4a: Subcapsular and parenchymal 
replenished hematoma associated with “large” hemoperi-
toneum. CT scan: the venous phase (a, b) allows to 

 identify the parenchymal lesion and the blood spreading 
in the abdomen; (c) the late phase shows a small blood 
supply within the lesion (white arrow)
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possibly complemented with the use of 
intravenous contrast (Contrast Enhanced 
UltraSonography—CEUS). If a lesion or free 
fluid (suspected for hemoperitoneum) are 
detected, a MDCT exam is requested for a 
complete evaluation of the patient.

US and CT have a key role in the manage-
ment of blunt abdominal trauma. Studies have 
shown that US has sensitivity of 97% and speci-
ficity of 100% in predicting the presence of 
hemoperitoneum: in fact, US is the first choice 
technique for early screening, allowing to dem-
onstrate the presence of hemoperitoneum in 
which patients that are hemodynamically unsta-
ble, and refer them to embolization or surgery 
[15]. Ultrasound should be the initial investi-
gation of choice when examining children or 
in young woman [16]. However, US has low 
sensitivity in diagnosing an organ injury [17]. 
Over the last few years, with the introduction 
of Contrast Enhanced UltraSonography (CEUS) 
the sensitivity is greatly increased, with 96% 
sensitivity and 99% specificity rates compared 
to CT. CEUS shows a high sensitivity both in 
lesion detection and grading [18, 19] but it has 
a lower accuracy in the evaluation of prognos-
tic factors; CEUS plays an important role also 
in blunt abdominal trauma in pediatric patients 
[20–22]. CT is undeniably the gold standard 
for the identification, diagnosis, and staging of 
abdominal organs in trauma patients: CT also 
shows all non-parenchymal organ lesions that 
US and CEUS are not capable of detecting. CT 
must always be performed in CEUS-positive 
patients to exclude active bleeding [23].

16.5  Computed Tomography

Computed tomography (CT) is the gold stan-
dard for patient evaluation in case of blunt injury 
and for the detection and staging of splenic 
lesions.

This technique is widely used in Emergency 
Radiology Departments, due to increasing diffu-
sion of multi-detector CT (MDCT) and because 
it’s able to meet the main targets of Emergency 

Surgery which are early lesion identification, the 
assessment of the presence of hemoperitoneum 
and any further injury in whole body. Computed 
tomography study, due to its panoramicity, 
allows to identify any damage to every organ 
beyond the spleen. The aim of a correct and 
prompt diagnosis is to refer the patient to a surgi-
cal or conservative treatment, already in the acute 
phase, and avoid the misdiagnosis of the most 
insidious injuries, that may show signs only 
hours or days later.

In a patient with left-quadrant isolated 
trauma, after US and CEUS, CT can be used as 
a second choice, to clarify any questionable 
sonographic findings [16]; instead in a poly-
traumatized hemodynamically stable patient, 
MDCT is the first choice and helps in differen-
tiation of patients with active splenic bleeding 
(who risk hemorrhagic shock and which could 
indicate a need for surgery or embolization) 
from patients with stable non-bleeding injuries, 
who are candidates for conservative manage-
ment, with the valuation of vital parameters and 
a close follow-up, to reduce surgical morbidity 
and preserve immune competence [24].

Total-body MDCT is always performed in 
basal phase and after intravenous administration 
of contrast, with dual-phase (acquisitions in the 
arterial and portal-venous phases): it is vital that 
the amount of contrast is adequate and custom-
ized to the patient’s weight, and that the flow 
must be high, because those parameters greatly 
influence the quality of the examination.

The multiphasic protocol provides a better 
overall diagnostic tool for the evaluation of the 
splenic lesions: in particular, the arterial phase 
is more sensitive for the evaluation of vascular 
injury including active bleeding and vascular 
lesions, while the portal-venous phase is better for 
the illustration of parenchymal damage. Several 
types of splenic injury can occur: intraparen-
chymal and subcapsular hematoma, contusion, 
laceration, active extravasation, and contained 
vascular injury [25]. Clotted blood has an attenu-
ation of approximately 45–70 Hounsfield Units 
(HU); it is better seen in basal phase as a slightly 
hyperdense area, while unclotted blood has an 
attenuation of 30–45 HU.
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• Parenchymal hematoma: At basal exam, a 
parenchymal hematoma may appear to be an 
area with defined margins, if it is made up of 
recent blood it is hyperdense but it can be 
iso-hypo-hyperdense compared to the sur-
rounding parenchyma in relation to the time 
elapsed since the blood collected; during the 
dynamic phases, it is hypodense compared to 
the remaining parenchyma (Fig. 16.8).

• Subcapsular hematoma: Similarly, at basal 
exam, subcapsular hematoma has the same 
semeiotic of a parenchymal hematoma and 
appears like a peripheral crescent collection 
that displaces and marks the parenchyma the 
splenic parenchyma (Fig. 16.9): it can even 
grow to considerable size, it is always 
hypodense during dynamic phases, and it can 
have a multi-stratified appearance due to 
repeated bleeding.

• Splenic contusion: It is not well defined at 
baseline; instead at the contrast-enhanced 

exam, it appears as a small hypodense area 
with blurred margins caused by perilesional 
interstitial edema and local blood suffusion.

• Laceration: It appears as a linear lack of 
parenchymal opacification with an irregular 
shape that may extend to the capsule 
(Fig. 16.10). It is important to report the lac-
eration site, which can be superficial, if it 
interests only the capsule, or deep, involving 
vascular structures of splenic hilum.

• Severe disruption of splenic parenchyma can 
result in a “shattered” spleen. Vascular hilum 
injuries usually result in significant hemor-
rhage and cardiovascular instability [26].

According to Marmery, the splenic lesion is 
classified from Grade 1 to Grade 3, and the grade 
increases according to the depth of the laceration 
[14, 27]. Concerning vascular lesions, this clas-
sification adds grade 4 injury, that is divided into 
subgroups: 4a and 4b. In fact, a laceration that 

a c d

b

Fig. 16.8 Grade 3: Not replenished parenchymal hema-
toma of the upper splenic pole associated with a small 
subcapsular hematoma (arrow), as shown in portal-venous 

phase (a, axial scan, arterial phase, b, axial scan, late 
phase, c, sagittal and d, coronal reconstruction)
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a b

Fig. 16.9 Grade 2: these CT axial pictures show a sub-
capsular hematoma, smaller than 3 cm, studied in both 
arterial (a) and venous phase, (b). The arterial phase is 
more sensitive for the evaluation of vascular injury 

 including active bleeding and vascular lesions: in fact, it is 
a not replenished hematoma as we cannot see any sign of 
active bleeding

a c

b

Fig. 16.10 Grade 1. This dual-phase CT shows a small subcapsular laceration to the lower pole of the spleen (arrows): 
axial images in arterial (a) and venous phase (b). Coronal reconstruction in the venous phase (c)
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compromises the vascularization of the spleen 
(vascular hilar damage) coincides with a severe 
injury (Grade 4). A contrast-medium extravasa-
tion is an active sign of bleeding, which can be 
subcapsular/parenchymal (Grade 4a) (Fig. 16.11) 
or endo-peritoneal/peri-splenic (Grade 4b) 
(Fig. 16.12) and almost always requires immedi-
ate surgical treatment. When the exam detects a 
bleeding, a vascular study is essential, as it allows 
to detect focal areas of high attenuation, which 
often is evident in the arterial phase and then 
spreads in portal-venous phase, this change in 
morphology allows to make a differential diagno-
sis between active bleeding and a contained vas-
cular lesion (such as pseudoaneurysm and 
arteriovenous fistula) that does not change in its 
morphology. On single-phase scanning, it can be 
difficult to differentiate active extravasation from 
contained vascular injury; however, on equilib-
rium phase scans, an area of active extravasation 

will remain hyperdense and enlarged, whereas a 
contained vascular injury will typically “wash 
out” and be isodense or slightly hypodense rela-
tive to splenic parenchyma (Fig. 16.13). These 
contained vascular lesions are recognized as a 
well-defined margin in intraparenchymal areas, 
with high attenuation in arterial phase and isoden-
sity in portal-venous phase (Fig. 16.14). The dis-
tinction between fistula and post-traumatic 
pseudoaneurysm is easier to identify with arteri-
ography. In the pseudoaneurysm there is a tear in 
the artery, but bleeding is typically limited by the 
arterial adventitia.

Active bleeding increases in size on delayed- 
phase images unlike a contained vascular lesion 
[14]. Pseudoaneurysm and arteriovenous fistula 
are conditions predisposing a late-breaking 
spleen and typically are managed through embo-
lization. Pseudoaneurysm breaks in a percentage 
that ranges from 3 to 46% of cases.

a

b

c

Fig. 16.11 Grade 4a: replenished subcapsular hematoma 
(arrows). (a) The US image shows a hematoma that is 
more hypoechoic than the splenic parenchyma. (b) Axial 

CT scan and (c) coronal reconstruction in the venous 
phase demonstrate a blood spreading at the upper splenic 
pole (blue arrowhead)
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a

c

b

Fig. 16.12 Grade 4b: This vascular CT study shows a 
splenic fracture associated with “large” hemoperito-
neum (asterisks) in peri-hepatic, peri-splenic and both 

 parieto- colic spaces. There is no evidence of active blood 
extravasation: arterial (a, b) and venous phases (c)

a b

Fig. 16.13 Grade 4a: These arterial (a), and venous (b), 
axial CT images show a pseudoaneurysm (arrow) associ-
ated with a splenic parenchymal laceration: in this case, a 
vascular study is essential as it allows to make a differen-
tial diagnosis between active bleeding and a contained 
vascular lesion (such as pseudoaneurysm and arteriove-
nous fistula). On single-phase scanning, it can be  difficult 

to differentiate active extravasation from contained vascu-
lar injury; however, on delayed scans, an area of active 
extravasation will remain hyperdense and enlarged, 
whereas a contained vascular injury will typically “wash 
out” and be isodense or slightly hypo/hyperdense relative 
to splenic parenchyma
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When the capsule is break, typically, hemo-
peritoneum is associated. According to the Federle 
semi-quantitative scale [28], hemoperitoneum is 
divided into small (when the blood is in only one 
endo-peritoneal space, as the peri- splenic, peri-
hepatic, in the parieto-colic or Morrison spaces, 
with an estimated blood loss of about 250–
500 mL) or large (with blood effusion in two or 
more endo-peritoneal/pelvic spaces, with blood 
extravasation greater than 500 mL) (Fig. 16.12).

16.6  Ultrasonography

Ultrasonography is used first in hemodynami-
cally stable patients with minor trauma, because 
it is easy to perform, quick, affordable, and non-
invasive. However, even in expert hands, basic 
US has too low sensitivity to diagnose organ inju-
ries (no more than 50%) especially in case of 
spleen injury because the “fresh blood” has simi-

lar echogenicity as a recent parenchymal lesion. 
For this reason, CT was used excessively over the 
years so as not to miss potentially dangerous 
splenic injuries [3].

Over the last few years, basic ultrasound limits 
have been exceeded thanks to the gradual emer-
gence of Contrast Enhanced UltraSonography 
(CEUS) in the study of blunt abdominal trauma 
[29, 30]. The use of microbubbles and harmonic 
imaging has allowed us to increase the diagnostic 
accuracy of US in the study of parenchymal inju-
ries, avoiding the CT study, especially in pediat-
ric patients and in case of minor trauma. For this 
reason, CEUS is indicated in low energy abdomi-
nal trauma, isolated trauma, and child trauma.

After the injection of the ultrasound contrast 
agent (USCA), the arterial phase starts at 12–20 s 
and it has a long duration, responsible for a pecu-
liar irregular enhancement of the organ, called 
“zebra,” because of the movement of the contrast 
media within the red pulp and the white pulp. 

a

c

b

Fig. 16.14 Grade 4a: Arteriovenous fistula of the lower splenic pole: typical hyperdensity in the arterial phase (arrows) 
(a, b), isodensity in the venous phase (c)
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This feature makes difficult to recognize any tis-
sue lesion. The venous phase, starting at 40–60 s 
after USCA injection, is the most reliable one for 
the detection of organ injury, because the healthy 
parenchyma appears as homogeneous enhancing 
tissue with a long duration (about 5–7 min) [21].

Using CEUS, lacerations and hematomas are 
represented as non-vascularized hypoechoic 
areas, compared to adjacent normal parenchyma 
that is hyper-reflective (Fig. 16.15). The total 
absence of parenchymal perfusion is a sign of 
shock or avulsion of the hilum. With CEUS then, 
it is possible to define the location, the depth and 
extension of the laceration, the capsule involve-
ment, allowing not only for diagnosis, but also 
for the staging of the lesion. At CEUS it is pos-
sible to detect parenchymal or extracapsular 

active bleeding, but CEUS has undoubtedly 
reduced sensitivity as compared to CT in the 
detection of vascular lesions and high-grade inju-
ries, therefore, in the case of a CEUS examina-
tion that is positive for traumatic splenic lesion, 
CT is indicated as a second choice [30]. The pres-
ence of intralesional or extracapsular echoes is 
suggestive for bleeding. CEUS also has a key 
role in the follow-up of conservative manage-
ment or of a lesion known demonstrated at CT.

16.7  Magnetic Resonance

Magnetic Resonance Imaging (MRI) is not a tech-
nique usually used in Emergency Departments, 
because of the long acquisition times and often 

a b

c d

Fig. 16.15 CEUS, Grade 2: (a) US image shows a slight 
parenchymal dishomogeneity which is better clear with 
the use of contrast (CEUS) in (b). The axial (c) and coro-

nal (d) CT scans better shows the Grade 2 splenic lesion, 
that extends up to the capsule (arrows). Hemoperitoneum 
is associated
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the lack of patient compliance, making it a 
method that cannot be easily used in emergen-
cies. It can be used in monitoring and in the fol-
low-up of known injuries, especially in children 
and in pregnant or young women, due to its low 
radiobiological invasiveness.

MRI allowed to make a better assessment of 
injuries because of the improved contrast and 
soft tissue resolution, allowing also a temporal 
stage of lesions [31]. MRI is multi-parametric 
and this feature can be used to enhance the sig-
nal inhomogeneity of the splenic parenchyma, 
caused by the deposition of hemoglobin degra-
dation products (like methemoglobin, deoxyhe-
moglobin, and other paramagnetic substances) 
in order to date the bleeding [32]. At MRI, the 
signal of the hematoma changes in relation with 
two parameters: the state of hemoglobin oxy-
genation (which in turn influences the relaxation 
properties and magnetic susceptibility) and the 
state of red blood cells membrane (intact or 
lysed).

During the hyperacute (0–3 h), the acute 
(4 h−3 days), and the early subacute stage 
(4 days–4 weeks), red blood cells are intact and 
the hemoglobin is transformed respectively in 
oxyhemoglobin, deoxyhemoglobin, and methe-
moglobin. Subsequently, cell membranes lyse 
and the methemoglobin become extracellular 
(late subacute stage).

MRI may have high sensitivity in the diagno-
sis of splenic hematoma characterized by high 
signal intensity on both T1- and T2-weighted 
images [33].

Lacerations are more hyperintense on 
T2-weighted sequences than normal splenic 
parenchyma. MRI, compared with contrast- 
enhanced CT, is also able to better depict sub-
capsular hematoma, which is an indicator of 
traumatic injury, appearing as a hyperintense 
layer on T2-weighted sequences; MRI can also 
demonstrate vascular lesions, such as pseudoan-
eurysm, as a nodular hyperintense lesion in arte-
rial phase.

MRI is an excellent imaging technique for 
diagnosis, evaluation, and characterization of 
abdominal organ lesions, as liver, spleen, and 
kidneys. However, MRI has some limits, such as 

the needs to have compliant patients able to fol-
low breath-hold commands during images acqui-
sition, which is not always simple with pediatric 
patients; other MR limits are the relatively long 
exam duration and the impossibility to be per-
formed in cases of pacemaker, cochlea implants 
and patient’s claustrophobia [34].

Today with the many innovations (such as 
ultrafast sequences with free breath) there will 
likely be an increase in the widespread use of 
MRI in Emergency Departments, also due to a 
surgeons’ tendency to prefer a non-operative 
treatment that requires close follow-up of the 
patient.

Until now, there is not a standardized protocol 
for the follow-up of blunt splenic-abdominal 
trauma conservatively treated, but the follow-up 
at 1 month can be made by MRI, since MRI, due 
to its panoramicity and its high contrast resolu-
tion, allows a better morphological and temporal 
trauma staging [32]. The use of MRI is even more 
important considering that many trauma patients 
are in childhood; for this reason, the use of this 
technique in the follow-up, which does not use 
ionizing radiation, makes it extremely profitable 
compared to CT.

16.8  Treatment Options

The spleen is an organ that belongs to reticuloen-
dothelial system, and it has a fundamental role in 
immune defense exerting a mechanism of filtra-
tion and phagocytosis on over 90% of arterial 
blood flowing through it. It also has a key role in 
hemato-lymphopoiesis, has hemolytic function 
and is a red blood cell reservoir. Therefore, even 
if it is not an essential organ for survival, it has its 
importance and must be preserved as much as 
possible [3].

Splenic trauma treatment includes an operat-
ing and a non-operative management (NOM). 
The operative management can be conserva-
tive (like wrapping) or nonconservative (sple-
nectomy). Urgent splenectomy is generally 
performed in case of massive hemoperitoneum 
(more than 1000 mL) with hemodynamically 
unstable patient, associated with severe intra- 
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abdominal lesions that require surgery with 
general anesthesia; but actually there are no 
standardized indications nor written protocols 
to follow to choose whether to operate or not. 
Operative management may also become nec-
essary for the treatment of unsuccessful NOM 
resulting in hemorrhage, necrosis, abscess, fis-
tula, and splenic pseudoaneurysm.

Although it is known from the beginning of 
the last century that splenectomy increases the 
risk of infections, however for many decades it 
has been the preferred treatment for traumatic 
injuries. Compared with adults, splenic injury in 
children is less likely to require operative inter-
vention [35].

However, when possible, a non-operative 
management of splenic traumatic injuries is to be 
preferred in order to leave the immune function 
of this organ untouched [36, 37]: this is crucial in 
pediatric patients, since it is known that splenec-
tomized children undergo many complications, 
defined as “asplenic syndrome,” which involves 
immunosuppression with increased susceptibility 
to infections by encapsulated cocci bacteria 
(Neisseria Meningitidis, Haemophilus Influenzae, 
Streptococcus Pneumoniae) and an increased risk 
of septic shock especially in the first 2 years after 
surgery [38].

From these findings, since the 1970s, an 
increasingly conservative approach has devel-
oped, especially in pediatric patients, thus arriv-

ing to the 1980s when a less interventionist and 
radical approach was proposed even in adults 
[39]. Since then, the simple observation with 
clinical and instrumental monitoring and 
hematic-chemical analysis is increasingly wide-
spread with high success rates.

At present, in qualified centers in hemody-
namically stable patients, the preferred treatment 
of splenic trauma is the non-operative one (about 
85%) [40]. Of course, a careful candidate selec-
tion is essential for the NOM choice: in fact, 
hemodynamic stability, non-geriatric age, 
absence of pre-existing splenic lesions, and the 
possibility of monitoring in an intensive-care unit 
are required [41] (Fig. 16.16). There are many 
related advantages such as preservation of 
immune function, prevention of immediate and 
later complications associated with laparotomy 
and a decline in non-therapeutic explorative 
laparotomy.

In the event of open abdominal trauma, hemo-
dynamic instability that may evolve into hypovo-
lemic shock, with a diffuse hemoperitoneum and 
in the presence of serious injury associated with 
other parenchymal organs, emergency surgery is 
required. Now there is a dichotomy between 
observation (NOM) and surgery (splenectomy) 
because surgical repair therapies or spleen resec-
tion are always used less frequently. In the 
absence of peritoneal irritation, in a patient in 
stable condition, with grade I-II injuries (and a 

a b c

Fig. 16.16 Example of a NOM follow-up: These coronal 
CT reconstructions show a spontaneous healing of a 
splenic parenchymal laceration (larger than 3 cm—

Grade 3). Figure (a) is the early control following the 
trauma, then after 7 days (b), and 14 days (c)
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careful selection of patients with grade III 
lesions) [42] according to Mirvis, and the possi-
bility to be monitored in an intensive-care unit, it 
is better to adopt an attitude of non-operative 
strict observation that has about a 95% success 
rate, according to published studies [13, 43].

To avoid complications related also to a 
possible delayed breaking, it is necessary for 
all patients initially treated conservatively to 
be monitored through repeated hemochrome 
checks, US or CEUS and, at minimum clinical 
suspect, with a contrast MDCT [11]. Delayed 
splenic rupture is a rare complication of trauma 
to the spleen, with relatively high reported mor-
tality rates of up to 15% of cases. Patients usu-
ally present around 48 h or more after the initial 
trauma with symptoms and signs of intraperi-
toneal hemorrhage due to rupture of a slowly 
expanding subcapsular hematoma or secondary 
hemorrhage following dislodgement of a peri-
splenic hematoma.

The possibility of success of a conservative 
approach is greatly increased by the use of angi-
ography which has both diagnostic and thera-
peutic functions [44]. In fact, with this method 
we have an excellent assessment of vascular 

lesions and, at the same time, the possibility to 
embolize the bleeding source, avoiding a sple-
nectomy as often as possible. Splenic emboli-
zation is an excellent nonsurgical alternative 
for the treatment of grade III—IV—V splenic 
trauma (AAST guidelines) [45] and should be 
regarded as an additional tool to NOM [46, 47]. 
The indications to perform arteriography are: 
hemodynamic stability, the presence of con-
trast blush on CT exam, progressive decrease in 
hematocrit, and diagnosis of pseudoaneurysm 
or post-traumatic arteriovenous fistula [48] 
(Fig. 16.17). When possible, proximal embo-
lization is preferred, where the embolic mate-
rial is placed in the main splenic artery (causing 
permanent occlusion) allowing the development 
of collateral vessels that maintain an adequate 
organ perfusion: this method has fewer compli-
cations than the distal technique, which pres-
ents the highest risk of splenic infarction with 
necrosis and possible bacterial superinfection 
[49, 50] (Fig. 16.18). In the event of re-bleed-
ing, re-intervention is possible by angiography 
only in case of the distal technique, otherwise 
the patient will be treated with a laparoscopic 
splenectomy [51].

a b

Fig. 16.17 Arteriography: Figure (a) shows the frag-
mentation of the upper splenic pole (shattered spleen). 
After, selective arteriography of the splenic main artery is 

performed, (b): it is possible to appreciate a de- 
vascularization of the upper splenic pole associated with 
small blood leakages (arrows)
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Bowel and Mesenteric Injury

Viola Valentini, Grazia Loretta Buquicchio, 
Ginevra Danti, Michele Galluzzo, 
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and Vittorio Miele

17.1  Introduction

Bowel and mesenteric injuries are found in approxi-
mately 1.2–5% of patients following blunt abdomi-
nal trauma [1–4]. Despite their infrequency, the 
clinical significance of these lesions cannot be 
underestimated. The gastrointestinal tract represents 
the third most commonly involved abdominal organ 
in blunt trauma, after spleen and liver. Mesenteric 
injuries are reported to be about three times more 
frequent than bowel perforations [3, 5, 6].

Clinical diagnosis of blunt and mesenteric inju-
ries is difficult because of scarce specificity of lab-
oratory findings and delayed onset of peritoneal 
irritation signs. The classic triad of abdominal pain, 
guarding, and decreased or absent bowel sounds 
occurs only in one-third of patients [7]. Moreover, 
physical examination and abdominal assessment 
may be limited and unreliable in a trauma setting, 
due to significant neurologic comorbidities.

Contrary to the trend of nonoperative manage-
ment of solid intra-abdominal organs, the treat-
ment of choice for significant bowel and 
mesenteric injuries remains early surgery. A delay 
in diagnosis and treatment, as little as 5–8 h, 
results in increased complications and mortality 
rate [8, 9], with mortality rates as high as 30% if 
the delay is 24 h or more [3, 9]. A prompt and 
accurate diagnosis is therefore critical in prevent-
ing fatal complications and reducing mortality 
rates (mostly septic and hemorrhagic) in bowel 
traumatic injuries, but it is inadequately supported 
and hardly achieved by clinical examination and 
other commonly used diagnostic tests, such as 
diagnostic peritoneal lavage (DPL) and focused 
assessment with sonography in trauma (FAST 
scan) [4, 10]. Currently, due to major advance-
ments in technology, multidetector computed 
tomography (MDCT) has emerged as a critical 
diagnostic tool, becoming the imaging modality 
of choice to evaluate abdominal trauma in hemo-
dynamically stable patients.

The role of imaging is, therefore, of great 
importance: the radiologist is asked not only to 
detect signs of intestinal and mesenteric traumatic 
injuries but also to indicate the clinical signifi-
cance of such lesions, trying to identify those 
requiring an immediate operative treatment (major 
injuries), substantially represented by intestinal 
perforation, active bleeding, and vascular avulsion 
of the mesentery, that can rapidly result in septic, 
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hemorrhagic, and ischemic complications [11–
14], and to distinguish them from those (minor 
injuries), such as bowel wall contusion, mesen-
teric infiltration, and non-bleeding  mesenteric 
hematoma, that can be managed nonsurgically.

17.2  Mechanisms of Blunt Bowel 
and Mesentery Injury

Mostly due to motor vehicle accidents, bowel and 
mesentery injuries have registered an increase in 
incidence after the introduction of seat belts [5, 
15, 16]. Other common causes include assaults, 
occupational accidents, sports, and falls. In gen-
eral terms, the incidence and significance of gas-
trointestinal trauma is higher in childhood 
because of the incomplete development of the 
abdominal wall musculature.

Three main pathogenic mechanisms have 
been described to be responsible for causing 
bowel and mesentery lesions in blunt trauma 
(Fig. 17.1), which may act isolated or combined:

 1. Crush: direct force applied to the bowel wall, 
causing compression between the spine and 
the abdominal wall.

 2. Shear: rapid deceleration producing a shear-
ing force between fixed and mobile portions 
of the bowel.

 3. Burst: sudden increase in intraluminal pres-
sure causing perforation. The bowel bursts 
when the intraluminal pressure exceeds the 
bowel wall tensile strength.

Crushing may determine local lacerations of 
the bowel wall and mesentery, mural and mesen-
teric hematomas, localized devascularization, and 
full-thickness contusions. Susceptibility to crush 
injuries increases with age, in relation to the relax-
ation of abdominal musculature. Because of their 
anatomical features (close contact to the spine), 
the duodenum and transverse colon are particu-
larly susceptible to this type of injury [17], which 
are often caused by seat belt, steering wheel or, 
mostly in pediatric age, bicycle handlebar.

Shearing forces can lead to bowel lacerations, 
mesenteric tears, and interruption of the mesen-
teric vessels. Points of anatomical fixity, or intes-
tinal segments close to acquired fixity points, 
such as bridles and adhesions, are more suscep-
tible to these injuries.

The presence of a “seat belt mark” sign, char-
acterized by patterned ecchymosis or abrasion 
across the patient’s abdominal wall, correspon-
dent to the position of the diagonal or horizontal 
strap of the seat belt, is considered a reliable pre-
dictor of bowel injury [11, 18]. A radiologic seat 
belt sign, consisting of increased attenuation in 
the subcutaneous fat over the abdomen, has been 
described [16]. At impact, the seat belt compres-
sion may close off the bowel, causing a sudden 
increase of the intraluminal pressure in the 
“closed loop” that may result in bursting injuries. 
When the intraluminal pressure reaches 120–
140 mmHg, either a single perforation or multi-
ple small perforations of the bowel wall can 
occur, usually on the antimesenteric border of the 
loop [15, 16]. Requiring less energy to occur than 

Differential Stress

Compression Shearing Tension

Fig. 17.1 Scheme of 
the three types of stress 
that act on bowel and 
mesentery in abdominal 
blunt trauma
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injuries from the crush and shearing mechanisms, 
burst lesions are therefore more likely to be iso-
lated (not associated with other injuries) [16]. 
Pre-existing pathological conditions, such as 
ileus, Crohn disease, and bowel obstruction, pre-
dispose the bowel to this type of injury.

17.3  Anatomo-Pathological 
Considerations

The small bowel is the most often injured intesti-
nal tract (70%) in blunt abdominal trauma. As 
already mentioned, intestinal tracts close to fixed 
point of attachment, such as proximal jejunum 
near the ligament of Treitz and distal ileum near 
the ileocecal valve, where mobile and fixed por-
tions of the gut are contiguous, are particularly 
exposed to damage [19, 20].

The colon accounts for 20% of intestinal trau-
matic injuries. The ascending and descending 

colon, fixed and partially retroperitoneal, are 
generally susceptible to more severe injuries 
compared to the more mobile transverse and sig-
moid colon. Injuries to the right colon are always 
associated with multiple injuries elsewhere, 
reflecting the high-energy dissipation required to 
inflict them [21, 22] (Fig. 17.2). The sigmoid 
colon is at risk of closed loop perforation. Due to 
its exposed location, the transverse colon is 
reported to be the most vulnerable portion of the 
large bowel, but its relative mobility accounts for 
the minor entity of most injuries at this site.

Duodenum represents the intestinal tract less fre-
quently involved in blunt trauma (10%). Its anatom-
ical features (mainly retroperitoneal organ, in direct 
contact with the thoracic spine) explain the pecu-
liarity of diagnostic findings in cases of perforation 
and the frequent association with pancreatic injury.

Injuries to the appendix, stomach, and rectum 
are extremely uncommon. Rectum injuries are 
often associated with major pelvic fractures.

a b

c d

Fig. 17.2 High-energy blunt abdominal trauma. Axial 
CT images show rib fractures (curved arrow in a), hemo-
peritoneum (arrow in a) and hepatic contusion (arrow-
head in a), devascularization of the right kidney (arrow in 

b), mesenteric hematoma (arrowhead in c) with contrast 
material extravasation (active bleeding) (arrow in c), and 
unenhanced ascendant colon wall (arrow in d)
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The site of damage correlates well with prog-
nosis, accounting the amount and quality of 
bowel content, which is less enzymatically active 
and has low pH and bacterial counts in case of 
small bowel lesions and more contaminating in 
case of colonic lesions. Intraperitoneal blood is a 
minor peritoneal irritant.

Bowel and mesenteric injuries are frequently 
associated with abdominal solid organ lesions 
[23] or spine and pelvic bones fractures [24].

The management of bowel and mesenteric 
traumatic injuries depends on the location and 
the type of damage. Surgical treatment is not 
always necessary and depends on the relevance 
of the lesion: major and minor injuries can be dis-
tinguished (Table 17.1). Surgically significant 
injuries, or “major” lesions, include a complete 
tear of the bowel, devascularized bowel, active 
mesenteric bleeding, and mesenteric injury asso-
ciated with bowel ischemia.

Minor injuries include serosal tear of the 
bowel wall, bowel hematoma, mesenteric hema-
toma without active bleeding and mesenteric 
stranding; these conditions can be managed 
conservatively.

17.4  The Role of MDCT

Since diagnosis based on clinical findings has 
low sensitivity and is often unreliable, a set of 
diagnostic tools has been used to evaluate patients 

in whom abdominal injury is suspected, includ-
ing DPL, FAST scan, and CT [4, 25].

DPL, traditionally used in several countries, is 
fairly sensitive (90%) for the detection of hemo-
peritoneum, but has several limitations: it is 
poorly specific in assessing the site and the extent 
of the damage, it is not reliable in detecting retro-
peritoneal injuries and, like any invasive proce-
dure, it carries some risk of iatrogenic injuries [4, 
10]. The use of results of DPL as the sole indica-
tion for surgery has led to a high nontherapeutic 
laparotomy rate.

FAST scan has a great sensitivity (86%) for 
the detection of free intra-abdominal fluid, but is 
nonspecific with regard to organ injury [4].

With a wide range of reported values for sen-
sitivity and specificity (between 80–95% and 
48–99%, respectively) [26], the accuracy of CT 
for detection of intestinal and mesenteric injuries 
due to blunt trauma has long been controversial. 
Until the 2000s, surgical literature described CT 
as unreliable in distinguishing surgical from not- 
surgical bowel and mesenteric injuries. The 
recent introduction of MDCT significantly 
decreased the time taken to perform the exami-
nation, decreased the motion artifacts, and 
improved the blood vessel opacification and 
solid organ enhancement. Providing a wide spec-
trum of findings suggestive of bowel and mesen-
teric injuries, MDCT is more sensitive and 
specific than DPL, FAST scan, and clinical 
examination [19]. Owing to the great advances 
in CT technology and improvement in interpre-
tation, MDCT has currently become the diagnos-
tic tool of choice in the evaluation of blunt 
abdominal trauma in hemodynamically stable 
patients [6, 27].

17.5  MDCT Technique

All MDCT examinations must be performed with 
a high-resolution protocol, with reconstruction 
interval values equals to 1 mm, and completed 
with coronal and sagittal multiplanar reconstruc-
tion in the post-processing elaboration.

Table 17.1 Bowel and mesentery major and minor 
injuries

Bowel Mesentery

Significant (major) injuries
Complete tear of the 
bowel wall

Active bleeding

Bowel ischemia Mesentery disruption
Mesenteric injury with 
bowel ischemia

Not significant (minor) injuries
Serosal tear of the bowel 
wall

Mesenteric hematoma (no 
bleeding)

Bowel hematoma Mesenteric stranding
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The acquisition of pre-contrast CT abdomino- 
pelvis scans is useful to identify free air collec-
tions, to detect abnormal attenuation of mesenteric 
fat, and to assess the attenuation values of any 
fluid collection and/or of the bowel wall.

A biphasic study in arterial and venous phase 
after the intravenous infusion of 120–150 ml of 
iodinated contrast material at an adequate rate 
(≥3 ml/s) is indicated to detect active bleeding 
and identify perfusion abnormalities in the bowel 
loops. In suspicious of low-flow vascular active 
bleeding, a delayed phase (3–5 min) may be 
added to the examination [11, 28].

Many investigators have proven that adminis-
tration of oral contrast material is not routinely 
required in the MDCT evaluation of patients 
with blunt abdominal trauma [4, 29–31]. Being 
time- consuming, oral contrast material adminis-
tration increases the risk of vomiting and aspira-
tion without improvement of diagnostic 
capability [32].

17.6  MDCT Findings of Intestinal 
and Mesenteric Injury

According to surgical and prognostic criteria, 
traumatic injuries of the bowel and mesentery 
can be classified into “major” and “minor.” Major 
lesions, including bowel perforation, active mes-
enteric bleeding, and mesenteric injury associ-
ated with bowel ischemia, require a surgical 
treatment. If unrecognized, these injuries may 
result in high morbidity and mortality, related to 
sepsis or hemorrhage. Minor lesions, including 
bowel wall tear limited to the serosa, bowel wall 
hematoma, and mesenteric hematoma without 
active bleeding, can be treated conservatively.

Currently, there are several recognized CT 
features of blunt bowel and mesenteric injury 
(Tables 17.2 and 17.3). Based on radiological cri-
teria, we distinguish specific (direct) and nonspe-
cific (indirect) bowel and mesenteric injury signs. 
Getting familiar with the appearance of specific 
and nonspecific signs is crucial to making a 
prompt and accurate diagnosis [4].

17.7  MDCT Findings of Bowel 
Injury

17.7.1  Bowel Wall Discontinuity

Detection of a discontinuous bowel wall is the 
most specific sign of bowel injury, with 100% 
specificity [4]. However, this finding is 
extremely uncommon on MDCT images and it 
has a very low sensitivity (5–10%) [23]. The 
relative infrequency of direct visualization of 
bowel perforation is mainly due to the small 
size of discontinuities [4]. The type of lesion 
may also influence the possibility of detection: 
blowout perforations are harder to identify on 
CT than lacerations because of the collapsing, 
cockade shaped, margins of the small hole. Site 
of perforation is important as well: a lesion 
occurring on the antimesenteric equatorial bor-
der of the loop may be easier to identify on 
axial scans (Fig. 17.3); lesions involving the 
superior or inferior wall will be better detected 
on multiplanar reconstruction. Lesions of the 
bowel wall are better depicted in the portal 
venous phase scan [11]. The distribution of free 
air may be useful in localizing the point of 
bowel rupture [28].

Table 17.2 MDCT signs of bowel injury

Specific (direct signs) Nonspecific (indirect signs)

Bowel wall 
discontinuity

Bowel wall thickening

Extraluminal air Abnormal bowel wall 
enhancement

Intramural air Intraperitoneal/retroperitoneal 
fluid

Table 17.3 MDCT signs of mesenteric injury

Specific (direct signs)
Nonspecific (indirect 
signs)

Active bleeding Mesenteric infiltration
Beading/termination of 
mesenteric vessels

Intraperitoneal fluid 
(mesenteric fluid 
collections)

Mesenteric hematoma
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17.7.2  Extraluminal Air

The presence of extraluminal air has a reported 
specificity of 95% and a sensitivity of 30–60% 
for bowel perforation [23]. Pneumoperitoneum 
or so-called “free air” is not necessarily detect-
able on CT scans at admission and may be 
apparent only at later examinations, obtained 
after 6–12 h. In cases of small bowel perfora-
tion, only minimal amount of free air is 
present.

Pneumoretroperitoneum seems to be a more 
sensitive finding of perforation of one of the ret-
roperitoneal intestinal tracts: second to fourth 
portion of duodenum, ascending and descending 
colon [31].

Although bowel perforation is a major cause of 
this sign, extraluminal air may also be observed 
in the absence of bowel perforation [32]. Other 
possible sources of free air in the abdomen are 
diffusion of a pneumothorax in patients with dia-
phragmatic injury, barotrauma, mechanical venti-
lation, and chest tube placement. Small amounts 
of air can penetrate through the female genital 
tract. Intraperitoneal rupture of bladder with 
Foley catheter in place can cause pneumoperi-
toneum as well. Mimicking true pneumoperito-

neum, the presence of air confined between the 
inner layer of the abdominal wall and the peri-
toneum parietal layer, so-called “pseudopneu-
moperitoneum,” represents a potential diagnostic 
pitfall [4, 11].

However, the presence of free air in asso-
ciation with coexistent ancillary signs, such as 
bowel wall thickening, abnormalities of pari-
etal enhancement, free fluid, and mesenteric 
infiltration, is highly predictive of bowel 
injury.

Using wide window settings (lung or bone 
windows) to review CT images aids in detecting 
small amounts of free abdominal air. Free air 
from bowel rupture commonly tends to extend 
behind the anterior abdominal wall, under the 
anterior parietal peritoneal layer, and along the 
anterior surfaces of liver and spleen (Fig. 17.4). 
However, foci of air may also be seen at the 
porta hepatis or in the mesenteric and portal 
venous system (Fig. 17.5). Extraluminal air can 
also be seen trapped in the mesentery 
(Fig. 17.6a), if the bowel wall discontinuity 
occurs on the mesenteric border, or located in 
the retroperitoneum, in case of duodenal, ascend-
ing and descending colon traumatic perforation 
(Fig. 17.6b).

a b

Fig. 17.3 Discontinuous bowel wall. (a) Axial CT 
contrast- enhanced image shows a wall discontinuity 
(arrow) on the anterior, antimesenteric wall of a small 
bowel loop, with extraluminal air and hemoperitoneum 

(thick arrow). (b) Intraoperative photograph of an 
antimesenteric small bowel wall perforation. 
Intraoperative image courtesy of Dr. Ennio Adami, MD
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17.7.3  Intramural Air

Major and minor bowel injuries have findings of 
bowel wall thickening and free fluid in common. 
Along with extraluminal air, the presence of air 
bubbles confined in the thickness of the bowel 
wall (Fig. 17.7) increases the probability of a 
full-thickness injury, a major injury that requires 

laparotomy, rather a partial thickness injury, 
which can be treated conservatively [31].

17.7.4  Bowel Wall Thickening

Seen in 75% of transmural injuries, focal bowel 
wall thickening seems to be more sensitive for 

a b

Fig. 17.4 Axial CT contrast-enhanced scan shows free 
air from bowel rupture laying behind the anterior abdomi-
nal wall, along the anterior surfaces of liver and spleen 

(arrows in a). Viewing the CT image in a bone window 
(b) better demonstrates the presence of small amounts of 
extraluminal air collections

a b

Fig. 17.5 Axial CT scans show air foci at the porta hepatis (arrows) (a). Axial CT scans show focal air bubble collect-
ing in the portal venous system (arrow) (b)
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bowel injury than pneumoperitoneum [30–35]. 
This sign has a reported specificity of 90%, but 
is relatively insensitive, with reported values 
ranging 55–75% [36]. To minimize subjectivity 
in the evaluation of this sign, many authors sug-
gest considering abnormal a disproportionate 
circumferential thickening of the bowel wall 
compared with normal appearing segments 
(Fig. 17.8) or a bowel wall thickness greater 
than 3 mm for the small bowel and 5 mm for the 
colon with adequate bowel distension. Focal 
bowel thickening can also be the expression of 
a partial thickness bowel injury. Intramural 
hematoma is a known evidence of blunt trau-
matic injury. Frequently localized to the duode-
num (Fig. 17.9), uncommon in the large bowel, 
it is generally treated conservatively and tends 
to spontaneous resolution. Delayed complica-
tions such as stricture and obstruction are 
reported in some cases.

Diffuse small bowel wall thickening should 
not be confused with traumatic bowel injury. It 
commonly represents bowel edema, secondary to 
a systemic condition, such as hypoperfusion 

complex in so-called “shock bowel” (see below) 
or systemic volume overload from iatrogenic 
over-resuscitation [10].

a b

Fig. 17.6 Axial CT contrast-enhanced scans show air foci trapped in the mesentery (arrow in a). Free air in the retro-
peritoneum (arrows in b)

Fig. 17.7 Axial CT contrast-enhanced scan shows foci of 
intramural air (arrowhead) in a thick-walled small bowel 
loop. Interloop fluid is also seen (thin arrows)
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17.7.5  Abnormal Bowel Wall 
Enhancement

Bowel wall enhancement can be evaluated subjec-
tively compared to the enhanced adjacent bowel 
loops; bowel wall density can be compared to that 

of the psoas muscle or of the contiguous vessels as 
well [28].

Focal, patchy areas of increased enhancement 
of the bowel wall may represent bowel injury 
with vascular involvement [27]. However, areas 
of decreased or absent enhancement are indica-
tive of ischemic bowel (Fig. 17.10).

Diffuse increased small bowel wall 
enhancement in the trauma setting has been 
described as a consequence of hypovolemic 
shock, in which intestinal hypoperfusion leads 
to increased permeability, with interstitial 
leakage of contrast material [34]. In shock 
bowel, abnormal parietal enhancement, char-
acterized by intense mucosal enhancement 
and hypodense submucosal edema, is associ-
ated with wall thickening and fluid distension 
of the whole small bowel, likely related to 
unsuccessful reabsorption. Intestinal findings 
are usually associated with other findings of 
hypovolemic shock, such as increased 
enhancement of kidneys, adrenal glands and 
spleen and collapsed inferior vena cava [34] 
(Fig. 17.11). Hypoperfusion findings cannot 
be noted in large bowel.

Fig. 17.8 Axial CT image shows small bowel loops with 
thickened wall and disomogeneous parietal enhancement. 
Left renal devascularization is also seen

Fig. 17.9 Duodenal hematoma. Coronal reformatted CT 
image shows a focal thickening of the duodenal wall 
(arrow) in the absence of retroperitoneal fluid or free air

Fig. 17.10 Coronal reformatted CT scan shows reduced 
parietal enhancement of small bowel ischemic loops in 
the left lower abdominal quadrant (oval)
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17.8  MDCT Findings 
of Mesenteric Injury

17.8.1  Mesenteric Hematoma

Mesenteric hematoma appears as a well-defined 
inhomogeneous collection of hemorrhagic fluid, 
with attenuation values varying depending on 
the degree of degradation of blood components, 
but, in general, closer to that of the soft tissues 
than that of fluids. Large mesenteric hematomas 
may exert mass effect on adjacent vessels and 
bowel loops. Although specific for mesenteric 
traumatic injury, in the absence of active extrav-
asation, mesenteric hematoma is not an indica-
tion for operative treatment.

“Sentinel clot sign,” defined by focal, cir-
cumscribed high-density collection of clotted 
blood, with average CT density greater than 50 
HU at basal scans [37], tending to accumulate 
adjacent to the site of bleeding, has been 
described as a clue to localize an hemorrhage 
source (Fig. 17.12).

17.8.2  Active Bleeding

This finding has 100% specificity for the diagno-
sis of major mesenteric lesion.

In active mesenteric bleeding, the extravasa-
tion appears as high density contrast leak, with 
attenuation values close to that of an adjacent 

contrast-enhanced artery, surrounded by lower, 
disomogeneous attenuation hematoma in the 
 arterial phase (Fig. 17.13); active bleeding usu-
ally shows increase in size and decrease in atten-
uation on delayed phases (Fig. 17.14).

Significant mesenteric bleeding requires 
urgent surgical exploration, both for stopping the 
hemorrhage and for investigating the bowel 
because of the risk of ischemia.

17.8.3  Beading and Termination 
of Mesenteric Vessels

Most recently recognized, this finding indicates a 
surgically important mesenteric injury [32]. 

a b

Fig. 17.11 Axial CT contrast-enhanced image shows dif-
fuse hypervascular thickening of small bowel loops, with 
mucosal feathering, features characteristic of shock 

bowel. Flattened inferior vena cava (thick arrow in a) and 
renal veins (thin arrows in b) and increased enhancement 
of the kidneys (b) are noted

Fig. 17.12 On unenhanced axial CT scan, “sentinel clot 
sign” appears as a focal, circumscribed high-density col-
lection of clotted blood (arrow), adjacent to the site of 
bleeding
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Vascular beading is defined as focal alteration of 
the mesenteric vessels size, with the same attenua-
tion of arteries during all the phases of the scan. It 
represents incomplete lesion of the vascular wall 
(pseudoaneurysm), contained by the serosa and 
surrounding tissues. A lack of continuity or taper-
ing of a mesenteric artery or vein indicates irregu-
lar contour and abrupt termination of mesenteric 
vessels. Both signs have high specificity, ranging 
from 93 to 95%, but low sensibility, ranging from 

45 to 50% [1, 4]. Due to the orientation of mesen-
teric vessels, this CT finding is better appreciated 
on coronal or sagittal reformatted images [32].

17.9  MDCT Findings Coincident 
in Both Intestinal 
and Mesenteric Injury

17.9.1  Mesenteric Infiltration 
(Stranding)

Ill-defined, striated soft-tissue infiltration and 
haziness of mesenteric fat (Fig. 17.15), corre-
sponding to microhemorrhagic foci, is a sensitive, 
but poorly specific sign, being commonly associ-
ated to other findings suggestive of mesenteric 
injury. Mesenteric stranding may be associated to 
bowel perforation as well [4, 31].

The coexistence of mesenteric infiltration 
with increased bowel wall thickness may be 
highly suggestive for a major intestinal injury, 
with ischemic sufferance of the bowel.

Pre-existing mesenteric stranding, as in 
inflammatory panniculitis, may mimic mesen-
teric traumatic injury. In inflammatory condi-
tions, however, the fat stranding is well defined 
and multiple lymph nodes are associated.

Fig. 17.13 Mesenteric bleeding. Axial CT scan in the 
arterial phase shows a large, disomogeneous mesenteric 
hematoma, containing high density contrast leak (arrows), 
with attenuation values close to that of an artery

a b

Fig. 17.14 Mesenteric bleeding. Axial CT scan in arte-
rial phase shows multiple large mesenteric hematomas 
(arrows in a). Contrast extravasation within the mesen-

teric hematomas is clearly depicted in the portal phase CT 
(thick arrows in b)

17 Bowel and Mesenteric Injury
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17.9.2  Intraperitoneal or 
Retroperitoneal Fluid

The presence of free fluid is one of the most 
relevant signs of bowel and/or mesenteric 
injury.

The evidence of free fluid in the peritoneal/ret-
roperitoneal recesses without concomitant CT 
scan evidence of traumatic lesion to solid organs 
seems to be suggestive of bowel or mesenteric 
injury [31], with a reported sensitivity of about 
84% [8]. The combination of free fluid and free air 
increased the sensitivity for small bowel perfora-
tion to 97% [38]. On the other hand, the absence 
of intra/retroperitoneal fluid substantially rules out 
a significant bowel and/or mesenteric injury [1].

In the presence of free fluid without signs of 
any solid organ injury, is mandatory to search 
for other CT findings predictors of bowel 
injury.

The fluid may be of low attenuation, repre-
senting extravasated bowel contents, or of inter-
mediate to high attenuation (30–50 UH), due to 
acute hemorrhage (hemoperitoneum).

The presence of a fluid-fluid level, with a 
dependent layer of high attenuation (sedimented 
red blood cells), occurring within a few hours, 
may help confirm the bloody nature of the fluid. 
Attenuation values should be interpreted with 
caution: hemoperitoneum may have lower den-

sity in a patient with a decreased hematocrit or if 
the hemorrhage is more than 48 h old.

False positives are possible: a small amount of 
fluid accumulation in the Douglas patch in a 
female patient is considered physiologic. Recent 
studies [32] reported the presence of small 
amounts of isolated pelvic fluid even in male 
patients, in the absence of bowel and/or mesen-
teric injuries. Notice that post-traumatic low- 
density intraperitoneal fluid may be urine in the 
case of intraperitoneal bladder rupture.

The location of the fluid may indicate the site 
of the injury: hemoperitoneum from solid organs 
injury (liver, spleen) starts near the site of injury 
and flows along expected anatomic pathways. It 
collects around the solid organs in the perihepatic 
and perisplenic spaces and migrates caudally 
toward the pelvis, passing through the paracolic 
gutters (Fig. 17.16). Hemorrhage from a bowel or 
mesenteric injury is typically trapped between 
the mesenteric leaves that surround intestinal 
loops (Fig. 17.17). The presence of triangular 
interloop fluid collections (Fig. 17.18a) should 
prompt a search for an intraperitoneal bowel and 
mesentery injury.

Retroperitoneal fluid tends to localize at the 
site of injury. The presence of fluid in the retro-
peritoneum commonly indicates injury of duode-
num, ascending colon, and descending colon 
(Fig. 17.18b).

a b

Fig. 17.15 Mesenteric stranding, appearing as ill-defined, striated soft-tissue infiltration of pericecal fat (arrows in a) 
and left paracolic gutter (arrows in b) on axial CT contrast-enhanced scans
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17.10  Associated Findings 
in Patients with Blunt 
Abdominal and Mesenteric 
Injury

In one-third of the patients, bowel and mesenteric 
injuries coexist with solid organs lesions.

As a general rule, the risk of hollow-organ injury 
increases with an increasing number of injured 
abdominal solid organs. When three abdominal 
solid organs are injured, the risk for bowel injury is 
34%. The presence of lesions to abdominal solid 
organs should suggest an accurate detection of the 
contiguous abdominal territory, searching for addi-
tional bowel and mesentery injuries [28].

17.10.1  Pancreatic and Duodenal 
Injuries

Pancreatic injuries are relatively uncommon, 
found in 2–12% of patients with blunt abdominal 
trauma. They most commonly result from the 
direct impact on the upper part of the abdomen of 
the steering wheel or the handlebars, with com-
pression of the pancreatic neck and body against 
the vertebral column. The close duodenopancre-
atic anatomic relationship explains why pancre-
atic injuries are associated to duodenal injuries in 
approximately 20% of cases [39].

Distinguishing among duodenal contusion, 
duodenal hematoma, and duodenal perforation is 

Fig. 17.16 Hemoperitoneum from solid organ injury. 
Axial contrast-enhanced CT scan shows hemoperitoneum 
in the perihepatic and perisplenic spaces (arrows). A rib 
fracture is also seen in the right hemithorax

Fig. 17.17 Axial CT contrast-enhanced scan shows 
interloop fluid (curved arrow). Mesenteric stranding 
(oval) and perihepatic fluid (arrow) are also seen

a b

Fig. 17.18 Axial CT contrast-enhanced scan (a) shows 
triangular shaped fluid collection (arrow) and interloop 
fluid (curved arrows). Intraoperative image (b) shows a 

focal laceration of the mesentery. Intraoperative image 
courtesy of Dr. Ennio Adami, MD
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important, because management varies depend-
ing on the diagnosis. Whereas duodenal perfora-
tion is an acute surgical emergency, hematoma 
usually resolves in 1–3 weeks with no need of 
surgical intervention. At CT imaging, a thicken-
ing of the duodenal wall associated to retroperito-
neal fluid in the right anterior pararenal space 
may be seen in both duodenal contusion and duo-
denal perforation. If discontinuity in the duodenal 
wall is not detected, the presence of extraluminal 
air in the anterior pararenal space is the most reli-
able finding for differentiating duodenal perfora-
tion from hematoma [40] (Fig. 17.19).

17.10.2  Fractures of the Spine

Often related with seat belt use, Chance fracture is 
a hyperflexion injury of the lumbar spine that 
involves distraction of the posterior elements. 
These unstable transverse fractures, characterized 
by disruption of the posterior and middle columns, 
are frequently associated with significant intra-
abdominal injuries (40%). Bowel and mesentery, 
often in association, are the mostly injured abdom-
inal organs in Chance fractures, particularly when 
the fracture has a burst-type component [41].

 Conclusions

During the past decade, conservative man-
agement of hemodynamically stable blunt 
trauma patients, even in the presence of 

abdominal solid organ injuries, has become 
the standard of care. The concomitance of 
significant bowel or mesenteric injury, how-
ever, would make conservative treatment 
inappropriate and necessitate immediate 
operative treatment. Misdiagnosis of surgical 
bowel or mesenteric injury, in fact, often 
results in significant morbidity and mortality. 
Imaging assessment plays a crucial role for a 
timely diagnosis of bowel and mesenteric 
traumatic injuries, allowing a prompt and 
appropriate management of the injured 
patients. When specific findings of major 
bowel and mesenteric injuries are detected on 
CT, the patient should urgently undergo oper-
ative treatment. When only nonspecific find-
ings of bowel and mesenteric injury are found 
on CT, correlation between radiologic and 
clinical findings is needed. If the patient is 
stable, serial clinical examination is needed 
and a CT scan follow-up at 8–12 h may be 
recommended [10].

The question of how to manage patients 
with blunt abdominal trauma who show 
small amounts of free fluid in the abdomen 
without evidence of solid organ injury is 
still a matter of debate [42]. Repeated physi-
cal examination and MDCT follow- up at 
8–12 h is suggested. In such cases a mini-
mally invasive surgical approach, as diag-
nostic laparoscopy, should be considered 
[43, 44].

a b

Fig. 17.19 (a) Axial CT contrast-enhanced scans show 
fluid in the right retroperitoneal space (arrow) in duodenal 
contusion. (b) The presence of free air in the right retro-

peritoneal space (arrows) suggests a retroperitoneal intes-
tinal perforation
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Adrenal Gland Injuries
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18.1  Anatomy

The suprarenal glands, also known as adrenal 
glands, are a pair of triangular-shaped glands 
(the right adrenal gland is pyramidal, whereas 
the left one is more semilunar), that belong to 
the endocrine system. The right adrenal tends to 
lie more cephalad than the left. Normal size of 
adrenal glands ranges from 2 to 6 mm in thick-
ness and from 2 to 4 cm in length. The right 
adrenal is close to the liver superiorly, the infe-
rior vena cava (IVC) medially, the right kidney 
laterally and inferiorly, and the diaphragm supe-
riorly and posteriorly. The left adrenal is close 
to the aorta medially, the stomach, and body of 
the pancreas anteriorly, the kidney inferiorly, the 
spleen superiorly, and the diaphragm posteri-
orly. At age 1 year, each gland weighs approxi-

mately 1 g and the weight increases with age 
until it reaches 4–5 g. Their size in adult is about 
2 cm in length and 1 cm in width. They are 
located on top of the kidneys in the Gerota’s fas-
cia deep within the retroperitoneum. The arterial 
blood supply comes from three sources, with 
branches arising from the inferior phrenic artery, 
the renal artery, and the aorta. Venous drainage 
flows directly into the inferior vena cava on the 
right side, and into the left renal vein and then 
into inferior vena cava on the left side. The right 
adrenal vein is shorter than the left: this anatom-
ical condition makes the right adrenal gland 
more susceptible to a sudden increase in pres-
sure in the event of compressive phenomena at 
the inferior cava vein and, for this reason, more 
susceptible to hemorrhagic lesions as compared 
to the contralateral. Lymphatics drain medially 
into the aortic nodes.

Each adrenal gland is formed by two distinct 
structures: the adrenal cortex and internally the 
adrenal medulla. The adrenal cortex is divided 
into three zones that are from outside to inside, 
the zona glomerulosa, the zona fasciculata, and 
the zona reticularis (Drawing 18.1).

The suprarenal glands are responsible for the 
release of hormones that regulate metabolism, 
immune system function, and the salt-water bal-
ance in the bloodstream; they also aid in the 
body’s response to stress.
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18.1.1  Adrenal Cortex

The adrenal cortex secretes three types of hor-
mones; all adrenocortical hormones are 
cholesterol- derived steroid compounds:

• Mineralocorticoids, which are secreted 
by the zona glomerulosa, including 
aldosterone.

• Glucocorticoids, which are secreted by the 
zona fasciculata and less from the zona reticu-
laris, as cortisol.

• Adrenal androgen, which is predominantly 
secreted by the zona reticularis, with small 
quantities released from the zona  fasciculata, 
as dehydroepiandrosterone (DHEA).

18.1.2  Adrenal Medulla

The adrenal medulla secretes epinephrine (80%) 
and norepinephrine (20%), with minimal amounts 
of dopamine. These hormones are responsible for 

all the physiologic characteristics of the stress 
response such as increased cardiac output and 
vascular resistance [1, 2].

18.2  Pathogenesis

The adrenal gland trauma (AGT) occurs rarely in 
traumatic patients: in several studies, the inci-
dence varies from 0.03% to 4.95% of blunt or 
penetrating abdominal trauma cases [1–5]. This 
is because of its deep position within the retro-
peritoneum and also because it is protected by 
soft tissue that surrounds it [2–4, 7]. Adrenal 
gland lesions are more likely in patient with high 
ISS [4]; in fact, they occur in severe trauma as 
car, motorbike or pedestrian accident, falling 
from height, and sport accident. For retroperito-
neal organs, the most frequent lesion mechanism 
is compression against a fixed structure. Male sex 
is more affected than the female [2, 4, 9, 10]. 
Non- isolated traumatic lesions of the adrenal 
gland are more frequent than the isolated lesions 

Drawing 18.1 Adrenal 
gland anatomy
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(4%), precisely because they usually occur in 
severe trauma. In 75–90% of cases, hemorrhages 
are unilateral and the most affected gland is the 
right one [2, 3, 6–8, 11, 12].

Bilateral adrenal gland traumatic lesions are 
still rarer than the monolateral ones and can cause 
a severe adrenal failure: in literature, there are a 
few case reports and limited case series [8, 13].

Associated traumatic injuries can affect all 
organs, by frequency: liver (43%), spleen (23%), 
lung (19%), and kidney (18%). Pneumothoraces 
and hemothoraces can be present (80%), as well 
as, skeletal injuries (46%) to the rib, clavicle, 
scapulae, pelvis, hip, and spine [2, 4, 6–8, 14] 
(Figs. 18.1 and 18.2).

The mortality rates are influenced from the 
presence of one or more associated lesions.

As has just been said, the right adrenal gland 
is more involved than the left: this is probably 
due to anatomical reasons and to their complex 
vascular supply; in fact, adrenal glands (espe-
cially the right one) are susceptible to massive 
intraglandular bleeding.

Among the causes that make the right adrenal 
gland more involved in trauma compared to the 
contralateral, there are three principal theories: 
the direct compression of the gland between the 
spine and liver by a direct trauma which affects 
the upper abdomen, the shearing of small vessels 
that perforate the adrenal capsule due to the 
deceleration forces, and also a short-term rise in 
intraadrenal venous pressure due to compression 
of the inferior vena cava [3, 5–7, 14–17].

It must be remembered that the right adrenal 
vein is shorter than the left and communicates 
directly with the IVC: even for this reason the 
right adrenal gland is more susceptible to trauma 
than the contralateral one [2, 4, 5]. In case of 
right adrenal trauma, a thrombosis in IVC may 
occur, due to compressive effect from adrenal 
hematoma or hemorrhage (that causes venous 
stasis and thus promotes thrombosis).

Adrenal lesions are supposed to result from 
ischemic necrosis caused by an increase in pres-
sure due to a post-traumatic hemorrhage, or for a 

direct destruction of the adrenal gland or to both 
mechanisms [2].

Furthermore, the adrenal arterial supply 
comes through a sinusoidal net of small arteri-
oles, and the stretch mechanism may easily cut 
these vessels, resulting in vascular compromise.

Even in pediatric patient, blunt adrenal injuries 
are uncommon (in 1–4%) and often present as part 
of a multiorgan trauma in which the most fre-
quently associated lesions are those of liver and 
ipsilateral kidney. It has multifactorial genesis: 
accident, sports, child abuse, and so on [14]. It 
must be remembered that the children have adre-
nal glands relatively large, for this reason they may 
be more susceptible to injury due to external com-
pressive forces [18]. Instead in adult, adrenal gland 
injuries are frequently associated with high injury 
severity [12] and they are a strong indicator of a 
possible associated blunt visceral lesion [16, 19].

The injury occurs is more likely in males than 
in females. The right adrenal gland is most com-
monly involved [13, 18, 20, 21]. When the right 
adrenal gland is involved, we have to looking for 
a liver or right kidney lesions; instead, in case of 
left adrenal gland injury, we have to consider a 
possible pancreatic or splenic lesion: in both 
cases we have to search for a lesion of the lower 
chest. In case of isolated adrenal injuries, child 
abuse is a possibility to be considered [17, 22].

18.3  Clinical Findings

There are not specific clinical findings in case of 
adrenal gland trauma especially in case of 
monolateral involvement because bilateral 
lesions that would lead to acute adrenal failure 
are really rare and because usually adrenal 
lesion occurs in polytrauma patient and the 
symptoms are due to multiorgan involvement 
[7]. There may be nonspecific skin wounds, 
bruises, or abrasions in the thoracoabdominal 
region. Anyway, in case of unilateral traumatic 
adrenal hemorrhages, the symptoms are nonspe-
cific and include abdominal pain, vomiting, nau-
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b

c

Fig. 18.1 Contrast-enhanced CT. (a, b, and c) Axial 
scans; (d) sagittal reconstruction. The patient has fallen 
from height. Adrenal hematoma with associated lesions: 
axial CT scans show hypodense enlarged adrenal gland 
(white arrow in a and b); note the presence of associated 

lesions of liver (black arrowhead in d), upper polar of left 
kidney (white arrow in d), hemoretroperitoneum, left 
acetabulum (black arrow in c and d), and lung contusion 
(white arrowhead in d)
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sea, hypo- or hypertension, and decrease in 
hematocrit [2, 23]. The lack of specific symp-
toms causes the diagnosis to be often misunder-
stood, but we have to consider that the presence 
of adrenal lesion can lead to retroperitoneal per-
sistent hemorrhage and hematoma that can 
evolve in abscess [24]. In case of bilateral adre-
nal gland, hemorrhage can cause adrenal insuf-
ficiency with “endocrine-related syndromes” 
which consists in a sudden decrement produc-
tion of adrenal steroids that cause a state of 
shock, typically accompanied by a laboratory 
triad of hypoglycemia, hyperkalemia, and hypo-
natremia; acidosis-hypotension and lethargy 
may be present too. If this condition is left 
untreated, it can be fatal [2, 6, 17, 23]. There are 
predisposing factors as thromboembolic dis-
ease, coagulopathy, pregnancy, and burns [2, 
23]. The lack of specific clinical symptoms of an 
adrenal lesion causes identification to be carried 
out by diagnostic imaging.

18.4  Imaging

Whole Body Computed Tomography (WBCT) is 
the choice for the evaluation of the stable poly-
trauma patient [7, 25, 26] and for traumatic adre-

nal lesions too. The management of the high 
energy trauma patient is essentially based on his 
hemodynamic values and on CT findings [25]. 
Ultrasonography (US), Contrast-Enhanced 
Ultrasound (CEUS), and Magnetic Resonance 
Imaging (MRI) are methods which evaluate the 
adrenal gland but, in case of trauma, the CT is the 
method of choice. CEUS and MRI usually can be 
employed in stable patient, especially during fol-
low- up and in children, according to the radio-
protectional criteria [27–29]. Plain radiographs 
have no value in the detection of traumatic adre-
nal lesions [4].

18.5  X-Ray

The diagnosis in adrenal trauma fails with con-
ventional radiology for its insufficient diagnostic 
capacity. The plain X-ray can show bone frac-
tures as associated sign, but there is no  correlation 
between a specific bone fracture and adrenal 
lesion. In case of previous trauma, X-ray can 
show the presence of calcifications located in the 
adrenal space due to a previous hemorrhage. This 
finding, however, gets into differential diagnosis 
with neuroblastoma or chronic granulomatous 
disease.

a b

Fig. 18.2 (a and b) Right adrenal hematoma (white arrow), associated with lacerations of the right lobe of the liver 
(black arrow) and devascularization of the ipsilateral kidney (white arrowhead)
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18.6  Ultrasonography

For its deep position in the abdominal cavity, 
the adrenal gland is quite difficult to evaluate 
with US in adult patient: this imaging tech-
nique has more chances in children and/or 
young or thin patient. It is noninvasive, safe 
and easy to perform, no needs of sedation, it is 
easily accessible, and relatively inexpensive. 
US can differentiate cystic from solid adrenal 
masses and it is useful to assess for vascular 
involvement but it is often inadequate in the 
evaluation of the retroperitoneal organs and for 
eventual complications (as retroperitoneal 
bleeding) especially in adult patient. 
Furthermore, it depends on the operator, on the 
patient’s constitution and his collaboration 
[23]. In case of severe trauma, US is not the 
first choice. In case of localized minor trauma, 
especially in children, CEUS may be used as a 
valuable method of study [30–32]; further-
more, in case of lesion detection, it must be fol-
lowed by a complete evaluation performing a 
contrast- enhanced CT [7]. US and CEUS have 
high sensibility in detecting even small amount 
of free fluid in peritoneal space but they are not 
so able in the evaluation of retroperitoneal free 
fluid.

US and CEUS can found a role in the follow-
 up of a lesion previously evaluated with CT or 
MRI. However, US has specific semeiotics 
aspects such as the adrenal hematoma and its 
evolutionary stages over the time [7, 17, 33, 34].

 – Acute stage: an enlarged hyperechoic adrenal 
gland, the gland maintains its triangular shape 
and a cleavage with the upper kidney pole 
(Fig. 18.3) [4].

 – Intermediate stage: the mass echogenicity is 
lower than the previous one, the gland reduces 
its size, and the mass can assume a complex 
aspect due to the presence of echoes mixed 
with anechoic zones (Fig. 18.4).

 – Chronic stage: the mass is hypo-anechoic with 
cystic aspect; its size reduces over the time 
(Fig. 18.5) [4]. The gland can retake its previ-

ous morphology and echogenicity or remain 
with a pseudocystic aspect with a well-defined 
thin wall [4, 35, 36]; also adrenal atrophy can 
be seen at the end stage; it is possible to find 
thin calcifications seen as hyperechoic images 
in the gland.

Retroperitoneal or peritoneal fluid may be 
seen, as well as the other associated lesions of 
solid organs.

At Doppler examination there is no flow sig-
nal in the mass but it is possible to see a periph-
eral signal due to the capsule. The presence of 

Fig. 18.3 Ultrasound exam shows an acute stage adrenal 
hematoma: the adrenal gland is hyperechoic (calipers), its 
maintains its triangular shape and the cleavage with the 
upper pole of the kidney

Fig. 18.4 Ultrasound shows an intermediate stage adrenal 
hematoma: the gland is enlarged (calipers) with complex 
aspect, due to the presence of echoic mixed with anechoic zones
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flow signal within the mass is suspect for a non-
traumatic lesion.

The use of contrast medium in US (Contrast 
Enhancement UltraSonography—CEUS) could 
easily confirm the absence of contrast enhance-
ment in the adrenal hematoma, delimiting it more 
accurately than the healthy glandular paren-
chyma. CEUS may be useful to show the delimi-
tation of the capsule or active bleeding but, about 
the use of CEUS in adrenal gland traumatic inju-
ries, there are still no scientific data at this time 

[37–41]. Moreover, CEUS may also be useful in 
differential diagnosis with other nontraumatic 
adrenal masses found accidentally and in the fol-
low- up of traumatic and nontraumatic adrenal 
lesion (Fig. 18.6).

18.7  Computed Tomography (CT)

CT scan is the best method for evaluating the 
peritoneum and retroperitoneum especially in 
emergency conditions, because of its panoramic-
ity, easy accessibility, and rapid scan time [2–5, 
7, 23, 42]. In the last years there have been con-
troversies regarding US versus CT in blunt 
abdominal trauma however, since it is known that 
US sensitivity is inferior to the CT in detecting all 
the lesions that can be found in the traumatized 
patient, US maintains a fundamental role in 
unstable patient for detecting hemoperitoneum 
while CT remains the gold standard in stable 
trauma patient [43, 44].

The most frequent traumatic adrenal gland 
lesion is hematoma: the gland is enlarged but there 
is not a disruption of the cortex, often there is peri-
adrenal fat edema or limited hemorrhage [3, 9].

Fig. 18.5 Ultrasound shows a chronic stage adrenal hema-
toma: the gland is still a little enlarged, its echostructure is 
predominantly hypo-anechoic, with “pseudocystic aspect”

a b

Fig. 18.6 CEUS in patient with blunt abdominal trauma. 
(a) CEUS shows a hypoechoic adrenal lesion (arrow), 
which is indistinguishable from a neoplasm. (b) Follow-up, 

3 months later: the image is unchanged, demonstrating that 
it is a little adrenal mass
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Some CT findings are diagnostic for adrenal 
hematoma, although others are not distinguished 
from adrenal neoplasms. It must be remembered 
that the prevalence of adrenal incidentalomas is 
4% in the general population, percentage that 
increases with age; it is not always easy to dif-
ferentiate a traumatic adrenal lesion, a traumatic 
lesion in a pathologic gland or a gland enlarge-
ment not related to the trauma [17]. Multidetector 
CT (MDCT) accurately defines size, location, 
and shape of adrenal lesions. In addition, it is 
useful for assessing local and vascular injury. For 
clear lesions as simple cysts, myelolipomas and 
often hemorrhage, CT allows a definitive diagno-
sis because the image is classic. For solid lesions, 
CT at baseline or in delayed phase may help in 
distinguishing benign from malignant lesions by 
their attenuation values: benign lesions tend to 
have low attenuation values because of an 
increased fat content [42].

The CT technique used for the evaluation of 
an adrenal trauma is the same that is used in poly-
trauma patient. The CT exam has to be performed 
from “head to toe” with a first acquisition in basal 
condition followed by two phases: the first in 
arterial phase and then a venous phase after 
60–70 s the beginning of intravenous infusion 
contrast material or non-ionic iodinated contrast 
material [6] with the use of a power injector usu-
ally through the antecubital vein. The “split- 
bolus” technique may be useful in avoiding the 
double phase scan, allowing a reduction in radio-
exposure [45]. No oral contrast material should 
be given before scanning.

After the acquisition in the axial plane, post- 
processing imaging with multiplanar coronal and 
sagittal reconstruction has been performed [5].

Along with other abdominal organs, also for 
the adrenal glands the American Association for 
the Surgery of Trauma (AAST) has drafted a 
classification that is divided in grades related to 
the severity of the glandular lesions [9].

 – Grade I: adrenal enlargement.
 – Grade II: adrenal lesion confined to the cortex. 

(Drawing 18.2)
 – Grade III: adrenal lesion extended into the 

medulla. (Drawing 18.3)

 – Grade IV: adrenal lesion involving more than 
50% of the gland. (Drawing 18.4)

 – Grade V: adrenal lesion involving all the gland 
or vascular lesion including massive 
 intraparenchymal hemorrhage or avulsion 
from blood supply. (Drawing 18.5) (Fig. 18.7).

At MDCT exam, it is possible to find specific 
or nonspecific signs [6, 44].

The specific signs of adrenal injury include 
[2, 3, 5, 6, 9, 13, 17, 46–49]:

Drawing 18.2 Adrenal injury, grade 2

Drawing 18.3 Adrenal injury, grade 3
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 (a) Round or oval hematoma expanding in the 
adrenal gland. Oval shape is predominant 
compared to the round one [4, 7, 14]. At 
baseline CT, the gland will be enlarged and 
slightly hyperdense compared to the others 
abdominal parenchyma. The measured mean 
attenuation of these lesions are 56 HU ±1 [9, 
16, 35]. Instead, in the dynamic phases the 
gland will be slightly hypodense compared 
to the others abdominal parenchyma such as 
liver and spleen [4, 35]: it is possible to see 
the capsule as a thin hyperdense peripheral 
rim (Fig. 18.8). The size of the hematoma 
may vary from 3 cm to more than 10 cm [35]. 
In case of active bleeding into the hematoma, 
an hyperdense spot is visible in the enhanced 
phase (Fig. 18.9).

 (b) Irregular hemorrhage obliterating the gland.
 (c) Uniform adrenal gland swelling (Fig. 18.10).
 (d) Active extravasation of contrast material 

from the adrenal vessels or hematoma with 
active bleeding is rare but important pattern: 
infact, there is an indication for urgent embo-
lization when diagnosed [2, 14, 23, 35] 
(Figs. 18.11 and 18.12).

 (e) Adrenal gland rupture (Fig. 18.12).

Associated CT findings include [1, 3, 5–7, 9, 
16, 46, 48, 49]:

 (a) Stranding of the periadrenal fat is the most 
common associated finding in case of adre-
nal trauma: it is observed in approximately 
90% of traumatic adrenal hemorrhage cases. 
It is due to the blood infiltration through the 
retroperitoneal fat that causes a nuanced 

Drawing 18.4 Adrenal injury, grade 4

Drawing 18.5 Adrenal injury, grade 5

a b c

Fig. 18.7 Contrast-enhanced CT, axial scans. (a and b) Arterial phase; (c) venous phase. Widespread hemorrhage of 
the adrenal loggia, with tearing of the adrenal artery and active bleeding; (c) wide pooling in venous phase
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Fig. 18.8 Motorbike accident. Adrenal hematoma: 
enhanced CT shows hypodense enlarged adrenal gland, 
the adrenal capsule is expanse and enhanced (white 
arrow). Note the associated lesions in hepatic right paren-
chyma (black arrows), and the presence of perihepatic 
hemoperitoneum (black arrowhead) and a small amount 
of free right pleural free fluid (white arrowhead)

a c

b

Fig. 18.9 Male, 33 years old, car accident. Unenhanced 
CT scan (a) shows right adrenal hematoma, as a enlarged 
gland with slight hypodensity; contrast-enhanced CT, in 

axial scan (b) and coronal reconstruction (c) show a small 
slight hyperdensity within the gland (white arrows), 
which represents a small focus of intraadrenal bleeding

Fig. 18.10 Adrenal hematoma: enhanced CT shows 
hypodense swelling of the adrenal gland (white arrow); 
note the thickening of the crus of the diaphragm (white 
arrowhead)
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attenuation of the periadrenal fat, contribut-
ing to indistinct appearance of the adrenal 
gland surrounded by it [1, 2, 7–9, 23] 
(Figs. 18.13 and 18.14).

 (b) Diffuse hemorrhage in the adjacent retroperi-
toneum (20%) and compression of the adre-
nal gland by adjacent traumatic lesions [9] 
(see Figs. 18.6, 18.7, 18.8, 18.9, 18.10, 18.11, 
and 18.12).

 (c) Diaphragmatic crural thickening of injured 
adrenal (10%) [2, 9, 14] (see Figs. 18.10, 
18.13, and 18.14).

The differential diagnosis includes the adrenal 
incidentaloma which represents all those adrenal 
lesions that are discovered randomly during an 
investigation and has not yet given any clinical 
signs of its presence. Incidentaloma is found in 

4% of the population, percentage increasing with 
age [50].

Other lesions must be considered: adenoma, 
carcinoma, myelolipoma, metastases, pheochro-
mocytoma, and tuberculosis. We have to under-
line that especially in case of trauma, it is really 
difficult to discern between a tumor-related adre-
nal hemorrhage and a non-tumoral adrenal hem-
orrhage, especially in acute phase [51].

Even if the majority of incidentaloma are benign 
lesions (like nonfunctioning adrenocortical adeno-
mas), some differential criteria must be known. An 
hemorrhagic heterogeneous adrenal mass that 
shows contrast enhancement should be evaluated 
more carefully considering all the differential diag-
noses: adrenal adenoma has a typical attenuation of 
60% absolute percent washout (or more than 40% 
relative washout) after 15-min delay [17, 50].

a b

c d

Fig. 18.11 Right adrenal hematoma: CT in (a) basal 
phase (b and c) arterial phase and (d) venous phase: 
contrast- enhanced CT shows intraglandular active bleed-

ing, with the typical fluid corpuscular level (arrow), which 
happens in recent bleeding
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a b

c d

Fig. 18.12 Contrast-enhanced CT: axial scans (a–c) and 
coronal reformation (d) show adrenal fracture with free 
active bleeding (black arrow) obliterating the gland, asso-

ciated with traumatic lesion of the liver (white arrow) and 
major kidney injury. Large amount of hemoretroperito-
neum (white asterisk)

a b

Fig. 18.13 Adrenal hematoma. CT axial images (a–b) 
show homogeneous swelling of right adrenal gland, which 
is slightly hypodense in basal phase (a). Periadrenal fat 

stranding is present (white arrow). Note the thickening of 
the crus of the diaphragm (black arrow)
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The presence of calcifications is suspected for 
a tumor-related hemorrhage as well as the hyper-
metabolic activity on positron emission tomogra-
phy (PET).

Regarding the size, adrenal metastases or pri-
mary tumors may be larger than adrenal hema-
toma: in fact, it is reported that adrenal carcinoma 
is large from 4 cm to more than 6 cm in 2% cases. 
Malignant mass has an early enhancement and a 
delayed-contrast washout that enlarge over time; 
lymphadenopathy may be present.

18.8  Magnetic Resonance 
Imaging (MRI)

Although MRI is the most sensitive and specific 
modality for diagnosing adrenal hemorrhage, 
the best imaging technique in detecting adrenal 
lesions and, in case of incidentaloma, for dif-
ferentiation between other adrenal masses, MRI 
is not used in traumatic unstable patient because 
CT is more feasible and it is a panoramic, 
quick, and basic technique in case of severe 
trauma.

In stable patient, MRI with multiplanar axial, 
coronal, and sagittal acquisition can be used as an 
alternative imaging method for evaluating the 
adrenal hemorrhages.

A MRI adrenal study protocol reported in the 
literature includes the following acquisitions:

(1) coronal T2-weighted imaging with half- 
Fourier rapid acquisition with relaxation enhance-
ment performed during a single breath-hold; (2) 
axial turbo or fast spin-echo T2-weighted or 
long-echo-time inversion-recovery sequence per-
formed during a single breath-hold; (3) axial and 
coronal GRE T1-weighted chemical shift in- 
phase and out-of-phase imaging in axial-coronal 
planes during a single breath-hold; and (4) axial 
and coronal three-dimensional GRE sequence, 
performed before and after administration of a 
gadolinium-based contrast agent and with breath- 
hold [1].

On MRI, we can follow the hematoma changes 
according to the degradation products of hemo-
globin, in accordance with the age of the hema-
toma [35].

 1. Acute phase (less than 7 days): the signal 
of the hematoma depends on the presence 
of deoxyhemoglobin. We can see an isoin-
tense or hypointense signal with enlarged 
adrenal gland in T1-weighted images and 
hypointense signal intensity in T2-weighted 
images.

 2. Subacute phase (7 days to 7 weeks): the signal 
depends on the presence of methemoglobin 
and the adrenal gland appears to be hyperin-
tense on T1-weighted images. The T2 signal 
starts to change in this phase: intracellular 
methemoglobin will be hypointense on 
T2-weighted imaging. Then the lysis of the 
red cells dissipates the methemoglobin homo-
geneously throughout the hematoma and so 
we will have a bright signal on T2-weighted 
imaging.

 3. Chronic phase (lasting more than 7 weeks): 
the gland is reduced in size. The signal, due 
to the presence of hemosiderin deposits, will 
be hypointense on both T1 W and T2 W 
images.

The hematoma resolution is showed as an 
area with increase of signal intensity in the 
central part and a decrease in the peripheral 
one [4, 23].

At MRI in the chronic phase, the presence 
of blood products can cause heterogeneous 

Fig. 18.14 Adrenal hematoma: contrast-enhanced CT, 
axial scan, shows hypodense enlarged adrenal gland. The 
adrenal capsule is expanse and enhanced (black arrow). 
Stranding of the periadrenal fat tissue (white arrow). 
Thickening of the crus of the diaphragm (arrowhead)
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 intracystic signal intensity. The peripheral calcifi-
cations are not so well appreciated compared to 
CT, but they are represented as peripheral loss of 
signal intensity [35].

In case of adrenal hematoma: in-phase/out-of- 
phase and fat-suppressed sequences do not show 
suppression in the mass.

Such as CT, MRI is a highly overview method: 
it can define the total extension of an adrenal 
lesion, including its relationship to adjacent 
organs and major vessels, the presence of injuries 
to others organs. MRI can have a role during the 
follow-up in the stable patient. MRI with the use 
of gadolinium or with chemical-shift imaging is 
superior to CT in distinguishing benign from 
malignant incidentalomas [23, 42, 52, 53].

It must be remembered that adrenal adenoma 
is the most common adrenal lesion, found in 3% 
of cases at autopsy. The presence of intracellular 
lipid is typical of adrenal adenoma: this pres-
ence is well detected with MRI chemical-shift 
imaging and for this reason the use of in-phase/
out-of- phase images is the most reliable tech-
nique for diagnosing adrenal adenoma. On out-
of-phase images, a decrease in signal intensity 
more than 20% is considered diagnostic of an 
adenoma; also an early and uniform enhance-
ment is typical of adenomas. MR imaging 
findings cannot differentiate from functioning 
and nonfunctioning adenomas. Rarely, adrenal 
adenomas may contain hemorrhage foci [1] 
(Figs. 18.15 and 18.16).

a b

c d

Fig. 18.15 Differential diagnosis in case of incidentaloma in trauma patient. (a–d) CT shows an enlarged adrenal 
gland slightly hyperdense in basal phase which does not enhance in contrast phase
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18.9  Management and Prognosis

The management of patient with adrenal gland 
injury may be operative or nonoperative according 
to the patients’ hemodynamic status, the severity 
of the adrenal injury, and the presence and severity 
of the other lesions [4, 47, 49, 54, 55].

Often surgery or interventional embolization 
is not needed for adrenal hematoma, but it is 
required because of the associated injuries to 
other organs [7, 19]. In case of adrenal trauma, 
often hemorrhage may occur: this is also due to 
the rich vascularization of the gland. If active 
bleeding is detected at CT and intractable hypo-
tension occurs, an adrenal embolization or sur-
gery is recommended [24]. Because of the low 

frequency with the adrenal trauma is found, there 
is still no unanimous agreement on the proce-
dures to be implemented for its treatment [24]. 
The literature reports both operative exploration 
and conservative management. There are also 
reported some cases of adrenal traumatic hemor-
rhages management through transcatheter angio-
graphic embolization, both in adult and in 
pediatric patients [7, 21, 55, 56]. If the patient is 
under severe general conditions, transcatheter 
embolization is often chosen to resolve a source 
of bleeding that could further aggravate the 
already critical patient condition. Adrenalectomy 
is rarely performed. However, most of the adre-
nal traumatic injuries are managed conservatively 
[2, 3, 15, 21, 24, 56].

a b

c d

Fig. 18.16 Same patient of Fig. 18.15, 1 month later. 
MR, axial T1 planes (a and b), T2 axial (c), and coronal 
(d). The gland is always enlarged. Axial and coronal MR 

scans show the typical fatty signal in the gland, indicating 
a benign lesion like adenoma
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Like in the adult population, also in the pedi-
atric patient the management of adrenal injuries 
generally depends on the concomitant injuries. In 
pediatric patient, adrenal traumas are typically 
self-limited and do not need intensive care moni-
toring or operative intervention: this is due to the 
typical vasoconstrictive response of the pediatric 
patient. In the same case, significant adrenal 
hemorrhage can happen and transfusion or trans-
catheter embolization is needed [15, 20, 21, 55].

Because of the uncommon nature of isolated 
adrenal injury, if it occurs in a polytrauma patient, 
we have to consider and exclude other conditions 
in the differential diagnosis including adenoma, 
carcinoma, myelolipoma, metastasis, and pheo-
chromocytoma [8, 43]. Preexisting adrenal 
 disorders can predispose the adrenal gland to 
injury and hemorrhage even with minor trauma 
[43]. If comparing the exam with prior images is 
not possible, it is essential to know the character-
istics of any adrenal lesions: it may be useful to 
subject the patient to an MRI examination and 
follow-up.

Most of the unilateral adrenal traumatic inju-
ries are managed conservatively [23]. Instead, in 
case of bilateral adrenal hemorrhage the patient 
must be treated with corticosteroids, mineralo-
corticoid and glucocorticoid pharmacological 
coverage. The administration of fludrocortisone 
is recommended for mineralocorticoid supple-
mentation. It is important to recognize the clini-
cal signs of adrenal failure and make an early 
CT-diagnosis because a delayed replacement or 
misdiagnosis can be fatal for patients. According 
to the literature, 16–50% of patients with bilat-
eral adrenal hemorrhage have been reported to 
have life-threatening adrenal insufficiency [49]. 
Some studies report about monolateral adrenal 
trauma mortality of 33%, often due to the general 
clinical patient condition. The day of mortality 
ranges from 1 to 18 days (median = 6.2), whereas 
the day of discharge from hospital ranges from 3 
to 19 days (median = 7.7) [7].

We know that the trauma of the adrenal gland 
is associated with a high ISS. In cases of bilateral 
adrenal injury, the ISS-related morbidity and 
mortality are higher compared to unilateral adre-
nal injury. Both in case of unilateral or bilateral 

trauma, adrenal insufficiency has been hypothe-
sized to play a role in determining worsening 
prognosis [13, 54, 57–61]. Bilateral adrenal hem-
orrhage with sepsis has a mortality rate of more 
than 90% [1, 8, 23].

18.10  Follow-Up

CT signs indicative for hematoma are the pres-
ence of a high density at baseline CT scans, the 
decrease in size or resolution of the lesion over 
time [23, 42, 48].

There isn’t a standard protocol for the follow-
 up of adrenal lesion in traumatic patients: often it 
starts early when the patient is still in hospital 
and it is variable according to the general patient’s 
condition. With routinary use of abdominal CT in 
the evaluation of trauma patients, adrenal lesions, 
not only due to the trauma, are increasingly likely 
to be found. Follow-up of these lesions is vari-
able [6]. When a definitive diagnosis is not pos-
sible on the initial CT scan, follow-up imaging in 
6–12 weeks is reasonable [13]. If the hematoma 
does not resolve or decrease in size over several 
weeks, another disorder should be considered. It 
must be considered that the distinction between 
tumoral from non-tumoral hemorrhage is really 
hard in acute phase, especially when a neoplastic 
mass is not well appreciable. We have to be care-
ful because it was reported that 7–44% of adrenal 
pseudocyst (interpreted as due to chronic non- 
tumoral hemorrhage) was found to be neoplastic 
at surgery. Imaging findings suspect for underly-
ing tumor as the cause of adrenal hemorrhage 
are: intralesional calcification (better seen at 
baseline CT), intralesional enhancement, and 
hypermetabolic activity at PET, even if it has 
been reported that most unilocular rim-calcified 
lesions are benign and can be managed conserva-
tively, with careful follow-up or even resection 
[35, 36]. According to the radioprotectional crite-
ria, if it is possible, MRI may be the first method 
of choice for follow-up also because MRI man-
ages to correctly evaluate the hemoglobin 
 degradation and visualizes the evolution of hema-
toma; in children, US or CEUS may be have a 
role too.
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In some situations, nuclear medicine with 
radioisotope scanning can be helpful for the dif-
ferential diagnoses: for example, for detecting 
primary adrenocortical adenomas, carcinomas, 
or metastases is used Iodocholesterol.

Dexamethasone suppresses normal ACTH- 
responsive adrenal tissue. To detect adrenal 
medullary tumors as pheochromocytomas and neu-
roblastomas, metaiodobenzylguanidine (MIBG)  
scans may be used [16].

The role of positron emission tomography 
(PET) has yet to be fully defined: it has been used 
in the evaluation of neuroblastoma and recurrent/
metastatic adrenal tumors.

For a complete hematoma resolution, it takes 
about 9 months [7].

If the hematoma is not completely reabsorbed 
over time, the CT aspects of chronic adrenal 
hemorrhage may be a non-enhancing, low attenu-
ation adrenal pseudocyst with a well-defined thin 
wall [14, 35].

Also adrenal atrophy can be seen at the later 
stage of hemorrhage: it appears on CT images as 
a shrunken, isodense adreniform structure.

In same cases, it can remain a calcification of 
the gland: this aspect is easily seen at plain X-ray 
exam usually as a linear shaped calcification pro-
jecting above the renal shadow.

18.11  Take Home Points

 1. Adrenal hematoma replacing the whole 
gland is the most common lesion in case of 
trauma, followed by a large gland with an 
internal hematoma.

 2. The shape most frequent is oval.
 3. Baseline CT scans: a hyperdense solid adre-

nal mass (50–90 HU) that does not enhance 
after contrast medium injection associated 
with periadrenal fat stranding, both of which 
are diagnostic of adrenal hematoma with fat 
infiltrating hemorrhage.

 4. If the hematoma does not resolve or decrease 
in size over several weeks, another disorder 
should be considered.

 5. An isointense-hypointense signal in T1- 
weighted images and hypointense signal in 

T2-weighted images, that retain an adreni-
form shape, primarily indicate an acute hem-
orrhage in a patient with a history of trauma.

 6. Bilateral hemorrhage can cause life- 
threatening adrenal insufficiency.

 7. Chronic hemorrhage may appear at imaging 
as a thin-walled adrenal pseudocyst or adre-
nal atrophy.

 8. The best method for differential diagnosis of 
high-density adrenal lesions detected on CT 
in trauma patients is MRI.

 9. Imaging findings that are suggestive for a 
hiding tumor as cause of adrenal hemorrhage 
are: intralesional foci of calcification, 
enhancement of the mass, and hypermeta-
bolic activity on PET images.

 10. MRI may have a role in the follow-up of 
stable patient.

 11. Especially in pediatric patient, US or CEUS 
may be considered in the follow-up.
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19.1  Introduction

The kidneys are two symmetrical retroperitoneal 
organs, wrapped in retroperitoneal fat and located 
at the sides of the lumbar spine; their upper pole 
is at the level of twelfth dorsal vertebrae, and the 
lower one is at the third lumbar vertebrae.

The right kidney is slightly moved in lower 
than the left kidney, for the presence of the liver.

A fibrous capsule wraps the kidney; the paren-
chyma is formed externally from the cortical part 
and an inner medulla part. The medial surface of 
the kidney has a concave incision called hilum, 
through which arteries, veins, and lymph vessels 
and ureter enter and exit.

The right kidney is related to the liver, right 
flexure of the colon, and duodenum. The left kid-
ney gets into relationship with the stomach, pan-
creas, duodenal-jejunal flexure and spleen, and 
colon (left flexure). They report, above, with their 

adrenal gland and posteriorly with the muscles of 
the back abdomen.

The kidney is involved in 8–10% of abdomi-
nal trauma cases, with 245,000 cases/year/world, 
and it is the most frequently injured organ in gen-
itourinary trauma (80%), followed by external 
genital organs, bladder, urethra, and ureter. The 
incidence of renal trauma is about 4.9 per 10,000 
of the population [1]. Three quarters of patients 
with renal trauma are male. In most of the cases, 
renal involvement occurs in blunt trauma 
(approximately 90%) [2–4]. The most common 
causes of blunt trauma are motor vehicle acci-
dents, followed by direct blow to the flank or 
abdomen during a fight, sport activities or an 
assault, and a fall from a height [5–7]. Car acci-
dents are associated with renal injuries in 43% of 
cases, whereas motorcycle accidents are more 
frequently associated with male external genital 
organs injuries and urethra; in this latter type of 
accidents, renal injuries occur in 28% of cases 
[8]. The incidence of renal injuries due to pene-
trating trauma, such as gunshot, stab wounds, or 
iatrogenic injuries during renal biopsies or other 
medical procedures, is low (approximately 10% 
of renal traumas) but could be associated with 
more severe renal damage and is frequently asso-
ciated with injuries to other organs [9–11].

There are predisposing conditions that can 
expose a blunt trauma patient to a kidney injury, 
including hydronephrosis, cystic diseases, horse-
shoe kidney, and nephroblastoma. Another factor 
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that exposes the kidney to traumatic injuries is its 
mobility on the pedicle that exposes it to stretch-
ing injuries.

In both blunt and penetrating trauma, multior-
gan involvement is common (80–90% of patients 
with penetrating trauma, 75% of those with blunt 
trauma). The associated lesions by frequency are 
lung contusion, 46%; splenic injury, 39%; liver 
injury, 34%; bone damage, 27%; adrenal injury, 
7%; and intestinal perforation, 4%. Especially in 
these cases of multiorgan involvement, contrast- 
enhanced CT is essential for a complete trauma 
evaluation.

Isolated renal trauma is rare and is usually 
classified as a minor injury [6, 12]. While blunt 
trauma may result in contusion or laceration of 
the parenchyma or the renal hilum due to sudden 
deceleration or a crush injury, penetrating ones 
produce direct damage on the parenchyma, the 
collecting system, or the vascular structures and 
involve the peritoneum [10, 13, 14]. Moreover, 
penetrating injuries are at higher risk of bacterial 
growth within the hematoma or urine leakage due 
to the non-sterile condition, and in some cases, a 
surgical debridement or a nephrectomy could be 
mandatory [15, 16].

Imaging assessment depends primarily on the 
hemodynamic status of the patient, because if the 
patient is hemodynamically unstable, an immedi-
ate damage control laparotomy is usually per-
formed. In case of stable patients, the imaging 
strategy depends on the mechanism of injury and 
on clinical and laboratory findings.

Renal trauma can occur with a quite wide range 
of severity; therefore, different kinds of treatment 
are needed. In the past two decades, important 
advances have been made in diagnostic imaging 
and in polytrauma patient management, and there-
fore the focus has slowly passed from a mainly 
surgical to a more conservative approach, since 
urgent surgical exploration often leads to nephrec-
tomy and endovascular embolization is gaining 
importance in treating ongoing bleeding [17].

Renal trauma management depends widely on 
lesion type and extension. The radiologist plays 
an essential role in distinguishing kidney lesions 
that need surgical or interventional treatment 
from the ones needing a conservative approach.

Nowadays, two main classifications exist, 
which are used for the management of traumatic 
renal injuries: the one developed by the American 
Association for the Surgery of Trauma (AAST) 
(Table 19.1), surgical-based, which grades the 
severity of renal injuries from 1 (minor contu-
sion) to 5 (shattered kidney), and the one pro-
posed by Federle, a CT-based classification, more 
popular among radiologists, which considers 
some aspects not included in the AAST grading 
system (Table 19.2) [18–22].

Of course these two classification systems 
present several overlaps and don’t include all the 

Table 19.1 American Association for Surgery of Trauma 
(AAST) renal injury classification

Gradea Type Description

I Parenchyma Microscopic or gross 
hematuria; urological 
studies normal (contusion)

Hematoma Non-expanding subcapsular 
hematoma

II Parenchyma Laceration <1 cm in depth, 
without collecting system 
rupture

Hematoma Non-expanding perirenal 
hematoma confined to 
retroperitoneum

III Parenchyma Laceration >1 cm in depth 
without collecting system 
rupture

IV Parenchyma Laceration with collecting 
system rupture

Vascular Main renal artery/vein 
injury with contained 
hemorrhage

V Parenchyma Shattered kidney
Vascular Avulsion of renal hilum 

that devascularized kidney

Obtained permission from Wolters Kluwer
aAdvance one grade for bilateral injuries up to grade III
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possible conditions; therefore, the communica-
tion between radiologist and surgeon is of vital 
importance to define the grade and severity of the 
kidney injury.

Moreover, the AAST classification is the most 
and widely accepted, and it’s based on accurate 
assessment at autopsy, laparotomy, or radiologic 
study. This grading system is widely used in the 
urological setting. Increasing grade correlates with 
the need for nephrectomy and dialysis and with 
mortality. Grades I through III can be managed 
conservatively as they heal spontaneously. Grades 
IV and V with collecting system disruption and 
vascular injury usually require intervention.

This classification has some limitations, like it 
does not consider vascular injuries associated 
with low-grade injuries. There are some proposals 
for changes, including a sub-stratification of the 
intermediate-grade injury into low-risk (likely to 

be managed nonoperatively) and high-risk cases 
(likely to benefit from angiographic embolization 
or surgery) [23]. Another suggestion is to com-
prise all collecting system injuries and segmental 
arterial and venous injuries in grade IV injuries, 
while including only hilar injuries (comprising 
thrombotic events) in grade V injuries [24].

As we have already said, the Federle classifi-
cation is based on CT findings; however, both 
classifications, although based on different crite-
ria, have common points and in fact agree that the 
most serious lesions are those involving the 
excretory system and/or the vascular one.

Conservative management has become the 
treatment of choice for the majority of renal inju-
ries, especially in blunt trauma [25, 26]. In par-
ticular, a nonoperative approach can be performed 
in hemodynamically stable patients with:

 – Grade I and II injuries
 – Most of grade III injuries
 – Grade IV with a devitalized fragment or with 

urinary extravasation
 – Grade V with unilateral main arterial injury, 

comprising unilateral complete blunt arterial 
thrombosis

In penetrating trauma a selective nonoperative 
management is generally accepted [27, 28]:

 – In stab wounds if the patient is stable and the 
site of penetration is posterior to the anterior 
axillary line

 – In gunshot injuries if they don’t involve the 
renal hilum or are accompanied by signs of 
ongoing bleeding, ureteral injuries, or renal 
pelvis lacerations with a successful outcome 
in approximately 50% of stab wounds and up 
to 40% of gunshot wounds [29, 30]

Nowadays angiography and embolization rep-
resent essential techniques in the nonsurgical treat-
ment of traumatic kidney lesions. Superselective 

Table 19.2 Federle classification

Category Type Injury

I Minor injury Renal contusion; intrarenal 
and subcapsular hematoma; 
minor laceration with 
limited perinephric 
hematoma without 
extension in the collecting 
system or medulla; small 
subsegmental cortical 
infarct

II Major injury Major renal laceration 
through the cortex 
extending to the medulla or 
collecting system with or 
without urine extravasation; 
segmental renal infarct

III Catastrophic 
injury

Multiple renal lacerations; 
vascular injury involving 
the renal pedicle

IV Ureteropelvic 
injury

Avulsion (complete 
transaction); laceration 
(incomplete tear)

Reproduced with permission from Razali MR, Azian AA, 
Amran AR, Azlin S (2010) Computed tomography of blunt 
renal trauma. Singapore Med J 51:468–473; quiz 474
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embolization has shown to increase significantly 
the chances to preserve the kidney and its function.

Embolization has a fundamental role in the 
conservative management of active bleeding, arte-
riovenous fistula, and pseudoaneurysm, and it 
seems to be most beneficial in the setting of high- 
grade renal trauma (AAST > 3).

In the management of high-grade renal trauma, 
embolization can be successful in up to 94.9% of 
grade III, 89% of grade IV, and 52% of grade V 
injuries and has decreased significantly nephrec-
tomy [31–33].

Indications to operative management are lim-
ited, reserving surgery in case of shuttered kid-
ney. The hemodynamic instability and the 
unresponsiveness to aggressive resuscitation due 
to renal hemorrhage are indications for surgical 
exploration, irrespective of the mode of injury 
[34, 35].

The exploration aims to control the hemorrhage 
and to save the kidney. Other indications are the 
mechanism of trauma; the presence of an expand-
ing perirenal hematoma, identified at exploratory 
laparotomy performed for associated injuries; and 
the presence of multiorgan involvement which led 
the patient to hemodynamic instability.

Endourological techniques are indicated for the 
management of persistent extravasation or 
urinoma.

Inconclusive imaging and a preexisting abnor-
mality or an incidentally diagnosed tumor may 
require surgery even after minor renal injury [36]. 
The overall exploration rate for blunt trauma is 
less than 10% [37] and may be even lower, as the 
conservative approach is increasingly adopted 
[38].

19.2  Radiological Diagnosis

The purpose of diagnostics imaging is to identify 
the renal lesion, to evaluate prognostic factors, and 
to give an indication of the patient’s management.

Currently the indications for the different 
diagnostic imaging modalities are controversial 
and depend on several things, such as the hemo-
dynamic status of the patient, on the presence of 
associated lesions, and on the type and locations 
of the trauma.

Unstable patients are immediately exam-
ined with FAST (focused assessment with 
sonography for trauma), an abdominal ultra-
sound (US) protocol performed bedside in the 
emergency room for the detection of free peri-
toneal fluid [39].

Patients involved in a high-energy accident, in 
stable condition or whose vital functions have 
been stabilized, are rapidly examined with a 
whole-body computed tomography (CT) [40].

The management of patients with mild-/low- 
energy trauma is controversial: the clinical pre-
sentation and the mechanism of injury are 
fundamental for the decision to immediately per-
form CT or assess the patient with sonography, 
conventional radiography, and clinical observa-
tion [41–44].

In 2014 the American Urological Association 
(AUA) released new guidelines, amended in 
2017 [45], for management of patients with a 
suspect of renal trauma.

CT with administration of intravenous con-
trast material is recommended in adults with 
blunt trauma and one of the following cases [2, 
10, 46, 47]:

 – Gross hematuria: represents the main initial 
indicator of a significant renal lesion, although 
it is not correlated with the degree of injury

 – Microscopic hematuria in the presence of 
shock (systolic blood pressure < 90 mmHg)

 – A mechanism of injury (e.g., rapid decelera-
tion or high-speed collisions)

 – A physical examination concerning for renal 
injury: contusion or flank ecchymosis, frac-
ture of the last ribs or thoracolumbar spine, 
and open wound of the abdomen, of the flank, 
or of the lower part of the thorax, in case of 
expanding mass of the flank that may be a 
hematoma or urinoma, regardless of the pres-
ence or absence of hematuria

 – In case of retroperitoneal fluid, nausea, vomit, 
or paralyzed ileum

A diagnostic evaluation is mandatory also in 
all cases of penetrating traumas, because in those 
situations there is a poor correlation between the 
presence of hematuria and the severity of the 
injuries [48].

S. Lucarini et al.
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Gross or microscopic hematuria is usually 
present in 95% of renal trauma, but its absence 
doesn’t preclude the presence of kidney injure, 
for example, it can be absent in 24% of patients 
with renal artery thrombosis, and in approxi-
mately 30% of urinary tract junction lesions, 
these lesions, moreover, are major injuries.

Although no exact indications have been given 
in the AUA 2014 guidelines for patients with 
penetrating renal trauma, the most accepted one 
is to perform a CT in the presence of hematuria or 
in a clinical suspect of a urinary tract lesion.

The Urogenital Trauma guidelines of European 
Association of Urology (EAU) released in 2013 
and updated until 2017 are similar to the AUA 
ones [2, 46].

Some authors affirm that patients with micro-
scopic hematuria and systolic blood pressure 
>90 mmHg have a very low risk of major renal 
injury (incidence of 0.2%) [48], so they could not 
require a diagnostic imaging evaluation.

Renal injuries, especially high-grade ones, 
seem to be more frequent in children, and these 
can also occur for minor trauma [49]; this is 
because of the anatomy of pediatric patient. In 
fact, the kidney in children is larger compared to 
the rest of the body, and it can maintain fetal lobu-
lation that could easier lead to parenchymal dis-
ruption; a child’s kidney is also less protected 
because it has less perirenal fat, and the abdominal 
wall thickness is less than that of the adult [37, 50].

In pediatric patients the diagnostic imaging 
choice is controverted. Due to the capability of 
children to maintain their blood pressure, instead 
of adults, some centers recommend a CT scan in 
case of suspected renal involvement in pediatric 
blunt trauma with any degree of hematuria fol-
lowing significant abdominal trauma.

In pediatric blunt renal trauma, CT is indi-
cated when the RBC value in the urine is >50 per 
HPF and in penetrating trauma when the RBC 
value in the urine is >5 per HPF [10].

19.2.1  Ultrasonography (US)

Ultrasound, just for its well-known advantages, 
which consist of low cost, lack of ionizing radia-
tions, and its portability with the possibility to be 

rapidly performed at patient’s bedside, among 
others, is the most largely available imaging 
modality in emergency department.

Apart from its use in the emergency room with 
FAST (focused assessment with sonography for 
trauma) to highlight the presence of hemoperito-
neum, ultrasound is often the first imaging of 
choice in evaluating a patient with localized low- 
energy trauma. In fact a standard ultrasound tech-
nique is able not only to detect free fluid but also 
to demonstrate a parenchymal lesion. In the spe-
cific case of kidney, the deep retroperitoneal posi-
tion and the body type of patient can influence the 
detection of the lesion; moreover, the operator’s 
experience and patient’s collaboration are other 
factors that may affect the outcome of the exam. 
For these reasons US demonstrates high sensitiv-
ity for the detection of free intra- abdominal fluid; 
in the same study, it is reported more than CT 
exam for small amount, but fairly low sensitivity 
(even below 50%) for the detection of abdominal 
solid organ traumatic lesions [51].

Some studies report that the US, practiced in 
an emergency environment, has very low sensi-
tivity in the detection of parenchymal renal injury 
(less than 22% in minor lesion) and perirenal col-
lections [51–55]. The American College of 
Radiologists (ACR) Renal Trauma guidelines 
consider US usually not appropriate in renal 
trauma [46]. It also cannot be a reliable diagnos-
tic tool for major vascular injuries and renal 
function.

Contrast-enhanced ultrasound (CEUS) in 
traumatic patients has been shown to be more 
sensitive than US for the detection of solid organ 
injuries, improving the identification and grading 
of traumatic abdominal lesions with levels of 
sensitivity and specificity similar to CT (up to 
95%) [56]. With CEUS is also easier demon-
strated even small amount of perirenal fluid and 
sometimes is possible to detect active bleeding. 
The principal limit of CEUS is the impossibility 
to evaluate the excretory phase, because micro-
bubbles are not excreted into the collecting sys-
tem; therefore, CEUS cannot demonstrate 
injuries to the urinary system: renal pelvis or 
 ureter [57–60].

For these reasons both basic ultrasound 
and CEUS may not be the only investigations to 
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evaluate a patient with trauma. Their role, espe-
cially that of CEUS, is to identify patients with a 
positive traumatic injury response and to send 
them a CT diagnostic completion test, differenti-
ating them from negative traumatic injury 
patients who, if in agreement with the clinic, can-
not continue the radiological diagnostic iter.

In this way it decreases the unnecessary radia-
tion exposure, using the US-CEUS as a screening 
tool to select patients who require a CT or not.

This is very important especially in selected 
series of patients, such as pediatric patients, 
young women in reproductive age, and low- 
energy trauma patients, or in the follow-up of 
stable patients with kidney injury [39, 41, 61].

An US exam is performed using a convex- 
array multifrequency 3.5–8 MHz probe. During 
the US exam, a parenchymal renal injury can be 
seen as a slightly hyperechoic area with no 
defined margins that may be difficult to detect in 
renal parenchyma. Often even in case of minor 
trauma a surrounding hematoma is visible, as 
well as a recent hyperechogeneous hematoma, 
which sometimes can be confused with renal 
parenchyma (Fig. 19.1).

Over time, hematoma loses its echogenicity, 
becoming hypo-anecdotal and decreasing its vol-
ume (Fig. 19.2).

Usually CEUS exam, in case of low-energy 
localized renal trauma or during a follow-up of 
known injuries, is performed using a convex- 

array multifrequency 3.5–8 MHz probe after a 
previous basal ultrasound. CEUS uses second- 
generation ultrasound contrast agents and needs 
dedicated software operating at low mechanical 
index.

Like any contrastographic examination, the 
informed consent of the patient is required.

After contrast agent administration with quick 
bolus, the renal cortex enhances immediately in 
arterial phase (10–30 s), very brightly and evenly, 
and the pyramids enhance diffusely from the 
periphery to the center over about 30 s. The homo-
geneous phase of the kidneys generally lasts 
2–2.5 min: this homogeneous phase (venous 
phase or nephrographic phase) is still the most 
effective for detection of traumatic injuries. At 
CEUS exam the injured area is detected as 
anechoic surrounded by normal strongly hyper-
echogenic renal parenchyma (Fig. 19.3). Perirenal 
or subcapsular hematoma is easily seen as perire-
nal hypo-anechoic zone, in case of subcapsular 
hematoma, with the typical imprint on the kidney 
profile (Fig. 19.4). In case of active bleeding, it is 
possible to detect in the injured area the hyper-
echoic spots. As we already said, it is impossible 
evaluate the excretory system [53, 60].

When a renal lesion is detected at US or CEUS 
complete, the examination of the patient per-
forming a CT with intravenous contrast medium 
is recommended.

Eco-color-Doppler imaging can be useful in 
monitoring vascular posttraumatic complications 

Fig. 19.1 Ultrasound shows injured left kidney, with a 
hyperechoic parenchymal area at the medium of the kid-
ney, corresponding to the lesion (arrow); there is a hyper-
echoic hematoma surrounding the kidney (arrowhead)

Fig. 19.2 Ultrasound shows a non-recent subcapsular 
hematoma, which appears as an hypoechoic mass com-
pressing renal parenchyma
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such as pseudoaneurysms, arteriovenous fistulas, 
and arterial or venous renal thrombosis.

19.2.2  Multidetector Computed 
Tomography (MDCT)

With the technological development in the past 
two decades, contrast-enhanced MDCT has 
gained a central role in the evaluation of stable 
polytrauma patients, becoming the first choice 
examination. Integration of whole-body CT into 

the initial management of polytrauma patients 
significantly increases the probability of survival 
and a better prognosis [62].

CT can quickly and accurately identify and 
grade renal injury [63], can establish the condi-
tion of the contralateral kidney, and can demon-
strate injuries to other organs.

In the setting of renal trauma, multiphase CT 
allows the most comprehensive assessment of the 
injured kidney. The standard protocol consists in 
an abdominal pre-contrast acquisition from the 
diaphragm to the pubic symphysis, followed by a 
post-intravenous contrast exam in arterial phase 
(delay around 40 s) and venous nephrographic 
phase (delay around 80 s). A pyelographic phase 
(at 5–10 min or more) is practiced only in the sus-
pected urinary tract injury, e.g., in the presence of 
collections to differentiate an active bleeding 
from a urinoma (Fig. 19.5) [64, 65].

A volume of nonionic contrast medium of 
100–150 mL is injected at a rate of 2–4 mL/s 
through an 18–20-gauge needle.

Concerns regarding contrast media worsening 
outcomes via renal parenchymal toxicity are 
likely unwarranted, with low rates of contrast- 
induced nephropathy seen in trauma patients [66].

However, in practice, trauma patients usually 
undergo standardized whole-body imaging pro-
tocols; it may happen that, caused by critical 
patient’s condition, it is not possible to perform 
an excretory phase; and in this case if there is 
 suspicion that renal injuries have not been fully 
evaluated, repeating renal imaging when it is pos-
sible should be considered.

19.2.3  Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is not com-
monly used imaging modality in trauma patients, 
due to the time needed for examination, the dif-
ficulty to manage a traumatized patient in MR 
room, the limited access to the patient during the 
acquisition of imaging, the need for MRI-safe 
equipment, and the logistical challenges of mov-
ing a trauma patient to the MRI suite. Anyway 
the diagnostic accuracy of MRI in renal trauma is 
similar to that of CT with the benefit due to the 

Fig. 19.3 CEUS, axial view of the kidney, shows the 
renal injury as linear anechoic area. Note the small perire-
nal hematoma as a subtle fluid collection surrounding the 
kidney (arrowhead)

Fig. 19.4 CEUS shows a deep laceration of renal paren-
chyma (black arrow). Perinephric hematoma is seen as a 
hypoechoic fluid collection surrounding the kidney 
(arrowheads)
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lack of radiations exposure [67, 68]. Due to the 
lack of radiations, MRI can be useful, especially 
in the assessment of pediatric patients and young 
women, in cases in which the use of iodine con-
trast material is contraindicated or in follow-up 
of renal and urinary tract lesions, since with the 
administration of gadolinium the extravasations 
of urine can be visualized [69–71].

19.2.4  Urography, Angiography, 
and Scintigraphy

Intravenous urography is nowadays an obsolete 
imaging modality for the evaluation of renal 
trauma. It can be used only in rare situations, if 
the MDCT is not available or in the operating 

room, in hemodynamically unstable patients 
taken to the operating room without imaging, to 
confirm the contralateral renal function if 
nephrectomy is considered. The technique con-
sists of an injection of intravenous contrast 
(2 mL/kg) followed by a single plain film taken 
after 10–15 min [46, 72]. In doubt or positive 
cases, MDCT is anyway necessary once the 
patient is stable.

Angiography has only a therapeutic role in 
renal vascular lesions in stable patients. This 
topic will be treated in Chap. 22.

Kidney scintigraphy with Tc-99m glucohep-
tonate, Tc-99m mercaptoacetyltriglycine, or 
Tc-99m-diethylenetriamine penta-acetic acid can 
be useful in the follow-up of renal injuries, to coun-
sel the patient on the expected renal function [65].

a c

b

Fig. 19.5 CT exam in a patient with a urine leakage from 
pyelo-ureteral tract, with huge urinoma. (a) Arterial phase 
and (b) axial and (c) coronal MPR in excretory phase. 

Note the importance of the late excretory phase that 
allows to differentiate a perirenal collection, e.g., hema-
toma from urinoma
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It can be used also in studying the renal func-
tion in patients with contraindications to contrast 
media or in very selected cases.

19.3  Renal Trauma Classification

Renal trauma management depends widely not 
only on the detection of renal parenchyma lesion 
but also on the presence of bleeding parenchy-
mal lesions or direct damage to the vascular 
peduncle or compromise of the urinary excretory 
system. The presence of these kinds of injury, 
detected at CT exam, completely changes man-
agement from nonoperative to operative. The CT 
exam with intravenous contrast medium can 
show accurately not only the presence of a renal 
injury and its grade but also can allow the identi-
fication of a preexisting renal condition mimick-
ing trauma and can explore the contralateral 
kidney and the presence of concomitant lesions 
of other organs.

Therefore the radiologist plays an essential 
role in the management of traumatic patient and 
regarding renal trauma distinguishing kidney 
lesions that need interventional/surgical treat-
ment from the ones needing only a conservative 
approach.

Since this manuscript is mainly intended for 
an imaging-based audience, we take into consid-
eration the Federle classification dividing trau-
matic renal injury in two principal categories of 
injury: minor and major—anyway the two princi-
pal classifications will be considered for the 
description of the different kidney lesion.

19.3.1  Category I: Minor Traumatic 
Lesions

This category comprises minor renal contusions 
and lacerations which don’t extend to the collect-
ing system or medulla, subcapsular hematomas 
with less than 1 cm or more than 1 cm of thick-
ness but without urinary excretal delay, and peri-
nephric hematomas without active bleeding 
comprised in the perinephric adipose space and 
small subsegmental cortical infarcts.

Category I corresponds in the AAST renal 
injury scale to grades I and II. It includes most of 
kidney injuries (75–85%), which generally are 
treated conservatively.

19.3.1.1  Imaging Findings

Renal Contusion
Contusion represents a self-limiting blood extrav-
asation (hematoma) in the renal parenchyma 
(grade I AAST; type I Federle). These minor 
injuries will spontaneous resolve and follow-up 
imaging is not required.

At an early US examination (within 1 h from 
trauma), it can appear as an oval or round hyper-
echoic area, with margins that after being unde-
fined at the beginning become more and more 
distinct; rarely it is large enough to lead to a mass 
effect, alter the cortical profile, or determine a dila-
tation of nearby chalices (Fig. 19.6). The echo-
genicity of renal contusions reduces in a few days 
until becoming isoechoic within 2 weeks, gener-
ally without leaving sequelae. Anyway contusion 
has to be suspected when a trauma patient presents 
hematuria without significant alterations or abnor-
malities of the urinary tract at US. On CEUS kid-
ney contusion lesion can appear as a hypoechoic 
area without clear delimitation [50, 53, 59, 71].

Fig. 19.6 Minor lesion: US shows the lower pole renal 
contusion as a non-well-defined inhomogeneous paren-
chymal (arrow); note the surrounding perirenal hematoma 
as a hyperdense collection (arrowheads), not compressing 
the renal profile
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Compared to US, MDCT is more sensible in 
detecting renal contusion. On unenhanced 
images, it may be slightly hyperdense (due to the 
accumulation of acute blood products); in 
enhanced phases contusion appears as an ill- 
defined hypoattenuating lesion. Sometimes renal 
contusions can be seen as focal areas of striated 
nephrogram and as hyperdense areas in the excre-
tory phase, due to small iodinated urine extrava-
sations in the intraparenchymal collecting 
system. These lesions have to be distinct from 
segmental infarction that is usually linear or 
wedge-shaped sharply defined non-enhancing 
areas [21, 64, 65, 73, 74] (Fig. 19.7).

Subcapsular Hematoma
Subcapsular hematoma is a collection of clotted 
blood situated under the renal capsule. It is quite 
rare due to the tight adherence of renal capsule 
and cortex (grade I AAST; type I Federle). On 

US it is seen at the beginning as hyperechoic len-
ticular lesion, which is distributed along the 
external kidney surface, confined between the 
cortex and the capsule, determining a compres-
sive effect on the renal parenchyma. Over time, it 
becomes a hypo-/anechoic lesion and reduces its 
thickness. On CEUS a subcapsular hematoma 
appears as a nonhomogeneous fluid collection 
without enhancement surrounding the kidney 
[41, 43, 53, 59].

On CT, acute hematomas are seen as a round 
or elliptical fluid hyperdense collection (>35–55 
UH) [21, 64] on unenhanced scan, with an oval or 
crescent shape which imprints the underlying 
renal parenchyma; if the fluid collection is of 
greater size, it can have a biconvex shape and 
causes a delay in the nephrographic phase 
(Fig. 19.8). The Federle classification, unlike the 
AAST, evaluates the presence of any delay or 
reduction of parenchymal vascularity due to 

a b c

Fig. 19.7 Renal contusion seen on MDCT. Unenhanced CT scan (a) shows an iso-hyperdense area, which is better 
delineated on post-contrast images (b) and coronal reconstruction (c) as a hypodense area

a b c

Fig. 19.8 Subcapsular hematoma seen on MDCT unenhanced scan (a) as a hyperdense area, without expanding signs 
on post-contrast images (b and c)
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hematoma compression. In case of a chronic and 
prolonged compression and distortion of the renal 
parenchyma and vessels, a reduction of the blood 
flow to the kidney occurs resulting in activation of 
the renin-angiotensin system with development of 
hypertension, also known as “Page kidney phe-
nomenon.” Surgical treatment of the renal com-
pression is indicated in these cases [21, 64].

Superficial and Deep Laceration
Superficial renal laceration (< 1 cm depth) is a 
tear of the renal parenchyma that involves only 
the cortical zone, often associated with contu-
sion. Instead a deep laceration (>1 cm depth) 
passes through the cortical zone extending to 
the medullary one. A laceration appears as 
irregular or linear parenchymal defects that 
may contain clot (grade I–III AAST; type I 
Federle) [74].

Superficial or deep renal lacerations appear as 
defects in the renal parenchyma without involve-
ment of the collecting system and typically 
resolve spontaneously, without the need for fol-
low- up imaging, especially in case of superficial 
laceration [21]. If it extends only to the renal cor-
tex, it is classified as AAST grade II, and if it 
goes until the medullar part, without comprising 
the collecting system, it is classified as AAST 
grade III and may need follow-up imaging.

On US it is difficult to observe, and it can be 
suspected if a subcapsular or perirenal hematoma 
is seen; it can be evident as a hyperechoic line or 
an undefined area of the kidney profile. On CEUS 
laceration is seen as a linear or branched 
hypoechoic streak, perpendicular to the surface 
of the kidney [59] (Fig. 19.9). The rapid enhance-
ment can generate questions of interpretation that 
can possibly be solved only with a second injec-
tion of contrast agent [75]. An injection of too 
high a dose of contrast media will have a negative 
effect due to the intense enhancement, potentially 
masking the presence of lacerations [61].

On MDCT it is seen as a hypodense linear or 
irregular streak on unenhanced scan; after con-
trast material administration, it is visualized as a 
less or unenhanced area; therefore, sometimes 
the differential diagnosis with a segmental or 
subsegmental infarct can be difficult (Fig. 19.10).

Perirenal Hematoma
Perirenal hematoma is a hemorrhagic extravasa-
tion in the perirenal adipose tissue, within Gerota’s 
fascia, which normally represents the result of a 
laceration of the renal capsule. Usually it is not 
creating a distortion of the kidney’s profile (from 
grade II AAST; type I Federle). This kind of find-
ing is treated conservatively. Sometimes the hema-
toma can be very large and dislocate the kidney.

a b

Fig. 19.9 (a) US shows a large perirenal hematoma (arrowhead); it isn’t appreciable the renal parenchymal injury. (b) 
CEUS demonstrates a deep parenchymal laceration at the lower pole of the kidney (arrow)
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Ultrasound is not sensible in distinguishing 
between acute hematoma and the perirenal fat tis-
sue density, since both are hyperechoic. On 
CEUS the adipose tissue shows a low enhance-
ment and can therefore be differentiated from the 
non-enhancing fluid collection.

On MDCT in basal phase, an acute perirenal 
hematoma is seen as a hyperdense collection 
more irregular in shape than subcapsular hema-
toma. The perirenal fascia can be thickened if it 
is infiltrated by the hematic collection [18, 65]. 
After contrast intravenous medium, the hema-
toma will be hypodense; in case of active bleed-
ing, hyperdense foci or pooling of contrast 
medium will be seen in the hematoma 
(Fig. 19.11).

Subsegmental Kidney Infarct
Subsegmental infarct is caused by traction or 
stretching and consequent thrombotic occlusion 
of an accessory, subsegmental, or capsular renal 
artery; it normally heals with a scar and doesn’t 
require treatment (no AAST grade, type I Federle).

On US examination no distinguishing signs 
are present. Eco-color Doppler instead can give 
important information regarding vascularization 
and can identify the infarcted area. With CEUS a 
wedge-shaped region of absent vascularization 
can be identified.

The main imaging technique is MDCT, which 
shows a small hypo-perfused parenchymal 
wedge-shaped area and hypodense and with 
well-delineated margins, more often seen on the 

a b

Fig. 19.11 Contrast-enhanced CT scans in arterial phase (a) and venous phase (b) show the lower pole parenchymal 
injury, with perirenal hematoma; in both arterial and venous phases, active bleeding is evident (arrows)

a b c

Fig. 19.10 Superficial laceration seen as a hypodense streak on post-contrast images (a), better visualized on 3D (b) 
and sagittal (c) reconstructions
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lower polar region, and compared with renal con-
tusions, it is more well defined and demarcated 
(Fig. 19.12) [18].

19.3.2  Category II: Major Traumatic 
Injuries

Renal injuries comprised in this category can 
necessitate an interventional/surgical approach; 
this category includes vascular injuries and/or 
deep laceration extending to collecting system or 
urinary tract injuries with iodate urine extravasa-
tion. AAST grade IV comprises lacerations 
affecting the collector system with urine outflow, 
renal pelvis laceration or complete ureteropelvic 
destruction, and arterial lesions or segmental 
veins; AAST grade V comprises renal vascular 
peduncle injury, devascularized kidney, venous 
thrombosis, and shattered kidney.

The management of these lesions is variable, 
in the majority of cases needing just conservative 
treatment but occasionally requiring surgical 
exploration depending on the hemodynamic sta-
tus and the evolution of the injury. Usually in 
case of devascularized kidney or shattered one, 
surgical management is requested.

19.3.2.1  Imaging Findings

Major Laceration
Major laceration of the renal parenchyma or 
incomplete renal fracture appears as deep cleft 

which runs through the renal cortex and medulla 
reaching the collecting system and can be associ-
ated to a hematoma and/or a urinary extravasa-
tion (urinoma) confined to the perirenal or 
pararenal fat tissue (grade IV AAST; type II 
Federle) [76, 77].

Major lacerations appear similar to minor lac-
erations but are wider, usually more numerous, 
and larger.

On CT exam multiplanar reconstructions can 
be useful in better visualizing the extension of the 
lacerations and their relationship with the collect-
ing system.

Major lesions usually are associated with an 
extensive perinephric hematoma, a blood collec-
tion which infiltrates the perirenal fat tissue and 
can have a mass effect and dislocation of the kid-
ney, altering the renal contour, the nearby mus-
cle, or the organ shape (such as the psoas muscle 
or the colon); it can also diffuse toward the 
abdominal aorta, becoming bilateral. If it tres-
passes Gerota’s fascia, it becomes a paranephric 
hematoma, with thickening of Gerota’s fascia 
(Fig. 19.13).

When in the case of kidney injury we find 
peripheral fluid, we must always ask ourselves 
what kind of fluid is it, blood or urine. An excre-
tory phase should always be performed to exclude 
an involvement of the collecting system and to 
demonstrate the presence of a retroperitoneal uri-
noma, a urine extravasation into the retroperito-
neum due to a laceration of the collecting system, 
or a transection of the ureteropelvic junction, 

a b c

Fig. 19.12 Segmental infarct of the kidney is seen as a wedge-shaped hypodense area on post-contrast images (arrow); 
the infarct is caused by dissection/thrombosis of the renal artery with is never opacified (star)
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causing lipolysis of the surrounding fat with 
resultant encapsulation of urine. In fact, when the 
laceration extends into the renal collecting sys-
tem, extravasation of excreted contrast material 
will be present on delayed views.

On B-mode US images, urinoma can be seen 
as a hypo-anechoic area surrounding the kidney, 
resembling a fluid collection.

On enhanced MDCT, as said before, the retro-
peritoneal urinoma can be visualized in the excre-
tory phase (at least 4–5 min after contrast media 
administration) due to the urine extravasation, 
markedly hyperdense (Fig. 19.14), although 
often a later scan can be needed (8–15 min from 
contrast media administration).

The management of this kind of lesions is 
variable, affected patients are usually treated 

conservatively, and there may be a need to place 
a stent, but occasionally require surgical explora-
tion depending on hemodynamic status and the 
evolution of the injury.

The presence of a voluminous perirenal 
hematoma or small blood clots can block the 
urinary extravasation right after trauma, lead-
ing to a non- immediate visualization of it; often 
it is then diagnosed in a CT scan performed 
after 6–12 h, the time in which the blood clot 
dissolves permitting the urine to exit. The 
patient with an expanding perinephric hema-
toma and a decrease in hematocrit often requires 
intervention.

When intense contrast enhancement occurs 
within a laceration or an adjacent hematoma dur-
ing the early phase of the CT examination, the 

a b

Fig. 19.13 Contrast-enhanced CT, axial scan (a), and sagittal reconstruction (b) show a deep laceration of the upper 
pole of the right kidney, associated with retroperitoneal hematoma
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diagnosis of traumatic false aneurysm or active 
hemorrhage should be considered. Active hemor-
rhage tends to track into surrounding tissues and 
has a linear or flame-like appearance, whereas 
false aneurysms tend to be more focal and 
rounded. Extravasation of vascular contrast 
medium appears with attenuation values of 
80–370 HU, is typically within 10–15 HU of the 
aorta or adjacent major artery, and is generally 
surrounded by lower-attenuation clotted blood. 
This finding is an important indicator that a 
patient may be about to pass from hemodynamic 
stability to decompensation. In one series, 38% 
of patients with this finding became hypotensive 
during or immediately after the CT examination. 
Patients in stable condition with active vascular 
extravasation should be referred for angiographic 
embolization [78–80].

The isolated urine extravasation doesn’t repre-
sent anymore an indication for surgical explora-
tion, reserved only to very extensive lesions, 
since most of urinary leaks tend to resolve spon-
taneously and need just a “watch-and-wait” 
approach. However, in 37% of cases, an endo-
scopic ureteral stent placement is needed 
 (nephrostomic catheter or ureteral double J); in 
other cases the urinoma can get infected due to 
the urinary stasis, needing a percutaneous 
drainage.

Follow-up CT or MRI may be necessary to 
assess interval change in the appearance of the 
injury [21, 71].

Segmental Infarct
Segmental infarct appears as a sharply demarcated, 
dorsal, or ventral segmental region of decreased 
enhancement of the parenchyma (type II Federle); 
it is present in approximately 10% of renal injuries 
and seen on MDCT as a wedge- shaped, sharply 
demarcated hypodense lesion involving the renal 
parenchyma, with a subcapsular basis and the apex 
toward the hilum; it is caused by a traumatic dissec-
tion and/or thrombosis of segmental vessels (AAST 
V) (see Fig. 19.12). Vascular thrombosis and a seg-
mental area of parenchymal infarction can be seen 
also with Doppler and with CEUS as feeling defect 
in the vessel or an area of anechoic parenchyma 
surrounded by the normally hyperechoic vascular 
parenchyma.

Management is usually conservatory, but if it 
involves more than 50% of the renal parenchyma, 
a surgical debridement is indicated.

19.3.3  Catastrophic Lesions

These lesions (type III Federle) consist in vascu-
lar injury involving the vascular pedicle (AAST 
V); they represent approximately 5% of all renal 
injuries and thus generally require an interven-
tional intravascular and/or surgical approach.

Part of this group is multiple severe lacera-
tions generating three or more devascularized 
fragments (shattered kidney) and arterial and/or 
venous vascular pedicle lesions.

a b c

Fig. 19.14 Axial CT scan in arterial (a) and excretory 
(b) phase and coronal reconstruction (c) show the deep 
laceration (arrowhead) seen as a hypodense cleft on post- 

contrast images (a); the excretory phase on axial (b) and 
better on coronal (c) plane show collective system involve-
ment with urine extravasation (arrows)
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For this category of lesions, the leading imag-
ing modality is MDCT with contrast media 
administration, due to its capability to visualize 
the active bleeding differentiating it from urine 
extravasation.

19.3.3.1  Imaging Findings

Shattered Kidney
The shattered kidney and renal pedicle avulsion 
represent some of the most severe renal injuries, 
since they determine a complete devasculariza-
tion of the kidney, leading to a nephrectomy.

The term shattered kidney refers to gross renal 
parenchymal disruption by multiple lacerations; 
these injuries are frequently associated with mul-
tiple areas of renal infarction [73].

In rare cases (hemodynamic stability, non- 
expanding perinephric hematoma, scarce or 
absent urine extravasation), an interventional 
approach can be attempted, with a vascular 
embolization and a percutaneous drainage of the 
hematoma.

On MDCT in a shattered kidney, the gland has 
lost its normal morphology and structure, with 
multiple deep clefts passing through the renal 
parenchyma and collecting system, creating devi-
talized fragments due to a lack of vascular sup-
ply; these non-enhancing segments may not be 
depicted because of the presence of a large peri-
nephric hematoma, which appears hypodense 
(Fig. 19.15). Within this hematoma, often foci of 
active arterial bleeding can be visualized as a 
patchy hyperdense area (with a density of 85–370 

HU; mean, 132 HU) that is best appreciated at 
dynamic contrast-enhanced CT.

Vascular Injury Involving the Renal Pedicle
The most significant vascular injury following 
blunt trauma is thrombosis of the main renal 
artery. The other vascular injuries comprise vein 
thrombosis and renal artery avulsion [81].

Deceleration forces dislocate the kidneys in 
the retroperitoneal adipose space, causing a 
stretching and tearing of the intima and the for-
mation of an intimal flap, which leads to the for-
mation of blood clots and arterial thrombosis; in 
blunt trauma, this rarely is complete. More often 
a segmental or subsegmental infarction occurs. 
The renal artery occlusion occurs in higher per-
centage of cases at the proximal-medial third of 
the kidney with a distal distribution.

On MDCT the non-visualization of the whole 
kidney, correlated to the absence of perinephric 
hematoma, should give the suspect of main renal 
artery thrombosis (Fig. 19.16) although other 
causes should be excluded, such as renal vascular 
spasm due to severe contusion, renal pedicle 
avulsion, or high-grade urinary obstruction. If the 
thrombus is detectable, it appears as an endovas-
cular filling defect, hyperdense on unenhanced 
CT images, and hypodense on enhanced scans. A 
“cortical rim sign” can be rarely observed (it usu-
ally is seen after at least 8 h), in which the periph-
eral cortex and renal capsule show a higher 
enhancement, as perfusion is maintained by the 
renal capsular artery (Fig. 19.17).

a b c

Fig. 19.15 Shattered kidney: multiple deep clefts 
(arrow) are identified on post-contrast images (a), (b) and 
(c); in the excretory phase in (c), an important involve-

ment of the collective system is seen, with abundant urine 
extravasation trough the clefts (star).
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If this kind of condition is depicted, the treat-
ment decision has to be chosen also keeping in 
mind a 2 h time limit for revascularization.

Renal vein thrombosis is a rare condition in 
blunt trauma; the vein is dilated and not com-
pressible during the ultrasound evaluation; in 
acute conditions, the thrombus is hypoechoic 
and difficult to visualize. In case of complete 
renal vein thrombosis, the eco-color-Doppler 
examination doesn’t show any flow, and several 
signs can be associated, such as kidney enlarge-
ment, the absence of intraparenchymal flow, 
and the presence of a collateral venous system 
at the kidney hilum. On MDCT an endovascu-
lar filling defect (in case of partial thrombosis) 
or absent filling (complete thrombosis) of the 
distended renal vein is seen, associated with 
nephromegaly, delayed nephrographic progres-
sion, reduced nephrogram (Fig. 19.18), or 
delayed excretion of contrast material into the 
collecting system due to the acute venous 
hypertension.

Fig. 19.16 Contrast-enhanced axial CT scan, arterial 
phase, shows the complete ischemia of the right kidney 
(white arrow), due to renal artery thrombosis (black 
arrowhead). Note the huge intraparenchymal hepatic 
hematoma (white arrowheads) and the subcutaneous 
emphysema (asterisk)

a b

c d

Fig. 19.17 Contrast-enhanced CT (a–d) demonstrates 
the absence of vascularization of most of the right kidney 
on post-contrast images (star), caused by thrombosis of 

the main renal artery seen as a filling defect (arrow) on the 
arterial phase (a and d)
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Avulsion of the renal artery is a rare life- 
threatening condition in blunt trauma, not often 
seen on CT, due to the hemodynamical instability 
of the patient; caused by tearing of the tunica 
muscularis and adventitia, it is associated with 
global renal infarction (seen on CT as a com-
pletely or largely devascularized kidney) (see 
Fig. 19.16) and large perinephric hematoma 
(mainly distributed medially to the renal hilum), 
with important contrast material extravasation 
between the kidney and the aorta, which becomes 
larger in the venous phase, with a higher density 
than the one of the aorta (active arterial bleeding). 
In case of renal vein avulsion, the perinephric 
hematoma is self-limiting due to the compression 
of the perirenal adipose tissue. Renal enhance-
ment is usually delayed and reduced, but uni-
formly present. In case of avulsion of the renal 
hilum, a total absence of  parenchymal enhance-
ment is found at MDCT and CEUS [61, 82].

19.3.4  Ureteropelvic Junction 
Injuries

This group comprises ureteropelvic junction 
injuries, a rare consequence of blunt trauma. In 
case of sudden deceleration and hyperextension, 
the relative mobility in the retroperitoneal space 
of the kidney compared to the aorta and vertebrae 
can cause traction and tension on the renal 
pedicle.

A predisposing condition is congenital or sec-
ondary obstructive uropathy, which causes 
chronic renal pelvis dilatation.

Keep in mind that in 30% of cases, these inju-
ries occur in the absence of hematuria and the 
diagnosis may be delayed.

This kind of damage is mentioned in 
Category IV of the Federle classification, cor-
responding to grade V of the AAST injury 
scale.

a b

Fig. 19.18 Contrast-enhanced CT, axial scan (a), and 
coronal reconstruction (b) show the filling defect in the 
left renal vein (arrows), due to partial thrombosis. The left 

kidney has a reduced parenchymal enhancement with 
respect to the right kidney
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The ureteropelvic junction can be completely 
transected (avulsion) or incompletely teared (lac-
eration). In these cases an excretory phase imaging 
is necessary to visualize correctly the injury; in 
fact in both situations, urine extravasation sur-
rounding the ureteropelvic junction is present (cir-
cumrenal urinoma), typically without hematoma, 
and the presence of contrast material in the ureter 
distal to the ureteropelvic junction helps differenti-
ate laceration from avulsion (Fig. 19.19). However, 
when neither CT nor intravenous urography 
unequivocally demonstrates ipsilateral ureteral 
filling, retrograde pyelography should be per-
formed [21].

Treatment of avulsion of the ureteropelvic 
junction is always surgical; laceration can also be 
treated in some cases conservatively with or 
without stent placement.

19.4  Other Nonclassified Renal 
Injuries

Contained vascular lesions such as pseudoaneu-
rysm and arteriovenous fistulae are lesions that 
can be identified on CT imaging, but are not clas-
sified in the AAST or Federle injury scale.

Pseudoaneurysm or false aneurysm occurs 
when all three layers of the arterial wall (intima, 
media, and adventitia) are disrupted and the blood 
pool is external to the vessel, without an own wall 
but contained by the surrounding connective 
tissue.

On eco-color-Doppler ultrasound, a pulsatile 
flow sign is seen within the lesion (with a swirl-
ing pattern), and documentation of the to-and-fro 
flow with spectral Doppler is essential to make 
diagnosis.

a

c d

b

Fig. 19.19 Renal pedicle injury: perirenal hematoma 
and inhomogeneous parenchyma are already seen on 
direct scan (a); on arterial phase (b) an incomplete vascu-
larization of the kidney is seen, with multiple deep clefts, 

better visualized on venous phase (c); in the excretory 
phase, the urine runs along the renal pelvis toward the ure-
ter, surrounding it (d) (arrow)
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On MDCT it is identified as a round or oval area, 
with a size between 5 mm and 5 cm, of vascular 
origin, and hyperdense in the arterial phase, next to 
the vessel, with a decrease in attenuation in the fol-
lowing post-contrast phases, similar to the aorta. 
This behavior is useful to distinguish it from active 
bleeding, which increases in size and retain a higher 
attenuation than the aorta on delayed imaging.

Pseudoaneurysms of the main renal artery 
branches may require embolization, in contrast to 
the ones of the main renal artery that require sur-
gical treatment by stent positioning.

An arteriovenous fistula is an abnormal con-
nection between an artery and a vein, which on 
eco-color-Doppler imaging may be visualized 
directly, with an abnormal high-velocity flow.

On MDCT it is seen as an early intensity of 
the renal vein, which is usually larger in diameter 
and lower attenuation on the parenchymal phase 
due to the “stolen effect” of the enhanced blood. 
Differential diagnosis with pseudoaneurysm can 
be difficult and only resolved by angiography.

19.5  Traumatic Injuries 
to Kidneys with Preexisting 
Abnormalities

A kidney with a preexisting abnormality is at 
increased risk for injury [83]. An underlying renal 
disorder may be first brought to medical attention 
because the severity of the patient’s symptoms is 
disproportionate to the degree of injury suffered.

Trauma to an abnormal kidney occurs more 
frequently in children than in adults. Such injuries 
include disruption of the renal pelvis or uretero-
pelvic junction in patients with hydronephrosis or 
an extrarenal pelvis intracystic hemorrhage or 
rupture of a renal cyst with or without communi-
cation with the collecting  system, rupture of a 
tumor, laceration of poorly protected ectopic or 
horseshoe kidneys (Fig. 19.20) [50, 53], and lac-
eration of fragile, infected kidneys.

CT provides more specific and clinically use-
ful information than excretory urography in this 
context [84].

19.6  Complications

Complication of renal injury mostly occurs 
within 1 month from the traumatic event with a 
wide range from 3 to 33% of all kidney injuries. 
Early complications include urinoma, urinary fis-
tula, infected urinoma or perinephric abscess, 
pseudoaneurysm, delayed bleeding, persistent 
hematuria, and hypertension.

Late complications include A-V fistula, hydro-
nephrosis, delayed hypertension, calculus forma-
tion, and chronic pyelonephritis.

Low-grade lesions usually resolve completely 
without complications, and high-grade lesions 
instead often result in the formation of one or 
more scars, which can be responsible of obstruc-
tive conditions, with urinary stasis, calculi, or 
infection.
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20.1  Introduction

The incidence of pelvic ring disruption (PRD) is 
constantly increasing due to the exponential high 
number of motor vehicle accidents (60–80% of 
cases), falls from a height especially at work (10–
30% of cases), crush injuries (5–10% of cases), 
certain sports especially in those disciplines 
called extremes, and suicide attempts [1–3]. 
Pelvic fractures represent 2–8% of all skeletal 
injuries. The incidence and the complexity of 
trauma caused by high-speed motor vehicle acci-
dents are increased, despite the evolution and the 
use of sophisticated security and protection vehi-
cle systems [4, 5].

The distribution of this type of trauma is usu-
ally bimodal. The first peak is between 30 and 
50 years and is often associated with high-energy 
trauma, and the prevalence is higher in male 
compared to female with a proportion of 3:1. The 
second peak is represented by patients older than 
65 years, in which also a low-energy trauma, 

often on a substrate of osteopenia, can cause frac-
ture injuries sometimes with little clinical signifi-
cance, generally stable, which do not need of 
surgical treatment. The prevalence in this group 
is higher in female (elderly women), with a pro-
portion of 1:2 [4, 5].

High-energy trauma is determined by the com-
bined action of one or more vector forces, and these 
patients are generally polytraumatized (75%), in a 
significant proportion (2:3), with high index of 
severity of trauma (ISS), in which occurs the com-
bined presence of one or more life-threatening 
 injuries, and are associated with high morbidity 
and mortality rates. Overall mortality in patients 
with pelvic fractures is 5–10%. For unstable 
 pelvic fractures, especially with uncontrolled 
pelvic-related hemorrhage, the mortality rate is 
around 40% to 50% [1, 6, 7].

Hemodynamic instability, multiple organ fail-
ure (MOF, 20%), as direct consequences of pel-
vic hemorrhage, and sepsis are the primary 
causes of mortality after PRD [5].

Complications of pelvic ring are distinct in 
early, which occur in a percentage higher than 
50% of cases (vascular, nervous, and visceral), 
intermediate, and late [8].

The mortality rate of patients with hypovole-
mic shock or hemorrhage remains high (7–17%) 
and challenging, in spite of the progress in the 
diagnosis and choice of therapeutic treatment to 
quickly stop the bleeding [9–15].
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The pelvic ring fracture, especially when 
unstable, may be the cause of hemorrhagic shock 
in patients, excluding those with the presence of 
abdominal parenchyma injuries.

Vascular complications, generally due to arte-
rial, venous and bone bleeding, single or often 
multiple, most commonly associated with com-
plex pelvic ring disruption and especially pelvic 
fractures, may increase the compliance of the 
pelvic bone. When a significant increase of pel-
vic compliance happens, If there had been a sig-
nificant increase in the pelvic compliance, it is 
important the early identification of potential 
bleeding sources followed by prompt measures 
to minimize blood loss.

Soft tissue involvement is cause of acute and 
late complications and can develop serious infec-
tions culminating in septic shock conditions.

Pelvic fractures are defined “open” (2–4% of 
all pelvic injuries), when there are direct continu-
ous solutions between the skin wound of the 
perineum or of the genitals and the fracture site. 
They are most commonly seen in young males 
involved in traffic accidents and range from small 
penetrating wounds that are at low risk of fecal 
contaminations and can be treated with medical 
therapy and through injury toilette to the com-
plete traumatic hemipelvectomy.

Together with these types of fractures often 
occurs the disruption of the pelvic floor muscula-
ture, leading to the loss of tamponade effect and 
persistent bleeding. Despite the advances in care 
and treatment of aggressive fractures, the mortal-
ity rate of open pelvic fractures remains as high 
as 25–50%, if not promptly treated, and this high 
rate justifies the definition of “ultimate” or 
“lethal” for the open pelvic fractures [1, 5, 8, 15].

“Late” complications of pelvic bone frac-
tures are predominantly orthopedic (pseudoar-
throsis, defects of fracture’s consolidation, 
deformity, or dysmetria of lower limbs) and/or 
neurological (chronic low back pain, sphincter 
disorders, sexual dysfunction, and disorders of 
the birth canal) [14].

Pelvic ring fractures are associated with dif-
ferent types of injuries in other districts generally 
in relation with the trauma dynamics.

Secondary to high-energy trauma, pelvic ring 
fractures are commonly associated with injuries 
to other body systems: brain injuries (35–51%), 
long bone fractures (48%), peripheral nerve 
injury (26%), chest trauma (20%), spleen (10%) 
or liver injuries (7%), urogenital system (kid-
ney, >15%; male urethra or bladder, >15%), 
bowel trauma (5–18%), mesentery (4%), dia-
phragm (2%), nerve injuries (>20%), and in 
more of 2% of cases thoracic aorta injury [5, 10, 
11, 15–17].

The incidence of urethra lesions is higher in 
male for the anatomical differences. In men, due 
to the anatomical gender differences in the area, 
the incidence of urethra lesions is higher than in 
women. In man, the bulbar portion downstream 
along the urogenital diaphragm is more prone to 
urethral lesions. The urethra is short in the female, 
while the male in the bulbous portion down-
stream of the urogenital diaphragm is more easily 
susceptible to lesion mechanisms.

20.2  Relevant Anatomy 
and Biomechanics

It is important to know the anatomy and biome-
chanical concepts of the bone and ligamentous 
pelvic structures to understand the general mech-
anisms of injury, the functions of these structures 
in pelvic stability, and their influence on the diag-
nosis and management of different kinds of 
lesions [18].

The pelvis is a complex structure with a small 
and rigid cavity that contains important nervous, 
vascular, gastrointestinal, and genitourinary 
structures.

The arcuate lines and the sacral promontory 
determine the outer bony edges so-called pelvic 
brim: this allows distinguishing the true pelvis 
from the false pelvis. The superior portion of the 
pelvis is known as the greater pelvis (or false pel-
vis): it provides support for the lower abdominal 
viscera (the ileum and sigmoid colon). The infe-
rior portion of the pelvis is known as the lesser 
pelvis (or “true” pelvis): within this reside the 
pelvis viscera and the pelvic diaphragm (the leva-
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tor ani and coccygeal musculature), which con-
stitute the pelvic floor. The junction between the 
greater and lesser pelvis is known as the pelvic 
inlet.

The pelvic bone is a ringlike structure com-
posed of three bones including the sacrum, 
 posteriorly the sacroiliac joints, and laterally 
and anteriorly the innominate bone which is 
formed by the fusion of the ilium, the ischium, 
and the pubis at the triradiate cartilage of the 
acetabulum at skeletal maturity, which are 
joined forward together to form anteriorly in the 
midline the pubic symphysis. At the symphysis 
the opposite surface is covered with fibrocarti-
lage of fibrous tissue.

The symphysis biomechanically has the main 
function to stabilize the anterior pelvis, allow-
ing a small degree of movement (up to 2 mm in 
the craniocaudal direction and up to 3° of rota-
tion during walking), and to prevent the collapse 
of the pelvis in the upright position, contribut-
ing approximately to 40% of the stiffness of the 
pelvis. The large contact area of the joint allows 
a uniform distribution of the superior and infe-
rior shear forces generated during walking and 
running, thus helping protect the joint from 
injury.

The pubic bones are the most common pelvic 
bones at risk for fracture due to the anatomical 
position of the anterior arch and to their thin 
structure.

The body burden is in fact transferred from the 
spine to the acetabulum and then to the legs 
through the so-called posterior sacroiliac com-
plex, formed by the interosseous sacroiliac liga-
ment complex, the posterior portions of the 
sacrum, and the iliac wings.

The stability of the pelvic ring does not 
depend exclusively on the osseous components, 
which do not have an inherent stability, but on 
the integrity of the ligamentous structures, and 
particularly these constitute together with the 
sacroiliac joints the posterior sacroiliac com-
plex [4, 19].

The sacroiliac articulation (SI) is not a true 
synovial joint, and there is minimal intrinsic 
motion; the sacral portion is covered in cartilage, 

whereas the iliac component is with fibrocarti-
lage. The width of the joint space is generally 
2–4 mm [5]. In case of articular SI injury, they 
can generally determine three different condi-
tions: The first is when the front and back parts of 
the joint are intact, the second is when the lesion 
is frontal (rotational instability), and the third is 
when involving both components (rotational and 
vertical instability).

According to Tile, the posterior sacroiliac 
complex, also known as the “posterior tension 
band,” is conceptually comparable like a sort of 
“suspension bridge” where the sacrum represents 
the horizontal component (the bridge); the inter-
osseous sacroiliac, a very strong ligament, acts as 
suspension bars; the posterior superior iliac 
spines behave as pillars; and the iliolumbar liga-
ments act as additional stabilizing elements that 
join the iliac crest to the transverse process of the 
fourth and fifth lumbar vertebrae [7–9, 18–24] 
(Scheme 20.1).

The pelvic ring rotational stability is possible 
by ligaments with a transverse-horizontal course 
(the anterior sacroiliac; the posterior sacroiliac 
“short” horizontal component; the sacrospinous, 
a strong ligamentous band extended from the 
posterior surface of the sacrum to the ischial 
spines; and the iliolumbar), which are opposed to 
the external rotation of the pelvis.

The vertical stability is possible by liga-
ments with a vertical course (the sacrotuberous 
extended from the posterior surface of the sac-
roiliac complex to the ischial tuberosity and the 
posterior sacroiliac “long” vertical component), 
which are opposed to vertical and multidirec-
tional dislocation.

Conceptually, it is important to remember, 
because of its particular ring constitution, that for 
each injury caused by the action of a high-energy 
force vector in one area, it must always corre-
spond to another bone or ligamentous lesion on 
the opposite side [9, 25, 26] (Scheme 20.2).

Exceptions to this rule are insufficiency frac-
tures, due to trauma caused by “low-energy” 
force vectors, as it occurs in osteoporotic patients, 
in some stress fractures, or in avulsion fractures 
typical of adolescent sport injuries.
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Avulsion fractures are common in young ath-
letes aged between 11 and 16 years with predomi-
nance in males. They usually occur in a locus 
minoris resistentiae, represented by the insertion 
of the tendons at the level of the apophysis that are 
secondary ossification centers before the fusion. 
They are mostly composed by cartilage.

20.3  Classification

Pelvic ring fractures may be classified into two 
subtypes based on the trauma energy.

Low-energy traumas are represented by stable 
fractures, which do not interrupt the continuity of 
the ring and are less frequently associated with 
complications.

High-energy traumas determine a significant 
anatomical alteration and are therefore poten-
tially associated with severe complications, rep-
resenting one of the fundamental challenges in 
the clinical and therapeutic management of major 
polytraumatized patients.

The PRD represents historically an important 
dilemma, both clinically and diagnostically, and 
for the therapeutic decision. The fractures are 
characterized by a great variety of very different 
kinds of injuries from anatomical and clinical 
point of view, as a “grayscale,” which may 
include at one end of the spectrum a stable intact 
pelvic ring and at the other part a completely 
unstable pelvis.

The radiologist will assess which part of the 
spectrum will place the single type of fracture.

The management of a polytrauma patient with 
pelvic fracture is based on clinical and hemody-
namic conditions and on the degree of pelvic 
instability, which can be well understood through 
the analysis of the injury mechanism [8].

If the stability is the key, analyzing the combi-
nation of individual anterior and posterior inju-
ries, with a particular focus to the posterior one, 
will carryout an accurate radiological evaluation. 
The instability condition depends essentially on 
the degree of involvement of the posterior tension 
band.

Scheme 20.1 Representation of the “posterior tension 
band” comparable to a “suspension bridge” where the 
sacrum represents the horizontal component (red arrow) 
and the iliolumbar ligaments as additional stabilizing 
elements that join the iliac crest to the transverse pro-
cess of the fourth and fifth lumbar vertebrae (black 
arrow)

Scheme 20.2 The pelvic ring constitution demonstrates 
that for each injury caused by the action of a high-energy 
force vector in one area, it must always correspond 
another lesion on the opposite side
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There are historically known different classifi-
cation systems proposed by many authors [27], 
often articulated in different and poorly standard-
ized modality.

The technological revolution determined by 
the use and the increasing availability of CT and 
then the spiral and spiral multi-slices scans, in 
addition to the evolution of surgical and orthope-
dic instruments, has profoundly changed the treat-
ment approach with a higher number of surgical 
operations compared to conservative therapy.

Classification systems should be used as tools 
to help determine prognosis, to direct the search 
of complications, and to guide for the most 
appropriate treatment.

The traditional classification systems are 
based mainly on the definition of the degree of 
instability of the pelvic ring. The fundamental 
assumption was that the more unstable the frac-
ture, the greater the risk of complications, espe-
cially hemorrhagic [19]. This undoubtedly 
logical and correct principle was subsequently 
dismissed by some authors [28] because of the 
poor diagnostic impact of the principal classifica-
tion system especially on the search of vascular 
complications, which could not be present in 
fractures with an important dislocation of osse-
ous components, often occuring in other less sig-
nificant fractures.

The modern history of pelvic fracture man-
agement begins with iliac wing fracture reported 
by Duverney in 1751 (Duverney’s fracture), from 
the French surgeon Joseph-Franҫois Malgaigne in 
1859, with the clinical description of “double ver-
tical” and shear shaped, known as “Malgaigne’s 
fracture,” as a combination of pubic rami and 
iliac wing fractures [5].

Watson-Jones, in 1937, first defined and clas-
sified the fractures based on the location of the 
fracture.

Connoly and Hedberg, in 1969, focused on the 
concept of stability and the importance of the 
biomechanical integrity of the posterior pelvis.

Bucholz clarifies the concepts based on the 
importance of the anterior pelvic ring than the 

posterior and on the search of the no detectable 
injuries of the posterior side.

He provides pathological demonstration that 
double injury to the pelvic ring is the rule con-
firming the presence of a posterior lesion in all 
his victims of fatal motor vehicle accidents at the 
time of medicolegal autopsy; lesions are graded 
as type I, type II, or type III depending on the 
degree of instability [29].

Huittinen and Slatis study pelvic patho- 
anatomy and are the first who note the relationship 
between the force energies of impact (high- versus 
low-energy injuries).

The Looser and Crombie classification takes 
into consideration both anterior and posterior 
components of pelvic injury.

Trunkey introduces the concept of stability, 
adding the terms “comminuted,” “stable,” and 
“unstable” in grading pelvic fracture.

Classic anatomic and biomechanical stud-
ies in pelvic disruption, performed during the 
mid- twentieth century by a Canadian surgeon 
George Pennal, are a fundamental contribution, 
and he is the first one who analyzes in detail 
the basic mechanism of pelvic injury. The clas-
sification system recognizes three mechanisms 
of direction of force action, which determine 
injuries: anterior- posterior compression (APC), 
lateral compression (LC), and “vertical shear” 
(VS) [5, 9].

During this period, the management of pelvic 
fracture is generally nonoperative with poor clin-
ical outcome and post-traumatic secondary 
orthopedic and neurological complications.

Tile classification greatly appreciated by 
orthopedists uses an alphanumeric criterion 
based on the assessment of stability of the poste-
rior arch (sacroiliac complex) with the purpose of 
harmonizing the therapeutic and prognostic man-
agement of fractures. It divides the pelvis into the 
posterior arch (posterior to the acetabulum) and 
the anterior arch (anterior to the acetabulum), 
with a spectrum ranging from stable injuries to 
unstable fractures; each type is divided into three 
types [1–4]:
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Type A [1–3]: Stable and the posterior part of the 
ring is intact; generally nonoperative manage-
ment—NOM (avulsion fractures, iliac wing 
fractures, fractures of the sacrum or coccyx).

Type B [1–3]: Vertically stable but rotationally 
unstable or partially stable, secondary to an 
incomplete disruption of the posterior arch 
structures; these include an external rotation 
of so-called open-book-type fractures (APC) 
with disruption of the anterior pelvic arch 
through the symphysis pubis or through the 
rami and internal rotation LC injuries with a 
combination of anterior and posterior arch 
fractures.

Type C [1–3]: Vertically and rotationally unsta-
ble with complete disruption of the anterior 
arch, posterior arch (sacroiliac complex), and 
pelvic floor.

Acetabular fractures are considered separately 
in the classifications of Tile [30].

A fundamental concept both in clinical and 
radiological management is to speak generally of 
pelvic fracture but to distinguish a PRD from an 
acetabulum fracture.

The polytraumatized patient with a pelvic ring 
fracture, for the complex clinical problems and 
consequently more complex management issues, 
is profoundly different from an acetabular fracture 
patient, whose problems are mainly orthopedic.

A fracture of the acetabulum is even so associ-
ated with pelvic ring fracture in a variable per-
centage from 15 to 20% of cases.

The American Orthopedic Trauma Association 
(OTA)/AO (Association for Osteosynthesis) pel-
vic fracture classification is an alphanumerical 
and more comprehensive classification system 
designed to standardize and more accurately 
report various fracture patterns.

The AO/OTA classification of pelvic ring frac-
tures is divided in three groups (A, B, C) and in 
relative subgroups [1–3] with increased 
instability.

Type A fractures are lesion sparing (avulsion 
fractures of the innominate bone, fractures of the 

sacrum and coccyx). Type B fractures, with 
incomplete, unilateral disruption of the posterior 
arch, are partially stable (external rotation, APC 
with open-book-type injury; internal rotation, LC 
injury). Type C fractures are totally unstable, sec-
ondary to complete disruption of the posterior 
arch, and are more commonly seen in the younger 
patient population.

This classification describes accurately spe-
cific fracture patterns and is useful for research 
purposes but relatively less practical for routine 
use [5, 31].

The classification of Young revisited by 
Burgess combines the concepts of the two clas-
sifications of Tile and Pennal and is therefore 
extremely useful in finding the associated com-
plications. Tile’s criteria concern the stability, 
while Pennal’s criteria concern comprehension of 
the mechanism of action. It is currently the most 
widely used system reported in the orthopedic 
literature.

These criteria, through the stratification of the 
grade of force vector of injury, represent a valid 
tool in the management of the patient in the emer-
gency room.

The classification of Young revisited by 
Burgess is based on the direction and on the 
grade of force vector energy of the lesion, deter-
mining a gradual severity on the compression 
fractures that are classified in four types with 
growing instability: lateral compression, LC; 
anterior-posterior compression, APC; vertical 
shear, VS; and combined mechanism injury, CM 
[1, 4, 7, 9, 24, 30–35].

Lateral compression (LC) fractures: The 
“implosion type” (LC1, LC2, LC3).

The most frequent. Represent 59% of frac-
tures. The force vector acts in lateral direction, 
resulting in an internal rotation of the injured 
hemi-pelvis. The ilium rotates medially.

In these fractures the sacrospinous and sacro-
tuberous ligaments are shortened determining a 
reduction of the transverse diameter of the entire 
pelvis and a possible overlap of the pubic 
branches with the appearance of blocked sym-
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physis classically defined as a “lock” (“locked 
symphysis”) (Scheme 20.3) (Fig. 20.1).

Usually you can find a transverse fracture of 
pubic rami ipsilateral or contralateral to the pos-
terior injury.

Four different combinations of the anterior 
pelvic ring fractures are described (unilateral of 
both branches, unilateral of both branches + sym-
physis, both branches bilateral, both branches 
bilateral + symphysis).

The reduction of the pelvis’ transverse diam-
eter, with a consequent reduction of compliance, 
justifies its potential association with vascular 
complications, even if severe vascular lesions can 

Scheme 20.3 Figure of lateral compression fracture 
(LC) with force vector that acts in lateral direction, result-
ing in an internal rotation of the injured hemi-pelvis and 
the possibility of overlap of the pubic branches with the 
appearance of blocked symphysis (“locked symphysis”)

a

c

b

Fig. 20.1 (a–c) Lateral compression fractures (LC), type 
I. (a, b) CT 3D (VR) reconstruction AP and inlet view 
show lateral force vector, resulting in fracture of the left 
iliac wing on the side of the impact. (c) CT 3D (VR) 
reconstruction inlet view shows a “locked symphysis” 

fracture due to the overlap of the pubic branches with 
appearance of blocked symphysis. In these fractures the 
lesions of sacrospinous and sacrotuberous ligaments 
determine a reduction of the transverse diameter of the 
entire pelvis
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result in direct action of a fragment that acts on 
vascular structures.

Visceral lesions, especially of the bladder, fre-
quently complicate fractures for direct action of 
pubic disassembled and dislocated element frag-
ments on the anterior wall.

In higher degrees of injury (LC1 + APC or 
LC2 + APC), the lateral compression force on the 
impact site is associated with a destructive force 
by anterior-posterior contralateral compression 
with a type of mechanism of “rollover,” resulting 
in a multidirectional instability (“windswept 
pelvis”).

LC1: Internal rotation. Stable. Associated 
sacral compression fracture on side of 
impact. Intact tension bands. Transverse 
fractures of the pubic rami. It is the most 
common pelvic fracture pattern, often asso-
ciated with lower- energy injury mechanism 
(Fig. 20.2).

LC2: Internal rotation. Unstable internal rotation. 
Crescent posterior iliac wing fracture on the 
side of impact and posterior diastasis of the 
sacroiliac joint (Fig. 20.3).

LC3: Internal rotation (“windswept pelvis”). 
Multidirectional unstable. LC1 or LC2 injury 

a b

c d

Fig. 20.2 (a–d) Lateral compression fractures (LC), type 
I stable. (a) CT coronal view shows the horizontal fracture 
of the left pubic branch on the side of the impact; (b) CT 
axial view depicts the omolateral compression fracture of 

the sacrum. (c) CT 3D (VR) reconstruction AP view 
shows the fracture of left pubic branch; (d) CT 3D (VR) 
reconstruction outlet view demonstrates the omolateral 
fracture of the sacrum
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a

c

e f

d

b

Fig. 20.3 (a–f) Lateral compression fractures (LC), type 
II unstable. (a) Scout view, CT scan MPR coronal view 
(b), and CT axial view show posterior iliac wing fracture 
(b, d) on the side of the impact and posterior diastasis of 

the sacroiliac joint (d). CT 3D (VR) reconstruction AP 
view (c) and inlet view (d) well depicting fractures of the 
right pubic branch, right iliac wing, and the posterior dias-
tasis of the homolateral sacroiliac joint
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a

c d

b

Fig. 20.4 (a–d) Lateral compression fractures (LC), type 
III unstable. (a, b) CT coronal view shows the fractures of 
the pubic branches on the impact side and the lateral com-
pression fracture on the opposite side. (c) CT coronal 

view shows the dislocation of a fragment of the left pubic 
branch (white arrow) that results in a direct lesion on the 
bladder with evident iodinated urinary extravasations

a b

Fig. 20.5 (a–b) Lateral compression fracture (LC), type 
III. “Windswept pelvis.” CT scan MPR coronal view (a) 
and CT 3D (VR) reconstruction AP view (b) show pubic 
branch fractures on the impact side and lateral compres-

sion fracture on the opposite side. In these fractures a 
complete destruction of the back tension band occurs, 
resulting in both rotational and vertical instability
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on the side of impact and associated contra-
lateral open-book (APC) injury (Figs. 20.4 
and 20.5).

Anterior-posterior compression (APC) frac-
tures: The so-called open-book fractures (APC1, 
APC2, APC3). Represent 21% of fractures.

The force vector acts in anterior-posterior direc-
tion on the anterior pelvis, the pubic symphysis, 
and the anterior or posterior superior iliac spines, 
determining an external rotation of the pelvis.

It is divided into three subgroups with a 
growing instability, which depends on energy 
force trauma and on the degree of involvement 
of the posterior sacroiliac complex and of the 
sacrospinous and sacrotuberous ligaments 
(Scheme 20.4).

The true pelvis can be compared to a conical 
sphere. The compression fracture can theoreti-
cally increase the radius of the sphere and conse-
quently the pelvic volume, up to tripling or 
quadrupling consequently the compliance. This 

is the reason why the so-called open-book frac-
tures must be promptly treated with circumferen-
tial compression by tensile strength, even the 
simplest (pelvic sheet wrap), to normalize the 
pelvic diameter and consequently the compli-
ance, because hemorrhage is a threatening risk 
for life.

External rotation of the hemi-pelvis can 
increase the volume of the pelvic cavity, up to 
tripling the compliance, with possible potential 
serious hemodynamic complications from 
occult bleeding if not identified and promptly 
treated.

They can determine, due to the diastasis, blad-
der lesions or specifically of the urethra (straddle 
fracture) and alterations of the penile shaft vascu-
lature and its innervations with impotence (37% 
of patients) as the result of nervi erigentes injury. 
Basta and associates [5, 36] have observed that 
the probability of urethra lesion becomes higher 
with increasing of the pubic diastasis: each mil-
limeter of pubic diastasis or inferomedial pubic 
bone fracture fragment displacement is associ-
ated with a 10% increased risk.

Pathognomonic findings of these fractures 
are represented by the pubic symphysis diasta-
sis, expression of instability if greater than 
1 cm, and expression of the contemporary lesion 
of the sacroiliac synchondrosis when greater 
than 2.5 cm.

Vertical fracture lines are evident at the level 
of the pubic rami.

APC1: External rotation. Stable. Little widening 
(>1 < 2.5 cm) of the pubic symphysis, 
stretched but intact anterior component of sac-
roiliac joint, intact posterior ligamentous com-
plex, sometimes minimal diastasis of the 
sacroiliac synchondrosis, and vertical fracture 
of one or more pubic rami (Fig. 20.6)

APC2: External rotation. Rotational instability. 
Widening (>2.5 cm) of the pubic symphy-
sis; diastasis of the anterior component of 
sacroiliac joint with disrupted sacrotuberous 
and sacrospinous ligaments; intact poste-

Scheme 20.4 Figure of an anterior-posterior compres-
sion fracture (APC) with force vector that acts in anterior- 
posterior direction on the pubic symphysis and the anterior 
or posterior superior iliac spines, resulting in an external 
rotation of the pelvis with diastasis of the pubic symphy-
sis and the sacroiliac joints
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rior ligamentous complex, which maintains 
a residual condition of stability, like the 
binding of the book. Unilateral or bilateral. 
Vertical fracture of one or more pubic rami 
(Fig. 20.7)

APC3: External rotation with so-called open 
book. Complete rotational instability. Diastasis 
(>2.5 cm) of the pubic symphysis; uni- or bilat-
eral sacroiliac dislocation; disrupted posterior 
ligamentous complex, dissociated from the 

sacrum, determining the condition of instabil-
ity with splaying of the anterior arch. Vertical 
fracture of one or more pubic rami

In this type of fracture, when posterior sac-
roiliac joint is disrupted, instability is 
determined.

In these kinds of patients, the association with 
vascular (and neural) complications is very fre-
quent (Figs. 20.8 and 20.9).

a b

c d

Fig. 20.6 (a–d) Anterior-posterior compression (APC) 
fracture, type I. (a) Scout view and CT scan MPR coronal 
view (b); CT 3D (VR) reconstruction AP view (c) and 

inlet view (d) demonstrate pubic symphysis diastasis 
<2.5 cm. These fractures are stable; the back tension band 
is intact
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Vertical shear (VS): Malgaigne’s or straddle 
fracture.

Highly unstable. Represent 7% of lesions.
The vector acts in vertical direction (shearing 

forces), resulting in the destruction of the pelvic 
ring and of the posterior tension band with dislo-
cation of sacroiliac complex (Scheme 20.5).

Their main characteristic is the involve-
ment of the posterior pelvic elements, repre-
sented by vertically oriented sacral fractures 
(Wallnerfractures), transforaminal or lateral to 
the foramina; sacroiliac fractures/dislocations; 
the typical fracture of Malgaigne, in which the 
posterior fractured element is the iliac wing; or 

straddle fracture with fracture of both superior 
and inferior pubic rami (often there is 40% inju-
ries of the genitourinary tract) [29].

The pathognomonic finding is the cranial dis-
location of the injured hemi-pelvis, which fre-
quently is associated with an avulsion fracture of 
the homolateral transverse process of the fifth 
lumbar vertebrae.

On the front side, there are evident verti-
cal fractures of the pubic rami and/or diastasis 
of the pubic symphysis as in AP compression 
fractures.

The sign that allows to distinguish these frac-
tures than those from AP compression is the 

a b

c d

Fig. 20.7 (a–d) Anterior-posterior compression (APC) 
fracture, type II. (a–c) CT axial view (a) and CT 3D (VR) 
reconstruction AP view (c) show diastasis of the pubic 
symphysis >2.5 cm; (b, d) axial view (b) and CT 3D (VR) 

reconstruction inlet view well depicting the widening of 
the right sacroiliac joint. These fractures are rotationally 
unstable
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 cranial dislocation of the hemi-pelvis (Figs. 20.10, 
20.11, 20.12, 20.13, and 20.14).

Complex fractures (CF)
Generally unstable. Represent 14% of 

injuries.
They are the result of simultaneous actions 

and by combining force vectors by AP compres-
sion and vertical compression or by lateral and 

vertical compression (LC + APC or LC + VS) 
(Fig. 20.15).

The sacrum fractures should always be remem-
bered, because they are rarely isolated and there-
fore in the most of cases part of pelvic ring 
fractures.

Several fracture classification systems have 
been proposed with the aim to predict possible 

a b

c d

e f

Fig. 20.8 (a–f) Anterior-posterior compression (APC) 
fracture, type III. “Open-book” fracture with instability 
condition. (a–d) CT axial view demonstrates widening of 
both sacral-iliac joints (a), pubic symphysis diastasis 
>2.5 cm, (b) and vertical fractures of both pubic rami (c, 

d); (e) CT 3D (VR) reconstruction AP view and CT 3D 
(VR) reconstruction inlet view (f) show better the diasta-
sis of the pubic symphysis >2.5 cm and the widening of 
both sacroiliac joints

M. Galluzzo et al.



447

a b

c d

e f

Fig. 20.9 (a–f) Anterior-posterior compression (APC) 
fracture, type III. (a) CT scout view; (b) CT axial view; (c, 
d) CT coronal view. Pubic symphysis diastasis >2.5 cm 
(a, c) and widening of both sacroiliac joints with disloca-
tion of the left sacroiliac joint are evident (b, d). “Open- 
book” fracture with instability condition. These fractures 
are called “open” when they exist in a continuous solution 
between the fracture site and the skin with soft tissue 

involvement (b–d). CT 3D (VR) reconstruction AP view 
(e) and CT 3D (VR) reconstruction inlet view (f) well 
depicting pubic symphysis diastasis, vertical fractures of 
both pubic rami, and dislocation of the left sacroiliac 
joint. Instability condition is due to a complete destruction 
of the back tension band, resulting in both rotational and 
vertical instability
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neurological injuries and to guide for the best 
therapeutic choice.

The best-known classification system was 
introduced by Denis, which divides the sacrum 
into three different zones (I, II, III), with a scheme 
elaborated in a retrospective study based on frac-
ture location relative to the neuroforamen 
(Scheme 20.6):
Zone I fracture: Vertical orientation involves the 

sacral wing, positioned laterally to the course 
of the foramina, and generally is not associ-
ated with neurological problems (6%—L5/S1 
radiculopathy).

Zone II fracture: Denis fracture type II gener-
ally from LC compression is localized along 
the course of the foramina but does not 
involve the spinal canal and may be associ-
ated in some conditions with homolateral 
neurological lumbar disorders or sacral 

a b

c d

Fig. 20.10 (a–d) “Vertical shear” (VS) fracture. (a, b) 
CT scan MPR coronal view (a, b) and CT axial view (c, d) 
show the involvement of posterior pelvic elements. The 
vertical vector forces result in the destruction of the pelvic 

ring and of the posterior tension band with dislocation of 
sacroiliac complex. In (a) and (b), the cranial dislocation 
of the injured hemi-pelvis is evident

Scheme 20.5 Figure of a vertical shear fracture (VS) 
with force vector that acts in vertical direction, resulting in 
the disruption of the pelvic ring and of the posterior tension 
band with cranial dislocation of the injured hemi-pelvis
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a b

c d

Fig. 20.11 (a–d) Precipitated patient. “Vertical shear” 
(VS) fracture; condition of high instability. (a, b) CT axial 
view shows bilateral fractures of the sacrum along the 
course of the foramina, with diastasis of the sacroiliac 

joint and fracture of the transverse process of the fifth 
lumbar vertebrae. (c, d) CT 3D (VR) reconstruction AP 
view shows bilateral fractures of pubic branches (horizon-
tal force component)

a b

c d

Fig. 20.12 (a–d) “Vertical shear” (VS) fracture. (a) CT 
MPR coronal view demonstrates bilateral sacroiliac frac-
tures; CT 3D (VR) reconstruction AP view (b) and lateral 
view (d) show better sacroiliac fractures and dislocation; 

CT 3D (VR) reconstruction posterior view well depicting 
sacroiliac diastasis and avulsion fracture of the transverse 
process of the fifth lumbar vertebrae
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a b

c d

Fig. 20.13 (a–d) “Vertical shear” (VS) fracture. (a) CT 
MPR coronal view; CT 3D (VR) reconstruction AP view 
(b, d) and posterior view (c) show bilateral fractures of 
pubic rami (horizontal force component), sacroiliac frac-
tures, and dislocation with consequent cranial dislocation 

of the injured hemi-pelvis; fractures of the transverse pro-
cess of the fourth and fifth lumbar vertebrae. These frac-
tures are the result of simultaneous force vectors and are 
highly unstable

Fig. 20.14 (a–e) Precipitated patient. “Vertical shear” 
(VS) fracture; condition of high instability. (a, b) CT axial 
view shows bilateral fractures of the sacrum along the 
course of the foramina, with diastasis of the sacroiliac 
joint (double vertical force component). CT MPR sagittal 

view (c) and CT 3D (VR) reconstruction AP view (d) 
show the instability of the sacrum with the back of the 
coccyx. (e) X-ray of the ankle shows the complex associ-
ated ankle fracture

a b
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a

f g

d e

b c

Fig. 20.15 (a–g) Precipitated patient in attempted sui-
cide. Complex fracture (CM); condition of high instabil-
ity. (a–c) CT axial view; (d) CT MPR coronal view; (e) 
CT MPR sagittal view shows fracture and dislocation of 
the sacrum, fracture of the right sacral wing, and avulsion 

of bilateral transverse apophysis of the fourth and fifth 
lumbar vertebrae. (f, g) CT 3D (VR) reconstruction AP 
view demonstrates the complete dislocation of the sacrum 
with lumbar-sacral dissociation

c d e

Fig. 20.14 (continued)
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radiculopathy (28%—L5, S1 and S2 nerve 
roots) (Fig. 20.16).

Zone III fracture: Frequently transverse orienta-
tion, these fractures are positioned medially 
on the foramina lines and involve the spinal 
canal. In relation to the fact that the central 
part is involved, neurological disorders, often 
bilateral, but also intestinal and bladder incon-
tinence or alteration of the sexual function, are 
present (56%).

Medial fractures may have a transverse or longi-
tudinal course and are classified into four addi-
tional groups in relation to the simple angle without 
translation (type 1), the angle with the translation 
of the distal portion of the sacrum (type 2), the 
angle with complete offset fracture elements (type 
3), and comminuted S1 segment (type 4).

a b

c d

Fig. 20.16 (a–d) Fracture of the sacrum. CT axial view (a, b) and CT 3D (VR) reconstruction AP (c) and posterior 
view (d) show fracture of the sacrum along the course of the foramina, without involving the spinal canal

Scheme 20.6 Figure of Denis’ classification system, 
which divides the sacrum with two vertical lines into three 
different zones (1, 2, 3)
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Morphologic injury patterns of zone III frac-
tures are “H,” “U,” “lambda,” and “T” shaped.

Sacral fractures could also occur without a 
fracture of the pelvic ring with a biomechanics 
different than that of the other pelvic ring 
 fractures [37].

20.4  Imaging Evaluation of Pelvic 
Ring Fractures

The pelvic ring stability therefore depends on the 
integrity of the osseous but also of the ligamen-
tous components.

The radiological assessment is to provide 
accurate information on the extension of the 
 fracture lines, the possible dislocation or rotation 
of the injured hemi-pelvis, and the number and 
size of the bone fragments, on the three planes of 
space.

The radiologist is an integral part of the mul-
tidisciplinary team and must be able, through the 
interpretation of the morphology of the fracture, 
to hypothesize the presence of possible associ-
ated complications and to communicate in a 
rapid and incisive way possible clinical events 
both to other team’s specialists but also to his 
collaborators.

The radiologist, through the interpretation of 
the fracture type and the degree of instability, 
helps the orthopedic surgeon to manage and to 
choose the most appropriate therapeutic treat-
ment [38, 39].

20.4.1  X-rays

The routine radiographic examination is the 
anterior- posterior (AP) projection; it is funda-
mental in the evaluation of pelvic trauma, and it 
is part of Advanced Trauma Life Support (ATLS) 
protocol.

The radiogram execution is generally fol-
lowing the clinical evaluation for stability 
assessment and should be performed to avoid in 
case of “open pelvis” the risk of hemorrhagic 
complications.

It is important to remember that a PRD could 
be the cause of hypotension, in patients with a 
negative focused assessment with sonography for 
trauma (E-FAST) [1].

The radiogram can be performed in the emer-
gency room, during the primary survey. A radio-
graph performed according to the correctness 
criteria should include iliac crests, coxofemoral 
joints, and proximal femoral portions.

The pelvic ring is the round-shaped plane 
passing through the prominence of the sacrum, 
the inferior margins of the sacroiliac joints extend-
ing to the upper margin of the pubic symphysis.

PRD is defined as an interruption of the nor-
mal contour of the true pelvis on the “inlet” 
plane, into two or more opposite points.

An ideal line passing through the ischial 
spines allows to consider an anterior and poste-
rior pelvic arch.

The standard AP view provides the greatest 
number of diagnostic information and can iden-
tify the morphology and the extent mechanism of 
injury, but it is often insufficient. It allows to accu-
rately assessing some fundamental landmarks like 
the ilioischial and the iliopectineal line. Anteriorly 
it allows identifying the presence and extent of 
diastasis of the symphysis pubis and/or the obtu-
rator ring fracture and posteriorly the presence 
and extent of dislocation of the injured hemi- 
pelvis, dislocations of the sacroiliac joint, or frac-
tures of the transverse processes of L5.

However, this projection does not allow defin-
ing the real extension of the lesion, especially in 
its posterior component.

The anatomical complexity of the pelvic ring 
in its three-dimensional geometry implies that, in 
the AP projection, the incident beam is perpen-
dicular only to some portions of the various skel-
etal segments and, oblique or parallel, to many 
others. For this reason, the radiological protocol 
should include other projections, in particular the 
Pennal’s oblique pelvic inlet and outlet views 
(Fig. 20.17).

The pelvic inlet (cephalo-caudad beam) view 
is obtained directing the x-ray beam from the 
head with the ray centered between the navel and 
the pubic symphysis with an angle of 35° to the 
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x-ray table (Scheme 20.7). This view, perpendicu-
lar to the pelvic brim, allows to document, through 
the plane of the real pelvis, the anterior and poste-
rior margin of the sacroiliac joints, the referent of 
the ilioischiatic line, and the alignment of the 
pubic symphysis plane. It is fundamental to 
understand the entity of the diastasis and the 
degree of posterior displacement of the fracture 
and internal or external rotation of anterior aspect 
of the pelvis. In the case of pelvic trauma, the 
radiographic evaluation of the pelvic ring with an 
inlet view is helpful in determining the opening of 
the symphysis, any posterior displacement, as 

well as overall ring deformity produced by lateral 
or anterior-posterior compression forces.

The outlet (caudocephalad beam) view is 
obtained directing the x-ray beam 35° cephalad 
on the symphysis and is the best way for disclos-
ing true cranial displacement of the innominate 
bone (Scheme 20.8). The outlet or transverse 
view is helpful to visualize the entire sacrum, the 
wing including both sacroiliac joints, the iliois-
chial line, and, in a different projection, the pubic 
symphysis plane, determining vertical displace-
ment of the posterior pelvis secondary to a verti-
cal shear injury.

Scheme 20.7 Figure 
shows the orientation of 
the x-ray beam from the 
head with the ray 
centered between the 
navel and the pubic 
symphysis with an angle 
of 35° to the x-ray table, 
to obtain the right pelvic 
inlet view

Scheme 20.8 Figure 
shows the orientation of 
the x-ray beam 35° 
cephalad on the 
symphysis, to obtain the 
right pelvic outlet view

a b c

Fig. 20.17 (a–c) X-ray AP, inlet, and outlet view. The 
AP projection (a) allows identifying the presence and the 
extent of diastasis of the symphysis pubis and/or the obtu-
rator ring fracture. The inlet view, or descending oblique 
projection, (b) is fundamental to understand the entity of 

the diastasis and the degree of posterior displacement of 
the fracture. The outlet view or ascending oblique projec-
tion (c) is the best way for disclosing true cranial displace-
ment of the innominate bone and determining vertical 
displacement of the posterior pelvis
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Once the type of fracture is identified, the 
radiologist should indicate exactly the pathology 
that has been created in order to define the degree 
of instability of the fracture.

From a radiographic point of view, there are 
three signs of instability:

 – The first one is a displacement of the posterior 
sacroiliac complex greater than 0.5 cm; the 
inlet view, showing a break of the innominate 
line, is the best for disclosing this sign.

 – The second sign is a posterior fracture gap, 
rather than impaction, or sacroiliac joint dislo-
cation, which must be unstable, since the 
interosseous sacroiliac ligament must be 
disrupted.

 – The third sign is avulsion of a fifth lumbar 
transverse process or sacral or ischial ends of 
the sacrospinous or sacrotuberous ligaments; 
avulsion fracture of the fifth lumbar transverse 
process is a sign of instability because it, usu-
ally, results from cranial displacement of the 
underlying hemi-pelvis [5, 9, 15, 24, 30, 
40–43].

20.4.2  Multi-detector Computed 
Tomography (MDCT)

It is known that the multi-slice computer tomog-
raphy (MSCT) is the “gold standard” method in 
the study of polytrauma and in fractures of the 
pelvic ring; it can rapidly generate large volu-
metric data sets of the body, allowing  pan-
oramic exploration, and also providing great 
anatomical details [3, 5, 43–48]. The speed of a 
CT equipment produces several advantages 
allowing, amongst others, i) patients to spend 
less time in the exam room, ii) a more efficient 
use of contrast medium dose iii) to speed up the 
decision-making processes by searching for 
associated injuries and complications, iv) to 
assess basic prognostic factors such as staging 
of parenchymal lesions, v) relief of hemoperito-
neum and hemoretroperitoneum, vi) involve-
ment of vascular structures, and vii) presence or 
absence of “active bleeding” within the site of 
bleeding. Compared with angiographic gold 

standard, MSCT has been shown to be both sen-
sitive (84%) and specific (85%) for detection of 
active pelvic bleeding in pelvic trauma [16, 49]. 
The information will be crucial in view of the 
subsequent vascular treatment.

Rapid image acquisition with reduction of 
motion artifacts allows multi-planar (MPR), 
maximum intensity projection (MIP), and three- 
dimensional (3D) with volume-rendering (VR) 
reconstructions with highest quality. In the study 
of polytraumatized patients, the integration 
between axial, coronal, and sagittal MPR and 
3D-VR reconstructions represents the “reference 
standard” in the evaluation of pelvic fractures 
and its complications.

In the literature it is described that in patients 
with pelvic fractures seen on axial CT images, 
treatment decisions have been shown to be altered 
in up to 30% of cases; in general this change in 
treatment resulted when MPR or VR images 
reveal a more severe injury than was seen on con-
ventional axial images. Those reconstructions 
allow to define in detail the morphology of the 
fracture, to evaluate the extent of any  dislocations, 
and, in case of acetabulum, femoral head, and 
neck fractures, to assess the degree of involve-
ment of the articular surface and the presence of 
articular fragments, imprisoned and/or impacted, 
to exclude the involvement of the femoral head, 
of the acetabular roof, and of the quadrilateral 
surface.

MPR images generally provide superior ana-
tomic detail, while surgeons tend to prefer 
3D-VR images for surgical planning, especially 
in determining surgical approach and screw 
placement. Complex spatial relationships among 
fracture fragments are well delineated on 3D-VR 
images, and generation of these images can facil-
itate communication of this complicated ana-
tomic information from the radiologist to the 
surgeon [50].

Using 3D-VR imaging, it is possible a better 
understanding of the pelvic anatomy, whose 
interpretation is much more difficult having the 
frontal view alone. It allows reproducing the 
principal classical radiological projections, the 
panoramic anterior-posterior (and posterior-
anterior) view, and the oblique inlet and outlet 
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views of Pennal, to understand the morphology 
of fracture and the possible degree of 
destruction.

Sacral fractures are of great clinical signifi-
cance for possible sequels and often underesti-
mated in the standard radiological examination, 
even if performed under the most suitable 
conditions.

This side has also frequent anatomical vari-
ants, in particular at the lumbar-sacral hinge.

MSCT also allows to easily demonstrate 
sacral fractures, present in a variable percentage 
between 7 and 75% of the pelvic ring fractures 
and unrecognizable in the first radiographic 
examination in varying percentages up to 70% of 
cases for soft tissue overlay or for the obstacle 
caused by the presence of intestinal gas. A delay 
in the diagnosis of these fractures can be clini-
cally very significant, as they may hesitate in 
deformation of bone components, and cause neu-
rological disorders and bowel, bladder, and sex-
ual dysfunctions [37]. CT through scans acquired 
on the axial images, and coronal- and sagittal- 
oriented images, allows understanding the degree 
of involvement of foramina to characterize the 
different morphologies of complex fractures with 
deformation and dislocation of the sacrum [9, 30, 
40, 42, 43].

Complex fractures with dislocation of the 
fragments are associated with severe PRD with a 
potential higher mortality rate. In addition to 
knowing the fracture morphology, it is extremely 
useful in the therapeutic decision, if necessary 
the stabilization with screws, particularly in the 
presence of anatomical variants.

Finally, the CT allows identifying and typify-
ing a possible, associated fracture and/or dislo-
cation of the lumbosacral junction. The most 
frequent complication of chronic pelvic frac-
tures is certainly a low back pain, often highly 
debilitating. The main cause of this low back 
pain, even in the presence of an optimal reduc-
tion and stabilization of pelvic fracture, is pre-
cisely an involved lesion of the lumbosacral 
junction, underestimated or misunderstood in 
the diagnostic phase.

The role of this method in the study of acetab-
ular fractures should also be mentioned. The 
acetabular fracture can be isolated or complicate 
a pelvic ring fracture. These fractures need a rig-
orous evaluation for a correct anatomic- 
pathologic diagnosis and for an orthopedic 
treatment planning, which in the last decades has 
profoundly changed, now more often surgical 
than conservative. The number of patients with 
surgically treated acetabular fractures is increased 
in relation to advantages compared to a conserva-
tive treatment, which can be obtained if the sur-
gery is performed by a specialized surgical team 
in this area. The treatment of acetabular fractures 
is aimed to obtain the restitutio ad integrum of 
the normal articulation anatomy, the congruity of 
joint interface, a rapid patient mobilization, and a 
reduction of painful symptoms and of serious 
complications often associated with a prolonged 
state of inactivity. The anatomical fracture reduc-
tion is statistically correlated to a high percentage 
of good results, which determine a less incidence 
of osteoartrosis. For this purpose, the diagnostic 
imaging has the role to correctly define the site 
and the morphology of fracture. In the decision 
for treatment and for surgical approach, knowl-
edge of the anatomical situation and the location, 
course, and morphology of the fracture is of cru-
cial importance. The surgical objective is to 
obtain an anatomical reduction through a single 
surgical route.

The Letournel and Judet classification criteria 
are morphological, and they are obtained through 
the comparison between surgical observation and 
radiographic projections of Judet (AP frontal 
centered on the affected hip, iliac oblique view, 
and obturator oblique view) (Fig. 20.18).

In the phase of post-processing of the images 
we will be able to faithfully reproduce the Judet 
oblique projections, iliac and obturator oblique 
views, through which is possible the accurate 
analysis of the landmarks required for the classi-
fication of fractures. The classification system 
divides fractures into two main types: elementary 
(isolated) fractures and associated fractures in 
which a combination of at least two elementary 
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fractures is realized. The most commonly known 
is the fracture of the posterior wall (dashboard 
fracture), which can be complicated by the poste-
rior limb of the femoral head. These images, 
though allow defining the fracture site and exten-
sion, do not always allow diagnosing composed 
or occult fracture lines and intra-articular frag-
ments. CT has the possibility to evaluate the anat-
omy of the acetabulum, which looked like in 
front an overturned “Y” or “lambda” composed 
from the anterior (longer) and the posterior 
(smaller) columns which join on the supra- 
acetabular region; this is difficult to do with tradi-
tional radiographic methods for the particular 
“helix” configuration of the pelvis.

The surgical anatomy of the acetabulum 
described from Emile Letournel allows to distin-
guish the anterior (iliopubic) column which 
descends down from the iliac crest to the pubic 
symphysis and the posterior (iliopectineal) col-
umn extending from the incision of the great sci-
atic cranial to the ischiatic tuberosity.

Furthermore, CT allows the accurate diagno-
sis of the site and the morphology of the fracture, 
the precise evaluation of its extension and course, 
the definition of joint relationships, and the 
detection of free endo-articular or impact frag-
ments. It also helps to diagnose roof and medial 
column fractures, which are often difficult to 
see. A working scheme suggested is to revive the 

conventional radiological AP, inlet, and outlet 
views of acetabular fractures with 3D recon-
struction techniques at MSCT console. This 
allows us to no longer use the classical radiologi-
cal semeiotics, thus overcoming the past with the 
new technological advances  (Fig. 20.19).

It should also be remembered that, especially 
in the case of young subjects, the CT studies 
should be replaced, when possible, by alternative 
conventional radiological techniques in order to 
minimize the radiation dose. of the patient com-
pared with conventional CT, using techniques 
that reduce the dose to the patient.

In conclusion, MSCT is a valid tool, is gaining 
an increasing role in the management of poly-
trauma patients, and is a powerful modality in the 
evaluation of skeletal trauma. MSCT with the use 
of MPR and 3D images is the technique of choice 
for evaluation of skeletal trauma.

20.4.3  Magnetic Resonance Imaging 
(MRI)

MRI is a second-level investigation dedicated to 
a selected case in which the first-instance meth-
ods are not sufficient. The use of MRI can obtain 
useful information in the research of 
 radiographically occult fractures and in the study 
of bone lesions by impact or stress fractures. In 

a b c

Fig. 20.18 (a–c) X-ray AP projection (a), iliac oblique 
view (b), and obturator oblique view (c) (projections of 
Judet). These three projections allow to identify the radio-
graphic references of the two columns that are the iliopu-
bic line as anterior column landmark (white arrow in a) 
and the ilioischiatic line as posterior column repere (black 

arrow in a) and the front and back acetabular edges that 
correspond to the anterior (black arrow in b) and posterior 
(black arrow in c) acetabular walls. The iliopubic line is 
best seen in the iliac oblique projection (asterisk in c); the 
ilioischiatic line is best seen in the obturator oblique pro-
jection (asterisk in b)
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stress fractures, in almost all of these situations, 
the characteristic symptom is pain, of varying 
degrees, which can be accompanied by func-
tional impairment.

Early research and early diagnosis of stress 
fracture in the athlete, and in particular young 
people, avoid the possible dire consequences of 
failure to diagnose. Awareness of the possibility 
of a stress injury by knowing which athletic ges-
ture can determine it is crucial. Early diagnosis 
allows the most appropriate therapeutic choice 
and is useful in reducing the recovery time of the 
patient and then initiating it safely in the recovery 
of the activity.

Fig. 20.20 STIR-weighted MRI axial view of the pelvis 
shows bone marrow edema of the right pubic branch and 
around soft tissues (white arrow), which is a sign of a 
radiographically occult fracture

a b

c d

Fig. 20.19 (a–d) (a) X-ray AP projection: complex ace-
tabular fracture; (b) CT 3D (VR) reconstructions show the 
involvement of the medial wall of the acetabulum; (c) CT 
3D (VR) reconstruction iliac oblique view shows the pos-
terior wall fracture associated with the posterior disloca-

tion of the femoral head. (d) CT 3D (VR) reconstruction 
obturator oblique view demonstrates fracture of the two 
columns. 3D reconstruction shows the anterior fracture, 
with the fracture of the iliac crest and the complete detach-
ment of the posterior column
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When the radiograph, first-instance examina-
tion, does not provide enough information to 
diagnose and clinical suspicion is grounded, MRI 
examination is appropriate and should be per-
formed with T1- and T2-weighted sequences but 
also with STIR weighted that is of fundamental 
importance in the research and demonstration of 
bone marrow edema (Fig. 20.20).

In avulsion fractures, x-ray of the pelvis is 
usually sufficient to diagnose and to assess the 
extent of the lesion. MRI examination can better 
characterize the injury by showing the bone 
edema with long TR-weighted and STIR images 
and the focal extension in the unmineralized 
cartilage.

With MRI, it is also possible to estimate the 
extent of involvement of growth nuclei to direct 
the selection of those patients who need surgical 
treatment compared to those in which the conser-
vative is sufficient. It is useful in completing the 
preoperative study of some complex sacral bone 
fractures.

Also in doubtful cases, the method can reduce 
the number of errors in diagnosis by improving 
patient outcomes and thus reducing the potential 
for medical-legal disputes resulting from failure 
to diagnose [51–56].
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Pelvic Trauma: Vascular/Visceral

Stefano Giannecchini, Valentina Caturano, 
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and Vittorio Miele

21.1  Introduction

Over the past few years, trauma has become one 
of the leading causes of morbidity and mortal-
ity. Trauma is the fourth cause of all life years 
lost in the United States and abdominal and pel-
vis trauma contributes to a large number of these 
deaths [1]. Injuries of the pelvis are the result of 
high-energy impact force and are often 
 associated with serious hemorrhage with high 
risk of fatal events. Pelvis trauma are also asso-
ciated with a number of other acute and chronic 
complications, such as urological and neurolog-
ical injuries, urinary and pulmonary infection, 
coagulopathies and chronic pains, leading to an 
high morbidity and long-term disability. In these 
patients, considerable resources are used and 
the socioeconomic implication is substantial. 
Therefore, a ready and accurate diagnosis is 
crucial, and it is still a great challenge for the 
radiologist.

21.2  Mechanism of Injury 
and Pathophysiology

Fractures and injuries of solid and hollow viscera 
of the pelvis result from high-energy traumatic 
events as motor vehicle accident, falls from 
height, assaults, and sport accident. External com-
pression and crushing injuries can explain the 
damage to the pelvic organs and several biome-
chanical studies have demonstrated the impor-
tance of the force vector in determining fracture 
pattern. The consequent possible instability of the 
pelvic ring has the effect of increasing the internal 
volume with a much higher incidence of soft tis-
sue and vascular rupture and acute hemorrhage 
because of the reduced staunch effect. Most of the 
blood loss is derived from injured retroperitoneal 
veins and osseous fractures but discontinuity of 
pelvic arteries—commonly the superior gluteal 
and internal pudendal arteries—can cause uncon-
trolled bleeding with an alteration in hemody-
namic status.

21.3  Morbidity and Mortality

Although pelvic fractures are relatively uncom-
mon injuries, morbidity and mortality rates 
remain high and intrapelvic bleeding is the major 
determining factor of mortality. Mortality rates 
vary widely within the literature—ranging from 
5% up to 60% [2, 3]—since pelvic fracture is usu-
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ally associated with multisystem injuries as head 
trauma, liver and spleen trauma, chest trauma, and 
genitourinary trauma. However, up to 40% of pel-
vic fractures are complicated by intrapelvic bleed-
ing [4] and hemodynamic instability and multiple 
organ failure as direct consequences are consid-
ered the primary cause of death.

Besides potentially life-threatening injuries, 
pelvic fractures are also associated with sev-
eral acute lesions and chronic complications, 
leading to high morbidity and long-term dis-
abilities [5].

21.4  Principles of Management

In these trauma, a punctual diagnosis and effica-
cious management is essential and despite the great 
efforts made to improve treatment of pelvic frac-
ture and its complications, pelvic injuries continue 
to pose difficult management problems. Details of 
the mechanism of trauma and patient presentation 
at the emergency room may be useful to raise sus-
picion a pelvic  fracture and possible associated 
injuries. The anatomical description of pelvic ring 
lesion is not crucial in the management of pelvic 
injuries and the first decisions are based mainly on 
the clinical conditions and associated injuries 
according to the guidelines of the Advanced 
Trauma Life Support (ATLS) protocol (Committee 
of Trauma of ACS.2012). Hemodynamic stabiliza-
tion is the first and main aim. Focused assessment 
sonography for trauma (E-FAST) and pelvic X-ray 
should be utilized in hemodynamic and unstable 
patient in order to identify injuries that require tem-
porary pelvic stabilization, immediate laparotomy, 
and angiography. A negative E-FAST does not 
exclude intraperitoneal hemorrhage and stable and 
stabilized patients must undergo further diagnostic 
study with a whole body continuous panoramic 

scan with intravenous contrast medium (c.m.) to 
locate quickly a possible primary source of hemor-
rhage and early identify other organ injuries. The 
frequent presence of other body lesions and the 
complexity of pelvic injuries impose a standardiza-
tion of the diagnostic strategies at the emergency 
room in order to avoid wasting time, complicat-
ing the management, and compromising the out-
come [6].

21.5  Major Vascular Injuries

Intrapelvic bleeding is the major determining 
factor of mortality in patients with pelvic frac-
tures [4] with an overall mortality up to 17% [7]. 
Hemorrhage can occur from veins (80%) or arter-
ies (20%) [8], and it can be difficult to determine 
whether the source of bleeding is arterial or 
venous. Laceration of branches of internal iliac 
artery alone accounts for about 25% of hemody-
namically unstable pelvic fractures [3] but com-
mon sources of bleeding are also cancellous bone 
and retroperitoneal veins.

21.6  MDCT Imaging Findings

The imaging findings at CT may be classified 
as direct or indirect. Direct signs, which often 
need immediate endovascular procedure or 
surgery, are more specific but less sensitive and 
include abnormalities of the vessel wall such 
as laceration and active hemorrhage, intimal 
tear, dissection, occlusion, pseudoaneurysm, 
focal stenosis, and arteriovenous fistulas. 
Indirect signs, which tend to be more sensitive 
but less specific, are represented by muscle 
hematoma and pelvic extraperitoneal spaces 
hematoma.
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21.6.1  Active Hemorrhage

Among vascular injuries of the pelvis, active arte-
rial hemorrhage is the most significant cause of 
morbidity and mortality [4] and active extravasa-
tion of contrast media accounts for 50% of all pel-
vic vascular injuries identified at pelvic MDCT in 
severe blunt trauma patient [7]. Acute bleeding 
appears as extravascular hyperattenuating focus 
because of the contrast-enhanced blood extending 
beyond the vessel lumen. This focus expands in 
the following phases of acquisition but on arterial 
phase images, any area of hyperattenuation, 
regardless of the size, must be considered an arte-
rial hemorrhage. Given the potential difference in 
management though, it is important to understand 
if the source of bleeding is arterial or venous [9]. 
Commonly an arterial injury appears as extravas-
cular pooling of contrast material, with attenua-
tion similar to or greater than that of the aorta in 
the arterial phase. Areas of active extravasation 
enlarge and have a greater attenuation value than 
the aorta in subsequently portal venous and 
delayed phase images (Fig. 21.1). Conversely, 
venous bleeding has later and less intense 
enhancement and it is seen only in the portal 
venous phase as a focus of extravascular hyperat-
tenuation, also enlarging during the portal and 
capillary phase (Fig. 21.2). Most of venous vessel 
lesions are treated conservatively since hematoma 
is often self-limited but in a prefund hypotensive 
patient, also an arterial bleeding may be seen only 
in the portal or delayed phase.

Fractures involving the lesser sciatic foramen 
and mostly the greater sciatic foramen, common 
pathway for many pelvic vessels, have a great risk 
of bleeding, especially from the superior gluteal 
and the internal pudendal arteries. Therefore, the 
fracture location can be used to presume the injured 
artery [10, 11] but a readily and certain identifica-
tion can only be obtained by a CT angiography.

There are a host of factors that influence the 
diagnostic quality of a CT examination and lead 
to a misinterpretation [12] but a careful attention 
to technique is crucial. For the purposes of this 
review, we will not discuss about contrast media 
CT protocol but it should be noted that a prelimi-
nary unenhanced scan must be obtained to dif-
ferentiate active extravasation from other 
high-attenuation entities, such as bone frag-
ments, foreign bodies, or drugs [13] (Fig. 21.3). 
Once ongoing hemorrhage is identified as focal 
area of high attenuation (greater than 90UH), 
equally important are coronal maximum inten-
sity projection (MIP) reformatted images, useful 

a

b

Fig. 21.1 Acute arterial bleeding; axial CT image of the 
pelvis on arterial (a) and venous (b) phases. Extravascular 
hyperattenuating focus with attenuation similar to that of 
the iliac arteries in the extraperitoneal left pelvic space 
(arrow) (a) enlarging (arrow) in the following phase of 
acquisition (b)
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a b

c d

Fig. 21.2 Venous bleeding; axial CT image of the pelvis 
without c.m. (a) and with c.m. on arterial (b), venous (c), 
and capillary late (d) phases. Extrapelvic hematoma seen 
as an iso-hypoattenuating area in the right gluteal region 

(a) has the same attenuation values in the arterial phase 
(b). In the portal venous phase (c), a late focus of extravas-
cular hyperattenuation appears into the hematoma 
(arrow), enlarging during capillary late phase (arrow) (d)

a

b

Fig. 21.3 Unenhanced (a) and 
post-contrast arterial phase (b) axial CT 
image. Hyperdense area close to the 
right ischio-pubic branche (long arrow) 
showing an attenuation higher than that 
of the iliac arteries (short arrows) (b) 
but equal in both unenhanced (a) and 
arterial (b) phases, corresponding to a 
bone fragment
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to detect the exact site of extravasation [5]. 
Finally, multiplanar reformation (MPR), viewed 
in combination with axial images, may be used 
to evaluate vessel along its long axis and reveal 
subtle injuries [1] (Fig. 21.4).

21.6.2  Other Form of Vascular 
Injuries

Vessel injuries may be present in the absence of 
active hemorrhage [5]. These lesions must be 
known and accurately identified since can be a 

source of emboli, occlusion, or progress to 
complete rupture with a concomitant active 
hemorrhage. Vessel wall injuries have a spec-
trum of imaging more subtle at CT, ranging 
from irregular narrowing and outpouching to 
complete occlusion.

21.6.2.1  Intimal Tear and Arterial 
Dissection

At imaging, the separation of the intima from 
the adjacent media leads to a segmental, linear, 
or curvilinear hypoattenuating filling defect 
originating from the vessel wall in the enhanced 

a

b

c

d

Fig. 21.4 Axial unenhanced (a) and arterial phase (b) CT 
image, coronal reformatting (c) and angiography (d) of 
the pelvis. Large extraperitoneal hematoma in the left pel-
vic side wall, appearing as an hyperattenuating collection 
in the unenhanced (a) and arterial axial images (b); the 

coronal reformatting of the arterial phase (c) shows a min-
ute focus of enhancement (arrow), corresponding to an 
active arterial bleeding. Selective angiography (d) con-
firmed blood extravasation and the exact site (arrow)
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arterial lumen. In the case of dissection, blood is 
interposed between the intima/inner media and 
the outer adventitia by forming a true and false 
lumen. Arterial dissection may be caused by 
mechanical forces from trauma often in combi-
nation with underlying arteriopathies. Dissection 
may cause thromboemboli that may occlude the 
arterial lumen. With thrombosis an arterial dis-
section may manifest at CT as a crescent focal 
region of vessel narrowing. Traumatic dissec-
tion can also be the cause of an intermittent 
ongoing bleeding, not evident on CT, and there-
fore it requires an angiographic study [4, 7, 13].

21.6.2.2  Pseudoaneurysm
A pseudoaneurysm occurs secondary to a com-
plete or partial disruption of the wall vessel with 
blood contained by the adventitia or perivascu-
lar tissues through formation of a fibrous cap-
sule (Fig. 21.5). Pseudoaneurysm are unstable 
and at increased risk for rupture or partial 

thrombosis and cause emboli to distal organ. At 
imaging, a focal well-circumscribed arterial 
outpouching of contrast-enhanced blood is seen 
adjacent to the vessel lumen. On portal veins 
and delayed phase images, pseudoaneurysm 
does not enlarge and reflect the attenuation of 
the blood pool, showing a hypoattenuating val-
ues over time as arterial enhancement washes 
out [4, 7, 13] (Fig. 21.6).

21.6.2.3  Occlusion
Occlusion of a major vessel may result from inti-
mal disruption with subsequent platelet aggrega-
tion, leading to thrombosis. A full-thickness injury 
with spasm also can cause a vessel occlusion and in 
these cases the possibility of hemorrhage should be 
taken seriously, even if there is no extravasation of 
c.m. when CT is performed. Occlusion appears as 
abrupt cutoff of a contrast- enhanced vessel [4, 13].

Fig. 21.5 Pseudoaneurysm: a complete or partial disrup-
tion of the wall vessel leads to an outpouching blood col-
lection delimited by adventitia or fibrous capsule

a

b

Fig. 21.6 Pseudoaneurysm on axial CT image on arterial 
(a) and venous (b) phases. A focal well-circumscribed 
arterial outpouching of contrast-enhanced blood is seen 
inside left iliac muscle (arrow) in the arterial phase (a). 
On portal venous phase (b), the area does not enlarge and 
it reflects the attenuation value of the blood pool
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21.6.2.4  Focal Stenosis
Intra- or extramural hematoma, intimal injuries 
with partial thrombosis, and spasms are all 
potential causes of focal areas of narrowing and 
irregularity of the arterial lumen. On CT 
images, generally, it can be hard to differentiate 
a spasm from a true injured vessel and although 
an arterial spasm generally appears as concen-
tric smoothly tapered traits of narrowing adja-
cent or even distal to the site of injury, imaging 
findings are not specific and cannot be used 
to exclude other type of vessel injuries. 
Nevertheless, vasospasm should remain in the 
differential diagnosis because, although it may 
resolve spontaneously, it can also mask an 
intraluminal thrombosis [7].

21.6.2.5  Arteriovenous Fistula
Arteriovenous fistulas, a direct communication 
between an artery and a vein, are rare in blunt 
trauma and difficult to detect and the diagnosis 
often delayed. Although infrequent, immediate 
diagnosis of this injury is important due to high 
risk of rupture. The typical finding on MDCT is 
an early filling of a pelvic vein with contrast mate-
rial in the arterial phase when c.m. should only be 
visible within the pelvic artery. It is important to 
look through contralateral anatomic equivalent of 
the pelvis veins because an asymmetric early fill-
ing can also be diagnostic [4, 7, 13].

21.7  Urological Injuries After 
Pelvic Trauma (Urinary 
Bladder and Urethra)

Genitourinary injuries are well-identified com-
plications and occur in as many as 15–20% of 
pelvic fractures cases, especially if pubic sym-
physis is involved (3,8). Pelvic fracture pat-
tern, as shown by the pelvic X-ray eventually 
performed at emergency room, may predict the 
risk of genitourinary injury and the presence of 
blood at the urethral meatus and gross hematu-
ria [14], should raise the suspicion for a genito-
urinary injury. In patients with blunt trauma 

pelvic fracture associated with bladder injury, 
it was demonstrated that pelvic injuries 
included diastasis of the pubic symphysis 
greater than 1 cm and fracture of obturator 
ring, with a displacement greater than 1 cm 
[15]. In the western world, the most common 
cause of urological injuries are wide- impact 
blunt abdominal traumas in road accidents, but 
the incidence of penetrating trauma is increas-
ing [16, 17]. Whether the trauma is blunt or 
penetrating, associated multiorgan injuries are 
common and affect frequently the liver and the 
spleen [18].

21.7.1  Urinary Bladder Trauma

Motor vehicle crashes, falls, and crush injuries 
are the most frequent cause of bladder trauma 
[19] and major mechanisms of injuries are 
blunt trauma or penetrating trauma by fracture 
fragments. In any case, 60–90% of patients 
suffering from a blunt trauma bladder injury 
have associated pelvic fractures [19] and 25% 
of intraperitoneal bladder lesions occur with-
out a pelvic fracture [20]. Injuries range from 
contusions to rupture and most of the ruptures 
result from a blunt trauma with distended 
bladder. In effect the type and the extent of 
lesion depend not only on external mechanism 
but also on the state of bladder relaxation at 
the time of trauma. Beyond contusion lesions, 
limited to the mucous membrane with no 
imaging finds [21], intraperitoneal rupture 
occurs when a strong compression on the 
lower abdomen causes sudden increase in 
pressure in a distended lumen bladder. The 
rupture affects the dome which is the weakest 
portion of the bladder and covered by perito-
neum, causing an intraperitoneal extravasation 
which outline peritoneal structures, such as 
the bowel and the mesentery. Yet most fre-
quent bladder injuries are extraperitoneal rup-
ture (accounting for 80–90% of cases) and 
generally associated with pelvic fractures 
[14]. Urine extravasation can be restricted in 
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the pelvic extraperitoneal space (simple extra-
peritoneal rupture) or reach distant locations, 
as the anterior abdominal wall, the penis, the 
scrotum, and the perineum since the injury 
may cause a disruption of the fascial planes of 
the pelvis (complex extraperitoneal rupture). 
Combined intraperitoneal and extraperitoneal 
bladder injuries occur in as many as 5% of 
major bladder trauma [14].

21.7.1.1  Classification
The American Association for the Surgery of 
Trauma (AAST) classified bladder injuries 
according to five grades scale, while the Societé 
Internationale d’Urologie (SIU) uses a classifi-
cation into four types (type 1 bladder contu-
sion, type 2 intraperitoneal rupture, type 3 
 extraperitoneal rupture, type 4 combined 
injury). The latter classification does not take 
into account the length and extent of the wall 
laceration but it simply aims to determine the 
presence of the injury as assessed by contrast 
extravasation on CT cystography [14].

21.7.1.2  Imaging
Diagnosis of bladder injury on MDCT may be 
challenging if bladder is not well distended. On 
the other hand, polytrauma patients are catheter-
ized and bladder is empty when they are exam-
ined. Decision to performing a CT cystography 
is taken on the basis of clinical and radiological 
basis. The finding of pelvic fractures may be 
determinant but if associated with gross hematu-
ria, the indication for evaluation of bladder is 
absolute. Relative indications are also gross 
hematuria without pelvic fracture, microhematu-
ria with pelvic fracture, and isolated microhema-
turia. The only reliable method for filling the 
bladder is the retrograde active distension with 
c.m [14]. The passive distension of the bladder 
during the abdominal CT cannot be considered 
reliable on to diagnose bladder rupture, even 
with bladder catheter clamped or acquisition of a 
delayed scan, no matter if bladder appears dis-
tended. Indeed, the antegrade approach may 

detect intra- or extraperitoneal fluid but is not 
capable to differentiate urine from ascites. 
300 ml of diluted water-soluble iodinated radi-
opaque c.m. is introduced into the bladder 
through a urethral catheter, and a CT scan per-
formed before the infusion of intravenous c.m. 
for routine next abdominal CT [22]. Typically, a 
CT cystography shows a contrast extravasation 
into perivesical fat and occasionally into anterior 
abdominal wall, allowing a distinction between 
intra- and extraperitoneal rupture (Figs. 21.7 and 
21.8). This distinction has a paramount impor-
tance and immediate therapeutic implications 
because intraperitoneal rupture requires surgical 
management while extraperitoneal rupture can 
be treated conservatively [23].

a

b

Fig. 21.7 Urinary bladder intraperitoneal rupture; axial 
(a) and coronal (b) reformatting image of a CT cystogra-
phy. Laceration of the left bladder wall seen as a defect in 
wall contour (long arrow) and contrast extravasation out-
lining peritoneal space (short arrow)
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21.7.2  Urethral Trauma

While isolated urethral injury is rare, urethral 
injury is a common complication of pelvic 
trauma associated with pelvic fracture and 
occurs in as many as 24% of these adult patients 
[24]. 10–29% of males with pelvic trauma may 
be affected by simultaneous rupture of bladder 
and prostatomembraneous urethra [14] and 
except for these cases, urethral injuries are 
rarely life-threatening in the acute phase. 
Nevertheless these lesions must be promptly 
suspected and appropriately treated since they 
are often cause of late complications, as stric-
tures, impotence, incontinence, that result in 
significant long-term morbidity [25]. Although 

retrograde urethrography should be the diagnos-
tic procedure of choice to evaluate patients with 
suspected urethral injury (Fig. 21.9), in poly-
trauma patients a Foley catheter is immediately 
placed for the purpose of monitoring fluid intake 
and output, so that CT does play a primary role 
and becomes the main diagnostic modality. And 
since urethral injury is mainly suspected on the 
basis of indirect findings on CT scan, the radi-
ologist plays a key role in advancing the suspect 
of lesion to be accurate identified with further 
subsequent urethrography [14, 25].

21.7.2.1  Anatomy
Male urethra is divided into two main parts: the 
posterior urethra and the anterior urethra, 
respectively, divided into prostatic and membra-
nous segments and bulbous and penile seg-
ments. The two main portions are anchored to 
the anterior pubic arch by puboprostatic liga-
ments and separated by the urogenital dia-
phragm (Fig. 21.10). The female urethral 
anatomy is simpler because of its small size, 
internal location in the distal anterior vaginal 
wall, and the absence of a firm attachment to the 
pubic bone [14, 25].

a

b

Fig. 21.8 Urinary bladder extraperitoneal rupture; axial 
image (a) and sagittal reformatting (b) of a CT cystogram. 
Focal disruption of bladder floor in the anterior site 
(arrow) with diffuse contrast extravasation into the peri-
vesical extraperitoneal space and in the anterior abdomi-
nal wall (short arrow); note the presence of gas bubbles

Fig. 21.9 Retrograde urethrography performed to assess 
site and extension of the urethral laceration

21 Pelvic Trauma: Vascular/Visceral



470

21.7.2.2  Mechanism 
and Classification

The most common causes of urethral injury are 
motor vehicle crashes and fall from height. 
3–25% of patients have pelvic fracture [25] and 
the most frequent injury affects the posterior por-
tion of urethra due to the frequent involvement of 
the pubic bones and the puboprostatic ligaments. 
20% of patients suffering from a urethral injury 
have associated bladder laceration [26]. The 
anterior urethra is inserted into a less rigid system 
than the posterior portion and injuries are less 
frequent and account for about 33% of patients. 
This type of lesion results from the crushing of 
the urethra against the pubis (straddle injury), 
which directly injuries the bulbous urethra. 
Commonly, urethra is compressed between an 
external hard object, blown to the perineum, and 
the lower margin of the symphysis pubic. 
Generally, there are no associated pelvic frac-
tures. Lesions of female urethra are uncommon 
(less than 6% of female pelvic fractures) and 

often part of severe pelvic trauma and frequently 
accompanied by vaginal and rectal injuries [25].

The unified classification system proposed by 
Goldman marks the anatomic location of the 
lesion, and it is commonly used to classify the 
urethral injuries [26]. However, urethrography 
remains the gold standard for a correct injury 
classification and before it can be executed in a 
polytrauma patient, days may pass. It is therefore 
crucial to know clinical signs of urethral injury 
and recognize findings on CT, related to posterior 
urethral injuries [14].

21.7.2.3  Imaging
When a patient with pelvic trauma presents with 
gross hematuria blood at the meatus, hematoma, 
and swelling of the perineum, urethral injury 
must be suspected. As already pointed out, on CT 
scan urethral injury can only be diagnosed or sus-
pected based on indirect signs. Major findings 
include obscuration of the urogenital diaphrag-
matic fat plane, swollen and increased volume 

Fig. 21.10 Normal male urethral anatomy in the sagittal plane. Urogenital diaphragm is a key anatomic landmark in 
urethral traumas
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ischiocavernosus and obturator internus muscles 
due to mural hematoma, loss of prostatic contour 
and obscuration of the bulbocavernosus muscle 
(Figs. 21.11 and 21.12). Among these signs, the 
most significant are obscuration of the urogenital 
diaphragmatic fat plane and hematoma of the 
ischiocavernosus muscle, both seen in 88% of 
patients with urethral injury. Loss of prostatic 
contour and obscuration of the bulbocavernosus 
muscle are present, respectively, in 59% and 
47%, and hematoma of the obturator internus 
muscles is seen in 53% of patients with urethral 
injury [14].

21.8  Neurological and Bowel 
Injuries

21.8.1  Nervous Structure Trauma

21.8.1.1  Mechanism
Neurological injuries can be difficult to be 
detected, and they are often overlooked during 
the initial complex trauma management. The 
risk and nature of neurological injury is closely 
related to the fracture pattern. The extension to 
the posterior portion of pelvic ring and mostly 
the presence of a sacral fracture [27] are very 
significant signs for suspecting the involvement 
of nerve structures in the pelvic floor 
(Fig. 21.13).

Commonly, these are high-energy traumas, as 
it happens in motor vehicle crashes, fall from 
height and crushing trauma, though most pelvic 
fractures involving the sacral region the elderly 
are caused by low-energy trauma.

The neurological lesions associated with 
pelvic or sacral fractures may affect a single 
nerve, multiple nerve roots, or a whole nervous 
plexus with different clinical presentations and 
symptoms. Pain in the affected region, uri-
nary disorders such as bladder incontinence, 
genital disorders such as erectile dysfunction, 
fecal incontinence and poor anal tone, loss of 
sensitivity, and the absence of reflections are 
some of the possible signs and symptoms of 
a neurological injury with often permanent 
consequences.

Fig. 21.11 Delayed axial CT cystographic image. 
Hematoma causes obscuration of the urogenital diaphrag-
matic fat plane (short arrow) and loss of prostatic contour. 
These findings are suggestive for urethral laceration

a

b

c

Fig. 21.12 Unenhanced axial CT image (a), delayed 
axial CT cystographic image (b and c). A mural hema-
toma causes ischiocavernosus and bulbocavernosus mus-
cle high attenuation (short arrows) (a). Extravasation of 
iodinated c.m. is associated in the periprostatic space (b) 
and along the bulbar tract of the urethra (c)
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21.8.1.2  Imaging
The fracture location can be used to presume the 
injured nervous structure but a readily and cer-
tain identification in emergency is quite difficult 
since CT has limited sensitivity in soft tissue 
contrast. Lesions of nerve roots nervous are only 
detected in 30% of cases during the early assess-
ment after the trauma and frequently the diagno-
sis may be delayed up to 1 year after the traumatic 
event [28].

So the radiologist, along clinical signs, must 
consider the pattern of fracture where a sciatic 
nerve injury may occur in fracture involving the 
greater sciatic foramen while a transverse sacral 
fracture can be the cause of intraspinal nerve root 
injury (Fig. 21.14).

Once the suspect of a neurological injury has 
been placed, it will be accurately identified with 
further subsequent MRI which has no role in the 
acute setting.

21.8.2  Lower Gastrointestinal 
Trauma

21.8.2.1  Mechanism
Traumatic injuries of the bowel following pelvic 
fractures are relatively common, [29] and it can 
be easily diagnosed because of the typical symp-
toms and signs, such as peritoneal irritation, free 
abdominal air and fluid, and severe sepsis. 
Conversely, bowel entrapment at the pelvic frac-
ture site is a rare complication in pelvic fracture, 
and it can be fatal because of its clinical complex-
ity. It is also difficult to distinguish from ady-
namic ileus, a more benign condition that occurs 
in up to 5–18% of pelvic fractures [3].

Disruption of the bowel is seen in the setting 
of severe pelvic fractures, and it is often associ-
ated with serious injuries of other organs. 
Colorectal and anus injuries are usually due to 
high-energy trauma though no penetrating rectum 

Fig. 21.13 The strict 
relationship between 
posterior portion of 
pelvic ring and sacral 
bone and sacral plexus
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injuries are uncommon (from 1% to 5% of 
patients with blunt abdominal trauma) [30] due 
to the anatomical protection offered from the 
bone pelvis.

21.8.2.2  Imaging
CT is considered a very sensitive imaging 
modality for both the diagnosis of colorectal 
and anus disruptions [31] and the diagnosis of 
bowel entrapment. Free abdominal air is a 
strongly suggestive direct sign of hollow viscus 
injury but free intraperitoneal or retroperitoneal 
fluid has a high predictive value for bowel dis-

ruption. An indirect sign of colorectal or anus 
injury is a focal bowel wall thickening (intesti-
nal contusion). Finally, focal increased density 
of intestinal wall can mean an arterial or venous 
ischemia, a strong indication for a prompt lapa-
rotomy [32].

Careful monitoring and awareness should be 
instead the main attitude to exclude and possibly 
diagnose a bowel entrapment. Patients with pel-
vic fractures and a persistent progressive ileus 
should undergo a CT with combined use of oral 
and IV contrast to rule out entrapment at the frac-
ture site [3, 33].

a b

c

Fig. 21.14 Unenhanced CT scan; sagittal (a), axial (b) 
images, and 3D volume rendering (c). A complex fracture 
of the sacrum and ileus involving the ischiatic foramen 

currently causes sciatic nerve injury and intraspinal nerve 
root injury
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22.1  Introduction

Over the last decades, as well as diagnostic radi-
ology, interventional radiology techniques have 
been improved thanks to technological evolution, 
mostly related to the production of new devices 
enabling the interventional radiologist to reach 
anatomical districts not accessible before. As a 
result of this technological improvement, it was 
observed an increase of procedures around the 
world in both vascular and extravascular inter-
ventions in terms of numbers and variability, and 
this was associated with a change in treatment 
strategies for traumatic patients with the willing 
of surgeons to prefer, when possible, a Non- 
Operative Management (NOM).

The numerical growth of interventional radi-
ology procedures and the evolution of the treat-
ment options that have occurred in the last 
decades represent the result of a combination of 
several factors, among which are the progressive 

miniaturization of devices that allow a greater 
number of conservative treatments.

Non-Operative Management (NOM) can be 
associated at mini-invasive techniques such as 
arterial embolization for active bleeding, stent- 
graft positioning to repair vessels tears and tem-
porary occlusion balloon catheters positioning as 
a bridge to surgical repair. In the non-operative 
management, interventional radiology techniques 
allow a quicker and less invasive treatment if 
compared with surgery in the management of 
haemorrhages [1, 2], especially in blunt abdomi-
nal trauma with solid organs injuries and active 
bleeding suspected on the basis of clinical assess-
ment and confirmed at the Contrast Enhanced 
Computed Tomography (CECT) study. Some 
authors argue that even patient with severe trau-
matic lesions of solid abdominal organs (degree 
IV, the American Association for the Surgery of 
Trauma injury scoring scale, AAST) may benefit 
from an interventional treatment if in stable hae-
modynamic conditions, and that in more severe 
cases (degree V) a combined surgical and inter-
ventional treatment can be performed in a hybrid 
operatory theatre. In this regard, interventional 
radiology techniques are considered the standard 
of care for haemodynamically stable patients 
with blunt abdominal trauma in the Emergency 
Department [3, 4].

All this factors, along with the availability of 
the most powerful digital angiographers with 
cone-beam technology, have contributed to move 
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good part of surgery treatments in interventional 
radiology treatments [4].

Following this evolution, the hospital struc-
tures are equipping themselves with new angio-
graphic suite, usually located in the Radiology 
department but in the majority of cases far away 
from the Emergencies Department (ED). With 
the increasing use of interventional radiology 
procedures in traumatic patients, in the organiza-
tion of new hospitals it has to be reconsidered the 
collocation for these equipment closer to the 
A&E department, moreover with the creation of 
hybrid operatory theatres.

Angiographic Suites or Hybrid Operation 
Theatres are multifunctional rooms that integrate 
the structural, technological and organizational 
features of the operating room with the interven-
tional angiography, in order to instantly convert 
a percutaneous procedure into a surgical one 
[5]. The creation of an angiographic suite or a 
hybrid theatre placed in general operatory blocks 
or operatory blocks dedicated to Emergency 
Departments contributes to a better manage-
ment of time-dependent conditions such as trau-
matic injuries, providing a fast, effective and 
efficient treatment for blunt abdominal trauma. 
Furthermore, the availability of a sliding CT in 
the operatory block enables a modern approach 
to traumatic patients by allowing a simultaneous 
onset of different operating figures in only one 
venue.

Inside the hybrid operating theatre several 
specialists coexist and operate simultaneously 
and in sequence. The organization of the hybrid 
operating theatre requires a clear team leader-
ship assignment in relation to the clinical pri-
orities of the polytraumatized patient: the team 
leader has a dynamic, interchangeable role. 
Although in most cases the surgeon has the role 
of the team leader, it can switch to anaesthetist 
or orthopaedic surgeon or interventional radiolo-
gist in relation to clinical situation. There are no 
data in literature that can suggest the benefit of 
a second surgeon who may be a leading subject, 
not directly involved in the operation but coor-
dinating the various figures involved in moni-
toring, resuscitation and treatment (surgical or 
interventional). Some authors hypothesize in the 

near future a new figure in this new scenario (the 
hybrid operating theatre) with a specific role of 
supervisor [4].

22.2  State of Art in Diagnosis 
of Abdominal Bleeding 
for Trauma

Currently, the abdominal diagnostic angiography, 
used in the past to highlight abdominal bleeding, 
is no longer used with this purpose and its preva-
lent role is included in the interventional treat-
ments in NOM as the preliminary phase of 
localization of the segment to be treated. Its role 
has been completely replaced by Contrast 
Enhanced multidetector Computed Tomography 
(CE-MDCT), which today is the gold standard 
diagnostic method in the identification and clas-
sification of traumatic lesions and bleeding in 
haemodynamically stable or stabilized patients. 
This diagnostic technique is able to offer a fast, 
complete and accurate description of localiza-
tion, extension and severity of traumatic injuries, 
allowing a complete and adequate treatment plan.

Thanks to its ability to simultaneously investi-
gate extra-abdominal organs, CE-MDCT can also 
provide information on other structures eventually 
involved in trauma, such as spinal cord or retroperi-
toneal space. However, despite the fact that 
CE-MDCT is now considered the gold standard for 
abdominal trauma, a study on patients with pelvic 
trauma reiterated the importance of diagnostic angi-
ography in pelvic trauma. In a retrospective study 
conducted on a group of 327 patients to evaluate 
factors that required arterial embolization for treat-
ment of patients with pelvic bones fractures,

Bozeman et al. [6] reported that patients over 
55 years having systolic blood pressure lower 
than 90 mmHg and with evidence of active bleed-
ing on CECT were significantly associated with 
the need for angio-embolic treatment. On the 
other hand, active contrast medium extravasation 
on CT-scan was absent in 25% of patients who 
needed therapeutic angioembolization [6]. The 
clinical results of this study are important because 
they attest that in specific clinical situations 
CECT angiography may not be as sensitive as 
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Digital Subtraction Angiography (DSA) to iden-
tify haemodynamically significant bleeding. 
Therefore, patients with clinical evidence of con-
tinuous bleeding should also be considered to be 
subjected to therapeutic angiography although if 
it was not observed any active contrast extravasa-
tion on CECT, especially with regard to the 
bleeding of the pelvis [4].

22.3  Liver

The liver is a vital organ located in the upper right 
quadrant of the abdomen, below the diaphragm. 
Due to its position and its size, the liver is one of 
the most frequently injured abdominal organs 
and hepatic involvement in abdominal trauma is 
frequent (10–15% blunt trauma, 20–25% open 
trauma), often associated with splenic injury. 
Usually sustained during motor vehicle collisions, 
the possibility of uncontrolled haemorrhage and 
a myriad of delayed complications contribute to a 
high morbidity and mortality rate [7, 8].

Hepatic injuries include capsular laceration, 
parenchymal tear or rupture, subcapsular or intra- 
parenchymal haematoma and partial devascular-
ization for parenchymal damage; when, in 
addition to the parenchyma, the portal vein, the 
vena cava or the biliary tract is involved, the mor-
tality and morbidity rate are increased. The man-
agement of hepatic trauma is a dynamic field with 
significant paradigm shifts over the past several 
decades, with a central role of surgical repair [8].

During the early 1980s, the rapid development 
of new diagnostic techniques as angiography and 
CT supported the rising of interventional radiol-
ogy and opened new quicker diagnostic options 
and therapeutic mini-invasive techniques for the 
management of patients with hepatic trauma.

The earliest reports of angioembolizations of 
liver bleedings occur in the early 1970s: Rosch 
and Dotter, fathers of Interventional Radiology, in 
1972 published “Selective Arterial Embolization”, 
in which they described this new technique for 
stopping gastrointestinal active bleeding [9]. A 
year later, Bookstein described the embolization 
of a hepatic arteriovenous fistula [10]. During 
the mid 1990s, the mini- invasive endovascular 

techniques enter definitely in the diagnostic and 
therapeutic guidelines for liver trauma. At the 
same time, good results from NOM of paediatric 
patients with hepatic trauma, as well as the ever-
increasing medical options, have pushed a part of 
the academic-surgical world to review the imme-
diate operative approach, especially in haemody-
namically stable patients [11, 12].

Angioembolization, associated with advances 
in non-surgical intervention, has allowed a sig-
nificant decrease in mortality and morbidity from 
liver injuries. Today the attitude in hepatic trauma 
with haemodynamic stability is the NOM, even 
with extensive parenchymal injury (IV-V AAST 
degree), with significant decrease in mortality 
rates [7, 12, 13].

The development and improvement of imag-
ing techniques have provided significant impetus 
to the success of the NOM: ultrasound, CEUS and 
CECT represent the gold standard in the diagnos-
tic algorithm of patients with abdominal trauma, 
especially for the liver in which CECT usually 
identifies the site and extent of  parenchymal 
damage, as well as the presence of active bleed-
ing (Fig. 22.1) [13].

In literature several authors highlighted good 
results with treatment of bleeding even in haemo-
dynamically unstable patients: in particular 
Monnin et al., with a multidisciplinary approach 
including embolization, has achieved a 93% suc-
cess also with haemodynamically unstable 
patients [14]. Furthermore, in trauma patients 
who respond to resuscitation treatment, the 
guidelines of the Eastern Association for the 
Surgery of Trauma (EAST) in first instance rec-
ommend (level 2) arterial embolization, possibly 
in addition to surgery [15]. Indications for con-
ventional hepatic angiography include active 
contrast extravasation identified by CECT, evi-
dence of ongoing bleeding despite conservative 
resuscitative measures, haemobilia and control of 
continued haemorrhage after surgery. Active 
bleeding is the leading indication for interven-
tional radiology procedures, in particular as a 
valid support to the NOM; hepatic angioemboli-
zation is usually performed in a dedicated 
 angiographic suite and starts with a retrograde 
common femoral approach: the goal is to selec-
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tively catheterize the hepatic artery and after 
superselective catheterization reaching up to the 
site of vascular disease (extravasation, pseudoan-
eurysm or arteriovenous fistula) to embolize 
using coils or embolic agents (liquid agents such 
as Glue and Onyx, gelfoam) (Fig. 22.2).

The most common vascular catheter used for the 
celiac trunk is Cobra or Simmons shaped; the exter-

nal size of microcatheters used for superselective 
catheterization usually has a range from 2.0 to 2.8 
French (3 Fr = 1 mm). In case of pre- procedural CT 
with extensive liver injury, some authors suggest to 
release embolizing agents such as gelfoam or 
Spongostan from the hepatic artery of affected lobe 
even in the absence of angiographic evidence of 
active bleeding: this however may help in achieving 

a b

Fig. 22.2 Angioembolization of hepatic bleeding arteries 
(black arrowhead) by the selective catheterism of the celiac 
trunk using a Simmons 1 shaped macrocatheter (white arrow), 

super selective microcatheterism of the bleeding artery (black 
arrows) and microcoils deployment (white arrowheads)

a b

Fig. 22.1 Liver CECT scan before and after angioembo-
lization, arterial phase: (a) evidence of active bleeding 
(white arrow) and subcapsular fluid collection (white 

arrowhead); (b) presence of metallic coils (black arrow-
head) and absence of bleeding
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haemostasis and haemodynamic stabilization of the 
patient; however, it is controversial [16]. In the set-
ting of trauma, the technical success rate of hepatic 
angioembolization ranges from 88% to 100%, but in 
cases following surgical packing owing to distorted 
anatomy and manipulation, technical success rate 
drops to 60–70% [14]. Usually technical difficulties 
are related to vascular tortuosity, artery stenosis, 
most commonly of the celiac trunk, and vessel 
spasm. In case of complex vascular anatomy, it may 
help to use smaller size and more navigable micro-
catheters; similarly, in case of vasospasm, the use of 
microcatheter and delicate catheter manipulation 
will help to reach the site of hepatic injury [16]. Lee 
et al. reported 11 cases of incomplete embolization: 
ten of these cases were secondary to a persistent con-
trast blush without an identifiable vessel or a blush 
supplied by multiple collaterals that could not be 
embolized, and one reported failure secondary to a 
stenotic celiac artery [17]. Both Lee et al. and 
Hagiwara et al. reported failures of NOM despite 
technical success of angioembolization [18]. Often, 
the failure of conservative management despite suc-
cessful angioembolization is related to venous 
bleeding, that can be difficult to identify during angi-
ography and even harder to treat.

Late liver bleeding is an uncommon (3% of liver 
trauma) possible complication of NOM [19]. The 
number of complications is higher in patients with 
higher degree liver injuries; the most common 
complications of a hepatic angioembolization 
include hepatic necrosis, abscess formation and 
non-target embolization [20]. Due to its vascular 
conformation, the liver receives constant inflow 
from both portal and arterial venous vessels. 
However, despite this robust dual supply, the com-
bined insult of trauma and embolization has been 
shown to cause significant hepatic necrosis that 
ranged from 0 to 42% with a weighted mean rate of 
15% and was associated with longer hospital stay 
and increased transfusion requirement [8]. It is evi-
dent that liver trauma and subsequent liver devas-
cularization play a major role in hepatic necrosis 
compared to angioembolization, in particular with 
a superselective embolization. Green et al. reported 
that a major degree of arterial selectivity during 
embolization was generally related to a lower 
necrosis rate [8].

The next two common complications are 
abscess formation and bile leak/biloma [21, 22]. 
These complications are not clearly related to 
angioembolization and, in literature, they are 
reported both in operative and non-operative 
management of hepatic trauma [23, 24]. Probably, 
hepatic injury and death of a large number of 
hepatocytes together create a combined state of 
parenchymal flogosis and tissue necrosis, increas-
ing the risk of abscess formation independently 
from angioembolization.

Even in the management of complications, 
interventional radiology through the positioning 
of percutaneous drainage on abscess sites plays a 
key role. In a multidisciplinary approach, today 
the conservative management in patients with 
liver injury appears a successful algorithm in 
order to reduce mortality and morbidity rate: 
angiography and angioembolization are essential 
components of successful NOM of hepatic 
trauma patients, as well as a critical component 
of haemorrhage control following laparotomy 
[25, 26]. In particular, despite there are no con-
sensus guidelines on appropriate patient selection 
criteria for those who would benefit from angiog-
raphy and angioembolization, several articles 
have suggested that early angiography and embo-
lization improve outcomes in patients with high- 
grade hepatic injuries [12, 26–30].

In summary, hepatic angioembolization is an 
effective and important component in the man-
agement of traumatic hepatic haemorrhage, also 
in an operative or non-operative management. 
Hepatic necrosis is the most important complica-
tion and can occur following embolization, but 
this risk can be safely managed by medical ther-
apy without serious sequelae.

Today interventional radiologists, as real 
“playmakers” of the multidisciplinary team, play 
a central role in the treatment of hepatic trauma.

22.4  Aorta

Traumatic aortic injury, a consequence of pene-
trating injuries or blunt trauma, is a life- 
threatening condition, which requires prompt 
diagnosis and management: the vast majority of 
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patients die before they can receive medical care; 
furthermore, the mortality rate for patients with 
aortic rupture who survive until they reach the 
hospital is estimated to be 41–50% [31]. 
Traumatic aortic injury commonly occurs at the 
sites of aortic tethering that is the aortic root, the 
isthmus and at the diaphragmatic hiatus; although 
it is rare in the abdomen, the most common site 
of injury is the infrarenal abdominal aorta [32].

Abdominal vascular injuries can be caused by 
penetrating or blunt trauma. Blunt Abdominal 
Aortic Injuries (BAAIs) are caused by traffic 
accidents commonly referred to as the “seat belt 
aorta” [33, 34]. These injuries are rare in the cur-
rent reported world literature because the tho-
racic aorta is fairly well protected by the bony 
thoracic cage [35]. Starnes et al. proposed a 
CT-based management classification system for 
BAAI [36]: he classified BAAI into 4 types based 
on aortic external contour abnormality, intimal 
tear and contrast extravasation. Most patients 
with BAAI rarely reach the hospital alive and 
those who do have a reported 24% mortality. 
Most abdominal aortic injuries have been 
repaired via an open surgical approach, with 
endovascular stent graft as an alternative. Despite 
significant improvements in critical care support, 
non-invasive diagnosis, anaesthesia and surgery 
over the last few decades, the conventional open 
surgical repair of an aortic rupture still carries a 
significant risk of serious complications and mor-
tality, and in patients with concomitant injuries 
and comorbidities is associated with high mor-
bidity and mortality [37–39]. Therefore, endo-
vascular repair techniques have emerged as a 
promising alternative in these patients [40]. 
Several case reports and case series evaluating 
the technical feasibility and safety of endovascu-
lar treatment for ruptured abdominal aortic aneu-
rysm (rAAA) or a thoracic aortic injury (TAI) 
suggest that between 40% and 80% of rAAAs are 
suitable for endovascular aortic repair (EVAR), 
with a perioperative mortality rate of 10%–29% 
for endovascular repair of rAAA [41–44].

Both conventional open surgical and endovas-
cular treatment options for aortic ruptures are 

available in referral centres; however, the trans-
ferring of patients who need emergency treat-
ment to a referral centre is usually not possible. 
Therefore, the widespread use of endovascular 
techniques is important for the rapid and ade-
quate treatment of these patients [45]. A key role 
in the success of endovascular approach is an 
accurate patient selection by an early Angio-CT 
examination assessing the feasibility of the endo-
vascular procedure (aneurysm neck, iliac axes 
involvement, etc.) as well as the evaluation of 
haemodynamic and vital signs; so, an optimal 
patient selection for EVAR requires a multidisci-
plinary approach including interventional radiol-
ogists, vascular surgeons, emergency doctors and 
anaesthetists.

In conclusion, in cases of abdominal aorta 
ruptures from blunt trauma, endovascular aortic 
repair is evolving and offers the potential to 
improve mortality rates in acute aortic injuries: 
therefore, interventional radiology can play a 
crucial role in trauma centres.

22.5  Spleen

The spleen is the second abdominal organ most 
commonly involved in closed abdominal trauma 
after the liver. Splenic injuries, occurring in 32% 
of abdominal injuries, most often are observed in 
blunt abdominal trauma such as in traffic acci-
dents, assaults, fall from height and sports. Spleen 
damage is a serious and fearful consequence of 
abdominal trauma; as it is a highly vascularized 
organ, splenic injuries can result in prolonged 
bleeding with the risk of a threat to the life of the 
patient if not recognized and treated correctly.

In addition to the immediate danger caused by 
intraperitoneal bleeding with haemorrhagic 
shock potential, delayed bleeding may occur in 
capsular lesions or post-traumatic vascular 
lesions (artery venous fistula, pseudoaneurysms), 
that may cause severe bleeding even after dis-
charge from the hospital [46].

The method of choice for rapid evaluation of the 
abdomen to early identify the presence of abdomi-
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nal free fluid is the Focused Abdominal Sonography 
for Trauma (FAST), that can be performed simulta-
neously with resuscitation efforts during the initial 
trauma management. For this reason it is also useful 
in haemodynamically unstable patients. However, 
FAST has a low sensitivity for detecting and grad-
ing splenic injuries and is unable to detect the pres-
ence of active haemorrhage.

CT is the imaging modality of choice for hae-
modynamically stable patients with blunt abdom-
inal trauma [47], being the most accurate test to 
assess the grade of injury, and it can give a rela-
tively accurate evaluation of the volume of hae-
moperitoneum. It can also detect the presence 
and location of active arterial bleeding as well as 
the presence of pseudoaneurysms or arteriove-
nous fistulas in the spleen (Fig. 22.3).

Splenic injuries can be radiologically classi-
fied using The American Association for the 
Surgery of Trauma (AAST) grading system 
(see table in Chap. 16) [48, 49]. This grading 
system is based on the anatomic extension of 
disruption of the spleen, as shown on CECT 
scans or during laparotomy. However, this 
grading system is not reliable for the predic-
tion of the outcome of splenic injuries and not 
decisive about whether surgery or conservative 
treatment should be applied.

Historically a large proportion of patients 
with bleeding splenic trauma were subjected 
to emergency splenectomy to avoid the risk of 
fatal haemorrhage. However, 45–49% of patients 
undergoing surgery for splenic lesions present 
post-operative complications including pneu-
monia, bacteraemia, urinary tract infections and 
abscesses. Surgical splenectomy is associated 
with a mortality of 8–10% [50]. NOM of blunt 
splenic injury by clinical observation alone has 
a reported failure rate of 34–52% with these 
patients often requiring subsequent splenectomy.

In 1981, Sclafani published the first case 
report of arterial embolization for traumatic 
splenic injury as an alternative to surgery. The 
development of advanced endovascular interven-
tional techniques has led to greater consideration 
of NOM for haemodynamically stable patients. 
Splenic artery angiography and either selective 
embolization for active haemorrhage or proximal 
splenic arterial embolization can be used to 
reduce the risk of delayed haemorrhage. 
Worldwide the majority of trauma centres now 
prefer NOM in haemodynamically stable patients 
with blunt splenic injury. As a result, splenic 
artery embolization (SAE) is increasingly per-
formed reducing the need for operative interven-
tion [51]. Wait-and-see approach has been 

a c

b d e

Fig. 22.3 CECT scan, arterial (a and b) and portal (c and 
d) phases: splenic subcapsular laceration (white arrows) 
and parenchymal haematoma (black arrowheads) with 

pseudoaneurysm (white arrowheads); (e) arterial phase 
3D Volume Rendering
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reported to have a failure rate as high as 34%; the 
rate is even higher among patients with high- 
grade splenic injury (AAST grade III–V) 
[52–55].

Splenic arterial catheterization is commonly 
performed using common femoral artery 
access. Placement of a 5–6 French introducer 
sheath is sufficient in most cases. Selective 
angiography of splenic artery should always 
be performed to evaluate arterial injury type 
and extension. Diagnostic series of the splenic 
artery can be obtained using a macrocatheter, 
but for selective catheterization of the splenic 
artery branches coaxial microcatheters and 
micro-guidewires may be required. Technique 
and materials used for embolization depend on 
anatomical considerations, the haemodynamic 
situation of the patient, and the type and distri-
bution of vascular injuries. Coils are usually the 
embolic agents of choice, and gelfoam may be 
used in some critical situations requiring quick 
and massive arterial occlusion (Fig. 22.4). 
Occasionally, the use of an Amplatzer vascular 
plug may be useful [56].

Haemostasis after coil embolization usually 
occurs as a result of coil-induced thrombosis 
rather than mechanical occlusion of the lumen 
by the coil; therefore, this technique works 
best when the coagulation profile of the patient 
is normal or only mildly abnormal. In case of 
serious clotting disturbances, addition of 
another embolic agent, such as gelfoam, is 
indicated. Gelfoam is a sterile gelatine sponge 
intended for use as a temporary intravascular 
embolic material and it can be used in the 
shape of a “torpedo” or as pledgets. The major 
advantage of coils compared with gelfoam is 
the ability to improve permanent embolization, 
which is most desirable in treating vascular 
injuries. In fact, temporary occlusive agents 
such as gelfoam seem to have a higher failure 
rate (50%) compared with coil embolization 
(23%) [57].

There are two angiographic techniques to 
achieve splenic haemostasis [58]: Proximal 
Splenic Artery Embolization (PSAE) and 
selective distal splenic embolization. Proximal 
embolization of the splenic artery is the surgi-
cal equivalent of the arterial ligature and is 
based on the concept that decreasing the flow 
and splenic pressure the bleeding should con-
sensually stop; rescue of the organ is ensured 
by sufficient perfusion through collateral gas-
tric and pancreatic arteries. Coils are generally 
used for proximal embolization and, in some 
specific situations, also Amplatzer vascular 
plugs can be deployed to achieve 
PSAE. Proximal embolization is used in cases 
of widespread spleen bleeding, i.e. when there 
are multiple focal bleeds, and/or when the hae-
modynamic conditions of the patient require 
fast treatment; moreover, it can be performed 
when the splenic artery tortuosity prevents 
selective distal embolization. It is also used in 
those situations where the haemorrhage site is 
not identifiable at angiography but the clinical 
situation of the patient suggests active splenic 
bleeding. A potential disadvantage of proximal 
embolization of splenic artery may be that in 
the event of a bleeding recurrence it may be 
difficult to repeat the embolization as the cath-
eterism of splenic artery could not be possible 
anymore.

Selective distal embolization only concerns 
damaged arterial blood vessels, usually in their 
distal part within the splenic parenchyma; gen-
erally, this type of embolization requires the 
use of a microcatheter. A potential complica-
tion of selective distal embolism is the possi-
bility of splenic infarction with superinfection 
and abscess formation, which rarely lead to 
clinical  consequences and are generally treated 
percutaneously by the positioning of a drain-
age catheter.

Follow-up is usually clinical but in some 
selected cases, when distal embolization is per-
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formed to exclude some unstable lesions of the 
splenic artery as pseudoaneurysms or arteriove-
nous fistulas, a CECT scan could be repeated to 
assess the complete exclusion of the treated 
lesion (Fig. 22.5).

In conclusion, splenic artery embolization is a 
safe and effective procedure for the NOM of 
splenic trauma in haemodynamically stable 
patients, with low rates of complications and 
need for re-interventions.

a b

c d

Fig. 22.4 Angioembolization procedure: (a) diagnostic 
angiogram showing a peripheral vascular lesion of the 
spleen (white arrow), (b) microcatheterism of the bleed-

ing vessel and coils positioning (white arrowheads), (c 
and d) post-embolization angiograms showing complete 
haemostasis
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22.6  Kidney

After severe trauma, acute kidney injury (AKI) 
is a frequent and severe complication leading 
to increased morbidity and mortality. After 
renal trauma, additional risks have been identi-
fied due to direct parenchymal or vascular inju-
ries [59].

Renal injuries are identified in approximately 
1–5% of all polytraumatized patients, and they 
can be secondary to multiple mechanisms such 
as penetrating, blunt, and iatrogenic trauma. 
80–90% of injuries are caused by blunt trauma, 
with the most common mechanism being traffic 
accidents.

After FAST assessment of the presence of 
solid abdominal organs injuries, diagnosis and 
extension of renal injuries is usually based on 

CECT imaging and graded according to the 
American Association for the Surgery of 
Trauma (AAST) organ injury scale (see 
Table 1 in Chap. 19). CECT is in fact consid-
ered the gold standard diagnostic method for 
the radiographic assessment of patients with 
renal trauma. With a short examination time, it 
can provide all the information related to the 
degree of renal injury, the eventual involve-
ment of pyelo-caliceal system and the presence 
and type of vascular injuries; furthermore, 
CECT can also provide information about the 
renal functional status [60, 61].

Operative vs. non-operative management of 
traumatic renal injuries has been debated for many 
years. Traditionally, surgical exploration or nephrec-
tomy represents the gold standard approach for 
high-grade renal injuries. However, on the basis of 

a

b

c

d

Fig. 22.5 Post-embolization CECT scan of the spleen, 
arterial (a and b) and portal (c and d) phases. Subcapsular 
haematoma (white arrows) is still present and the paren-

chymal pseudoaneurysm (Fig. 22.3a, b) is completely 
excluded by coils (white arrowheads)
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the advances in diagnostic imaging and the rise of 
minimally invasive techniques, NOM has become 
the standard of care. The majority of renal injuries 
are low-grade (grades 1–3 AAST organ injury 
scale) and can be conservatively treated. However, 
intervention may be needed in the presence of active 
arterial bleeding: surgery is usually reserved to hae-
modynamically unstable patients while for stable 
patients Renal Artery Embolization (RAE) should 
be considered [61].

Indications for RAE following trauma are 
debated. In cases of penetrating trauma, RAE 
is often a first-line alternative to surgery. For 
blunt trauma, the relative role of wait-and-see, 
RAE and surgical management may depend 
upon the grade of injury and patients’ haemo-
dynamic conditions. Typically, RAE is indi-
cated in the management of lower-grade renal 
injuries and penetrating injuries previously 
identified on CECT imaging [62]. However, 
Sarani and colleagues in a retrospective study 
compared angioembolization to surgery for the 
treatment of high-grade renal injuries (≥ grade 
III) concluding that RAE was a safe and effec-
tive technique to stop the bleeding and arrest 
haemorrhage [63].

There are two ways RAE can be performed: 
selective and non-selective embolization. The 
only indication for non-selective embolization is 
in case of shattered kidney from trauma when a 
surgical nephrectomy could be life-threatening 
because of comorbidities, while selective emboli-
zation is the treatment of choice for focal vascu-
lar injuries in haemodynamically stable patients. 
When right or left common femoral artery vascu-
lar access is obtained under ultrasound or fluoro-
scopic guidance, a macrocatheter is used to gain 
the main renal artery and a diagnostic angiogram 
is then performed. In case of iliac arteries occlu-
sion or unfavourable angle at the origin of the 
main renal artery, a radial or brachial artery 
approach can be used. Non-selective emboliza-
tion can be obtained with polyvinyl alcohol 
(PVA), microspheres or gelfoam, and metallic 
coils could be eventually deployed at the end of 
the procedure to achieve complete exclusion of 
the renal artery; however, this could make clamp-
ing the main renal artery tricky, so this possibility 

should be discussed with the surgeon prior to the 
procedure. Selective embolization, that repre-
sents the treatment of choice in most of cases 
because it permits to maintain viable functioning 
kidney, is usually achieved through the superse-
lective microcatheterism of the vascular lesion 
and the deployment of microcoils to achieve hae-
mostasis (Fig. 22.6) [62].

Despite its efficiency in active bleeding 
control, RAE can be followed by some com-
plications such as renal parenchymal infarction 
and contrast medium nephrotoxicity, with con-
sequent transient or definitive renal function 
impairment [59].

In conclusion, RAE can be considered to be an 
effective technique to increase the chances of 
success of NOM in haemodynamically stable 
patients with traumatic renal injuries.

22.7  Pelvic Trauma

Three percent of all skeletal fractures are rep-
resented by pelvic fractures, ranging in sever-
ity from low-energy stable bone injuries to 
high- energy unstable fractures, often associ-
ated with haemodynamic instability due to 
active bleeding that is arterial in 10–20% of 
cases [64]. Arterial haemorrhage represents the 
first cause of death associated to pelvic frac-
ture [65]. The rate of mortality among patients 
with all types of pelvic fracture is approxi-
mately 16%, and the percentage rises to 
approximately 27% in patients with closed pel-
vic fractures, and moreover to approximately 
55% in those who report open pelvic fractures 
with haemodynamic instability [66].

Haemorrhage represents the major reversible 
cause of death of pelvic trauma patients, with a 
reported overall mortality of around 42%, due to 
pelvic haemorrhage in 62% of cases and associ-
ated to intrathoracic and intraabdominal bleed-
ings in the remaining proportion [66]. Bleeding 
can be bone-related or can be secondary to arte-
rial and/or venous injuries. Arterial injuries, rep-
resenting as mentioned above the first cause of 
death in these patients, are mainly associated to 
instability of pelvic bone fractures, and usually 

22 Abdominal Trauma: Interventional Radiology



486

a

b

c

d

e

Fig. 22.6 Traumatic rupture of the kidney in haemody-
namically stable patient: (a–c) CECT scan showing the 
presence of a massive extra-renal haematoma (white 
arrows) and a bleeding arterial lesion (white arrowhead); 

(d and e) angioembolization procedure confirming the 
active extravasation of contrast medium (black arrow) and 
the effective haemostasis obtained through selective 
microcoils deployment (black arrowhead)

require haemostatic embolization and orthopae-
dic fixation [67].

CE-MDCT has been reported to be the most 
sensitive non-invasive technique for bleeding 
identification in the trauma centre, providing 

at the same time information about skeletal 
injuries and the presence, type and location of 
bleeding [66]. As reported in several studies, 
transcatheter angioembolization represents a 
quick and effective mini-invasive technique 
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to control haemorrhage before orthopaedic 
fixation of pelvic fractures [68]. As described 
for the embolization of other bleeding sites, 
angioembolization of bleeding lesions asso-
ciated to pelvic trauma is performed through 
a 5- or 6-Fr common femoral access, usu-
ally contralateral to the site of active contrast 
extravasation identified at CE-MDCT. After 
selective catheterism of the internal iliac 
artery, an angiogram is performed and any 
site of contrast extravasation or unstable vas-
cular lesion (such as pseudoaneurysms or AV 
fistulas) is embolized more selectively as pos-

sible, usually by the usage of a microcatheter 
(Fig. 22.7). Most commonly used embolizing 
materials are metallic coils and resorbable liq-
uid agents like gelfoam.

Some authors have recently proposed non- 
selective embolization of the internal iliac arter-
ies of patients with pelvic fractures also when 
arterial bleeding is not visible at the CE-MDCT 
scan [6]. However, the argument is still debated, 
and some authors suggest that the usage of this 
technique should be limited to those patients with 
unstable pelvic fractures requiring resuscitation 
and blood transfusion, and that selective occlu-

a

b

c

d

e

Fig. 22.7 After orthopaedic fixation of a post-traumatic pubic symphysis diastasis (a), there is persistence of active 
bleeding (b and c) (white arrows) treated by angioembolization with coils (d and e) (white arrowheads)
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sion of more distal vessels rather than of the main 
internal iliac artery should be performed [69].

In conclusion, in any patient presenting at 
the A&E department with pelvic fractures and 
haemodynamic instability the angioemboliza-
tion procedure may be useful to control active 
bleeding or even to stabilize patient’s haemo-
dynamics as a bridge to orthopaedic fixation, 
being a safe and effective, time-saving mini-
invasive technique more and more available in 
the trauma centres.
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23.1  Introduction

Thoracic trauma represents today the second 
cause of death by trauma, with a specific mortality 
rate of about 10% and a global mortality of 25%.

Blunt chest trauma affects predominantly the 
male sex in the middle age and is usually caused 
by several different trauma dynamics like road 
accidents, falls, sports injuries, crushing, or 
weapons.

Moreover chest injuries, especially in poly-
trauma patients, are often associated with other 
intra- or extra-thoracic injuries as, respectively, 
lung contusions, pneumothorax and pleural effu-
sions with rib fractures or injuries to extremities 
or pelvic bones or head injuries too.

90.9% of patients with lethal outcome, in fact, 
has associated thoracic injuries; these numbers 
depend on the impairment of respiratory function 
that can result in chest injuries, such as hypoxia, 
hypercapnia, acidosis and hypotension up to 
shock.

The ATLS recommendations underline the 
main diagnostic role of imaging [1–4], to recog-
nize the “immediate” or “potentially” life- 
threatening traumatic conditions to ensure an 
intensive treatment, often including mechanical 
ventilation if necessary.

Although plain chest radiography is the 
first- line modality to screen the traumatized 
patient, Multidetector Computed Tomography 
(MDCT) is actually considered the gold standard 
technique, essential to identify otherwise occult 
injuries, especially lung parenchymal or pleural 
injuries.

Follow-up of patients with blunt thoracic 
trauma is very important to ensure the com-
plete resolution of the clinical conditions and 
monitor the results of the therapeutic strate-
gies. Repeated lung diagnostic evaluations are 
primarily carried out by clinical evaluation 
and serial measurements of respiratory vari-
ables, then with periodic bedside radiography. 
Nevertheless, a daily chest X-ray is not more 
recommended, but actually required only on 
clinical indications or changing in clinical 
condition. Another imaging modality, which 
is nowadays increasingly considered in many 
stages of trauma care [5, 6], including follow-
up, is lung ultrasound, even though with accu-
rate definition of indications [7].
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The main features of each imaging modality 
are detailed in the text in relation to individual 
clinical conditions with the aim of ensuring the 
best clinical management of the traumatized 
patient, assessing their outcome and preventing 
or identifying the possible occurrence of 
complications.

23.2  The Follow-Up of Contusions

Contusions are a common finding after trauma, 
occurring in approximately 17–20% of patients 
with multiple injuries (ISS >15 Yale Trauma 
Registry). Contusion achieves its maximum in 
the 24–48 h followed by absorption, which 
takes 1–2 weeks. They are considered an inde-
pendent risk factor for Pneumonia and Acute 
Respiratory Distress Syndrome (ARDS) with 
an associated mortality rate ranging between 
10 and 25% [8–10]. Because these complica-
tions may appear after a free interval of 
24–48 h, early detection of patients at risk is 
essential.

Many scoring systems have been developed in 
recent years to define injury severity in cases of 
blunt thoracic trauma and pulmonary contusion 
to predict respiratory impairment [11].

Exact quantification of lung contusions by com-
puted tomography may help clinicians identify 
high-risk populations: a reconstructed 3D view of 
pulmonary contusion volume can be calculated and 
correlated to outcome. Patients who have contusion 
volume greater than 20% are at risk for developing 
pneumonia, prolonged hospital stay, and prolonged 
mechanical ventilation [12–14].

Also Acute Respiratory Distress Syndrome 
(ARDS) can be a life-threatening complication of 
lung trauma, that is treated by intubation and 
positive pressure ventilation. The acute phase of 
ARDS is associated with diffuse alveolar damage 
and lung capillary endothelial injury that lead to 
diffuse pulmonary edema that extend into the 

alveoli, reducing both gas exchange and lung 
compliance.

In 2011, a Joint European and American Team 
attempted to redefine ARDS in what became 
known as the Berlin Definition, that divides 
patients into three stages of mild, moderate, and 
severe based on the degree of hypoxia in the 
patient; every stage is associated with increased 
mortality [15].

23.2.1  Radiological Features

On plain chest radiography contusions appear 
like indistinct opacification (Fig. 23.1), with 
blurred margins: in many cases of limited contu-
sions, chest X-rays appears totally negative.

But when a precise evaluation for the first 
diagnosis is needed, referral to CT is mandatory 
[16] (Fig. 23.2).

Instead at the stage of follow-up, the develop-
ment of a bedside noninvasive method is 
desirable.

Ultrasound could be such a method, but the 
lungs are traditionally deemed to be inaccessi-
ble [17].

Fig. 23.1 Pedestrian-invested: bilateral, inhomogeneous, 
ground-glass opacification for lung contusions
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However, it has been shown that a whole ultra-
sound semiology is available at the lung level if 
one takes care to analyze the artifacts [18]. 
Although indications for ultrasound of the lungs 
are increasingly numerous in ICUs, its clinical 
use is not yet fully developed.

By ultrasonography, lung contusions were 
defined as:

 (a) A moderately hypoechoic blurred consolida-
tion, with indistinct margins, whose dimen-
sions remained unchanged during the 
inspiration phase. Internal hyperechoic punc-
tiform images represent air bronchograms.

 (b) Multiple (at least three) vertical hyperecho-
genic lines (B-lines) arising from and per-
pendicular to the pleural surface representing 
the involvement of interstitial spaces 
(Fig. 23.3). The distance between the B-lines 
can be 7 mm or 3 mm corresponding to the 
thickened interlobular septa and the ground 
glass areas, respectively.

During follow-up, bedside chest radiography 
was a poor predictor of the extent of lung contu-
sions compared with lung ultrasonography; CXR 
is less accurate and with a less sensitivity than 
LU (Accuracy CXR about 60–70% vs. LU about 
80–90%). These data support the routine use of 

lung ultrasound (eventually in association with 
CXR) in the management and follow-up of tho-
racic trauma patients in the ICU. The information 
obtained from LU, that can show reduction/
increase of B-lines and/or consolidations, was 
adequate to support therapeutical decisions in 
those patients, suggesting the possibility for a 
reduced need for further CT scans. However, we 
must recall the impossibility of a complete chest 
exploration with US probe, owing to the presence 
of tubes and wound medications was the main 
disadvantage of this method.

Limitations of ultrasound should be consid-
ered, for example in cases of small consolida-
tions, if care is not taken to scan the entire lung 
surface, or by consolidations which do not reach 
the pleural surface, a rare finding, or by a poor 
echogenicity of the patient. Parietal emphysema, 
pleural calcifications, or dressings will prevent 
analysis. Furthermore, alveolar consolidations 
and B-lines are present in ARDS too, with the 
same semiotic aspects of lung contusions; only 
clinical background can differentiate the two dif-
ferent diseases.

Fig. 23.2 Car crush: at MDCT, wide, dense, confluent 
anterior consolidations, for lung contusions. Typically, 
contusions are distributed according to impact force, as in 
this case anteriorly

Fig. 23.3 Car crush: at lung ultrasound, anterior, bilat-
eral, confluent B-Lines. The B-lines are “ring-down” arti-
facts that originate from the pleural line with vertical 
propagation
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Obviously, CT is considered the best imaging 
technique for visualizing the pulmonary intersti-
tium involvement and alveolar consolidations in 
lung contusions; but while in less severe cases, 
repeated CT scans can be performed without 
major risks, the transporting of mechanically 
ventilated trauma patients to the CT room can be 
dangerous: several studies suggest that even 
intrahospital transfers of critically ill patients are 
associated with complications [19, 20], the most 
common and harmful being are hypoxemia and 
hypotension.

23.3  The Follow-Up of ARDS

The most difficult differential diagnosis is 
between cardiogenic pulmonary edema; the lung 
in acute respiratory distress syndrome is charac-
terized by a marked increase in lung tissue and a 
massive loss of aeration. The former is homoge-
neously distributed, although with a slight pre-
dominance in the upper lobes, whereas the latter 
is heterogeneously distributed.

The lower lobes are essentially non-aerated, 
whereas the upper lobes may remain normally 
aerated, despite a substantial increase in regional 
lung tissue.

The overall lung volume and the cephalocau-
dal lung dimensions are reduced primarily at the 
expense of the lower lobes, which are externally 
compressed by the heart and abdominal content 
when the patient is in the supine position.

23.3.1  Radiological Features

Two opposite radiologic presentations, corre-
sponding to different lung morphologies, can be 
observed.

In patients with focal computed tomographic 
attenuations, frontal chest radiography generally 
shows bilateral opacities in the lower quadrants 
and may remain normal, particularly when the 
lower lobes are entirely atelectasis (Fig. 23.4).

In patients with diffuse computed tomographic 
attenuations (Fig. 23.5), the typical radiologic 
presentation of “white lungs” is observed. If these 

patients lie supine, lung volume is preserved in 
the upper lobes and reduced in the lower lobes, 
although the loss of aeration is equally distributed 
between the upper and lower lobes.

In fact, interstitial edema, alveolar flooding, or 
both, not collapse, are histologically present in 
all regions of the lung in acute respiratory dis-
tress syndrome. Compression atelectasis is 
observed only in caudal parts of the lung, where 
external forces (such as cardiac weight, abdomi-
nal pressure, and pleural effusion) tend to squeeze 
the lower lobes.

Fig. 23.4 Car crush: 3 days later, at Chest-XR, appear-
ance of bilateral, inhomogeneous, patchy opacifications 
suggestive of ARDS

Fig. 23.5 Car crush: 3 days later, MDCT showed clearly 
appearance of bilateral, inhomogeneous, patchy opacifi-
cations suggestive of ARDS; within the areas of consoli-
dation is also visible the air bronchogram. Asymmetric 
distribution of opacifications is characteristic of ARDS
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Ultrasound can visualize a succession of 
B-lines, sign of interstitial involvement, with 
spared areas, and posterobasal consolidations for 
atelectasis areas (Fig. 23.6).

When a positive intrathoracic pressure is 
applied to patients with focal acute respiratory 
distress syndrome, poorly aerated and non- 
aerated lung regions are recruited, whereas lung 
regions that are normally aerated at zero end- 
expiratory pressure tend to be rapidly overin-
flated, increasing the risk of ventilator-induced 
lung injury, like pneumothorax.

Selection of the optimal positive end- 
expiratory pressure level should not only con-
sider optimizing alveolar recruitment, it should 
also focus on limiting lung overinflation and 
counterbalancing compression of the lower lobes 
by maneuvers such as appropriate body position-
ing. Prone and semirecumbent positions facilitate 
the reaeration of dependent and caudal lung 
regions by partially relieving cardiac and abdom-
inal compression and may improve gas exchange.

For these reasons, CT is essential to monitor-
ing all exchanges [21] (Fig. 23.7); computed 
tomography allows an accurate assessment of the 
volumes of gas and lung tissue, respectively, and 

lung aeration. If computed tomographic sections 
are contiguous from the apex to the lung base, 
quantitative analysis can be performed either on 
the whole lung or, regionally, at the lobar level.

Analysis requires a manual delineation of lung 
parenchyma and is facilitated by software, includ-
ing a color-coding system that allows direct visu-
alization of overinflated, normally aerated, poorly 
aerated, and non-aerated lung regions.

In addition, lung recruitment can be measured 
as the amount of gas that penetrates poorly aer-
ated and non-aerated lung regions after the appli-
cation of positive intrathoracic pressure.

In ARDS, the radiographic abnormalities fol-
low a sequence by tending to mirror the histo-
pathological changes; in the first 24 h following 
insult, when there is a little alveolar edema, the 
chest X-ray is generally normal. As ARDS 
evolves, widespread ground-glass opacification 
invariably becomes apparent and, during the next 
36 h, there is a frank consolidation on the chest 
radiograph (Fig. 23.8); obviously this is a non-
specific radiological sign.

The radiographic changes of uncomplicated 
ARDS usually plateau after initial catastrophic 
burst and remain unchanged for a variable time 
thereafter. Knowledge of this radiographically 
stable phase can be of practical value to the radi-
ologist; any significant change in serial radio-
graphic appearances like the development of new 
focal areas of air space opacification may be the 
harbinger of nosocomial pneumonia.

Fig. 23.6 Car crush: 3 days later, lung ultrasound con-
firmed alternance of B-lines and A-lines, named spared 
areas; signs suggestive of ARDS; the ultrasound imaging 
is similar to TC

Fig. 23.7 Car crush: 15 days later, MDCT showed early 
signs of subpleural interstitial thickening, bronchial dila-
tations, suggestive of fibrosal evolution of ARDS
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In the final phase, the chest radiographic 
abnormalities begin to resolve. Although the 
lungs may revert to normal, there may be coarse 
reticular opacities and cysts, likely to be a conse-
quence of the effects of both lung repair and 
barotrauma; this phase will already start after 
8–10 days and requires CT for diagnosis and fol-
low- up [22].

Interstitial emphysema, pneumothorax, and 
pneumomediastinum may be relatively frequent 

iatrogenic complications of mechanical ventila-
tion support; thoracic ultrasound permits an accu-
rate and early diagnosis of pneumothorax but not 
of the two other conditions that require CT.

An important finding of earliest CT studies 
was that lung involvement in ARDS is totally 
inhomogeneous, a “patchy” distribution intermit-
tent with normally aerated lung (Fig. 23.9); fur-
thermore the dependent (dorsal) region are more 
densely opacified than the nondependent (ven-
tral) lung, with a gradient of density [23].

It’s a common thinking that appearance of 
nondependent opacities may represent foci of 
organizing pneumonia. ARDS appears to have a 
far more diffuse opacity than that associated with 
congestive heart failure; there are many signs to 
differentiate the two conditions and the principle 
is pulmonary picture really inhomogeneous in 
ARDS.

Bronchial dilatation is seen frequently on CT 
in patients with ARDS; airway dilatation persists 
in the majority of survivors and is generally asso-
ciated with ground-glass opacification. The most 
common abnormality on CT in survivors is a 
reticular pattern seen in about 85% of patients 
[24]. The extent of the reticular pattern, that has a 
predilection for nondependent lung, at follow- up 
was negatively correlated with the extent of dense 
parenchymal opacification (in dependent lung) 
during acute phase; maybe, atelectasis somehow 

Fig. 23.8 Pedestrian-invested: after 3 days, most evi-
dence of bilateral, inhomogeneous, ground-glass opacifi-
cation, with appearance of fine micronodular opacities, 
suggestive for adipose embolism in ARDS

a b

Fig. 23.9 (a) Axial CT scan; (b) coronal reconstruction. Pedestrian-invested: after 3 days, “cottony” opacifications 
with spared subpleural regions; signs suggestive of adipose embolism in ARDS
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protects dependent regions from the long-term 
effects of barotrauma (see Fig. 23.5).

One of the principal advantages of CT is that 
the global extent of parenchymal abnormalities 
can be quantified accurately and followed-up; 
furthermore, the effects of PEEP (Positive End- 
Expiratory Pressure), of recruitment maneuvers, 
of prone positioning, can be studied using CT.

23.4  The Follow-Up 
of Pneumothorax

Pneumothorax is one of the most common inju-
ries in thoracic trauma resulting in an abnormal 
accumulation of gas within the pleural space 
[25]. This is a virtual space normally filled with a 
few milliliters of fluid with a negative intrapleu-
ral pressure, usually about −5 cmH2O. In case of 
pneumothorax, the entry of air into the pleural 
space compromises the normal dynamics of air-
flow by compressing the lung that collapses.

Post-traumatic pneumothorax can happen in 
several chest traumas, like blunt or penetrating 
trauma, as isolated lesion or in polytrauma 
patient, with an incidence of 30–40% [26].

Often the presence of pneumothorax, espe-
cially if greater than 20%, requires a chest 
tube insertion to ensure the drainage of air 
from the pleural space and allow the lung re-
expansion [27].

Follow-up of pneumothorax is required after 
chest tube placement by chest radiographs or, 
sometimes, by MDCT, to monitor the clinical 
condition and to identify the etiology of a persis-
tent air leak [28] (Fig. 23.10).

A persistent pneumothorax, in fact, is a condi-
tion in which a continued bubbling of air from an 
in situ chest drain, for more than 48 h after its 
insertion [29], that can make several difficulties 
in diagnostic iter, aimed at its recognition and at 
the identification of potentially treatable etiolo-
gies. The most common etiologies may be chest 
tube related, like malposition or kinking or 
obstructing (Fig. 23.11), requiring a simple repo-
sitioning of the chest tube/drain, whereas lung 
parenchymal disease, bronchopleural fistula 
(BPF), alveolar-pleural fistula (APF) or, rarely, 

esophageal-pleural fistula, especially in penetrat-
ing thoracic injury, sometimes not immediately 
or easily discernible, requires a careful interpre-
tation of imaging studies to make the right 
 diagnosis and to guarantee an optimal therapeutic 
management.

In these cases, in fact, although radiographs 
remain the mainstay for diagnosis and follow-up 
of pneumothorax, able to identify chest tube- 
related causes of persistent pneumothorax, the 
use of MDCT is essential to lead to early and 
proper diagnosis and treatment of non-chest 
tube-related cases.

Fig. 23.10 Moto-car crush: at MDCT wide left anterior 
pneumothorax. Left posterior hemothorax is associated in 
this patient

Fig. 23.11 Moto-car crush: kinking of left pleural drain-
age; residual basal hyperlucency and minimal deep sulcus 
sign, suggestive of residual left anterior pneumothorax
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The radiologic features of pneumothorax are 
encoded and represented by typical characteris-
tics on RX, US, and TC imaging.

In fact, in trauma patients, usually chest 
radiograph is the primary modality imaging per-
formed in emergency department, able to iden-
tify pneumothorax as a pathological lucency and 
a visceral pleural line separating the lung, occa-
sionally completely collapse, from the chest 
wall; in supine chest radiographs, presence of a 
deep sulcus sign is useful to make the right diag-
nosis [30].

However, sensitivity of supine chest radiogra-
phy in traumatized patients, especially in the 
presence of subcutaneous emphysema along 
chest wall, is very low, showing low accuracy in 
the assessment of pneumothorax during the pri-
mary survey in the emergency room [31, 32] 
because free air collects anteriorly, medially, and 
basally, therefore difficult to identify on supine 
chest radiographs [33].

Nowadays, however, the use of thoracic ultra-
sound is been approved; in fact, it has gained a 
main role in unstable patients with chest trauma 

during the primary survey in the emergency 
room for diagnosis of PNX, with high sensitivity 
(77%) and specificity (99.8%), positive predic-
tive value 98.5%, negative predictive value 97%, 
accuracy 97.2% [6], useful to guide the chest 
drainage and in follow-up of persistent pneumo-
thorax too [34, 35].

In healthy patient, there is a movement due to 
sliding of the two pleural sheets during breathing. 
This movement is precisely called “sliding or 
gliding.” The of loss of sliding movement due to 
the presence of air in pleural space, in fact, indi-
cates the presence of pneumothorax [36], but 
nevertheless it isn’t adequate to identify the etiol-
ogy of pneumothorax, nor even of a persistent 
pneumothorax (Fig. 23.12).

In these conditions, in fact, computed tomog-
raphy (MDCT) is the best choice in detecting the 
main features of a persistent pneumothorax 
because, although the other imaging techniques 
consent to make diagnosis of PNX, only CT, 
thanks to its high sensitivity and specificity, its 
rapidity and its post-processing potentiality as 
Multiplanar reconstruction (MPR), maximum 

Fig. 23.12 Moto-car 
crush: at lung 
ultrasound, with 
M-Mode, “stratosphere 
sign” and absence of 
pleural sliding 
suggestive of residual 
left anterior 
pneumothorax
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intensity projections (MIP), minimum intensity 
projection (minIP), volume rendering, and virtual 
bronchoscopy, is useful to identify other chest 
trauma related pathologies as contusion or the 
etiology of a persistent air leak [37, 38], allowing 
surgical planning too.

In case of persistent pneumothorax, in fact, 
follow-up CT, usually employing intravenous 
contrast, consents to evaluate and to distinguish 
the possible causes as malposition of chest tubes, 
or an air leak due to mediastinum or pleural lac-
eration or, even rarely, an esophago-respiratory 
fistula, usually detected after ingestion of posi-
tive oral water-soluble contrast [39].

23.4.1  Chest Drains/Tubes

One of the most frequent etiologies of non- 
resolving PNX is chest drains/tubes related, as its 
malposition or its obstruction. These conditions 
occur usually in emergency department, espe-
cially in traumatized patients in which the chest 
tube placement can be difficult and incomplete, 
determining a poor drainage of the air from the 
pleural space [40].

Nowadays, in fact, chest tube placement rep-
resents a cornerstone in acute chest trauma man-
agement, usually performed as a primary 
diagnostic procedure, often life-treating decom-
pressing pneumothorax and the underlying col-
lapsed lung, with a success rate ranging between 
79 and 95% [41].

The British Thoracic Surgery (BTS) guide-
lines [42] have described the correct placement 
of a chest drain in a standardized technique pref-
erably performed by surgeons or emergency phy-
sicians, after a prior physical and radiological 
basic examination with RX or e-FAST or, rarely, 
CT scan.

Although in emergency care could be diffi-
cult,, the chest drain should be inserted, in supine 
patient’s position, within the “safe triangle,” 
namely a thoracic area characterized by a low 
risk of complications like vascular injuries, cir-
cumscribed between the pectoralis major and the 
latissimus dorsi muscle, with the apex of triangle 
localized below the axilla and the basis as a supe-

rior line passing through the nipple; furthermore, 
it’s also preferable to avoid incisions below the 
level of the nipple, because of the high risk of 
intra-abdominal malposition or intra-abdominal 
organ injuries.

Chest tube should be inserted, after a trans-
verse skin incision, in the 4th–6th intercostal 
space in the mid-axillary line [43], although, in 
case of anterior or apical pneumothorax, the 2nd–
3rd intercostal space in the medial clavicular line 
is suitable for chest tube placement, always on 
the superior rib margin to avoid intercostal neuro-
vascular bundle.

The chest drain insertion in emergency is usu-
ally performed percutaneously and requires the 
correct progression in the pleural space, so that 
its most peripheral hole, called “sentinel hole,” 
results all inside the pleural space, to avoid false 
position or insufficient drainage, and its attach-
ment to the skin with a stitch, to avoid its dis-
lodgement and its inefficiency.

After chest drain placement, it’s important to 
check its correct position through the execution 
of a chest radiograph, as well as rule out any com-
plications, occurring between 2% and 10% [44], 
or iatrogenic injuries, especially in case of resid-
ual PNX, or pleural/mediastinal abnormalities.

An incorrect placement of chest tube, as false 
position or inadequate drainage, in fact, can occur 
and, sometimes, requires another chest drain to 
insert. A suboptimal drainage can occur, in fact, 
in case of kinking of the chest tube involving the 
intra- or extra-thoracic portion. The incomplete 
insertion of the chest drainage, detected with a 
chest radiograph performed after its placement to 
ensure the correct positioning, or with computed 
tomography scan during follow-up of a persistent 
air leak, is a typical etiology of non-resolving 
PNX, usually characterized by an abnormal seat-
ing of the tube, as outside the pleural cavity or 
even the chest wall; in the first case, the evacua-
tion of air is inadequate; in the second case, 
instead, a backflow of atmospheric air into the 
pleural space can lead to suboptimal drainage 
and persistent PNX.

Risk factors for improper chest drainage 
placement, as in the chest wall outside the pleural 
cavity, are, especially in emergency department 
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in traumatized patients, the presence of chest 
wall emphysema, or obesity or chest habitus like 
anomalies or deformities too, as well as the pres-
ence of scars of previous chest surgeries suggest-
ing extensive intrathoracic adhesions and the risk 
of complications, especially if performed without 
any imaging guide.

Also a wrong seal of tissue around the chest 
tube insertion site could cause a persistent air 
leak because of the backflow of atmospheric air 
into the pleural space.

Other malposition or obstruction etiologies 
are due to intraparenchymal placement of the 
chest drain, usually due to traumatic pleuro- 
parenchymal injury or to a wrong and forced 
insertion, causing pleuro-parenchymal lesions 
too.

A more rare occurrence is the mediastinal 
placement of chest drainage, with high risk of 
severe complications as cardiovascular injuries 
or esophagus perforation.

Likewise, intrafissural positioning of the chest 
tube could lead to inadequate evacuation of air 
from pleural space.

The radiological features of chest drains/tubes 
malposition are several and detectable on RX or 
CT scan [29, 45].

Sometimes chest radiographs show an abnor-
mal seating of the tube, as outside the pleural 
cavity or even the chest wall, leading to inade-
quate drainage of air and persistent PNX.

If the tube is displaced across the lateral chest 
wall, chest radiograph is able to identify its 
abnormal seating, while in case of anterior or 
posterior chest wall dislocation of drainage, RX 
is not satisfactory, requiring a CT evaluation.

In case of intraparenchymal tube placement, 
chest radiograph and/or chest CT identify the eti-
ology of non-resolving PNX; the first modality 
imaging, in fact, although it could be unremark-
able, usually reveals the presence of an opacity 
along the course of the intrathoracic portion of the 
chest tube, due to the formation of a hematoma.

CT scan, instead, especially with post- 
processing modality, as multiplanar reconstruc-
tion (MPR), is able to demonstrate the chest tube 
crossing the lung parenchyma, usually affected 
by contusive or lacerative injuries too.

CT, in fact, can demonstrate not only an 
abnormal seating of chest tube, as outside the 
pleural cavity or the chest wall or within the lung 
parenchyma or the mediastinum, or a pathologi-
cal kinking of the chest drain involving the intra- 
or extra-thoracic portion, or an incomplete seal, 
often difficult to identify especially in case of 
subcutaneous emphysema along chest wall. In 
case of major subcutaneous emphysema, in fact, 
CT is able to identify correctly a minimum PNX 
too, which, instead, is very difficult with the RX 
scan.

CT can also detect any pleuro-parenchymal 
complications as lung contusions or lacerations, 
resulting in persistent tubular opacities along the 
course of the chest drain or any pathological air 
leak as a bronchopleural or esophageal-pleural 
fistula or even any cardiovascular injuries.

23.4.2  Bronchopleural Fistula (BPF)

Bronchopleural fistula (BPF) or persistent air 
leak (PAL) is an abnormal communication 
between the bronchial tree, usually a main stem, 
lobar, or segmental bronchus, or lung paren-
chyma and the pleural space [46] classified as 
either central or peripheral, the latter described 
by some authors as alveolar-pleural fistula (APF), 
potentially incurring in chest trauma [33].

Another, although more rare entity, is a fistula 
developing between the esophagus and the pleu-
ral space, named esophageal-pleural fistula.

Luckily BPF is not a common entity as it is 
an important cause of significantly increased 
morbidity, prolonged hospitalization and mortal-
ity, reaching between 18% and 50%, because of 
the high risk of aspiration pneumonia and acute 
respiratory distress syndrome, therefore requir-
ing an early diagnosis and a proper management.

BPF can recognize several etiologies, includ-
ing lung infection (as abscess, tuberculosis, etc.), 
traumatic injury, neoplastic invasion or iatrogenic 
causes (as lung biopsy or chest tube insertion or 
surgery) [46]. Our attention is focused on trau-
matic bronchopleural fistulae; the reported inci-
dence of BPF after chest trauma, in fact, is 
extremely variable with a changeable time of 
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onset distinguishable as early (1–7 days), in 
which the clinical condition is often very unsta-
ble needing a timely management with surgical 
repair and assisted ventilation, or intermediate 
(8–30 days), or late (more than 30 days), mainly 
caused by impaired healing of the bronchial leak, 
often associated with empyema, therefore requir-
ing a pleural drainage too.

Major thoracic trauma, in fact, especially in 
presence of displaced fractured ribs, can easily 
cause pleuro-parenchymal injuries as pulmonary 
lacerations or BPF, because the elastic return of 
the lungs.

The presence of a bronchopleural fistula 
would be suspected by clinical signs and con-
firmed by imaging or endoscopic visualization. 
Nowadays, in fact, multidetector computed 
tomography (MDCT) is not only able to detect 
the fistula tract, but it can also evaluate the num-
ber, size, and location of the fistulas as well as 
identify any underlying traumatic diseases, 
sometimes avoiding further invasive diagnostic 
procedure such as bronchoscopies, whose role 
seems limited to therapy.

The radiological findings suggestive of BPF 
are aspecific on a plain chest radiograph, usu-
ally used as screening modality; in fact, BPF 
can be suspected in presence of an increased 
pneumothorax, or an increased opacity of the 
chest, usually due to pleural effusion or other 
pleuro-parenchymal complication, like hemo- or 
pyothorax.

CT scans, in fact, is the best choice in detect-
ing BPF because it can demonstrate the airway 
injury and the site and the size of fistula as well as 
help in the surgical planning [47, 48].

CT is an effective noninvasive tool, considered 
superior to bronchoscopy [47], identifying, on 
thin slices and by image reconstruction algo-
rithms, the defect of visceral pleura, usually rec-
ognized thanks to the presence of extraluminal air 
bubbles adjacent to a dehiscent bronchial stump.

CT images can demonstrate the direct com-
munication between the bronchial tree, usually a 
main stem, lobar, or segmental bronchus, or lung 
parenchyma and the pleural space, as a dehiscent 
bronchial stump, distinguishing as either central 
or peripheral BPF.

Sometimes, nevertheless, especially in differ-
ential diagnosis with esophageal-pleural fistula, a 
contrast-enhanced CT with positive oral contrast 
[39] is required to help in defining the persistent 
air leak showing, not only esophageal wall thick-
ening or presence of a fluid collection in pleural 
space, but also the abnormal passage of the 
 positive water-soluble contrast, with clear evi-
dence of a fistula.

Then bronchoscopy finally can demonstrate 
the air leak and the relation with the airway dis-
trict and can delineate the extent of fistula, in 
addition to allowing the treatment of BPF by 
endoscopic closure.

Nowadays, the BPF management is character-
ized by several therapeutic options ranging from 
conservative nonsurgical treatment to aggressive 
surgical procedures, in relation to the size of fis-
tulas, because while in case of small and periph-
eral fistulas it is advisable to use prolonged chest 
tube placement for pleural drainage and trans-
bronchial injection, for large or more proximal 
fistulas or cases with pleuro-parenchymal com-
plication, like hemo- or pyothorax, an endoscopic 
or a surgical approach is essential to close the 
persistent air leak.

Today, furthermore, flexible bronchoscopy is 
considered as the best diagnostic and therapeutic 
choice, especially in high-risk surgical patients, 
ensuring an effective obliteration of the broncho-
pleural defect using several different biological 
or artificial materials, including fibrin or tissue 
glue, spigots, vascular metallic coils, stents, gel 
foam, silver nitrate, and autologous endobron-
chial blood patch [49].

The first step in management of BPF is a sim-
ple method consisting in the endoscopic injection 
of glue for bronchoscopic closure of broncho-
pleural fistula [50]. Glue, in fact, as soon as 
comes in contact with the mucosa, solidifies, 
closing the BPF by mechanical sealing; then, the 
granulation tissue and the following fibrous tis-
sue consent the permanent fistula closure.

In case of middle and large size BPF, endo-
bronchial embolization using EWSs is able to 
control air leakage [51].

The use of one-way endobronchial valves for 
management of BPF is indicated in the critical 
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care setting with high efficacy and tolerability, 
and low complication rate [52].

One of the new trends in the management of 
BPF, in fact, is a safe, effective, and minimally 
invasive bronchoscopic procedure consisting in 
endoscopically injection into the de- epithelialized 
area and fistulous tract of autologous adipose- 
derived stem cells [53].

However, a transposition of vascularized flap 
repair (muscle, diaphragm, omentum, or pericar-
dium), usually a chest wall muscles, like the latis-
simus dorsi muscle flap [54] in association with 
an open pleural drainage, is a proper therapeutic 
option for management of biggest and proximal 
BPF, effective in obliteration of the pleural cavity 
with complete BPF repair upon resolution of air 
leakage from the chest drainage system, actually 
performed minimal-invasively by video-assisted 
thoracoscopic surgery (VATS), guaranteeing a 
better visible and therefore more secure fixation 
of the muscle flap on the BPF with a successful 
patient’s outcome.

Follow-up imaging with RX and CT after con-
servative or operative treatment is needed to eval-
uate the evolution until resolution of BPF.

23.5  The Follow-Up 
of Hemothorax

Hemothorax is defined as a collection of blood in 
the pleural space [55], usually due to injuries of 
the lung parenchyma, pleura, chest wall, dia-
phragm, or mediastinum [56]. The primary cause 
of hemothorax is sharp or blunt trauma to the 
chest. Iatrogenous (complication of cardiopul-
monary surgery, placement of subclavian or jug-
ular catheters, lung biopsies, etc.) and spontaneous 
hemothorax occurs less frequently.

Hemothorax occurs in 30–50% of patients 
who suffer blunt chest trauma [57, 58]. This 
lesion along with pneumothorax is present in 
83% of thoracic traumas [59] (Fig. 23.13).

Massive hemothorax is defined as a collection 
of blood exceeding 1 l with clinical signs of 
shock [60].

Hemothorax may also be defined as pleural 
fluid with a hematocrit greater than 50% of the 

patient’s blood hematocrit, although hematocrit 
may be somewhat lower in patients with long- 
standing hemothorax [61].

23.5.1  Radiological Features

Chest radiography is the first-line imaging exam-
ination in patients with thoracic polytrauma. 
Upright chest radiography is a standard part of 
thoracic trauma evaluation. However, trauma 
patients often must be imaged in the supine posi-
tion. Chest radiographic appearance of a large 
hemothorax may be similar to that of pleural 
effusion. It can be almost impossible to differen-
tiate a hemothorax from other causes of pleural 
effusions. When the size of a hemothorax reaches 
approximately 200 mL, an upright chest radio-
graph demonstrates blunting of the costophrenic 
angle. With progressive increase in size, a 
“meniscus” sign will be seen: a concave upward 
sloping of fluid in the costophrenic angle. In con-
trast, a straight air–fluid level on the upright chest 
radiograph indicates a hemopneumothorax [33]. 
On a supine chest radiograph, blood will layer in 
the pleural space and may appear as little more 
than haziness in one hemithorax relative to the 
contralateral side; this is appreciated best with a 
unilateral hemothorax. A large hemothorax may 
opacify an entire hemithorax or cause mediasti-
nal shift and tension physiology (hypertensive 

Fig. 23.13 Defenestration: at MDCT, bilateral pneumo-
thorax, wider on left side. On right side, significant hemo-
thorax, lung atelectasis, and subcutaneous emphysema
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hemothorax) [62]. These findings require imme-
diate intervention.

Computed tomography (CT) has become 
common place in the evaluation of the injured 
patient, and allows for detection of much smaller 
amounts of fluid than chest radiography. Fluid in 
the pleural space is assumed to be blood until 
proved otherwise. However, CT is useful in 
determining the nature of pleural fluid in the set-
ting of trauma by assessing the attenuation value. 
An attenuation lower than 15 HU is indicative of 
serous effusion. Blood in the pleural space typi-
cally has an attenuation of 35–70 HU, and clotted 
blood is 50–90 HU; a mixture of both can present 
a layered appearance called “hematocrit sign” 
[63]. Arterial hemorrhage, as opposed to venous 
bleeding (self-limiting because of the tamponade 
effect from the lung parenchyma), is character-
ized by progressive increase in hemothorax vol-
ume, with active arterial bleeding having density 
similar to that of the adjacent contrast-enhanced 
arterial vessels. This situation needs an urgent 
intervention.

In the past decade, the use of ultrasonography 
has become a mainstay in emergency department 
and trauma evaluation. Ultrasonography is often 
more readily attainable than CT and can be used 
in patients who are not stable enough for trans-
port. In most cases, the ultrasonography result 
was available to the trauma team before the CT 
results [64]. Regarding hemothorax, a supine or 
upright CXR requires up to 175 or 50–100 mL of 

fluid in order to be visualized, compared to 
e-FAST which can detect as little as 20 mL of 
fluid in the pleural space [65] (Fig. 23.14).

23.5.2  Complications

Retained hemothorax complicates 2–20% of 
post-traumatic hemothorax [66] and it occurs 
when clotted or loculated collections of blood 
aren’t evacuated by single or even multiple chest 
tubes (Fig. 23.15).

Under normal conditions, a clot in the pleural 
cavity undergoes fibrinolysis, but for unknown 
reasons, this process does not always happen. 
Retained clots in the pleural space may cause 
adhesion of lung segment, which results in fibro-
thorax, decreased lung function, and an increased 
risk of infection and empyema. The diagnosis 
and management of retained hemothorax after 
thoracic trauma remains controversial and has 
been the subject of several recent investigations 
in the trauma literature [67].

Post-traumatic retained hemothorax compli-
cations may result in higher mortality rate and 
hospital costs, prolonged absence from work, and 
reduced lung function.

Four risk factors are involved in the develop-
ment of post-traumatic retained hemothorax: 
three related to treatment (requiring more than 
tube thoracostomy, the need for mechanical ven-
tilation, and the length of time with the tube in 

a b

Fig. 23.14 (a and b) Lung US. Defenestration: on right side, significant hemothorax and lung atelectasis
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place), and one related to trauma (initial blood 
drainage volume). Regarding treatment, the inci-
dence of clotted hemothorax may be modified by 
carefully monitoring patients with risk factors 
and early intervention. Regarding initial drain-
age, in hemodynamically stable patients in whom 
400 mL or more of blood are drained through the 
tube thoracostomy, an early thoracoscopy, within 
the first 24 h, can be used to drain blood and for 
hemostasis.

23.5.3  Treatment and Management

Tube thoracostomy is the first-line treatment of 
most hemothoraces. Appropriate placement of 
the tube is critical for effective drainage of the 
pleural space. Placement should be directed pos-

teriorly, in the sixth or seventh intercostal space 
at the mid-axillary line, to allow for dependent 
drainage in the supine patient. The Advanced 
Trauma Life Support protocol calls for use of a 
36F chest tube in educational materials [68]. 
However, a recent prospective analysis of size 
tubes (28Fr until 40Fr) demonstrated no differ-
ence in outcomes based on size of chest tube 
placed [69].

Antibiotic treatment following hemothorax 
reduces the rate of infectious complications [70, 
71]. The guidelines recommend the use of first- 
generation cephalosporin during the first 24 h 
in patients treated with thoracostomic drainage 
tube. When empyema occurs during chest tube 
drainage, antibiotic treatment should be directed 
to Staphylococcus aureus and Streptococcus 
species [72].

a b

c d

Fig. 23.15 Lung ultrasound. Defenestration, follow-up examinations: (a) and (b) sonographic signs of septations and 
pluri-concamerated anechoic areas, suggestive of retained hemothorax; (c) and (d) after 1 month, resolution
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Surgical intervention in acute traumatic hemo-
thorax is needed in case of:

 – Initial evacuation of more than 1500 mL by 
thoracostomic tube.

 – Persistent bleeding from chest, defined as 
drainage of more than 200 mL per hour for 
4 h.

 – Persistent blood transfusion is required to 
maintain hemodynamic stability.

Despite this, the physiologic parameters and 
overall condition of the patient must be the pri-
mary guide for surgical treatment, rather than 
these abovementioned parameters.

Patients with active bleeding but with stable 
hemodynamics can be treated with Video- 
Assisted Thoracoscopic Surgery (VATS), not 
only to stop the bleeding but also to evacuate 
blood clots and breakdown adhesions. Its use, 
however, should be reserved for experienced 
operators and limited indications.

Thoracotomy is the procedure of choice in 
patients with hemodynamic instability due to 
active blood loss. Surgical exploration permits 
control of the source of bleeding and evacuation 
of the intrathoracic blood.

Intrapleural fibrinolytic therapy (IPFT) can be 
applied to evacuate residual blood clots and 
breakdown adhesions when initial chest tube 
drainage is not adequate. Retention of blood in 
the pleural cavity may cause lung entrapment, 
chronic fibrothorax, impaired lung function and 
infection. In most cases, treatment with IPFT 
leads to complete resolution of radiographic 
abnormalities, through evacuation of blood clots 
and loculated effusions. Less than 10% of cases 
need a more aggressive treatment by means of 
surgical decortication [73, 74] with VATS or 
thoracotomy.

23.6  Flail Chest

Flail chest is defined as three or more adjacent 
ribs fractured in two or more places, creating a 
chest wall segment that moves paradoxically 
from the chest wall during the respiration. This 

condition occurs in up to 15% of wall chest inju-
ries [75] and is a life-threatening complication of 
severe chest trauma: the paradoxical movement 
hinders the creation of negative intrathoracic 
pressure during inspiration and positive airway 
pressure during expiration causing impairment of 
breathing mechanics resulting in poor oxygen-
ation and potential asphyxia. Furthermore, the 
less efficiency of breathing may promote atelec-
tasis, respiratory distress syndrome, and pneumo-
nia [76, 77].

Frequently flail chest is associated with other 
intrathoracic injuries (pulmonary contusion, 
pneumothorax, hemothorax, mediastinal inju-
ries) and extra-thoracic injuries (brain, abdomi-
nal, and skeletal injuries) [78, 79].

Flail chest itself is an independent predictor of 
poor outcomes in patients with blunt chest 
trauma, and its mortality rate is variable and 
depends on the presence of other abovemen-
tioned injuries.

23.6.1  Radiological Features

The standard chest X-ray is still an important ini-
tial study because it can quickly diagnose life- 
threatening intrathoracic pathology like tension 
pneumothorax or massive hemothorax; however, 
it commonly underestimates the number of rib 
fractures. CT scan is more reliable for the detec-
tion of rib fractures. Chest CT scan gives more 
detailed information about the number and loca-
tion of fractured ribs and the magnitude of dislo-
cation and it has become the standard practice to 
detect and characterize all of chest and intratho-
racic injuries [79], as well as to evaluate whether 
surgical rib fixation is needed.

23.6.2  Treatment and Management

Chest wall injuries itself may unfrequently be the 
primary cause of death; however, they influence 
the management, the survival, and long-term 
disability.

The management of patients with flail chest 
consists of the pain control, the management of 
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pulmonary dysfunction, and potentially surgical 
rib fixation.

The pain control may be achieved using par-
enteral or oral opioids, or through the employ-
ment of locoregional treatment like thoracic 
epidural anesthesia, intercostal nerve block, or 
lidocaine patches [80, 81].

The management of pulmonary dysfunction is 
realized using appropriate ventilation therapies: 
mechanical ventilation in patient with hypoxemic 
or hypercapnic respiratory failure. Positive end- 
expiratory pressure should be used in endotra-
cheally intubated patients to increase alveoli’s 
recruitment as well as continuous positive airway 
pressure in patients without endotracheal tube 
[82]. Despite this there is no single mode of ven-
tilation that has been found to be best for patients 
with flail chest or pulmonary contusion [83].

Although the nonsurgical management is con-
sidered the benchmark of care, several recent 
studies have demonstrated that surgical interven-
tion decreases number of ventilator days, inten-
sive care unit and hospital stays, as well as 
incidence of pneumonia and hospital costs [84]. 
Nevertheless the surgical stabilization of ribs 
fractures is performed in less than 1% of patients 
with flail chest [85].
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24.1  Introduction

Abdominal trauma is very frequent in the popula-
tion, both adult and pediatric, because such 
trauma may occur during normal daily activities, 
during sports, in a car accident as driver or pas-
senger, as a pedestrian, or in a scholastic activity.

Conservative management of abdominal 
trauma is increasing in both children and adults, 
but this approach requires close patient monitor-
ing [1, 2]. During the past 20 years this increas-
ing tendency to treat patients with trauma of 
abdominal organs conservatively has caused 
much debate whether to use ultrasonography 
(US) or contrast-enhanced computed tomogra-
phy (CE-CT).

Contrast-enhanced CT is considered the gold 
standard technique. It is the most accurate diag-
nostic method for assessing a traumatic patient. 

As CT requires the patient to move and needs 
time to be performed, in recent years US has 
become increasingly important in the evaluation 
of patients with abdominal trauma. In fact, US 
may be performed at the bedside of the trauma-
tized patient without interrupting first-aid proce-
dures [3].

In recent years, the applications of diagnostic 
US are much improved with the use of the new 
generation of contrast media, which allows per-
forming contrast-enhanced ultrasound (CEUS). 
CEUS is a reliable, safe, and highly effective 
diagnostic method with sensitivity and specificity 
values close to those of CT for trauma lesions of 
the solid abdominal organs [4–7].

In consideration of the use of ionizing radia-
tion and contrast medium, nowadays the use of 
CEUS is reported for the follow-up of those 
patients who need to undergo a massive amount 
of monitoring until their traumatic injuries can be 
completely resolved. CEUS could perhaps be the 
ideal method, at least allowing us to reduce the 
number of CT examinations for follow-up in 
patients who often are of young age. Recent 
guidelines have reported the use of CEUS when 
CT is not available or is not indicated for reasons 
of previous allergic reactions to iodate contrast 
agents. CEUS is also used to monitor known 
traumatic injuries or to evaluate minor traumas, 
especially in pediatric-age patients [8].
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Because CEUS has limitations and CT 
requires the use of ionizing radiation, recent stud-
ies have begun to assess the possibility of using 
magnetic resonance imaging (MRI) in the fol-
low- up of patients with low-energy isolated 
abdominal trauma injuries as an alternative to the 
CEUS and CT techniques [9].

In major emergency centers, abdominal US is 
the first examination in trauma patients and must 
be performed before the CT study. In these cases, 
however, the use of abdominal ultrasonography 
is not aimed at detecting parenchymal lesions 
but is used to evaluate the presence of peritoneal 
free fluid, for which detection US has high sensi-
tivity. This examination is called focused assess-
ment with sonography for trauma (or, focused 
abdominal sonography for trauma) (FAST) and 
its purpose, in hemodynamically unstable 
patients, is to document the presence of hemo-
peritoneum that requires immediate surgical 
intervention [10, 11].

A patient arriving in an emergency depart-
ment is managed differently depending on hemo-
dynamic stability. If the patient is stable but has 
had a high-energy trauma, whole-body CE-CT, 
which is the best technique for assessing the 
involvement of all organs, is necessary. In a low- 
energy focalized injury, the patient can be evalu-
ated directly by CEUS. In either case, known 
parenchymal lesions can be monitored with 
CEUS. If the patient is in critical condition and is 
not hemodynamically stable, that person is evalu-
ated in the emergency room and then, when 
causes of instability have been identified, under-
goes a surgical exploration [12].

In clinical practice, the finding of free abdom-
inal fluid in polytrauma patients requires a 
CE-CT scan to exclude organ lesions and to eval-
uate the presence of vascular or omental lesions 
with active bleeding [3].

In accordance with the advanced trauma life 
support (ATLS) guidelines, many centers in 
Europe and in the USA have adopted a standard-
ized protocol for polytrauma patients. For the ini-
tial evaluation of all traumatized patients, 
abdominal ultrasound (FAST) and radiographs 

are recommended. When the hemodynamic con-
dition of the patient has been stabilized, the 
patient should then undergo total-body CT exam-
ination, which allows evaluating the presence of 
multiple simultaneous lesions of the abdominal 
organs, even those poorly visualized with US, 
and detecting the presence of any active bleeding, 
better than CEUS.

In unstable patients, US (FAST) allows 
immediate detection of the presence of hemo-
peritoneum, which is an indication for immedi-
ate surgery [13, 14]. However, many organ 
injuries are not correctly detected at the US 
baseline examination. The recent introduction of 
contrast- enhanced US has increased the accu-
racy of ultrasound, allowing the execution of a 
real-time examination directly in the region of 
interest.

CEUS is particularly important in children, 
for whom it is now accepted as conservative 
treatment in hemodynamically stable trauma 
[15–19]; however, in recent years, attention is 
being given to the use of MRI, which is an 
excellent technique for diagnosis, characteriza-
tion, and evaluation of abdominal organ 
lesions.

Because patients treated conservatively 
require close clinical and laboratory monitoring, 
radiological monitoring can be carried out with 
US, CEUS, and, lately, with MRI [13, 20]. 
CEUS has proven effective in detecting and 
evaluating lesions of solid organs, potentially 
avoiding the need for CT and thus reducing 
exposure to radiation and iodinated contrast 
agents. CEUS has sensitivity and specificity up 
to 95% in the detection of low-energy abdomi-
nal trauma [21].

There are still many studies on this matter, but 
MRI shows greater panoramic flexibility than 
CEUS, helps to identify more accurately even 
small lesions of the abdominal organs, and allows 
the assessment of any injuries of organs poorly 
visualized on ultrasound (such as the adrenal 
glands). MRI also allows the evaluation of the 
urinary tract, which is not possible with US, and 
the presence of possible vascular complications. 
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The use of these techniques is therefore very 
important, especially for pediatric patients [15].

Introduction of the use of second-generation 
contrast agents has increased the accuracy of 
CEUS, which has proved almost as sensitive as CT 
in the detection of traumatic abdominal organ inju-
ries, in the definition of the extent of the lesion, its 
margins, and the relationship between the lesion 
and the capsule of the involved organ [22, 23].

CEUS can be performed at the patient’s bed-
side, without moving the traumatized patient to 
the radiology department, which makes it an 
ideal technique in the follow-up of patients with 
injuries that do not require surgery.

24.2  Technique

First, all patients must be subjected to an accurate 
baseline US examination. Written informed con-
sent is obtained from all conscious patients and 
from parents who are present during the exami-
nation of minor patients.

Before performing CEUS, an antecubital vein 
is cannulated with a 20-gauge needle and an 
intravenous bolus injection of a second- 
generation blood-pool contrast agent is adminis-
tered. The contrast agent consists of microbubbles 
containing an inert gas, sulfur hexafluoride, 
which resonates at low acoustic pressure ranges 
(mechanical index, <0.2), emitting a specific 
signal.

The ultrasound scanner is equipped with soft-
ware that detects the response of the microbub-
bles, with continuous low mechanical index (MI, 
0.15–0.19), and real-time tissue harmonic imag-
ing allows real-time grey-scale imaging and iden-
tifies both the macro- and microcirculation to 
obtain a dynamic exploration of organ perfusion. 
A convex array 3.5-MHz probe is used.

The bolus of contrast agent is administered in 
1–2 s, followed by 5–10 ml saline solution (0.9% 
NaCl); this also is a very rapid injection, to pre-
vent any contrast material remaining in the can-
nula and to flush the contrast material into the 
peripheral circulation [24, 25]. The contrast agent 

is completely eliminated through the respiration 
after about 10 min.

The dynamic study of the parenchyma starts 
immediately after contrast administration. The 
kidneys are examined in the first 2 min, because 
of the intense arterial flow; then, the liver is 
examined (3–4 min), and finally the spleen (after 
5 min). The complete contrast-enhanced US 
examination requires no more than 6 min, until 
the progressive extinction of enhancement.

The kidneys are evaluated first, because they 
have an intense but precocious and fleeting perfu-
sion, then the liver and last the spleen, because 
the physiological heterogeneity of the CEUS sig-
nal in the earliest images is such as to induce 
false-positives, whereas after the first minutes 
after injection a homogeneous and very persis-
tent enhancement is seen.

Compared to the baseline US, there is an 
undoubted loss of image quality, very grainy, but 
largely offset by the possibility of evaluating the 
area of interest in real time. These real-time 
images allow identification of any solid organ 
lesion in a manner similar to CT or MRI but with 
the advantage of continuous exploration.

Because CEUS is a technique that is noninva-
sive, versatile, easy to perform, and repeatable, it 
appears to be particularly suited to the follow-up 
of traumatic abdominal lesions. If needed, CT 
examination is performed within 1 h of CEUS 
using a standard arterial (40–50 s) and venous 
(80–100 s) phase protocol, and only in patients 
with abdominal free liquid is a late phase proto-
col (3–10 min) performed to detect the presence 
of any active bleeding or urinary complications. 
A nonionic contrast medium volume of 100–
150 ml is injected at a rate of 2–4 ml/s [14].

Regarding MRI, there is still no standardized 
protocol for the follow-up of patients with blunt 
trauma treated conservatively. In a recent study, 
Miele et al. [9] have proposed performing such 
examinations in a supine position, and the images 
were acquired on multiple planes with breath- 
hold HASTE T2-weighted sequences (TR, 
1500 ms; TE, 95 ms; ST, 6 mm; matrix, 
384 × 156), T1 in phase and out of phase (TR, 
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120 ms; TE, 2.38 ms; ST, 6 mm; matrix, 
384 × 164), and fat-sat VIBE T1-weighted images 
(TR, 4.75 ms; TE, 2.39 ms; ST, 3 mm; matrix, 
352 × 154) before and after IV administration of 
paramagnetic contrast media.

The use of MRI in follow-up is even more 
important considering that most trauma patients 
are young persons; for this reason, the use of 
MRI is preferred to CT because MRI can be 
repeated until complete resolution of the lesions. 
Another advantage of MRI is the opportunity to 
study any lesions of the urinary tract, which are 
not evaluable by CEUS, and the ability to detect 
small lesions in other organs poorly explored by 
US (e.g., the adrenal glands).

However, MRI has limitations: compliant 
patients must follow the instructions on breathing 
during the examination, the long duration of the 
examination, the need to move the patients to 
perform the examination, and finally the exami-
nation cannot be performed in the presence of a 
pacemaker, cochlear implants, or patient claus-
trophobia. Therefore, follow-up protocol includes 
CEUS at 24 and 72 h after trauma, CEUS and 
MRI at 1 month later, and, in the event of persis-
tent structural parenchymal alterations related to 
the trauma, MRI can be repeated after 3 months 
and until complete resolution.

24.3  Semeiotic Aspects 
of Parenchymal Lesions

The most common traumatic alterations of the 
abdominal organs are hematomas, bruising, lac-
erations, bleeding, and arteriovenous fistulas. All 
these lesions are difficult to visualize and charac-
terize with baseline US, in fact, they appear as a 
hypo- or slightly hyperechoic alteration within 
the organ being studied (Fig. 24.1).

The findings of abdominal lesions on CEUS 
are similar to those of CE-CT. On CEUS images, 
parenchymal traumatic lesions appear as a perfu-
sion defect represented by a hypoechoic area, 
which persists unchanged during all the acquisi-
tion phases, with poorly defined or well-defined 
margins with or without interruption of the ana-
tomic profile of the capsule of a solid organ [14].

 (a) Parenchymal hematomas appear as a 
hypoechoic image without perfusion; in the 
case it is subcapsular, the hematoma will have 
the typical lenticular shape (Figs. 24.2, 24.3, 
24.4, 24.5, 24.6, 24.7, 24.8, 24.9, and 24.10).

 (b) Bruising appears usually as an inhomogeneous 
hypoechoic area with poorly defined contours 
with a poor definition of vessels within it 
(Figs. 24.11, 24.12, 24.13, and 24.14).

a b

Fig. 24.1 Young male. Kick on left flank, subcapsular 
renal hematoma. (a) Baseline ultrasound (US) shows a 
hyperechoic oval pseudo-mass imprinting the renal pro-

file. (b) Contrast-enhanced ultrasound (CEUS) depicts 
subcapsular hematoma well

G.L. Buquicchio et al.
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a b

Fig. 24.2 Car accident. (a, b) Patient with acute urinary retention. On baseline US, in the left kidney there is a solid 
hypoechoic mass, non-homogeneous, of approximately 8 cm, which compresses the renal profile

a b

c d

Fig. 24.3 Same patient as Fig. 24.2. Multi-detector com-
puted tomography (MDCT) performed on same day 
shows a large subcapsular hematoma in the left kidney, 
with parenchymal compression and delayed contrast 
medium elimination. There are no signs of active vascular 

disease. (a) Nonenhanced CT shows hyperdense mass 
compressing the renal profile. (b–d) Contrast-enhanced 
CT scan shows a renal hematoma that appears hypodense 
as well as the contiguous renal parenchyma

24 The Follow-Up of Patients with Abdominal Injuries
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a b

c d

Fig. 24.4 Same patient. Follow-up examination 5 days later. Baseline US (a, b) shows a slight reduction in hematoma 
thickness (about 6 cm), that is much better seen with CEUS (c, d)

a b

Fig. 24.5 Same patient. Follow-up magnetic resonance 
imaging (MRI) 1.5 months later: Compared to previous 
controls, there is a further significant reduction in the sub-
capsular hematoma thickness of the left kidney. HASTE 
T2-weighted sequences axial (a) and coronal (b); fat-sat 

VIBE T1-weighted sagittal scan (c). The hematoma 
appears hyperintense with some small hyperintense areas 
inside resulting from the different stages of the degrada-
tion of hemoglobin

G.L. Buquicchio et al.
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c d

Fig. 24.5 (continued)

a b

Fig. 24.6 Male. Car accident. Subcapsular hepatic hematoma. (a) Nonenhanced CT shows a slightly hyperdense sub-
capsular hepatic area. (b) Contrast-enhanced CT depicts well the same zone as a subcapsular hepatic hematoma

a b c

Fig. 24.7 Follow-up examinations with US and CEUS. 
(a, b) Baseline US shows a hyperechoic subcapsular len-
ticular area. (c) CEUS depicts the subcapsular hematoma 

well. Free fluid in the Morrison space is shown well on 
both US and CEUS
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a b

Fig. 24.8 Deep splenic hematoma, not appreciable in nonenhanced CT (a), is well defined in contrast-enhanced CT 
(b)

a b

Fig. 24.9 Follow-up 3 days later. Contrast-enhanced CT (a) and CEUS (b) depict well a laceration area of the lower 
spleen pole, contacting the splenic capsule

a b c

Fig. 24.10 Follow-up examinations, 1 week later. At the US baseline (a, b), the spleen seems normal. With CEUS (c), 
the persistence of splenic injury is evident

G.L. Buquicchio et al.
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 (c) Laceration appears as a hypoechoic linear 
parenchymal lesion or as a branched lesion, 
perpendicularly oriented with respect to the 
organ surface; it can be associated with cap-
sular discontinuity (Figs. 24.15, 24.16, 24.17, 
24.18, 24.19, 24.20, 24.21, 24.22, 24.23, 
24.24, 24.25, 24.26, and -24.27).

 (d) Focal hyperechoic spots within the lesion 
represent the presence of microbubbles of 
contrast medium and indicate active intral-
esional bleeding. If the microbubbles are 
arranged along the lacerated organ, the 
resultant outline is identified as a sign of 
intraperitoneal or retroperitoneal active 
bleeding.

Evidence of intralesional hyperechoic spots 
within the lesion or passage of microbubbles out-
side a lacerated organ is interpreted as a sign of 
active bleeding [14, 15, 26, 27]. CEUS also 
improves the already good ability of baseline 
ultrasound to detect even small amounts of free 
fluid [26, 28] (Fig. 24.28).

All trauma patients should undergo, first, 
baseline US, and next, CEUS examination. 
Patients positive for traumatic lesions of the 
abdominal organs must undergo CE-CT to better 
characterize the staging and the severity of these 

lesions. In fact, CT remains the most accurate 
technique in the definition of vascular complica-
tions, including active bleeding, pseudo- 
aneurysms, or arteriovenous fistulas, which 
represent the major predictors of failure of non-
surgical treatment [29, 30] (Figs. 24.29, 24.30, 
24.31, 24.32, 24.33, and 24.34).

For urinary tract study, CT protocol includes a 
phase at 80 s after contrast material injection (late 
cortical or early homogeneous nephrographic 
phase) and an excretory phase at 5 min or more 
after contrast material administration.

Early complications (urinary extravasation 
and urinoma formation, delayed bleeding, arte-
riovenous fistula, pseudo-aneurysm) can occur 
within 4 weeks of injury. These complications 
are usually a consequence of deep solid organ 
laceration [31].

Similar to what happens in the brain paren-
chyma, the evolution of hematomas is known; in 
particular, it is defined as a hyperacute phase 
between 0 and 3 h after a traumatic event; an 
acute phase between 4 h and 3 days; a subacute 
phase between 4 days and 4 weeks; and a chronic 
phase after 1 month.

MRI allows also a temporal evaluation of 
lesions. On MRI images the hematoma appear-
ance changes depending on two factors: the state 

a b

Fig. 24.11 A 16-year-old girl who fell from a scooter (a, b). Baseline US shows a fuzzy hyper-echogenic area at the 
VIII and V liver segments
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a b

c d

Fig. 24.12 CEUS (a–d) appreciates several lacero-contusive areas surrounded by nonhomogeneous parenchyma; 
these areas are poorly defined

a b

Fig. 24.13 Contrast-enhanced CT (a–d) confirms the lesions demonstrated by CEUS
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a b

Fig. 24.15 Trauma on the right flank, double traumatic 
lesion of the right kidney. (a) Baseline US is negative for 
traumatic kidney lesions. (b) CEUS shows well a trau-

matic lesion of the right kidney and a thin fluid collection 
surrounding the kidney

a b

c

e

d

Fig. 24.14 Follow-up with MRI 20 days later (a–e). The lesion described at CEUS and CT at the VIII–V liver segment 
appears dimensionally reduced, and it is associated with an adjacent area of altered perfusion

c dFig. 24.13 (continued)
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a b

Fig. 24.16 CT (a, b) confirms right renal parenchymal lesion with peri-renal fluid collection

a b

Fig. 24.17 Follow-up examination 1 month later. (a) US shows a marked improvement in the parenchymal lesion and 
the complete disappearance of peri-renal fluid. (b) CEUS best depicts both data

a b c

d e f

Fig. 24.18 (a, b) Baseline US shows only a diffuse hyper-echogenicity affecting the right lobe. (c–f) CEUS depicts 
well a large irregular lacerative lesion of the right lobe of the liver, reaching the capsular surface

G.L. Buquicchio et al.
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a b

Fig. 24.19 Follow-up with CEUS, 5 days later (a, b). Lesion appears considerably reduced in size

a b

c d e

Fig. 24.20 Contrast-enhanced CT (a–e) confirms the size of the injuries depicted by CEUS
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a b

c d e

Fig. 24.21 Hepatic laceration. (a, b) Baseline US shows a parenchymal laceration of the right lobe that reaches the 
capsule. (c–e) CEUS better depicts the morphology and size of the laceration

a b

Fig. 24.22 Follow-up with US and CEUS after 2 and 
6 days. (a, b) After 2 days, US baseline and CEUS imag-
ing are essentially unchanged. (c, d) After 6 days, how-

ever, the lesion is better circumscribed than on the 
previous examination and the surrounding parenchyma is 
more regularly perfused

G.L. Buquicchio et al.



523

a b

c d e

f g

Fig. 24.23 Follow-up with MRI after 1 month. In 
HASTE T2-weighted images (a, b) and VIBE T1-weighted 
images (c–g) after contrast media administration, the 
results of the right lobe laceration are still apparent, with 

persistent linear parenchymal hypointensity, reaching the 
capsule, that appears thickened. There is still a thin, peri- 
hepatic fluid collection, best seen in T2 images

c d

Fig. 24.22 (continued)
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a b

c d

Fig. 24.24 Car accident (a–d). Splenic laceration and 
small laceration of the upper left kidney. Baseline US (a, 
c) shows slight hyper-echogenicity of the spleen and of 

the upper lobe of the kidney. CEUS (b, d) depicts well a 
small splenic laceration of the lower splenic pole and a 
hypo-echoic area of the upper pole of the left kidney

a b

Fig. 24.25 CT confirms CEUS findings. (a, b) Axial and 
coronal enhanced CT images confirm well the laceration 
of the upper pole of the kidney emerging to the renal sur-
face. (c, d) Axial and sagittal enhanced CT images define 

better the laceration of the lower pole of the spleen emerg-
ing from the capsule surface with a thin associated fluid 
collection

G.L. Buquicchio et al.
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a b c

Fig. 24.26 Follow-up after 5 days. (a) Baseline US is 
negative for traumatic lesions. (b, c) CEUS shows a small 
laceration of the lower pole of the spleen without peri-

splenic fluid and depicts the laceration of the upper pole of 
the kidney (about 15 mm)

a b c

d e

Fig. 24.27 (a–e) VIBE T1-weighted image after contrast 
media administration. MRI follow-up after 1 month shows 
complete resolution of the splenic lesion; on the superior 

pole of the kidney a very small hypointense area remains, 
referred to scar tissue

c d

Fig. 24.25 (continued)
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a b

Fig. 24.28 Small amount of free fluid in trauma patient. (a) Baseline US does not show the small amount of free fluid 
that is easily depicted by CEUS (b)

a b

Fig. 24.29 (a, b) First contrast-enhanced CT on arrival 
at emergency room. At the level of the upper pole and the 
middle of the spleen there are some ipodense areas, diag-

nosed as parenchymal lacerations; currently, no evidence 
of subcapsular or perisplenic hematoma is seen

a b c

Fig. 24.30 (a–c) CEUS performed the following day 
confirms the heterogeneous areas of the upper pole and 
middle of the spleen, referring to the lacerations already 

documented in the previous CT examination. CEUS also 
delineates a subtle subcapsular hematoma
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of hemoglobin oxygenation and the state of the 
red blood cell membranes.

Therefore, in the follow-up MRI examination 
of an injured abdominal solid organ, the hema-
toma appears iso-intense or hypo-intense on T1- 
weighted and hyper-intense on T2-weighted 
images during the hyperacute phase (<3 h), iso- 
intense in T1-weighted and hypo-intense at the 
center in T2-weighted images and hyper-intense 
at the periphery in the acute stage (<3 days), 
hyper-intense in T1 and in T2 in the subacute 

phase (<4 weeks), and extremely variable (hyper-, 
hypo-, or iso-intense) in the chronic phase.

Liver and spleen injuries are considered healed 
when a homogeneous signal to the parenchyma at 
both CEUS and MRI examination and the regular 
distribution of contrast medium during contrast-
enhanced examination are seen. These findings 
can be confirmed by the laboratory parameters.

a b

c d

Fig. 24.31 (a–d) At CT follow-up after 5 days, splenic 
lesions are mutated and progressed. The large traumatic 
lesion that affects the upper pole and the middle part of the 
spleen is confirmed. At CT exam at the upper spleen pole 

a large vascular structure is seen. In the enhanced scan 
there is no evidence of active internal bleeding, but the 
finding is referred with posttraumatic arteriovenous 
fistula
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24.4  Advantages

Sensitivity and specificity values for identifying 
abdominal solid organ injuries are 70.2% and 
59.2% for US, and 96.4% and 98% for CEUS [3], 
respectively; regarding the corresponding 
 sensitivity and specificity of MRI, there are still 
no reliable data reported in the literature.

Because CEUS shows very good correlation 
with CE-MDCT in lesion staging, to avoid 
excessive exposure to ionizing radiation and to 
the contrast medium with possible adverse 
reactions, it can be considered a valuable tool, 
especially in the follow-up of blunt abdominal 
trauma.

Furthermore, CEUS can be performed quickly 
at the patient’s bedside, as the US scanner is por-
table; moreover, CEUS shows a very low rate of 
adverse reactions, and, finally, no sedation is 
needed to perform the CEUS examination. It also 
does not require fasting or preliminary laboratory 
findings, it has no contraindications, and the 
injection of contrast medium is repeatable.

However, CEUS does not replace CT exami-
nation, which is more panoramic and standard-
ized, but it can reduces the number of CT scans 
during the follow-up of patients with a known 
abdominal injury.

Moreover, MRI, which has a wide panoramic 
range and is less operator dependent, can be 

a b

c
d

Fig. 24.32 (a–d) The following day, the patient under-
goes embolization of the spleen. The subsequent US (a) 
and CEUS (b–d) follow-up show well the appearance of a 

hypo-echoic area at the upper pole of the spleen, relative 
to the ischemic parenchyma after the embolization
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considered a viable alternative to CEUS, especially 
in the evaluation of possible vascular complica-
tions (such as pseudo-aneurysms) (Figs. 24.29, 
24.30, 24.31, 24.32, 24.33, and 24.34), intraparen-
chymal complications (abscesses, bilomas), and 
lesions of the urinary tract.

24.5  Limits

CEUS also has limitations, however, because it 
cannot detect lesions that are too small and cer-
tain types of injuries, such as diaphragmatic rup-
tures and bowel and mesenteric injuries, because 
the view is less panoramic; there is difficulty in 
examining large patients; and finally, it is opera-
tor dependent [32].

Furthermore, the US contrast agent has an 
intravascular distribution and thus is not suitable 
for demonstrating extravasation in the renal col-
lecting system (urinomas) because it is not 
excreted by the kidney [33].

It is not always possible to detect early or late 
active bleeding; also, some other complications such 
as abscesses, bilomas, vascular complications, and 
intestinal damage are difficult to detect and charac-
terize; then, we need to perform a CE-CT or MRI.

MRI also has limits, such as the long examina-
tion time, the need to have the cooperation of 
patients to follow breath-hold commands during 
image acquisition, the need to transport these 
patients to the MRI room, and the impossibility 
of use in cases with a pacemaker or cochlear 
implants and for patients with claustrophobia.

a b

c

d

Fig. 24.33 (a–d) Same patient. Follow-up with MRI 
after 1 month. (a, c) HASTE T2-weighted axial and coro-
nal sequences. (b) T1 out-of-phase. (d) VIBE T1-weighted 
image after contrast media administration. In the upper 

splenic pole a triangular area is confirmed that is hyperin-
tense in T2-weighted sequences, hypointense in T1- 
weighted sequence, with suppression of the signal of the 
adipose tissue, as an ischemic area

24 The Follow-Up of Patients with Abdominal Injuries
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24.5.1  Take-Home Points

Given the high levels of sensitivity and specific-
ity shown by CEUS in the follow-up of poly-
trauma patients, or those with minor traumatic 
lesions, the possibility of replacing CE-MDCT 
with CEUS is now being considered in these 
cases, especially to avoid excessive exposure to 
ionizing radiation. The use of CT in minor trauma 
is inappropriate, in fact, because of its high cost 
and unjustified exposure to ionizing radiation in 
young people and pediatric patients. CEUS 
allows an accurate definition of the size and the 
margins of the lesion, the extension to the cap-
sule, and, most importantly, often can depict the 
presence of vascular injuries.

To date significant cases of reaction to con-
trast medium have not been reported. Caution 
must be taken for a patient with heart disease, 
however, because rare cases of reaction to con-
trast medium in cases of overdose are known 
among such patients.

The evaluation with CEUS does not take much 
time. A close follow-up performed using CEUS 
is also less expensive than when using CE-CT.

In patients undergoing conservative treatment, 
CEUS is the procedure most frequentlyper-
formed for monitoring known traumatic lesions, 
especially for children and young women; MRI 
can be used in the long-term follow-up (at 
1 month) and until complete resolution of abdom-
inal lesions.

a b

c d

Fig. 24.34 (a–d) Follow-up with MRI after 18 months. 
MRI images demonstrate a reduction of the size of the 
triangular ischemic area of the upper splenic pole, which 
appears hypointense in T1- and T2-weighted sequences, 

and in T1-weighted enhanced images, and refers to a fibro-
sis area. An associated retraction of the splenic capsule 
profile is well depicted on MRI images
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Thus, the use of CEUS can be considered the 
ideal imaging modality in monitoring all hemo-
dynamically stable patients treated conserva-
tively, especially in consideration of reducing the 
number of follow-up CT scans, particularly in 
young patients.

References

 1. Parks RW, Chrysos E, Diamone T. Management of 
liver trauma. Br J Surg. 1999;86:1121–35.

 2. Uranus S, Pfeifer J. Nonoperative treatment of blunt 
splenic injury. World J Surg. 2001;25:1405–7.

 3. Valentino M, Ansaloni L, Catena F, et al. Contrast- 
enhanced ultrasonography in blunt abdominal trauma: 
considerations after 5 years of experience. Radiol 
Med. 2009;114:1080–93.

 4. Miele V, Buffa V, Stasolla A, et al. Contrast enhanced 
ultrasound with second generation contrast agent in 
traumatic liver lesions. Radiol Med. 2004;108:82–91.

 5. Regine G, Atzori M, Miele V, et al. Second-generation 
sonographic contrast agents in the evaluation of renal 
trauma. Radiol Med. 2007;112:581–7.

 6. Pinto F, Miele V, Scaglione M, Pinto A. The use of 
contrast-enhanced ultrasound in blunt abdominal 
trauma: advantages and limitations. Acta Radiol. 
2014;55:776–84. doi:10.1177/0284185113505517.

 7. Pinto F, Valentino M, Romanini L, Basilico R, Miele 
V. The role of CEUS in the assessment of haemo-
dynamically stable patients with blunt abdominal 
trauma. Radiol Med. 2015;120:3–11. doi:10.1007/
s11547-014-0455-3.

 8. Albrecth T, Blombley M, Bolondi L. Guidelines for 
the use of contrast agents in ultrasound. Ultraschall 
Med. 2004;25:249–56.

 9. Miele V, Piccolo CL, Sessa B, Trinci M, Galluzzo 
M. Comparison between MRI and CEUS in the fol-
low- up of patients with blunt abdominal trauma man-
aged conservatively. Radiol Med. 2016;121:27–37.

 10. Gruessner R, Mentges B, Duber CH. Sonography 
versus peritoneal lavage in blunt abdominal trauma. J 
Trauma. 1989;29:242–4.

 11. McKenney M, Lentz K, Nunez D. Can ultrasound 
replace diagnostic peritoneal lavage in the assessment 
of blunt trauma? J Trauma. 1994;37:439–41.

 12. Körner M, Krotz MM, Degenhart C, et al. Current 
role of emergency US in patients with major trauma. 
Radiographics. 2008;28:225–44.

 13. Poletti P-A, Wintermark M, Schnyder P. Traumatic 
injuries: role of imaging in the management of poly-
trauma victim (conservative expectation). Eur Radiol. 
2002;12:969–78.

 14. Sessa B, Trinci M, Ianniello S, et al. Blunt abdominal 
trauma: role of contrast-enhanced ultrasound (CEUS) 
in the detection and staging of abdominal traumatic 

lesions compared to US and CE-MDCT. Radiol Med. 
2015;120:180–9.

 15. Valentino M, Serra PP, et al. Blunt abdominal 
trauma: diagnostic performance of contrast enhanced 
US in children. Initial experience. Radiology. 
2008;246:903–9.

 16. Brown MA, Casola G, Sirlin CB, et al. Blunt abdomi-
nal trauma: screening US in 2,693 patients. Radiology. 
2001;218:352–8.

 17. Miele V, Piccolo CL, Trinci M, et al. Diagnostic 
imaging of blunt abdominal trauma in pediatric 
patients. Radiol Med. 2016;121:409–30. doi:10.1007/
s11547- 016-0637-2. Epub 2016 Apr 13

 18. Sidhu PS, Cantisani V, Deganello A, et al. Role 
of contrast-enhanced ultrasound (CEUS) in pae-
diatric practice: an EFSUMB position statement. 
Ultraschall Med. 2017;38:33–43. PMID: 27414980. 
 doi:10.1055/s-0042-110394.

 19. Miele V, Di Giampietro I, Ianniello S, et al. Diagnostic 
imaging in pediatric polytrauma management. Radiol 
Med. 2015;120:33–49. doi:10.1007/s11547-014- 
0469-x. Epub 2014 Nov 7

 20. Minarik L, Slim M, Rachlin S. Diagnostic imag-
ing in the follow-up of nonoperative management 
of splenic trauma in children. Pediatr Surg Int. 
2002;18(5-6):429–31.

 21. Menichini G, Sessa B, Trinci M, et al. Accuracy of 
contrast-enhanced ultrasound (CEUS) in the iden-
tification and characterization of traumatic solid 
organ lesions in children: a retrospective compari-
son with baseline US and CE-MDCT. Radiol Med. 
2015;120:989–1001.

 22. Freshman SP, Wisner DH, Battistella FD. Secondary 
survey following blunt trauma: a new role for abdomi-
nal CT scan. J Trauma. 1993;34(3):337–40.

 23. Cuff RF, Cogbill TH, Lambert PJ. Nonoperative man-
agement of blunt liver trauma: the value of follow-up 
abdominal computed tomography scans. Am Surg. 
2000;66:332–6.

 24. Manetta R, Pistoia ML, Bultrini C, et al. Ultrasound 
enhanced with sulphur-hexafluoride-filled microbub-
bles agent (SonoVue) in the follow-up of mild liver 
and spleen trauma. Radiol Med. 2009;114:771–9.

 25. Catalano O, Lobianco R, Sandomenico F, et al. Real- 
time, contrast-enhanced sonographic imaging in 
emergency radiology. Radiol Med. 2004;108:454–69.

 26. Poletti PA, Kinkel K, Vermeulen B, et al. Blunt 
abdominal trauma: should US be used to detect 
both free fluid and organ injuries? Radiology. 
2003;227:95–103.

 27. Wilson SR, Burns PN. Microbubble-enhanced US in 
body imaging: what role? Radiology. 2010;257(1):24–39.

 28. Oldenburg A, Hohmann J, Skrok J. Imaging of pae-
diatric splenic injury with contrast-enhanced ultraso-
nography. Pediatr Radiol. 2004;34(4):351–4.

 29. Federle MP, Courcoulas AP, Powell M, et al. Blunt 
splenic injury in adults: clinical and CT criteria for 
management, with emphasis on active extravasation. 
Radiology. 1998;206:137–42.

24 The Follow-Up of Patients with Abdominal Injuries

https://doi.org/10.1177/0284185113505517
https://doi.org/10.1007/s11547-014-0455-3
https://doi.org/10.1007/s11547-014-0455-3
https://doi.org/10.1007/s11547-016-0637-2
https://doi.org/10.1007/s11547-016-0637-2
https://doi.org/10.1055/s-0042-110394
https://doi.org/10.1007/s11547-014-0469-x
https://doi.org/10.1007/s11547-014-0469-x


532

 30. Gavant ML, Schurr M, Flick PA, et al. Predicting 
clinical outcome of nonsurgical management of 
blunt splenic injury: using CT to reveal abnormali-
ties of splenic vasculature. AJR Am J Roentgenol. 
1997;168:207–12.

 31. Kawashima A, Sandler CM, Corl FM, et al. Imaging of 
renal trauma: a comprehensive review. Radiographics. 
2001;21:557–74.

 32. Sirlin CB, Brown MA, Deutsch R, et al. Screening 
US for blunt abdominal trauma: objective predic-
tors of false-negative findings and missed injuries. 
Radiology. 2003;229:766–74.

 33. Miele V, Piccolo CL, Galluzzo M, et al. Contrast 
enhanced ultrasound (CEUS) in blunt abdominal 
trauma. Br J Radiol. 2016;89(1061):20150823. 
doi:10.1259/bjr.20150823 Epub 2016 Jan 8.

G.L. Buquicchio et al.

https://doi.org/10.1259/bjr.20150823 Epub 2016 Jan 8


533© Springer International Publishing AG 2018 
V. Miele, M. Trinci (eds.), Diagnostic Imaging in Polytrauma Patients,  
https://doi.org/10.1007/978-3-319-62054-1_25

Injuries of the Limbs in Polytrauma: 
Upper and Lower Limbs

Anna Maria Ierardi, Filippo Pesapane, 
Natalie Lucchina, Andrea Coppola, 
Filippo Piacentino, Andrea Sacrini, 
Salvatore Alessio Angileri, 
and Gianpaolo Carrafiello

25.1  Introduction

Polytrauma is a significant cause of mortality and 
morbidity throughout the world and predomi-
nantly affects the young population [1].

There has been a growing role for both diag-
nostic and Interventional Radiology (IR) in all 
types of traumas; imaging becomes an integral 
part of the multidisciplinary approach to modern 
trauma care: a polytraumatic patient should not 
be considered as a “vascular” patient, an “ortho-
pedic” patient, or a “plastics” patient but a multi- 
pathologic patient requiring a multidisciplinary 
approach [1].

Classically, vascular injury mechanisms are 
divided into penetrating or blunt. In blunt trauma, 
tissue injury is produced by local compression, 
rapid deceleration, and the resulting shear forces. 
In penetrating trauma, the injury is produced by 
crushing and separation of tissues along the path 
of the penetrating object with the resulting con-
cussive shockwave [1].

Understanding the biomechanics of specific 
injuries is important in determining the potential 
for vascular injury and the subsequent hemody-
namic consequences of these injuries.

Extremity injuries are the second most com-
mon traumatic injuries after head injuries [2] up 
to 80% of all cases of vascular trauma; most of 
these injuries involve arteries and veins of the 
lower extremities. High-velocity weapons (70–
80%) account for most of these injuries, followed 
by stab wounds (10–15%) and blunt trauma 
(5–10%) [1]. In a large series of penetrating civil-
ian vascular injuries, arterial injuries were caused 
by gunshot wounds in 64%, knife wounds in 
24%, and shotgun blasts in 12% [3].

Peripheral injuries are usually not immedi-
ately lethal, whether due to penetrating or blunt 
injuries, like trauma to torso and head and neck 
regions [4].

This chapter focuses on injuries of the limbs 
in polytraumatic patient and the decision pro-
cesses associated with the workup and the endo-
vascular interventions (EVIs) of these injuries.

25.2  Clinical Aspects and Imaging

Acute limb vascular injuries should be suspected 
in presence of an open fracture, distal tibia or tibial 
shaft fractures, fractures of the thoracic outlet, 
multiple and/or complexed fractures in one 
extremity, and/or an isolated proximal third. 
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Monazzam et al., in a series of 275 patients, dem-
onstrated that only 6% of the cases requires treat-
ment, and all of them had strong clinical sign as 
diminished or absent distal pulses on presentation, 
so they suggest to not routinely use CT angiogra-
phy (CTA) to evaluate lower extremity injuries 
unless at least one clinical sign is present [5].

The physical examination represents the first 
step, because it permits to triage the patients to 
emergency treatment, imaging, or observation.

The “hard signs” of an extremity arterial 
injury include loss of distal pulses, an expanding 
or pulsatile hematoma, a thrill or bruit, pulsatile 
bleeding, and limb ischemia. “Soft signs” include 
pallor or a change in color, coolness to the touch, 
a stable hematoma, a neurological deficit in an 
anatomically adjacent nerve, unexplained hypo-
tension, and non-pulsatile bleeding (Table 25.1).

There is growing evidence that most of these 
injuries heal spontaneously or stabilize without 
further compromising the distal circulation and 
perfusion [6].

Vascular injuries may be initially undiagnosed 
in hemodynamically stable patients, so a detailed 
clinical history including the mechanism of the 
trauma is important. Factors that can jeopardize 
diagnosis of acute vascular injuries usually are 
the presence of distraction injuries, lack of cor-
relation with clinical presentation, radiologist 
experience, or inadequate CT scan protocol [7].

Subclinical vascular injuries with intact distal 
perfusion may be observed with serial monitor-
ing, antiplatelet therapy or systemic anticoagula-
tion, and repeat noninvasive imaging [8].

Subclinical vascular defects have been defined 
as those exhibiting the following characteristics:

 1. Low-velocity injury
 2. Minimal (<5 mm) arterial wall disruption for 

intimal defects and pseudoaneurysm (PSA)
 3. Adherent or downstream protrusion of intimal 

flaps
 4. Intact distal circulation
 5. No active hemorrhage

The liberal use of imaging in the presence of 
any hard sign to confirm or exclude vascular 
injury is recommended [4].

Most hard signs in this setting (as much as 
87%) are not due to vascular injury, but rather to 
soft tissue and bone bleeding, traction of intact 
arteries with pulse loss, or compartment syn-
drome [9].

If significant vascular injuries (such as occlu-
sion, extravasation, or transection) are excluded, 
the treatment of soft tissue and skeletal injuries 
may proceed. How reperfusion is achieved 
depends on the patient’s hemodynamic status, 
physiologic parameters, skeletal stability, wound 
characteristics, and resource availability [10].

Vascular imaging is mandatory when expect-
ant management is chosen, but resolution can be 
seen in 85–90% of these lesions with no opera-
tive intervention [11].

Doppler Ultrasound (DUS) has shown an over-
all accuracy of 98% for diagnosing vascular injury, 
but it requires time and high experience [1].

DUS provides additional information on clini-
cal examination but there is not consensus in the 
literature about its importance in the diagnostic 
management in the injuries of the limbs in trauma 
patient. DUS can be obtained rapidly and used to 
detect occlusion, intimal flaps, and luminal 
defects [12].

For the lower limbs evaluation a DUS assess-
ment should be done also to confirm the absence 
of pedal pulses and to perform an ankle-brachial 
index (ABI) when possible. In emergency trau-
matic setting, an ABI is useful for the evaluation 
of a patient who is at increased risk for lower 
extremity arterial injury: an ABI < 0.90 suggests 
a need for further vascular imaging, whereas an 

Table 25.1 Hard and soft signs of vascular injury

Hard signs Soft signs

Shock Non-pulsatile bleeding
Pulsatile bleeding Stable hematoma
Bruit or thrill over 
the wound(s)

Nerve injury

Expanding or 
pulsatile 
hematoma

Unequal blood pressures

Absent palpable 
pulses distally

Proximity of injury tract

Limb ischemia Distal ischemic manifestations 
(pain, pallor; paralysis, 
paresthesias, poikilothermy)
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ABI > 0.90 decreases the likelihood of an arterial 
injury, and the patient may be observed with 
serial ABI assessments or may undergo a vascu-
lar study on a delayed basis [13].

DUS has some diagnostic limitations in locat-
ing the exact point of artery cutoff point and the 
traumatized area. Moreover, the DUS evaluation 
of the vascular limbs injuries, especially in 
trauma patients, requires high level of expertise; 
it is highly operator dependent and can be time- 
consuming [14].

Large retrospective reviews have shown that 
Computed Tomography Angiography (CTA) sig-
nificantly increases the probability of survival in 
polytrauma patients [15].

It has the added advantage of simultaneously 
being able to assess extensive body areas as well 
as demonstrating associated soft tissue and bony 
injuries.

CTA has dramatically improved over the last 
few years and has overtaken catheter angiogra-
phy as the initial first choice diagnostic tool in the 
trauma patients [4].

While traditional angiography has been the gold 
standard and affords opportunity for intervention, 
the ability to rapidly acquire high- specificity diag-
nostic imaging with spiral CTA has been a game 
changer as a rapid screening test and plays a major 
role in the management of multi-trauma patients.

Digital Subtraction Angiography (DSA) is the 
diagnostic standard for vascular injury and allows 
for therapeutic intervention [16].

CTA has a sensitivity of 90–95% and specific-
ity of between 98% and 100% for the detection of 
upper and lower limbs arterial injuries [16]. CTA 
may be limited by poor arterial opacification, 
motion artifact, streak artifact from adjacent 
metallic fragments, or slowing of flow beyond 
injured sites [16]. CTA has nowadays replaced 
catheter angiography as the primary imaging 
technique to evaluate patients with suspected 
acute vascular injuries [7, 10, 17]. Nevertheless, 
some investigators still recommend DSA as the 
primary imaging test, particularly in patients 
with finding of metallic fragments or shrapnel on 
conventional imaging to avoid technical artifacts 
which may render affected vascular segments 
non-diagnostic on cross-sectional images [18]. 

However, in this set, DSA requires an highly 
trained team readily available at the time of 
patient admission, it is costly and it is not free 
from the possibility of serious complications due 
to catheter insertion, especially in an artery with 
local hematoma formation, vessel thrombosis 
and, in more severe cases, post-angiography dis-
section, embolization and pseudoaneurysm for-
mation [19–21].

CTA pledge the acquisition of three- 
dimensional images with submillimetric spatial 
resolution of the entire body, from head to foot in 
only a few seconds with a single contrast bolus, 
and state-of-the-art workstations allow Multiplanar 
Reformations (MPR), Maximum Intensity 
Projection (MIP), and Volume Rendering (VR) 
reconstructions [10, 21–24].

It is of fundamental importance the appropriate 
selection of scan parameters and CT protocols. It 
is consolidated knowledge that acquiring images 
in arterial phase improves the detection of arterial 
injures, AVF, and PSA while the venous phase is 
essential to detect venous injuries and to differen-
tiate contained vascular injures from actively 
bleeding lesions. Therefore, both phases should 
be routinely included in the whole-body CT eval-
uation of patients with deceleration injury [17].

All studies should be performed with multi-
phasic, high-resolution protocol, slice thickness 
and reconstruction interval value of about 1 mm, 
before and after administration of intravenous, 
highly concentrated contrast media (350–
400 mgI/mL, with a 3.5–5 ml/s infusion rate, fol-
lowed by a 25–50 ml bolus of isotonic saline at 
the same flow rate). The field of view (FOV) 
should be the smallest including both limbs, to 
minimize the isotropic voxels and to allow evalu-
ation of symmetry of contrast material arrival 
time and symmetry of flow. The scan coverage 
should include both the proximal and distal joints 
to the region of suspected injury. All study should 
be performed under the supervision of a radiolo-
gist, to evaluate any need of additional late 
phases. An automated bolus tracking, with region 
of interest placed at the diaphragmatic aorta (for 
whole-body scanning) at an attenuation threshold 
of 100HU, is suggested to time the beginning of 
the arterial phase, in order to avoid poor timing of 
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the contrast material bolus or bolus outrun [10, 
17, 21]. Three-dimensional multiplanar recon-
structions and maximum intensity projection 
should be routinely performed to facilitate recog-
nizing the vessel anatomy and look for possible 
injuries [10, 17, 21].

Many different vascular injuries can be detected. 
Active arterial hemorrhage or extravasation can be 
defined as extravascular contrast media leakage, 
recognized as hyperattenuating regions with den-
sity similar to that of the arteries. Dissection is the 
evidence of an intraluminal flap with intramural 
extension of intravenous contrast material. 
Arteriovenous fistula formation is a communica-
tion between an artery and an adjacent vein, with 
premature venous enhancement. Pseudoaneurysm 
is a well-contained accumulation of contrast mate-
rial-enhanced blood beyond the confines of the 
arterial wall. Narrowing of an artery is an abrupt 
change in caliber of the vessel within the area of 
traumatic injury with maintained patency while 
occlusion of an artery is an abrupt complete termi-
nation of an artery. Vessel transection is seen as an 
abnormality in the vessel contour due to full thick-
ness laceration with free contrast extravasation 
detectable in the arterial phase [10, 17].

Hemodynamic instability in limbs injuries is 
more often associated with Penetrating Extremity 
Trauma (PET) or exposed fractures. In a 14 
patient series who died from isolated limb PET, 
70% occurred to the lower extremity and 86% 
were proximal to the elbow and knee [25].

A patient in shock with PET belong in the 
operating room and no diagnostic studies, except 
X-rays of the chest, pelvis and the involved 
extremity are indicated. If there is no inspective 
evidence that an arterial injury is present but clin-
ical evidence is still strongly suggesting so, DUS, 
MDCT or DSA can be obtained [8, 14, 26, 27].

25.3  Upper Limb Injuries

Upper extremity trauma patients generally have a 
lower injury severity score, lower amputation 
rate, and lower overall mortality when compared 
to lower extremity injured patients [28].

Upper extremity injuries are more frequently 
caused by a penetrating mechanism than blunt 

etiologies. They are usually associated with 
lower-velocity missiles and a smaller region of 
injury than lower extremity injuries [28].

Although much of the current state-of-the-art 
information is the result of wartime observations, 
the incidence of civilian extremity vascular 
trauma is significant. It is estimated that subcla-
vian and axillary artery injuries constitute 5–10% 
of artery trauma in the European and US civilians 
[29]. Structures concomitantly involved include 
the brachial plexus, aerodigestive tract, sympa-
thetic chain, and spinal cord [30].

Axillary artery injuries are very similar to sub-
clavian injuries. High axillary injuries may be 
difficult to expose and gain proximal control for 
open operative repair. Both supraclavicular and 
infraclavicular incision may be necessary to 
achieve adequate control of the vessel for open 
repair. Moreover, the proximity to the brachial 
plexus must also be considered [31–33].

Modern IR techniques offer some promises for 
both adjuvant care with balloon tamponade and 
definitive treatment by covered stent placement [4].

New advances in vascular techniques and 
endovascular care have resulted in outstanding 
success with limb salvage; the coexisting ortho-
pedic, neurologic, and soft tissue injuries most 
likely determine the outcome [34].

Associated nonvascular injuries usually are 
associated with consequent disability and func-
tional outcomes [28]. It is essential to have an 
early multidisciplinary approach to these patients 
and to define with appropriate scores functional, 
orthopedic, and vascular lesions [34]. The 
Multidisciplinary Team (MT) should include sur-
geon, interventional radiologist, orthopedic, plas-
tic surgeon, hand surgeon, and neurosurgeon.

Excluding ischemia, acute limb loss is fre-
quently from overwhelming and uncontrolled 
secondary infection so adequate debridement of 
nonviable tissue and appropriate coverage of 
vascular and orthopedic repair is essential [11]. 
Unstable fractures may require stabilization 
before repair such that ultimate reduction does 
not strain the vascular repair. Also in this case, 
communication and intraoperative collaboration 
between orthopedic surgeon, interventional 
radiologist, and vascular surgeon should be 
essential [1].

A.M. Ierardi et al.



537

25.4  Forearm Vessels

Traumatic injuries to the forearm and hand can 
be penetrating or blunt, which represent 4–36% 
of upper limb arterial trauma [34]. Because of the 
close proximity of the vessels and the nerves as 
they travel in the upper extremities, injuries are 
rarely just vascular in nature, often complicating 
not only the presentation but also the long-term 
outcome. If not treated in a timely fashion and 
properly, such injuries can lead to loss of func-
tion, loss of limb, or even death [35].

Single vessel injury of the forearm can be sim-
ply ligated, after making sure that the opposing 
vessel is intact to the hand and a palmer arch is 
present [34]. Bedside handheld DUS evaluation 
of the palmer arch and digital vessels can be per-
formed to confirm viability prior to ligation of the 
injured vessel. If in-line flow is not present or an 
incomplete palmer arch is present, primary repair 
of the injured vessel should be completed [4].

Endovascular approaches and stent graft have 
no appreciable role in the management of fore-
arm vessel injuries [35].

25.5  Lower Limb Injuries

Patients with lower limb vascular traumas pres-
ent daily in emergency departments and trauma 
centers worldwide. According to the National 
Hospital Ambulatory Medical Care Survey, 
among approximately 117 million visits to emer-
gency departments in the USA in 2007, 14.6% 
were for lower extremity injuries [36].

Nowadays, most polytrauma patients will sur-
vive, but will not regain their pre-injury level of 
function; if multiple trauma is survived, lower 
extremity injuries mainly affect the functional 
outcome and quality of life in the long term [37].

25.6  Femoral and Popliteal 
Injuries

Open surgical repair of the femoral vessels at the 
level of the groin should be undertaken as routine. 
Primary repair or short saphenous interposition 
grafts can be used to reconstruct these vessels [1].

The use of covered stent grafts has been 
described, but long-term patency data is not 
available [38]. The popliteal artery provides 
some clinical controversy. It can be a challenging 
injury to manage. Historically, amputation rates 
were as high as 20% with injuries in this location 
[39]. Classic traction injury from posterior knee 
dislocation can result in injuries ranging any-
where from a small hemodynamically insignifi-
cant intimal flaps to critical ischemia and 
complete transection [1]. In most clinically 
apparent injuries, open repair is indicated, either 
by primary repair (stab wounds) or short segmen-
tal saphenous vein bypass (blunt injury, gunshot 
wounds), but there are also the possibility to use 
covered stent graft repair for trauma and iatro-
genic [38, 40].

25.7  Below-Knee Popliteal, Tibial, 
and Foot Injuries

As with the upper extremity, injury to one termi-
nal vessel in the lower limb can be dealt with by 
simple ligation. Injury at the level of the tibiope-
roneal trunk should prompt open surgical recon-
struction. Injury to all three tibial arteries should 
prompt open operative repair of at least two arter-
ies to avoid a potential risk for future amputation 
[41]. Currently endovascular techniques have not 
played a major role in the management of tibial 
arteries injuries.

25.8  The Role of Interventional 
Radiology in Polytrauma 
Extremity

In the last two decades, IR shifted the manage-
ment of vascular disease from traditional open 
surgery to complex endovascular interventions 
(EVIs) [4].

On the basis of CTA findings and with the 
cooperation and support of the other members of 
the MT team, the interventional radiologist must 
be increasingly prepared to provide prompt, effi-
cient, and high-quality service [7].

The primary principle in treating acute trau-
matic arterial injuries is to avoid prolonged isch-
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emia. This reduces the risk of irreversible 
ischemia and morbidity associated with ischemia 
reperfusion [42].

Endovascular techniques have the advan-
tages of avoiding general anesthesia, rapid 
recovery time, lower costs, less tissue trauma 
in cases of previous soft tissue or bone injuries, 
and lower chances of infection when there are 
associated bone fractures; also, there is less 
risk of collateral flow damage during surgical 
exposure [43].

Becker et al. [44] were the first to use a stent 
graft in the management of a penetrating subcla-
vian injury resulting from catheterization.

A systematic review of axillo-subclavian inju-
ries from DuBose et al. found that results of 
endovascular repair were promising, with an ini-
tial success of endovascular stent placement in 
96.9% of patients. No mortalities related to endo-
vascular intervention were reported. New neuro-
logic deficits after the use of endovascular 
modalities were reported in only one patient over 
160 treated with endovascular approach [45]. 
Endovascular management of axillo-subclavian 
injuries is less technically challenging than open 
access and has the potential to reduce injury to 
the surrounding brachial plexus [46].

In all types of EVIs, the basic concepts of 
catheter-directed treatment of a vascular lesion 
include access to the vascular tree at a remote 
site, crossing the offending lesion with a wire, 
and delivering a device that will allow correction 
of the lesion [1].

Transcatheter treatments include balloon 
occlusion, embolization, and endovascular 
repair with insertion of stent grafts which will 
be discussed in the following parts. An appreci-
ation of the collateral circulation to the distal 
extremity is necessary to evaluate the best strat-
egy of treatment and consequently the success 
and the safety [47].

An integrated endovascular and open approach 
for the management of polytraumatic patients is 
sometimes required [1].

The operating room (OR) may only have por-
table equipment; a dedicated hybrid room may 
have a fixed fluoroscopy unit [48].

Uncontrolled hemorrhage and hemodynamic 
instability have long been considered an absolute 
contraindication to EVIs but hybrid ORs with 
endovascular capabilities may permit more lib-
eral use of endovascular techniques in the OR in 
the event that immediate surgical access is neces-
sary [48].

The inability to use heparin is also an impor-
tant consideration, but not an absolute contraindi-
cation because most open repairs would have the 
same limitation [49].

Skilled team is mandatory to approach an 
acutely traumatic patient and unnecessary delays 
may allow the lethal triad of hypothermia, coagu-
lopathy, and acidosis leading uncontrolled hem-
orrhage and death [50].

25.9  Balloon Occlusion

Inflation of an angioplasty balloon proximal to a 
major arterial injury may temporarily stop or 
reduce life-threatening hemorrhage to allow time 
and thereby stabilize the patient while more 
definitive treatment such as surgical or endovas-
cular repair is being arranged [51].

25.10  Embolization

Embolization is a largely used technique in IR in 
arresting life-threatening hemorrhage in all areas 
of the body. In particular, it is very effective in 
treating hemorrhage within the peripheral system 
in small and medium sized arteries where preser-
vation is not critical [4]. The same principles 
apply as observed in the rest of the body with 
most of the embolization agents requiring a rela-
tively intact coagulation cascade with emboliza-
tion being ideally performed before severe 
coagulopathy develops [47]. Prompt, effective, 
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and safe embolization requires skill and knowl-
edge of the available equipment, arterial anat-
omy, role of collateral arterial flow, and risks. A 
clear understanding of the target vessel is critical, 
especially if it contains extensive collateral sup-
ply (e.g., via muscular branches) as these can 
provide distal flow and supply to the bleeding 
vessel and therefore result in continued bleeding 
if they are not also embolized. Therefore rou-
tinely both the proximal and distal segments of 
the artery, in relation to the site of injury, are 
embolized to prevent this from happening [47] 
(Fig. 25.1a–c).

The choice of embolic agent will vary based 
on the site and nature of the injury, the desire to 
preserve collateral flow, and operator preference 
[52]. Some liquid agents such as N-butyl cyano-
acrylate (NBCA) and ethylene vinyl alcohol 
copolymer (Onyx) have been used in the treat-
ment of selected traumatic injuries especially in 
patients with coagulopathy [53].

The clinical condition of the patient usually 
determines how selective a distal embolization 
is performed. In the stable patient, a more 
superselective technique is usually undertaken, 

whereas in a patient who is more unstable or 
has massive bleeding a more nonselective 
proximal embolization technique is used as the 
main aim is the cessation of hemorrhage in a 
more timely manner [47].

The two specific potential complications of 
embolization in the peripheral vascular system 
are: (1) inadvertent distal infarction of nonex-
pendable vessels and (2) continued bleeding dis-
tal to the point of embolization secondary to 
collateral flow [4].

Embolization requires skilled operators, spe-
cialized in EVI and should be available in short 
time.

25.11  Stent Grafts and Balloon 
Inflations

Stent grafts can provide life- and limb-saving 
when applied to the treatment of vessel injuries 
(Fig. 25.2a–d).

Stent grafts are available in several varieties 
and sizes (both lengths and diameters) from mul-
tiple manufacturers and may be either self- 

a b c

Fig. 25.1 First angiogram reveals pseudoaneurysm of a 
branch of profunda femoral artery: arrows indicate 
branches to embolize to avoid refilling of the PSA from 
collaterals (a); figure demonstrates coils (asterisk) in the 

branches and a vascular plug at the origin of the afferent 
vessel to the PSA (arrow) (b); final angiogram reveals 
complete exclusion of the PSA (c)
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expanding or balloon expandable. Stent grafts are 
covered with material such as polytetrafluoroeth-
ylene (PTFE); stent grafts covers the neck of the 
PSA or the nidus of the AVF while maintaining 
the patency of the vessel [4].

Dissection and occluding intimal flap could be 
treated with prolonged and repeated balloon 
inflations. This procedure is preferred in young 
patients; implantation of a bare stent is  mandatory 
when inflation is inconclusive, and direct stent 
placement is safer in long occlusions to avoid dis-
tal embolism [54].

Ideally, deployment of covered or uncovered 
stents requires proximal and distal landing zones 
of 2 cm of normal vessel to ensure an adequate 
seal to prevent a type I endoleak [54].

Potential complications of stent placement 
include stent occlusion, loss of vessel 
branches after stent placement, deformation, 
and kinking, although newer stent grafts have 
greater flexibility (Fig. 25.3a–g). Although 
rarely, covered stents have also the potential 
of getting infected in case of bacteremia and 
sepsis [47].

a b c d

Fig. 25.2 PSA and dissection of superficial femoral 
artery caused by a gunshot (a); VR reconstruction con-
firmed findings (b); angiogram reveals findings of CTA 

and a high flow arteriovenous fistula (c); final angiogram 
performed after deployment of a covered stent (d)
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25.12  Follow-Up of Patients 
Treated with EVIs

Follow-up of the traumatic patients treated with 
EVIs is notoriously poor [55]. Diligent prospec-
tive surveillance, including clinical examina-
tions, DUS studies and ensuring continued 
antiplatelet therapy, is recommended to maxi-
mize durability and reduce long-term failure of 
EVIs [56].

IR also has an important role in the treatment of 
thromboembolic episodes in this group of patients 
who are at higher risk due to immobility.

There are currently several different avail-
able methods in dealing with prophylaxis of 

pulmonary embolism (PE) including the use of 
low dose heparin, low molecular weight hepa-
rin and gradient compression stockings. 
Despite this array of methods, venous throm-
botic complications including PE may still 
occur [57].

Inferior vena caval (IVC) filter role in the pro-
phylaxis of PE is controversial [58]. The use of 
retrieval filters has helped to reduce or eliminate 
many of the long-term complications associated 
with permanent IVC filters like the thrombosis or 
migration of the IVC filter itself. However, there 
is no sufficient evidence based on the actual lit-
erature about the use of retrievable IVC filters in 
traumatic patients [59].

a b c

d e f g

Fig. 25.3 CTA (axial (a) and coronal (b) views) reveals 
an active bleeding (arrow) resulting by a transection of 
axillary artery; angiogram performed after deployment of 
three imbricated covered stents (c); 6 months later, CTA 

reveals occluded stents (arrow) and ischemia of the right 
arm (d); angiogram confirms (e) CT finding, therefore a 
catheter for fibrinolysis was deployed (f); DUS performed 
during follow-up confirms patency of the artery (g)
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 Conclusions

Both diagnostic and IR have an essential role 
in the management of trauma patients with 
limbs injuries and play a key part in the MT 
approach to the patients with limbs injuries.

Current literature suggests that IR has much 
to offer in the treatment of traumatic injuries of 
the limbs and this role may expand in time due to 
desire for organ preservation and avoidance of 
surgery as well as due to improvements in trans-
catheter equipment. IR procedures allow rapid 
control of hemorrhage and repair of vessels that 
are surgically difficult to access.

Longer-term follow-up is required and the 
natural history of these interventions in young 
patients has to be better defined.
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