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Foreword

With the surfeit of vascular surgical textbooks, one might wonder why another book 
is necessary. The editors have taken a different route from most vascular texts and 
organized a compendium of chapters designed for the nonvascular individual, which 
would include medical students and allied professionals such as physician assis-
tants, nurse practitioners, and even scientists in the biological world. I would argue 
with this focus by the editors in that this text also has exceptional value for the 
trainee and practitioner of vascular medicine and surgery. This is not a text for how 
to do particular procedures but rather how to think about the enormous variety of 
pathologies encountered by those dealing with vascular disease. The chapters are 
well written and have been edited to provide a smooth transition as one progresses 
through the various systems. The basic sciences are not neglected. In fact, commen-
taries dealing with biology, pathology, and pharmacology are matched by sections 
dealing with statistics, epidemiology, and gathering of information. This is truly an 
unusual text assembled under the guidance of two experienced vascular surgeons. 
This book is readable, practical, and will not be relegated to obsolescence. This text 
is an excellent source of practical information for the novice as well as the expert 
healthcare provider.

Herbert Dardik 
Chief of the Department of Surgery
and Chief of Vascular Surgery at Englewood
Hospital and Medical Center
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Preface

Over the last several decades, improved healthcare systems coupled with improve-
ments in public health works such as sanitation have led to major epidemiological 
shifts and alterations of prevalent trends in nosology. One of these changes is the 
general improvement in health allowing people to live longer and better. The price 
for this, however, is the aging population that is burdened with nontransmissible 
chronic disease. Atherosclerosis is now the leading cause of death worldwide, 
responsible for one-third of deaths; as such, vascular diseases are now widely preva-
lent and are currently a major public health issue. Vascular diseases such as aneu-
rysms, peripheral arterial disease, the diabetic foot, venous thromboembolism, 
cerebrovascular disease, aortic dissection, and acute limb ischemia are now much 
more common, especially in emergency rooms.

However, many healthcare practitioners have little or no knowledge about the 
modern diagnosis and therapy that are appropriate for these common vascular dis-
eases. Interestingly, each of these vascular diseases has its own risk factors, demo-
graphics, natural history, and treatment; even peripheral artery and coronary artery 
disease are quite distinct. Simply using a non-evidence-based approach could 
increase morbidity and costs of treatment, and even lead to mortality.

The idea of this book was born after we realized that most of our undergraduate 
students and nonvascular expert healthcare professional colleagues did not have an 
objective evidence-based guide for their education and daily practice. Most of the 
vascular textbooks available to them are typically intended for experts and not for 
general practitioners.

The aim of this book is to provide nonspecialist healthcare practitioners with 
current, focused, objective, and evidence-based information on the most common 
vascular diseases encountered in daily clinical practice. For each disease, the con-
cept, epidemiology, natural history, diagnosis, and treatment are described, fol-
lowed by essential advice on what the nonspecialist can do for the patient and when 
to refer the patient to a specialist.

Belo Horizonte, Minas Gerais, Brazil Tulio Pinho Navarro 
New Haven, CT Alan Dardik 
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1How to Make Decisions in Healthcare?

Daniela R. Junqueira

Abstract
Scientific valid evidence may be acquired from a number of studies capable of 
supporting or denying a theory about a healthcare treatment, a diagnostic inter-
vention, or about the frequency of occurrence of a health event. However, the 
translation of scientific knowledge into decisions in healthcare requires method-
ological expertise and comprehension of the potentials and limitations of each 
type of evidence. In this chapter, we invite the readers to think more scientifically 
in their daily practice. We didactically discuss relevant aspects related to the 
clinical question and study design, and we use this discussion to guide the reader 
to an improved comprehension of how to use systematic reviews in the context 
of evidence-based healthcare. Finally, we present some tools and resources to 
help professionals to search for qualified and preapraised evidence to inform 
their clinical decisions.

Nowadays, claims about scientific knowledge are not only on the pages of scientific 
journals, but in newspapers and magazines of wide circulation, in bulletins pro-
duced by universities and research institutes, at web sites of the pharmaceutical 
industries, in collaborative written encyclopaedias, and even in blogs developed by 
non-scientists. This modern scenario, which is encourage by the online world, prob-
ably reflects the nature of the scientific evolution itself: a continuing evolving search 
for knowledge, and a continuing evolving knowledge. However, the translation of 
scientific knowledge into decisions in healthcare requires that professionals are 

mailto:danijunqueira@gmail.com
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capable of understanding the potentials and limitations of each channel and each 
type of research. The current amount of information available through these differ-
ent channels may, for example, amplify research claims that are not based on quali-
fied and rigorous scientific principles. Even when we consider information sources 
that hold good scientific reputation, the journalistic format may distort the informa-
tion or part of the scientific rigour. Therefore, the understanding of the fundamental 
concepts related to how the scientific knowledge in healthcare is developed, and 
communicated to the public, is essential.

Scientific valid evidence must be acquired from a number of studies capable of 
supporting or denying a theory about a healthcare treatment, a diagnostic interven-
tion, or about the frequency of occurrence of a health event. Not all evidence is 
similar, and it may be necessary a critical appraisal and skills in research methods 
and analysis to assess the quality of the evidence, its accuracy, and practical appli-
cation [1]. In this scenario, the terminology evidence-based healthcare, or medi-
cine-based healthcare, has become popular. Evidence means the combination of 
elements used to support the confirmation or denial of a particular theory or scien-
tific hypothesis. Evidence-based healthcare means simply a practice where deci-
sions are guided or informed by these scientific elements. It is about using the 
evidence effectively to make decision in healthcare instead of relying on the former 
paradigm [2]:

• Unsystematic observations from the clinical experience
• Clinical practice supported only by the study and understanding of basic mecha-

nisms of disease and physiopathology mechanisms
• Combination of traditional medical training and common sense as sufficient ele-

ments to evaluate new test and treatments
• Expertise and clinical experience as sufficient elements to generate valid guide-

lines for clinical practice

To be translated into practical decisions in healthcare, the evidence has to be 
relevant and meaningful. A meaningful evidence is based on well-conducted studies 
with appropriate design to answer the clinical question under investigation. Data 
analysis and the format of the results presentation are also important factors that 
may influence the conclusions arising from a particular clinical study. Finally, the 
conduction and publication of studies by entities deemed to be qualified or respect-
ful does not guarantee research quality per see. For instance, many cases of data 
fabrication and research fraud were conducted in universities with an outstanding 
reputation, by applauded researchers, and published in high impact journals [3–5]. 
Studies about drugs and medical devices funded by the manufacturing companies 
usually lead to more favourable results and conclusions than studies funded by other 
sources [6, 7], and even animal studies have results exaggerated when sponsored by 
the industry [8]. This situation is true even when there is a conflict of interest disclo-
sure in the accompanying papers.

D.R. Junqueira
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 Clinical Question and Study Design

Any question addressing a clinical problem has four essential elements: patients 
(P), intervention (I), comparison (C), and outcomes of interest (O) [9]. This struc-
ture is commonly referred as PICO question. For example, one could be interested 
in the effects of cilostazol (Intervention) in comparison with placebo or other anti-
platelet agents (Comparison) in the initial claudication distance (Outcome) of 
patients with stable intermittent claudication (Patient) [10]. More recently, an addi-
tional element has been introduced to the PICO question: the study design (S) [11]. 
The PICOS question structure is informative because it highlights the fact that not 
all evidence is appropriate to answer a specific clinical question. In this example, 
the scientific question was related to the efficacy of a therapy and we would be 
interested in a randomised clinical trial (an experimental study) where two groups 
of participants with a disease receiving different treatments according to a ran-
domised allocation are compared. Clinical trials may be regarded as fair, unbiased 
evaluations, when conducted according to high standard methods [12].

Despite the hype about the substance of clinical trials, they are not the optimal 
study design to answer all types of clinical questions. This is basically linked to the 
research method itself: different clinical questions require different types of studies 
(Table 1.1) [13–16], and the design of the clinical trials is suitable for answering 
questions about efficacy. Another important question related to the above case study 
would be the diagnostic accuracy of the ankle-brachial index for the diagnosis of 
peripheral arterial disease in people with intermittent claudication [17]. This is a 
fundamental problem, and it is estimated that 85 % of the research is wasted and not 
useful to answer practical clinical problems because of flaws in research such as 
wrong question and inappropriate study design [18, 19].

Table 1.1 Study design according to clinical question

Question Type of question Study design

What are the benefits of this 
intervention and its relative safety?

Treatment benefits and 
common and predicable 
harms

Experimental studies: 
randomised controlled trials 
or n-of one trials

What are the harms induced by this 
intervention?

Treatment harms Experimental studies: n-of 1 
trials
Observational studies: cohort 
studies, case-control studies, 
case-series

Is this diagnostic test accurate? Diagnosis Cross-sectional or case- 
control study designs

What will happen if we do not add a 
therapy?

Prognosis Cohort studies with incident 
cases

What is the frequency of a condition or 
health-related problem in the 
population? How many people are 
affected?

Prevalence Cross-sectional, surveys

1 How to Make Decisions in Healthcare?
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 Evidence-Based Healthcare and Systematic Reviews

As stated above, the scientific knowledge is always evolving. Our comprehension 
about the effects of the healthcare interventions, being it a treatment or diagnostic 
test, is continuing evolving too. However, this oath is frequently ignored and a static 
piece of information, such as that provided by a product manufacturer or by one 
published paper, is continuously used to guide decisions.

As a case example, the development of a drug intervention starts with the chem-
ical design and then follows a series of preclinical tests consisted of laboratory and 
animal experiments. If the drug under investigation succeeds in the preclinical 
tests, further researches are conducted in human under controlled situations. In 
this process, the laboratory tests performed in the pre-clinical phase are useful to 
test the intervention in disease models—animals. The potential efficacy and rela-
tiveness safety of the new treatment need to be evaluated in real patients, in a clini-
cal phase constituted of a series of studies named clinical trials. Together, the 
pre-clinical and clinical data provide relevant answers related to a medical inter-
vention might include a drug, a medical device, or a screening method. Nevertheless, 
our knowledge about these healthcare interventions is limited at the time they are 
granted marketing approval. For instance, at the time a drug is approved to be used 
in real- life situations, only several hundreds to about 3000 volunteers who have 
the disease to be treated are expected to have been tested [20, 21]. In Europe, from 
2000 to 2010, the median total number of patients studied before a drug approval 
was 1708 [22].

The above numbers demonstrate that the accumulated data related to any inter-
vention is very limited at the time marketing approval is granted. Moreover, to be 
approved in the United States, there must be adequate data from just two clinical 
trials [21]. After marketing approval is granted, additional studies and reanalysis of 
the available published and non-published results may depict more details about the 
efficacy and harms of the intervention. In addition, the clinical phase of tests contin-
ues with observational studies intended to accumulate data on harmful effects. This 
is essential since clinical trials can only detect frequently and predict harm out-
comes, and a complete investigation of all types of harmful effects induced by a 
healthcare intervention requires the assessment of mainly non-randomised studies 
[23]. It may now be clear why “no study, whatever the type, should be interpreted in 
isolation” [24], and why the evidence gathered by all the studies related to a given 
intervention should be taken collectively to inform healthcare decisions [25]. The 
research method more capable of accomplishing such a critical overview of the 
evidence is the so-called systematic review.

A systematic review may be understood as a research undertaken with previous 
completed studies. Therefore, a systematic review uses an explicit method to collate 
the primary studies that answer a specific research question [26]. A qualified sys-
tematic review may also include a quality assessment of the studies collated, i.e., a 
judgment of the risk of bias of each included study. A systematic review may or may 
not include a meta-analysis, which is a statistical method to combine the results of 
independent studies [27]. Consider the treatment of intermittent claudication 

D.R. Junqueira
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discussed above. Omega-3 fatty acid [28] has been studied to improve the pain-free 
walking distance and the maximum walking distance achieved by patients after 
treatment. Since this is a treatment question, if we search for clinical trials investi-
gating the problem we could find one study published in 2005, which appears to 
demonstrate that omega-3 is effective to improve the pain-free walking distance and 
probably an option to also improve the maximum walking distance of individuals 
with intermittent claudication [29]. However, another trial failed to support the 
hypothesis that omega-3 was effective to improve either the pain-free walking dis-
tance or the maximum walking distance [30]. The combined effect of these trials 
shows that there is no evidence that omega-3 consistently improves clinical out-
comes of patients with intermittent claudication (Fig. 1.1) [28]. If we have not 
appraised the combined effect of both of these trials in a systematic review, we 
would be taking decisions informed by biased evidence.

Fig. 1.1 Statistical illustration of two trials demonstrating opposite effects on the pain-free walk-
ing distance of omega-3 fatty acid in the treatment of intermittent claudication [28]. The figure 
presents a graphic name to forest plot. In a forest plot, the point estimate of the result of the indi-
vidual studies are shown as squares centred, and the confidence interval is represented by a line 
crossing through the square. The combined estimate from the meta-analysis and its confidence 
interval is represented by a diamond at the bottom of the graphic [31]. The parallel line crossing 
the graphic where the mean difference is equal to zero accounts for a result that is equal in the 
intervention and comparison group. Reprinted with permission from: “Campbell A, Price J, 
Hiatt WR. Omega-3 fatty acids for intermittent claudication. Cochrane Database Syst Rev. 
2013;7:CD003833”.

1 How to Make Decisions in Healthcare?
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 Harms, Not Just Efficacy

Every healthcare intervention will carry a risk—great or small—of inducing harm 
effects causing injury or disability to patients. Usually, optimistic misconceptions 
about harms induced by healthcare interventions result in researchers and clini-
cians inadvertently not taking data on harm in consideration when reporting a 
study or making decisions in healthcare. Since research reports frequently fail to 
detail data on harmful effects, the intervention may be erroneously declared safe 
[32–37]. However, “absence of evidence of harm should not be construed as evi-
dence of absence of harm” [37], and at most we will have data on a relativeness 
safety of an intervention in these situations. Another issue complicating the evalu-
ation of harms is the several terms used to describe all the harmful events that can 
be associated to healthcare intervention [23, 38] (Table 1.2). Furthermore, some of 
the harm effects may be recognised by the healthcare professionals as mild and 
non-relevant events. Even mild or moderate harmful effects could be of major 
significance for a treated patient, resulting in poor treatment adherence and in the 
use of additional medications to treat the harm effect. Drug-induced acute or 
chronic diarrhoea, which is one of the harms induced by omega-3 and cilostazol 
[10, 28], can be severe and poorly tolerated [39]. A headache, another harm effect 
reported by patients treated with cilostazol [10], imposes a recognisable burden on 
sufferers, including substantial personal suffering, impaired quality of life, and 
financial cost [40, 41].

The inconsistent report of the frequency of events related to harm effects is 
another challenge when assessing data on harmful effects. A biased report may 

Table 1.2 Terminology of harmful effects

Terminology Meaning

Adverse event An unfavourable outcome that occurs during 
or after the use of a drug or another 
intervention but is not necessarily caused by it

Adverse effect An adverse event for which the causal 
relation between the intervention and the 
event is at least a reasonable possibility

Adverse drug reaction An adverse effect specific to a drug
Side effect

This is an old term and should no longer be used 
because it underestimates the importance of 
harms associated to healthcare interventions

Any unintended effect, adverse or beneficial, 
of a drug that occurs at doses normally used 
for treatment

Harms The totality of all possible adverse 
consequences of an intervention

Adapted from: “Loke YK PD, Herxheimer A. . Chapter 14: Adverse effects. In: Higgins JPT, 
Green S (editors), Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 
(updated March 2011). The Cochrane Collaboration, 2011. Available from http://www.cochrane- 
handbook.org.” and “Chou R, Aronson N, Atkins D, Ismaila AS, Santaguida P, Smith DH, et al. 
AHRQ series paper 4: assessing harms when comparing medical interventions: AHRQ and the 
effective health-care program. J Clin Epidemiol. 2010;63(5):502–12”.
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often describe a harm effect as rare when it is, in reality, a common effect. The 
Uppsala Monitoring Centre (UMC), the international drug monitoring programme 
of the World Health Organization (WHO), suggests a standard classification for the 
frequency of harmful effects induced by healthcare interventions (Table 1.3) [42].

Finally, it is important to distinguish between harms induced a healthcare inter-
vention and harms caused by professional err. Errors can be prevented by training 
and by implementing systems that identify and block the error. These systems can 
be implemented at a institution level, or can consist of simple actions such as avoid-
ing writing a prescription containing abbreviations, symbols, and dose designations 
that are frequently misinterpreted, to more complex structures and procedures. 
Harms induced by the intervention itself may not be related to the professional 
training or experience level, and can only be prevented if we are able to better 
understand the intervention potential to do more good than harm, or the opposite.

 How to Make Decisions in Healthcare

The amount of methodological skills and critical considerations required to evaluate 
research in healthcare may frustrate any healthcare professional trying to make 
sense of the evidence at the point of care. Usually, these professionals are already 
challenged by work overload and cumulative administrative tasks. In this scenario, 
a few minutes is the time available to answer frequent questions about patient care 
[43]. The answers are usually built on a “collectively reinforced, internalised, tacit 
guidelines” [44], meaning that knowledge may be constructed by leaders’ opinions 
and interactions with colleagues, and not based on qualified evidence from research.

To support the availability and the access to qualified evidence, which is relevant 
to inform decisions in healthcare, there are currently a number of organisations sup-
porting the development of systematic reviews (Table 1.4). In addition, systems of 
preapraised evidence are being structured with the goal of synthesising the evidence 
gathered in systematic reviews (Table 1.5). These systems of preapraised evidence 
are expected to support healthcare professionals to consistently make decisions 
informed by reliable and accurate evidence. Nevertheless, this goal may only be 
achieved together with the comprehensiveness of the fundamentals of the scientific 
knowledge in healthcare, its evolving nature, and the potential flaws that threaten 

Table 1.3 Classification of harmful effects according to the frequency 
of occurrence [42]

Frequency Classification

>10 % Very common
>1 % and <10 % Common
>0.1 % and <1 % Uncommon
>0.01 and <0.1 % Rare

Adapted From: “WHO. Glossary of terms used in Pharmacovigilance2011 
20 March 2015. Available from: http://www.who-umc.org/DynPage.
aspx?id=22684”.
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Table 1.4 Where to find qualified systematic reviews and evidence-based recommendations

Organization Activity URL

Cochrane Library The periodical where the 
systematic reviews developed 
under the Cochrane methods are 
published

http://www.cochranelibrary.com

The Agency for Healthcare 
Research (AHQR)

The agency, through the 
Evidence-Based Centre, supports 
the development of reports using 
the systematic review 
methodology

http://www.ahrq.gov/research/
findings/evidence-based- reports/
index.html

National Institute for 
Health and Care 
Excellence (NICE)

NICE offers practical guidance to 
support effective decisions in 
healthcare

https://www.nice.org.uk/
Guidance

Canadian Agency for 
Drugs and Technologies in 
Health (CADTH)

CADTH describes itself as an 
“independent, not-for-profit 
organization providing unbiased, 
reliable information about health 
technologies”

https://www.cadth.ca/

The Joanna Briggs 
Institute Library

Repository for publications and 
information for policy makers, 
health professionals, health 
scientists, and others with a 
practical or academic interest in 
evidence-based healthcare

http://joannabriggslibrary.org/

Rx for a change Searchable database containing 
current research evidence about 
intervention strategies used to 
alter behaviours of health 
technology prescribing, practice, 
and use

https://www.cadth.ca/rx-change

Health evidence Searches, compiles, and offer free 
access to quality-rated systematic 
reviews evaluating the 
effectiveness of public health 
interventions

http://www.healthevidence.org/

Table 1.5 Where to find preapraised evidence

Organization Activity URL

BMJ Best 
Practice

Articles designed to provide a systemic 
overview of the evidence about 
therapies available for a given 
condition

http://bestpractice.bmj.com/

UpToDate® Overviews of the evidence in all the 
subareas of internal medicine

http://www.uptodate.com/

Dynamed Plus Summaries and detailed 
recommendations based on evidence

http://www.dynamed.com/

D.R. Junqueira

http://www.cochranelibrary.com/
http://www.ahrq.gov/research/findings/evidence-based-reports/index.html
http://www.ahrq.gov/research/findings/evidence-based-reports/index.html
http://www.ahrq.gov/research/findings/evidence-based-reports/index.html
https://www.nice.org.uk/Guidance
https://www.nice.org.uk/Guidance
https://www.cadth.ca/
http://joannabriggslibrary.org/
https://www.cadth.ca/rx-change
http://www.healthevidence.org/
http://bestpractice.bmj.com/
http://www.uptodate.com/
http://www.dynamed.com/


9

the process of conducting and appraising evidence in healthcare. In the absence of 
systematic reviews, this comprehension becomes even more important. Some sys-
tems of preapraised evidence and organizations, such as BMJ Best Practice, Drugs 
and Technologies in Health (CADTH), attempt to search and appraise individual 
studies in the absence of systematic reviews, and this may be an invaluable resource 
in the decision-making process. In order situations, professionals are encouraged to 
seek the assistance of an epidemiologist or a methodologist with expertise in sys-
tematic reviews and evidence-based medicine.
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2Anatomical Principles of the Circulatory 
System

Raisa Cristina Teodoro da Silva, Patric Emerson Oliveira 
Gonçalves, and Ligia de Loiola Cisneros

Abstract
The circulatory system comprises two interrelated systems: the cardiovascu-
lar and the lymphatic vascular systems. The cardiovascular system is com-
posed by the heart and its distribution network: arteries, veins, and capillaries 
[Color textbook of histology, Philadelphia, 2007]. Its ramifications are 
depicted inside this chapter. In parallel, the lymphatic system consists of an 
extensive network of vessels similar to veins that are spread throughout the 
body. These plexuses contain nodes in its path that are responsible for filtering 
and carrying back to the blood stream fluids from organs and tissues that did 
not return to the blood capillaries [Color textbook of histology, Philadelphia, 
2007; Gray’s anatomy: the anatomical basis of clinical practice, Edinburgh, 
2008]. For a better understanding of the main problems and diseases related 
to this system it is extremely important to review the anatomy of the vessels 
and the heart before going to the next chapters.

 Introduction

The circulatory system comprises two interrelated systems: the cardiovascular 
and the lymphatic vascular systems. The cardiovascular system is composed of 
the heart and its distribution network: the arteries, veins, and capillaries [1]. It is 
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essential that the practitioner understands that this system plays a crucial role 
mediating different and complexes interactions, i.e., delivery, removal, transport, 
maintenance, and prevention. This system ensures a continued blood transport to 
meet the demands of oxygen, nutrients as well as working as a buffer removing 
carbon dioxide and metabolic products from cells, maintaining its pH levels 
under different circumstances (e.g., during physical activity) [1, 2]. Moreover, 
blood transports hormones from glands to target cells as well as it works to regu-
late the body’s temperature. In parallel, the lymphatic system consists of an 
extensive network of vessels similar to veins that are spread throughout the body. 
These plexuses contain nodes in its path that are responsible for filtering and car-
rying back to the blood stream fluids from organs and tissues that did not return 
to the blood capillaries [1, 3].

We will first review the cardiovascular system: heart, vessel’s anatomy, arterial and 
venous system. At the end of this chapter we will also revise the lymphatic system.

 The Cardiovascular System

 The Heart

As a central piece and the pump of the cardiovascular system, the heart is conical 
shaped and located between the lungs and right behind to the sternum inside the rib 
cage. Although the heart is a hollow organ, its wall is thick and made of involuntary 
muscle. This wall is divided into four layers that are disposed in the following order 
from outside the heart to the hollow part: pericardium, epicardium, myocardium, 
and endocardium (Fig. 2.1). The myocardium composes the greatest part of the 
heart’s wall and it is made of cardiac striated muscle [4]. The sinuatrial (SA) node, 
the heart’s natural pacemaker, is located in the epicardium between the superior 
vena cava and the right atrium and is responsible for starting the stimulation of the 
heart through the atria. After discharging the stimuli, the depolarization is transmit-
ted to the AV node and its bundle to contract the ventricles [5].

This hollow organ is divided into four different chambers, two atria and two 
ventricles that are respectively responsible for receiving and pumping blood. 
Moreover, one can separate the blood flow into two circuits: pulmonary and sys-
temic circuit that are responsible, consecutively, for the blood convey between heart 
and lungs, and heart and tissues [1] (Fig. 2.2).

Because the left ventricle is responsible for pumping blood at much higher pres-
sure to the systemic than to the pulmonary circuit, it usually has the greatest hyper-
trophied wall of the ventricles [5].

 Vessels’ Wall: The Endothelium

The walls of vessels differ based on whether it is carrying blood from or towards the 
heart. Arteries are exposed to a much higher internal pressure and so are thicker and 
morphologically more complex than veins, which carry blood from tissues to the 
heart at a lower pressure [1].

R.C.T. da Silva et al.
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Fig. 2.1 “Heart’s wall layers” -> From Google
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Fig. 2.2 “Overview of pulmonary and systemic circuits” (From Google)

The endothelium is the inner cellular lining of all blood vessels, which come into 
direct contact with circulating blood or lymph [6] (Fig. 2.3). Endocardium is the 
endothelium of the interior surfaces of the heart chambers. Vascular endothelial 
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cells are those in direct contact with blood whereas those in direct contact with 
lymph are known as lymphatic endothelial cells. The endothelium acts also as a bar-
rier and regulates the exchange of small and large molecules [7].

Endothelial cells are located on the inner layer of the blood vessels, the tunica 
intima. Endothelium has a substantial role in regulating the function of vasomotion 
by its ability to metabolize circulating vasoactive substances and responding to neu-
rotransmitters and vasoactive factors [7, 8].

Endothelial cells are typically aligned in the direction of blood flow, overlap-
ping immediately adjacent cells. They may be continuous (fenestrated or non-
fenestrated) and discontinuous. Nonfenestrated continuous endothelium can be 
found in arteries, veins, and capillaries of the brain, lung, heart, or skin. In arteries 
and veins, they appear more continuous and thicker than those in capillaries [8]. 
Fenestrated endothelium occurs in locations of increased filtration or transendo-
thelial transport, such as exocrine and endocrine glands, such as gastric and intes-
tinal mucosa, choroid plexus, glomeruli, and renal tubules. Discontinuous 
endothelium exists in the liver [6]. The endothelium is indispensable for body 
homeostasis. It participates in both physiologic and pathologic processes includ-
ing atherosclerosis, hypertension, pulmonary hypertension, sepsis, and inflamma-
tory syndromes [7].

 Coronary Irrigation

As a muscle pump, the external portion of the heart’s wall requires its own blood 
supply, which is provided by arteries and veins surrounding its wall. Apart from that, 
the inner portion of the heart’s wall, i.e., the endocardium, receives nutrients and 
oxygen supply directly from the chambers and so does not need vessels for its irriga-
tion. Therefore, the atria and ventricles have both, arterial and venous supply [5].

There are two main coronary arteries composing the arterial supply of the heart, 
the right coronary artery (RCA) and the left coronary artery. The right coronary 

Outer coat
(tunica adventitia)

Muscle coat (tunica
media)-thick in

arteries and thin
in veins

Elastic and white
fibrous tissue

Lining (tunica
intima) of

endothelium

Fig. 2.3 Structure of the vessels’ wall. From: http://pt.slideshare.net/drpriya07/slideshare- 
biological-actions-of-endothelium-aj-42226966
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artery originates from the right aortic sinus of the ascending aorta and runs within 
the coronary sulcus between atria and ventricles (Figs. 2.4 and 2.5). It is responsible 
for irrigating the right atrium, sinuatrial (SA) and atrioventricular (AV) nodes as 
well as the interventricular septum. Accordingly, from the right coronary artery 
arises a sinuatrial nodal branch to supply the heart’s pacemaker, the SA node. 
However, in 40 % of people, the circumflex branch of the left coronary artery is that 
gives off the SA nodal branch. In its turn, the AV node is also supplied by a subdivi-
sion of the right coronary artery, the atrioventricular nodal branch. That arm arises 
from the right coronary artery in the posterior portion of the heart at the crux of the 
heart i.e., the meeting point between the four chambers. Moreover, a so-called right 
marginal branch emerges from the right coronary artery in its path within the sulcus 
towards the apex. The right border of the heart is supplied by the right marginal 
branch and does not reach its apex [5].

The ventricles area is supplied by the posterior interventricular branch, which 
also comes from the right coronary artery. The right coronary artery supplies most 
of the right ventricle and the diaphragmatic surface of the left ventricle.

In its turn, the left coronary artery (LCA) originates from the left aortic sinus 
running with the right coronary artery in the coronary sulcus on the left side of the 
pulmonary trunk (Fig. 2.4). Then, the left coronary artery splits into two arms: the 
circumflex branch and the anterior interventricular branch. As mentioned previously 
in this section, the SA nodal branch often emerges from the right coronary artery 
precisely from the circumflex branch of the left coronary artery. The circumflex 
branch arises from the right coronary artery and follows towards the posterior portion 
of the heart and to the left within the coronary sulcus [5]. It is then responsible for 
irrigating the left atrium and left ventricle. This comes to a great importance as 
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anomalies of the circumflex branch have been reported. The second branch of the left 
coronary artery, the anterior interventricular, runs in the anterior interventricular sul-
cus towards the apex. It is the blood supply for the ventricles [5].

It is common that one’s heart develops a collateral circulation should any closure 
in any main coronary artery occur (e.g., atherosclerosis). It occurs in the so-called 
functional end arteries [5].

When it comes to the venous supply, one needs to consider that the heart is 
greatly drained through veins that combine into a greater vessel, the coronary sinus. 
The second main drain course is through small veins that return blood to the right 
atrium [5]. Refer to Table 2.1 for details on venous supply of the heart.
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Fig. 2.5 Heart supply with overview of arteries and veins
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Blood returning from coronary walls that is not drained through vessels men-
tioned in Table 2.1 returns to the right atrium through small veins and the anterior 
cardiac vein [9].

 The Arterial System

 Aorta and Its Branches
Authors anatomically divide the aorta into the ascending aorta, aortic arch, 
descending thoracic and abdominal aorta [10] (Fig. 2.6).

Table 2.1 Main cardiac venous system [5, 10]

Vein Origin Path
Fuses into 
the Drain

Great cardiac vein Apex of heart 
ascending with the 
anterior 
interventricular branch 
of the left coronary 
artery

First: turns left at 
the coronary 
sulcus

Coronary 
sinus (opens 
into the right 
atrium)

Areas 
supplied by 
the left 
coronary 
artery

Second: 
surrounds the 
left side of the 
heart together 
with the 
circumflex 
branch of the left 
coronary artery

Middle cardiac vein 
(or posterior 
interventricular vein)

Cardiac apex Ascends to the 
coronary sinus

Areas 
supplied by 
right 
coronary 
artery

Small cardiac veins 
(or Thebesius’ vein)a

Between right atrium 
and ventricle

Follows the right 
marginal branch 
of the right 
coronary artery. 
Often merges 
with the right 
marginal vein

Oblique veins of the 
left atriumb

Left atrium Runs obliquely 
on the posterior 
wall of left 
atrium. Later 
fusing into the 
great cardiac 
vein

Adapted from: “Moore K, Dalley A, Agur A. Thorax. In: Moore K, Dalley A, Agur A, editors. 
Clinically oriented anatomy. 7th ed. Philadelphia, PA: Wolters Kluwer/Lippincott Williams & 
Wilkins Health; 2014. p. 71-180.” and “Standring S. Heart and great vessels. In: Standring S, 
editor. Gray's anatomy: the anatomical basis of clinical practice. 40th ed. Edinburgh: Churchill 
Livingstone/Elsevier; 2008. p. 959–88.”
aSmall cardiac vein: it may be absent
bOblique veins of the left atrium: it usually atrophies before birth, but can be present in some adults
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The ascending aorta usually lengths 5 cm long [10] and its diameter is 2.5 cm 
on average [5]. It rises obliquely from the left ventricle, curving forward and to the 
right, at the level of the lower edge of the third left costal cartilage and it gives origin 
to the coronary arteries [10].

The transverse part of the aorta is named “aortic arch” as it bends to become the 
descending aorta. The arch begins to the second right sternocostal joint next to the 
sternal angle and leans to the left, following inferiorly. Three branches emerge from 
its upper edge: the brachiocephalic trunk, the left common carotid artery, and the 
left subclavian artery [10].

The brachiocephalic trunk, the largest ramification of the aortic arch, is 4–5 cm 
long [10] and emerges from the curvature of the aortic arch posteriorly. The trunk 
surges behind the manubrium and anterior to the trachea, it then goes up diagonally 
until it positions to the right of the trachea and to the sternum-clavicular joint. Then, 
it divides into right common carotid and into the right subclavian arteries [5] (Fig. 2.6).

Fig. 2.6 Aorta course and ramifications
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The second branch of the aortic arch, the left common carotid artery (Fig. 2.6), 
arises posterior to the manubrium, posterior and to the left of the brachiocephalic 
trunk. Subsequently, it rises above the left subclavian artery and enters the neck 
passing posteriorly to the left subcostal joint [10].

The left subclavian artery, the third and last branch of the aortic arch, originates 
on the left side of the left common carotid artery and rises along the left side of the 
trachea [5] (Fig. 2.6).

The aortic arch has now turned into the descending thoracic aorta, and it descends 
approaching the medial plane by moving the esophagus to the right [10].

The thoracic aorta runs posteriorly to the root of the left lung, pericardium, and 
esophagus [10]. It begins on the left side of the inferior border of the T4 vertebra 
descending posteriorly in the mediastinum on the left sides of T5–T12 vertebrae [5]. 
It enters the abdomen through the aortic hiatus of the diaphragm where it changes 
its name to abdominal descending aorta (Fig. 2.6), starting close to the 12th tho-
racic vertebra and splitting at the level of the fourth lumbar vertebra [11].

The primary visceral branches of the abdominal aorta are:

 1. The celiac trunk that supplies the foregut through its main branches: artery left 
gastric, artery splenic, and artery common hepatic

 2. Superior mesenteric artery, which supplies the midgut through the middle 
colic artery, jejunal-ileal, ileocolic, and right colic

 3. The inferior mesenteric artery, which supplies the hindgut, with the branches: 
left colic, sigmoid arteries, and superior rectal arteries

The abdominal aorta follows the thoracic aorta and it has its visceral branches 
in pairs. Its main branches are the renal, testicular or ovarian arteries [10].

 Cervical and Intracranial Irrigation
The area between the chest and the neck is an important functional area in which 
main organs are comprised, such as thyroid, larynx, and glands [12]. Among major 
structures, we can highlight the carotid arteries, which carry blood supply to brain 
along the vertebral arteries.

The internal carotid and vertebral arteries provide the arterial supply to the 
brain (Fig. 2.7). After the common carotid artery bifurcates, internal carotid arteries 
rise up in the neck and into the carotid canal in the temporal bone. This system is 
responsible for irrigating the most anterior cerebral portion. The smallest terminal 
branch of the internal carotid is the anterior cerebral artery while the middle cere-
bral artery is the largest (Fig. 2.7) [13, 14].

The vertebral arteries, derived from the subclavian arteries, follow upwards in 
the neck passing through the foramen of the upper cervical vertebrae and pass the 
cranial opening across the foramen magnum [14]. It supplies major branches of the 
spinal cord, brainstem and cerebellum, and a significant portion of the posterior 
cerebral hemispheres. The basilar artery is a large vessel formed by the union of 
the two vertebral arteries, and the posterior cerebral artery is the terminal branch 
of the basilar artery [14].
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The circle of Willis is an arterial anastomosis formed by the branches of both 
internal carotid arteries and both vertebral arteries (Fig. 2.7) [15]. Should an artery 
occlusion occurs, this system is capable of redirecting blood to that area that is lack-
ing irrigation. Therefore, that patient could remain asymptomatic as blood flow is 
reestablished [15].

 Thorax and Upper Limb
The subclavian artery provides blood supply to the upper extremity (Fig. 2.8). 
After this artery crosses the side edge of the first rib, it becomes the axillary 
artery [16].

The axillary artery converts into the brachial artery near the lower border of the 
teres major muscle, thus following in the flexor compartment in the medial arm 
region [16]. The subscapular artery is the largest branch of the axillary artery [17], 
and the main branches of the axillary artery are illustrated in Fig. 2.8.

The brachial artery is divided into the radial and ulnar arteries distally to the 
elbow. These arteries have branches that form a rich network of anastomoses that 
carry blood to the hand, especially to the palmar face [17].
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Labyrinthine (internal
acoustic) artery

Anterior inferior
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Vertebral artery

Anterior spinal artery

Posterior spinal artery

Cerebral arterial circle
(of Willis) (broken line)

Fig. 2.7 Inferior view of arteries of the brain. Circle of Willis is depicted
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 Lower Limb
The lower limbs are responsible for creating propulsive force through the gait as 
well as providing a stable foundation to support body’s weight during activities. 
Thereafter it an efficient irrigation system.

The femoral artery is the main arterial supply to the lower limb (Fig. 2.9, 
Flowchart 2.1). It enters the thigh behind the inguinal ligament as a continuation of 
the external iliac artery and follows its path almost vertically in relation to the 
adductor tubercle of the femur. Its distal portion passes through the adductor mag-
nus muscle tunnel (adductor hiatus), entering the popliteal space to become the 
popliteal artery [18].

The popliteal artery, the continuation of the femoral artery, is the deeper 
structure in the popliteal fossa. It passes inferior-laterally across the tank and ends 

Fig. 2.8 “Thorax overview of aorta ramifications” →From Moore. (a) Anterior view, (b) posterior 
view
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Fig. 2.9 Arteries on the lower limb.

External iliac

Inguinal
Iigament

Deep femoral

Lateral femoral
circumflex

Common iliac
Internal iliac

Lateral sacral

Internal pudendal
Obturator

Femoral

Genicular

Popliteal

Anterior
tibial

Posterior
tibial

Fibular

Dorsalis
pedis

Dorsal arch

Anterior view

Right external
iliac

Deep femoral

Lateral femoral
circumflex

Peroneal

Lateral plantar

Plantar arch

Medial
plantar

Posterior view

Fibular
Posterior

tibial

Anterior
tibial

Popliteal

Genicular

Femoral

at the lower edge of the popliteal muscle divided into anterior and posterior tibial 
arteries. Five branches of the popliteal artery supply knee structures such as the 
capsule and ligaments. These branches participate in the formation of periarticu-
lar geniculate anastomosis that provides collateral circulation which is capable of 
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Flowchart 2.1 Scheme of the lower limb arteries

maintaining blood supply to the leg at a full flexion of the knee, which can double 
the popliteal artery [19].

One of the terminal branches of the popliteal artery, the smaller, is the anterior 
tibial artery, begins at the lower edge of the popliteus muscle, and passes through 
and above the interosseous membrane to then descend on the anterior surface of the 
leg. At the level of the ankle joint, the anterior tibial artery becomes the dorsalis 
pedis artery. The last and largest branch of the popliteal artery is the posterior tibial 
artery. This artery supplies the posterior compartment of the leg and foot, and it 
originates the peroneal artery, which runs on a parallel and lateral path to the poste-
rior tibial artery. The other terminal branch of the popliteal artery is the posterior 
tibial artery. It descends with the tibial nerve and vein and supplies the posterior 
compartment of the leg and to the foot. At the level of the ankle joint, it splits into 
medial and lateral plantar arteries, as well as in arteries to irrigate the foot sole 
(Fig. 2.9). The fibular artery, the larger branch of the posterior tibial artery, arises 
at the origin of this artery and runs parallel to it [19].
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 The Venous System

 Cervical and Intracranial
A complex system of deep and superficial veins provides the cerebral venous drain-
age, which are valveless and have thin walls lacking of muscle tissue. These veins 
pierce the arachnoid and the inner layer of the dura mater and drain into the dural 
venous sinuses [14]. The diploic veins, developed fully at the age of two, cross the 
cranial vault and connect the skull’s calvaria. The emissary veins connect the scalp 
veins of the venous sinuses being, hence, a relevant route of infection [15].

The venous sinuses are the upper and lower sagittal sinus, straight sinus, trans-
verse sinus, the sigmoid sinus, the occipital sinus, the cavernous sinuses, upper and 
petrosal sinuses. They are located between the periosteum and the dura mater 
(Fig. 2.10) consisting of fibrous and thick walls and receive tributaries from the 
brain, skull bones, orbit, and inner ear [15].

Posteriorly to the jaw bone’s angle, the external jugular vein is formed. It fol-
lows its course through the sternocleidomastoid muscle, running towards the sub-
clavian vein, where it drains [15] (Fig. 2.10).
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Fig. 2.10 Venous supply to head. Lateral view of the right side
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As an extension of the sigmoid sinus, the internal jugular vein follows inferi-
orly through the jugular foramen until it leaves the skull towards the heart. This 
large vein receives blood from the brain, face, and neck, then tracks down on the 
neck beside to the carotid and ends by joining the subclavian vein behind the col-
larbone [15].

 Thorax and Upper Limb
A group of superficial and deep veins are responsible for the venous drainage of the 
upper limb.

The superficial group begins with the dorsal arch of the hand, which in its radial 
portion turns into the cephalic vein. The cephalic vein follows its path towards the 
shoulder rising along the radial portion of the arm and then pierces the fascia empty-
ing into the axillary vein (Fig. 2.11). The basilic vein drains from the ulnar part of 
the dorsal arch of the hand, follows medially in the forearm, and pierces the deep 
fascia at the elbow to form the axillary vein. At the level of the cubital fossa, the 
median cubital vein connects the cephalic and basilic veins. The deep veins group 
follows the arteries and drains blood into the axillary vein, which then drains into 
the subclavian vein [16].

The intercostal veins accompany the arteries and intercostal nerves. Eleven pos-
terior intercostal veins anastomoses with the anterior intercostal veins and eleven 
subcostal veins in each hemithorax. A greater extent of the posterior intercostal 
veins ends in the azygos/hemiazygos venous system which drains to the superior 
vena cava while the part of these veins of the first intercostal space drains right into 
the brachiocephalic (or innominate) vein [5] (Fig. 2.12).

The right subclavian vein and the right internal jugular vein come together to 
form the right brachiocephalic vein at the root of the neck. The left brachiocephalic 
vein has a similar origin and joins the right brachiocephalic vein to form the supe-
rior vena cava [9].

The superior vena cava is formed by the union of the two brachiocephalic veins 
and drains venous blood from the head, neck, and upper limbs into the upper part of 
the right atrium [9]. The azygos veins join the superior vena cava just before it 
enters the pericardium. They drain the posterior parts of the intercostal space, pos-
terior abdominal wall, pericardium, diaphragm, bronchus, and esophagus.

The inferior vena cava, larger than the superior vena cava [9], enters the thorax 
anteriorly to the eighth thoracic vertebra through the diaphragm and it goes to the 
right atrium. Whilst, two pulmonary veins leaving the lung arrive in the left atrium 
carrying oxygenated blood [9].

 Lower Limb
The veins of the lower extremities may be divided into three groups: superficial, 
deep, and perforating veins. The superficial veins are located above the fascia and 
under the skin and it is consisted of the great and small saphenous veins and its 
tributaries.

The great saphenous vein is a superficial vein and originates as an extension of 
the medial marginal vein of the foot and it ends in the femoral vein close to the 
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Fig. 2.11 “Overview of veins of the left upper limb”—from Grays
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Fig. 2.12 “Overview of the thoracic venous circulation”—(from Moore)

inguinal ligament [20]. It ascends anteriorly to the medial malleolus, crosses the 
surface of the tibia obliquely, and reaches the medial border of the tibia. 
Subsequently, it ascends behind to the knee, curves to the front around the medial 
thigh part, passes through the bottom of the saphenous hiatus in the deep fascia, and 
joins the femoral vein at approximately 2.5–3.5 cm below and laterally to the pubic 
tubercle [20].

A single vein is found in the calf in about two-thirds of individuals while the left 
third has a duplicated system. In most instances, the only great saphenous vein is 
dominant [21]. The great saphenous vein, the longest vein in the body [20], holds 
around 10–12 valves. Anatomically, these valves are found to a greater extent in the 
leg than in the thigh [19].

Branches passing behind the knee connect the great saphenous to the small 
saphenous vein, and several perforating veins join the saphenous with the deep 
veins. The superficial iliac circumflex, the superficial epigastric, and the superficial 
external pudendal veins are tributaries of the saphenous-femoral junction [18].

The small saphenous vein has several valves along its course. It arises near to 
the dorsal venous arch of the foot and rises behind the lateral malleolus, follows the 
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lateral border of the Achilles’ tendon and goes to the back of the leg (Fig. 2.13). 
This vein ends in the popliteal vein after piercing the deep fascia and passing 
between the two heads of the gastrocnemius muscle [18].

The deep veins are satellites to the major arteries, running in parallel to its 
courses, mostly paired. One characteristic of the venous system in the lower limb is 
that it has a greater amount of venous valves than in the arm [22].

The posterior tibial veins follow its course with the posterior tibial artery. This 
group receives tributaries from the calf muscles and connections from superficial veins 
and the peroneal veins. The peroneal veins run with a similarly named artery and 
receive tributaries from soleus and superficial veins [22]. The anterior tibial vein fol-
lows its course to form the dorsalis pedis artery. It leaves the anterior compartment 
between the tibia and fibula, and passes through the proximal end of the interosseous 
membrane. Both the anterior and posterior veins drain into the popliteal vein at the 
distal border of the popliteal [22]. The profunda femoris vein (or deep femoral vein) 
is situated anteriorly to its alongside artery, the femoral artery. Through its tributaries, 
it binds distally to the popliteal vein and proximally to the inferior gluteal vein. In some 
cases, the femoral veins drain the medial and lateral circumflex femoral artery [22].

Perforating veins are communicating vessels found mainly around the ankle 
and the medial side of the lower leg. They link the superficial (great saphenous vein) 
and deep veins of the lower leg. They have valves that are arranged to prevent the 
blood flow from deep to superficial veins [18].
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 The Lymphatic System

The lymphatic system is a blunt-ended linear system that plays a vital part of the 
transport and immune systems, operating in conjunction with the circulatory system 
[23]. Lymphatic system moves a clear-to-white fluid derived from interstitial fluid, 
the lymph. Lymph fluid consists of tissue fluid, proteins, fat, and white blood cells 
(predominantly lymphocytes). The lymphatic system is composed of a complex 
network of lymph vessels, termed lymphatics, lymph nodes and lymphoid organs 
[23, 24] (Fig. 2.14).

Lymphatic vessels are thin-walled capillaries, highly permeable, found in nearly 
every organ and blood vessel-containing interstitial tissue [24, 25]. They cannot be 
found in vascular structures and organs such as hair, nails, epidermis, cornea, brain, 
and retina [24]. Lymphatic vessels serve as a drainage system for excess fluid and 
large molecules or cells that cannot easily find their way back into venules [25].

Lymphatic capillaries (initial or terminal lymphatics) start blind-ended in the tis-
sue, where they take up lymph. Lymphatic capillaries contain large gaps between 
their endothelial cells to enable passage of lymph fluid. The interstitial fluid, from 
the surrounding tissues, enters through the initial lymphatics, connected to collect-
ing vessels by the precollecting lymphatics that combine to form large ducts and 
trunks [23, 25] (Fig. 2.15). Lymph is drained and transported through propulsion to 

Fig. 2.14 The lymphatic system
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lymph nodes, before backing to blood circulation via the thoracic and lymphatic 
ducts that join to the subclavian veins [25, 26]. Lymph is moved forward by respira-
tory movement, arterial pulsation, skeletal muscle action, and the rhythmic contrac-
tions of smooth muscle in walls of collecting lymphatic vessels and affected by 
nerve and humoral mediators [6, 23].

 Lymphatic Vessels

Initial lymphatic capillaries: The lymphatic system starts in connective tissue spaces 
in several regions of the body to which they are distributed and are bathed by the 
intercellular tissue fluids. At this level, a single layer of endothelial cells is present 
in an irregular wall comprising nonfenestrated endothelial monolayer cells with 
gaps that provide an entry for interstitial fluid (lymph) into the system. The diameter 
of initial lymphatics ranges from 10 to 60 μm with a wall thickness of 50–100 nm, 
blind-ended. Actin filaments support them, which are contractile. This structure 
allows them to act as a one-way valve system [6, 23].

Precollecting Lymphatics: Precollecting lymphatics drain fluid from the initial 
lymphatics to collecting vessels. They have segments which contain valves and are 
surrounded by a basement membrane and one or more layers of smooth muscle cells 
that may contract and begin the propulsion of lymph through the system [23].

Collecting Lymphatics: Collecting lymphatics are larger and classified as affer-
ent or efferent to specify whether they carry lymph to or from the lymph nodes [27]. 
At this level, three typical layers of vessel wall are evident: the intima, media, and 
adventitia. The intima layer is composed of a monolayer of endothelial cells. The 
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media layer has one to three layers of smooth muscle cells. And the adventitia layer 
is composed of fibroblasts, connective tissue, and terminal nerves [6, 23].

 Lymphoid Organs

Lymph nodes: Lymph nodes are one of a number of organs nodes and the major 
sites of B cells, T cells, and other immune cells. It is a bean-shaped mass of lym-
phoid tissue enclosed by a capsule of connective tissue, covered with lymphatic 
smooth muscles [23]. Lymph nodes are situated in the course of lymphatic vessels 
so that the lymph passes through them on their way to the blood vessel. Lymph 
nodes filter the lymphatic fluid and store special cells that can phagocytose mole-
cules and particles such as cancer cells or bacteria that are traveling through the 
body in the lymph fluid. Lymph nodes are distributed widely throughout the body. 
Collections of them are present in the inguinal and axillary regions as well as the 
neck, thorax, and abdomen [6, 27].

Lymphatic trunks and ducts: The lymphatic trunks and ducts are the largest ves-
sels (diameters on the order of 2 mm) that drain lymph. The trunks collect fluid 
from organs, extremities, and trunk. The ducts transport lymph into the venous 
circulation [23]. Lymphatic trunks are formed by confluence of many efferent 
lymph vessels and drain into one of the two lymph ducts. The thoracic duct is the 
final branch of the lymphatic system. It receives flow from the left half of the thorax, 
left arm, and left side of the head and neck. Fluid from the right half of the thorax, 
right arm, and right side of the head and neck is drained to the right lymph duct [27]. 
The thoracic duct vessels usually start from the level of the 12th thoracic vertebrae 
(T12) and extends to the root of the neck. The right lymphatic duct courses along 
the medial border of the Scalenus anterior muscle, at the root of the neck.
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Abstract
Atherosclerosis is a chronic inflammatory disease of multifactorial origin that 
occurs in response to endothelial aggression, affecting mainly the intima of 
medium and large caliber arteries. It is usually consequent to traditional risk fac-
tors such as diabetes mellitus, hypertension, dyslipidemia, obesity and smoking. 
It is related with several cardiovascular morbidities such as cerebrovascular dis-
ease, coronary, peripheral arterial and renovascular diseases. According to the 
World Health Organization, cardiovascular disease is the main cause of disability 
and premature death worldwide. An estimated 17.5 million people died from this 
cause in 2005, representing 30 % of all deaths in the world. This can be explained 
by understanding that people are more exposed to risk factors and less exposed 
to prevent efforts. Atherosclerosis prevention is less costly than treating its 
complications; thus, identification of subclinical disease in the asymptomatic 
phase has emerged as a public health and economic imperative.
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 Introduction

Atherosclerosis is a chronic inflammatory disease of multifactorial origin that 
occurs in response to endothelial injury, affecting mainly the intima of arteries of 
medium and large caliber. It is usually consequent to traditional risk factors such as 
diabetes mellitus, hypertension, dyslipidemia, obesity and smoking habit. 
However, more rarely, it can be a consequence of inherited diseases such as familial 
hypercholesterolemia.

 Epidemiology

According to the World Health Organization, cardiovascular disease is the main 
cause of disability and premature death worldwide [1]. An estimated 17.5 million 
people died from this cause in 2005, representing 30 % of all deaths in the world. 
This can be explained by understanding that people are more exposed to risk factors 
and less exposed to prevent efforts. The prevalence of systemic arterial hyperten-
sion in the population over 65 years old is approximately 52.3 %, for diabetes mel-
litus it is about 21 %, obesity is around 27.5 % and for current smokers it is 11.3 % 
[2]. However, only 24.8 % of North American adolescents from 12 to 15 years old 
practice at least 60 min of moderate-vigorous physical activity daily, as recom-
mended by the 2008 physical activity guideline [3].

 Pathophysiology

Atherosclerosis starts when monocytes migrate from blood stream to the intima 
(innermost layer of the arterial blood vessel), constituting the foam cells (macro-
phages that have engulfed lipoproteins). Over time,  foam cells accumulate and 
form an irregular and thick layer distributed along artery lining. Each thickening 
zone (called atheroma or atherosclerotic plaque) is consisted of cholesterol, smooth 
muscle cells and connective tissue. The atheroma tends to be formed at large and 
medium-sized artery, particularly at vessels bifurcation, presumably due to the 
altered shear stress of such areas, which injures the arterial wall and predisposes 
to atheroma formation.

Endothelium dysfunction plays a key role in the atherosclerosis pathophysiol-
ogy. That Endothelial dysfunction downregulates endothelial nitric oxide synthase, 
the enzyme that generates nitric oxide, which impairs endothelium-dependent vaso-
dilatation and accelerates atherosclerosis. Arteries affected by atherosclerosis lose 
their elasticity and become narrower. They become progressively damaged and lose 
their original elastic structure over the years, which can trigger the formation of a 
blood clot (thrombus). The clot reduces blood flow through the artery and may even 
cause its complete occlusion. It can also detach and be carried through the blood 
stream until it reaches a smaller artery, causing an occlusion (embolism). The 
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disease development occurs mainly in three territories: cerebrovascular, coronary, 
and peripheral arteries (Fig. 3.1).

 Cerebrovascular Disease

It is a pathological narrowing of the intima of the common or internal carotid artery, 
typically in focal areas called plaques or atheroma. Although the atheroma can 
remain stable for many years, its surface may rupture leading to formation of local 
thrombus with subsequent embolization to the territories of the ophthalmic artery, 
anterior cerebral, or medial cerebral artery.

Fig. 3.1 Pathophysiology of atheromatous plaque
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The main symptoms depend on the affected territory. At the ophthalmic circula-
tion, symptom of amaurosis fugax or retinal infarction may be seen. On the other 
hand, the medial cerebral artery embolism can be seen as transient symptoms in the 
contralateral hemisphere body (called ‘transient ischemic attack’) or even stroke.

However, it is usually diagnosed on non-invasive imaging studies in asymptom-
atic individuals [4].

Patients with atrial fibrillation have a threefold to fivefold increased risk of car-
dioembolic ischemic stroke. Hyperlipidemia is a risk factor for the disease develop-
ment in this territory, being associated with the presence of atherosclerotic stenosis 
and the stroke occurrence observed when total cholesterol level is greater than 5.20 
mmol/L (200 mg/dL) [5]. Hypertension is an independent risk factor for the devel-
opment of cardiovascular disease and has a great association with hyperlipidemia 
[6]. The presence of diabetes mellitus is associated with increased chances of hav-
ing ischemic stroke in two to three times and its proper control is related to risk 
reduction [7, 8].

 Coronary Artery Disease

Atherosclerosis reduces coronary blood flow leading to symptoms of myocardial 
ischemia. In recent years, advanced knowledge of the atheroma pathophysiology  
and  the rupture of atherosclerotic plaques was have been achieved. The atheroma 
is responsible for acute coronary syndromes causes, in more than half of the cases, 
produces a stenosis lower than 50 % of the vessel diameter. Therefore, they are 
vulnerable plaques with a large lipid core, inflammatory cells and thin fibrous caps, 
subject to biomechanical stress. This knowledge of plaques vulnerability has led to 
change in treatment, with new therapeutic options such as antiplatelet, anti- 
thrombotic drugs, statins and beta-blockers drugs [9].

In this territory, the genetic factor is strongly associated with plaque  formation 
and complication, especially in individuals with a history of premature familial dis-
ease. This correlation is significant for those with a first-degree relative who had 
atherosclerotic cardiovascular disease or died due to it before 55 years old for men 
or 65 years old for women [10]. Dyslipidemia is directly related to the occurrence 
of coronary artery disease due to its important role in the formation of atheroscle-
rotic plaque. Higher levels of non-high density lipoprotein are associated with 
higher incidence of coronary events, particularly in patients with earlier manifesta-
tions [8, 11, 12]. Nicotine and tar are directly related to deaths from coronary artery 
disease and higher doses of these toxins are associated with progressive increase in 
mortality [13]. Patients with diabetes mellitus have higher chance of developing 
coronary artery disease and developing it in an early age when compared to the 
general population [14]. Diabetes mellitus also increases the risk of complications. 
The incidence of acute coronary syndrome is higher in patients with diabetes mel-
litus when compared to individuals without the disease [15]. Moreover, mortality of 
patients with diabetes mellitus is mostly related to coronary artery disease compli-
cations [16]. A study conducted in 52 countries showed a significant association 
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between hypertension and coronary artery disease, consistent with the vast data 
related to the Framingham study. It shows that this is an important target for the 
reduction of myocardial infarction, especially when it occurs early in life [17, 18].

 Peripheral Artery Disease

Atherosclerosis is the leading cause of peripheral arterial disease, in which there is 
a blockage or stenosis in the arteries that supply lower limbs. Approximately 80 % 
of patients with peripheral artery disease are asymptomatic. The main symptoms of 
the ischemia are muscular atrophy, ulcers, pallor and intermittent claudication, and 
the main finding in the physical examination is the reduction or absence of periph-
eral pulses. In some cases, the disease can have an acute worsening, characterized 
by severe pain, sudden onset, associated with reduced limb temperature, decreased 
temperature and paraesthesia, featuring acute arterial ischemia that must be treated 
immediately in an attempt to avoid amputation and death. 

Advanced age is also a progressive risk for the disease in this territory. However, 
it becomes significant higher after 40 years. The risk greatly increases in patients 
older than 70 years, but only part of them present the symptomatic form of periph-
eral artery disease [20–22]. Smoking is strongly associated with the development of 
the disease. Studies like  Framingham’s showed a two times increased risk of devel-
oping intermittent claudication among smokers when compared to non-smokers 
[23]. Such findings were confirmed by other epidemiological studies that also 
assigned the risk two to six times greater among smokers [24–26]. Diabetes mellitus 
is directly associated with the incidence and severity of peripheral artery disease. 
The prevalence is almost five times greater of peripheral artery disease in diabetic 
patients older than 40 years when compared to people without the comorbidity [27, 
28]. Regarding the affected territory, diabetic patients generally have more distal 
involvement of the vessels, especially in the popliteal and tibial vessels [29, 30]. 
Regarding the outcome, the association of these two diseases correlates to a higher 
risk of lower limb amputations in elderly people [31]. It’s well known that patients 
with peripheral artery disease are more likely to have high levels non-high density 
lipoprotein cholesterol and/or triglycerides [32] as well as reduced levels of high 
density lipoprotein [33]. In addition, there is a significant association between 
hypertension and peripheral artery disease both in symptomatic and asymptomatic 
individuals [22, 34]. Those patients present a two times higher risk of developing 
symptoms such as claudication when compared to non-hypertensive patients [35].

 Reno-Vascular Atherosclerosis

The initial cause of the endothelial lesion not established that yet, though dyslipid-
emia, diabetes, hypertension and smoking certainly collaborate to the pathogenic 
process. It is the leading cause of renal artery stenosis in the elderly. This pathologic 
process is the main cause of renovascular hypertension, responding  for 1–10 % of  
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all hypertensive disease cases in the United States, and contributing importantly 
to chronic renal failure  progression. The lumen of a  renal artery with atherosclero-
sis gradually reduces, leading to decreased blood flow and renal ischemia. The kid-
ney adaptation to atrophy and reduction of tubular cells, inflammation, fibrosis and 
glomerular atrophy generates a glomerular filtration rate angiotensin II dependent. 
This adaptation process can maintain a stable renal function until it reaches high 
grade renal artery stenosis [36].

 Diagnosis

The diagnosis of atherosclerosis is usually established after starting its symptoms in 
at least one of the above mentioned territories. However, the best approach is to 
diagnose it in a preclinical phase through risk stratification and laboratory tests, 
enabling the effective secondary prevention with the correct definition of individual 
therapeutic goals. Atherosclerotic disease risk stratification results from the sum of 
all potential increased risks identified in patients; therefore, the  first step in clinical 
risk assessment is to identify any high-risk conditions that obviate the need for fur-
ther risk assessment, these mainly include established atherosclerotic cardiovascu-
lar disease and diabetes. If none of such high-risk conditions is present, the second 
step is to apply a well stablished risk score, such as Framingham.

 Determining the Presence of Significant Atherosclerotic Disease 
or Its Equivalent

The clinical relevance of detecting subclinical atherosclerosis disease rests on 
improving prediction of cardiovascular disease risk over traditional factors. A sys-
tematic review consisted of 25 studies evaluated the link between cardiovascular 
events and subclinical atherosclerosis findings in imaging tests. It has been found 
greater chance of fatal and nonfatal cardiovascular events in individuals with calci-
fication in coronary arteries, carotid plaques and incresed thickness in carotid arter-
ies. Individuals with intermediate risk of cardiovascular disease according to 
traditional risk assessment factor may benefit from additional images studies [37].

 Ankle-Brachial Index
The ankle-brachial index test is an easy and non-invasive way to search for  periph-
eral artery disease risk. It’s the ratio of Doppler-recorded systolic blood pressure at 
the ankle divided by systolic blood pressure in the arm (See Appendix A for detailed 
information). Individuals without clinically significant peripheral artery disease 
typically have an ankle-brachial index greater than 1, while an ankle-brachial index 
< 0.9 is 90 % sensitive and 95 % specific for the presence of  peripheral artery dis-
ease positive on angiography. A peripheral arterial lesion may be revealed with 
measurement of lower extremity pressures after exercise. Therefore, exercise 
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treadmill testing may be performed in order to raise ankle-brachial index test sensi-
tivity [38].

 Carotid Ultrasonography
Ultrasound methods have the advantages of being  feasible in all individuals, rela-
tively accessible and without exposure to radiation. It is useful in detecting flow 
reduction, obstructive plaques or to measure intima-media thickness, which repre-
sents subclinical atherosclerosis and is associated with adverse cardiovascular 
events. A novel three-dimensional ultrasound-based approach method identified 
more carotid plaques compared to other methods and its clinical utility as predictor 
of future cardiovascular events is comparable to coronary artery calcification score 
[39, 40].

 Femoral Ultrasonography
This method may  be better than carotid ultrasonography for detection of subclinical 
atherosclerosis, as showed in a study with 1423 middle-aged men (40–59 years of 
age) that evaluated the association of subclinical carotid and femoral plaques with 
risk factors and coronary artery calcification score. The area under the receiver- 
operating curve for prediction of positive coronary artery calcification score 
increased from 0.66 when considering only risk factors to 0.71 when adding femo-
ral and carotid plaques (p < 0.001). In this model, the femoral odds ratio (2.58) 
exceeded the carotid odds ratio (1.80) for prediction of positive coronary artery 
calcification score [41].

 Electron-Beam Computed Tomography
It can be used to assess coronary artery calcification score. High coronary artery 
calcium levels correlates with histological plaque as well as  the number of stenosed 
vessels on studies with invasive angiography [42]. On a study with 6814 partici-
pants and over 5.8 years median follow-up, addition of coronary artery calcification 
score to a prediction model based on traditional risk factors significantly improved 
the classification of risk. However, this method is limited to detect non calcified 
plaques and to predict plaque stability [43].

 Pressures and Pulse-Volume Recordings
Segmental pressures and pulse-volume recordings are other important tool used to 
assess the level and extent of obstruction. A series of blood pressure cuffs are placed 
at multiple levels on the arms or the legs to measure pressures and the amount of 
blood flow at each level. These tests are performed to localize blockage areas in 
those territories. An advantage of using pulse volume recording amplitudes is that 
they are valid when examining calcified vessels, such as in diabetic patients. 
Exercise test can be necessary to uncover subcritical stenosed sites [44].

 Others Cardiovascular Methods of Evaluation
Dobutamine echocardiography is more sensitive than adenosine echocardiogra-
phy, but a positive adenosine echo often represents more severe disease.
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A myocardial perfusion single-photon emission computed tomography scan of 
the heart is a non-invasive nuclear imaging test that include perfusion and gated wall 
motion images. The scans can also be used to accurately determine the left ventricu-
lar ejection fraction, the end-systolic volume of the left ventricle, regional wall 
motion and wall thickening. In addition, solid evidence links these findings to clini-
cal outcomes.

Magnetic resonance imaging offers the advantage of avoiding ionizing radia-
tion and it is capable of identifying specific components of the plaque. However, 
current magnetic resonance methods suffers from extensive variability of image 
quality and a longer time for acquiring images.

 Utilization of Risk Stratification Scores

Cardiac risk stratification begins with calculating the probability of an incident 
event using conventional algorithms, such as the Framingham equation.

Framingham Risk Score, for example, estimates the probability of acute myocar-
dial infarction or death from coronary heart disease within 10 years in individuals 
with no history of clinical atherosclerotic disease and have been validated in multi-
ple countries and populations [45].

 Treatment

 General Practitioner’s Role

Prevention of cardiovascular disease is less costly than treating its complications; 
thus, identification of subclinical disease in the asymptomatic phase has emerged as 
a public health and economic imperative. The general practitioner also has an 
important role in the investigation of peripheral arterial disease through the ankle 
brachial index (See Appendix A for more details). Behavioral modifications like 
smoking cessation and exercise has a direct beneficial impact on vascular changes 
associated with aging. Antiplatelet agents have essential role on prevention of 
plaque accidents and thrombosis. A randomized, blinded, trial of clopidogrel versus 
aspirin in patients at risk of ischemic events (CAPRIE), published in 1996, com-
pared clopidogrel with aspirin in reducing the risk of vascular events in patients 
with clinical manifestations of atherosclerosis. It found that long-term administra-
tion of clopidogrel is more effective than long- term aspirin therapy in reducing the 
combined risk of ischemic stroke, myocardial infarction or vascular disease. The 
relative risk reduction provided by clopidogrel is added to the benefit provided by 
aspirin when compared with placebo. Therefore, rational using of those agents is 
highly recommended on clinical practice. The pleiotropic effects of statins have 
beneficial effects on both vascular aging and atherosclerosis. These favorable endo-
thelial effects are attributed to their ability to lower the low-density lipoprotein cho-
lesterol, upregulate endothelial nitric oxide synthase and exert antioxidant activity. 
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Pharmaceutical agents that block formation of advanced glycation end product have 
proved efficacious in decreasing vascular stiffness and nephrosclerosis, but clinical 
trials were halted due to adverse drug effects.

Good medical practice recommends prevent risk factors and behavioral changes 
associated to pharmacological treatment. Nevertheless, surgical approaches can be 
necessary.

 Medical Specialist Evaluation

The evaluation by the specialist is important when the patient has certain complica-
tions of atherosclerosis such as cerebrovascular disease, peripheral arterial disease 
and other situations. In several cases, surgery becomes necessary. The exact techni-
cal procedure will depend on the obstruction grade and its location, but usually 
some techniques such as open surgery (bypass or endarterectomy) or endovascular 
surgery can be used. The final objective is to restore the blood flow and stop tissue 
ischemia. However, the most powerful reduction in atherosclerotic disease results 
from early recognition and risk factor modification.
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4Hemostasis and Anticoagulation 
Therapy
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Abstract
The hemostasis consists of all the mechanisms maintaining the vascular blood 
flow. It acts by balancing factors that generate the interruption of bleeding 
(hemorrhage) and the inhibition of clot formation (thrombosis), while leading 
to tissue repair. It is didactically divided into primary hemostasis, with the par-
ticipation of the endothelium and platelets, forming the platelet plug; and 
secondary hemostasis, which culminate in the formation of fibrin clot through a 
chain of enzymatic reactions (whose steps are: initiation, expansion, and propa-
gation). The fibrinolytic system, also part of the hemostasis process, inhibits the 
formation of intravascular thrombi associated with excessive fibrin formation.

Prophylaxis and treatments for certain diseases, such as deep vein thrombosis 
and pulmonary thromboembolism, may use anticoagulants acting in different fac-
tors of the coagulation cascade to block the clot formation. A number of antico-
agulants are available. Heparins, fondaparinux, warfarin, and other coumarins are 
the traditional group of anticoagulants used widespread worldwide. Unfractionated 
heparin and low molecular weight heparin are used subcutaneously and act 
mainly inhibiting thrombin and factor Xa. Fondaparinux is a synthetic and selec-
tive anticoagulant which blocks factor Xa. Warfarin and other coumarins are oral 
anticoagulant drugs that act as vitamin K antagonists. Recently, a number of new 
agents have been introduced. The new oral anticoagulants include inhibitors of 
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factor IIa (dabigatran) and factor Xa (rivaroxaban, apixaban, and edoxaban). The 
new parenteral direct thrombin inhibitors anticoagulants include argatroban, 
bivalirudin, danaparoid, lepirudin, and desirudin—both recombinant forms of 
hirudin. They have some specifications described in this chapter.

Abbreviations

FIXa Activated factor IX
FVa Activated factor V
FVIIa Activated factor VII
FVIIIa Activated factor VIII
FXa Activated factor X
kg Kilogram
mg Milligrams

 Introduction

Hemostasis is the process of the vascular system to prevent and stop blood loss at 
the site of a vascular injury [1]. It is an actively maintained state, divided into two 
integrated phases with a high degree of overlap between each other [1]. The two 
phases of the hemostatic process are named:

 1. Primary hemostasis, which occurs rapidly after a vascular injury and leads to 
platelet plug formation [1].

 2. Secondary hemostasis, which leads to the formation of an insoluble fibrin mesh 
through the action of coagulation factors [1].

A balance between factors acting as thrombogenic (promoting clot formation), 
nonthrombogenic (preventing clot formation), and fibrinolytic agents (promoting 
dissolution of clots previously formed) is required. This balance ensures a rapid 
generation of a localized thrombus at the site of the injury, preventing pathological 
thrombosis or hemorrhage. For this to happen, each process must develop correctly. 
The four key components are the vascular endothelium, platelets, coagulation path-
way, and fibrinolysis [2].

 Primary Hemostasis

Primary hemostasis is the formation of a hemostatic platelet plug and is the first line 
to prevent blood loss. It requires two main components: the endothelium and plate-
lets. The process evolves with platelets adhesion, activation, and aggregation to the 
endothelium wall, and finally restoration of the normal blood flow.
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 Endothelium

The endothelium primarily regulates hemostasis, vascular tone [1], and permeability [2].
Endothelial cells secrete many mediators that prevent both primary and second-

ary hemostasis [1]. Primary hemostasis is inhibited by the synthesis of nitric oxide, 
prostacyclin, and ectoADPase membrane protein [1], substances that inhibit platelet 
action; and anticoagulation is favored by endothelial expression of thrombomodu-
lin, heparin sulfate, and dermatan sulfate [2].

After tissue damage and disruption of the endothelial basement membrane, after 
stimulation by enzymes such as thrombin or after a vascular intervention (such as 
angioplasty, stent placement, and bypass), the exposure of von Willebrand factor 
induces platelet aggregation and activation. The endothelium becomes thrombo-
genic by expression of tissue factor, which initiates the coagulation pathway leading 
to fibrin generation and clot formation; and impairs fibrinolysis by secretion of plas-
minogen activator inhibitor-1, commonly shortened as PAI-1 [2].

 Platelets

Platelets are a crucial component of the clotting process and also contribute to the 
fibrinolysis process. They have a nonthrombogenic surface under controlled cir-
cumstances, but after a disruption of the vascular system, the platelet becomes acti-
vated, releasing the content of its granules (alpha granules, dense granules, and 
lysosomes), which contain fibrinogen and factor V, among other procoagulant mol-
ecules [1]. Also, activated platelets express receptors and specific binding sites trig-
gering the formation of multiprotein procoagulant complexes.

 Platelet Adhesion

Platelet adhesion depends on the connection between the von Willebrand factor and 
glycoprotein 1b, a platelet surface glycoprotein. This interaction is the initial step [2].

 Platelet Activation

The activation occurs when platelets adhere to endothelial cells, leading to secretion 
of granules [2] that contain thromboxane A2, which stimulates the amplification of 
the coagulation process [3].

 Platelet Aggregation

Platelet aggregation is responsible for the generation of the hemostatic plug, with 
several layers of platelets, generating a firm thrombus. This process requires 
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platelet’s receptor glycoprotein IIb–IIIa to bind to each other on an activated platelet, 
using fibrinogen as a link [2].

 Secondary Hemostasis

The fibrin clot formation is a critical process for the maintenance of vascular integ-
rity since the platelet plug is insufficient to maintain hemostasis in larger lesions and 
to contain the pressure of the arterial system. Thus, the formation of fibrin is indis-
pensable to consolidate the platelet thrombus. Simultaneously, the fibrinolytic sys-
tem is activated to prevent the excessive formation of fibrin that could otherwise lead 
to vessel obstruction. Therefore, to keep blood flowing inside vessels without hem-
orrhage or obstruction due to excessive thrombus formation, a dynamic equilibrium 
between the coagulation system and the fibrinolytic system must be maintained.

 Coagulation

In the classic model of the coagulation cascade, fibrin formation is the end point of 
a chain of enzymatic reactions in which a proenzyme (inactive protease in blood 
plasma) is activated to form an enzyme. The activated enzyme then activates another 
proenzyme, with each passage presenting an explosive augmentation system, that 
is, there is a sequential cascade of events that will culminate in the formation of 
fibrin and thrombus [4, 5].

The proenzymes are known as coagulation factors, which are numbered from I to 
XIII, the number corresponding to the order of discovery. The numbers plus the letter 
“a” is the enzyme (activated proenzyme). However, there is no factor VI; factor III is 
commonly known as tissue factor, and factor IV is the ionized calcium.

This proposed coagulation cascade divides coagulation in extrinsic pathway, 
involving blood elements and the presence of tissue factor; and intrinsic pathway, 
initiated by components present in the intravascular space, which converge into a 
common pathway after the activation of factor X, resulting in the formation of fibrin 
[4, 5]. The intrinsic pathway has also been taught as a sequence of reactions occur-
ring in the blood, and the extrinsic pathway would be related to reactions happening 
in the vessel wall.

This traditional model of explaining the coagulation corresponds to the process-
ing of blood coagulation in vitro, a concept of importance only for laboratory 
diagnosis. It may also reflect a didactic way to explain the coagulation cascade. 
However, dividing the coagulation cascade into intrinsic and extrinsic pathways is a 
flawed model of in vivo hemostasis. The model proposed by Hoffman based on cel-
lular and molecular components, the cell-based model of the hemostasis, reflects 
more consistently coagulation in vivo and is the currently accepted model [6, 7].

This new coagulation model is considered multifaceted, extremely balanced, 
involving three phases: initiation, amplification, and propagation. All these steps 
occur together in different cell surfaces, which locate the wound and ensure that the 
entire system is turned on, and is restricted to the site of tissue injury [6, 7].
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 The Initiation Phase

The coagulation initiation phase occurs on the surfaces of cells containing tissue 
factor, which are stromal fibroblasts, mononuclear cells, macrophages, and 
endothelial cells. Tissue factor is activated by vascular injury or cytokines in an 
inflammatory response [6, 7].

The exposed tissue factor activates factor VII present in blood plasma (FVIIa) 
and forms the complex tissue factor−/−factor VIIa, which consequently activates 
factors X and IX. The FXa activates factor V forming a complex FXa−/−FVa called 
prothrombinase. Prothrombinase is capable of converting prothrombin (factor II) 
into thrombin (factor IIa) [6, 8].

This conversion of prothrombin into thrombin is insufficient to complete the 
process of formation of the fibrin clot but is of fundamental importance for the 
amplification phase of coagulation [6, 7].

 The Amplification Phase

The amplification phase occurs on the surface of platelets. Despite the low genera-
tion of thrombin in the initiation phase, this will have the following functions in this 
next phase:

 1. Platelet activation, exposing receptors and binding sites for activated clotting 
factors, in addition to releasing factor V partly activated [6].

 2. Activation of factor VIII, factor V, and factor XI on the surface of activated 
platelets [6].

Factor VIII, which is initially bound to von Willebrand factor, dissociates when 
activated, allowing von Willebrand factor to mediate platelet adhesion and aggrega-
tion at the site of vascular injury [6, 8]. Simultaneously, the factors on the surface of 
activated platelets rapidly initiate the propagation phase [6].

 The Propagation Phase

This final phase is characterized by recruitment of big amounts of platelets and 
formation of the complexes: tenase and prothrombinase at the platelet surface. The 
activated factor Xa in the initiation phase joins the factor VIIIa released in the 
amplification stage and forms the complex FIXa/FVIIIa, called tenase complex, 
which activates factor X. This factor associates with factor V and forms complex 
FXa/FVa, called prothrombinase. Thus, large amounts of prothrombin are converted 
to thrombin, cleaving the fibrinogen into fibrin monomers, which polymerise and 
result in the formation of a stable fibrin clot [6, 7].

The coagulation system needs to be confined to the injury site to prevent throm-
botic occlusion of the vessel. Thus, this system is restrained and inhibited by spe-
cific anticoagulants that include: tissue factor pathway inhibitor, protein C, protein 
S, and antithrombin [9].
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In the initiation phase, the excessive thrombin generation is controlled by 
inhibition of the tissue factor pathway [9].

The activation of protein C (natural anticoagulant) occurs after connection of 
thrombin to thrombomodulin, an endothelial cell receptor. The activated protein C 
inhibits coagulation by cleaving and inactivating factors Va and VIIIa. This process 
is potentialized by protein S, which acts as a cofactor in the inactivation of nonen-
zymatic reactions [9].

The amplification and propagation phases are controlled primarily by the action 
of antithrombin, which inhibits thrombin and factors: IXa, Xa, XIa. A substance 
present in the membrane of the endothelial cells, heparan sulfate, catalyzes the anti-
thrombin reactions [9] (Fig. 4.1).

 Fibrinolysis

The fibrinolytic system aims degradation of fibrin, because after thrombus forma-
tion, its excess must be removed to restore blood flow [11].

INITIATION PHASE:

AMPLIFICATION PHASE:

PROPAGATION PHASE:

(complex Tenase)

(complex Prothrombinase) (thrombin)

II

IIa

Fibrinogen Fibrin

Tissue factor + VIIa

IX IXa Xa

(thrombin)Va

VIIIaFvW + VIII

IXa + VIIIa

Va + Xa

Xa

X

Va XIaXI

V

V

X

II IIa

Fig. 4.1 Secondary hemostasis. Cell-based model representation of coagulation with three phases: 
initiation, amplification, and propagation, leading to the formation of fibrin. vWF: von Willebrand 
Factor [6, 7, 9]. Adapted from: “Vine AK. Recent advances in haemostasis and thrombosis. 
Retina. 2009;29(1):1–7.” [10]
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The activation of plasminogen, a circulating inactive precursor to plasmin, is the 
beginning of fibrinolysis. This activation can occur via two pathways: one mediated 
by tissue plasminogen activator and urokinase-type plasminogen activator, 
substances released by endothelial cells after activation of coagulation, limiting 
unnecessary progression of thrombus [11, 12].

Plasmin does not restrict its action on fibrin. Plasmin is also able to break the 
degrading fibrinogen, factor V, and factor VIII [12].

The fibrinolytic process is regulated by natural inhibitors system: (1) plasminogen 
activator inhibitor 1 and plasminogen activator inhibitor 2, which act directly on plas-
minogen; (2) α2-antiplasmin and α2-macroglobulin, which inhibit plasmin. In addi-
tion to the thrombin-activatable fibrinolysis inhibitor, tissue plasminogen activator act 
by preventing to bind to the fibrin, thereby decreasing fibrinolysis [9, 12] (Fig. 4.2).

 Anticoagulant Treatment

 Parenteral Anticoagulants

Unfractionated Heparin
What is it? Unfractionated heparin, known as standard heparin or simply heparin, 
is an anticoagulant drug, heterogeneous with respect to molecular size, anticoagu-
lant action, and pharmacokinetic aspects [13]. This drug is composed of proteins 
of various molecular weights, which have different kidney clearance. Only one-
third of heparin molecules contain the high-affinity pentasaccharide required for 

α2-antiplasmin

α2-macroglobulin

Plasminogen Plasmin

Thrombin

TAFI

PAI-1

PAI-2

t-PA
u-PA

Fibrin

Fibrin degration products

-

-

+

Fig. 4.2 Fibrinolysis and its natural inhibitors system. Tissue plasminogen activator and 
urokinase- type plasminogen activator activates the fibrinolytic system by converting plasminogen 
to plasmin, thus leading to a degradation of fibrin into fibrin degradation products. This process is 
modulated by plasminogen activators 1 and 2, α2-antiplasmin, α2-macroglobulin, and thrombin- 
activatable fibrinolysis inhibitor [9, 11, 12]. Adapted from: “Batty P, Smith G. Anticoagulation. 
Surgery (Oxford). 2010;28(6):243–7.”, “Vaughan D, Declerck P. Fibrinolysis and its regulation. 
1998.” and “Rau J, Beaulieu L, Huntington J, Church F. Serpins in thrombosis, hemostasis and 
fibrinolysis. Journal of Thrombosis and Haemostasis. 2007;5(s1):102–15.”
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anticoagulant activity. These are some aspects that justify the heterogeneous activity 
of the drug. Heparin acts mainly by indirect inhibition of thrombin and factor Xa [13].

Indications: Heparin is a commonly used medication worldwide since it is essential 
in the prophylaxis and treatment of thromboembolic disorders. It is indicated for the 
prevention and treatment of venous thromboembolism and treatment of acute coro-
nary syndrome and other arterial conditions as well [14].

Dose: Heparin must be given parenterally. It is usually administered subcutaneously 
or by continuous intravenous infusion. When it is used for therapeutic purposes, the 
intravenous route is most often used [15, 16, 17]. To prescribe the appropriate hepa-
rin dose, the physician should consider the patient’s weight and associated comor-
bidities, as the dose of heparin depends on these factors. The initial dose of heparin 
for treatment of venous thromboembolism is weight based: 80 U/kg bolus and 18 U/
kg/h infusion [13]. The most used commercial presentation of unfractionated hepa-
rin for intravenous use is 5000 U/mL [17].

Monitoring: Since heparin has a variable anticoagulant response, the anticoagulant 
effect of heparin must be monitored when therapeutic doses are employed, and doses 
should be adjusted accordingly. The activated partial thromboplastin time (aPTT) or 
anti-factor Xa assay is the appropriate laboratory test. The goal is to reach an acti-
vated partial thromboplastin time within the therapeutic range of 1.5–2.5 times 
higher than control [13, 18–26]. The activated partial thromboplastin time should be 
measured approximately 6 h after the initial dose, and the continuous intravenous 
dose of heparin is altered in agreement with the result of the test (Table 4.1).

Adverse effects: Main adverse effect of heparin is bleeding. The risk of extensive 
bleeding with hemodynamic consequences increases with higher doses and interac-
tion with other medications, such as antiplatelet or fibrinolytic agents. Heparin’s 
antidote is protamine sulfate, and it should be used in patients experiencing major 
bleedings during heparin treatment: 1 mg protamine intravenous neutralizes approxi-
mately about 100 U of heparin [28]. Another important adverse effect is heparin-
induced thrombocytopenia. Heparin-induced thrombocytopenia is a dangerous 

Table 4.1 Heparin dose 
adjustment according to 
activated partial thromboplas-
tin time (aPTT) [26, 27]

Initial dose 80 U/kg bolus, then 18 U/kg/h
aPTT, <35 s 80 U/kg bolus, then increase 4 U/kg/h
aPTT, 35–45 s 40 U/kg bolus, then increase 2 U/kg/h
aPTT, 46–70 s No change
aPTT, 71–90 s Decrease infusion rate by 2 U/kg/h
aPTT, >90 s Hold infusion 1 h, then infusion rate  

by 3 U/kg/h

aPTT activated partial thromboplastin time, s seconds, kg 
kilograms
Reprinted with permission from: “Hirsh J, Raschke 
R. Heparin and low-molecular-weight heparin: the Seventh 
ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. CHEST Journal. 2004;126(3_suppl):188S–203S.”
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adverse drug reaction that promotes antibody-mediated-platelet activation. It is 
defined as a relative reduction in platelet count of 50 % occurring within 5–14 days 
after initiation of the therapy. The diagnosis of heparin-induced thrombocytopenia is 
challenging and is based on the clinical probability and laboratory tests for the detec-
tion of heparin-induced thrombocytopenia antibodies. Heparin must be discontinued 
immediately in case of a clinical suspicion for heparin-induced thrombocytopenia 
[29]. Heparin-induced thrombocytopenia has been estimated to develop in 1–5 % of 
the postoperative patients receiving unfractionated heparin [30]. Ambulatory patients 
develop heparin-induced thrombocytopenia in frequencies lower than 1 % [29].

Other adverse effects are osteoporosis, which has been reported in up to 30 % of 
patients given long-term heparin treatment [31–34], and elevated levels of transami-
nases, which occur in approximately 15 % of the patients [35].

Contraindications/precautions: Important limitations are the deficient bioavail-
ability in small doses, dose-dependent clearance, and variable anticoagulant 
response. The use of heparin is limited in patients with osteopenia [36].

Heparin is contraindicated in the presence of active bleeding or disease states with an 
increased risk of bleeding. Patients using other drugs that can affect the clotting process 
should be monitored closely since the interaction between drugs may increase the 
chance of bleeding. In cases of spinal injection or puncture, it is necessary to seek spe-
cialist advice before considering intrathecal, epidural analgesia, anesthesia, or lumbar 
puncture, due to the risk of epidural hematoma, which may cause paralysis. Heparin is 
also contraindicated in cases of severe hepatic disease. All heparins are Australian cate-
gory C in pregnancy because they are medicines that cause or may cause harmful effects 
to the human fetus and neonate. However, they do not cause malformations [14, 37, 38]

Low Molecular Weight Heparins
What is it? Low molecular weight heparins consist of smaller fragments of heparin and 
are prepared from unfractionated heparin by controlled enzymatic or chemical depoly-
merization. Low molecular weight heparins have a mean molecular weight of 4000–
5000 (about one-third of the molecular weight of unfractionated heparin) [13, 39]. Low 
molecular weight heparins have advantages over heparin: better bioavailability, dose-
independent clearance, predictable anticoagulant response, lower risk for heparin-
induced thrombocytopenia and osteoporosis. Therefore, heparin is replaced for most 
indications. Low molecular weight heparins act inhibiting antithrombin and, mainly, fac-
tor Xa. Enoxaparin, dalteparin, and tinzaparin are representatives of this class of drug.

Indication: Low molecular weight heparin has the same indications of heparin: 
prevention and treatment of venous thromboembolism, acute pulmonary embolism, 
acute coronary syndromes, and other arterial conditions.

Dose: Low molecular weight heparin is typically administrated in fixed doses, subcu-
taneously, for thromboprophylaxis, or in body weight-adjusted doses for full thera-
peutic effect. For prophylaxis purposes, once-daily doses of 2500 U are recommended 
for moderate risk patients and 5000 U for high-risk patients. Treatment of venous 
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thromboembolism requires doses of 100 U/kg once-daily for 5–10 days [14]. 
Laboratory monitoring is generally not necessary, except in patients with kidney dis-
ease and severe obesity [40–43]. The test that evaluates the anticoagulant activity is 
the dosage anti-Xa activity. A more globally responsive test is the Heptest [43, 44].

Adverse effects: Main adverse effect of low molecular weight heparins is also 
bleeding. Heparin-induced thrombocytopenia and osteoporosis are less common 
with low molecular weight heparins than with unfractionated heparin (less than 1 % 
of patients exposed to low molecular weight heparin develop heparin-induced 
thrombocytopenia) [39, 45–47].

Bleeding complications can be handled with protamine sulfate. Protamine is an 
antidote to heparin, but it has incomplete action on low molecular weight heparins 
because protamine sulfate binds only the longer fragments of the chemical structure 
of the substance [48]. Protamine neutralizes approximately 60 % of the anti-factor 
Xa activity of low molecular weight heparin [49–52].

Currently, the following scheme has been recommended [53]:

 1. If low molecular weight heparin was administered for less than 8 h: 1 mg of 
protamine per 100 anti-factor Xa units low molecular weight heparin (1 mg of 
low molecular weight heparin equals approximately 100 anti-factor Xa units). If 
the bleeding continues a second dose is recommended: 0.5 mg of protamine per 
100 anti-factor Xa units.

 2. If low molecular weight heparin was administered more than 8 h: smaller doses 
are needed for neutralization.

Contraindications/precautions: The use of low molecular weight heparins in 
patients with creatinine clearance < 30 mL/min should be carefully monitored with 
anti-factor Xa. The treatment dose in cases of patients with a creatinine clear-
ance < 30 mL/min who have acute coronary syndromes or venous thromboembolism 
or another acute arterial condition is half of usual dose [54]. Severe thrombocytope-
nia or heparin-induced thrombocytopenia induced by heparin contraindicates the use 
of low molecular weight heparins. The medication is also contraindicated in case of 
active bleeding or disease states with an increased risk of bleeding. The concomitant 
use with others drugs that increase the bleeding risk should be avoided. Caution is 
also required in patients with thrombocytopenia, severe uncontrolled hypertension, 
and spinal injection or puncture. Low molecular weight heparins are also contraindi-
cated in cases of a severe hepatic disease. In surgical patients, unless prophylactic 
doses are used, the risk of excessive bleeding during the procedure is increased for up 
to 12 h after intravenous heparin administration and up to 36 h after low molecular 
weight heparin administration [14]. All heparins are Australian category C in preg-
nancy because they are medicines that cause or may cause harmful effects to the 
human fetus and neonate. However, they do not cause malformations [14, 37].

Fondaparinux
What is it? Fondaparinux is a synthetic and selective anticoagulant which blocks 
factor Xa. It is an alternative to heparin and low molecular weight heparins for 
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thromboprophylaxis and treatment or venous thromboembolism [54]. Fondaparinux 
has higher bioavailability and plasma half-life after subcutaneous administration in 
comparison to low molecular weight heparin [55, 56].

Indications: Fondaparinux is indicated for the prevention and treatment of venous 
thromboembolism and is accepted in the treatment of unstable angina and acute 
myocardial infarction [57, 58]. It has also been used in patients with heparin- induced 
thrombocytopenia [58]. For initial treatment of patients with deep vein thrombosis 
or pulmonary embolism, it appears as effective as standard treatment (heparin or 
low molecular weight heparin followed by oral anticoagulation with vitamin K 
antagonists) with similar rates of bleeding [59, 60].

Dose: Fondaparinux is administered subcutaneously. Dosages and treatment duration 
varies depending on the therapeutic objectives. For venous thromboembolism prophy-
laxis in abdominal and orthopedic surgery, a dose of 2.5 mg once daily is recommended, 
initiating at least 6–8 h after surgery and continued for at least 5–9 days. For prophy-
laxis in high-risk medical patients, the same dose is given once daily for 6–14 days [58].

The dose used for the treatment of venous thromboembolism is presented in 
Table 4.2. Treatment is usually continued for 5–9 days and followed by oral antico-
agulation [58].

The doses of fondaparinux may need to be reduced in patients with renal impair-
ment [58].

The treatment does not require laboratory control. Unlike heparin, there is no 
specific antidote for fondaparinux [58].

Adverse effects: Main adverse effect of fondaparinux is bleeding. Hemorrhagic 
complications imply the discontinuation of treatment and, if necessary, consider 
blood or fresh plasma transfusion and plasma exchange. Thrombocytopenia and 
allergic reactions are infrequent side effects occurring in <1 % [57].

Contraindications/precautions: Fondaparinux is eliminated renally and should be 
used with caution in patients with renal impairment. It is contraindicated in patients 
with creatinine clearance (CC) below 30 mL/min, and in patient with CC between 
30 and 50 mL/min this drug should be used with caution [58].

It is also contraindicated for treatment and prophylaxis in cases of severe active 
bleeding, severe uncontrolled hypertension, and severe thrombocytopenia [57]. 

Table 4.2 Doses of 
fondaparinux for the 
treatment of venous 
thromboembolism [58]

Patient body weigh Fondaparinux doses

<50 kg Single dose 5 mg/day

>50 and <100 kg Single dose 7.5 mg/day

>100 kg Single dose 10 mg/day

mg milligrams, kg kilograms
Adapted From: “Fondaparinux Sodium.(2015). 
In S. Sweetman (ed.) Martindale: The complete 
drug reference [Internet]. 2015. Available from: 
London Pharmaceutical Press:www.medici-
nescomplete.com.”
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Caution is recommended when treating patients with bodyweight below 50 kg and 
elderly patients due to a higher risk of bleeding [58]. It is category C used in preg-
nancy because they are medicines that cause or may cause harmful effects to the 
human fetus and neonate. However, they do not cause malformations [37].

Fondaparinux should be used cautiously in those with a history of heparin- 
induced thrombocytopenia, and it should not be given to patients who had thrombo-
cytopenia with heparin and who also have a positive in vitro platelet aggregation test 
(i.e., cross-reactivity) in the presence of fondaparinux itself [61].

 Direct Thrombin Inhibitors
Direct thrombin inhibitors include Argatroban, Bivalirudin Danaparoid and 
Lepirudin and Desirudin- both recombinants forms of Hirudin. These medicine 
agents bind directly to thrombin and block its interaction with its substrates. 
Table 4.3 shows some important aspects of these drugs.

 Oral Anticoagulants

 Vitamin K Antagonists
What is it? Principal representatives of this class are warfarin and acenocoumarol. 
These oral anticoagulant drugs act by modulating the synthesis of blood clotting 
factors dependent of vitamin K, which results in the synthesis of blood clotting fac-
tors partially active or inactive by the liver. The blood clotting factors vitamin K 
dependents are factors II, VII, IX, and X [66, 67].

 Warfarin
The anticoagulation effect of warfarin occurs 24 h after the administration of the 
medicine, and the peak of the anticoagulant effect occurs 72–96 h after the 
administration. A single dose of warfarin exhibits an anticoagulation effect which 
lasts 2–5 days [68]. In the first days of use, warfarin acts inhibiting the produc-
tion of natural anticoagulants (such as C protein and S protein) leading to a 
hypercoagulable state favoring the occurrence of thromboembolic events. For 
this reason, heparin should be started simultaneously with warfarin and main-
tained until the INR (International Normalized Ratio) reaches anticoagulant 
therapy charge [69].

Indication: Warfarin is indicated for the prophylaxis and treatment of (1) thrombo-
embolic events (venous thrombosis and pulmonary embolism), (2) thromboembolic 
complications (associated with cardiac valve and atrial fibrillation), (3) recurrent 
myocardial infarction, and their thromboembolic complications [68].

Dose: Warfarin is administered orally. Intravenous route is an alternative for patients 
who cannot receive oral drugs, but it is not commonly used [68].
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Table 4.3 Dose, use, and considerations about the parenteral direct thrombin inhibitors

Drug Dose Considerations

Argatroban Initial dose of 1–2 mg/
kg/min and the dose is 
adjusted to maintain the 
aPTT ratio in the 1.5–2.5 
range

– Licensed for treatment and prevention of 
HIT-associated thrombosis and for 
anticoagulation during percutaneous coronary 
interventions when heparin is contraindicated 
because of a recent history of HIT

– Use with caution in patients with hepatic 
insufficiency because it has hepatic  
metabolism [62]

– It is not renally excreted, so it is particularly 
useful in patients with HIT with severe renal 
impairment

– It has a plasma half-life about 45 min
Dose should be adjusted to maintain aPTT 1.5–3 

times the control
– Can also prolong the INR [63]

Bivalirudin Bolus of 0.75 mg/kg 
followed by an infusion 
of 1.75 mg/kg/h for  
the duration of the 
procedure

– Licensed as an alternative to heparin in patients 
undergoing percutaneous interventions for 
unstable angina or non-ST- elevation or 
ST-elevation myocardial infarction and in 
patients with HIT (with or without thrombosis) 
who require percutaneous coronary  
interventions [64]

– It has a plasma half-life of about 25 min [62]; 
excreted via the kidneys

Danaparoid – Danaparoid is the only agent that has been 
evaluated for HIT in a randomized clinical  
trial, wherein it was reported to be significantly 
better than dextran

– It acts catalyzing the inhibition of factor Xa  
in an AT-dependent fashion

– Danaparoid does not prolong the INR
Hirudin 
recombinant 
form: 
Desirudin

15 mg twice daily 
without monitoring

– Approved in Europe and the United States  
for postoperative thromboprophylaxis  
in patients undergoing elective hip arthroplasty

– Cleared via the kidneys (dose must be  
reduced when the CrCl is 60 mL/min and it is 
contraindicated in patients with renal failure)

– It has a plasma half-life of 60 min

(continued)

Warfarin dosage and administration should be individualized by monitoring 
patients through prothrombin time/International Normalized Ratio (PT/INR) [70–
74]. Elderly patients have increased sensitivity to the anticoagulant effects of warfa-
rin, so lower doses of warfarin are usually required to produce a safe therapeutic level 
of anticoagulation. No dosage adjustment is necessary for patients with renal failure. 
Most patients are satisfactorily maintained at doses of 2–10 mg daily.

Therapy duration should be individualized. In general, anticoagulant therapy 
should be continued while the risk factors for thromboembolic events have not been 
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Table 4.3 (continued)

Drug Dose Considerations

Hirudin 
recombinant 
form: 
Lepirudin

0.15 mg/kg/h with  
or without an initial  
bolus of 0.4 mg/kg

– Licensed for the treatment of thrombosis 
complicating HIT

– Cleared via the kidneys (dose must be reduced 
when the CrCl is 60 mL/min and it is 
contraindicated in patients with renal failure)

– Plasma half-life of 60 min
– Some patients developing antibodies against  

the drug that, in rare cases, can cause serious 
bleeding [65]

– Can be monitored through aPTT (dose should  
be adjusted to maintain aPTT 1.5–2.5 times the 
control)

Source: [54, 62–65]
IV intravenous, SC subcutaneously, aPTT activated partial thromboplastin time, HIT heparin- 
induced thrombocytopenia, INR international normalized ratio, CrCl creatinine clearance, mg mil-
ligrams, kg kilograms, h hour, min minute, mL milliliters
Adapted From: “Garcia DA, Baglin TP, Weitz JI, Samama MM, American College of Chest 
P. Parenteral anticoagulants: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 
2012;141(2 Suppl):e24S-43S.” and “Weitz JI, Buller HR. Direct Thrombin Inhibitors in Acute 
Coronary Syndromes Present and Future. Circulation. 2002;105(8):1004–11.” and “Sheth S, 
DiCicco R, Hursting M, Montague T, Jorkasky D. Interpreting the International Normalized Ratio 
(INR) in individuals receiving argatroban and warfarin. Thromb Haemost. 2001;85(3):435–40.” 
and “White HD. Pharmacological and clinical profile of bivalirudin in the treatment of patients 
with acute coronary syndrome. Expert opinion on drug metabolism & toxicology. 2009;5(5):529–
38.” and “Eichler P, Friesen H-J, Lubenow N, Jaeger B, Greinacher A. Antihirudin antibodies in 
patients with heparin-induced thrombocytopenia treated with lepirudin: incidence, effects on 
aPTT, and clinical relevance. Blood. 2000;96(7):2373–8.”

Table 4.4 Duration of the treatment of venous thromboembolism with warfarin

Clinical condition of patient
Duration of the 
therapy

First episode DVT or PE secondary to a transient  
(reversible) risk factor

3 months

Patients with a first episode of idiopathic DVT or PE 6–12 months
Patients presenting with two or more episodes of documented  
DVT or PE

Indefinite treatment

Source [68]
DVT deep venous thromboembolism, PE pulmonary embolism

resolved [70, 72, 73, 75, 76]. Recommendation of warfarin for the treatment of the 
venous thromboembolism and pulmonary embolism are explained below (Table 4.4):

In cases of excessive anticoagulation, warfarin administration should be discontin-
ued and if necessary, oral or parenteral vitamin K should be administrated. In a case of 
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small bleeding that progress, it is recommended the use of 5–25 mg of parenteral vita-
min K [70, 71]. The necessity of complementary treatments should be considered.

The warfarin has erratic bioavailability and anticoagulant action and therefore 
should be monitored carefully. It is important to adjust the dose of warfarin to main-
tain a target International Normalized Ratio of 2.5 (International Normalized Ratio 
range, 2.0–3.0) during all treatment period [70, 72, 75, 76].

After the initial dose of warfarin, the Prothrombin Time/International Normalized 
Ratio (PT/INR) should be determined daily until its results stabilize in the target 
therapeutic range. Subsequent dosages interval is upon the physician’s judgment of 
the patient’s reliability and response to the medication.

Adverse effects: The use of warfarin has been associated with many adverse effects. 
Hemorrhage in tissues and organs is the most important one. There is a higher bleed-
ing risk in the starting period and with higher doses. The risk factors for bleeding 
include high intensity of anticoagulation (International Normalized Ratio ≥ 4.0), 
elderly patient (age ≥ 65), highly variable values of International Normalized Ratios, 
the presence of comorbidity, trauma, and long duration of warfarin therapy [68].

Other adverse reactions include: Necrosis of skin and other tissues, hypersen-
sitivity/allergic reactions, systemic cholesterol microembolization, purple toes 
syndrome, hepatitis, cholestatic hepatic injury, jaundice, elevated liver enzymes, 
hypotension, vasculitis, edema, anemia, pallor, fever, rash, dermatitis, angina 
syndrome, chest pain, abdominal pain, flatulence/bloating, fatigue, lethargy, mal-
aise, asthenia, nausea, vomiting, diarrhea, headache, dizziness, loss of conscious-
ness, syncope, coma, taste perversion, pruritus, alopecia, cold intolerance, and 
paresthesia [68].

Contraindications/precautions: Warfarin is contraindicated in (1) pregnancy; 
(2) hemorrhagic tendencies or blood dyscrasias; (3) recent or contemplated com-
plex surgery; (4) active ulceration or bleeding injury in gastrointestinal, genito-
urinary, or respiratory tracts; (5) cerebrovascular hemorrhage; (6) dissecting 
aorta; (7) pericarditis and pericardial effusions; (8) bacterial endocarditis; (9) 
threatened abortion; (10) eclampsia and preeclampsia; (11) inadequate laboratory 
facilities; (12) unsupervised patients with senility, alcoholism, or psychosis or 
other lack of patient cooperation; (13) spinal puncture and other diagnostic or 
therapeutic procedures with potential for uncontrollable bleeding; (14) malignant 
hypertension; and (15) known hypersensitivity to warfarin or to any other compo-
nents of this product [68].

The anticoagulation effect of warfarin can be affected by factors such as other 
drugs like antiarrhythmics, antibiotics, anticonvulsants, antidepressants, antineo-
plastics, diuretics, hypnotics, hypolipidemics, vitamins, steroids, antithyroid drugs, 
nonsteroidal anti-inflammatory drugs; cancer; diarrhea, infections; comorbidities 
like congestive heart failure, hepatic disorders, hyperthyroidism, poor nutritional 
state; and unusual dietary intake of vitamin K [68].
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 Acenocoumarol
Acenocoumarol has a similar mechanism of action and anticoagulation effect of 
warfarin. Indications, adverse effects, and contraindications are also similar. 
Acenocoumarol is given in a single dose at the same time daily. The initial dose is 
2–4 mg daily for 2 days and maintenance dose is usually 1–8 mg daily. Doses 
should be adjusted according to the anticoagulation response [77].

 New Oral Anticoagulants
The new anticoagulants consist of the direct thrombin inhibitor dabigatran, and the 
direct factor Xa inhibitors rivaroxaban, edoxaban, and apixaban. These new oral 
anticoagulants have been developed as an alternative to warfarin, and knowledge 
has been accumulated to support a better understanding of the efficacy and safety of 
these agents. These drugs have a rapid onset of action and a prolonged half-life. Due 
to their bioavailability, they can be taken at fixed doses without the need for frequent 
monitoring, and they suffer little dietary and drug interaction [78].

 Dabigatran
What is it? Dabigatran is an oral anticoagulant exhibiting its effect directly and 
reversibly inhibiting thrombin. The inhibition of thrombin avoids the conversion of 
fibrinogen to fibrin, and thus prevents the thrombus formation. It also acts inhibiting 
thrombin-induced platelet aggregation [79].

Indications: Dabigatran has been used (1) to prevent venous thromboembolism in 
patients undergoing elective orthopedic surgery, (2) in patients with non-valvular 
atrial fibrillation with a high risk of stroke or systemic embolism, and (3) to treat 
deep vein thrombosis and pulmonary embolism. Treatment of deep vein thrombosis 
and pulmonary embolism with dabigatran is recommended to be introduced after 
5–10 days of the parenteral anticoagulation [79, 80].

Dose: Dabigatran dose is 150 and 220 mg once daily to prevent postoperative venous 
thromboembolism, 150 mg bid for the treatment of venous thromboembolism, and 
110 and 150 mg bid in patients with atrial fibrillation. Studies about clinically impor-
tant effects of age, gender, or renal function on efficacy or safety of dabigatran have 
provided little evidence [81]; however, the dose adjustment in elderly patients 
(>75 years) and patients with renal impairment is recommended [79, 80].

Adverse effects: Gastritis, dyspepsia, nausea, diarrhea, and gastrointestinal bleed-
ing are the most frequently adverse effects of dabigatran. Jaundice, fatigue, and 
anorexia, with raised liver enzyme values, can occur, mainly in elderly [80] Bleeding 
and signs of bleeding like anemia are adverse effects commonly induced by direct 
thrombin inhibitors [79, 80]. There is no antidote to dabigatran [80].

Contraindications/precautions: Dabigatran increases the risk of gastrointestinal 
hemorrhage when compared with warfarin. Dabigatran is therefore contraindicated 
in gastrointestinal bleeding within previous 12 months. The use of this medicine is 
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also contraindicated in patients with a prosthetic heart valve, renal impairment with 
creatinine clearance <30 mL/min, hepatic disease, severe active bleeding, severe 
uncontrolled hypertension, severe thrombocytopenia, pregnancy (category C), 
breastfeeding, spinal injection, or puncture. It is recommended to stop the use of 
dabigatran 1–3 days (if creatinine clearance >50 mL/min) or 3–5 days (if creatine 
clearance 30–50 mL/min) before elective surgery or procedures.

Some drugs interact in dabigatran action and their concomitant use should be 
avoided: verapamil, ketoconazole, cyclosporine, tacrolimus, and itraconazole [79].

 Rivaroxaban
What is it? Rivaroxaban prevents the conversion of prothrombin to thrombin by 
selectively inhibiting factor Xa. The absence of thrombin precludes the conversion 
of fibrinogen to fibrin, thus preventing thrombus formation [82].

Indications: Rivaroxaban has been used to prevent venous thromboembolism in 
patients with non-valvular atrial fibrillation with elevated risk of systemic embolism 
or stroke (same indications of dabigatran) [82].

Dose: Rivaroxaban is approved for the prevention of venous thromboembolism in 
patients undergoing total and total knee replacement surgeries in the dose of 10 mg 
once daily. Drug administration should be started between 6 and 10 h after surgery, 
and the duration of treatment should vary from 2 weeks (total knee replacement 
surgery) to 5 weeks (total hip replacement surgery). Rivaroxaban is currently not 
approved for use in patients with severe renal failure, a hepatic disease associated 
with coagulopathy, those who are receiving concomitantly systemic treatment with 
azole-antimycotics or human immunodeficiency virus (HIV) protease inhibitors, 
children or adolescents, and pregnant women [83]. It does not require routine labo-
ratory monitoring [82, 84].

Hemorrhagic complications related to overdose should be treated with standard 
measures. In cases of severe hemorrhage, the use of factor VIIa may be considered 
although the clinical experience is lacking. There is a specific antidote to factor Xa 
inhibitors, the Andexanet alfa; it is under investigation [84].

Adverse effects: The most frequent adverse effects are bleeding, peripheral edema, 
itch, skin blisters, and muscle spasm. Nausea and increase in liver enzyme values 
may also occur [84]. Bleeding and signs of bleeding like anemia are common 
adverse effects [82].

Contraindications/precautions: Rivaroxaban is contraindicated in patient with 
severe renal impairment with creatine clearance <15 mL/min, hepatic disease [84], 
and pregnancy (Category C—that are medicines that cause or may cause harmful 
effects to the human fetus and neonate). However, they do not cause malformations 
[37]), breastfeeding, severe active bleeding, severe uncontrolled hypertension, 
severe thrombocytopenia, and spinal injection or puncture (the same contraindica-
tions of dabigatran) [82]. Renal function should be monitored during the use of 
rivaroxaban, especially in elderly patients [82].

4 Hemostasis and Anticoagulation Therapy



64

Rivaroxaban should not be administered concomitantly with azoles such as 
ketoconazole, itraconazole, posaconazole, and voriconazole and human immuno-
deficiency virus-protease inhibitors [82, 84].

 Apixaban
Apixaban is a medicine from the same class of rivaroxaban. The initial dose for the 
treatment of acute deep vein thrombosis or pulmonary embolism is 10 mg twice 
daily for 7 days, preceded by 5 mg twice for at least 6 months. After the treatment 
period is recommended, the use of 2.5 mg twice daily to prevent recurrence of 
thromboembolic events [85]. The main important side effects are bleeding and nau-
sea. It is not recommended in patients with weight < 60 kg, age > 80 years, and 
severe renal injury. Indication, adverse effects, precautions, and contraindications 
are similar to rivaroxaban and are detailed above [85, 86].

 Edoxaban
It is an oral anticoagulant indicated for the treatment of deep vein thrombosis, pul-
monary embolism, and to reduce the risk of patients with non-valvular atrial fibril-
lation developing systemic embolism events and stroke [87].

The recommended dose of the treatment of deep vein thrombosis is 60 mg, once 
daily, following 5–10 days of initial therapy with a parenteral anticoagulant. Common 
adverse effects are bleeding, rash, abnormal liver function tests, and anemia. Renal 
clearance accounts for approximately 50% of the total clearance of edoxaban. It is 
necessary to reduce the dose in pacients with CrCL 15-50 mL/min, and it is not recom-
mended its use in patients with CrCL < 15 mL/min. Category C in pregnancy are medi-
cines that cause or may cause harmful effects to the human fetus and neonate. However, 
they do not cause malformations [37, 87].
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Abstract
Peripheral arterial disease (PAD) is a common manifestation of systemic athero-
sclerosis that leads to reduction of limb’s blood supply, leading to acute or criti-
cal ischemia. In the United States, this condition affects 4.3 % of the general 
population. In about 90 % of the chronic cases, it is caused by atherosclerosis, 
and it is an important marker of cardiovascular risk and death. The remaining 
cases are caused by a varied group of pathologies, such as arteritis and neuropa-
thies. Peripheral arterial disease’s risk factors are advanced age, hypertension, 
diabetes mellitus, smoking, and hyperlipidemia. Its most common symptom is 
intermittent claudication, but the patient may also be asymptomatic (the largest 
group of patients), experiencing pain at rest or ulceration. The gold standard test 
to determine the presence of peripheral vascular disease is calculation of the 
ankle-brachial index. Treatment is divided into lifestyle, medical, and surgical 
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revascularization therapies, and it is aimed at pain relief, healing of ulcerations, 
prevention of limb loss, independent walking maintenance, risk factors control, 
and survival increasing.

Abbreviations

BASIL Bypass versus angioplasty in severe ischemia of the leg
m Meters
LDL Low-density lipoprotein
mg/dL Milligrams per deciliter
mmHg Millimeters of mercury
PTFE Polytetrafluoroethylene

 Introduction

Peripheral arterial disease is the presence of obstruction or narrowing in the arteries 
that supply the members in one or more of the segments, leading to ischemia. It mainly 
affects the lower limbs, in one or more territories of the aortoiliac, femoropopliteal, 
and infrapopliteal arteries. The etiology, in about 90 % of the cases, is atherosclerosis, 
and it is an important clinical marker of cardiovascular risk and death [1].

 Epidemiology

In the United States, the peripheral arterial disease affects 4.3 % of the general pop-
ulation. The prevalence and incidence increase with age: about 20 % of the popula-
tion aged over 60 have some degree of the condition. It is more frequent in 
non-Hispanic black population (7.8 %) than in the white population (4.4 %). It is 
slightly more prevalent in males [2].

The main risk factors of atherosclerosis are those of diabetes mellitus, smoking, 
high blood pressure, hypercholesterolemia, and age, and its risk is related to the 
severity and duration of diabetes. Nonetheless, the link between diabetes and criti-
cal ischemia is also well documented [3–5]: the prevalence is 20–30 % higher in 
diabetic patients than in the general population [6]. The severity of peripheral arte-
rial disease is proportional to the degree of tobacco exposure, measured on pack- 
years [7]. Hypertension increases the risk of developing symptoms and is present in 
55 % of patients with peripheral arterial disease [8].

The treatment of dyslipidemia reduces the progression of the disorder and the 
claudication [9]. Each additional risk factor increases, independently, the risk of 
developing symptomatic disease [10]. Chronic renal failure appears to be an inde-
pendent factor, but it can also be causal [11].

Peripheral arterial disease is promptly diagnosed by ankle-brachial index mea-
surements, obtained with a handheld continuous wave Doppler. Index lesser than 
0.9 or greater than 1.4 confirms the condition. Besides, it is an independent risk 

M.C. de Souza Pereira da Silva et al.



71

factor for cardiovascular events and to all causes of death. Thus, patients older than 
65 years, older than 50 who are smokers and/or diabetic or with peripheral arterial 
diseases symptoms should have their ankle-brachial index checked [12].

 Natural History and Clinical Presentation

Peripheral arterial disease patients may be asymptomatic or present with intermit-
tent claudication or critical limb ischemia. Critical ischemia includes pain at rest 
and/or those with ischemic ulcers [Table 5.1] [13].

 Asymptomatic

They constitute the largest group. The diagnosis is made by the ankle-brachial index. 
Despite the absence of symptoms, individuals with peripheral arterial disease (ankle-
brachial index <0.9) have higher morbidity rates than patients with normal index. 
The risks are inversely proportional to the daily physical activity. This group of 
patients should be conducted medically in the same manner as the symptomatic [14].

 Intermittent Claudication

Intermittent claudication patients have fatigue or muscle pain while walking. It is most 
common in the calf but may be present in the buttock or thigh, according to the site of 
arterial obstruction. Symptoms cease with rest and restart with the next effort [15].

The pain results from ischemic neuropathy and local intramuscular acidosis [16]. 
The pain intensity depends on physical activity degree. Therefore, some patients 
may be asymptomatic due to poor clinical conditions and/or low functional capac-
ity. Elderly patients usually walk indoors, not completing the necessary distance to 
elicit symptoms. At the same time, a workman that needs to walk more than 1000 m 
to perform their labor activities will complain of limiting symptoms [15].

The intermittent claudication causes functional disability. It is marked by slow 
progression, rarely leading to critical limb ischemia. In 75 % of cases, it stabilizes 

Table 5.1 Peripheral arterial disease—Rutherford’s clinical classification [13]

Fontaine Grade Rutherford Grade Rutherford stages Clinical presentation

I 0 0 Asymptomatic

IIa 1 Mild claudication

IIb I 2 Moderate claudication

3 Severe claudication

III II 4 Pain at rest

IV III 5 Minor tissue loss

6 Major tissue loss

Reprinted with permission from: “Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, 
Fowkes FG, et al. Inter-Society Consensus for the Management of Peripheral Arterial Disease 
(TASC II). J Vasc Surg. 2007;45 Suppl S:S5–67.”
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or alleviates symptoms. Only 25 % deteriorate, most commonly in the first year 
(6–9 % in the first year and 2–3 % per year) [17].

A low ankle-brachial index (<0.5) is a predictor of clinical worsening. The best 
single predictor, however, is a reduced ankle absolute pressure, between 40 and 
60 mmHg. Amputation is rare, with rates as low as 2 % in 5 years [18]. Mortality, on 
the other hand, is high, reaching 42 % at 5 years and 65 % at 10 years [19].

 Critical Limb Ischemia

Critical limb ischemia is the most severe presentation of peripheral arterial disease. 
It affects 1 % of all symptomatic cases. It is divided into two groups: rest pain and 
ischemic trophic lesion [20].

Rest pain is described as burning sensation or uncomfortable cold or numbness, 
sufficiently intense to interfere with sleep. The discomfort is aggravated by leg ele-
vation, relieving in standing position or dangling the leg over the edge of the bed 
[21, 22]. Pain always affects the limb most distal segment, the forefoot or at the 
amputation stump. Rest pain does not affect the calf or thigh, except for patients 
with acute limb ischemia [23].

The degree of sleep interference informs about its intensity. The patient is woken 
up by the pain, returning to sleep soon after. With the progression of the ischemia, they 
only can sleep dangling the leg over the edge of the bed leading to leg edema [21, 22].

Ulcers and gangrenes occur when blood flow to the limb is insufficient to main-
tain cell viability at rest. They predominate in the toes but also can be present in the 
ankle and heel. The pain can be increased by ischemic neuropathy, skin loss, expo-
sure of subcutaneous sensory nerves, osteomyelitis, and ascending infection. 
Diabetes is an important risk factor for gangrene, present in 40 % versus 9 % in 
nondiabetic patients with critical limb ischemia [24].

Patients with critical limb ischemia have a poor prognosis. About 25 % will 
undergo amputation immediately; 25 % will have medical treatment and 50 % will 
be revascularized. After 1 year, only 25 % will have the critical limb ischemia 
resolved; 20 % will remain with symptoms, 25 % will be dead, and 30 % will be 
amputees. Critical limb ischemia can be the first peripheral arterial disease presenta-
tion in most patients, which hinders therapies for prevention [13].

Due to atherosclerosis’s systemic involvement, a severe peripheral arterial dis-
ease is often associated with advanced coronary artery and cerebrovascular dis-
eases. Thus, all patients with this disease require strict control of the modifiable risk 
factors, to slow atherosclerosis progression, besides improvement of the benefits, 
duration, and safety of vascular intervention [25].

 Diagnosis

It is based on medical history and physical examination. Peripheral arterial disease 
must be confirmed by noninvasive tests since its prevalence is underestimated when 
based solely on symptoms, and overestimated if based exclusively on pulses 
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palpation. The diagnosis is confirmed by hemodynamic measurements with a hand-
held Doppler (ankle-brachial index <0.9) [26].

On physical examination, one should search for the absence of pulses, changes 
on foot color and temperature, muscular atrophy (by disuse), reduction of the 
amount of hair, slow toe’s nail growth, and nail hypertrophy [26].

Imaging exams such as duplex scan, computed angiography, magnet resonance 
angiography, and digital subtraction angiography are not required for diagnosis. 
They are necessary for anatomical details and revascularization planning and may 
be useful on atypical presentation or doubtful situations [13]. The differential diag-
nosis is made with peripheral neuropathy conditions (burning or tingling sensations 
especially in hands and feet); nerve root compression (pain, weakness, and loss of 
sensation in the posterior aspect of the lower limb); night cramps (muscle pain 
located in the calf and foot); Buerger’s disease (ischemia of the distal part of 
extremities in young smokers); gout (severe pain in the joints of the feet, ankles, 
hands, and wrists); plantar fasciitis (pain, stiffness, and burning in the sole of the 
foot); neuroma (numbness and pain in the forefoot); and rheumatoid arthritis (pain 
and swelling in small joints, particularly in hands) [13]. Such groups of disease 
simulating peripheral arterial disease are called pseudoclaudication.

 Treatment

Treatment of peripheral arterial disease is aimed at pain relief, healing of ulcer-
ations, prevention of limb loss, independent walking maintenance, risk factors con-
trol, and survival increasing.

 Risk Factors Control

It is recommended smoking cessation [27, 28]; lipid control (Low-density lipopro-
tein [LDL] <100 mg/dL, or, in case of patients at high risk of ischemic events, 
<70 mg/dL) [29]; rigorous glycemic control and blood pressure control (<140/90 or 
130/80 mmHg for diabetic or chronic renal failure patients) [30].

Drugs aimed at modifying risk factors, such as statins and antiplatelet agents, are 
used in all stages of peripheral arterial disease, aiming at slowing atherosclerosis 
progression [9].

 Treatment of Intermittent Claudication

Intermittent claudication therapy targets pain relief and better daily physical perfor-
mance. The patient has to be advised to walk to the limit of pain’s tolerance, fol-
lowed by a short rest period. Then, must return to walking, redoing all this cycle for 
at least 30 min, three times a week [31].
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Some patients are able to accomplish this training by themselves. Most, however, 
require support, being referred to a supervised exercise program. This consists of 
performing physical activities monitored and guided by a physiotherapist, to 
increase patient’s adherence and intervention’s effectiveness [32].

Cilostazol is a phosphodiesterase III inhibitor drug with vasodilatory, metabolic, 
and antiplatelet activity. It is the only drug with proven efficacy for intermittent 
claudication symptoms’ relief [33–36]. That said, it should be prescribed for all 
these individuals, for about 3–6 months [13, 33].

The lack of response to exercise and/or drug therapy leads to limb’s revascular-
ization evaluation. However, patients who present with proximal lesions, i.e., aor-
toiliac obstruction manifested by buttocks’ claudication and femoral pulse reduction, 
revascularization can be considered earlier [13].

 Treatment of Critical Limb Ischemia

Critical limb ischemia implies the imminent risk of limb loss. This risk is only 
reduced by limb’s blood supply reestablishment. Thus, patients with this condition 
should be promptly referred to a vascular surgery team for a proper approach [13].

Bypass surgery consists on the diversion of blood flow from an area of normal 
blood flow to an area with low flow, distal to the arterial obstructed segment, with 
the aid of tubular grafts. These can be autologous, such as the great saphenous vein, 
or synthetic, such as polytetrafluoroethylene, commonly shortened as PTFE, or 
polyester grafts [37].

The endovascular surgery is a minimally invasive image-guided approach, used 
for restoring the patency of the arteries. First, an arterial puncture is made, usually 
on the femoral or brachial artery, through which catheters, guidewires, and other 
endovascular devices are introduced. After crossing the vascular obstruction with a 
guidewire, the angioplasty with a balloon catheter is performed. Angioplasty is the 
compression of the atherosclerosis plaque against the artery wall to reopen the ves-
sel lumen. According to the lesion type and location and the angioplasty results, a 
stent, which is a tubular metal cylinder, is delivered. Its function is to maintain the 
plaque compacted and fixed against the artery wall, allowing the free blood 
circulation.

The choice between one method and the other is made according to the extension 
of the lesion, the comorbidities of the patient, operative risk, the patient life span, 
availability of local resources and surgeon preference [13]. The BASIL (Bypass 
versus angioplasty in severe ischemia of the leg) trial compared results of surgery 
and angioplasty in patients presenting with severe limb ischemia due to infraingui-
nal disease and observed that patients with expected survival of less than 2 years, 
whenever possible, should be treated with angioplasty [38]. On the other hand, 
patients with expected survival of more than two years are better treated with sur-
gery, particularly if performed with autologous vein [39]. A recent good systematic 
review showed that primary patency for vein bypass grafts is significantly improved 
compared with PTFE grafts in the above-knee setting [40].
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There are also some recent publications using mostly observational data for the 
treatment of aortoiliac disease reporting that endovascular procedures were associ-
ated with lower cost, shorter hospital stay, and lower complication rates compared 
to surgery [41]. However, a meta-analysis showed superior durability of conven-
tional surgery compared to the endovascular treatment, althoug surgery resulted in 
higher risk of complications and mortality, and longer hospital stay [42].

When the revascularization is not possible, due to anatomical factors or patient 
characteristics such as high surgical risk, extensive and irreversible tissue loss, sep-
tic gangrene, no walking capacity, and bedridden, then primary amputation may be 
the best treatment [43]. Intensive wound care, sometimes, may prevent amputation 
in selected cases [13]. Furthermore, amputation is usually necessary in case of 
revascularization failure, in exchange for pain relief, allowing sleep and keeping the 
patient without wounds. Besides, patients with better functional capacity can be 
rehabilitated, restoring walking capacity, autonomy, and quality of life [44].

Questions
• What can the nonexpert do for the patient?
• In asymptomatic patients and in patients with intermittent claudication, control 

of the modifiable risk factors for atherosclerosis.
• When to refer to the expert?
• Symptomatic patients with critical limb ischemia (rest pain or ulceration) and 

patients with intermittent claudication refractory to risk factor modification and 
exercise therapy.
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6Acute Limb Ischemia

Renata de Moura Vergara, Marina Cristina de 
Souza Pereira da Silva, Ricardo Jayme Procópio, 
and Marina Santos Falci Mourão

Abstract
Acute ischemia is the sudden reduction of limb perfusion due to acute interrup-
tion of blood flow, endangering its viability. It may be secondary to an embolic 
event or arterial thrombosis, each with its own distinct characteristics and prog-
nosis. The symptoms are known as the six P’s: Pain, Pallor, Paresthesia, 
Paralysis, Pulseless, and Poikilothermia. Time of ischemia defines the progno-
sis. Treatment requires an expert since it involves urgent revascularization sur-
gery in many cases. The degree and time of ischemia helps determine the best 
choice of treatment.
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 Introduction

Acute ischemia is the sudden reduction of limb perfusion due to acute interruption 
of blood flow, endangering its viability. It is considered acute when presented within 
2 weeks after the occlusive event [1, 2].

The etiology of the occlusion may be an embolic event or arterial thrombosis, 
each one with its own distinct characteristics and prognosis. The most frequent 
cause currently is arterial thrombosis, usually associated with atherosclerosis. The 
main source of arterial embolism is the heart in cases of presence of intracavitary 
thrombi. Less common causes are arterial dissections, hypercoagulable states, and 
vascular dysfunction causing vasospasms [3–6].

 Arterial Thrombosis

Thrombosis results in the formation of blood clot inside the arterial lumen, leading to 
its obstruction. It is usually caused by endothelial disruption of a pre-existing athero-
sclerotic plaque. The rupture follows sudden plaque’s expansion due to atherosclerotic 
intraplaque hemorrhage. The most common cause therefore correlates with disease 
aterosclertotic disease. Other causes are thrombosis of peripheral aneurysms (particu-
larly popliteal artery aneurysms), thrombosis of a previous revascularization proce-
dure, whether endovascular or open conventional, and hypercoagulable states [3–5].

 Arterial Embolism

Arterial embolism is the obstruction of an artery, determined by the migration of 
emboli—a blood immiscible material—through the arterial tree. The emboli are 
generally a thrombi’s fragment that lodges in natural arterial narrowing. In the lower 
limbs, the most affected sites are the bifurcation of the common femoral and popli-
teal arteries [5, 7–9].

The majority of emboli originate at the heart [7]. Of all intracardiac thrombi, 
55–87 % will reach peripheral arteries [7, 9]. The remaining cardiac emboli may also 
reach the viscera, particularly the superior mesenteric artery causing acute mesen-
teric ischemia, and some reaches the brain causing strokes [7]. Arrhythmias are the 
main cause of heart thrombi’s formation, and atrial fibrillation is the most frequent 
one [7, 10, 11]. Heart failure and valvar heart diseases are predisposing conditions as 
well. Besides, some post-myocardial infarction patients may present with mural 
thrombus [12, 13]. Paradoxical embolism is the clinical situation where emboli 
formed in the venous circulation—as a consequence of deep vein thrombosis—reach 
the arterial circulation through an atrial septal defect, usually persistence of patent 
foramen ovale [14]. Other arterial embolism from cardiac sources are: septic emboli, 
secondary to bacterial endocarditis, and emboli from tumoral vegetations, such as an 
atrial myxoma [7]. Non-cardiac sources of embolus may originate from peripheral 
aneurysms and unstable atherosclerotic plaques, but are less frequent [8].
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 Epidemiology

The profile of patients at risk for arterial thrombosis is the same as those for periph-
eral arterial disease, since atherosclerosis is the main cause, which includes patients 
with diabetes mellitus, smoking, high blood pressure, hypercholesterolemia, and 
advanced age [15]. Nonatherosclerotic causes may be related to hypercoagulable 
states, such as thrombophilia and malignancies [16].

In contrast, the main risk factors for arterial embolism are heart disease—arrhyth-
mias, valvular disease, myocardial infarction, and cardiomyopathy—peripheral 
aneurysms, and patients with malignancies. Therefore, many of such patients do not 
report previous peripheral arterial disease symptoms [5, 7, 17].

 Clinical Presentation

The clinical picture depends on the time of onset of the symptoms. Also, the presence 
or absence of collateral network is of critical importance, once it may assist in limb 
perfusion. It tends to be more severe in patients with arterial embolism and more 
insidious in case of thrombosis, once the latter have some degree of previous 
ischemia.

Pain is always present in the early stages and it is very intense. The limb is cold 
and pale and distal pulses cannot be palpated. With the persistence of the ischemia, 
neurological damage installs. Initially, sensory injury with some degree of paresthe-
sias may be related by the patients, starting at the toes and progressing to the foot 
and ankle afterwards.

In more advanced cases of ischemia, motor impairment is reported. Initially, 
motor weakness (paresthesia) is objectively seen as reduction of the dorsoflexion 
amplitude of the foot. Afterwards, no movement of the ankle joint is reported, char-
acterizing paralysis. Such neurological symptoms are linked to high risk of limb 
loss and death, in case a revascularization procedure cannot be accomplished 
promptly [5, 7, 18].

 Diagnosis

Diagnosis is based on clinical history, physical examination, and ankle-braquial 
index measurements [19].

These data allow the classification of patients according to the degree of isch-
emia (Table 6.1).

CLASS 1—VIABLE LIMB
Pain and pallor, without sensory loss or muscle weakness. Distal pulse is not pal-

pable. Arterial and venous sounds are audible to doppler [1, 13].
CLASS 2—THREATENED LIMB
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2A: Marginally threatened—Pain, pallor, and minimal sensory loss. No muscle 
weakness. Absence of arterial doppler sound, but with audible venous sounds. 
Member may be saved if treated promptly.

2B: Immediately threatened—Pain, pallor, and greater sensory loss. Mild to 
moderate muscle weakness. Tenderness of the calf. Absence of arterial dop-
pler sound, but keeps audible venous sounds. Imminent risk of limb loss that 
can be saved if immediately revascularized [1, 13].

CLASS 3—IRREVERSIBLE
Permanent damage with massive sensory loss and profound muscle weakness or 

paralysis. Absence of arterial and venous sound on doppler. Muscle stiffening 
like rigor mortis. At this point, ischemia is irreversible [1, 13].

Therefore, this classification shows the severity and guides the therapy—whether medi-
cal, revascularization procedures, or limb amputation—and its urgency [7] (Table 6.1).
The acute limb ischemia symptoms are memorized by the six P’s: Pain, Pallor, 

Paresthesia, Paralysis, Pulseless, and Poikilothermia. Laboratory tests are used to 
quantify both local and systemic impairment. Muscle necrosis leads to increase in 
creatine phosphokinase levels. Furthermore, leukocytosis, metabolic acidosis, 
hemoconcentration, and impairment of renal function may be present [21].

Imaging exams such as duplex scan, computerized tomography, magnet reso-
nance angiography, and digital subtraction angiography are not required for diagno-
sis. They are useful in atypical presentation or in doubtful situations and should be 
done for anatomical details and revascularization planning, if the patient can wait 
due to the ischemia severity [15, 22].

Arterial Duplex Scan helps to identify the level of occlusion, checking also the 
patency of other distal arteries, which may be useful in surgical planning. It may 
suggest the age of the thrombus as well by its echogenicity. It also can diagnose 
thrombosed aneurysm as the cause of ischemia. It is a fast and cheap method that 
can be used at bedside and is very accurate before and after intervention [23].

Table 6.1 Classification of acute limb ischemia occlusion [20]

Class Category Prognosis Sensory loss
Muscle 
weakness

Arterial 
Doppler

Venous 
Doppler

I Viable No immediate 
limb threat

None None Audible Audible

IIA Threatened: 
marginal

Salvageable if 
treated promptly

Minimal- 
none

None +/− 
audible

Audible

IIB Threatened: 
immediate

Salvageable if 
treated 
immediately

More than 
just toes

Mild- 
moderate

Rare 
audible

Audible

III Irreversible Limb loss or 
permanent 
damage

Profound Profound None None

Reprinted with permission from: “Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, 
Ahn S, et al. Recommended standards for reports dealing with lower extremity ischemia: revised 
version. J Vasc Surg. 1997;26(3):517–38”
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Arteriography defines the site of obstruction, the quality of the distal arteries, the 
concomitant presence of atherosclerotic disease, and collateral circulation, obtain-
ing relevant data for surgical planning and technique adoption. It may be performed 
intraoperatively [1].

Other imaging methods such as computed tomography angiography and mag-
netic resonance angiography can be useful, but is time-consuming and may delay 
the treatment leading to bad outcome. Therapy delay may be determinant for limb 
loss and death [1].

Echocardiography is useful in identifying potential embolic sources, but it is not 
essential for diagnosis or for the revascularization procedure [3, 4].

 Differential Diagnosis

Other conditions that may mimic acute limb ischemia are: hemodynamic shock, 
phlegmasia cerulea dolens, acute compressive neuropathy, aortic dissection, ergot-
ism, HIV’s arteriopathy, compartmental syndrome, and vasculitis. In these patients, 
imaging exams help to elucidate the diagnosis [1, 15, 24–27].

 Treatment

Initial treatment aims to prevent thrombus’s progression and relies on systemic anti-
coagulation. Best initial choice is continuous intravenous infusion of unfractioned 
heparin, keeping activated partial thromboplastin time between two and three times 
above the baseline time [3]. Direct thrombin inhibitors may be used if heparin is not 
possible, but they are not approved by the US Food and Drug Administration (FDA) 
for this propose. It is indicated in reducing the risk of stroke and systemic embolism 
in patients with nonvalvular atrial fibrillation [28].

All patients with suspected acute limb ischemia should be immediately evaluated 
by a vascular specialist, especially when neurological symptoms are present, par-
ticularly muscle weakness. Waste of time can lead to limb damage, sometimes irre-
versible. The surgeon will define the need and timing of revascularization and which 
way should be the best approach: open or endovascular surgery [29, 30].

 Endovasculartherapy

There are two endovascular techniques for flow restoration on patients with acute 
limb ischemia: catheter-directed thrombolysis and mechanical thrombectomy [31].

Catheter-directed thrombolysis is intra-thrombus infusion of thrombolytic drugs 
through a multi-perforated catheter. The clot dissolution is slow and may take more 
than 24 h. Therefore, it should not be used in advanced ischemia, i.e., with loss of 
motor function, where immediate reperfusion is mandatory. It is indicated for the 
categories I and IIa patients, with better results if accomplished preferably in the 
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first 15 days. It carries increased risk of bleeding due to thrombolytic drugs use. 
Thrombolytic agents include streptokinase, urokinase, pro-urokinase, and recombi-
nant tissue plasminogen activators [32–34].

The mechanical thrombectomy devices are endovascular catheters able to pro-
mote immediate clot lysis [2, 31]. The mechanism of action consists of mechani-
cal thrombi's fragmentation, followed by aspiration and removal, quickly 
reestablishing blood flow. Some devices allow the injection of a thrombolytic 
agent, under pressure, into the thrombi, which is called pharmaco-mechanical 
thrombolysis. This aims to accelerate the dissolution of the thrombus with a 
lower dose of thrombolytic agents, in order to decrease the risk of bleeding. 
Mechanical thrombectomy, contrary to catheter-directed thrombolysis, can be 
used in selected patients with advanced ischemia, i.e., when muscle weakness is 
already established [31, 35, 36].

After thrombus dissolution, completion angiography is mandatory to investigate 
and identify the unstable injury that caused the occlusion. The endovascular 
approach allows correction of these lesions, by angioplasty, with or without stent, at 
the same procedure [37].

In general, endovascular techniques are preferred for arterial thrombosis 
within 15 days of evolution. Furthermore, they work better for infra inguinal 
arteries [37–39].

 Conventional Open Surgery

Open surgery is more appropriate for patients with embolic occlusion and/or for 
those with aortoiliac involvement. In the event of failure of the endovascular ther-
apy, open surgery may still be an option [3, 4]. Conventional surgery can be done by 
two ways: thromboembolectomy and/or arterial bypass.

The first consists of thrombus extraction with a catheter with a balloon at its 
end—embolectomy catheter (Fogarty catheter). Arteriotomy is performed near the 
site of occlusion; the catheter is introduced, under direct vision and, when the cath-
eter reaches the distal arterial segment, the balloon is inflated and pulled back, 
dislodging and bringing out the thrombi. This technique is the first choice for 
patients with embolic acute limb ischemia and for those with previous bypass or 
angioplasty occlusion [40].

The second method, arterial bypass, has been described before and follows the 
same principles for peripheral arterial disease patients. It is performed when throm-
boembolectomy fails, inadequate removal of thrombi, or insufficient flow restora-
tion [18]. It is very useful for peripheral aneurysm occlusion repair [41].

In situations of irreversible damaged limb (acute limb ischemia class III patients), 
the best treatment choice is primary amputation at a proper level. Attempt to revas-
cularize such patients can trigger severe inflammatory and metabolic responses, due 
to reperfusion syndrome, adding high rates of morbidity and mortality [9, 30].
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 Complications

 Syndrome of Reperfusion

The most feared complication of revascularization is reperfusion syndrome, and its 
severity is closely associated with the intensity of ischemia and its duration. Systemic 
and regional metabolic changes are triggered by rhabdomyolysis. It is characterized 
by metabolic acidosis, hyperkalemia, increased creatine phosphokinase serum level, 
increased blood partial pressure of CO2, decreased blood partial pressure of O2, and 
myoglobinuria, leading to myocardial depression, respiratory failure, and acute 
renal failure. If untreated, can lead quickly to death [21, 42, 43].

Muscle compartment syndrome occurs, due to severe swelling of the muscles 
inside the inextensible muscle fascia after revascularization, increasing the pressure 
inside this compartment. If the pressure equals or exceeds the diastolic pressure, 
muscle perfusion is jeopardized and ischemia installs. The treatment of compart-
ment syndrome is through fasciotomy, a long longitudinal surgical opening of mus-
cular fascia for decompression [44–46].

Questions
• What can the non-expert do for the patient?
• Identify the problem and initiate systemic anticoagulation with intravenous hep-

arin for suspected acute ischemia to prevent thrombus’s progression until the 
patient reaches the specialist [3].

• When to refer to the expert?
• Since acute limb ischemia is an emergency medical condition with imminent risk 

of limb loss and death, all patients should be referred for expert evaluation at 
once [29, 30].
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7Cerebrovascular Disease

Carolina Ribeiro dos Santos, Ricardo Jayme Procópio, 
José Oyama de Moura Leite, and Luciana Lavall Resende

Abstract
Stroke is the acute development of a focal neurologic deficit due to ischemia or 
hemorrhage, persisting for a period equal or greater than 24 h. The ministroke is 
a focal ischemia with symptoms lasting less than 24 h and no evidence of isch-
emia (on imaging test). The importance of this clinical condition is the potential 
predictor of new neurological events in sequence. According to the literature, 
about 87 % of strokes are ischemic in etiology, 10 % are due to intracerebral 
hemorrhage, and 3 % result from subarachnoid hemorrhage. Extracranial causes 
of brain ischemia can be due to atherosclerosis with internal carotid artery steno-
sis, embolization of cardiac origin (mainly atrial fibrillation), among others. 
Stroke is among the major causes of mortality and disabilities in the world. Every 
year about 800,000 people in the United States have a new stroke episode. 
Atherosclerotic disease is responsible for about 90 % of cases of cerebrovascular 
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disease. The carotid bulb is the site of frequent involvement by atherosclerotic 
plaques. On physical examination, it must be evaluated the strength and sensibil-
ity of limbs, speech, and vision. Depending on the severity of the ischemia 
patient may present with plegia or member weakness, associated with reduced or 
no sensitivity. Ultrasonography with duplex scan is the first test for the detection 
of extracranial carotid stenosis. The medical treatment should be indicated for all 
patients with extracranial carotid disease. The primary endpoint of carotid sur-
gery is to reduce the risk of cerebral ischemia. The surgery does not improve 
existing sequelae of prior ischemia.

 Concept

Stroke is the acute development of a focal neurologic deficit due to ischemia or 
hemorrhage, persisting for a period equal or greater than 24 h or until death [3].

Ischemic stroke is characterized by a focal infarction with cellular death in the 
brain, spinal cord, or retina; clinically characterized symptoms lasting for a period 
greater than 24 h; and/or ischemia signs on an imaging test. Hemorrhagic stroke is 
characterized by vascular rupture, followed by hemorrhage, which has an inflamma-
tory effect and can lead to intracranial mass effect [3].

The ministroke is a focal ischemia with symptoms lasting less than 24 h and 
no evidence of ischemia (on imaging test). The importance of this clinical condi-
tion is the potential predictor of new neurological events in sequence [1], since 
approximately 30 % of these patients develop ischemic stroke within the first 5 
years [2].

According to the literature, about 87 % of strokes are ischemic in etiology, 10 % are 
due to intracerebral hemorrhage, and 3 % result from subarachnoid hemorrhage [3].

Extracranial causes of brain ischemia can be due to atherosclerosis with internal 
carotid artery stenosis, embolization of cardiac origin (mainly atrial fibrillation), 
carotid aneurysms, carotid artery kinking, spontaneous or posttraumatic dissection 
of carotid artery, fibromuscular dysplasia, Takayasu arteritis and aortic arch athero-
embolism, among others [3]. However, up to 40 % of cases may have no definite 
causes.

Adams JR et al. suggest that only about 8 % of all ischemic diseases are associ-
ated with extracranial carotid artery stenosis and about 3.5 % is secondary to its 
occlusion [4]. However, other authors suggest that the extracranial carotid disease 
may be responsible for at least 20 % of all stroke episodes [3].

The importance of setting the stroke etiology is due to the differing prognoses 
and different recurrence rates. The extracranial carotid stenosis is the ischemic 
stroke etiology which has higher recurrence rates and is removable, while those 
secondary to cardioembolic disease have more limited survival rates and cannot be 
removed [5]. Thus, in some situations, the treatment of extracranial carotid artery 
stenosis has an impact in preventing new stroke episodes.
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 Epidemiology

Stroke is among the major causes of mortality and disabilities in the world [6]. It is the 
third leading cause of death in the United States for decades, but in 2010 the Centers 
for Disease Control and Prevention announced its fall to fourth position [7, 8]. The 
Framingham cohort study also found that the incidence of stroke has been declining 
over the past 50 years [9].

The overall stroke prevalence, relative to the population as a whole in the United 
States, during the years 2005–2008 was approximately 3.0 %. Projections show that 
by 2030, an additional four million people will have had a stroke, a 24.9 % increase 
in prevalence comparing to 2010 [10, 11].

Every year about 800,000 people in the United States have a new stroke episode 
and about 185,000 are recurrent episodes [10]. Although women have a lower age- 
adjusted stroke incidence than men, women have a higher lifetime risk of stroke 
than men because of longer life expectancy [12, 13]. The risk of first-ever stroke in 
blacks is twice that in whites [14].

In stroke survival, patients’ quality of life is worse due to severe motor and psy-
chological sequelae. It is estimated that in the United States this disease is the lead-
ing cause of functional loss.

Approximately half of the survivors remain with hemiparesis and 25–30 % of 
them require assistance to perform daily activities. About 25 % of survivors become 
institutionalized [10].

The treatment costs of stroke were estimated at 71.55 billion dollars in 2012 and it 
is estimated that this spending will triplicate by 2030. Associated with this, the indirect 
costs totaled 33.65 billion dollars in 2012 and will increase to 56 billion in 2030 [15].

 Clinical Presentation

The precise characterization of signs and symptoms is important in determining 
treatment and prognosis. Most patients with extracranial carotid artery stenosis are 
asymptomatic and are incidentally diagnosed through carotid bruit on physical 
examination or a routine neck imaging [3].

The carotid artery is responsible for the supply of the anterior brain circulation. 
The common carotid artery is divided into internal carotid artery and external 
carotid artery at the level of the thyroid cartilage. The external carotid artery sup-
plies part of the face and scalp and internal carotid artery supplies the anterior por-
tion of the brain. This is divided into anterior cerebral artery and middle cerebral 
artery. Once the middle cerebral artery has a larger diameter, it has a higher proba-
bility of an embolism. The middle cerebral artery supplies the parietal lobe and the 
central gyrus of the brain. Due to the pyramids decussation, the right cerebral hemi-
sphere irrigated by the right carotid artery is responsible for the innervation of the 
left side of the body (motor and sensory) and vice versa [3].
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Thus, the most common symptoms in the middle cerebral artery ischemia due to 
stenosis of the internal carotid artery are:

• Paresis or plegia in contralateral members to the affected hemisphere (hemiparesis 
or contralateral hemiplegia).

• Hypoesthesia or anesthesia in contralateral members to the affected hemisphere 
(hemiparestesis or contralateral hemianesthesia).

• Fleeting amaurosis characterized by sudden and transient loss (about 5 min) of 
all visual field of the ipsilateral eye in relation to the internal carotid artery. This 
symptom is usually predictor of carotid disease [16] and is often associated with 
the presence of unstable atherosclerotic plaques.

• Dysarthria/aphasia: because the speech center is located most commonly in the 
parietal lobe of the left hemisphere, ischemia on this region commit speech in 
varying degrees, from mild to total loss, and is generally associated with right 
hemiparesis, hemiparestesis, hemiplegia, or hemianesthesia.

Other symptoms alone are not characteristic of carotid disease such as seizures, 
vertigo, dizziness, tinnitus, migraine, headache, scotoma, paresthesia or bilateral 
paresis, fecal or urinary incontinence. Therefore, in these cases, patients may be 
regarded as asymptomatic [3].

 Natural History

Atherosclerotic disease is responsible for about 90 % of cases of cerebrovascular dis-
ease. The carotid bulb is the site of frequent involvement by atherosclerotic plaques.

This atherosclerotic plaque can lead to stroke or ministroke by two mechanisms: 
embolization or hypoperfusion. The embolization is the most frequent. The hypo-
perfusion usually occurs in cases of severe and diffuse obstruction in the territory of 
both carotid and vertebral arteries [3].

The major predictor for the risk of a future stroke is recent neurological symp-
toms (as described above). The NASCET [17] and ECST [18] studies showed that 
the risk of stroke is higher in the first month after an initial neurological event and 
approach the risk of an asymptomatic patient 6 months after the event. The risk of 
new neurological events within 6 months in these patients reaches 25 %, that is, one 
in four symptomatic patients will have a new ischemia episode and this time the 
possibilities of death and sequel is twice bigger [3].

Moreover, patients with asymptomatic carotid stenosis have lower risk of devel-
oping a neurological event when compared to symptomatic patients. The probabil-
ity of neurological events in these patients is 1–2 % per year, and is approximately 
10 % at 5 years according to ACAS study [19].

The severity of stenosis in carotid artery is also associated with risk of ischemic 
stroke in symptomatic patients. After the presence of symptoms, stenosis severity is 
the most important predictor of recurrent ischemia [3].

In symptomatic patients with significant carotid stenosis (70–99 % obstruction), 
the relationship between stenosis and risk of stroke is well established. In cases of 
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symptomatic patients with carotid stenosis between 50 and 69 %, this benefit of 
carotid intervention is not so clear [3].

The presence of contralateral carotid occlusion is associated with increased risk 
of stroke in patients with significant carotid stenosis [3].

Other independent risk factors that can be identified on imaging studies are the 
ulceration on the board and/or unstable aspect of plaque with high lipid content, 
which favors the occurrence of bleeding inside the plaque [3].

 Diagnosis

In patient assessment, the history of symptoms onset, duration and resolution of 
symptoms, if no longer present. It should be further evaluated the comorbidities, 
particularly heart disease [3].

On physical examination, it must be evaluated the strength and sensibility of limbs, 
speech, and vision. Depending on the severity of the ischemia patient may present with 
plegia or member weakness, associated with reduced or no sensitivity. It is important 
to investigate the presence of arrhythmic pulse (as in atrial fibrillation), once it may 
suggest cardioembolic causes. The discrepancy in blood pressure in the upper limbs 
may suggest occlusion or severe stenosis of the innominate artery or the left subclavian 
artery. If reduction or absence of carotid pulses is present, it may indicate proximal 
carotid occlusion or heart valve disease. Neck auscultation may reveal a bruit [3].

The severity of the stroke is proportional to the affected brain volume, since the 
higher brain loss the worse the prognosis is.

Patients with extensive global ischemia are usually brought to the emergency 
unconscious.

Lacunar infarcts can manifest as pure hemiparesis, pure sensory syndrome, sensory 
motor syndrome, ataxia, and dysarthria. But it is silent in 89 % of cases and is usually 
caused by intracranial atherosclerosis, and therefore not a removable cause [3].

The most common symptoms of vertebrobasilar insufficiency are vertigo and 
diplopia, and they rarely occur isolated.

Every patient with symptoms of stroke should be investigated with imaging to 
confirm the mechanism of injury (ischemic, hemorrhagic) [3].

Ultrasonography with duplex scan is the first test for the detection of extracranial 
carotid stenosis. This test is low cost, noninvasive, and has no radiation. The high 
accuracy of the test can help prevent further strokes [20].

Unstable plaque features in the duplex are hypoechoic (with high fat content) 
and/or heterogeneous (with irregular surface, signs of ulceration or intra-plaque 
hemorrhage) [3].

The stable plaque has hyperechoic content and more homogeneous appearance, 
more fibrous and/or calcified content. The heterogeneous aspect has been associated 
with increased risk of stroke. However, the lack of standardization of plaque feature 
takes this finding be relegated to the background in making therapeutic decisions.

The evaluation of disease in the vertebral territory is limited. Atherosclerotic dis-
ease of the vertebral arteries affects more often the ostium of these vessels in its origin 
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from the subclavian arteries. This region is difficult to be accessed by ultrasound due 
to lung apex [21]. Also, it is injured by the arterial course through the vertebral bones.

The duplex scan has not been indicated as a screening test for extracranial 
carotid stenosis in asymptomatic patients, as the tendency to conservative approach 
in this situation. However, cardiologists advocate its use to quantify the average 
intima- media thickness in screening atherosclerotic predictors, aimed at secondary 
prevention [22].

Other complementary methods are necessary when the duplex ultrasonography 
results are inconclusive [21].

In patients with focal and acute ischemic neurological symptoms, it is recom-
mended to perform the magnetic resonance angiography or computed tomography 
angiography when the ultrasonography is inconclusive [23].

Computed tomographic angiography is not considered a method of screening. It 
is not mandatory in the preoperative planning of carotid endarterectomy. However, 
it is considered the first choice in preoperative planning for carotid angioplasty and 
stenting. This test is especially useful in cases of excessive calcification, as it evalu-
ates the morphology of the supra-aortic trunks, is rapidly done, is cheaper than 
magnetic resonance providing high resolution, allows performing high-quality 
reconstructions in two and three dimensions, visualizes soft tissues, bones and ves-
sels simultaneously, and shows vascular abnormalities such as occlusion and tortu-
osity. As disadvantages, it may underestimate the stenosis, use ionizing radiation, 
does not show the direction of blood flow, and is at risk for allergy and nephrotoxic-
ity due to the use of iodinated contrast [3].

The digital subtraction angiography was considered the gold standard for preop-
erative evaluation of intra- and extracranial circulation. However, today, angiogra-
phy is indicated especially in cases of severe stenosis or tortuosity in distal internal 
carotid artery, in which computed tomography or magnetic resonance may show 
artifacts [21]. Some of its complications are such as bruising at the puncture site 
(4 %), permanent or transient neurological deficit (2.6 %), and death (0.06 %)[24].

Magnetic resonance is seen as having high sensitivity and specificity, similar to 
duplex, for carotid stenoses between 70 and 99 %. However, as well as duplex, it is 
less sensitive and specific to 50 % to 69 % stenosis. It has the advantage of not expos-
ing the patient to radiation. Its disadvantages are the cost, the difficulty of access, and 
impossibility of realization in people with claustrophobia. Technically magnetic 
resonance features artifacts especially in the presence of calcifications and has the 
possibility to overestimate the degree of stenosis [3]. However, it is considered the 
best noninvasive imaging method for diagnosis of carotid stenosis [20]. Care must be 
taken in the use of this test in patients with chronic kidney disease at risk of systemic 
fibrosis development by the use of magnetic gadolinium enhancer [3].

Positron emission tomography (PET scan) has no role as a preoperative evalua-
tion routine. However, due to its capacity to measure cerebral blood flow and the 
oxygen extraction fraction, PET scan remains the gold standard in evaluation of 
hemodynamic effects of cerebrovascular disease as self regulatory failure and 
reduced cerebrovascular reserve [25].

When there is no suspicion of carotid disease, or it was excluded, echocardiography 
should be performed to search for the source of cardiogenic embolism.
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 Treatment

 Medical Treatment

The medical treatment should be indicated for all patients with extracranial carotid dis-
ease, regardless of the degree of stenosis or presence of symptoms, in order to promote 
secondary prevention of atherosclerosis and reduce the risk of stroke and death [3].

It should be assessed the patient’s clinical condition, its comorbidities, and life expec-
tancy. Several medical conditions have been associated with increased risk of stroke, 
among them hypertension, diabetes mellitus, dyslipidemia, smoking, and alcohol con-
sumption. The clinical control of these conditions leads to reduced risk of stroke and 
death. In addition, treatment with antiplatelet agents and statins reduces the risk of stroke 
as well as cardiovascular mortality and morbidity (Tables 7.1, 7.2, and 7.3) [3].

Table 7.1 Effect of modifying risk factors—drugs [3]

Antiplatelet agents One or two associated drugs Reduces risk of stroke 
and CV mortality

Antihypertensive agents Reduction in systolic BP by 10 mmHg/
diastolic by 5 mmHg or reduction to 
120/80 mmHg in hypertensive

Reduces risk of stroke 
and CV mortality

Statins Reduction of LDL by 50 %  
or to a value <70 mg/dL

Reduces risk of stroke 
and CV mortality. Even 
in normolipidemic 
patients

CV cardiovascular, BP blood pressure, LDL low density cholesterol
Adapted from: “Caron B. Rockman TSM. Cerebrovascular Disease: General Considerations. In: 
Jack L. Cronenwett KWJ, editor. Rutherford’s Vascular Surgery. 1. Eight ed. Philadelphia, PA 
19103-2899: Elsevier Saunders; 2014. p. 1456–72”

Table 7.2 Effect of modifying risk factors—diseases [3]

Diabetes mellitus HgbA1c < 7 Reduces risk of stroke and CV 
mortality

Atrial fibrillation Anticoagulation Reduces risk of stroke

HbA1c glycated hemoglobin, CV cardiovascular
Adapted from: “Caron B. Rockman TSM. Cerebrovascular Disease: General Considerations. In: 
Jack L. Cronenwett KWJ, editor. Rutherford’s Vascular Surgery. 1. Eight ed. Philadelphia, PA 
19103-2899: Elsevier Saunders; 2014. p. 1456–72”

Table 7.3 Effect of modifying risk factors—changing lifestyle habits [3]

Smoking Total abstinence Reduces risk of stroke and CV mortality

Alcohol Avoid excessive 
consumption

There is a reported increased risk of ischemic stroke with 
“irregular” drinking, including heavy and binge drinking. 
However, moderate drinking may be associated with a 
decreased risk of ischemic stroke [3]

CV cardiovascular
Adapted from: “Caron B. Rockman TSM. Cerebrovascular Disease: General Considerations. In: 
Jack L. Cronenwett KWJ, editor. Rutherford’s Vascular Surgery. 1. Eight ed. Philadelphia, PA 
19103-2899: Elsevier Saunders; 2014. p. 1456–72”
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Statins have action in lowering cholesterol levels and anti-inflammatory effect. It 
has been shown to reduce the risk of subsequent neurological events in symptomatic 
patients after carotid surgery [26–28].

The acetylsalicylic acid is the most studied antiplatelet agent. It was demon-
strated its benefit in the secondary prevention of stroke. It is effective in doses of 
50–1500 mg, although higher doses lead to more frequent gastrointestinal effects. It 
is recommended dose of 81–325 mg/day [29].

Clopidogrel is an alternative for antiplatelet therapy and was superior to aspirin 
in preventing cardiovascular events [30]. However, the availability and low cost of 
aspirin made this drug choice for most patients with atherosclerotic disease and 
stroke [31]. The isolated use of aspirin, the isolated use of clopidogrel (75 mg/day), 
or aspirin use associated with extended release dipyridamole (25 and 200 mg/twice 
daily) is recommended in preference the combination of aspirin with clopidogrel 
(level of evidence A) in patients with extracranial carotid disease, occlusive and 
unocclusive who have suffered stroke or ministroke [32].

 Surgical Treatment

To indicate the surgical treatment one should assess the risk of cerebral ischemia, 
compared to the risk of the proposed intervention.

As mentioned above, the most important indicator of future risk of brain isch-
emia is the presence of focal neurological symptoms in the last 6 months, particu-
larly in the first month after the event.

In symptomatic patients with carotid stenosis from 70 to 99 %, the risk of new 
neurological events at 6 months is about 25 %. Moreover, in patients with symptom-
atic carotid stenosis from 50 to 69 %, the benefit from a carotid surgery is not so 
evident. In these cases, other causes of neurological symptoms should be investi-
gated, such as, for example, pistons of cardiac origin [17, 18].

In asymptomatic patients, a linear relationship between the degree of stenosis 
and increased risk of stroke was not found, and in these patients, the risk of a neu-
rological event per year is 1–2 % [33, 34]. Therefore, the benefit of surgical inter-
vention is very low, with an NNT of about 20, and should be performed in vascular 
services with stroke and death rates less than or equal to 3 %.

The primary endpoint of carotid surgery is to reduce the risk of cerebral isch-
emia. The surgery does not improve existing sequelae of prior ischemia.

Therefore, in patients with non-disabling stroke or transient ischemic cerebral 
symptoms with low or moderate surgical risk, you can better indicate endarterec-
tomy in the presence of stenosis of the internal carotid artery ipsilateral greater than 
or equal to 70 % [17, 18].

The endarterectomy was assessed by systematic review as beneficial procedure 
for symptomatic patients with 50–69 % of carotid stenosis and highly beneficial to 
those with 70–99 % stenoses [35, 36]; however, it does not add any benefit to 
asymptomatic patients [37].
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Surgical intervention should preferably be done in the first 2 weeks after the 
neurological event, unless there are contraindications. It has excellent clinical and 
anatomical results in long term, with a survival rate of 82 % and stroke-free survival 
at 5 years of 92 % [38].

The American Heart Association recommends that only vascular services with a com-
bined risk of stroke and mortality lower than 6 % for symptomatic patients and 3 % for 
asymptomatic patients should conduct carotid endarterectomy [39]. It is not indicated 
revascularization in patients with chronic occlusion of the internal carotid artery [40].

Acute myocardial infarction is responsible for most postoperative deaths (25–
50 % of deaths) [41–43].

Angioplasty and stenting can be recommended as an alternative to carotid endar-
terectomy for symptomatic patients with low or moderate risk of complications asso-
ciated with endovascular procedure in the presence of internal carotid artery stenosis 
greater than 70 % and in service with advance rate of stroke and operative mortality 
lower than 6 % [44]. Angioplasty is considered an alternative technique to endarterec-
tomy in patients with decompensated heart disease, changes in cervical anatomy that 
increase the risk of cranial nerve injury, irradiated neck, prior radical neck surgery, 
tracheostomy, and high carotid bifurcation (above the mandibular angle) [40].

This is due to the fact that angioplasty was considered inferior to endarterectomy 
when compared the incidence of stroke or death, even if it is associated with less 
myocardial infarction rate [45].

Age greater than or equal to 68 years is associated with stroke risk increase and 
death in patients undergoing carotid angioplasty [46, 47].

 What Generalist Doctor Can Do for This Patient?
The nonspecialist may be responsible for the conservative treatment of asymptom-
atic and symptomatic patients with carotid disease. Treatment is focused on control 
of modifiable risk factors for atherosclerosis, with emphasis on blood pressure and 
glycemic control, prescription of statins and antiplatelet, and quit smoking.

 When Is the Time to Refer to Specialist?
Should be referred to specialists those patients who have surgical treatment indica-
tion ou dubious situations. Symptomatic patients—stroke (in recovery and not dis-
abling) or ministroke—with internal carotid artery stenosis greater than 70 % should 
be referred for specialist assessment preferably within 2 weeks after onset of symp-
toms. Thus, it is possible for reduction of stroke and death rates [48].
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8Abdominal Aortic Aneurysms

Guilherme de Castro Santos, Raquel Ferreira Nogueira, 
and Carolina Ribeiro dos Santos

Abstract
Aneurysm is a permanent focal dilatation of the blood vessel greater than 50 % 
of its expected normal diameter. Abdominal aortic aneurysm is the most frequent 
extracranial aneurysm, also defined as aortic transverse diameter greater than 
3 cm. There is a risk of rupture or embolization in some aneurysms. In these 
cases, it is necessary to perform a prophylactic surgical repair in order to avoid 
severe complications, including death. If rupture or embolization occurs, surgi-
cal treatment can be made urgently. Abdominal aortic aneurysm is a major public 
health issue and is considered as a “silent killer.” It is the third cause of sudden 
death, the 15th general cause of death in general population and the tenth cause 
of death in men older than 55 years old in the United States. It is more frequent 
than breast, uterus, and prostate cancers. Aneurysms have a strong association 
with smoking. It also shares some others risk factors for atherosclerosis like male 
gender, systemic hypertension, and old age but not diabetes and hypercholester-
olemia. The treatment approach for abdominal aortic aneurysms is based on the 
natural history of the disease, balancing the risk of rupture and the risk of the 
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intervention and the patient’s life expectancy. Special attention should be given 
to patients presenting with signs and symptoms of a ruptured abdominal aortic 
aneurysm. This situation is a medical emergency.

 Concept

Aneurysm is a permanent focal dilatation of the blood vessel greater than 50 % of 
its expected normal diameter. Abdominal aortic aneurysm is the most frequent 
extracranial aneurysm (65–80 % of the aneurysms), also defined as aortic transverse 
diameter greater than 3 cm [1].

Aneurysms can be classified as true or false, the latter named pseudoaneurysm. 
The pseudoaneurysm is a vessel wall disruption with blood extravasation to neigh-
boring tissues that contains the blood flow forming a capsule. On the other hand, the 
true aneurysm is a focal dilation of all layers of the vessel wall.

Aneurysms can be fusiform or saccular. Fusiform aneurysm is a dilation of the 
entire vessel circumference. Saccular aneurysm is an expansion of a part of the ves-
sel wall, like a diverticulum [2, 3].

Ectasia is an intermediate state in which the focal arterial dilation is lesser than 
50 % of the normal expected vessel diameter. Arteriomegaly refers to a diffuse (not 
focal) vessel dilatation greater than 50 % of the normal expected diameter [4].

There is a risk of rupture or embolization in some aneurysms. In these cases, it is 
necessary to perform a prophylactic surgical repair in order to avoid severe compli-
cations, including death. If rupture or embolization occurs, surgical treatment can 
be made urgently.

 Epidemiology

The prevalence of abdominal aortic aneurysms in individuals older than 65 years 
old is three to fourfold higher in men: estimates range between 1.7–4.5 % in men 
vs. 0.5–1.3 % in women. According to the Centers for Disease Control and 
Prevention (CDC), in 2013, 0.07 % of the deaths in women and 0.13 % of the 
deaths in men were attributable to ruptured abdominal aortic aneurysms [5]. 
Abdominal aortic aneurysm is a major public health issue and is considered as a 
“silent killer.” It is the third cause of sudden death, the 15th general cause of death 
in the general population and the tenth cause of death in men older than 55 years 
old in the United States. It is more frequent than breast, uterus, and prostate can-
cers [6, 7]. Famous people like the scientist Albert Einstein in 1950s and the 
actress Lucille Ball in the final of 1980s died in consequence of abdominal aortic 
aneurysm rupture.

Aneurysms have a strong association with smoking. It also shares some other 
risk factors for atherosclerosis like male gender, systemic hypertension, and old age 
but not diabetes and hypercholesterolemia. About 1.7 % of women and 5 % of men 
over 65 years old have infrarenal aortic diameter greater than 3 cm and the 
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incidence of aortic aneurysms increases 6 % for every decade after this age [8]. 
Another important risk factor is family history for abdominal aortic aneurysm, 
increasing by 30 % the risk for the subject to develop an aneurysm [9].

 Clinical Presentation

Abdominal aortic aneurysm rarely causes symptoms since it is considered the 
“silent killer.” Most of the abdominal aortic aneurysms is detected incidentally 
through imaging tests for the diagnosis of other diseases, especially in men seeking 
urologic attention for prostatic issues and is completely asymptomatic [10].

Few patients report pulsatility in the abdomen, like a heart in the belly.
Physical examination is not very accurate to detect abdominal aortic aneurysm. 

However, if suspected and targeted, approximately 50 % of abdominal aortic aneu-
rysms with diameter greater than 4 cm can be found, but its diameter is generally 
underestimated due to the presence of intestinal loops and factors related to the 
abdominal wall. Only 29 % of the abdominal aortic aneurysm with diameter lesser 
than 4 cm can be detected through physical examination [1, 4, 11]. On the other 
hand, it can be falsely suspected in thin patients with aortic pulse prominence. 
Abdominal aortic aneurysm in young patients tends to be larger, symptomatic, and 
is associated to family history [12].

The physical exam accuracy depends on the Body Mass Index (BMI). Higher 
BMI values are associated with false-negative results [13]. Rarely, it may cause 
local duodenal compression symptoms such as early satiety, nausea, and vomit-
ing. It can also cause hydronephrosis by extrinsic ureter compression or deep 
venous thrombosis by extrinsic compression of iliac veins or inferior cava vein. 
A few patients can complain of low back pain or nonspecific abdominal pain. 
Acute limb ischemia can result from distal embolization by aneurysm wall 
thrombus fragmentation. Erosion of the vertebral body by the aneurysm wall can 
lead to back pain or other neurological manifestations. However, when abdomi-
nal aortic aneurysms become symptomatic, the patient typically refers recent 
onset of abdominal or lumbar pain, and it is probably due to acute wall expan-
sion or rupture [1, 10].

The classical clinical triad of a ruptured abdominal aortic aneurysm is acute 
abdominal or lumbar pain, shock and pulsatile abdominal mass, particularly, but not 
exclusively, in a male patient older than 60 years old. Patients may describe the pain 
as radiating to the scrotum, anus, or inguinal region. Some patients report pain in the 
thigh due to irritation of the muscle psoas by the retroperitoneal blood. Sudden 
hematemesis can also occur as a result of erosion of the aneurysm to duodenum. 
Rarely bruising on the flank is seen [1, 10].

The mortality rate for ruptured abdominal aortic aneurysm may be greater than 
90 %. About 75 % of the patients die in place, another 10 % die during hospital 
transportation, and those few who reach the operating room have a mortality rate 
higher than 50 %[14].
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The natural history of the disease is a slow but continuous increasing of the aneu-
rysm diameter overtime and eventually rupture and death. However, not all abdomi-
nal aortic aneurysm patients will die due to aneurysm rupture, which occurs in 
about 50–60 %, the remaining dying from other causes, particularly due to coronary 
artery disease or stroke [1, 12].

Therefore, the most widespread estimation of rupture risk remains aneurysm diam-
eter, which is taken in consideration with aneurysm morphology and aneurysm growth 
rate. Initial aneurysm diameter predicted subsequent surgical repair: 27 % of patients 
with diameter initially 4–4.4 cm underwent repair during follow-up compared with 
53 % of patient with diameter of 4.5–4.9 cm and 81 % of patient with 5–5.4 cm [15]. 
There were a number of independent factors that affected aneurysm growth rate, most 
notably current smoking. The presence of diabetes reduced the growth rate [16].

There are four risk factors for aneurysm rupture [1, 4, 17]. The first and main 
factor is the transverse aortic diameter, which is linearly correlated to the risk of 
rupture for fusiform aneurysms (Table 8.1).

The second factor is the growth rate of the transverse aortic diameter. An increase 
of 1 cm or more in 12 months is a marker for aneurysm rupture, regardless of the 
previous diameter [1, 4, 17].

The third factor is the shape of the aneurysm. Saccular aneurysms have a more 
erratic and unpredictable behavior, with rupture not associated to its diameter. Therefore, 
if clinical conditions are favorable, it is an indication for intervention [1, 4, 17].

The fourth and last risk factor for rupture is the presence of symptoms. As seen 
above, recent onset of abdominal or lumbar pain is probably due to acute wall 
expansion or rupture [1, 4, 17].

Some small aneurysm rupture and some large don’t. These first three “risk fac-
tors,” diameter, growth rate, and morphology, are simply clinical surrogate markers 
for some as of yet unknown process, likely a defect of some sort in extracellular 
matrix or connective tissue. This fact is still poorly understood.

Table 8.1 Risk of rupture for fusiform aneurysms according to the transverse abdominal aorta 
diameter [1, 4, 17]

Abdominal aortic aneurysm 
diameter (cm) Risk of rupture in 12 months (%)

<4.0 0

4–4.9 0.5–5

5–5.9 1–13

6–6.9 10–20

7–7.9 20–40

>8 30–50

Adapted from: “Aggarwal S, Qamar A, Sharma V, Sharma A. Abdominal aortic aneurysm: A 
comprehensive review. Exp Clin Cardiol. 2011;16(1):11–5.” and “Belardi P, Lucertini G, De Caro 
G. Type I aneurysmosis: complementary index for diagnosis. Vascular. 2005;13(1):11–5.” and 
“Zankl AR, Schumacher H, Krumsdorf U, Katus HA, Jahn L, Tiefenbacher CP. Pathology, natural 
history and treatment of abdominal aortic aneurysms. Clin Res Cardiol. 2007;96(3):140–51”
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 Image Exams

 Abdominal Ultrasonography

Once physical exam has low accuracy, an image test should be indicated to confirm 
the presence of the abdominal aortic aneurysm. Abdominal ultrasound is cheaper, 
most commonly used for surveillance, well accepted by patients, does not have radi-
ation, and is relatively accurate over serial measurements. It is also very suitable to 
follow up aortic diameters of initially nonsurgical patients overtime [18].

In emergency department is frequently a test of choice. An association of free 
abdominal fluid and large aortic diameter reveals ruptured aneurysm in many cases.

It is also useful as screening method for patients with risk factors for abdominal 
aortic aneurysm (see below). However, if the patient has a surgical indication for the 
abdominal aortic aneurysm (see below), other imaging tests should be used for a 
precise preoperative planning [18, 19].

 Angiotomography

Angiotomography is more expensive than ultrasound and its use involves radiation 
exposure and intravenous hyperosmolar contrast medium injection that can lead to 
allergic reactions and nefrotoxicity. However, this method offers more accurate 
measurements possibilities. Thus, it is the method of choice in preoperative plan-
ning for abdominal aortic aneurysms repair [19].

 Magnetic Resonance Imaging

This method is distinguished by the absence of ionizing radiation. However, the 
high cost, the difficulty of analyzing calcified plaques, the low resolution when 
compared to angiotomography, the complexity of standardization, and intolerance 
in claustrophobic patients are limiting factors. Magnetic resonance imaging has its 
use established in patients allergic to iodine medium contrast.

Historically, the use of this technique in patients with chronic renal failure and con-
traindication to use of iodine contrast medium has been observed. However, recent stud-
ies have shown an increased risk of fatal nephrogenic sclerosing fibrosis in patients with 
chronic renal failure after intravenous injection of gadolinium. It is a second-line method 
in the preoperative planning for abdominal aortic aneurysms surgical repair [19].

 Screening Program

As previously seen, abdominal aortic aneurysms are mostly asymptomatic. 
However, its first symptom can be rupture. The mortality rate after abdominal 
aortic aneurysm rupture may be greater than 90 %. Once the mortality rate for the 
elective repair is around 5 %, it is advisable to actively screen for patients with 
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asymptomatic abdominal aortic aneurysm in order to avoid death [20, 21]. 
Screening with abdominal ultrasound an asymptomatic and selected group of 
patients was able to reduce the overall mortality and aneurysm-related mortality in 
several studies. The recommendations of the U.S. Preventive Services Task Force 
are summarized below:

• 65–75 years old smoker men—Screening with ultrasonography
• 65–75 years old non-smoker men—Selectively screening rather than routinely 

screening all men in this group
• 65–75 years old smoker women—Current evidence is insufficient to assess the 

balance of benefits and harms of screening
• 65–75 year old non-smoker women—Recommends against routine screening 

[20, 21]

 Treatment

The treatment approach for abdominal aortic aneurysms is based on the natural his-
tory of the disease, balancing the risk of rupture and the risk of the intervention and 
the patient’s life expectancy [1, 4, 17].

As shown above, the risk of rupture is related to aortic diameter in fusiform 
aneurysms, the presence of saccular aneurysm, increase of aneurysm diameter 
>1 cm in 12 months, or the presence of recent symptoms, particularly abdominal or 
lumbar pain [1, 4, 17].

On the other hand, the risk of the intervention is associated with the presence of 
comorbidities such as symptomatic coronary artery disease, heart failure, renal fail-
ure, chronic obstructive pulmonary disease, and old age [1, 4, 17].

The method of interventional treatment also is related to postoperative mortality. 
Open repair for abdominal aortic aneurysm is performed under general anesthesia 
and through a large midline or retroperitoneal incision. After clamping the infrare-
nal aorta and iliac arteries to achieve hemostasis, the surgeon opens the aneurysm 
sac, removing thrombus and debris from within the aorta, suturing a graft into the 
aorta proximally and distally at the iliac or femoral vessels, whichever is deemed 
appropriate. Short-term mortality for elective series ranges from 1 to 5 % [22]. 
Perioperative complications related to the procedure include lower extremity isch-
emia, bowel ischemia, pelvic ischemia, renal dysfunction, and late complications 
include incisional hernia, anastomotic aneurysm, graft infection, and aortoenteric 
fistulae. Late complications were indentified in 9.5 % of patients [23].

Endovascular surgery is performed by inserting graft components folded and 
compressed within a delivery sheath through the lumen of an access vessel, usually 
the common femoral artery. Upon deployment, the endograft expands, attaching to 
the aorta wall and excluding the aneurysm. Endovascular repair is associated with 
lower perioperative morbidity and mortality compared with open surgical repair. 
The short-term mortality is 1.6 %. Endograft-related complications are common and 
occur in 11–30 % of the cases [24]. Technical complications include vascular injury, 
endoleak, breakdown, fracture, or endograft collapse. Endoleak is defined as 
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persistent flow blood into the aneurysm sac after the device placement and indicates 
failure to completely exclude the aneurysm. This complication is the most preva-
lent, occurring with all device types in an incidence of 10–45 % [25] (Table 8.2).

Therefore, intervention should be indicated when the risk of rupture is higher than 
the risk of the intervention and that the patient has a life expectation >1 year [28]. 
Indications for surgical abdominal aortic aneurysms repair are summarized in Table 8.3.

Special attention should be given to patients presenting with signs and symptoms 
of a ruptured abdominal aortic aneurysm. This situation is a medical emergency. 
These patients should receive advanced life support, airway protection, but moder-
ate intravascular volume replacement (hypotensive protection) and should be 
referred and safely transported to the closest vascular unit [1, 4, 17, 28].

 Medical Approach

 Smoking Cessation

About 18–52 % of patients with aneurysms are smokers. Smoking cessation can 
improve lung function and benefit postoperative outcomes and reduce short- and 
long-term cardiovascular events [29].

Table 8.2 Comparative early mortality in EVAR versus open abdominal aortic repair [24, 26, 27]

EVAR (%) Open repair (%)

EVAR trial 1.8 4.3
DREAM trial 1.2 4.6
OVER trial 0.5 3.0

Adapted from: “Prinssen M, Verhoeven EL, Buth J, Cuypers PW, van Sambeek MR, Balm R, et al. 
A randomized trial comparing conventional and endovascular repair of abdominal aortic aneu-
rysms. N Engl J Med. 2004;351(16):1607–18.” and “Greenhalgh RM, Brown LC, Powell JT, 
Thompson SG, Epstein D, Sculpher MJ. Endovascular versus open repair of abdominal aortic 
aneurysm. N Engl J Med. 2010;362(20):1863–71.” and “Lederle FA, Freischlag JA, Kyriakides 
TC, Padberg FT, Jr., Matsumura JS, Kohler TR, et al. Outcomes following endovascular vs open 
repair of abdominal aortic aneurysm: a randomized trial. JAMA. 2009;302(14):1535–42”

Table 8.3 Indications for abdominal aortic aneurysms surgical approach [1, 4, 17, 28]

Transverse diameter greater than 5.0–5.5 cm for fusiform abdominal aortic aneurysm
Greater aortic expansion rate (>1 cm/year) for fusiform abdominal aortic aneurysm
Transverse diameter greater than 4.5 cm for saccular abdominal aortic aneurysms
Characteristic abdominal pain or rupture signs in any diameter
Distal embolization (mural thrombus)

Adapted from: “Aggarwal S, Qamar A, Sharma V, Sharma A. Abdominal aortic aneurysm: A 
comprehensive review. Exp Clin Cardiol. 2011;16(1):11–5.” and “Belardi P, Lucertini G, De Caro 
G. Type I aneurysmosis: complementary index for diagnosis. Vascular. 2005;13(1):11–5.” and 
“Zankl AR, Schumacher H, Krumsdorf U, Katus HA, Jahn L, Tiefenbacher CP. Pathology, natural 
history and treatment of abdominal aortic aneurysms. Clin Res Cardiol. 2007;96(3):140–51” and 
“Moll FL, Powell JT, Fraedrich G, Verzini F, Haulon S, Waltham M, et al. Management of abdomi-
nal aortic aneurysms clinical practice guidelines of the European society for vascular surgery. Eur 
J Vasc Endovasc Surg. 2011;41 Suppl 1:S1–s58”
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 Exercise

There is evidence suggesting that exercise may be beneficial in patients with small 
aneurysms [30].

 Pharmacotherapy

The majority of the recognized aneurysms is small (<4 cm) and does not need surgi-
cal intervention. Pharmacological treatment is aimed at reducing cardiovascular 
associated risk and aortic expansion rate. Although historical series have shown 
reduction in the aortic expansion rate, large meta-analyses studies have not been 
able to confirm these results. Based on smaller studies, beta-blockers and statins are 
most suitable for this purpose [15].

 Doxycycline and Roxithromycin
Doxycycline and roxithromycin antibiotics have demonstrated aortic expansion rate 
reduction in small prospective randomized trials. The mechanism of action may be 
to inhibit metalloproteinases, not as an antibiotic. The low side effects incidence has 
encouraged its use in patients with small aneurysms and large aneurysms with high 
operative risk for surgery [31].

 Beta-Blockers
Recent evidence has discredited previous work on beta-blockers in terms of growth 
and they are quite in favor now. The use is associated with a significant reduction in 
perioperative and long-term mortality. It is recommended long-term use, preferably 
over 30 days before the surgery. The target heart rate should be between 60 and 70 
beats per minute [32].

 Antiplatelet Therapy
Antiplatelet therapy also demonstrated reduced mortality and frequency of cardio-
vascular events of any kind [33].

 Angiotensin-Converting Enzyme Inhibitors and Angiotensin 
Receptor Blockers
Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers should 
be used for blood pressure control and improve cardiac function. These medicines 
are able to reduce cardiovascular mortality and morbidity [34].

 What the Generalist Practioner Can Do for This Patient?

Screening with abdominal ultrasound should be performed in 65–75 years old 
smoker men. Most of the recognized abdominal aortic aneurysms are small and do 
not need surgical intervention. So the patient must be informed about the condition 
and the need for surveillance, avoiding panic due to misinformation.
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Comorbidities and risk factors such as systemic hypertension, smoking, coro-
nary artery disease, heart failure, renal failure, and chronic obstructive pulmonary 
disease should be approached properly.

Use of antiplatelet drugs, statins, and beta-blockers has been shown to reduce 
cardiovascular events. If the patient have systemic hypertension, angiotensin-con-
verting enzyme inhibitors, angiotensin receptor blockers and/or beta-blockers 
should be preferred.

Patients should be advised to practicing supervised physical exercises if there is 
no contraindication.

 When to Refer to Vascular Surgery?

Basically, small aneurysms should be treated conservatively with surveillance at 
regular periods of 6–12 months with ultrasound or other image exam. However, it is 
advisable to refer to a vascular unit just for knowledge.

Electively, the patient should be referred to a vascular unit in cases of transverse 
diameter greater than 5.0–5.5 cm for fusiform abdominal aortic aneurysm, aortic 
expansion rate >1 cm/year for fusiform abdominal aortic aneurysm, or saccular 
abdominal aortic aneurysms regardless of the diameter.

Urgently the patient should be referred to a vascular unit in cases of recent symptoms 
of abdominal or lumbar pain (excluding other possible causes) and distal embolization.
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9Peripheral and Visceral Aneurysm

Guilherme de Castro Santos, Raquel Ferreira Nogueira, 
and Carolina Ribeiro dos Santos

Abstract
Peripheral arterial aneurysms are abnormal dilations of the peripheral arteries 
caused by weakening of the arterial wall, usually caused by atherosclerosis, 
trauma, infection, or poststenotic abnormalities. By definition, the “peripheral 
artery aneurysm” excludes aortic, aorto-iliac, cerebral, and coronary vessels. The 
exact pathogenic mechanism of aneurysm formation is as yet still unknown. 
Conventional risk factors, including environmental and genetic factors, may be 
influenced by mechanical or hemodynamic factors, (including poststenotic flow 
changes) with gradual expansion over time and increasing risk of rupture or 
thrombosis, distal embolization, and local compression symptoms. The most 
common peripheral arterial aneurysm is the popliteal artery aneurysm, and the 
main complication is thrombosis. Visceral arterial aneurysms are abnormal dila-
tions of the visceral arteries caused by weakening of the arterial wall, usually 
caused by atherosclerosis, trauma, infection, or poststenotic abnormalities. The 
most common visceral arterial aneurysm is splenic arterial aneurysm, and the 
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main complication is rupture. Greater caution is needed in patients with visceral 
aneurysms, especially in pregnant women. Expert opinion in a timely manner is 
desirable in these circumstances.

This chapter is dedicated to peripheral and visceral aneurysms. Peripheral arteries 
aneurysms have thrombosis and visceral arterial aneurysm have rupture as main 
complication.

 Femoral Artery Aneurysms

The diameter of the common femoral artery increases with age during growth and 
also in adults; it is related to age, body size, and sex, with diameter larger in males 
than females. The incidence of true aneurysms of the femoral artery is low, and 
femoral artery aneurysms are usually associated with other aortic or peripheral 
aneurysms. Pseudoaneurysms or false aneurysms of the femoral artery are more 
common, perhaps due to the increasing number of percutaneous diagnostic and 
therapeutic vascular interventions being performed. Increasing number of femoral 
pseudoaneurysms is also due to injection by drug abusers, frequently associated 
with infection [1]. True and false aneurysms of the femoral artery may result in 
thrombosis, rupture, and embolization. Femoral artery aneurysm may be confined 
to the common femoral artery in 80 % or may involve the proximal superficial femo-
ral artery in 15 % or profunda femoral artery in 5 % [2, 3]. Femoral arterial aneu-
rysm is 20 fold more common in men than women. It is estimated that up to 60 % of 
patients with femoral aneurysms have associated distal occlusive disease. Femoral 
artery aneurysm main risk factor is smoking, and the main complication is throm-
bosis. Most of the patients are asymptomatic, and they may have acute ischemia in 
the affected limb as initial symptom. They are usually associated with popliteal 
artery aneurysms. Diagnosis is suspected when there is increased femoral pulses 
amplitude, and it can be confirmed with vascular Doppler ultrasound. Surgery is 
indicated when greater than 2 cm or intraluminal thrombus presence [3]. Despite 
rapid improvement in endovascular technology, the common femoral artery still 
presents major challenges for stent graft exclusion. Its short length, the need for 
sealing zones, its close proximity to the inguinal ligament during hip flexion, repeti-
tive stent compression and bending with normal movement, and the need to pre-
serve flow to the superficial femoral artery and profunda femoral artery are important 
considerations. Open surgery with interposition of graft or vein of bypass surgery is 
commonly indicated [3, 4]. There is a limited literature-based evidence to use 
thrombin injection to treat post-puncture pseudoaneurysms. Usual approaches con-
sist of compression (blind or ultrasound-guided) as first-line treatment. When the 
compression technique fails, thrombin can be used [5]. It is feasibly endovascular 
treatment of true superficial artery aneurysm, but the open surgery is commonly 
indicated. Rupture of profunda femoral artery aneurysm is more frequently then 
thrombosis. There is no evidence for endovascular intervention in profunda femoral 
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artery aneurysm and stenting at this time, but this may be safely performed in the 
appropriate anatomical setting. In some cases, revascularization is recommended, 
but only arterial ligation can be performed [3].

 Popliteal Artery Aneurysm

The most commonly occurring aneurysms in the periphery are those involving the 
popliteal artery. They comprise up to 85 % of all such aneurysms, occur almost exclu-
sively in men, and are diagnosed at an average age of 65 years. The popliteal artery is 
said to be aneurysmal when its diameter is greater than 2 cm. These aneurysms are 
frequently bilateral (53 %) and are associated with abdominal aortic aneurysms 
40–50 % of the time. In the past, only 1–2 % of patients with abdominal aortic aneu-
rysms were found to harbor popliteal aneurysms. However, the incidence reported in 
contemporary series based on routine ultrasound scanning is higher (14 %) [6, 7]. 
Between 50 to 75 % of patients found to have popliteal artery aneurysms are symp-
tomatic on presentation. Diagnosis is suspected when there is increased popliteal 
pulses amplitude, and it is confirmed with vascular Doppler ultrasound. It presents 
surgical indication when larger than 2 cm or intraluminal thrombus presence [6]. The 
most common acute symptoms include lower extremity ischemia (claudication or rest 
pain) caused by thrombosis of the aneurysm or distal embolization of intra-aneurys-
mal thrombus. Alternatively, chronic symptoms can develop when aneurysms throm-
bose or embolize in the presence of adequate collateral vessels. Compression of 
adjacent structures such as nerves and veins can cause leg pain and calf swelling, 
respectively. Uncommonly, popliteal artery aneurysms rupture leading to a limb-
threatening circumstance and an amputation rate approaching 50–70 %. If the patient 
is young and active, early bypass graft using vein is recommended. Endovascular 
surgery may offer better results for the patients with severe clinical status [8]. Medium 
term benefits of endovascular and open surgery are similar for the treatment of popli-
teal arterial aneurysm. However, short- term complications like thrombosis are signifi-
cantly greater in the endovascular surgery. The comparison between endovascular 
and open surgery is currently controversial, and the unknown long-term results [9].

 Subclavian Artery Aneurysm

Subclavian aneurysm is related with repetitive trauma in the region especially in 
cases of shoulder girdle vascular compression syndromes (thoracic outlet syn-
drome). There are three forms of thoracic outlet syndrome depending on the pre-
dominating compression of the brachial plexus roots, the subclavian vein or the 
artery, with neurogenic the most frequent clinical expression. Despite the fact that 
arterial thoracic outlet syndrome is the least frequent 1–5 % of all cases, it is most 
severe due to damage to the arterial wall by repetitive local trauma leading to a 
stenosis and/or poststenotic aneurysmatic dilation, eventually causing distal embo-
lization and limb-threatening secondary ischemia. Aneurismatic dilatation is seems 
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in 36 % of arterial thoracic outlet syndrome [10]. Diagnosis can be confirmed with 
Doppler vascular ultrasound. In some cases, it may be necessary to conduct com-
puterized angiotomography or magnetic ressonance image [11]. Subclavian artery 
aneurysm should be treated when encountered; there is no size criterion, but the 
majority are large or symptomatic at diagnosis. It can be well treated with both 
open and endovascular technique in the elective situation, but mortality is high in 
emergency situations. The durability of endovascular techniques is as yet unproven, 
and there are no data to support its preferential use. Open surgery with exposure of 
the proximal subclavian artery aneurysm is associated with increased morbidity 
and mortality, but open surgery remains the only method with proven durability 
and, should, therefore, be the treatment of choice in the majority of patients [3].

 Visceral Artery Aneurysms

 Splenic Artery Aneurysms

Splenic artery aneurysms are the second most common in the abdominal cavity 
excluding aorto-iliac aneurysms and they respond for 60 % of visceral aneurysms. 
The typical age presentation is between 60 to 70 years old. It has a 4:1 female:male 
predominance and is frequently encountered in women with multiple pregnancies. 
Hormonal changes during pregnancy may be associated with structural weakening 
and increased arterial wall stress. A similar underlying pathophysiology is thought 
to be involved in the formation of splenic artery aneurysms in patients with portal 
hypertension. Although splenic artery aneurysm is four times more common in 
women, splenic artery aneurysm is approximately three times more likely to rupture 
in men [3]. Splenic pseudoaneurysms have a slight male predominance, probably 
related to pancreatitis and pancreatic pseudocyst [12]. True aneurysms of the splenic 
artery are usually smaller than 3 cm at diagnosis and calcification, and mural throm-
bus may frequently occur. However, calcification does not appear to protect against 
rupture and recent clinical studies suggest that the risk of rupture is low, perhaps 
close to 2–3 %. Rupture risk is increased with liver transplantation, portal hyperten-
sion, and pregnancy, with a high mortality to both mother and fetus [3]. There is no 
firm consensus on the aneurysm size for intervention in asymptomatic patients, but 
there is general agreement that aneurysms greater than 2.0 cm in good-risk patients 
should be repaired [13]. An endovascular first approach is recommended, especially 
in patients with pseudoaneurysms. Open surgical intervention is still the treatment 
of choice in cases of aneurysm rupture and hemodynamic instability, and those with 
unfavorable anatomy for the endovascular option [3].

 Hepatic Artery Aneurysm

The true incidence of hepatic artery aneurysm is unknown, but, excluding traumatic 
aneurysms, patients most commonly present during their sixth decade of life and 
men are more frequently affected. It is thought to account for 20 % of all visceral 
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arteria aneurysm. Hepatic artery aneurysms are associated with atherosclerosis 
(32 %), acquired medial degeneration (24 %), trauma (22 %), and mycotic causes 
(10 %). Polyarteritis nodosa, cystic medial necrosis, and other arteriopathies have 
also been incriminated in the origin of these lesions. These aneurysms are typically 
fusiform when less than 2 cm and saccular when greater than 2 cm in diameter. 
Treatment is indicated for hepatic [14] arterial aneurysm at around 2.0 cm. 
Symptoms are unusual but, if present, characteristically include right upper quad-
rant and epigastric pain and biliary tract obstruction. The physical finding of pulsa-
tile mass or abdominal bruit is not common. Abdominal pain and jaundice may 
occur. Hemobilia, and hematemesis may be seen, likely due to aneurysm leakage 
into the biliary tree. The frequency of hepatic arterial aneurysm rupture is less than 
20 %, and the mortality rate occurring with rupture approximates 35 % [3, 15]. 
Conventional surgical intervention is still the treatment of choice in cases of aneu-
rysm rupture and hemodynamic instability in patients with inadequate collateral 
circulation and anatomy unsuitable for an endovascular option. In general, the endo-
vascular option is considered, if technically possible in a patient with appropriate 
anatomy and available equipment and expertise, with no contraindication to the 
contrast medium, and with acceptable risk of end organ ischemia [3].

 Superior Mesenteric Artery Aneurysms

Superior mesenteric artery aneurysm account for 5.5 % of all visceral artery aneu-
rysm. It affects men and women in equal proportion. They mostly occur in the 
proximal segment of the vessel, usually within the first 5 cm of the origin. Mycotic 
aneurysms have been reported to account for between one-third and two-thirds of 
all cases although other aetiologies such as inflammation, vasculitis, trauma, arterial 
dissection, fibromuscular dysplasia, and atherosclerosis have been reported. They 
are most often symptomatic, with abdominal pain and discomfort. A pulsatile 
abdominal mass can be mobilized in thin patients. Approximately half of symptom-
atic patients proceed to aneurysm rupture [3, 16]. These aneurysms should be oper-
ated due to high risk of thrombosis or rupture. Surgical options depend on the mode 
of presentation, elective or emergency, and include aneurysmectomy, aneurysmor-
rhaphy, and simple ligation, with or without arterial reconstruction. Need for recon-
struction is dependent on the adequacy of the collateral circulation. There is limited 
published endovascular experience and few large case series, but procedures utiliz-
ing coil embolization, stent graft placement, flow diverting stents, and embolizing 
agents have all been reported [3, 17].

 Celiac Artery Aneurysms

Celiac artery aneurysms are uncommon and account for 4 % of all visceral artery 
aneurysms; however, they are frequently associated with aortic aneurysms in 20 % 
of cases and with other visceral arterial aneurysm in 40 %, and also share similar 
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pathology. Most celiac aneurysms present during the fifth decade of life and are 
seen equally in males and females. Recent studies have indicated a rupture risk of 
13 % with mortality rates approaching 100 % when rupture does occur, but there is 
clear correlation between aneurysm size, rate of growth, and tendency to rupture. 
The celiac artery aneurysm management may include aneurysm resection with 
primary reanastomosis, aneurysmorrhaphy, or ligation, with or without arterial 
reconstruction [3, 18].

Endovascular therapy is more likely to involve a complete occlusion of the ves-
sel. This can be achieved by means of coils or occlusion plugs, or by distal celiac or 
branch vessel occlusion in association with aortic origin occlusion, but adequate 
and well-developed collateral circulation. The small number of published cases lim-
its the data, but complications of celiac artery occlusion include hepatic ischemia, 
gangrenous cholecystitis, enteric ulceration, and hepatic cirrhosis [19].

 Renal Arteries Aneurysm

The true incidence of renal arteries aneurysm is not clearly known. Almost totally 
are incidental finding during imaging exams. The incidence of 0.03–0.09 % in 
autopsy series can be underestimated. Today, using imaging series, an estimated 
incidence of 0.3–1 % is acceptable. Renal arterial aneurysms are bilateral in 10 % of 
cases [20]. Renal arterial aneurysm typically present in the sixth decade. Some 
authors suggest that males present up to a decade later in life than females. Women 
are more commonly afflicted with Renal Arteries Aneurysm, likely due to the high 
incidence of associated fibromuscular dysplasia. A minority of patients will present 
with symptoms, and clinical exam may reveal hypertension. Computed tomography 
is the most common contemporary diagnostic modality, followed by magnetic reso-
nance imaging, ultrasonography, and catheter-based arteriography [21]. The current 
recommendation to repair all asymptomatic renal arterial aneurysms >2 cm in diam-
eter has led to an increase in renal arterial aneurysm procedures, but there remains 
significant controversy surrounding these treatment criteria [22]. The natural history 
of Renal Arteries Aneurysm is that of slow to null growth. While historic series 
describe rupture rates as high as 14–30 % with associated mortality of 80 %, this is 
not supported by contemporary data [21]. The most recent and largest multi-institu-
tional series of nonoperative renal artery aneurysm found successful surveillance of 
88 aneurysms measuring 2–3 cm and seven aneurysms measuring >3 cm without 
complication or rupture during a mean of 49 months [23]. Other indications are 
female gender within childbearing age, symptoms like pain, hematuria, medically 
refractory systemic hypertension with important renal artery stenosis, thromboem-
bolic event, dissection, and rupture [21]. Contemporary rupture rates are estimated at 
3–5 % with nongestational mortality <10 % [21]. Gestational ruptures typically occur 
in the third trimester with only a few case reports of rupture postdelivery. Rupture 
during pregnancy has been described in aneurysms as small as 1 cm. Historic reports 
imply dismal consequences (56–92 % maternal mortality and 82–100 % fetal mortal-
ity) [24]. Contemporary outcomes for both mother and fetus may be improving, as 
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there are anecdotal reports of gestational rupture resulting in both maternal and fetal 
survival [21]. Conventional open surgery offers low morbidity, negligible mortality, 
and durable patency. The young age of many patients and excellent projected 
long- term survival (up to 91 % in 10 years) reinforces the importance of performing 
a technically sound procedure [25]. Traditional endovascular therapies have utilized 
coil embolization for distal and parenchymal aneurysms and stent graft exclusion for 
main renal artery lesions. Comparisons of open surgical and endovascular proce-
dures have reported no significant difference in mortality, perioperative morbidity, 
freedom from reintervention, decline in renal function, or length of stay [22, 23].

 What the General Practitioner Can Do for This Patient?

Most patients with peripheral and visceral arterial aneurysm are asymptomatic, and 
they do not have surgical indication when incidentally diagnosed. Thus, it must be 
done strict comorbidities control. For cardiovascular risk reduction, the patient 
should receive acetylsalicylic acid, statins, and beta blockers. In case of hyperten-
sion, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers are 
better indicated. The same should be done for patients with peripheral aneurysms 
without surgical indication. Careful vascular clinical examination should be made 
in all elderly male smoker patients. If increased femoral or popliteal pulse ampli-
tude or pulsatile abdominal mass is found in clinical examination, a vascular ultra-
sound with Doppler should be indicated. Greater caution is needed in patients with 
visceral aneurysms, especially in pregnant women. Expert opinion in a timely man-
ner is desirable in these circumstances.

 When to Refer to the Expert?

In the common femoral and popliteal artery aneurysms greater than 2 cm, in subcla-
vian artery greater than 1.5 cm, or when there is intraluminal thrombus presence on 
any peripheral aneurysm. Patients with lower limb ischemia and pregnant women 
with visceral aneurysms should also be referred to the expert.
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Abstract
The estimated incidence of thoracic aortic aneurysms is approximately 6/100,000 
person-years, the risk of rupture for large aneurysms is up to 74 % in patients 
without repair, and 90 % of patients do not survive rupture. Most of them are 
asymptomatic and the risk factors are the same related to abdominal aortic aneu-
rysm. The majority of the patients are asymptomatic. They manifest themselves 
clinically with chest pain and can cause compressive symptoms when too large. 
The treatment approach for descending thoracic aortic aneurysms is based on the 
natural history of the disease, balancing the risk of rupture and the risk of the 
intervention and the patient’s life expectancy. Thoracic abdominal aortic aneu-
rysms are those in which the aorta dilation encompasses the visceral vessels 
ostia. They are uncommon in clinical practice with prevalence estimated at 
between 10 to 25 new cases per 100,000 inhabitants. It is four times more com-
mon in men and has the same risk factors as abdominal aortic aneurysms. The 
decision to indicate intervention for a patient with a thoracic abdominal aneu-
rysm involves assessment of the likelihood of aortic rupture versus the operative 
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risk of the individual subject. The two major factors (the patient’s physiologic 
reserve and vascular anatomy) play a significant role in determining whether a 
patient is best suited for open repair or an endovascular approach.

Thoracic, thoracoabdominal, and iliac artery aneurysms are most uncommon in 
comparison with the abdominal aortic aneurysms. High mortality rates are related 
with rupture, the most important complication.

 Thoracic Aortic Aneurysm

The thoracic aortic aneurysms have an estimated incidence of approximately 
6/100,000 person-years, the risk of rupture for large aneurysms is up to 74 % in 
patients without repair, and 90 % of patients do not survive rupture [1].

Most of them are asymptomatic, and the risk factors are the same related to abdomi-
nal aortic aneurysm. The majority of the patients are asymptomatic. They manifest 
themselves clinically with chest pain and can cause compressive symptoms when too 
large. There may be dyspnea, chest discomfort, and hoarseness in case of recurrent 
laryngeal nerve compression. Diagnosis is usually made through computerized angioto-
mography. There may be signs of mediastinum widening in chest x-ray. They have indi-
cation for surgical approach when larger than 6 cm in the descending aorta, when patients 
have characteristic pain and in every patient with symptoms or signs of rupture [2, 3].

The treatment approach for descending thoracic aortic aneurysms is based on the 
natural history of the disease, balancing the risk of rupture and the risk of the inter-
vention and the patient’s life expectancy. Both open and endovascular repair of 
descending thoracic aneurysm have been shown to have multiple and severe com-
plications. The early mortality varies to 5.7–9.7 % in open surgery and 1.9–2.0 % in 
endovascular surgery [1, 4, 5]. Endovascular surgery demonstrates midterm favor-
able outcomes and confirms low risks for patients with thoracic aortic aneurysm. The 
most common complication of endovascular surgery is the endoleaks that can be 
observed in 15 % of patients [6, 7].

 Thoracoabdominal Aortic Aneurysm

Thoracic abdominal aortic aneurysms are those in which the aorta dilation encom-
passes the visceral vessels ostia. They are uncommon in clinical practice with preva-
lence estimated at between 10 to 25 new cases per 100,000 inhabitants. It is fourfold 
more common in men and has the same risk factors as abdominal aortic aneurysms. 
The most common type surrounds the entire abdominal aorta from the celiac artery 
and involves the aortic portion where to originate the visceral arteries [8]. Surgical 
treatment is technically complex and presents many particularities regarding access, 
exposure, the level of aortic clamping, reconstruction of visceral arteries and preserv-
ing vital organs function. It has high mortality when untreated, especially when larger 
than 5 cm, and rupture risk is greater than 50 % [9]. They have indication of surgical 
correction when larger than 5 cm in transverse diameter, in patients with signs and 
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symptoms of rupture, in those with characteristic pain and those with growth rate 
greater than 6 mm in a year. In dedicated centers, mortality rates can vary from 
3–21 %. Severe complications like renal failure, paraplegia, acute myocardial infarc-
tion, and stroke are frequently linked with this type of surgery. Endovascular repair of 
abdominal aortic aneurysms required a specific aortic anatomy, without dilatation in 
portions where the dispositive will be fixed. Complex aortic aneurysms require 
branched or fenestrated endoprothesis. The development of branched grafts opened 
the way to treat thoracoabdominal aneurysms endovascularly. Survival rates are above 
90 %, with high spinal cord ischemia rates between 2.7 to 20 % [10–12]. Although 
promising, the fenestrated and branched endografts still carry a significant rate of 
mortality and complications, mostly related to the complexity of the procedure [13].

The decision to indicate intervention for a patient with a thoracic abdominal 
aneurysm involves assessment of the likelihood of aortic rupture versus the opera-
tive risk of the individual subject. The two major factors (the patient’s physiologic 
reserve and vascular anatomy) play a significant role in determining whether a 
patient is best suited for open repair or an endovascular approach [14].

 Iliac Artery Aneurysm

Common iliac arteries aneurysms are the most frequent after abdominal aortic aneu-
rysm. Isolated iliac artery aneurysm is a relatively uncommon disease, accounting for 
approximately 0.4–1.9 % of all arterial aneurysms, with an estimated incidence in the 
general population of about 0.03 % [15]. Internal iliac aneurysms are the third most 
common aneurysm and may present alone. About 40 % of the internal iliac aneurysms 
are ruptured when diagnosed with a 31 % mortality rate. External iliac aneurysms are 
extremely rare [16]. Clinical presentation, risk factors, and diagnostic methods are 
similar to those of abdominal aortic aneurysms. They have indication for surgery when 
associated with surgical diameter aortic aneurysms, when larger than 3.0–3.5 mm and 
in patients with characteristic pain and with symptoms and signs of rupture. Iliac 
artery aneurysms located deep in the pelvis frequently prevent detection with physical 
exam, allowing them to typically grow to large diameters [16]. Surgical treatment of 
isolated iliac artery aneurysm includes open and endovascular repair. Endovascular 
repair is associated with lower perioperative mortality [17]. The treatment of internal 
aneurysm includes embolization and use of a branched endoprothesis [18].

 What the General Practitioner Can Do for This Patient?

Most patients with thoracic and thoracoabdominal aortic aneurysm are asymptom-
atic and they don’t have surgical indication when incidentally diagnosed. Thus, it 
must be done strict comorbidities control. For cardiovascular risk reduction, the 
patient should receive acetylsalicylic acid, statins, and beta-blockers. In case of 
hypertension, angiotensin-converting enzyme inhibitors or angiotensin receptor 
blockers are better indicated. Patients should be advised to smoking cessation and 
to perform supervised physical exercises if they can.
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 When to Refer to the Expert?

In cases of thoracic aortic aneurysm with transverse diameter greater than 6.0 cm or 
thoracoabdominal aortic greater than 5 cm, iliac arteries greater than 3 cm. When 
there is any rupture symptom or sign or characteristic pain.
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11Risk Factors and Prophylaxis of Deep 
Vein Thrombosis and Pulmonary
Embolism

Raisa Cristina Teodoro da Silva, Lucas Ferreira Botelho, 
Raquel Ferreira Nogueira, and Francesco Evangelista Botelho

Abstract
Deep venous thrombosis (DVT) is the formation of an intraluminal thrombus 
that occludes wholly or partially deep veins’ lumen. There is no single cause for 
DVT, but there are medical conditions that increase the likelihood of developing 
thrombi. Therefore, the incidence of this condition is associated with the number 
of risk factors present. Although, there are several risk factor assessment and 
protocols available for DVT prevention in daily medical practice.

The DVT’s prevention decreases the risk of pulmonary embolism. An esti-
mated one-third of cases of pulmonary embolism progress to death if the condi-
tion remains untreated. Survivors are subject to chronic complications: about 4 % 
develop pulmonary hypertension, and 25–50 % have post-thrombotic syndrome 
in the lower limb.
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Abbreviations

BMI Body mass index
DVT Deep venous thrombosis

 Introduction

Deep venous thrombosis is the intraluminal formation of thrombus (clots) in the 
deep veins of the limbs, mostly in the lower limbs [1]. One of its main complica-
tions is the detachment of part of the thrombus from the vessel wall, that follows the 
blood flow up to the pulmonary vessels, leading to pulmonary embolism. The latter 
is the main cause of inhospital deaths worldwide (around 15 %) and paradoxically, 
the most preventable [2]. The whole process, e.g., the association of deep venous 
thrombosis and pulmonary embolism, is named Venous Thromboembolism [3].

Therefore, to prevent venous thromboembolism, it is necessary to recognize the 
patient’s individual risk factors and, according to the number of risk factors, to catego-
rize him or her in low, moderate, high, or very high risk for development of venous 
thromboembolism, in order to take proper measures to avoid thrombus formation and 
death (thromboprophylaxis), particularly, but not exclusively, in the hospitalized patient.

 Natural History of Venous Thromboembolism 
and Complications

Most treated deep venous thrombosis are recanalized. The recanalization time is vari-
able and depends on the extent of thrombosis and early treatment. The significant reduc-
tion of thrombus occurs around 3 months. However, complete resolution can extend 
over several months. Ultrasonography is the main test that follows this resolution [3, 4].

The most fatal complication of deep venous thrombosis (untreated) is pulmonary 
embolism which mostly is often asymptomatic [3]. It is estimated that one-third of the 
cases of pulmonary embolism progress to death if the condition remains untreated. 
Survivors are subject to chronic complications: about 4 % develop pulmonary hyperten-
sion with pulmonary embolism [5], and 30–50 % of deep venous thrombosis patients 
develop post-thrombotic syndrome in lower limb, despite the use of anticoagulation [5].

 Identification of Risk Factors for Venous Thromboembolism

There is no single cause for deep venous thrombosis, but there are medical condi-
tions that increase the likelihood of developing a thrombus in the deep veins. 
Therefore, the incidence of this condition is associated with the number of risk fac-
tors presenting by the individual patient [6].

There are several risk factor assessment tools and protocols available for the pre-
vention of deep venous thrombosis [7, 8]. The American College of Chest Physicians 
guidelines (2012) recommend the use of Caprini score to stratify risk of development 
of deep venous thrombosis and to guide the appropriate thromboprophylaxis. This 
protocol presents 37 risk factors, and each one is scored as shown in the Table 11.1 
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Table 11.1 The Caprini Risk Assessment Model—with description of risk factors and their 
corresponding scores, used for categorizing risk of thromboembolic event

1 Point 2 Points 3 Points
1. Age 41–60 years 12. Age 60–74 years 20. Age >75 years
2. Major surgery planned 13. Arthroscopic surgery 21. History of venous thrombosis 

or pulmonary embolism 
previously

3. Varicose veins of the lower 
limbs

14. Cancer (past or 
present)

22. Family history of thrombosis

4. History of inflammatory 
bowel disease

15. Major surgery 
(>45 min)

23. V Factor positive Leiden

5. Recurrent edema of the lower 
limbs

16. Laparoscopic surgery 
(>45 min)

24. Prothrombin 20210 A

6. Obesity (BMI > 25 kg/m2) 17. Patient confined to bed 
(>72 h)

25. Positive lupus anticoagulant

7. Acute myocardial infarction 18. Member 
immobilization (cast)

26. Elevated serum homocysteine

8. Congestive heart failure 19. Central venous access 27. Elevated anticardiolipin 
antibodies

9. Sepsis (<1 month) 28. Heparin-induced 
thrombocytopenia

10. Severe pulmonary disease 
(<1 month), including 
pneumonia

29. Other congenital or acquired 
thrombophilia

11. Chronic obstructive 
pulmonary disease

5 Points 1 Point (for women only)
30. Elective major lower extremity 

arthroplasty
35. Oral contraceptives or hormone replacement therapy

31. Hip, pelvis, or leg fracture 
(<1 month)

36. Pregnancy or postpartum (<1 month)

32. Stroke (<1 month) 37. History of unexplained abortion (>3), premature birth 
with toxemia or growth-restricted infant33. Multiple trauma (<1 month)

34. Acute spinal cord injury—
paralysis (<1 month)

BMI body mass index
Adapted from: “Guyatt GH, Akl EA, Crowther M, Schünemann HJ, Gutterman DD, Zelman 
Lewis S, et al. Introduction to the ninth edition: Antithrombotic Therapy and Prevention of 
Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest. 2012;141(2 Suppl):48S–52S.” and “Arcelus JIC, J.A. Acute Deep Venous 
Thrombosis: Prevention and Medical Treatment. In: Rutherford RB, editor. Vascular Surgery. 
Philadelphi a. 2014. p. 776.” and “Gould MK, Garcia DA, Wren SM, Karanicolas PJ, Arcelus JI, 
Heit JA, et al. Prevention of VTE in nonorthopedic surgical patients: Antithrombotic Therapy and 
Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines. Chest. 2012;141(2 Suppl):e227S–77S.” and “Kahn SR, Hirsch A, Shrier 
I. Effect of postthrombotic syndrome on health-related quality of life after deep venous thrombosis. 
Arch Intern Med. 2002;162(10):1144–8”
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[1, 3, 9, 10]. Any of the risk factors 1–11 gives one point, not more than one point, 
and the same reasoning applies to other groups. The total risk factors score classifies 
patients into four levels of risk for deep venous thrombosis (Table 11.2).

 Classification of Groups of Risk for Venous Thromboembolism 
According to the Individual Risk Factors Scoring

After identification and scoring of all individual risk factors, the patient is catego-
rized into one of the four possible Groups of Risk for the development of venous 
thromboembolism.

 Prophylaxis

According to the stratification described in Table 11.2, an individualized proper 
prophylaxis for venous thromboembolism is identified. Prophylaxis is medical mea-
sure adopted to prevent the formation of thrombus in deep veins and subsequent 
pulmonary embolism and depends on the correct identification of risk factors. These 
measures may be (1) early mobilization of patients (i.e., to avoid blood stasis), (2) 
use of an intermittent pneumatic compression device, (3) use of medicinal compres-
sion stockings, and (4) use of anticoagulant medications in low doses [1, 3].

The medicinal socks compression and pneumatic devices are mechanical methods. 
Although mechanical methods of prophylaxis have not been studied as extensively 
as the pharmacologic agents, they may represent the sole alternative for patients 
with contraindications to anticoagulants. Most physical methods may and should be 
combined with the pharmacologic agents in patients at very high risk to develop 
venous thromboembolism whenever possible, because they act on different patho-
genic factors [3].

 Hospitalized Nonsurgical Patients

The mechanical or medical thromboprophylaxis is not recommended for all hospi-
talized medical patients, with low risk for venous thromboembolism. Whether these 
patients have a medium to high risk of thrombosis it is indicated 

Table 11.2 Classification of risk groups for venous thromboembolism

Risk group Total score
Low 0–1 point
Moderate 2 points
High 3–4 points
Very high ≥5 points

Calculated from the scores of individual risk factors
Adapted from: “Caprini JA. Risk assessment as a guide to thrombosis 
prophylaxis. Curr Opin Pulm Med. 2010;16(5):448–52”
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low- molecular- weight heparin (LMWH), low-dose unfractionated heparin (LDUH), 
or fondaparinux [1]. The recommended doses are listed in Table 11.3 [3].

In cases of high risk for bleeding, it is advisable the use of mechanical 
thromboprophylaxis [1, 3]. In these cases, intermittent pneumatic compression is 
recommended in deep venous thrombosis prophylaxis for its known efficacy and 
reduced risk of bleeding [11]. The recommended doses for patients in the very high 
risk group are the same as recommended for the high risk group.

 Hospitalized Surgical Patients

 Early Mobilization
Encouraging the patient to walk should be the first prophylactic measure for deep 
venous thrombosis. In patients confined to bed, physical therapy may be an alterna-
tive to early mobilization in order to help the blood return to the heart. Another 
measure is the elevation of the lower limbs, which reduces swelling and decreases 
venous pressure [1, 3].

 Intermittent Pneumatic Compression
Pneumatic compression is the positioning of pneumatic boots or clothing around the 
legs of the patient. It is considered the most effective mechanical prophylactic 
method and is indicated in cases of moderate or high risk for deep venous thrombo-
sis and bleeding [1]. This method prevents venous stasis by intermittent compres-
sion of the calves. The device is inflated to a pressure of 35–55 mmHg for 10–35 s 
and deflated for about 1 min [1, 12].

The use of the intermittent pneumatic compression must be introduced immedi-
ately after the beginning of surgery and should be maintained until the resumption 
of regular patient mobility [3].

 Elastic Compression Stockings
The use of elastic compression stockings prevents intraoperative strain of the calf 
veins. The venous distention encourages edema and intravascular blood stasis [3].

The method produces a 68 % reduction in cases of deep venous thrombosis for 
postoperative patients with moderate risk [13].

The stocking should not be used in patients with peripheral arterial disease (i.e., 
ankle arm index <0.8), patients with severe edema, and in cases of dermatitis [3].

Table 11.3 Recommended doses of medications in the prophylaxis of deep venous thrombosis in 
nonsurgical patients, according to the stratification of risk factors for thrombosis

Low risk Moderate risk High risk
No medications LMWH—20 mg daily LMWH—40 mg daily

LDUH—5000 UI twice a day LDUH—5000 UI three times a day
Fondaparinux—2.5 mg daily Fondaparinux—2.5 mg daily

LMWH low-molecular-weight heparin, LDUH low-dose unfractionated heparin
Adapted from: “Arcelus JIC, J.A. Acute Deep Venous Thrombosis: Prevention and Medical 
Treatment. In: Rutherford RB, editor. Vascular Surgery. Philadelphia. 2014. p. 776”
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 Anticoagulant Medications
Surgical patients stratified as low risk by Caprini score don’t need medication or 
mechanical prophylaxis (Compression Air Flashing Intermittent or Elastic 
Compression Stockings). In such cases, just early ambulation is indicated [1].

Patients who are at moderate, high, or very high risk should receive prophylaxis 
medication, according surgical procedure performed [1].

Patients undergoing abdominal-pelvic surgery without high bleeding risk and 
moderate or high risk for venous thromboembolism require prophylactic anticoagu-
lation. The recommended doses are listed in Table 11.4 [1, 3, 9].

In orthopedic procedures, the recommended dose for prophylaxis is similar to 
abdominal-pelvic surgery. However, due to the high incidence of thrombosis in 
these procedures, the use of prophylactic drug should be extended for a minimum 
period of 10–14 days [1, 3].

Another alternative to the use of heparin for surgical prophylaxis is the adminis-
tration of fondaparinux at a dose of 2.5 mg daily [3]. Fondaparinux should be given 
6–8 h after surgery and serves on the selective inhibition of factor Xa [14]. Unlike 
heparin, fondaparinux does not induce thrombocytopenia.

 Other Anticoagulants
Oral anticoagulants (i.e., rivaroxaban, apixaban) also directly inhibit factor Xa. 
Rivaroxaban can be used for thromboprophylaxis at a dose of 10 mg/day [15, 16]. 
The benefit is similar to the low-molecular-weight heparin and it can be adminis-
tered safely in acutely ill medical patients [16]. It has two main advantages: (1) it is 
taken orally (as compared to heparin, which must be subcutaneously administered) 
and (2) it does not need to be controlled by laboratory tests, compared to the use of 

Table 11.4 Recommended doses of medications in the prophylaxis of deep venous thrombosis in 
surgical patients, according to the stratification of risk factors for thrombosis

Low risk Moderate risk High risk
– No medications LMWH—20 mg daily LMWH—40 mg daily
– Early mobilization LDUH—5000 UI twice a day LDUH—5000 UI three times a day

Fondaparinux—2.5 mg daily
High risk of bleeding—intermittent pneumatic compression (patients 
with ankle arm index > 0.8)

LMWH low-molecular-weight heparin, LDUH low-dose unfractionated heparin
Adapted from: “Guyatt GH, Akl EA, Crowther M, Schünemann HJ, Gutterman DD, Zelman 
Lewis S, et al. Introduction to the ninth edition: Antithrombotic Therapy and Prevention of 
Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest. 2012;141(2 Suppl):48S–52S.” and “Geerts WH, Bergqvist D, Pineo GF, Heit 
JA, Samama CM, Lassen MR, et al. Prevention of venous thromboembolism: American College of 
Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133(6 
Suppl):381S–453S.” and “Arcelus JIC, J.A. Acute Deep Venous Thrombosis: Prevention and 
Medical Treatment. In: Rutherford RB, editor. Vascular Surgery. Philadelphia. 2014. p. 776.” and 
“Gould MK, Garcia DA, Wren SM, Karanicolas PJ, Arcelus JI, Heit JA, et al. Prevention of VTE 
in nonorthopedic surgical patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 
2012;141(2 Suppl):e227S–77S”
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warfarin. These oral anticoagulants have short half-lives (i.e., 5–9 h) and require 
mandatory daily administration. The irregular use increases the risk of thrombosis 
[15, 16]. Apixaban is FDA-approved for the prophylaxis of deep venous thrombo-
sis, in patients who have undergone total knee replacement or hip replacement 
(dose: 2.5 mg twice a day) [17].

Dabigatran (another oral anticoagulant) binds to thrombin with high specificity 
and affinity [3]. This drug inhibits thrombin and consequently stops the coagulation 
cascade. The prophylactic dose is 150 or 220 mg/day, and is indicated 4 h after 
orthopedic surgery [18].

Aspirin use in venous thromboprophylaxis has been studied as an alternative 
because of its low cost, acceptance, and no need for blood test control. However, the 
evidence is fragile and contradictory so far to support its use for primary prevention 
of venous thromboembolism [19].

 Prophylaxis Duration

Thromboprophylaxis is limited to the period of hospitalization or in the persistence 
of risk factors (i.e., sepsis, immobilization, use of central venous catheters, early 
postoperative period).

However, in cancer patients, especially for those undergoing pelvic, abdominal, 
and orthopedic surgery (high and very high risk groups), thromboembolism risk 
persists after discharge. In such cases, patients will benefit from having prophylaxis 
extended to 30 days after discharge with low-molecular-weight heparin [3].

Although heparin is naturally an antithrombotic agent available for therapeutic 
use as unfractionated heparin and low-molecular-weight heparin, paradoxically this 
drug can cause thromboembolic complications because of a severe adverse reaction 
known as heparin-induced thrombocytopenia. This thrombocytopenia is presented 
as a prothrombotic disorder still misunderstood, resulting in the generation of 
thrombin in vivo, leading to a hypercoagulable state, and it may cause venous or 
arterial thrombosis [20]. It is also noted that there is a relative reduction in the num-
ber of platelets of 50 % between 5 and 14 days after initiation of therapy [21].

Thrombocytopenia is the main finding that directs the clinical suspicion, and the 
diagnosis is a delicate matter and requires a combination of clinical and laboratory 
testing. The absolute risk of heparin-induced thrombocytopenia is greater with 
treatment with unfractionated heparin (between 1 and 5 %) than with the use of low- 
molecular- weight heparin (less than 1 %) [21], and the options for use of these drugs 
are discussed and better explained in anticoagulation chapter.

 Outpatient

There are some special situations to prevent venous thromboembolism in outpa-
tient: patients confined to bed or with cancer, who have some risk factors. The 
risks in outpatients with cancer are: previous thrombosis, immobilization, or use of 
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thrombogenic medications (hormonal therapy, thalidomide, lenalidomide, angio-
genesis inhibitors). If there is one of these factors, prophylaxis with low-molecular-
weight heparin or low-dose unfractionated heparin should be administered [1].

Other special situation is long-distance trip. Frequent ambulation and use of 
medicinal compression stockings are recommended in people at increased risk for 
thrombosis. These risks are obesity, previous venous thromboembolism, pregnancy, 
recent surgery or trauma, thrombophilic disorder, advanced age, and use of estro-
gen. Compressive stockings are indicated at pressure 15–30 mmHg and properly 
fitted below the knee. In these situations, the use of aspirin and anticoagulants is not 
recommended to prevent deep vein thrombosis [1].
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12Venous Thromboembolism: Diagnosis 
and Treatment

Raquel Ferreira Nogueira, Lucas Ferreira Botelho, 
and Raisa Cristina Teodoro da Silva

Abstract
Venous thromboembolism includes deep venous thrombosis and pulmonary 
embolism. Deep venous thrombosis is the formation of thrombi (blood clots) in 
the deep veins of the vascular system of the members. The blood clot can break 
in the deep veins of the limbs and reach the pulmonary arteries, causing a pulmo-
nary embolism. Venous thromboembolism is a common cause of death and it is 
associated with high intrahospital mortality and costs. However, it is also the 
most preventable cause of hospital deaths. Clinical presentations of deep vein 
thrombosis are wide, and the most common complaints are the affected limb 
pain, edema, erythema, or cyanosis. Clinical presentation of pulmonary embo-
lism varies, the most common symptoms and signs are tachypnea, dyspnea or 
pleuritic pain and leg pain or swelling in the lower limbs are common. Diagnosis 
is based according to specific clinical situations with different strategies as: risk 
stratification using Wells preclinical score, serum levels of D-dimer, and/or an 
imaging method. Treatment aims to prevent progression of the thrombus; to rees-
tablish blood flow when needed; to reduce complications, morbidity, and mortality 
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associated; and also to avoid recurrence of thromboembolic events. Practitioners 
need to apply clinical and pharmacological interventions and, eventually, surgery 
to achieve these goals.

 Introduction

Venous thromboembolism is a condition encompassing two events occurring 
together or separately: deep vein thrombosis and pulmonary embolism. Deep 
venous thrombosis is the formation of thrombi (blood clots) in the deep veins of the 
vascular system of the members. The blood clot attached to the deep veins of the 
limbs can fragment and reach the pulmonary arteries, leading to pulmonary embo-
lism. Approximately 90 % of pulmonary emboli originate from a thrombus located 
in the deep venous system of the lower limbs [1]. The presence of a clot in the pul-
monary arteries impairs the proper gas exchange, resulting in hypoxemia, and may 
block the blood flow from the right ventricle to the left side of the heart causing 
hypotension, shock, and eventually death [2].

 Epidemiology

Venous thromboembolism is the leading cause of hospital deaths worldwide and, 
paradoxically, it is the most preventable [1]. In the United States, 900,000 cases of 
thromboembolism were estimated to occur in 2010, and 10–30 % of those patients 
would die [3]. The survivors of an episode of venous thromboembolism may 
develop complications, such as pulmonary hypertension and post-thrombotic syn-
drome in the lower limb. The latter may lead to loss of quality of life due to frequent 
ulcerations and loss of work capacity. Complications of venous thromboembolism 
may, therefore, be accompanied by significant economic burden to the patient and 
to the public social security system [4].

 Clinical Presentation

 Deep Vein Thrombosis
Clinical presentations of acute deep vein thrombosis range from the absence of 
signs and symptoms, to severe presentations such as phlegmasia cerulea dolens, 
which can lead to gangrene of the affected limb.

The factors that determine the severity of the symptoms are: (i) the location of 
the thrombus, (ii) the degree of venous obstruction, (iii) the time of onset, and (iv) 
the integrity and functionality of the lymphatic system. The more proximal the 
venous thrombosis (inferior vena cava, iliac and femoral veins), the greater the 
probability to develop severe signs and symptoms.

In the most common presentation, the patient may have calf pain, unilateral 
edema, erythema, or cyanosis of the affected limb and stiffening of the calf. If there 
is calf pain during dorsiflexion of the foot, it is called Homans’ sign.
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The most severe presentation is the venous gangrene, also know as phlegmasia 
cerulea dolens. It is a serious and rare condition that may be associated with can-
cer, heparin-induced thrombocytopenia, and depletion of protein C induced by 
warfarin [5, 6].

 Pulmonary Embolism
The clinical presentation of pulmonary embolism is dependent on the number of 
clots that reaches the pulmonary arteries and the extent of thrombi, and also accord-
ing to other cardiovascular or respiratory preconditions.

The classic triad of chest pain, dyspnea, and hemoptysis occurs in only 5 % of 
the cases.

The study Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED 
II) describes the frequency of the symptoms and signs of pulmonary thromboembo-
lism, as shown in Table 12.1 [7].

 Diagnosis

 Deep Vein Thrombosis Diagnosis

The clinical manifestation of deep vein thrombosis of the lower limbs varies widely 
and is often asymptomatic. The preclinical test developed by Wells and colleagues 
is a clinical model to predict the probability of deep vein thrombosis. Therefore, the 
Wells scale is the most widely used scale for symptomatic patients with this 
suspicion of venous thrombosis. The risk increases as the risk factors increase. This 
statement is the basis for stratifying patients by combining the number of risk fac-
tors with clinical signs and symptoms. A score based on eight Wells criteria is a 
consistent and repeatable tool for stratifying outpatients as having a high, moderate, 
or low probability of presenting with deep vein thrombosis (Table 12.2) [9].

The score of all of the clinical features presented by a patient must be summed 
and applied in the following table to establish the classification risk (Table 12.3).

As the clinical manifestation of deep vein thrombosis is highly variable and the 
first clinical manifestation can be a fatal pulmonary embolism, clinical diagnosis 
has a low sensitivity. Thus, despite of rating deep vein thrombosis risk by the 

Table 12.1 Signs and symptoms of pulmonary embolism [8]

Signs Symptoms

Tachypnea (≥20/min) 54 % Dyspnea (at rest or on exertion) 73 %
Tachycardia (>100/min) 24 % Orthopnea 28 %
Rales (crackles) 18 % Cough 34 %
Decreased breath sounds 17 % Pleuritic pain 44 %
Increased P2 15 % Leg pain 44 %
Jugular venous distension 14 % Swelling in the lower limbs 41 %
Wheezes or Rhonchi 4 % Wheezing 21 %

Adapted from: “Stein PD, Beemath A, Matta F, Weg JG, Yusen RD, Hales CA, et al. Clinical 
characteristics of patients with acute pulmonary embolism: data from PIOPED II. Am J Med. 
2007;120(10):871–9”
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application of Wells preclinical testing, objective diagnostic methods are essential 
to a correct diagnosis [11].

 Additional Tests That Increase Accuracy for the Diagnosis of Deep 
Vein Thrombosis
Serum D-dimer: Plasma D-dimer is a product of fibrin degradation and its plasma 
concentration is high in cases of acute venous thromboembolism. Testing for 
D-dimer levels has a sensitivity of 60–97 % for the diagnosis of deep vein thrombo-
sis, but the specificity is lower than 35 % [4]. Thus, in isolation, this test is not a 
suitable method for diagnosing acute venous thrombosis, as there are many other 
medical conditions that also increase levels of D-dimer: recent surgical procedures, 
sepsis, hemorrhage, trauma, cancer, old age, pregnancy, and long periods of hospi-
talization. However, a negative result, i.e., low concentrations of D-dimer, associ-
ated with preclinical low probability (low-risk patient) may exclude the diagnosis of 
deep vein thrombosis, once some studies have shown that it is safe not to treat these 
patients because the deep vein thrombosis incidence in 3-month follow- up is too 
low [9, 12, 13].

Venography: Venography is an invasive method that was considered the gold 
standard for the diagnosis of deep vein thrombosis. It now has been replaced by the 
vascular Doppler ultrasound. Venography is a high-cost method that exposes the 

Table 12.2 Clinical model for determining the probability of having deep vein thrombosis, as 
proposed by Wells et al. [10]

Clinical feature Punctuation

Active cancer 1
Paresis, paralysis, or immobilization of the lower limbs 1
Immobilization (>3 days) or major surgery (up to 4 weeks) 1
Pain or discomfort along the deep venous veins trajectory 1
Limb edema 1
Calf swelling (>3 cm) compared to the normal leg 1
Cacifo’s sign in the affected limb (unilateral) 1
Visible superficial collateral veins 1
Previously documented deep vein thrombosis 1
A more likely differential diagnosis from another condition −2

Reprinted with permission from: “Wells PS, Anderson DR, Bormanis J, Guy F, Mitchell M, Gray 
L, et al. Value of assessment of pretest probability of deep-vein thrombosis in clinical management. 
Lancet. 1997;350(9094):1795–8”

Table 12.3 Group of risk for deep vein thrombosis according to the score of the Wells preclinical 
testing [10]

Score Deep vein thrombosis probability Classification

0 points 3 % (95 % IC; 1.7–5.9 %) Low risk
1 or 2 points 17 % (95 % IC; 12–23 %) Moderate risk
3 or more points 75 % (95 % IC; 63–84 %) High risk

Reprinted with permission from: “Wells PS, Anderson DR, Bormanis J, Guy F, Mitchell M, Gray 
L, et al. Value of assessment of pretest probability of deep-vein thrombosis in clinical management. 
Lancet. 1997;350(9094):1795–8”
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patient to ionizing radiation and to injection of iodinated contrast middle. The latter 
can cause allergy, vein thrombosis, and nephrotoxicity [14]. However, venography 
is still reserved in cases in which the diagnosis of deep vein thrombosis remains 
inconclusive and during endovascular interventions [14, 15].

Vascular ultrasound (duplex scanning): This technique replaced venography 
and is considered the main imaging method for the diagnosis of deep vein thrombo-
sis. Duplex scan is a validated technique due to its high sensitivity and specificity 
[16, 17]. Vascular ultrasound is noninvasive, radiation-free, cost-effective, and 
available at most institutions [16, 17]. Thus, vascular Doppler is the method of 
choice for the initial investigation of deep vein thrombosis, although diagnosis 
using this method may be examiner-dependent [18, 19].

Computed tomography (CT): CT is an excellent method for the diagnosis of 
pulmonary embolism. However, it has a lower accuracy for the diagnosis of deep 
vein thrombosis. Peterson et al. demonstrated that, although the sensitivity of CT is 
93 %, with a negative predictive value of 97 %, CT’s ability to accurately diagnose 
deep vein thrombosis has a specificity of 71 % with a positive predictive value of 
only 53 % [20]. CT has not been well studied for the diagnosis of acute deep vein 
thrombosis of the calf veins, which implies that the role of this technique as a com-
prehensive diagnostic modality for the lower limbs is questionable.

Magnetic resonance imaging: Magnetic resonance venography is an alternative 
method for the diagnosis of deep vein thrombosis. In a meta-analysis performed by 
Sampson et al. [21], it was found that the sensitivity was 91.5 % and the specificity 
was 94.8 %. However, estimates of both sensitivity and specificity were subject to 
significant heterogeneity. The studies for the diagnosis of acute venous thrombosis 
show good results for proximal venous segments, but decreased sensitivity to distal 
veins [21]. In the study of femoral vein thrombosis, magnetic resonance imaging 
showed 100 % sensitivity and 97 % specificity. The overall sensitivity for lower limb 
thrombus detection is 87 % and a specificity of 98 % [22].

In 27 % of patients with pulmonary embolism, the magnetic resonance imaging 
identified the thrombus source, which was not previously identified by vascular 
ultrasound [23]. Therefore, magnetic resonance venography may be an alternative 
method for patients in whom vascular ultrasound is not suitable, feasible, or 
inconclusive.

 Strategies for the Diagnosis of Deep Vein Thrombosis in Specific 
Clinical Situations
Based on the specific clinical situation of each patient, practitioners can use differ-
ent strategies for the diagnosis of deep vein thrombosis:

 1. Outpatients: Nonhospitalized patient with suspected deep vein thrombosis 
should have three steps for the diagnostic approach including:
 (a) Risk stratification using the Wells criteria (preclinical testing)
 (b) Serum levels of D-dimer
 (c) Use of an imaging method (duplex scanning preferably)
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The negative predictive value for venous thrombosis approximates to 100 % 
in outpatients who are considered to be low risk based on the Wells criteria in 
association with a negative D-dimer test. Similar results were shown in inter-
mediate-risk patients who also had a negative D-dimer result. For these outpa-
tients, no further testing is necessary to exclude the diagnosis of deep vein 
thrombosis [24, 25]. In contrast, a high probability of deep vein thrombosis in 
outpatients may require immediate anticoagulation with no additional test, 
pending the completion of vascular ultrasound [26, 27]. Anticoagulation treat-
ment should be maintained until the diagnosis is confirmed or not by vascular 
ultrasound. If the result of the ultrasound is negative, the practitioner should 
measure D-dimer levels as a negative value excludes the diagnosis. In cases of 
a positive D-dimer result, vascular ultrasound should be repeated in 3–7 days.

Therefore, in nonhospitalized patients, the combination of a low clinical 
probability associated with a negative D-dimer result is sufficient to exclude 
deep vein thrombosis. A positive D-dimer result in patients who are consid-
ered to be moderate or high risk is an indication for immediate anticoagula-
tion therapy. A vascular ultrasound could be scheduled for the next available 
agenda [26, 28].

 2. Hospitalized patients (surgical or clinical): The sensitivity and specificity of the 
D-dimer test are substantially lower in hospitalized patients, even in those clas-
sified as low risk [29]. Several factors associated with such patients determine an 
elevated serum level of D-dimer [29]. Therefore, the diagnosis of a clinically 
suspected deep vein thrombosis in a hospitalized patient requires confirmation 
by imaging methods, particularly vascular ultrasound [29].

 3. Pregnancy: The diagnosis of deep vein thrombosis in pregnant women has pecu-
liarities. D-dimer levels are not as useful parameters once these levels are ele-
vated during pregnancy. For such reasons, vascular ultrasound is the best method 
of diagnosis [30]. The anticoagulation approach should also be considered care-
fully due to the risk of bleeding complications.

 Pulmonary Embolism

The diagnosis of pulmonary embolism is based on clinical manifestations and 
objective diagnostic methods.

Thorax X-ray—This test is often normal at the initial presentation. Faint infil-
tration can be observed, along with reduced lung parenchyma and elevation of the 
hemidiaphragm [31].

Electrocardiogram—The most frequent finding is tachycardia. Other changes 
in the electrocardiogram that indicate a diagnosis of pulmonary embolism include 
characteristic findings in S1, Q3, and T3 [31].

AngioCT—CT angiography allows the professional to visualize the thrombus 
within the vessels and to identify changes in the vascular lumen and lesions in the 
lung parenchyma (infarcts, atelectasis, and nodules). This test has high sensitivity 
and specificity [32] (Fig. 12.1).
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Fig. 12.1 Photograph of chest CT angiography with 3D reconstruction. Observe the rich 
pulmonary vasculature. The center corresponds to the main pulmonary artery alongside the aorta

Pulmonary angiography—Although invasive, pulmonary angiography is con-
sidered the gold standard for the diagnosis of pulmonary embolism. The indications 
for this method include patients using thrombolytic medications or candidates for 
embolectomy (mechanical removal of the embolus) (Fig. 12.2).

 Treatment

The general objective of the treatment of deep vein thrombosis is to prevent progres-
sion of the thrombus, to reduce morbidity (pain and swelling), and reduce mortality 
associated with pulmonary embolism. Treatment also aims to avoid recurrence of 
thromboembolic events and to decrease complications related to the post- thrombotic 
syndrome and pulmonary hypertension [33, 34].

Clinical recommendations: Consist of recommendation for early ambulation, 
as this approach reduces edema and discomfort associated with the use of elastic 
stockings, even in the presence of a floating thrombus [30, 35].

 Compression Therapy

The pathophysiology of the post-thrombotic venous disease is characterized by 
venous hypertension associated with valvular incompetence or luminal obstruction. 
As a result, venous stasis occurs in the affected leg [36, 37]. Compression therapy 
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can be achieved through elastic stockings or nonelastic dressings. Brandjes et al. 
reported that the use of compression stockings with 30–40 mmHg for at least 2 
years reduced the incidence of post-thrombotic syndrome by 50 % [38]. Prandoni 
et al. found similar results in patients with proximal vein thrombosis [4]. Partsch 
et al. showed that ambulation and elastic leg compression decreased pain and edema 
in comparison to patients at rest [37].

Pharmacological treatment: The conventional approach for the treatment of 
venous thromboembolism in patients with a confirmed or strongly suspected diag-
nosis of deep venous thrombosis is the use of unfractionated heparin (UFH) or low 
molecular weight heparin (LMWH) during 5–7 days followed by the oral Vitamin 
K antagonists (e.g., warfarin, acenocumarol) [30].

Initial treatment should start with low molecular weight heparin, unfraction-
ated heparin, or fondaparinux for 5–7 days and suspended when the International 
Normalization Ratio (INR) reaches 2.0–3.0. Low molecular weight heparin has 
traditionally been the best choice. Warfarin should be started on the first day of 
treatment and continued with control based on the INR. The patients should then 
have anticoagulant therapy for a minimum of 3 months [30]. This combined 
approach is necessary once the sole use of oral vitamin K antagonists in the first 
days after the oral intake leads to a hypercoagulable state. Such situation could 
increase the extent of the thrombus and thereby lead to pulmonary embolism. 
Vitamin K antagonists tend to reduce the production of proteins C and S in the 

Fig. 12.2 Pulmonary angiography of the left pulmonary artery. Note the good vascularization in 
the upper half of the left lung. In contrast, note the poor perfusion of the lower half of the lung, 
where segmental and subsegmental blockage is apparent. Further note the high caliber of this 
pulmonary artery (pulmonary hypertension)
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first 2–4 days, which are natural anticoagulants. Only after this time there is the 
decrease of the production of procoagulant factors II, VII, IX, and X [39]. The 
updated “Chest Guidelines” recommends low molecular weight heparin over vita-
min K antagonists as the treatment of option for patients with venous thromboem-
bolism and cancer. It also suggests non-vitamin K antagonist oral anticoagulants 
over vitamin K antagonists for initial and long-term anticoagulant therapy for 
patients with venous thromboembolism and no cancer [40].

 Unfractionated Heparin

Unfractionated heparin requires hospitalization and monitoring for dose adjust-
ment. This medicine is widely available and is inexpensive. The initial dose of intra-
venous unfractionated heparin for the treatment of deep vein thrombosis is usually 
weight-adjusted, with an initial bolus of 80 U/kg of heparin, followed by continuous 
infusion of 18 units/kg/h [27]. The patient is typically monitored using the activated 
partial thromboplastin time (aPTT) every 6 h. The commercial presentation of 
unfractionated heparin for intravenous use is 5000 U/mL [1]. Unfractionated hepa-
rin can also be administered subcutaneously twice daily for the initial treatment of 
deep vein thrombosis. Treatment should start with a bolus injection followed by 
5000–17,500 IU, twice daily, to achieve a therapeutic aPTT range from 1.5 to 2.5 
times the control time. In most of the medical services, a weight-based nomogram 
to guide heparin dosing is typically recommended. The commercial presentation of 
unfractionated heparin for subcutaneous use is 5000 U per 0.25 mL. The subcutane-
ous route is not the optimal administration via for therapeutic doses due to the lim-
ited volume of medication that can be injected through this route, which impairs the 
achievement of the therapeutic range.

 Low Molecular Weight Heparins

Low molecular weight heparin exhibits better bioavailability and more predictable 
pharmacokinetic and pharmacodynamics parameters than unfractionated heparin 
[27]. The anticoagulation effect of the low molecular weight heparins is therefore 
more predictable and does not require laboratory monitoring, and low molecular 
weight heparin can also be used without requiring hospitalization since the patient 
is stable. A meta-analysis of studies comparing unfractionated heparin and low 
molecular weight heparin for the treatment of deep vein thrombosis showed that 
these interventions have similar efficacy and safety [41, 42]. Subcutaneous low 
molecular weight heparin can be administered once or twice daily. The following 
doses are recommended [27, 41]: enoxaparin, 1 mg/kg every 12 h or 1.5 mg/kg 
every 24 h; dalteparin, 100 U/kg twice daily or 200 U/kg once per day; or tinzapa-
rin, 175 U/kg once per day. Low molecular weight heparin is the preferred antico-
agulant for pregnant patients [43].
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 Fondaparinux

Fondaparinux is a synthetic protein fraction that blocks factor Xa in the coagulation 
cascade (anti-Xa). Therefore, this drug is also an option for the initial treatment of 
deep vein thrombosis and pulmonary embolism. Evidence has shown that 
fondaparinux in combination of an initial treatment with heparins is as effective as 
standard treatment [44, 45]. Heparin-induced thrombocytopenia is rare during the 
use of fondaparinux, and this drug is thus a good alternative for cases of thrombo-
cytopenia induced by the use of other heparins [27, 46]. Treatment is accomplished 
with a single daily dose of 5.0 mg for patients weighing less than 50 kg, a single 
daily dose of 7.5 mg for patients weighing between 50 kg and 100 kg, and a single 
daily dose of 10 mg for patients weighing more than 100 kg [44, 45].

 Vitamin K Antagonist

Therapy with vitamin K antagonists should be initiated at a dose of 2–5 mg per day 
with dosage adjustment based on the results of the INR [47]. The standard warfarin 
dose is one 5 mg tablet per day orally, and the dose should be reduced or increased 
based on the INR [27]. The INR range considered suitable for anticoagulation ther-
apy in cases of venous thromboembolism is between 2.0 and 3.0 (target 2.5). Once 
this range is reached, unfractionated heparin or low molecular weight heparin treat-
ment is suspended, continuing only the oral vitamin K antagonist.

 Non-vitamin K Antagonists Oral Anticoagulants

The new oral anticoagulants directly inhibit the factor Xa of the coagulation cascade 
or directly inhibit thrombin and have similar efficacy results for the prophylaxis and 
treatment of thromboembolic events in comparison to the use of heparin and warfa-
rin [27]. Their main advantages are that they can be given orally and do not require 
laboratory monitoring for dose adjustment. Studies show that treatment of deep vein 
thrombosis and pulmonary embolism is effective when rivaroxaban is used at a dose 
of 15 mg 2×/day for 3 weeks, followed by 20 mg 1×/day [48, 49] and when dabiga-
tran is used at a dose of 150 mg 2×/day [40]. Studies comparing direct oral antico-
agulation drugs and standard anticoagulation show no differences in preventing 
recurrent pulmonary embolism and recurrent venous thromboembolism. 
Furthermore, there were no differences in prevention of mortality or major bleeding 
[50]. The updated “Chest Guidelines” suggests dabigatran, rivaroxaban, apixaban, 
or edoxaban as first choice drugs for treatment in patients with venous thromboem-
bolism and no cancer [43]. For dabigatran and edoxaban, initial parenteral antico-
agulation is given.
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 Interventional Treatment

Patients with an occlusive thrombus in the common femoral and external iliac veins 
often have significantly compromised venous drainage of the lower limb and are 
subject to high morbidity resulting from post-thrombotic syndrome. Thus, a strat-
egy to the removal of the thrombus may be considered for these patients after an 
evaluation of clinical status and the risk of bleeding complications. The removal of 
the thrombus is performed by surgical venous thrombectomy or endovascular inter-
vention with the use of catheters in combination with fibrinolytic drugs.

 Fibrinolysis via Locoregional Intravenous Catheter in Patients 
with Deep Vein Thrombosis

The American College of Chest Physicians (ACCP) and the American Heart 
Association (AHA) recommend the removal of the venous thrombi, especially in 
proximal and extensive lesions, in patients presenting with clinical conditions with 
indication for surgical treatment and no contraindications to fibrinolytic therapy 
[27, 51]. In this method, a catheter is positioned within the iliac and femoral veins 
guided by fluoroscopy or ultrasound. Phlebography is then carried out to determine 
the location and extent of the thrombus, followed by the injection of fibrinolytic 
agents, such as streptokinase or more commonly, recombinant tissue plasminogen 
activator (rt-PA). These agents transform plasminogen to plasmin, which is an 
enzyme that performs the cleavage of fibrin (fibrinolysis) [51]. This cleavage occurs 
within the thrombosed vein, leading to recanalization of the vessel that was previ-
ously occluded by the thrombus. Alteplase dose is 0.01 mg/kg/h to be infused at 
most 96 h. This solution is prepared by diluting 20 mg of rt-PA in 500 mL of 0.9 % 
sodium chloride [51]. Phlebography is repeated the following day to assess if the 
fibrinolytic should be suspended or not. Other catheters allow drug-mechanical 
removal of the thrombus in a single procedure in a few minutes, but those catheters 
require equipment and specialized personnel and are expensive.

The best evidence shows that early elimination of the thrombus prevents or 
reduces post-thrombotic morbidity compared with anticoagulation alone [51]. 
Therefore, this procedure aims to improve long-term quality of life and reduce the 
morbidity of post-thrombotic venous disease [4, 51]. When the removal of thrombi 
is successful, the vein patency is restored, the function of the venous valve is 
maintained, the quality of life is improved, and the risk of thrombosis recurrence 
is reduced. Randomized studies have shown good clinical results for surgical 
removal of the thrombus in comparison to patients who received anticoagulation 
alone [4, 51].
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Loco-regional or systemic fibrinolysis in the Pulmonary Embolism

The use of thrombolytic agents is indicated in the pulmonary embolism for severe 
cases. The drug can be administered through a catheter in the pulmonary artery. 
From this location, the drug can access the most affected artery. However, this 
approach requires specialized personnel and equipment [52].

 Lower Vena Cava Filter Implant

A vena cava filter is a metallic endovascular device, usually in the shape of an 
umbrella, which is implanted into the infrarenal vena cava with the purpose of cap-
turing thrombi that detach from the deep veins of the lower limbs and preventing 
those thrombi from reaching the pulmonary circulation. Therefore, the goal of this 
approach is to prevent pulmonary embolism, by trapping thrombi in the plunger in 
the vena cava within the mesh filter [30, 51].

Endovascular devices are mounted on low-profile catheters that are implanted 
via venous puncture, under local anesthesia in most cases. The filter ideal for the 
inferior vena cava should be non-thrombogenic, biocompatible, non-ferromag-
netic, durable, and effective for filtering the plunger without compromising the 
vena cava flow [51].

The following are indications for vena cava filter placement: [27, 51]

 – Patients with pulmonary embolism or proximal vein thrombosis (iliofemoral) 
with contraindications to anticoagulation (level of evidence: moderate)

 – Patients with recurrent acute pulmonary embolism despite anticoagulant treat-
ment (level of evidence: high)

 – Patients with acute pulmonary embolism and low cardiac reserve (level of evi-
dence: high); It is important to remove the temporary filter within the time speci-
fied in your model, if clinical conditions (level of evidence: low)

Concomitant use of a vena cava filter and anticoagulation should not be routine 
(level of evidence: high). If the filter was implemented due to a contraindication for 
anticoagulation, when the contraindication is resolved, anticoagulation should be 
resumed (level of evidence: low).

 What Can Any General Practitioner Do for the Patient?

Venous thromboembolism is a frequent and prevalent disease. Every physician 
should know how to recognize the risk factors and apply anticoagulant treatment. 
Practitioners should begin treatment if the clinical suspicion of deep vein thrombo-
sis or pulmonary embolism is high, even when there is no diagnostic confirmation.

In ambulatory patients with suspected deep vein thrombosis, the Wells score 
should be applied and a request for a D-dimer test, if available, should follow to help 
guide the clinical decisions.
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Prophylaxis should be performed in all hospital, medical or surgical patients, and 
applied according to the risk group. Every hospitalized patient is at risk of venous 
thromboembolism.

Systemic fibrinolysis should be applied in cases of pulmonary embolism with 
hemodynamic instability.

 When to Refer to a Specialist?

The patient should be referred to a specialist when signs of phlegmasia are present in 
a member and when vena cava filter placement or a fibrinolysis catheter is necessary.
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13Diabetic Foot

Rafael Henrique Rodrigues Costa, Ligia de Loiola Cisneros, 
and Alessandra Rocha Luz

Abstract
The diabetic foot is defined as the presence of ulcer, infection, or deep tissue 
breakdown in a foot of a person with diabetes, in association with peripheral neu-
ropathy and/or peripheral arterial disease. Diabetic foot ulcers, the leading cause 
of diabetic patients’ hospitalization, are among the most common, serious, and 
costly complications of diabetes mellitus and results in major consequences for 
patients, their families and society. The pathophysiologic background  consists 
in a neuropathic foot, with the loss of protective sensation, leaving the foot vul-
nerable to repetitive trauma. Furthermore, the association of vascular disease 
and the predisposition to infection completes the triad which ultimately leads to 
amputation. The management of diabetic foot is complex and requires a multi-
disciplinary approach. Once established, it is a marker of poor limb prognosis, 
and, as always, the prevention is the most effective strategy.
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 Introduction

Diabetic foot is one of the most serious, costly, and devastating complications of 
diabetes, defined as a foot affected by ulceration, associated with neuropathy and/or 
peripheral arterial disease of the lower limb in a patient with diabetes [1–4]. Diabetic 
foot complications are the leading cause of hospital admissions, lower limb amputa-
tion and mortality in patients with diabetes worldwide [5]. Early recognition of 
patients with feet at risk for ulcers and amputation and the appropriate management, 
offered by a multidisciplinary team, can reduce the rates of these outcomes [6–10].

The treatment of diabetes-related foot disease and the constant monitoring have a 
significant financial burden on health services [11, 12]. Moreover, they have a dev-
astating impact on quality of life in diabetic patients and their families [13, 14].

 Epidemiology

The diabetic foot ulcers are the leading cause of hospital admissions and amputa-
tions in the world, consuming 20–40 % of the available resources to care for diabe-
tes [1, 15]. About 85 % of these amputations are preceded by infected ulcers or 
gangrene [2]. The annual incidence of ulcers in the general diabetic population is 
2–6.8 % [1, 15], and it is estimated that 8–10 % of these people will require amputa-
tion within a year. In 5 years, reamputation rate reaches 60 % [3, 16].

The mortality rate in people with diabetic foot ulcer who underwent amputa-
tion ranges from 11 to 22 % [4, 17]. In these cases, in addition to worsening of 
life quality, the 5-year mortality reaches 46 % being higher than some forms of 
cancer [1, 15].

 Natural History

The factors that lead to limb amputation are diabetic neuropathy (typically presented 
as sensorial and motor polyneuropathy), peripheral vascular disease, foot bone defor-
mities, and external trauma [4]. The sensory dysfunction associated to foot deformi-
ties increases the risk of foot ulceration [3] which may be complicated by peripheral 
artery disease (PAD), preventing the proper healing process [6, 18]. Foot ulcers, par-
ticularly those with an ischemic component, are likely to be colonized by bacteria, 
which can easily complicate the clinical condition with superficial and deep infec-
tions and occasionally osteomyelitis [19]. Such components contribute to the progres-
sion of the foot at risk to complications which may result in limb amputation [3, 4].

 Clinical Manifestations

The diabetic foot has a broad spectrum of clinical manifestations ranging from a 
“foot at risk” without macroscopic alterations, to a wide gangrene of the foot. 
However, the most common presentation is dry skin and bone 
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deformities—hammer toe or claw toe—associated with plantar callous or ulcers. 
All these manifestations can be grouped into three great classes: Peripheral neu-
ropathy, peripheral arterial disease, and infection [6].

 Peripheral Neuropathy

Peripheral neuropathy can be divided into three categories:

 1. Sensitive neuropathy manifests as the loss of painful sensibility. It results in 
repetitive traumas without the perception by the patient of the tissue lesion at the 
foot. Burning and tingling sensations are also frequent in this type of neuropathy 
[6, 9, 20].

 2. Motor neuropathy is responsible for foot deformities. The atrophy of intrinsic 
muscles and the unbalance between flexion and extension tendons induce the 
formation of claw toes, hammer toes, and equine foot, increasing plantar pres-
sure and eventually ulceration [6, 20].

 3. Autonomic neuropathy results in dry and fissured skin that may also lead to 
ulceration [6, 9, 21].

 Charcot’s Neuropathy

The neuroarthropathy Charcot or Charcot’s foot is a serious complication in patients with 
diabetic neuropathy, usually unilateral. Occurs in 0.08 % up to 13 % of diabetic patients 
in general [22], but the prevalence is unknown due to underdiagnosis [23]. The presenta-
tion is due to exacerbated inflammatory response and increase in osteoclasts activity, 
leading to bone destruction and progressive displacement of bones and joints [4].

Diagnosis is based on clinical examination of the feet and radiological findings 
[4]. The differential diagnosis should be done with abscess or severe foot infection. 
In the acute phase, treatment aims to the: (1) use of anti-inflammatory drugs; (2) 
prolonged immobilization with a total contact cast and; (3) discharge of the foot 
weight with appropriate footwear [4].

 Peripheral Arterial Disease

Diabetes is one of the main risk factors for the development of peripheral arterial 
disease. Its prevalence is estimated at 20–58 % of the diabetic population [6, 21]. The 
vascular history and examination associated with an objective measurement of blood 
flow impairment are sufficed for diagnosis. This measurement tests can be done by 
the ankle-brachial index, pulse volume recording, toe systolic pressure, or transcuta-
neous oxygen measurement. The normal value for the ankle-brachial index (mea-
sured with a hand-held Doppler) is equal or greater than 1, since the systolic pressure 
measured at the ankle should be the same or slightly higher as that measured in the 
arm in the absence of arterial obstruction of the lower limbs arteries [21, 24].
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The vascular history may include symptoms of intermittent claudication or rest pain.
The Vascular examination of the ischemic foot may show some typical signs as 

pallor after foot elevation, reactive hyperemia after putting the foot downwards, 
skin atrophy, gangrene, and ulcers with poor and pale granulation [21, 24, 25].

According to the Society for Vascular Surgery (SVS) Wound, Ischemia and Foot 
Infection (WIfI) classification system, ischemia of the lower limb are stratified in 
four grades as follows [26]:

• Grade 0: No signs of limb ischemia, with an ankle-brachial index greater than 
0.80;

• Grade 1: Ankle-brachial index between 0.79 and 0.60;
• Grade 2: Ankle-brachial index between 0.59 and 0.40;
• Grade 3: Ankle-brachial index lower than 0.39.

 Infection

Diabetic foot infection is a feared complication for its association with high ampu-
tation and mortality rates. Usually, the infection of a chronic ulcer is the reason for 
the patient to seek medical attention. The infective process starts in a neuropathic 
ulcer, which acts as an entry port for contaminant pathogens [27].

In the examination of the wound, the presence of two or more of the following 
signs is diagnostic for infection: skin erythema, induration, local tenderness or pain, 
local warmth, and purulent discharge [26].

According to the SVS-WIfI classification system, infection is graduated in four 
grades, from 0 to 4 as follows [26].

• Grade 0: No signs of infection.
• Grade 1: Mild infections: superficial, and, if erythema is present, it is limited to 

a 2 cm halo around the ulcer.
• Grade 2: Moderate infections, where deeper tissues are involved, and erythema 

extend over the 2 cm halo around the wound.
• Grade 3: Severe infection: the patient presents with systemic sepsis, defined by 

the presence of two or more of the following signs: Temperature higher than 
38 °C or lower than 36 °C, heart rate higher than 90 beats per minute, respiratory 
rate higher than 20 inspirations per minute or a PaCO2 lower than 32 mmHg, and 
a white blood cell count higher than 12,000 or lower than 4000 or at least 10 % 
of immature forms.

 Wounds

There are several classifications for diabetic foot. Wagner’s classification [28] 
(Table 13.1) is one of the most widely used [9, 26, 29, 30].

Ischemic ulcers have flat, dry, dystrophic, and painful lesions, especially in toes. 
The neuropathic ulcers lesions are usually located in the plantar region of the 
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midfoot, in sites of previous callus and hyperkeratosis. The neuroischemic ulcers 
have characteristics similar to neuropathic and ischemic ulcers together [31].

According to SVS-WIfI classification system, ulcer (or wound) is described as in 
four grades as follows [29]:

• Grade 0: No ulcers or gangrene;
• Grade 1: Shallow ulcer without bone exposure (except if it is limited to the distal 

phalanx);
• Grade 2: Deep ulcer in the forefoot/midfoot, with bone involvement, joint or 

tendon, superficial ulcer in calcaneus, or gangrene restricted to the toes;
• Grade 3: Extensive and deep ulcer in the forefoot/midfoot; deep ulcer on the 

heel; wide gangrene on forefoot/midfoot; or deep gangrene of the calcaneus.

 Diagnosis

The diagnosis of diabetic foot is complex due to a variety of signs and symptoms 
and the broad spectrum of the clinical manifestations of the disease [32]. The dia-
betic foot is the result of peripheral neuropathy and peripheral arterial disease. Each 
one of these factors has its proper diagnosis and should be evaluated individually to 
identify the diabetic foot [18, 21, 25, 32].

 Diabetic Neuropathy Evaluation

The neurologic exam is performed using validated instruments: the Semmes- 
Weinstein 10 g monofilament and the 128 Hz tuning fork for sensory evaluation and 
the hammer to test reflexes in the ankle [4, 9].

The patient with diabetic neuropathy is unable to perceive injuries as a result of 
sensory damage. It is established by an abnormal response to a 10 g monofilament 
test (esthesiometer) and another instrument, such as tuning fork (for vibration per-
ception threshold) or pinprick sensation test or Achilles reflex test [9, 32]. The 

Table 13.1 Diabetic foot rating according to Wagner

Wagner classification

0 Ulcer absence standing high risk

1 Shallow ulcer

2 Deep ulcer, penetrating ligaments and muscles, but 
without bone involvement

3 Deep ulcer with cellulitis, abscess, or osteomyelitis

4 Located gangrene restricted to the toes

5 Extensive gangrene

Adapted from: “Wagner FW, Jr. The dysvascular foot: a system for diagnosis and treatment. Foot 
Ankle. 1981;2(2):64–122”
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application of monofilament and the tuning fork and tests are recommended by The 
International Working Group on the Diabetic Foot as shown in Figs. 13.1, 13.2, 
and 13.3 [7]. The protective sensation is considered absent when the patient 
responds to two out of three incorrect answers to the stimulus of the monofilament 
and the tuning fork [33].

Symptoms of neuropathy can also be registered or measured through the use of 
specific questionnaires such as the neuropathy disability score and the neuropathy 
symptom score [34].

Fig. 13.1 Application of the monofilament. Reprinted with permission from: “Apelqvist J, 
Bakker K, Van Houtum W, Nabuurs‐Franssen M, Schaper N. International consensus and practical 
guidelines on the management and the prevention of the diabetic foot. Diabetes/metabolism 
research and reviews. 2000;16(S1):S84–S92”

Fig. 13.2 Sites to be tested with monofilaments. Reprinted with permission from: “Apelqvist J, 
Bakker K, Van Houtum W, Nabuurs‐Franssen M, Schaper N. International consensus and practical 
guidelines on the management and the prevention of the diabetic foot. Diabetes/metabolism 
research and reviews. 2000;16(S1):S84–S92”

R.H.R. Costa et al.



157

The reduction in muscle strength during dorsiflexion and plantar flexion indi-
cates motor impairment related to diabetic polyneuropathy. However, musculoskel-
etal foot deformities are the best evidence for muscle imbalance. The motor muscle 
impairment ranges from muscle weakness to paralysis, depending on the severity of 
the neuropathy. The joint mobility of foot and ankle must be checked; musculoskel-
etal deformities should be identified, and hyperkeratosis areas associated with 
deformities must be inspected and registered [7, 9, 14]. Gait analysis can be per-
formed by observing the patient walking. Footprinting mat, baropodometry, and 
quantitative-computerized gait analysis, if available, can also be used [20].

Symptoms and signs of autonomic dysfunction include resting tachycardia, 
intolerance to exercise, orthostatic hypotension, sudoriferous dysfunction (mani-
fested as anhidrosis of the extremities, which may be accompanied by hyperhidrosis 
in the trunk), and potentially autonomic failure in response to hypoglycemia [35].

 Vascular Assessment

Vascular assessment of the diabetic foot patient should start with pulse palpation. 
The presence, at least, of one palpable pulse—posterior tibial or dorsallis pedis—
indicates enough perfusion to heal wounds and fight infection.

In the pulseless patient, it is mandatory to evaluate limb perfusion with non- 
invasive tests, such as the ankle-brachial index, pulse volume recording, toe systolic 
pressure measurement, or transcutaneous oxygen measurement [24].

The ankle-brachial index is the most used test. It is a simple and reproducible 
test, which gives the physician valuable information about the limb perfusion. An 
index lower than 0.9 is diagnostic of arterial disease. However, an ankle-brachial 
index higher than 1.3 indicates that lower limb arteries are barely compressible due 
to wide medial calcinosis. In this scenario, another non-invasive test should be used.

Fig. 13.3 How to use a tuning fork
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Pulse volume recording uses photoplethysmography to create graphic forms of 
arterial pulses. Dampening of these waveforms indicates an upstream stenotic 
lesion. It is not affected by medial calcinosis.

Toe pressure measurement is also reliable in patients with incompressible ankle- 
brachial index because toe vessels are usually sparred from calcification. It also is 
used as a predictor of wound healing, with values lower than 30 mmHg indicating 
little healing potential [24].

Arterial duplex scanning does not have diagnostic value. It is a complementary test 
to determine which is the best treatment modality, conventional surgery or endovas-
cular technique. Revascularization should be considered in ischemic patients [24].

 Treatment

The treatment of patients with the diabetic foot is complex and requires a multidis-
ciplinary team [10, 18]. Interventions range from preventive and basic modalities to 
surgical interventions such as revascularizations and limb amputations [8, 25, 32]. 
Patients with neuropathy or evidence of increased plantar pressure should be prop-
erly instructed on foot self-care and supplied with therapeutic footwear and devices 
to redistribute pressure [8]. Patients with deformities need extra wide and deep 
shoes, and those with severe deformity (Charcot’s foot) need custom-molded shoes. 
The nonweight bearing will be imperative in the management of plantar ulcers [36]. 
Total contact cast or other casting techniques or removable devices should be pre-
scribed for this purpose [32, 35, 37].

Table 13.2 Antibiotic according to infection severity

Infection 
severity

Route of 
administration Environment

Antibiotic 
spectrum Duration

No infection – – Not necessary –

Mild Oral Outpatient Gram-positive 
cocci

1–2 
weeks

Moderate Oral/parenteral Outpatient/hospitalized Gram-positive 
cocci

1–3 
weeks

Severe Parenteral Hospitalized Broad- 
spectrum 
(including 
MRSA)

2–4 
weeks

See text for definitions on severity [30]
MRSA Meticilin-resistant Staphylococus aureus
Adapted from: “Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters EJ, Armstrong DG, et al. 
2012 Infectious Diseases Society of America clinical practice guideline for the diagnosis and 
treatment of diabetic foot infections. Clinical infectious diseases: an official publication of the 
Infectious Diseases Society of America. 2012;54(12):e132–73”
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 Antibiotic Treatment

All infected wounds should be treated with antibiotics and adequate wound care. 
Empiric antibiotic should be provided according to infection severity until antibiotic 
susceptibility data is available (Table 13.2) [30]. For mild to moderate infections, 
the regime should target gram-positive cocci. In case of severe infection, broad- 
spectrum antibiotics should be promptly initiated and directed according to culture 
results.

The suggested empiric antibiotic therapy is based on the Infectious Diseases 
Society of America Guideline for Diabetic Foot Infection [30].

For mild infections, oral cephalexin or amoxicillin-clavulanate showed to be 
effective in treating diabetic lesions. If there is a risk for methicillin-resistant 
Staphylococus aureus infection, the antibiotic should be Doxycycline or 
Trimethoprim/Sulfamethoxazole [30].

On the other hand, moderate and severe infections should be assessed more 
aggressively. Initial empiric therapy should consist of Ampicillin-sulbactam, 
Ertapenem, or Imipenem-cilastatin if the probable pathogen is a multi-sensible 
Staphylococcus aureus, Streptococcus sp., or Enterobacteriaceae. If meticillin- 
resistant Staphylococus aureus is suspicious, vancomycin is the choice [30].

 Surgical Treatment

 Debridement
Debridement is the removal of devitalized tissue of the wound bed to expose viable 
tissue [4]. In the presence of peripheral arterial disease, debridement can increase 
the wound bed due to tissue necrosis. Therefore, it is appropriate to investigate and 
optimize the treatment of peripheral arterial disease before and after surgical 
debridement, except for abscess where infection control must be immediate [38].

To prevent the formation of new wounds, debridement of sites in the foot with 
hyperkeratosis and calluses at intervals of 1–4 weeks is recommended [39].

The debridement may be performed by different methods: mechanical, autolytic, 
enzymatic, or surgical. Applying moist gauze to the wound bed performs the mechani-
cal debridement, but it is in disuse because it is painful and is not selective to necrosis, 
removing viable tissues as well [4]. The autolytic method uses the body’s natural action 
of enzymes leading to lysis of necrotic tissue, through products that keep moist the 
wound bed. Surgical debridement is the most effective and fast procedure through sharp, 
sterile blades [4]. Currently, studies have featured the use of maggot therapy from the 
decomposition of nonviable tissue and remove the bacteria from the wound bed [40].

 Revascularization Procedures
In the presence of important peripheral arterial disease, it is necessary to improve 
foot perfusion if the patients’ conditions are satisfactory. Revascularization can be 
achieved by conventional or endovascular surgery [24, 25].
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The conventional surgery uses a graft to bypass the arterial obstruction, restoring 
the blood flow to the foot. On the other hand, the endovascular technique uses intra- 
arterial sheaths and guide-wires that, in combination with balloon catheters and 
stents, promotes the reestablishment of intra-arterial lumen [24, 25].

 Limb Amputation
Diabetes is the leading cause of non-traumatic limb amputation [21]. In patients 
with severe involvement of the foot, amputation may be the only therapeutic choice. 
The indications are extensive gangrene of toes or the foot, chronic osteomyelitis, 
and deep tissues invasive infection.

Lower limb amputation can be divided as minor or major. Minor amputation 
preserves the ankle, therefore allowing the patient to walk without the use of a pros-
thesis. On the other hand, major amputation is performed above the ankle, with the 
removal of the entire foot preventing the patient to have a normal gait and conse-
quently being able to ambulate only with a prosthesis.

 Wound Care

 Dressings
After the effective debridement, it is necessary to choose the dressing (described in 
Chap. 15) to prepare the wound bed to accelerate the process of granulation and 
healing [4]. The ideal dressing should keep moist the wound bed, without steep 
edges, must be safe, non-toxic, hypoallergenic (for health professionals and patient), 
and non-adherent to the wound bed. Moreover, be accepted by the patient, promote 
relief of pain and odor, guarantee mobility, be easy to handle, and cost-effective 
[39]. There is some evidence to indicate a preference for the use of hydrogel and 
negative pressure therapy [41, 42]. The choice between the options should consider 
the cost and the properties of each bandage and the characteristics wound [4, 38, 
41–45]. Described below are the most used in the market:

 (a) Hydrogel: Consists of insoluble polymers (carboxymethyl cellulose) and up to 
96 % water [42]. It can be found as amorphous gels and sheet and may be asso-
ciated with alginate (this increases the power of debridement). It is indicated to 
keep humidity, maintain optimal pH, promote pain relief, and assist in autolytic 
debridement (removal of dead tissue). The exchange period can reach up to 7 
days for the sheets and 1 day for the gel [46].

 (b) Alginate: It is indicated for wounds with moderate to intense exudate, so the 
contact of product and secretion makes up a gel, keeping the wound bed moist 
and retaining secretion. After applying it to the wound, it needs to be slightly 
humidified with saline [45].

 (c) Hydrocolloid: It is indicated for wounds with moderate or little exudate. There 
is also another kind, the fibrous hydrocolloid, or hydrofiber, which is similar to 
alginate and is suitable for moderate to intense exudation. The exchange period 
reaches up to 5 days or saturation of the product [43].
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 (d) Foam: It is composed of hydrophilic polyurethane foam and is indicated for 
wounds with moderate to intense exudate. When combined with silver, it helps 
in local control of infection. Exchange period reaches up to 5 days or product’s 
saturation [44].

 (e) Negative Pressure Wound Therapy: It has not been well-established in the lit-
erature the exact way it acts yet. It is suitable for complex wounds, with moder-
ate to intense exudation. For wounds that need greater stimulation of granulation 
tissue, some authors report that this therapy is indicated as adjunct therapy to 
other processes such as the use of grafting [41].

The negative pressure wound therapy works by applying polyurethane foam 
or sterile gauze sealed with polyurethane film over the wound. A tube is con-
nected directly to a machine that performs the negative pressure (vacuum) about 
60–180 mmHg, taking the secretion into a reservoir [41].

 (f) Activated charcoal: Helps in removal of liquids and toxins that interfere with 
the cicatrization process [47]. It is indicated for wounds with low to moderate 
exudation and foul odor [48].

 (g) Cellulose membrane: It comes in a flat sheets shape, with pores of various 
diameters. Acts as a temporary skin substitute, maintains humidity, and pro-
motes the regeneration of epithelium [49]. Made from nanotechnology, after 
bacterial fermentation, bacterial cellulose nanofibers are set up in the three- 
dimensional network [50]. There are no current studies with real evidence about 
the use of this product.

 (h) Petrolatum Gauze Non-Adhering Dressing: This product is formed by a thin 
pad impregnated with a mix of petrolatum (vaseline) and 3 % tribromophenate 
bismuth [51]. It is suitable for wounds with granulation tissues, for dry wounds 
with little exudate, and as an adjunct to other treatments.

 Adjuvant Treatments
A recent study by the International Working Group on the Diabetic Foot recom-
mends caution with the use of such therapies because there are not enough studies 
with strong evidence to justify its use [29].

The use of adjuvant therapy is recommended if the wound does not heal after the 
use of conventional therapies for a period greater than 4 weeks. These treatments are 
organic (platelet-derived growth, extracellular matrix products, among others) and 
hyperbaric oxygen therapy. The choice between these types of treatments depends 
on availability, cost-effective, wound characteristics, and the patient’s clinical status 
associated with the standard treatment [39].

Cell and platelet system activation, after the use of plasma and platelet growth 
factors, stimulate and regulate the wound healing process by deploying factors that 
activate macrophages and epithelial cells, inducing the formation of new capillaries 
[39]. Hyperbaric oxygen therapy is recommended to use with caution, requiring an 
evaluation of transcutaneous oximetry to indicate patients with better responses to 
this therapy [39].

Bioengineered skin grafts reports describe good results when coupled with the 
negative pressure therapy, with cure rates up to 93 % [4, 39, 52–54].
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 What Can the Primary Care Physician Do for This Patient?

The general physician is usually the first to handle the patient with diabetic foot. A 
lot can be done in an outpatient environment. All patients with diabetes must be 
examined at least once a year for potential foot problems [7, 32]. Initial signs and 
symptoms of neuropathy and peripheral vascular disease, previous ulcerations, and 
its healing time, infection, amputation, and interventions should be investigated. 
The assessment of the risk of ulceration and amputation and a proper follow-up 
strategy is depicted in Table 13.3 [4, 37].

The essential elements of the diabetic foot evaluation include the search for 
wounds and infection in the feet on a frequent basis. The physical examination 
should be performed on all surfaces of the foot, including the spaces between all the 
toes [9]. Shoes must be inspected for suitability in shape, size, and fabrication mate-
rial, as well as any gait-assistive device [7, 8, 32].

 When to Refer the Diabetic Foot Patient for an Expert?

A follow-up plan should be part of the treatment, focusing on the need for referral 
to a specialist. The priority, indication, and timelines for referral should be as fol-
lows, based on the risk category (Table 13.3) [9].

• Very low risk: Diabetic patients with protective sensation, without peripheral 
arterial disease, seeking for therapeutic education such as foot care, athletic 
training, appropriate footwear, preventing injury, etc. (category 0) should be 
referred within 1–3 months, and with a suggested follow-up annually.

Table 13.3 Risk classification based on foot examination

Risk 
category Definition Recommended treatment Follow-up

0 Absence of neuropathy Therapeutic education and advice  
on footwear

Annually (with the 
basic care team)Absence of PAD

No deformities
1 Loss of protective 

sensibility and 
deformities

Therapeutic education, and footwear 
prescription for protection and 
accommodation of deformities

Every 3–6 months 
(with the specialist 
team)

2 Loss of protective 
sensibility and PAD  
and/or foot deformities

Therapeutic education and footwear 
prescription, examination, and 
follow-up with Vascular Surgeon

Every 2–3 months 
(with the specialist 
team)

3 History of ulcer 
amputation

Therapeutic education, advice on 
footwear and/or orthotics and 
follow-up with Vascular Surgeon

Every 1–2 months 
(with the specialist 
team)

PAD peripheral artery disease
Adapted from: “Boulton AJ, Armstrong DG, Albert SF, Frykberg RG, Hellman R, Kirkman MS, 
et al. Comprehensive foot examination and risk assessment. A report of the Task Force of the Foot 
Care Interest Group of the American Diabetes Association, with endorsement by the American 
Association of Clinical Endocrinologists. Phys Ther. 2008;88(11):1436–43”
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• Low risk: Diabetic patients with loss of protective sensation, nonchanging defor-
mity, requiring prescriptive or accommodative footwear (risk category 1) should 
be referral within 1 month.

• Moderate risk: Diabetic patients with peripheral arterial disease and loss of protec-
tive sensation, dorsalis pedis/posterior tibial pulses diminished or absent, swelling, 
or edema (risk category 2) must be referral within 1–3 weeks (if the patient is not 
already receiving regular vascular care).

• High risk: Diabetic patients with a previous history of ulcer or lower extremity 
amputation (risk category 3) are immediate outpatient referral.

• Urgent (active pathology): Diabetic patients with ulcerative wounds, with signs 
of infection or not, neuropathic pain or pain at rest, absence of distal pulses or 
gangrene, and signs of neuroarthropathy at midfoot or ankle (local redness, 
hyperthermia, and swollen) must be immediately referred to a hospital.
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14Chronic Venous Disease and Varicose 
Veins

Maíra Faria Braga Pires, Raquel Ferreira Nogueira, 
and Tulio Pinho Navarro

Abstract
The lower limb venous system is responsible for the return of the blood from the 
leg toward the heart. Chronic venous disease occurs by a deficiency in the blood 
return due to structural or functional abnormalities of the veins of the lower 
limbs. Insufficient venous return leads to the accumulation of blood in the lower 
limbs and to varying degrees of venous hypertension, presenting a wide spec-
trum of clinical manifestations, ranging from simple telangiectasies and varicose 
veins to advanced forms. Chronic venous disease has a large prevalence in the 
world population and has significant impact on health services for high demand 
due to disease symptoms, activity limitation and aesthetic concern. Common 
symptoms are pain, cramps, heaviness, edema, and lower limb ulcer. The pres-
ence of tortuous and dilated veins must be noted, as well as telangiectasies, angi-
omatous formation, edema, and trophic skin alterations. CEAP classification has 
been proposed in order to standardize the scientific publications about varicose 
veins and therapeutic indications. Chronic venous disease treatment involves no 
interventionist actions to control symptoms and improve the quality of life with 
physical activity, compression therapy, phlebotropic agents, and interventional 
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treatment such as sclerotherapy, transdermal laser, or surgery. Today, we have the 
minimally invasive methods as an alternative of surgery: endovenous ablation 
with laser or radiofrequency and foam sclerotherapy.

 Introduction

The lower limb venous system is responsible for the return of the blood from foot, 
leg, and thigh toward the heart. There are three types of limb veins: superficial, 
deep, and perforating, which communicate the superficial veins to the deep veins 
[1]. They are all interconnected and the disorder present in one affects the others.

Chronic venous disease occurs by a deficiency in the blood return due to struc-
tural or functional abnormalities of the veins of the lower limbs. This is by: (1) 
obstruction of the venous flow (thrombosis or extrinsic compression), (2) reflux due 
to venous valvular incompetence that can be primary or secondary, or (3) deficiency 
in the calf muscle pump [2].

Insufficient venous return leads to the accumulation of blood in the lower limb 
and to several degrees of venous hypertension. Therefore, the chronic venous dis-
ease presents a wide spectrum of clinical manifestations, ranging from simple telan-
gectasias (spider veins), reticular veins (subdermal), varicose veins (subdermal and 
subcutaneous), and leg edema to advanced forms with hyperpigmentation of the 
skin, dermal sclerosis, and venous ulcers [3].

Varicose veins are tortuous, dilated, and elongated veins, with loss of valvular func-
tion and wall changes related to venous hypertension. They are subdermal and subcu-
taneous, most commonly in lower limbs [4]. There are no classical varicose veins in the 
deep system due to muscle fascial sheath that prevents the dilation and stretching of the 
veins. The varicose veins may be (1) primary, of unknown etiology that corresponds to 
most cases or (2) secondary, resulting from deep vein thrombosis, vascular malforma-
tion (like vein or valve agenesis), and congenital or acquired arteriovenous fistulas.

 Epidemiology

Chronic venous disease has a large prevalence in the world population, with involve-
ment of 25–33 % of women and 10–20 % of men in the adult population, with pro-
portional increase related to age [5–7]. The prevalence is approximately 37.9 % in 
the general population. According to the Framingham study, the annual incidence of 
varicose veins is 2.6 % in women and 1.9 % in men, with a ratio of 2 women to 1 
man affected [8]. Chronic venous disease has significant high demand on health 
services due to the symptoms, activity limitation, and aesthetic concern.

 Pathophysiology

Chronic venous hypertension is responsible for the alterations found in chronic 
venous disease. When the patient lies down, the foot is at the same level as the heart 
so the blood flows without difficulties. However, it is necessary for the blood to 
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overcome gravity when the patient is standing. During physical activity, contractil-
ity of the calf muscles acts as a pump that ejects the blood back to the heart (calf 
pump). The venous valves close after the passage of the blood avoiding blood reflux 
directing the blood stream to the right side of the heart [9].

During standing or sitting, especially after long periods of time, there is no calf 
muscles action. Then, venous stasis occurs leading to increased intravenous pres-
sure, which may damage the venous walls and valves [9].

Venous hypertension leads to extravasation of plasma and blood elements to the 
surrounding tissues, mainly for skin and subcutaneous tissue. Red blood cell is 
degraded in the interstitial space forming hemosiderin and causing skin hyperpigmen-
tation. Considering the microcirculation, the hypertension generates inflammation of 
the subcutaneous tissue, lipodermatosclerosis, and leukocyte sequestration leading to 
cellular damage. Fibrin increase in the interstitial tissue hinders the diffusion of 
metabolites leading to less availability of essentials elements to healing and ulceration 
eventually [10]. Hemodynamic worsening translates into clinical worsening [11].

 Natural History

Varicose veins of the lower limbs are the most frequent presentation of chronic 
venous insufficiency, affecting 75 % of the patients. Of these, 71 % have varicosities 
derived from the reflux of the great saphenous vein, making it the most affected ves-
sel in the wide clinical spectrum of chronic venous insufficiency [12]. Primary vari-
cose veins are associated with a normal deep venous system and progress less 
frequent to more advanced venous disease, when compared to secondary [13]. Some 
risk factors for its development are: family history for varicose veins, advanced age, 
obesity, high number of pregnancies, phlebitis, professional prolonged orthostatic 
position, smoking, physical inactivity, and poor fiber diet [2].

Advanced forms of chronic venous disease with venous dilatation, edema, and 
ulcers are associated with low mortality rates. However, they present with severe 
loss of quality of life due to discomfort, high rates of recurrence, and the long evolu-
tion, having bad prognosis: 50 % of the ulcers heal in 4 months, 20 % in 2 years, 8 % 
in 5 years and they have annual recurrence of 6–15 % [14–17].

Lower limbs varicose veins are estimated to affect about one-third of the world 
population [4]. However, only about 3–6 % of the people with varicose veins will 
develop stasis ulcers [18]. Therefore, usually the evolution of the majority of the 
chronic venous diseases are benign and most patients present purely aesthetic dis-
comfort without major problems for health in general.

Varicose veins are a small risk factor for deep vein thrombosis. So, when it 
occurs, other risk factors of more importance such as venous stasis, malignancy, 
thrombophilia, trauma, or hormonal replacement should be considered [19].

Superficial thrombophlebitis is often linked to varicose veins complications. It 
leads to pain and local inflammation. It can occasionally cause deep vein thrombo-
sis if it reaches to the deep venous system through a communicating vein [20].
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 Clinical Manifestations

The clinical manifestations of chronic venous disease encompass a large spectrum 
of venous disorder from simple telangiectasies and reticular veins to venous ulcers.

Patients refer symptoms such as lower limbs pain, heaviness, edema, cramps, 
burning, itching, or tingling in different intensity degrees [4]. Symptoms are more 
pronounced at the end of the day (after long periods of orthostatic position) and in 
hot weather, worsening in summertime. It gets better with horizontal decubitus and 
lower limb elevation.

Hormonal action also influences the manifestations, with larger number of com-
plaints during the premenstrual period and in the presence of hormone replacement 
or oral contraceptives use.

In advanced cases occur skin alterations such as eczema, dermatitis, hyperpig-
mentation (secondary to hemosiderin deposition), lipodermatosclerosis, and blanche 
atrophie. It can also occur wounds (stasis ulcer) mainly in malleolar region, phlebi-
tis, and occasional bleeding [21].

 Classification

CEAP classification has been proposed in order to standardize the scientific publi-
cations regarding varicose veins and therapeutic indications and takes into account 
the knowledge about the pathophysiology of venous disease, diagnostic methods, 
and the different concepts of the meaning of chronic venous insufficiency. This clas-
sification is related to four criteria: clinical (C), etiological (E), anatomical (A), and 
pathophysiological (P) and was adopted worldwide, being the most used currently.

CEAP classification is shown in Table 14.1 [22]:

Clinical classification (C): from 0 to 6
  C0 No visible sign of venous disease
  C1 Telangiectasies or reticular veins
  C2 Varicose veins
  C3 Edema
  C4 Changes in skin and subcutaneous tissue
  4a Pigmentation or eczema
  4b Lipodermatosclerosis or atrophie blanche
  C5 Healed ulcer
  C6 Active ulcer
  S: symptomatic
  A: asymptomatic

Etiological classification (E)
  Ec Congenital
  Ep Primary
  Es Secondary (post-thrombotic syndrome, trauma)
  En No venous cause identified

Table 14.1 Basic CEAP classification [22]

(continued)
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Anatomical classification (A)
  As Superficial veins
  Ad Deep veins
  Ap Perforator
  An No venous location identified

Pathophysiological classification (P)
  Pr Reflux
  Po Obstruction, thrombosis
  Pr,o Reflux and obstruction
  Pn No venous pathophysiology identified

Excerpted with permission from: “Eklöf B, Rutherford RB, Bergan JJ, Carpentier PH, et al. 
Revision of the CEAP classification for chronic venous disorders: consensus statement. J Vasc 
Surg. 2004; 40: 1248–52”

Table 14.1 (continued)

Table 14.2 Definitions about CEAP clinical (C) classification [22]

Corona 
phlebectatica

Fan-shaped pattern of numerous small intradermal veins on medial or 
lateral aspects of ankle foot

Telangiectasia Confluence of dilated intradermal venules less than 1 mm in caliber. 
Synonyms include spider veins, hyphen webs, and thread veins

Reticular vein Dilated bluish subdermal vein, usually 1 mm to less than 3 mm. Usually 
tortuous. Excludes normal visible veins in persons with thin, transparent 
skin. Synonyms include blue veins, subdermal varices, and venulectasies

Varicose vein Subcutaneous dilated vein 3 mm in diameter or larger, measured in upright 
position. May involve saphenous veins, saphenous tributaries, or no 
saphenous superficial leg veins. Varicose veins are usually tortuous, but 
tubular saphenous veins with demonstrated reflux may be classified as 
varicose veins. Synonyms include varix, varices, and varicosities

Edema Perceptible increase in volume of fluid in skin and subcutaneous tissue, 
characteristically indented with pressure. Venous edema usually occurs in 
ankle region, but may extend to leg and foot

Eczema Erythematous dermatitis, which may progress to blistering, weeping, or 
scaling eruption of skin of leg. Usually seen in uncontrolled chronic venous 
disorder, but may reflect sensitization to local therapy

Pigmentation Brownish darkening of skin, resulting from extravasated blood. Usually 
occurs in ankle region, but may extend to leg and foot

Atrophie Blanche 
(White atrophy)

Localized, often circular whitish and atrophic skin areas surrounded by 
dilated capillaries and sometimes hyperpigmentation. Should not to be 
confused with healed ulcer scars

Venous ulcer Full-thickness defect of skin, most frequently in ankle region, that fails to 
heal spontaneously and is sustained by chronic venous disorder

Excerpted with permission from: “Eklöf B, Rutherford RB, Bergan JJ, Carpentier PH, et al. 
Revision of the CEAP classification for chronic venous disorders: consensus statement. J Vasc 
Surg. 2004; 40: 1248–52”

For a better understanding of the various CEAP clinical classes (C), precise defi-
nitions of each were described as shown below in Table 14.2 [22].

The Figs. 14.1, 14.2, 14.3, 14.4, 14.5, and 14.6 represent CEAP clinical clas-
sification from C1 to C6 respectively.
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Fig. 14.1 CEAP C1: Telangiectases and diffuse reticular veins

Fig. 14.2 CEAP C2: Varicose veins

Fig. 14.3 CEAP C3: Right lower limb edema associated with 
varicose veins



Fig. 14.4 CEAP C4: Hyperpigmentation and eczema

Fig. 14.5 CEAP C5: Healed ulcer in right medial malleolus

Fig. 14.6 CEAP C6: Granulated circumferential venous ulcer
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 Diagnosis

Chronic venous disease diagnosis is made by medical history and physical 
examination.

Common symptom is pain, reported by the patient as heaviness or cramps, being 
exacerbated by prolonged orthostatic position and relieved by lower limb elevation 
and bed rest [21].

The physician should also inquire about the period of evolution of the disease, 
the manner and intensity of progression, the influence of the weather, particularly in 
hot seasons, the use of estrogens and worsening in menstrual period, the number of 
pregnancies and the variations observed during this period and in puerperium, the 
occupation, as well as the posture at work, daily activities in general, with the esti-
mated period of orthostatic, the frequency and type of physical exercises, the exis-
tence of varicose veins in the family.

At physical examination, the presence of tortuous and dilated veins must be 
noted, as well as telangiectasies, angiomatous formation, edema, and trophic skin 
alterations [21]. Lower limb pulses examination in patients with varicose veins is 
essential to exclude concomitant peripheral artery disease, which could change 
the treatment approach. Noninvasive tests like the lower limb venous duplex scan 
may be requested after the decision to make an intervention. They confirm the 
diagnosis and evaluate the etiology, whether primary or secondary, and the anat-
omy of the affected vessels. These tests will be better discussed in another chapter 
of this book.

 Differential Diagnosis

Chronic venous disease manifestations can be confounded with other diseases.
Pain in the morning or just when the person takes the orthostatic position are 

probably not of venous origin; as well as pain at the lateral part of the thigh, which 
suggests nerve irritation. Pain at the knee joint, worsening after effort is typical of 
osteoarthritis and when located in inguinal region could be hip osteoarthritis, 
tendinitis, or nerve injury.

There are several systemic diseases that manifest with lower limb edema such as 
cardiac failure, nephrotic syndrome, liver disease, endocrine dysfunction, kidney 
failure, metastatic cancer, and autoimmune and inflammatory diseases. In addition, 
it could be considered as side effect of some medications such as calcium channel 
blockers, oral hypoglycemic agents, anti-inflammatory drugs, among others [21].

Deep vein thrombosis should be kept in mind if there is previous history of 
trauma, prolonged immobilization or major surgery. However, it should also be dif-
ferentiate with: rupture of Baker’s cyst, hematoma due to gastrocnemius muscle 
rupture, lymphedema, and erysipelas. In manifestations such as pigmentation and 
dermatosclerosis, the differential diagnosis should be made with dermatitis, myx-
edema, skin necrosis, and purpura [21].
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 Treatment

 Clinical Treatment

Chronic venous disease initial treatment involves no interventionist action to con-
trol symptoms and improve the quality of life, as well as to prevent the develop-
ment of secondary complications and disease progression. Lifestyle modifications, 
such as the practice of regular physical activity, intermittent elevation of the limb 
and weight loss should be encouraged. Compression therapy and occasionally 
pharmacotherapy could also be added as part of the clinical treatment.

If clinical treatment is insufficient, invasive treatment should be considered 
according to the anatomy and pathophysiology of the patient. Specific treatment is 
based on the disease’s severity. Patients classified as CEAP C4 to C6 often require 
invasive treatment and early treatment of patients CEAP C3 could prevent disease 
progression to more advanced classes [23].

 Compression Therapy
Compression therapy is an essential component in the treatment of patients with 
chronic venous disease. It promotes a graduated external compression of the leg to 
oppose the hydrostatic force of venous pressure that is main pathogenic factor of the 
disease. It also improves calf pump function, increasing the velocity of venous flow, 
with good effects on the microcirculation, improving the oxygenation of the skin 
and lymphatic circulation [23]. However, it is not efficient to prevent the disease 
progression [24].

External compression above 60 mmHg in patients in standing position causes the 
occlusion of limb vessels, which could harm the skin circulation. Therefore, this 
value is considered to be the safe upper limit for compression therapy [23].

Several compression methods are available: graduated compression stockings, 
Unna boot, elastic and nonelastic bandages, and intermittent pneumatic compression.

Graduated Compressive Stockings
Compressive stockings are designed to have the highest compressive pressure at the 
ankle. The compression progressively reduces from the ankle to one-third at the 
upper leg and a half at the thigh.

The socks are available in four scales: 15–20 mmHg, 20–30 mmHg (gentle com-
pression), 30–40 mmHg (medium compression), 40–50 mmHg (high compression), 
and three lengths: 3/4 (below the knee), 7/8 (thigh), and pantyhose. Usually, the 3/4 
stocking is sufficient to control the symptoms.

The appropriate stocking size is provided according to the patient’s measures 
(thigh, calf, and ankle). Some obese patients or those with advanced chronic venous 
disease may require special size, and therefore it should be customized. The durability 
of the elastic stocking is 6–9 months, once the elasticity expires after that period [24].

Unna Boot
Unna boot is an artisanal preparation of a multilayer inelastic bandage for the 
lower limbs. The strips are impregnated with a paste consisting of zinc oxide, 
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glycerin, and gelatin. This bandaging allows movement of the ankle joint and the 
normal gait, helping the functioning of the calf muscle pump, preventing the 
occurrence of edema, improving the skin and subcutaneous microcirculation, 
which accelerates the healing of stasis ulcer [25]. Not every patient is well adapted 
to the Unna boot, and it has to be changed weekly by a health professional, which 
makes its use difficult for many patients. Furthermore, the Unna boot cannot be 
used in the presence of infection.

Elastic and Nonelastic Bandages
Compressive bandages are used in single or multiple layers for patients with 
advanced chronic venous disease. When applied, the pressure, the number of layers, 
the components, and the elastic properties of the material to be used should be con-
sidered. The bandage can be elastic and nonelastic. The main disadvantage of the 
nonelastic bandage is the loss of pressure when the limb loses its volume. Training 
in the bandage application is important once incorrect preparation can cause addi-
tional ulcers. The elastic bandage is easier to apply. It should be applied in order to 
have a higher pressure than the resting pressure. Drawbacks are some possible dis-
comfort when using it and the possibility of ulcers, especially in bony prominences 
when adequate coverage is not applied [24].

Intermittent Pneumatic Compression
Pneumatic compression is a mechanical compression where an external force is 
applied by intermittent insufflation pneumatic boots. It can be used in the treatment 
of venous leg ulcers and lymphedema. The device is somewhat expensive, and 
therefore it may be a less accessible treatment for the general population [26].

 Pharmacotherapy
Phlebotropic agents are drugs with venoactive properties, increasing venous tone 
and reducing capillary permeability. They have an anti-edema action by decreased 
capillary permeability, improved lymphatic drainage, venoconstriction, and anti- 
inflammatory action [27]. There are several classes of such drugs: flavonoids 
(ɣ-benzopyrones), coumarins (α-benzopyrones), saponosides (horse chestnut and 
extracts), among others. However, there is insufficient scientific evidence to prove 
their effectiveness in the treatment of chronic venous disease and stasis ulcer. It is 
suggested in present trials some efficacy in controlling edema and healing of venous 
ulcers, but further studies are still needed [28, 29]. Available trials in current litera-
ture must be interpreted cautiously since they are poorly reported and have an 
unclear risk of bias favoring the drugs [29].

 Interventional Treatment

 Sclerotherapy
Sclerotherapy is the injection of a chemical substance in the vein lumen, causing 
endothelial damage and consequently vein thrombosis and eventually fibrosis of the 
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vessel [30]. It can be used to treat veins with different calibers although it is 
normally used for telangiectasies and reticular veins treatment. There are several 
types of sclerosing agents, and they may be used in liquid form for the smaller veins 
and as foam for the larger ones. Sclerotherapy is used as a primary treatment or in 
conjunction with surgery to correct chronic venous disease [31].

Relative contraindications to sclerotherapy are: asthma, advanced diabetes complica-
tions, hypercoagulable state, leg edema, peripheral occlusive arterial disease, chronic 
renal failure. Absolute contraindications are: medicine allergy, cellulitis or other acute 
skin disease, acute respiratory disease, severe systemic disease, migratory phlebitis, 
acute superficial thrombophlebitis, pregnancy, hyperthyroidism, bedridden patients [32].

A common complication of sclerotherapy is skin hyperpigmentation by hemo-
siderin deposit. Such hyperpigmentation may be avoided by microthrombectomy in 
the thrombosed varicose vein to drain the clot causing less pain and inflammation 
by mini punctures [33]. Other complications are neoangiogenesis, injection pain, 
and itching after the procedure. Some rare complications include skin necrosis, 
thrombophlebitis, anaphylaxis, deep vein thrombosis, and pulmonary embolism.

 Transdermal Laser and Intense Pulsed Light
Transdermal laser and intense pulsed light (IPL) are therapies that have arisen as a 
treatment option for spider veins and telangiectasies, in addition to sclerotherapy. 
They penetrate the skin to reach the vein to be treated without causing damage to it 
or to the surrounding tissues [34]. They are used for telangiectasies and reticular 
veins smaller than 3 mm [35, 36]. For each type of vein to be treated, it should be 
selected the wavelength, pulse duration, and beam diameter [37]. The action mecha-
nism of these lasers is the light absorption by the hemoglobin. The absorbed light is 
converted into thermal energy which causes coagulation of the targeted vessel [38].

Indications for transdermal laser and intense pulsed light include smaller veins 
than a 30G needle, “matting” (vascular neoformation), sclerosing resistant veins, and 
patients with needle phobia [39]. Contraindications are: pregnancy, hypertrophic 
scars or keloids, use of anticoagulants, tanned skin, and photosensitive diseases [38].

Complications are: transient rash, hyperpigmentation, hypopigmentation, “mat-
ting,” thrombosis, damage to the skin, skin burning, purpura, and local pain [38].

 Surgical Treatment
Surgical treatment of lower limbs varicose veins is indicated in the presence of pain, 
aesthetic discomfort, or in the presence of disease complications such as superficial 
phlebitis, bleeding, lipodermatosclerosis, and ulcers (active or healed).

Traditional phlebectomy is invasive and painful. Today, we have the minimally 
invasive methods as an alternative: endovenous ablation with laser or radiofre-
quency and foam sclerotherapy. They offer the benefits of a faster recovery with less 
physical limitation, reduction of complications, and increased quality of life [40].

Surgical complications are: lesions in the femoral artery or vein, motor nerve and 
sensory nerve injury, deep vein thrombosis, infections, superficial phlebitis, and 
lymphedema.
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 Endovenous Ablation

Endovenous ablation uses thermal energy to obliterate the vein by laser or radiofre-
quency, leading to vessel thrombosis and eventually fibrosis. This technique is 
commonly used to the incompetent saphenous vein as an alternative to conven-
tional stripping and to the tributaries as an alternative to conventional surgical phle-
bectomy [2]. The procedure is done guided by ultrasound under local or regional 
anesthesia in a procedure suite.

Complications such as paresthesia, rupture of the vein, superficial thrombophlebitis, 
deep venous thrombosis and pulmonary embolism, skin burn, infection, pigmentation, 
bruising, neovascularization, hemorrhage, and necrosis may occur although it is con-
sidered less invasive than conventional surgery [2].

Contraindications for the procedure includes: superficial or deep vein thrombo-
sis, aneurysm, and ankle-brachial systolic pressure index lower than 0.9.

 Radiofrequency Ablation

Radiofrequency ablation is a minimally invasive procedure that effectively treats 
venous reflux, with minimal discomfort to the patient and shorter recovery time, 
providing less time of work.

For its realization, it is used as catheter (“ClosureFAST”) [41] which has a bipo-
lar 7 cm electrode at the tip, where the heat energy is dissipated. The catheter con-
tact with the vein wall produces endothelium destruction and vein wall occlusion by 
collagen contraction and thrombus formation.

 Endovenous Laser Ablation

Endovenous laser ablation has many similarities with radiofrequency, but there are 
some differences in the catheter and the ablation mechanism. The laser uses a fiber 
that dissipates thermal energy, generating heat and vapor bubbles that destroy the 
target vein endothelium. This creates an inflammatory reaction resulting in an effec-
tive thrombotic occlusion and eventually fibrosis.

Several wavelengths are used for endovenous laser: 810, 940, 980, 1064, 1319, 
1320, and 1470 nm [42]. These wavelengths differ in the ability to absorb water and 
hemoglobin. Recent researches suggest that the various wavelengths are equally 
effective, but the greater length present with lower levels of pain and bruising.

 Comparison Between the Methods

Ablation is compared to conventional surgery in effectiveness. However, in the con-
ventional surgery group, more postoperative pain and bruising were observed. On 
the other hand, phlebitis and hyperpigmentation was higher in the thermal ablation 
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group [43]. Comparing laser and radiofrequency ablation, foam sclerotherapy and 
stripping for saphenous vein reflux treatment, the methods were similar in efficacy. 
However, the late results of foam sclerotherapy were more unfavorable, with higher 
rates of recanalization. Either in radiofrequency or in foam sclerotherapy method, 
the patient’s recovery was faster compared to conventional surgery and laser [44].

Primary failure and disease recurrence comparing endovenous or radiofre-
quency laser ablation and conventional surgery had no significant statistical differ-
ence. However, intravenous ablation showed less bruising, lower rates of wound 
infection, less pain, and faster return to daily activities [45].

Patients with advanced CEAP class (C5 and C6) appear to have benefit from use 
of endovenous ablation. Radiofrequency and endolaser are preferably recommended 
to open surgery because they reduce convalescence and decrease morbidity and 
postoperative pain [2].

 What the Generalist Can Do?

Inform the patient that the disease is benign. The practitioner should also recom-
mend some physical activity, the use of gradient elastic stockings, and stimulate 
lifestyle modification and weight loss. Interventional treatment should be indicated 
in cases of pain or complications such as edema, lipodermatoesclerosis, phlebitis, or 
ulcers.

 When to Refer to the Expert?

The patient must be referred in cases of complications such as pain, edema, lipoder-
matoesclerosis, phlebitis, and ulcers or if he wishes to be operated.
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15Vascular Anomalies

Alexandre de Tarso Machado

Abstract
This chapter is about tumors and malformations affecting the arterial, venous, and/
or lymphatic system in a wide clinical manifestation and may compromise any ana-
tomical site, within the cranium, neck, chest, abdomen, pelvis, and limbs. 
Symptomatic patients with hemorrhage, muscular pain, movement limitation, coag-
ulopathy, aesthetic discomfort, or deformity have indications to be treated based on 
Mulliken and Glowacki’s classification (modified by the International Society for 
the Study of Vascular Anomalies) in which vascular anomalies were divided accord-
ing to cellular features, clinical presentation, natural history, and treatment into 
hemangiomas and vascular malformations. Besides, that contains tips dedicated to 
non-specialists and also objective topics for students in formation.

Vascular anomalies are tumors and malformations affecting the arterial, venous, 
and/or lymphatic system [1]. They may present in different clinical forms: without 
symptoms, as internal or external hemorrhage or tumors, causing extrinsic compres-
sion of structures (for example, the airway), or leading to muscular and articular 
pain, movement limitation, coagulopathy due to trapping of coagulation factors, 
aesthetic discomfort, deformity, and even death [1]. Any anatomical site may be 
affected, within the head, neck, chest, abdomen, pelvis, and limbs.

In 1982, Mulliken and Glowacki proposed a classification in which vascular 
anomalies were divided according to cellular features, clinical presentation, natural 
history, and treatment into hemangiomas and vascular malformations [3].
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In 1996, this classification was modified and adopted by the International Society 
for the Study of Vascular Anomalies [1, 3] that divided the lesions into vascular 
tumors (hemangiomas and other proliferative tumors) and vascular malformations 
(capillary, venous, lymphatic, arterial, and combined malformations). While tumors 
are caused by endothelial proliferation, malformations occur due to abnormal vessel 
morphogenesis [1, 4]. However, tumors and malformations may coexist [4].

 Epidemiology

 Vascular Tumors

Vascular tumors may be comprehensively divided into congenital or acquired, with 
infantile hemangioma being the most common type [3]. From a clinical standpoint, 
it is important to distinguish congenital vascular tumors from vascular malforma-
tions (Table 15.1) [4–6].

Vascular tumors are characterized by: (a) proliferation of endothelial cells; (b) 
become evident at birth in approximately 40 % of the cases (generally as precursor 
lesions); (c) grow rapidly after birth; and (d) show spontaneous involution after the 
first year of life, in a process that may span the first decade of life. The frequency 
ratio between women and men is 5:1 [5, 6].

 Vascular Malformations

In vascular malformations, the endothelial cells follow a normal cycle. These lesions 
are characterized by manifesting at birth in 90 % of the cases, not regressing 

Table 15.1 Classification of vascular anomalies according to the nomenclature and classification 
adopted by the International Society for the Study of Vascular Anomalies with correct terminolo-
gies and out-of-use equivalents to be avoided [6]

Recommended correct terminology Correlative terminology to be avoided

Congenital vascular tumors
Infantile hemangioma Capillary hemangioma
Congenital hemangioma Strawberry hemangioma
Hemangioendothelioma

Low-flow malformations
Capillary malformation Port wine hemangioma
Venous malformation Cavernous hemangioma
Lymphatic malformation Cystic hygroma/lymphangioma
Combined malformation (without an arterial 
component)

High-flow malformation
Arteriovenous malformation
Arteriovenous fistula
Arterial malformation
Combined malformation (with an arterial component)

Adapted From: “Gontijo B, Pereira LB, Silva CMR. Vascular malformations. An Bras Dermatol. 
2004; 79(1):7–25”
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spontaneously and growing proportionally to the child’s growth, triggered by 
 physiological, endocrine, traumatic, or infectious stimuli. The female-to-male ratio 
is 1:1 [5, 6].

According to the nature of the vascular channels, vascular malformations are 
categorized into capillary, arterial, venous, lymphatic, or combined. They may be 
additionally classified as high-flow or low-flow malformations [1, 2]. High-flow 
malformations include arterial and arteriovenous malformations and arteriovenous 
fistulas, whereas low-flow malformations include venous, lymphatic, lympho- 
venous, and capillary malformations (Table 15.1) [3–5].

 Natural History of the Disease

The lesions may be localized or diffuse and may have a self-limited course. They may 
cause cosmetic or functional problems such as pain, osteomuscular limitations, extrinsic 
airway compression, coagulopathy, hemorrhage, and deformity, in addition to compro-
mising the function of involved organs and, in the most severe cases, leading to death [4].

Most of the time, vascular tumors resolve spontaneously [1, 2]. Therefore, fol-
low- up is, in principle, the only recommendation for asymptomatic and potentially 
risk-free vascular tumors (including bulky hepatic hemangiomas) [6].

The prognosis of vascular malformations depends on the occurrence of symp-
toms requiring resection, location, and extension of the lesion, surgery-induced 
sequelae, compression of vital structures such as the airway, heart, and central ner-
vous system, and risk of bleeding [7]. For example, lesions located in the central 
nervous system versus those in the extremities, or lesions in the ear lobe versus 
those affecting an entire lower limb. However, due to the minimally invasive char-
acteristics of the therapies (embolization for high-flow malformations and direct 
puncture sclerotherapy for low-flow malformations), it is possible to minimize 
complications, when compared to the surgical treatment [5].

Vascular malformations often increase progressively in size. Treatment is then rec-
ommended, except in small asymptomatic lesions located in areas of difficult access [1].

 Clinical Presentation and Diagnosis

The diagnosis in most cases is based on clinical parameters, time of manifestation, 
lesion characteristics, and progression [3]. The extension of superficial lesions may 
be determined without much difficulty. But in those with deep extension lesions that 
aren’t obvious on physical exam, imaging is required for complete diagnosis [6].

 Vascular Tumors

Vascular tumors often present as a reddish lesion with little or no compressibility. 
They are often warm and may or may not present thrill and bruit [4, 5].
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 High-Flow Malformations

High-flow malformations have anomalous communications between the arterial and 
venous systems. This communication may occur directly (arteriovenous fistula) or 
through entangled vascular loops (nidus) without peripheral vascular resistance, 
directing the arterial flow to the venous sector [3]. Arterial malformations may 
cause severe clinical problems such as ischemia with tissue necrosis, pain, and skin 
ulceration in the most severe cases secondary to sequestration of distal arterial flow, 
in addition to hemorrhage and heart failure caused by volume overload as a conse-
quence of the high-output arteriovenous fistula. On physical examination, the mass 
is compressible and refills fast. Thrill and murmur are often detected [6].

 Low-Flow Malformations

 Venous Malformations
In low-flow venous malformations, the mass is compressible but refills slowly. The 
temperature is generally unchanged, no bruit or thrill is detected, and venous stasis with 
varicose veins may occur. The skin covering the tumor is usually thin and bluish [5].

Anatomical structures may be locally or extensively affected leading to deformi-
ties. These malformations may eventually involve deeper structures such as the sub-
cutaneous tissue or muscles in one of the limbs. In this case, the skin has a normal 
appearance and the malformation presents as a tumor painful to palpation [5].

Klippel–Trénaunay–Weber syndrome is an example of this category and is 
defined as the association of hemangioma, venous ectasia, and soft-tissue hypertro-
phy of the affected body segment. Although a rare congenital condition, its impor-
tance is due to its clinical consequences involving the affected limb [7].

 Lymphatic Malformations
Lymphatic malformations also involve soft tissues and have a firmer consistency. 
They occur due to cyst formation as an expression of the lymphatic system anomaly 
[3]. They frequently develop before the age of 2 years and are more often located in 
the head and neck (70 %) or axillary areas (20 %) [5], although they may occur in 
the extremities, pelvis, or retroperitoneum. The skin is generally normal, but the 
occurrence of small vesicles is common [7].

 Imaging Methods
Doppler ultrasound (US) and magnetic resonance angiography are the two most 
recommended methods to demarcate the malformation, detect associated anoma-
lies, and define the treatment [7].

 Doppler Ultrasonography

US allows a dynamic assessment of the vessels and is sufficient to evaluate superficial 
lesions. Technical contraindications include vascular lesions located close to bone sur-
faces or cavities with a gaseous content (such as the chest and intestines, and within the 
cranium) where the echoes generating the images have poor penetration [3, 8, 9].
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 Magnetic Resonance Angiography

Magnetic resonance angiography has high sensitivity and specificity to assess the 
angioarchitecture and extension of the vascular lesion and the involved organs 
throughout the body [9]. However, it has a significantly higher cost and lower 
availability when compared with US [9].

 Computed Tomography

Computed tomography with intravenous contrast (angiotomography) may be used in 
cases of difficult evaluation by magnetic resonance angiography without compromising 
the assessment of involved vessels, but with some loss in the assessment of soft parts [9].

 Angiography

Diagnostic angiography with catheterization of the vessels of the lesion is indi-
cated in those cases in which other noninvasive diagnostic methods are incon-
clusive. And when treatment is being performed by showing details about the 
angioarchitecture helping to decide the best technique to arterial embolization, 
for example [8, 9].

 Differential Diagnosis
In addition to differentiating between the types of vascular anomalies, tumors, or 
malformations, other diseases not falling under the definition of vascular anomalies 
should be excluded [1–6]. They include acquired arteriovenous fistulas due to 
trauma, iatrogenesis, tumor, or secondary to inflammatory processes (such as pan-
creatitis). Hypervascularized malignant neoplasms are also included in this list, and 
they have a distinct prognosis and treatment.

Table 15.2 List with the main differential diagnoses related to vascular anomalies [5, 7]

Differential diagnoses

• Reactive lesions (for example, pyogenic granuloma and inflammatory fibroma)
• Hypervascularized malignant neoplasias (for example, hepatocarcinoma, hypernephroma, 

and vascularized metastases of some tumors)
• Hypervascularized benign neoplasias (for example, leiomyoma and adenofibroma)
• Kaposi’s sarcoma
• Petechiae and ecchymoses (generally associated with dyscrasia)
• Varicose veins secondary to venous hypertension
• Scarlet fever
• Contact allergy
• Erythroplasia (cheilitis, buccal mucosa, and red tongue; for example, vitamin B deficiency, 

iron-deficient anemia, erythematosus lupus, and lichen planus)

Adapted From: “Hollan KE and Drolet BA. Approach to the Patient with an Infantile Hemangioma. 
Dermatol Clin. 2013; 31:289–301.” and “Lee BB, Lardeo J and Neville R. Arterio-venous malfor-
mation: how much do we know? Phlebology 2009;24:193–200”
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Benign hypervascularized tumors should not be confused with vascular tumors: 
while the former is composed of cells and tissues other than blood vessels (for 
example, uterine leiomyoma), the latter is composed of a proliferation of blood ves-
sels (Table 15.2) [5, 7].

 Treatment

Vascular anomalies may present in simple or complex forms; therefore, the type of 
treatment should be adequate for each case. It is important to be aware of that and 
to know the objective of the procedures.

 Vascular Tumors

In the absence of complications, their management includes follow-up alone until 
spontaneous regression of the tumor [5–8]. In contrast, treatment—usually surgery—is 
indicated when these tumors proliferate and invade organs compromising their func-
tion and causing deformity, ulceration, or bleeding. When feasible and safe to catheter-
ize the arterial branches feeding the tumor, embolizing agents may be injected to induce 
ischemia before surgery. This procedure may reduce bleeding and decrease the volume 
of the tumor to facilitate its resection. Embolization alone does not interfere with the 
natural course of the disease since it does not allow its control and eradication [4–6, 8].

 Clinical Treatment and Laser for Vascular  
Tumors (Hemangioma) [5]

Some medications are used to treat certain vascular anomalies, but they vary in dura-
tion, dosage, and effect. They include: (a) propranolol (antihypertensive and beta-
blocker) which is likely to act against vascular tumors by inhibiting angiogenesis and 
inducing vasoconstriction and apoptosis. The recommended dose is 1–3 mg/kg/day 
orally divided into two to three daily doses. Hypotension, bradycardia, and broncho-
spasm (mainly in asthmatics) are the most significant side effects; (b) corticoids may 
be administered in doses of 2–5 mg/kg/day orally divided into two to three doses. The 
main side effects are irritability, adrenal suppression, Cushing syndrome, insomnia, 
growth impairment, osteoporosis due to bone demineralization, and cardiomyopathy. 
In superficial and small tumors, intralesional injection of corticoids has also been 
described. Repeated injections may lead to atrophy and skin necrosis; (c) vincristine, 
a chemotherapeutic agent that inhibits mitosis, is administered to patients with resis-
tance or poor response to corticoids. The usual dose is 1–1.5 mg/m2. The most rele-
vant adverse effects are constipation and neuromyopathy; (d) interferon, an 
angiogenesis inhibitor that has proven useful in controlling rapidly growing lesions at 
a dose of 3,000,000 U/m2/day. Due to the risk of irreversible diplegia in infants and 
preschool children, interferon is contraindicated in these age groups; (e) laser, another 
therapeutic modality, leads to a destruction of telangiectasias and small superficial 
vessels. Its use is restricted to the treatment of capillary vascular malformations.
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 Vascular Malformations

Treatment of low-flow malformations consists of percutaneous sclerosis with scle-
rosing agents (such as alcohol, polidocanol, or ethamolin). But the nidus, which 
results from arteriovenous fistulas in high-flow malformations, should be embolized 
with a polymer-agent (n-butyl cyanoacrylate—Histoacryl® or ethylene-vinyl 
alcohol—Onyx®) injected via an arterial access [3, 6, 8].

 What Can Non-specialists Do for This Patient?
The most important thing to do is to diagnosis, or to suspect, the vascular anomaly 
and refer the patient to a specialist. In this regard, it is necessary to classify this 
defect as a tumor or a vascular malformation. As described above, the time of mani-
festation and progression are two of the main clinical parameters. In addition, the 
physical examination helps to identify the affected site (particularly in superficial 
lesions), investigates the presence of a thrill, which occurs in high-flow malforma-
tions, and differentiates between vascular tumor (not compressible) and vascular 
malformations (usually compressible).

Ultrasound exam is often sufficient to evaluate the extension of vascular lesions, 
particularly those located in the limbs and extremities. To evaluate complex vascu-
lar anomalies located on the face, chest, abdomen, pelvis, and limb roots, magnetic 
resonance angiography is preferable.

 When Should the Patient Be Referred to the Specialist?

Patients presenting deformity, pain, bleeding, and/or loss of function attributed to 
vascular anomalies and those asymptomatic, but with extensive and complex lesions 
involving different systems and organs, should be referred to a specialist who will 
evaluate the lesion and recommend the best treatment.
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16Aortic Dissection

Lucas Ferreira Botelho, Francesco Evangelista Botelho, 
Raquel Ferreira Nogueira, and Rodrigo de Castro Bernardes

Abstract
Aortic dissection is the separation of the intima layer from the media muscle layer, 
after sudden elevation of blood pressure. There are two large lumen paths where 
blood may pass: [1] a real lumen, which is coated by the endothelium and [2] 
a false lumen, which is newly formed between the intima and the media layers and 
has no endothelium.

The false lumen can fully or partially compresses the true lumen. This 
compression can reduce the blood supply to the brain, abdominal organs or 
members, which is known as malperfusion syndrome [2].

Other complications of aortic dissection can be caused by weakening of the 
arterial wall. The impaired wall of the false lumen might expand and form an 
aneurysm. In severe cases, there may be disruption in the arterial wall.

Aortic dissection is the main cause of death involving sudden aortic disease. 
The high mortality rates in patients with acute dissection is clear—22.7 % of 
patients die within 6 h, 50 % within 24 h, and 68 % within 1 week [3]. Therefore, 
the time taken in the diagnosis and treatment is critically important for patient 
survival.
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 Introduction

 Definition

The aorta is a tubular vessel with a cylindrical wall formed by three superimposed 
layers named intima (inner side), media, and adventitia (outer side). Its lumen is 
covered by endothelium, a monolayer formed by endothelial cells that covers the 
entire vascular system and transports blood from the heart.

Aortic dissection is the separation of the intima layer from middle layer after a 
sudden elevation of blood pressure causing the rupture and consequently detachment 
of the inner layer allowing the blood to reach the middle layer, creating a new lumen 
and a flap between both lumens. Thus, two lumen paths are created: (1) the true 
lumen, covered by endothelium, and (2) the false lumen, just formed between the 
intima and the media layers with no endothelium (Fig. 16.1). The pressure of the 
ejected blood leads to circumferential and longitudinal propagation of the dissection 
vectors, commonly in antegrade way, but occasionally in retrograde way, in the 
opposite direction of the blood flow [1–3].

 Epidemiology

Aortic dissection is the main cause of death in acute aortic diseases, more frequent 
than ruptured abdominal aortic aneurysms and traumas [1].

It carries high mortality—reaching 22.7 % within 6 h, 50 % within 24 h, and 68 % 
within the first week [4]. Therefore, timing to take measures is critical for patient 
survival [4].

 Pathophysiology

The false lumen enlarges suddenly and can lead to complete or partial compression 
of the true lumen; therefore, affecting the emergence of the major aortic branches 
leading to reduce blood supply to brain, abdominal organs (bowels, kidneys, and/or 
liver) and/or limbs, which is known as malperfusion syndrome. The sudden enlarge-
ment might cause pain, which is very common and often described as severe with a 
ripping or tearing quality [1, 4].

The two mechanisms of ostial obstruction to blood flow are: (1) dynamic obstruc-
tion and (2) static obstruction.

Dynamic obstruction is characterized by prolapse of the false lumen’s flap toward 
the ostium of a major branch during cardiac systole. When the flap touches the 
ostium, the blood flow for the aortic branch occludes temporally, causing blood flow 
restriction to the organ. This mechanism is responsible for about 80 % of the total 
malperfusion syndromes [5].

Static obstruction occurs when the flap occludes continuously and completely 
the ostium of the aortic branch, leading to the formation of secondary thrombus 
inside the branch and distal ischemia (Fig. 16.2).
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Fig. 16.1 Layers of the dissected artery
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Fig. 16.2 Ostial flow impairment mechanism of the branches of the aortic dissection which leads to 
malperfusion. (a) Dynamic obstruction—ostial obstruction with dynamic flow restriction only during 
cardiac systole. There is no fixed obstruction, as with during cardiac diastole, when the blade (flap) 
does not obstruct the ostium of the branch; (b) Static obstruction—the blade (flap) obstructs the 
ostium of the fixed mode branch and leads to secondary thrombus formation in the branch ostium. 
Subtitles (T true, F false, black arrow blood flow during systole, asterisk thrombus)
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Other complication of aortic dissection is the weakening of the arterial wall that 
can form an aneurysm. In the worst case scenario, disruption of the arterial wall can 
occur leading to bleeding. It can occur in the pericardial, thoracic, or abdominal 
cavities. In cases of excessive or persistent bleeding, cardiac tamponade or hemor-
rhagic shock and death are the final outcomes [6].

 Classification

 Acute Versus Chronic

Dissection is acute when the onset of symptoms occurs within 2 weeks. After 14 
days, it is chronic. This time designation is based on autopsy studies that showed 
higher mortality in the first 14 days [1, 7].

 Anatomic

Anatomical presentation of the dissection according to the origin of the intimal tear 
plays a major role in the prognosis and in the choice of the treatment. There are two 
main classifications for anatomic aortic dissection: DeBakey and Stanford. The 
most regular used anatomical classification is the Stanford Classification, categoriz-
ing dissection into two types: type A, when the injury in located at the ascending 
aorta and type B when the lesion is located at the descending aorta [1], as shown in 
the Fig. 16.3. The Stanford type A dissection comprises about 62.5 % of all cases [1, 

Fig. 16.3 Anatomical classification of acute aortic dissection (Stanford a and b). (a) The origin of 
the dissection is in the ascending aorta. (b) The origin of the dissection is in the descending aorta. 
Figure copyright by: “Thiago Roberto da Silva”
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2]. This classification is important because a Stanford type A is related with a worse 
natural history, and the treatment is surgery while the Stanford type B has a better 
prognosis and can be treated with isolated clinical treatment [1, 2].

 Risk Factors

 1. Hypertension: Hypertension is a major risk factor and plays a crucial role in both 
increasing the stress on the aortic wall and the subsequent intimal rupture [1].

 2. Abnormalities of the aortic wall: Diseases such as aortic coarctation (con-
genital narrowing of aortic segments), aneurysms, and hereditary conditions 
such as Marfan syndrome and Ehler–Danlos syndrome and chromosomal 
abnormalities, like Turner and Noonan syndrome predispose the aortic wall 
to intima rupture [1, 8].

 3. Cardiac disorders: Bicuspid aortic valve is a risk factor for acute type A dissec-
tion, due to turbulence from the left ventricle blood jet which stresses against the 
wall of the ascending aorta [1].

 4. Gestation: About 50 % of cases of acute dissection in women under 40 years 
old occur during pregnancy, especially in cases of hypertensive pregnancy 
disorders [1, 2, 5].

 5. Cocaine use: Present in less than 1 % of dissections, this simphaticomimetic drug 
leads to systemic hypertension, vasoconstriction, and increased cardiac output.

 6. Iatrogenic dissection: aortic dissection can occur during endovascular proce-
dures (diagnostic and/or therapeutic) through the manipulation of catheters, 
guide wires, and endovascular devices [9].

Atherosclerosis is not a significant risk factor, present in only 31 % of people 
affected by acute aortic dissection [1].

 Clinical Presentation

 Pain

Pain has a sudden onset—intense and continuous. It is located in the anterior face of 
the chest, especially in the type A, or in the back in most cases of type B. However, 
in some cases, the pain is located in the abdominal area, which raises the suspicion 
of impairment of mesenteric perfusion. Some patients describe the pain as “stab-
bing” or feeling “ripped from within” [1, 10].

 Neurological Symptoms

Cerebral ischemia occurs due to impairment of blood flow to the supra-aortic trunks, 
particularly the carotid or vertebral arteries. The incidence of stroke is 6 % in type A 
dissections, with a mortality rate of 9.4–35.3 % within the first 24 h [1, 2, 11], mostly 
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in patients with advanced age, systemic hypertension, and atherosclerosis [11]. The 
most common clinical manifestation is syncope. Other associated symptoms are 
changes in sensitivity, strength, and motor function in the contralateral brain 
hemisphere affected [1, 11].

In addition, arterial expansion may cause extrinsic compression of nerves, 
causing symptoms such as: (1) pain and paresthesia in limbs; (2) Horner syndrome 
(supraclavicular involvement of the sympathetic ganglion leading to miosis, ptosis, 
facial anhidrosis, and enophthalmos); or (3) hoarseness, due to left recurrent 
laryngeal nerve compression that surrounds the aortic arc [1, 12].

In cases affecting the descending aorta, it may have the involvement of the ostia 
of intercostal arteries, causing spinal cord ischemia in about 2–10 % of cases [1].

 Cardiac Complications

In type A dissections, rupture can occur in the ascending aorta, most part of which 
is located within the pericardial sac. Therefore, bleeding inside the pericardial sac 
(hemopericardium) leads to cardiac tamponade. The patient may present with 
Beck’s triad: (1) muffled heart sounds, (2) hypotension, and (3) jugular vein 
engorgement. In these patients, pericardiocentesis is not recommended due to 
increasing risk of more bleeding and hemorrhagic shock [1].

The coronary arteries may also be involved causing myocardial ischemia. The 
electrocardiographic findings are consistent with acute coronary syndrome and can 
lead the doctor to an inadequate administration of thrombolytic agents or anticoagu-
lants, which worsens the prognosis [13].

 Malperfusion Syndrome and Limb Ischemia

The impairment of the blood flow to the ostia of the major branches of the abdominal 
aorta can lead to visceral and lower limbs ischemia, occurring in 31 % of patients [1].

 1. Renal arteries: The patient may present oliguria or anuria due to acute renal fail-
ure with consequent elevation of urea and creatinine. The presence of this condi-
tion triples the mortality rate [1, 14].

 2. Mesenteric arteries: This occurs in up to 5 % of cases and increases the mortality 
rate ninefold. The patient may present with acute abdominal pain, abdominal 
bloating due to ileus and lower gastrointestinal hemorrhage [1, 14].

 3. Lower limbs: The most common site of involvement is the left common iliac 
artery. The clinical presentation is a classical acute arterial ischemia of the limb, 
with acute pain, absence of pulses, cold and pale skin, and paresthesia and paresis 
of the foot. Lower limb ischemia is an isolated factor that triples the rate of mor-
tality [14].
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 Diagnosis

 Thorax X-ray

This is usually the first exam to be requested, but it is nonspecific. Widening of 
the superior mediastinum is the most common finding and is associated with 
calcification of the aortic arch [1] (Fig. 16.4).

 Computed Tomography Angiography

The computed tomography angiography in aortic dissection findings are the presence of 
two aortic lumens, the true lumen and the false lumen, divided by a flap between them 
(Fig. 16.5). It is possible to determine the site of the intimal tear and its proximal and 
distal progression as well as the diameters of the lumens. This exam is essential for 
therapeutic planning and has high specificity, despite showing less sensitivity in the 
diagnosis of dissections in ascending aorta [15]. A major limitation is that it is not 
possible to assess aortic valve function and coronary flow in type A dissections [15].

 Transthoracic/Transesophageal Echocardigraphy

Echocardiography is extremely useful in the evaluation of patients with aortic dis-
section especially in type A. Transesophageal echocardiography has high sensitivity 
and specificity (98 % and 63–96 %, respectively) [1, 16].

In addition, echocardiography allows assessment of the site of the intimal tear, 
the diameter of the aorta, the presence of thrombus in the false lumen, blood flow in 
the false lumen, the impairment of the aortic valve with regurgitation, the 

Fig. 16.4 Superior mediastinal widening (black arrow)
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Fig. 16.5 Photograph of computerized angiography of patient with dissection descending aorta. 
(Legend: Square False Lumen, Circle True Lumen)

involvement of coronary arteries, and the presence of blood in the pericardium that 
can lead to cardiac tamponade [1, 16].

 Aortography

The exam has a sensibility of 86–88 % and specificity of 75–94 % [1]. This exam 
can show direct signs that are considered confirmatory for the diagnosis of dissec-
tion, such as the detection of a double aortic lumen. Indirect signs, considered 
suggestive, include deformity of the aortic lumen, abnormalities of its branches and 
thickening of the aorta wall [1].

Currently, aortography is reserved for intraoperative endovascular treatment of 
acute dissection.

 Nuclear Magnetic Resonance

Nuclear magnetic resonance is a noninvasive method. It can identify the site of the 
intimal rupture, the distal extent of dissection, the diameter of the aorta, and the 
commitment of the ostium of the aorta. However, it cannot evaluate the function of 
the aortic valve and coronary impairment in type A dissections. Nuclear magnetic 
resonance has high sensitivity and specificity (95–100 %) [1, 17]. However, this 
exam is not widely available in emergency rooms due to high cost and the longer 
exam time, making it unsuitable in unstable patients with acute aortic dissection.
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 Treatment

Patients with acute aortic dissection should have clinical monitoring in an intensive 
care unit, focusing on acute complications of the disease.

The initial treatment for all types of lesions is lowering the blood pressure with 
the use of antihypertensive drug, to reduce the heart rate and systolic blood pressure 
associated with analgesia. By doing this, the extent of the dissection may stabilize 
reducing the risk of arterial rupture [15].

The surgical treatment of acute aortic dissection depends on the type of dissection 
(type A or type B), time of installation of the symptoms, and the extent of the injury.

 Medical Therapy

 Antihypertensive Treatment
The initial choice is often a beta-blocker drug followed by vasodilators [1]. Beta- 
blockers are used to decrease systolic blood pressure, left ventricular contractility, and 
heart rate. Vasodilators such as Sodium Nitroprusside are administered in refractory 
hypertension and should not be used before the heart rate control with beta-blockers 
[1]. The isolated use of vasodilators stimulates the action of catecholamines by 
sympathetic reflex, increasing heart rate and contractile force of the left ventricle, 
worsening the dissection [1].

Esmolol is the preferred drug of choice, but it should be used with caution due to 
the risk of bronchospasm or in patients with pulmonary obstructive chronic disease. In 
such cases, cardioselective beta-blockers can be used (Metoprolol or Atenolol) [1].

 Analgesia
The pain control can be obtained by morphine or other opiate derivatives. On the 
other hand, stabilization of pain without use of analgesics is a good criterion for 
therapeutic efficacy, suggesting control of disease [1].

 Interventional Therapy

 Type A Dissection
The isolated clinical treatment for patients with Stanford Type A lesions demon-
strates mortality rates around 58 % [10]. In contrast, treatment through surgery 
demonstrates mortality rates of 26 % [10]. Therefore, intervention must be indi-
cated in all cases of dissection type A. The treatment of choice is the replace-
ment of the part of the ascending aorta with the intimal tear. This procedure is 
performed through median sternotomy and cardiopulmonary bypass. In some 
very high-risk patients, endovascular intervention can be performed delivering 
an endograft in the ascending aorta above the coronary ostia. However, this 
intervention is still experimental currently [1, 18].
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 Type B Dissection
Unlike type A dissection, interventional treatment should be reserved in compli-
cated cases presenting with: (1) nontreatable pain, (2) malperfusion syndromes, (3) 
aneurysmal dilatation of the aorta (usually greater than 6 cm diameter), and (4) 
aortic rupture [19–21]. For patients without complications, medical therapy should 
be instituted due to the lower mortality rate after 2 weeks—which is 6.4–10.7 %, 
versus the interventionist approaches such as endovascular schemes, which have a 
mortality rate of 10.2 % and 17.5–31.4 % for open surgery [1, 10, 22].

The interventional therapy of choice in type B dissection currently is the 
endovascular approach due to its lower morbidity and mortality in early out-
comes [23]. The aim is to deliver an endograft inside the true lumen, sealing the 
orifice of the intimal rupture. It is performed through the femoral artery under 
fluoroscopy and digital angiography, avoiding opening of the chest wall. When 
successful, thrombosis of the false lumen occurs along with remodeling of the 
aorta and preservation of blood flow in the true lumen [1, 24]. Despite being an 
excellent surgical alternative in the short term, the correction of endovascular 
aortic dissection is a recent technique, and the consequences in the long 
outcomes are not well established [25].

 Post-treatment Care

After the acute phase, imaging control with computed tomography angiography or 
nuclear magnetic resonance should be performed in 6 months. In the event of stable 
disease, imaging control may be annual [21, 26].

The major chronic complication in patients with aortic dissection is aneurysm. 
About 25–40 % of patients develop this complication despite the successful initial 
medication treatment [1, 27, 28]. The resulting aneurysm after acute aortic dissec-
tion is more complex and has a higher rate of complications comparing with aorta 
degenerative aneurysms [1, 27].

What can the nonspecialist do for this patient?
Aortic dissection is a serious and life-threatening disorder that is frequently 

under-diagnosed. Consider it as a deferential or main diagnosis hypothesis is the 
most important thing the nonspecialist can do.

The patient with suspected aortic dissection should be monitored in the intensive 
or intermediate care unit immediately, with invasive measurement of blood pres-
sure, cardiac monitoring, oxygen saturation, urine output, state of consciousness, 
laboratory tests, and clinical examination series. Controlling blood pressure should 
be established through use of beta-blockers and sodium nitroprusside [1].

Image exams (CT angiography, transesophageal echocardiography, nuclear mag-
netic resonance) should confirm the diagnosis.

When to refer to a specialist?
Every patient with acute aortic dissection type A and type B, in conjunction with 

the complications described above, should be sent as soon as possible to a tertiary 
center with experts.
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17Lower Limb Ulcers

Alessandra Rocha Luz, Marina Cristina de Souza Pereira da 
Silva, Renata de Moura Vergara, and  
Marina Santos Falci Mourão

Abstract
Ulcer is a loss of lining fabric. It is not a disease but a manifestation of some 
underlying problem that requires evaluation and treatment. Leg ulcers are a 
public health problem because it afflicts about 1–2 % of the population in devel-
oped Western countries and about 4 % of people over 65 years. The most fre-
quent causes of ulceration are: (1) vascular (venous, arterial, lymphatic, 
vasculitis); (2) neuropathic (diabetic neuropathy, Hansen’s disease, etc.); (3) 
Mmetabolic (porphyria); (4) neoplastic (Kaposi’s sarcoma, basal cell carcino-
mas, and adenocarcinomas); (5) hematologic (cryoglobulinemia, sickle cell 
anemia, spherocytosis, polycythemia, etc.); (6) infectious and parasitic diseases 
(bacteria, fungi, protozoa, and parasites); and undefined. Topical treatment con-
sists in the use of dressings and local agents, and this is only a part of the treat-
ment. It must be stressed that the cause of the ulcer should be treated and 
interdisciplinary monitoring is required.
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Abbreviations

Ag Silver
ABI Ankle-brachial index
mmHg Millimeters of mercury
pH Hydrogen potential
WIfI Wound, ischemia, and foot infection
Psi Per square inch

 Introduction

Ulcer is the loss of tissue coating. In the case of the lower limbs, it is the loss of 
integument, which can also affect deeper tissues. The lower limb ulcers are slow 
healing wounds, usually located on the leg and associated with circulatory disor-
ders, especially of the venous system, although there are other causes [1]. 
Approximately 80 % of the cases result from venous hypertension and 10 %, from 
arterial insufficiency or a combination of both, the others are the result of neuro-
pathic ulcers, vasculitis among others [2, 3]. These ulcers are different from the 
cause, location, wound bed, and edges. Neuropathic ulcers show signs arising from 
sensory abnormalities, autonomic and motor, such as hyperkeratosis, skin dryness, 
atrophied fingers, among others [1].

 Epidemiology

Lower limb ulcers are a public health problem, since it affects approximately 1–2 % 
of the developed Western countries’ population [4, 5] and can reach more than 4 % 
of people over 65 years [6]. In the United States, about two to four million people 
have some kind of leg ulcer [7].

 Diagnosis

The medical history and physical examination are the initial approach. The follow-
ing clinical features of the ulcer should be investigated: (1) location, (2) number, (3) 
size, (4) duration of disease, (5) trigger, (6) presence of pain and its intensity, (7) 
edges’ features, (8) presence and amount of secretion, (9) aspect of wound bed, if it 
is shallow or deep, and finally (10) the aspect of the skin around the wound should 
be described [8, 9].

Differential diagnosis of the various causes of ulcers must be considered in 
order to guide the treatment. The combination of different causes is also 
frequent [10].
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 Venous Stasis Ulcers

 Concept

Venous stasis ulcers are open chronic wounds that affect the leg (from the ankle 
to the calf) and are the result of venous insufficiency [11]. They usually present 
as repeated cycles of ulceration, healing, and recurrence. They are painful, 
likely to infect, have a foul odor and highly affect mobility and patient quality 
of life [12, 13].

 Epidemiology

Venous stasis ulcers are the most prevalent type of ulcer, affecting 1–2 % of the 
population and they respond for 60–70 % of lower limb ulcers [14]. Prognosis is 
poor, taking a long time for healing with high rates of recurrence. Affect the 
patient’s ability to fit in social and occupational activities, reducing quality of 
life, also imposing financial restrictions. It is estimated a loss of two million 
working days per year associated with venous stasis ulcers, and it can cause early 
retirement in up to 12.5 % of workers with this condition. The disease’s financial 
burden are calculated in approximately $ 3 billion/year in the United States. In 
developed countries, the cost of treatment is estimated at 1–2 % of total health 
care budget [15].

 Pathophysiology

Venous stasis ulcer can occur when venous system fails to return blood to the heart 
against gravity, condition called chronic venous insufficiency. The presence of 
reflux and/or venous obstruction or an insufficient action of the calf muscle pump 
can result in various degrees of chronic venous hypertension, which leads to venous 
blood accumulation in the affected extremity [1].

Sustained venous hypertension leads to extravasation of plasma and formed ele-
ments from blood to the surrounding tissues, especially to the skin and the subcuta-
neous tissue. Thus, besides the ankle edema, a hardening of subcutaneous tissue 
takes place, condition called dermatosclerosis. The red cells break down and release 
hemoglobin, containing the iron ion, which is transformed into hemosiderin and 
therefore darkens the skin, leading to ocher hyperpigmentation. Finally, there is 
sequestration of leukocytes that trigger lysosomal enzymes, releasing free radicals 
and causing tissue injury. The final effect is the ulceration [1].

Prognosis is poor, since only 50 % heal in 4 months, 20 % remain with active 
ulceration after 2 years and 8 % remain after 5 years, with annual recurrence of 
6–15 % [16, 17].
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 Clinical Presentation

Venous stasis ulcers are usually located in malleolus or at the medial perimalleolar 
areas. The lesions are superficial with uneven well-defined edges. The bed generally 
consist of granulation tissue, but may also present fibrin deposition or yellowish 
secretions, that when associated with foul odor and pain may be infected [18] 
(Fig. 17.1).

Pain is a common symptom, but its intensity is variable. However, it is usually 
milder than those of arterial origin, and it is not affected by the size of the ulcer. In 
general, its intensity increases during the day, worsening in evening times and dur-
ing long time orthostatic position, improving after lifting the limb [15].

 Medical Imaging

Venous duplex scanning is of little help to establish the diagnosis of venous ulcer, 
which is clinical in most cases. On the other hand, it is very helpful in defining 
which venous systems are affected: superficial, deep, and/or communicating. It 
identifies the anatomical abnormalities such as locating precisely which are the 
compromised veins and systems, if there is acute or chronic superficial or deep 
thrombosis and collateral vessels. It also adds functional information, determining 
if there is reflux and/or obstruction in the venous system, providing fundamental 
information for the proper therapeutic approach [15].

 Treatment

Treatment aims wound healing and prevention of recurrence. The main methods 
are: compression therapy, oral medications, and surgical intervention [15].

 Compression Therapy
Compression therapy is the most frequently single therapeutic approach. It pro-
motes symptoms improvement such as pain or heaviness in legs and prevents lower 
limb edema or allows its resolution, therefore favoring ulcer healing [15]. The avail-
able compression methods are: compression socks, multi wraps, bandages, and 

Fig. 17.1 Venous stasis ulcer: uneven edges, but well defined; granulation tissue on the wound 
bed; ocher dermatitis; edema
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pneumatic compression [15]. A systematic review showed that compression with 
elastic stockings can prevent the recurrence of venous ulcers although not with 
strong level of evidence [19]. All compression methods are contraindicated in the 
presence of significant peripheral arterial disease, unless the treatment is authorized 
by a vascular surgeon, based on the ankle-brachial index [15].

 Oral Medications
Medications known as phlebotonic drugs are a heterogeneous group of drugs 
(e.g., rutosides, hidrosmine, diosmine, calcium dobesilate, chromocarbe, cen-
tella asiatica, disodium flavodate, french maritime pine bark extract, grape seed 
extract, and aminaftone). A systematic review with 44 controlled, prospective 
and randomized studies, the conclusion was that there is no current evidence of 
its efficacy in cases of chronic venous insufficiency, requiring more clinical tri-
als [20].

 Intervention
Surgical options should be considered in patients with nonhealing venous ulcers 
despite maximal medical effort. Invasive and surgical options may also be consid-
ered in patients who are unable to comply with compression therapy [21]. 
Nonoperative management of venous ulcer, including compression, elevation, 
and skin care, is clearly beneficial, such therapy does not correct the underlying 
pathology [22].

Interventional treatment of superficial venous incompetence can be accom-
plished by techniques that result in removal, ablation, or ligation of the refluxing 
venous segment (evaluated by venous duplex ultrasound) [23].

Surgery should be individualized according to the patient’s preoperative evalua-
tion. A combination of ligation, axial stripping, and stab phlebectomy may be 
applied as needed to the great saphenous vein, small saphenous vein, tributary veins, 
and perforating veins [23].

A systematic review showed that open surgery can improve healing of venous 
ulcers, but the level of evidence is low, since the comparison was with observational 
studies [24].

The approach of deep venous system is more complex and includes techniques 
such as valve repair, valve transplantation, and venous shunts. The recommendation 
and the results of these techniques are highly controversial, and they are not rou-
tinely indicated in daily practice [15].

Endovenous minimally invasive techniques include: (a) endovenous laser and 
radiofrequency ablation, which promote physical damage to the saphenous vein, 
occluding it; (b) ultrasound-guided foam sclerotherapy, which promotes chemical 
occlusion of varicose saphenous and other veins and leads to correction or reduction 
of venous pressure, allowing the healing of ulcers [15]. Current evidence does not 
show superiority of endovascular interventions when compared to the isolated com-
pression therapy [24].
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 Arterial (Ischemic) Ulcers

 Concept

Arterial ulcers are caused by the lack of tissues oxygenation secondary to arterial 
obstruction of the lower limbs. The most common cause is atherosclerosis in about 
90 % of cases [25].

 Epidemiology

Prevalence of peripheral arterial disease in the United States is estimated at 3–5.5 %, 
and rises to 10–18.2 % in the population over 70 years of age [26]. Of these, 1–3 % 
will have peripheral ulcer throughout lifetime [27]. Arterial ulcers account for about 
4–10 % of lower limb ulcers. The incidence increases to almost 20 % if mixed ulcers 
are included [2, 10, 28]. Studies show that these patients have a risk of major limb 
amputation ranging from 25 to 40 % after 1 year if not revascularized [29, 30].

 Pathophysiology

Decreased arterial blood flow leads to ischemia and impaired tissue perfusion. At 
first, manifesting only during exercise (intermittent claudication). With the progres-
sion of the disease, this poor perfusion occurs even at rest, leading, in advanced 
stages, to necrosis of the underlying dermis and other tissues [25, 31].

 Clinical Presentation

The intense pain draws attention in arterial ulcers. Its intensity increases after rais-
ing the foot, improving with the use of potent painkillers or keeping the foot down 
[25, 30, 32].

Ulcers can occur spontaneously or after minor local trauma. It is manifested with 
necrosis, without granulation tissue (Figs. 17.2 and 17.3). The wound bed is pale, 
dry, and the edges are irregular [27]. In the presence of secondary infection, there is 
humidification of necrotic and surrounding tissues, with exudative secretion and 
stench, condition called wet gangrene [33].

Unlike venous stasis ulcers, arterial ulcers are typically located below the ankle, 
usually at the distal parts like toes and forefoot [34]. Another common presentation 
is in bedridden or immobilized patients who develop pressure ulcer in areas of unre-
lieved pressure, especially in heels [33, 35], but can occur anywhere else in the foot 
after a local trauma. They can be shallow or deep, with involvement of tendons, 
muscles, and bones. Arterial ulcers do not heal due to insufficient blood supply. The 
patient may have other signs of chronic ischemia, such as low skin temperature and 
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Fig. 17.2 Gangrene restricted to left forefoot saving the fifth toe

Fig. 17.3 Gangrene restricted to left forefoot saving the fifth toe

reduced peripheral perfusion, thin, pale, and dry skin with no hair and nail dystro-
phy associated [25, 33].

Diagnosis is clinical. Physical examination shows absence of palpable pulses in 
the limb. For the objective confirmation of the disease, the ankle-brachial index 
must be performed, and it is usually under 70 mmHg [27, 36].
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 Treatment

Treatment of arterial ulcer is complex and leaded by the vascular expert. These 
ulcers often require restoration of blood flow for wound healing and pain relief. 
Patients with atherosclerotic arterial ulcers should have medical treatment for sys-
temic atherosclerosis: smoking cessation; strict control of blood pressure, glucose, 
and cholesterol levels; and use of antiplatelet drugs and statins [37]. Arterial revas-
cularization can be performed by open surgery (artery bypass grafting) or endovas-
cular surgery (percutaneous intervention) [38]. In patients with extensive trophic 
lesions or impaired limb functionality or those who, for medical reasons, are not 
candidate for revascularization, primary limb amputation can be the definitive and 
effective treatment [32]. The WIFi classification, based on wound characteristics, 
degree of ischemia and infection, helps to establish the risk of amputation and which 
patient will most benefit with revascularization [39].

 Mixed Ulcers

Once the prevalence of chronic venous insufficiency is high in the population, as 
well as atherosclerosis and its consequences, it is not rare to find ulcers with simul-
taneous venous and arterial involvement. It is estimated that they affect more than 
26 % of lower limbs ulcers [10, 40].

At ectoscopy, signs of chronic venous insufficiency prevail, such as dermatoscle-
rosis, ocher dermatitis, ankle ankylosis, and white atrophy; but at physical examina-
tion the peripheral pulses are absent and the ankle-brachial index is lower than 0.9 
[10, 41]. Mixed ulcers have features that vary from the aspect of venous ulcers and 
arterial ulcers, depending on the severity of the arterial component [41].

Patients with mixed ulcers may benefit from limb revascularization surgery [42]. 
In cases where there is no indication of revascularization, the treatment should pro-
ceed the same way as for venous ulcers, with the exception that the compression 
therapy may be contraindicated, due to the risk of worsening peripheral perfusion. 
In addition, patients might also not tolerate resting with the lifted limb. These are 
limiting factors in the treatment of these ulcers [40].

 Hypertensive Ulcers

Hypertensive ulcers, also known as Martorell ulcers, are infrequent ischemic vascu-
lar ulcers, resulting from a severe and poorly controlled systemic hypertension. It is 
more common in women between 50 and 70 years of age [43].

High blood pressure leads to arteriolar vasospasm and subsequent skin infarction, 
leading to ulceration. They are mainly located in the distal third and the anterolateral 
aspect of the leg, and they are extremely painful. Since there is no macrovascular 
disturbance, peripheral pulses are commonly palpable. The blood pressure is usually 
very high. Control of pain and blood pressure levels is the mainstay of treatment [44].
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 Neuropathic Ulcers

Neuropathic ulcers may occur in patients with loss of sensation in legs and feet, 
such as in diabetes, Hansen’s disease, spinal cord injury, and other conditions. The 
most common ones are those of diabetic foot (described in Chap. 11). About 25 % 
of people affected by diabetes will develop foot ulcers [15]. About three million 
people are affected by Hansen’s disease worldwide, and the incidence of neuro-
pathic ulcer due to this condition is more common in India [45]. Patients with such 
diseases lose limb sensibility due to sensory neuropathy over time, so they are 
unable to feel pain while using inappropriate shoes or hitting objects on the ground 
when walking, for example. Thus, sensibility is protective, and those patients may 
develop ulcers without noticing it [46].

Neuropathic ulcers usually occur through injury and destruction of deep tissues 
associated with neurological abnormalities and various degrees of peripheral vascu-
lar disease in the lower limbs, due to the continuous mechanical pressure in a spe-
cific area [47], normally the plantar aspect of the foot [45, 46].

Neuropathic ulcers are painless and have a hyperkeratosis halo; being an impor-
tant gateway to infections. The most frequent location is the plantar surface and the 
metatarsal heads. Classically neuropathic ulcers have well-defined edges, with 
depth varying according to the severity and duration of lesion, the presence of 
necrosis and exudate [45, 47]. The skin around the wound may show calluses, ery-
thema, and maceration. Pulse is generally palpable, but it may be incompressible 
according to the severity and duration of the disease [45, 47].

Diagnosis is done on clinical basis. Evaluation of associated peripheral artery 
disease is necessary through the ankle-brachial index or transcutaneous oximetry, 
the latter recommended in case of diabetes and elderly patients. The application of 
WIfI (Wound, Ischemia, and foot Infection) classification is very important to eval-
uate prognosis for major amputation in a year and the benefits of limb revasculariza-
tion for diabetic patients [39].

Treatment of neuropathic ulcers is based on multidisciplinary care, on control of 
underlying diseases and wound care, using appropriate dressing and offloading on 
the area, with the use of special shoes or with frequent position changes, seeking to 
reduce plantar pressure with use of appropriate footwear and individualized to dis-
tribute pressure. Age [45] also states about the importance of health education to 
prevent recurrence, deformity, and amputation [48].

 Other Less Common Causes of Ulcers

 1. Vasculitis and collagenosis: group of diseases such as systemic lupus erythema-
tosus, rheumatoid arthritis, and thromboangiitis obliterans, in which the blood 
vessels are compromised by inflammation. One percent of all the ulcers belong 
to this group. Location is variable, there may be skin and toes necrosis, and it 
may be accompanied by purpura, reticular livedo, and white atrophy. The pain 
ranges from moderate to strong and intensity does not modify with position 
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changing. Treatment depends on correct diagnosis and consists in treating the 
underlying disease, suppress inflammatory response, and prevent the deposition 
of immune complexes. Corticosteroids and immunosuppressive drugs are 
required [49, 50].

 2. Neoplastic ulcers: primary skin tumors rarely affect the lower limbs. The malig-
nant transformation of a chronic ulcer of another etiology is less unusual, though. 
They normally have high edges and are located in areas of scars or previous 
chronic ulcer [49].

 3. Hematological ulcers: eight to ten percent of homozygous patients for sickle-cell 
disease and alpha-thalassemia may present leg ulcers. They are located prefera-
bly at the medial malleolus area, with high edges, are deeper and often involve 
muscle fascia, and may contain necrotic tissue. They are usually very painful, 
bilateral, and tend to chronicity. Systemic symptoms such as malaise, weakness, 
arthralgia, and fever are ordinarily present [51, 52].

 4. Infectious and parasitic ulcers: many agents can cause ulcers, such as bacteria, 
viruses, fungi, protozoa, and parasites. Some of the most common are:
 (a) Cutaneous leishmaniasis, zoonotic disease caused by protozoa of the genus 

Leishmania. The typical ulcer is oval and presents with high and infiltrated 
edges, with bright red background and it can be covered with exudate. 
Usually, they are unique and can be present in various parts of the body 
[53–55].

 (b) Cutaneous tuberculosis manifest as erythema induratum of Bazim, then liq-
uefy and form a fistula, with consequent formation of ulcer. It is usually 
located on the back of the thigh and leg. Treatment of cutaneous tuberculosis 
is the same as systemic tuberculosis [56, 57].

 5. Hansen’s disease, caused by Mycobacterium leprae, affects skin and peripheral 
nervous system. Ulcers may be correlated to necrotic erythema nodosum or 
peripheral neuropathy (neuropathic ulcers). They can commit large areas of the 
leg [54].

 6. Ecthyma is a primary pyogenic infection that leads to ulceration of the skin. It is 
caused by streptococcus or staphylococcus infections and is more common in the 
pediatric population. It starts with a vesicle or a pustule that forms an ulcer and 
may present a bonded crust. It is treated with antibiotics as cephalexin, oxacillin, 
erythromycin, or azithromycin [58–60].

 7. In metabolic diseases, such as porphyria, ulcers can appear in sun-exposed areas 
[49, 50]

 8. Other: pyoderma gangrenosum may cause ulcer, but pathophysiology is 
unknown. Half of the cases are associated with chronic diseases such as ulcer-
ative colitis, Crohn’s disease, rheumatoid arthritis, and cancer. The other half is 
considered idiopathic. Typical lesions are painful pustules with rapid progres-
sion to ulceration and necrosis. They can affect any part of the body. The treat-
ment can be done by intralesional or systemic corticosteroids [49, 50, 61].

For proper treatment of the lower limb ulcers, it is important to be aware of 
the wide variety of differential diagnoses [10, 62].
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 Topical Treatment of the Ulcers

Topical treatment consists in the use of dressings and local agents, and this is only 
a part of the treatment. It must be stressed that the cause of the ulcer should be 
treated and interdisciplinary monitoring is required. Thus, associated with the iden-
tification of the cause and institution of specific treatment for the underlying dis-
ease, local wound care should be initiated [63].

 1. Wound cleaning: only nontoxic products should be used [64]. Some studies rec-
ommend that the wound must be cleaned with saline solution 0.9 %, since it 
exhibits the same pH of plasma and does not interfere in the cicatrization process 
[64]; but systematic reviews concluded that good quality drinking water can also 
be used for cleaning wounds, if used cautiously [65]. Cleaning must be done 
with high pressure in continuous or intermittent flow. The applied pressure 
should go from 8 to 12 lb per square inch (psi), which is enough to remove devi-
talized tissue and bacteria. Wound cleaning newer systems use pressurized saline 
solution through a nozzle, between 12,800 and 15,000 per square inch (psi) [66].

 2. Debridement: it must be done when there are unviable tissues such as necrosis or 
excessive fibrin, or signs of infection (exudate, pus, skin redness) to allow the 
formation of granulation tissue and appropriate epithelialization. To perform the 
debridement, there is a wide range of methods, including [66]:
 (a) Autolytic: natural process that promotes the maintenance of moist environ-

ment through the use of dressings and topical agents. Many of these dress-
ings moisturize and remove necrotic tissue and slough (e.g., hydrogel and 
Petrolatum Gauze Non-Adhering Dressing) [66];

 (b) Enzymatic: use of ointments with enzymatic action, such as collagenase, 
fibrinolysin, deoxyribonuclease, and papain. The disadvantages are the need 
for frequent dressing changes and debridement at a slow rate [66].

 (c) Surgical: consists in aggressively excising the devitalized tissue using surgi-
cal techniques. The disadvantages are: hospital facility are needed, anes-
thetic use is demanded with its associated complications, requires some time 
of procedure, and may cause pain, bleeding, and healthy tissue excision [66].

 (d) Mechanical: it is a nonselective method, resulting in damage to viable tissue. 
A possibility to reduce this damage is through the use of wet coverage, 
which induces separation of devitalized tissue and, once dry, the cover is 
removed, together with fibrin and necrotic tissue. It is in disuse due to the 
pain and damage caused to the viable tissue; besides, fibrin can remain in 
wound bed and the cover does not provide a barrier to bacterial contamina-
tion [66].

 (e) Chemical: the use of chemical products is controversial because the benefits 
need to be balanced against the detrimental effects on the healing process 
[66].

 (f) Maggot therapy: few studies supporting this therapy is based from the 
decomposition of nonviable tissue and removes the bacteria the wound [67].
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 3. Primary dressings: few randomized studies evaluate the effectiveness of 
dressings. Good quality systematic reviews did not show any superiority regard-
ing wound healing. Good quality systematic reviews did not show any superior-
ity regarding wound healing [64].

The choice of the ideal dressing must be based on the patient and wound’s 
features: keep wound bed moist; not macerate the edges; be safe, nontoxic, 
hypoallergenic; good acceptance by the patient; promote relief of pain and odor; 
not impair mobility; be easy to handle and be cost-effective; be comfortable to 
the patient [64]. The use of flowcharts (Flowchart 17.1) and the knowledge of the 
products and information help making the correct choice [64].

Wound bed

Patient with wound Interdisciplinary team Care plan

Wound

Cause/ type

Features

Treat co-morbid conditions;

Appropriate shoes;

Treat cause.

Odor

Granulation tissue

Necrosis

Bone/ tendon exposure

Low

Moderate

Intense

Yes

Infection

Debridement

Autolytic

Enzymatic

Mechanical

Surgical

Amorphous hydrogel; Petrolatum Gauze 
Non-Adhering Dressing;Hydrocolloid Amorphous hydrogel; Hydrocolloid;

Petrolatum Gauze Non-Adhering 
Dressing; Calcium Alginate

Collagenase; Papain

Petrolatum Gauze Non-Adhering Dressing

Amorphous hydrogel; Hydrocolloid; Petrolatum Gauze Non-Adhering Dressing

Polyurethane foam; Negative Pressure Wound Therapy;Alginate; Hydrofiber.

Hydrocolloid; Petrolatum Gauze Non-Adhering Dressing; Alginate; Hydrofiber; 
Activated Charcoal; Polyurethane Foam.

Activated Charcoal; CharcoalAg; Charcoal+ Alginate

Revaluation of necrosis

Antibiotics + revaluation of exudate

Revaluation of bed wound

No

Yes

No

Secretion

 

Studies conducted in 2013 suggest some evidence that hydrogel and negative pres-
sure therapy have a certain effectiveness in healing diabetic foot wounds and 
venous stasis ulcers, when compared to other dressings (alginate, hydrocolloid, 
foam and activated charcoal), but recommend the accomplishment of new stud-
ies with better evidence [68–72].
 (a) Hydrogel: consists of insoluble polymers (carboxymethyl cellulose) and up 

to 96 % water [68]. It can be found as amorphous gels and sheet and may be 
associated with alginate (this increases the power of debridement).

It is indicated to keep humidity, maintain optimal pH; promote pain 
relief; assist in autolytic debridement (removal of dead tissue). The 
exchange period can reach up to 7 days for the sheets and 1 day for the 
gel [73].
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In case of using the gel product, application must be done carefully, once, 
in large quantities, it can spread and macerate the wound’s edge and the skin 
around [68, 73].

 (b) Alginate: it can be found as flat sheets or packing rope for cavities/sinus, 
combined with silver to increase antimicrobial activity, and it may be com-
posed of calcium alginate and/or sodium alginate [69].

It is indicated for wounds with moderate to intense exudate, so the contact 
of product and secretion makes up a gel, keeping the wound bed moist and 
retaining secretion. It is an easy-removal product; it does not adhere to the 
wound bed. After applying it over the wound, it needs to be slightly humidi-
fied with saline [69].

 (c) Hydrocolloid: it is available in many shapes, such as paste, powder, and 
wafer; this latter made of a arboxymethy lcellulose matrix base connected to 
a vapor permeable film or foam base [70].

It is indicated for wounds with moderate or little exudate. There is also 
another kind, the fibrous hydrocolloid, or hydrofiber, which is similar to algi-
nate and is suitable for moderate to intense exudation. The exchange period 
reach up to 5 days or saturation of the product [70].

 (d) Foam: it is composed of hydrophilic polyurethane foam and is indicated for 
wounds with moderate to intense exudate. Associations with silver and with 
anti-inflammatory drugs are found in the market. It keeps the wound bed 
moist removing the excess of exudate and contributes to autolytic debride-
ment, thus keeping wound bed in optimal conditions for healing [71].

When combined with silver, it helps in local control of infection. Exchange 
period reaches up to 5 days or product’s saturation. It is recommended at the 
beginning of treatment with silver association the daily evaluation of the 
patient because of the possibility of hypersensitivity to silver.

 (e) Negative pressure wound therapy: it has not been well established in the lit-
erature the exact way it acts yet. It is suitable for complex wounds, with 
moderate to intense exudation.

Studies have proved benefits described by manufacturers, as to maintain 
the wet environment, remove excess exudate, remove the microorganism 
load and the infective material from the wound bed, reduce the foul odor, 
reduce edema, increase perfusion, and reduce the number of dressing 
changes [74].

However, there are some disadvantages, such as skin maceration around 
the wound, prejudice in mobility, and noises that may disturb the patient dur-
ing sleep—there are currently on the market machines with far less weight 
and sizes that facilitate mobility, while produce less loud noises [74].

For wounds that need greater stimulation of granulation tissue, some 
authors report that this therapy is indicated as adjunct therapy to other pro-
cesses such as the use of grafting [73].

The negative pressure wound therapy works by applying polyurethane 
foam or sterile gauze sealed with polyurethane film over the wound, and on 
this dressing, a tube is connected directly to a machine that performs the 
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negative pressure (vacuum) about 60–180 mmHg, taking the secretion into a 
reservoir [72].

 (f) Activated charcoal: helps in the removal of liquids and toxins that interfere 
in the cicatrization process [75]. It is indicated for wounds with low to mod-
erate exudation and foul odor [76].

 (g) Other currently available dressings:
• Cellulose membrane: it comes in a flat sheets shape, with pores of various 

diameters. Acts as a temporary skin substitute, maintains humidity, and 
promotes the regeneration of epithelium [77].

• Made from nanotechnology, after bacterial fermentation, bacterial cellu-
lose nanofibers are set up in three-dimensional network, reproducing the 
shape imposed by the manufacturer [78]. There are no current studies 
with good evidence about the use of this product.

• Petrolatum gauze non-adhering dressing: this product is formed by a thin 
pad impregnated with a mix of petrolatum (vaseline) and 3 % tribromo-
phenate bismuth [79]. It is suitable for wounds with granulation tissues, 
for dry wounds with little exudate and as an adjunct to other treatments. 
It may be associated with other products, such as hydrogel, alginate, and 
activated charcoal.

• In studies conducted by Vaneau et al. (2007), the use of dressings is rec-
ommended according to the process of healing: hydrogel for debride; 
foam and petrolatum gauze for granulation tissue; hydrocolloid and pet-
rolatum gauze to epithelialization. Certain situations are also considered: 
for fragile skin is indicated the petrolatum gauze; in case of bleeding, the 
use of alginate; and for odor wounds, such as neoplastic wounds, the use 
of activated charcoal is recommended [76].

 4. Skin culture : the early detection and prompt treatment of infection is necessary, 
and the culture enables to correlate the clinical features of infection with the 
laboratory results and local microbiology [80].

The keratinocyte cell culture, although giving good results, requires specialized 
technology and consequently is expensive. Unlike acute wounds, chronic wounds 
are colonized by various pathogens, hampering the correct treatment [80].

 5. Grafts: there are three types of grafts: (a) skin autograft, which could be an alter-
native for the long term ulcers, from the patient’s own skin; (b) allograft, applied 
as a bioengineered skin sheet grown from donor cells, (c) xenografts, through 
conservation of other animals skins such as pigs [81].

 6. Topical antiseptic: they have been indicated for over 150 years to prevent infec-
tion [82, 83]. Povidone-iodine is available as powder, impregnated ointment and 
mesh, and aqueous and alcoholic solutions [82] in concentrations up to 2.5 and 
10 %. It can be applied directly to the wound and with use of secondary dress-
ings, as gauze and bandages [83]. There is no good evidence to recommend its 
use, but in patients with ischemic wounds with no possibility of revascularization 
at the time, the use of this product is indicated to reduce the risk of infection.

Some studies have demonstrated the superiority of iodine in controlling infec-
tion when compared to silver sulfadiazine, chlorohexidine dressings, and zinc 
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paste, not to be used in wounds with viability for revascularization and viable 
tissues [84].
What can the nonexpert do to the patient?
A detailed history and a high-quality physical examination allow the identification 

of the cause of the ulcer in most cases. Support initial measures and wound care can 
be early instituted. Identifying the presence of infection and starting early antibiotic 
therapy can prevent complications and hospitalizations.

When should the patient be referred to the expert?
Patients with arterial impairment should always be referred to the expert since 

the risk of amputation is high.
Patients with difficult to heal chronic ulcers, after conventional treatment failure, 

those with frequent complications or patients with ulcers whose diagnosis was not 
well established should also be evaluated by an expert.
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Abstract
Lymphedema is the protein-enriched liquid accumulation in the interstitial 
spaces, due to changes in the lymphatic content, transport deficiency, or failure 
of extralymphatic proteolysis. It is classified as primary if it is of unknown cause, 
or secondary or acquired lymphedema. The diagnosis is based on physical exam-
ination associated with a careful history. The treatment of the lymphedema 
should be multidisciplinary and aims to reduce swelling and to prevent its pro-
gression. Erysipelas is a skin and mucosal infection caused by the Streptococcus 
pyogenes beta-hemolytic group A of Lancefield classification. It is a common 
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condition in clinical daily practice and the most frequent among all lymphangitis. 
Treatment includes antibiotics, symptomatic medications, and care of skin 
lesions. Lymphedema is a common complication of erysipelas since the lymph 
vessels can suffer from fibrosis process. Once established the lymphedema, it 
predisposes to new infection, given the richness of the protein edema, forming a 
vicious cycle.

 Lymphedema

 Concept

Lymphedema is the protein-enriched liquid accumulation in the interstitial spaces, 
due to changes in the lymphatic content, transport deficiency, or failure of extralym-
phatic proteolysis [1].

 Epidemiology and Classification

There are two types of lymphedema based on its etiology, the primary and second-
ary lymphedema [2].

 Primary Lymphedema

The primary lymphedema is of unknown cause and had been classified based on age 
of symptoms onset and the presence of cases in the family. Relatively rare, it occurs 
in approximately 1 in every 6000–10,000 births [2].

Among primary lymphedema, the most common form is the praecox, which 
affects approximately 80 % of patients. There are also the congenital and the tarda 
forms, accounting for 10 % each [2]. They are defined as:

• Primary congenital lymphedema: Clinical findings initiate before the first year of 
life. More frequent in men. The edema is often bilateral and involves the entire leg. 
The familiar version of congenital lymphedema is known as Milroy’s disease and 
is related to Turner’s syndrome [2].

• Praecox primary lymphedema: Clinical findings initiate between 1 and 35 years 
old and its hereditary version is known as Meige’s disease. It is more frequent in 
women (10:1). Usually the edema is unilateral and extends from distal to proxi-
mal. Some authors believe that congenital lymphatic injury remains quiet until 
puberty. When there is an increase in the size (length) of the limb, increasing 
local metabolism, there is an imbalance of lymph circulation that can no longer 
be sufficient to drain the lymph of that particular region, clinically emerging as 
lymphedema [2].

• Tarda primary lymphedema: Lymphedema initiating clinically after 35 years old [2].
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 Secondary Lymphedema

Secondary or acquired lymphedema is the most common form in third world countries, 
mainly due to filariasis. In developed countries, the most common causes of second-
ary lymphedema are iatrogenic lesions due to resection or ablation of regional 
lymph nodes after surgery, radiotherapy, tumor invasion, and direct trauma or, less 
commonly, after lymphangitis (infectious process). Unusual causes are tuberculosis, 
rheumatoid and psoriatic arthritis, and phlebitis [1].

 Natural History

Lymphedema can occur by (1) overproduction of lymph exceeding the capacity of 
lymphatic vessels transportation or (2) impaired lymphatic flow, due to anatomical or 
functional changes of the lymphatic system such as lymphatic hypoplasia or aplasia, 
anatomical absence of lymphatic valves, or vessels contractility insufficiency [1].

This stasis of lymph leads to abnormal accumulation of proteins in the extracel-
lular space leading to increased interstitial oncotic pressure, and water accumula-
tion in the interstitium, emerging clinically as edema. In addition, the abnormal 
accumulation of the proteins in extracellular space generates an inflammatory 
response in subcutaneous tissue leading to progressive fibrosis [1].

 Clinical Findings

The skin and the subcutaneous tissue of the limb with lymphedema are firm and 
hardened. The perimalleolus region may have a “tree trunk” shape. The instep 
enlarges and the toes become thick and rectangular. Pain is mild or absent. With the 
progression of the condition, the skin undergoes characteristic changes such as 
hyperkeratosis and lichenification [1, 3].

Generally, lymphedema does not respond to limb elevation, like other edemas, in 
more advanced clinical stages [1]. It also does not present clinically with hyperpig-
mentation and ulcers, like typical patients with chronic venous insufficiency.

Lymphedema is manifested in four stages (Table 18.1). Each stage can be subclas-
sified as mild, moderate, and severe [1].

Although the stages do not help in the diagnosis, it allows the evaluation and 
monitoring of treatment efficacy.

 Diagnosis

In most cases, findings in physical examination associated with a careful history 
establish the diagnosis and may reveal the cause of the edema. Additional tests are 
used in the diagnosis assistance:
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 – Duplex Scan: Should be performed for ruling out deep venous thrombosis [1].
• Computed tomography and the magnetic resonance may demonstrate the 

lymphedema characteristics: presence of edema restricted to the subcutane-
ous tissue, limited by muscular fascia [1].

• Lymphoscintigraphy: It is the diagnostic test of choice. It has a sensitivity of 
70–90 % and specificity of nearly 100 % in distinguishing between lymphatic 
edema and other causes of peripheral edema. It evaluates the lymphatic func-
tion through the measurement of radioactive macromolecular marker clear-
ance. It provides important anatomical and functional information if a surgical 
procedure is required. However, it should not be used for routine diagnosis, 
since it could worsen the disease [1].

• Lymphography: The exam allows the study of lymphatic anatomy but not of 
lymphatic function. Due to its high cost, its technical difficulty, and large 
number of complications, this exam is no longer used in clinical practice [1].

• Subcutaneous tissue biopsy: It may become necessary in some selected cases, 
especially in the advanced stages, due to the risk of malignancy. The purpose 
is not to establish the diagnosis of lymphedema but cancer [1].

 Treatment

The treatment of the lymphedema should be multidisciplinary [3]. It is primarily 
based on conservative measures [3]. The approach of secondary lymphedema is to 
prevent the onset of edema (Table 18.2). In primary lymphedema, the goal is to reduce 
swelling and to prevent its progression [3, 5, 6].

Most patients will respond to conservative treatment, which can be done with a 
combination of complex decongestive physiotherapy, intermittent pneumatic compres-
sion, drug therapy, and immediate treatment of any suspected infection or lymphangitis 
[3]. Despite of the treatment modality, intensive skin care with daily cleansing, low pH 
lotions, and continuous use of cotton clothes are mandatory. Likewise, after any initial 
treatment, the use of graduated compression stockings or sleeves combined with exer-
cises and limb elevation is part of the treatment. The elastic stockings facilitate venous 
and lymphatic flow due to gradual compression [1, 3].

Table 18.1 Lymphedema stages classification

Stages Characteristics

Latent phase Presence of fluid accumulation and perilymphatic fibrosis without clinical 
edema

Grade I Positive cacifo sign., edema reduces after limb elevation
Grade II Negative Cacifo sign. Edema does not reduce after limb elevation
Grade III Irreversible edema. Fibrosis and sclerosis of the skin and subcutaneous tissue

Source: [4]
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 Complex Decongestive Physiotherapy

It is nowadays the gold-standard treatment for lymphedema [6, 7].
The Complex Decongestive Physiotherapy comprises two phases. An initial 

decongestive phase and a maintenance phase.
Phase one is based on manual lymph drainage massage followed by multilayered 

bandage wrappings. It aims to achieve reduction of the limb diameter, and should be 
promptly followed by phase two with manual lymph drainage in order to stimulate 
the lymphatic vessels that are still functioning and to drain the stagnant protein fluid 
accumulated in the subcutaneous tissue. It should be performed by qualified phys-
iotherapists [7].

The maintenance phase consists of continuous use of graduated compression 
stockings/sleeves, and physiotherapy-applied or self-applied manual lymph 
drainage [1, 7].

 Intermittent Pneumatic Compression

Air compression pump is another effective therapy method for reducing the volume 
of the lymphedema limb using a similar principle of the manual lymph drainage but 
in this case the external compression is done by a sequential gradient pump which 
forces the lymph flow through the limb [1, 8].

 Pharmacologic Treatment

It is based on lymphokinetic medications represented by the benzopyrones [5]. This 
class of medication has the potential effects of hydrolyzed tissue proteins, enhancing 
their transport, and to stimulate lymphatic collectors [1]. It comprises the rutosides 
and the bioflavonoids. The effectiveness of drug treatment alone is controversial [1]. 
There are several poor quality trials addressing this issue. It is not possible to draw 

Table 18.2 Lymphedema: Preventive measures

Dietary moderation in intake of fluids and sodium
Body weight control
Daily elevation of the lower limb, positioning it above the heart level during sessions of 
20–30 min each
Physical activity
Avoid external pressure on the affected limb (e.g., jewelry, tight clothing)
Daily care and cleansing of the skin
Regular use of elastic compression stockings (not exceeding 15–20 mmHg)

Prophylactic antibiotic use in recurrent cases

Source: [1, 3]
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conclusions about the effectiveness of benzopyrones in reducing limb volume, pain, 
or discomfort in lymphoedematous limbs [7, 9, 10].

Diuretics do not demonstrate long-term benefits, and therefore have no role in 
the treatment of lymphedema.

Antimicrobial drugs should be administered if any sign of infection is present. 
The drugs of choice are oral penicillin, cephalexin, and azithromycin from 7 to 14 
days. In case of recurrence—more than two to four episodes per year—prophylactic 
treatment is required with oral penicillin 7 days once a month or benzatin penicillin 
once a month [11].

 Surgical Treatment

It is reserved for the most severe and refractory cases. The approach may be recon-
structive or debulking [1, 12–14]. The reconstructive approach aims to restore the 
lymphatic function through the making of lymph-venous shunts or transpositions of 
autologous vessels [14].

The debulking surgery reduces edema by removing the excess tissue, thereby 
reducing the size and weight of the affected limb, providing improved function and 
mobility [12, 13].

 Erysipelas

 Concept

Erysipelas is a skin and mucosal infection caused by the Streptococcus pyogenes 
beta-hemolytic group A of Lancefield classification. It is the most frequent among 
all lymphangitis [15].

 Epidemiology

The erysipelas is a common condition in clinical daily practice, with an estimated 
incidence of 10–100 cases per 100,000 inhabitants/year. The female is the most 
affected gender and it primarily affects adults between 40 and 60 years [16]. It is 
more common among patients with some chronic diseases [17].

More than 40 % of affected people have some other health condition [18]. The lower 
limbs are affected in more than 80 % of cases. The main risk factors are the presence 
of (1) lymphedema and (2) obesity [16, 19], but also (3) low socioeconomic condi-
tions, (4) immune-deficiencies states, (5) alcoholism, (6) diabetes mellitus, and (7) 
chronic venous insufficiency are associated [20, 21].
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 Natural History

The bacteriological agent needs an inoculation point or a gateway. The most com-
mon site of entrance is interdigital mycosis. However, other pathways could be 
active chronic venous ulcers, skin injuries caused by shoes, insect sting, scarifica-
tion by scratch, or other injuries of any kind [22, 23].

The evolution depends on the host resistance. It can regress spontaneously with-
out sequel or cause serious systemic infections with hemodynamic instability. It is 
known that untreated erysipelas have a higher rate of recurrence and leave more 
sequels in the lymphatic system, with residual and progressive lymphedema than 
the treated ones [16, 17].

 Clinical Findings

A painful lymph node enlargement may be the first sign. Usually the symptoms 
precede in a few days the skin manifestations. Initial symptoms are local pain, mal-
aise, asthenia, headache, nausea and vomiting, chills and high fever. Systemic mani-
festations are usually attributed to the high potential lesion of the toxin produced by 
Streptococcus sp. Among the signs it is observed edema and local erythema which 
give the skin the appearance of an orange peel (Fig. 18.1). Later appear spots and 
erythematous papules that evolve into vesicles, blisters, and bubbles, which coalesce 
revealing its citrus liquid, blood, or pus content. It may also lead to scabs and skin 
necrosis (Fig. 18.2). Vesicles and blisters usually appear late in the course and often 
after systemic and laboratory improvement [15, 24].

Fig. 18.1 Pacient presenting edema and erythema of the right leg, and an orange peel skin, 
suggestive of erysipela
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 Diagnosis

The diagnosis of erysipelas is done by clinical examination [17].
Laboratory tests are not necessary for diagnosis but help to monitor the evolution 

and to exclude other diagnoses (Table 18.3). It is commonly observed leukocytosis 
and increased C-reactive protein and antistreptolysin O serum levels [22].

Blood culture is rarely positive, which happens in only 5 % of cases [15, 22, 25, 26]. 
Culture of the vesicles and blisters content and skin biopsy are usually inconclusive 
and do not help the diagnosis and neither to the isolation of the agent. They are 
therefore contraindicated [26, 27].

Typical presentations in the absence of comorbidities, additional diagnostic 
evaluation is unnecessary and the patient may be treated in outpatient settings 
[15, 28].

Fig. 18.2 Advanced erysipela showing erythematous papules, vesicles and blisters containing 
purulent secretion

Table 18.3 Differential diagnosis of erysipelas

Diagnostic Characteristics

Deep Vein Thrombosis (DVP) Absence of infectious signs
Systemic diseases: Congestive heart failure (CHF) and 
Chronic Kidney Disease (CKD)

Usually bilateral edema

Soft tissue injury by trauma History of trauma
Rupture of Baker cyst Sudden pain
Tumor extrinsic compressions Insidious onset, rarely painful

Source: [16]
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 Treatment

Antibiotics are the mainstay of treatment for erysipelas. Symptomatic medications 
and care of skin lesions may also be required [29].

The antibiotic of first choice remains penicillin, oral, intramuscular, or intravenous. 
Penicillin G benzathine is the gold standard when long-term treatment for 
Streptococcus sp. is intended [11, 30, 31].

In mild cases it is recommended oral antibiotic therapy with penicillin for 5 days. 
In allergic patients, amoxicillin or erythromycin can be used since they have the 
same spectrum. Cephalexin, dicloxacillin, and clindamycin are also options [29].

In the presence of systemic symptoms, intravenous treatment with penicillin, 
ceftriaxone, or clindamycin is recommended for at least 5 days [29].

For severe cases it is recommended broad-spectrum antibiotics such as vancomy-
cin associated with imipenem or meropenem or vancomycin associated with 
piperacillin—tazobactam [29] (Table 18.4).

Hospitalization is limited to severe or refractory conditions [16]. The main reason 
for hospitalization is the presence of associated chronic diseases such as diabetes 
mellitus, obesity, immune-deficiencies status, and alcoholism [31].

Symptomatic medicines can relieve pain and fever. Lymphokinetic drugs, 
such as benzopyrones or diosmin–hesperidin associations, would help restore the 
lymphatic flow; however, this benefit has not been proven [9, 10]. Systemic cor-
ticosteroids such as prednisone 40 mg/day during 7 days could be considered in 
nondiabetic patients. Elevation of the affected area also helps to relieve the 
symptoms [17, 29].

Table 18.4 Antibiotic treatment of erysipelas

Primary treatment

Penicillin G benzathine 1,200,000 IU IM Single dose
Penicillin G potassium 20–30 megaU/day IV 10–14 days
Amoxicillin 500 mg 8/8 h Oral 10–14 days
Erythromycin 1–2 g 12/12 h Oral 10–14 days
Clindamycin 600 mg 8/8 h Oral 10–14 days

600 mg 6/6 h IV
Cephalexin 500 mg 6/6 h Oral 10–14 days
Sulfamethoxazole + trimethoprim 800 + 160 mg 12/12 h Oral 10–14 days
Relapses treatment
Penicillin G benzathine 1,200,000 IU IM 21/21 or 30/30 days
Erythromycin 0.5 g 12/12 h Oral During 10 days/month
Sulfamethoxazole + trimethoprim 800 + 160 mg 24/24 h Oral During 10 days/month

Source: [11, 16, 29–31]
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 Complications

With proper treatment, the evolution of erysipelas is generally benign (80 %) [16]. 
The most common complication is the recurrence [17, 32].

Lymphedema is another common complication since the lymph vessels can suffer 
from fibrosis process. Once established, lymphedema predisposes to new infection, 
given the richness of the protein edema, forming a vicious cycle [19].

Each recurrence leads to further lymphedema, which in turn predisposes to further 
infection. Other more serious complications are abscesses, septicemia, endocarditis, 
acute kidney failure, and deep vein thrombosis [16].

Erysipelas tends to recurrence [16]. Prevention is the best way to avoid it. The 
proper care of the skin is very important, especially the toes and to fight gateways as 
skin and nail diseases, fungal infections and chronic wounds. Dealing adequately with 
edema and, mainly, lymphedema are of equal importance in prevention [29, 32].

In refractory cases, prolonged antibiotic therapy is recommended. Administration 
of oral penicillin or erythromycin for 4–52 weeks, or intramuscular benzathine pen-
icillin every 2–4 weeks, may be considered in patients showing more than three 
recurrences per year [16, 33].

 What Can the Nonspecialist Do for the Patient 
with Lymphedema?

In lymphedema, preventive measures may be imposed earlier by the attending 
physician, avoiding its progression. Limb elevation, hygiene and dietary care, control 
of predisposing factors, and treatment of the triggering factors such as erysipelas are 
some of them. Identifying acute erysipelas and initiating early antimicrobial treat-
ment can prevent complications [1, 3, 29].

 When to Refer to Specialist?

All patients with lymphedema should see a vascular surgeon at least once. Signs of 
sepsis and fast progression or initial medical treatment failure in erysipelas are signs 
of possible complications and require specialist evaluation. Patients with associated 
vascular diseases also benefit from specialized treatment [34–36].
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Abstract
Clinical treatment of vascular disease holds several pathologies and their risk 
factors. The most important are arterial obstructive disease, aortic aneurysm, and 
acute aortic syndrome.

Obstructive vascular disease reaches all arterial territories, with atherosclerosis 
as the most important cause. In peripheral artery disease, obstruction of limb arter-
ies will determine the presence of symptoms, such as intermittent claudication and 
critical limb ischemia (rest pain, gangrene, or ulcers). Clinical management of 
obstructive disease includes control of risk factors and symptomatic relief, pre-
vention of cardiovascular events and improvement of functional capacity.

The aortic aneurysm and acute aortic syndrome are complex pathologies of 
aorta. The main goal of medical therapy in aortic aneurysm and acute aortic syn-
drome is to decrease shear stress on aortic wall (thus reducing rupture and grow-
ing rates) and inflammation process since there is a direct relation between 
diameter, grown and rupture rates.

Obstructive vascular disease is widespread in all arterial territories, reaching cardio-
vascular, intracranial, and peripheral arteries [1–6]. Prevalence of peripheral artery 
disease reaches 30 % in patients >70 years although 2/3 are asymptomatic; patients 
with peripheral artery disease have a larger risk of all-cause and vascular-cause of 
death [3, 4, 7–10]. In peripheral artery disease, obstruction of limb arteries and lim-
ited blood flow will determine the presence of symptoms, such as intermittent clau-
dication and critical limb ischemia (rest pain, gangrene, or ulcers) [6, 9, 10]. Critical 
limb ischemia is the most severe manifestation of the disease and holds elevated 
cardiovascular and limb morbidity and mortality [11, 12].
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Atherosclerosis is the leading cause of obstructive disease, and all territories 
share the same risk factors, such as male gender, smoking, hypertension, hyperlip-
idemia, diabetes mellitus, and chronic kidney disease [2–5, 13]. Other risk factors 
related to peripheral disease are the presence of elevated blood levels of inflamma-
tion markers (high-sensitivity C-reactive protein), thrombosis factors (homocyste-
ine levels, fibrinogen), and elevated lipoproteins [2, 7]. Low HDL (high density 
cholesterol) is a major predictor for cardiovascular event [3, 14].

The main goals of treatment are:

 – control of the risk factors (involves antiplatelet, antihypertensives, and statins)
 – prevent cardiovascular (CV) events
 – improve function capacity

Guidelines recommend to calculate cardiovascular risk score in order to predict 
cardiovascular events in a long period of time [2, 15]. It is based on age, gender, 
smoking, hyperlipidemia, and blood pressure [15]. There are many risk scores 
available, such as Framingham, SCORE (Systemic Coronary Risk Estimation), 
ASSIGN (CV risk estimation model from the Scottish Intercollegiate Guidelines 
Network), Q-Risk, PROCAM (Prospective Cardiovascular Munster Study), and 
WHO (World Health Organization). The Framingham and SCORE are the most 
used [15].

The assessment of risk allows to categorize the patient’s risk, to identify who will 
benefit from prevention therapies, and to keep strict surveillance on those with high 
cardiovascular risk [2, 15, 16]. Once risk factors are continuous, there is no specific 
threshold to achieve and patients should be reevaluated every 3–5 years if CV risk 
<5 % and every year if CV risk ≥5 % [2, 15–18].

 Categories of Cardiovascular Risk

There are four categories of risk:

 – Very high risk: Greater than 10 % risk for fatal atherosclerotic events such as 
coronary infarction, stroke, or other obstructive arterial event in 10 years. This 
group includes all patients with documented atherosclerotic disease, type 2 dia-
betes mellitus, type 1 diabetes mellitus with target organ lesion, and chronic 
kidney disease (GRF < 60 mL/min/1.73 m2).

 – High risk: Cardiovascular risk ≥5 and <10 % for fatal atherosclerotic events or 
one elevated risk factor (severe hypertension, familial dyslipidemia).

 – Moderate risk: Cardiovascular risk ≥1 and <5 % for fatal atherosclerotic events.
 – Low risk: Cardiovascular risk <1 % for fatal atherosclerotic events.

J.C.D. Inglez



235

 Management of Dyslipidemia

 Statins

The correlation between blood levels of cholesterol and cardiovascular disease was 
established in the twentieth century, and in the 1950s the development of hypolipe-
miants was started [19]. It took about 35 years for the first statin to be approved by 
FDA, and now there are semisynthetic (pravastatin and simvastatin) and synthetic 
statins (fluvastatin, atorvastatin, rosuvastatin, and pitavastatin), with more than 30 
million people currently taking statins [19, 20]. Statins are responsible for 25–35 % 
reduction on plasma levels of LDL-cholesterol and reduce the incidence of heart 
infarction on 25–30 % [16, 19].

 Mechanism of Function: Pleiotropic Effect of Statins
Statins inhibits HMG-CoA reductase (hepatic enzyme responsible for choles-
terol synthesis), increases cellular reabsorption of low density lipoprotein cho-
lesterol (LDL) by inducing expression of LDL-receptor and thus, reducing 
blood levels of LDL-cholesterol, has poor effect increasing serum levels of 
HDL [20, 21].

It also diminishes the cardiovascular events by reducing endothelial lesion, 
improving production of nitric oxide and decreasing production of free radicals of 
oxygen. Statins have anti-inflammatory action and promote atherosclerotic plaque 
stability, reducing the progression of plaques and diminishing previous lesions [9, 
22]. It reduces levels of high-sensitivity C reactive protein, reducing cardiovascu-
lar events even though blood cholesterol levels are normal [9, 20, 23, 24].

Most common side effects are myopathy and liver toxicity, in rare cases lead-
ing to kidney insufficiency due to rhabdomyolysis [20]. Patients at increased 
risk for side effects are those at older age, with low body mass index, hypothy-
roidism, multisystem disease and alcohol abuse, previous renal and hepatic dys-
function, female gender, and in perioperative periods. There are few cases of 
autoimmune-induced myopathy caused by statins and slight higher rates of dia-
betes [25]. The risk of side effects is very low especially when compared to 
impaired risk of cardiovascular event without statin in patients with moderate or 
high risk [15, 26–28].

 Screening
The patients should be assessed individually, but in the absence of other risk factors 
the screening starts at 40 years for man and 50 years (or postmenopausal) for woman 
[28]. Patients with risk factors, such as current smoking, diabetes, arterial hyperten-
sion, obesity (body mass index above 27, waist circumference ≥93 cm for men and 
≥90 for women), familial history of premature coronary artery disease or familial 
hyperlipidemia, rheumatic or inflammatory diseases (rheumatoid arthritis, systemic 
lupus erythematosus, psoriatic arthritis, ankylosing spondylitis, inflammatory bowel 
diseases), chronic obstructive pulmonary disease, chronic HIV infection and anti-
retroviral therapy, chronic kidney disease, abdominal aneurysm, genetic 
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dyslipidemias (xanthomas, xanthelasmas, FH), and erectile dysfunction must to be 
investigated for hyperlipidemia independent of age [16, 28, 29].

 How to Screen?
Every patient should be evaluated by medical history, physical examination, and 
blood levels dosage of total cholesterol (TC), LDL, HDL, TG, glucose, and renal 
function (glomerular filtration rate, GFR). If dosage of LDL isn’t available and tri-
glycerides <400 mg/dL, LDL can be calculated with Friedewald formula 
LDL = TC − HDL − TG/2.2 (mmol) and LDL = TC − HDL − TG/5 (mg/dL).

Calculating non-HDL cholesterol (total number of atherosclerosis particles) and 
Apoprotein B promotes better risk evaluation when compared to LDL only in 
patients with diabetes mellitus or metabolic syndrome. Non- HDL = VLDL + IDL + LDL 
(VLDL = TC/TG, if TG < 400).

Other markers such as Apoprotein B, Apoprotein A1, and Lipoprotein(a) may be 
considered for risk evaluation. Apoprotein B is the most atherogenic of the lipopro-
tein and has a good correlation with LDL levels. It is considered a second-line 
marker in risk evaluation and a good predictor of cardiovascular risk [30]. On the 
other hand, Apoprotein A1, as the major protein of HDL, is correlated with HDL 
blood levels. Lipoprotein(a) provides complementary information in families with 
premature cardiovascular disease [15, 16, 28, 29].

 Who Should Take This Drug?
Statins are indicated for high blood levels of LDL-cholesterol and for patients with 
cardiovascular risk ≥7.5 % [31]. For every reduction of 40 mg/dL in LDL- cholesterol, 
there is a corresponding 24 % reduction in major cardiovascular events [15, 17, 32, 33].

Statins should also be considered for patients with atherosclerosis [9, 31, 34], 
diabetes mellitus, asymptomatic patients with multiple risk factors (>5 % cardiovas-
cular risk in 10 years), hypertriglyceridemia (TG > 500 mg/dL need statins com-
bined to fibrates), and >21 years with elevated LDL [33]. Low levels of 
HDL-cholesterol are independent and are an inverse predictor of cardiovascular 
disease, since for every 1 mg/dL increase in HDL, there is a lowering in 2–3 % for 
the risk of coronary artery disease.

 Special Situation
 (a) Hemodialysis: There is no contraindication to statins, but the dose must be cal-

culated for stages 3–5 of chronic kidney disease. Reduction of LDL and high- 
sensitivity C reactive protein decreases in 17 % incidence of major atherosclerotic 
events [15, 23, 35, 36].

 (b) Peripheral vascular surgery: Statins have a protective effect on cardiovascular 
causes of death, improving pain-free walking distance and controlling inflam-
matory state and progression of atherosclerosis [2, 6, 8, 9, 11, 31]. It also 
decreases rates of amputation, patency rates after procedures, and limb salvage 
[8]. Although starting statins perioperatively increases the incidence of myopa-
thy, risk is outweighed by benefits [15, 34].
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 (c) Liver disease: Use of statins is safe in patients with altered liver enzymes (less 
than 3 times upper limit) leading to the decrease of cardiovascular events in 
68 %. The risk-to-benefit ratio was greater in patients with altered liver test, 
elevated dosage of ALT, and a high relation ALT-to-AST is a strong predictor of 
severe coronary disease. The benefits of statins in patients with altered liver 
enzymes above 3 times the upper limit remains unclear [15, 29, 37].

 Targets of Treatment
There is no target LDL-cholesterol to achieve [6, 11, 12, 17]. The main objective of 
treatment is to decrease LDL level by 50 % or more. For every 1 mmol/L (40 mg/
dL) reduction of LDL, cardiovascular morbidity decreases in 22 % [15, 27, 33].

Benefits are seen in reduction:

 – Very high risk patients: LDL-cholesterol < 1.8 mmol/L (<70 mg/dL) [6, 15, 31];
 – High risk: LDL-cholesterol < 2.5 mmol/L (<100 mg/dL) [9, 11, 12, 15, 31];
 – Moderate risk: LDL-cholesterol < 3 mmol/L (<115 mg/dL); [15].

Regular blood tests, such as cholesterol and fractions, liver function, and non- 
HDL (includes also apolipoprotein B), should be evaluated to confirm response to 
treatment and adhesion to treatment [15, 16, 32].

Intensive statin regimens reduce 15 % more cardiovascular events than less inten-
sive therapy and are indicated for patients with peripheral artery disease [8, 9, 38], with 
13 % reduction of coronary death and nonfatal myocardial infarction, 19 % reduction of 
coronary revascularization, and 16 % reduction of ischemic stroke, but with elevation 
of hepatic enzymes [31, 39]. In more intensive regimens, for each 1 mmol/L (40 mg/
dL) reduction in LDL, all-cause mortality and coronary artery disease were reduced in 
10 % and 20 %, respectively [15, 17, 18, 27, 29, 40]. Intensive regimen is recommended 
for patients with >7.5 % CV risk and >75 years without contraindications [33].

 Statin Therapy: Daily Doses
High intensive regimen: Atorvastatin 80 mg and rosuvastatin 20–40 mg [33].
Moderate intensive regimen: Atorvastatin 10–20 mg, rosuvastatin 5–10 mg, simv-

astatin 20–40 mg, pravastatin 40–80 mg, lovastatin 40 mg, fluvastatin 40 mg bid, 
fluvastatin XL 80 mg, pitavastatin 2–4 mg [33].

Low intensity regimen: Simvastatin 10 mg, pravastatin 10–20 mg, lovastatin 20 mg, 
fluvastatin 20–40 mg, pitavastatin 1 mg [33].

 Hipolipedemiant Non-statin Drugs

 (a) Bile acid sequestrants (cholestyramine, colestipol, and colesevelam): Such class 
of drugs binds to bile acid during digestion impeding their reabsorption and 
increasing clearance of hepatic cholesterol for production of new bile acid, there-
fore increases LDL-receptor activity and decreases serum rates of LDL- 
cholesterol [15, 33]. Doses of 24 g of cholestiramine, 20 g of colestipol, or 4.5 g 
of cholestagel decreases LDL-cholesterol in 18–25 % with no effect on HDL. Side 
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effects are gastrointestinal (flatulence, constipation, dyspepsia, and nausea), 
reduced reabsorption of fat-soluble vitamins and important drug interaction 
(administration 4 h before or 1 h after other drugs) [15]. When used in association 
with statins, there is an additional decrease of 10–20 % of LDL- cholesterol [15].

 (b) Cholesterol absorption inhibitors (ezetimibe): Such class of drugs reduces 
absorption of cholesterol and bile acid without intervene in fat-soluble vitamins 
metabolism [15]. As sole treatment, diminishes LDL-cholesterol levels in 
15–22 % and combined to statins, lowers LDL-cholesterol in 30–44 %. Second- 
line treatment, normally prescribed with statins [15, 36]. Side effects are related 
to alteration of hepatic function and muscle pain. The recommended dose is 
ezetimibe 10 mg daily [15].

 (c) Nicotinic acid: In a daily dose of 2 g, such drugs increase HDL by 25 %, 
decrease LDL in 15–18 % and TG in 20–40 %, and reduce Lipoprotein(a) in 
more than 30 %. They are better indicated in familial hyperlipidemia and meta-
bolic syndrome patients [15].

 (d) Fibrates: Such class of drugs is for the treatment of hypertriglyceridemia, 
generally when triglycerides are >2.3 mmol/L (or >200 mg/dL). It can reduce 
cardiovascular disease in 13 % [15]. Side effects are related to gastrointestinal 
disturbance, myopathy, elevation in hepatic enzymes, skin rash, pancreatitis, 
and deep vein thrombosis (impaired metabolism of homocysteine) [15].

 Antiplatelet Therapy

Platelets have a significant role in atherothrombosis: Rupture of an atherosclerotic 
plaque induces platelet aggregation and vasoconstriction resulting in acute arterial 
occlusion [1, 6, 13, 41]. Antiplatelet therapy prevents platelet aggregation and repre-
sents, beside statins, one of pillars of treatment of cardiovascular disease [1, 5, 7, 11, 13, 
41–43]. In patients with moderate risk, antiplatelet therapy reduces 10–15 cardiovascu-
lar events per 1000 [9, 43]. In high risk patients, antiplatelet reduced in 23 % incidence 
of cardiovascular events (vascular death, nonfatal myocardial infarction, and nonfatal 
stroke) [9, 18, 42, 43]. Similar benefits are demonstrated when aspirin is initiated after 
stroke and transient ischemic attack [43]. In patients with intermittent claudication, anti-
platelet therapy lowers the rates of all-cause and cardiovascular death [7, 9, 44].

 Aspirin

Aspirin has a commercial use as anti-inflammatory drug since beginning of 1900, 
but its antiplatelet action was reported only in 1953 and elucidated in 1971 [42]. It 
causes irreversible inactivation of cyclooxygenase, inhibiting conversion of arachi-
donic acid into thromboxane A2 and prostaglandin I1 [1, 13, 22, 41–43, 45, 46].

The effect of aspirin is dose dependent and cumulative and endures all life span 
of platelets (8–10 days), with 75 mg of aspirin reaching antiplatelet effect [42, 43, 
45]. Doses of 75–150 mg/daily shows similar effects when compared to moderate 
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and high doses (160–1500 mg), but doses >325 mg/daily show an increased risk of 
bleeding and gastrointestinal side effects [3, 18, 42, 43, 47].

The use of doses of aspirin 75–325 mg/daily decreases in 12–14 % cardiovascu-
lar events (myocardial infarction, stroke, and cardiovascular death), diminishes in 
21 % the risk of cardiovascular death, and prevents recurrent stroke in 1.5 % [6, 
41–43, 45, 47]. The secondary prevention effect is well established in coronary 
artery disease, peripheral artery disease, and cerebrovascular disease [6, 8, 41]. there 
is no reduction in cardiovascular events in patients without established cerebrovas-
cular or peripheral artery diseases and there is an increased risk of bleeding [6, 48].

Aspirin side effects relate to upper gastrointestinal symptoms and an increased 
risk of gastrointestinal bleeding (<1 %), vasoconstriction of renal circulation, and a 
nonsignificant increase in hemorrhagic stroke [41, 44, 45]. There are almost 20 % of 
aspirin resistance cases in population [1, 42, 46].

 Thienopyridines (Clopidogrel, Ticlopidine, and Prasugrel)

Thienopyridines are selective and irreversible blockers of ADP-receptor which 
has its antiplatelet effect due blockade of glycoprotein IIb/IIIa complex [1, 6, 9, 
22, 41, 42, 46, 49, 50]. It also has anti-inflammatory effects by reducing high-
sensitivity C reactive protein, stabilizing atherosclerotic plaque, and diminishing 
intimal hyperplasia after endothelial lesion [42]. Ticlopidine has shown better 
results in reducing stroke, myocardial infarction, and vascular death when com-
pared to placebo [6].

Clopidogrel shows better results in preventing secondary coronary artery dis-
ease, peripheral artery disease, and recurrent stroke when compared to aspirin. 
Clopidogrel reduces in 8.7 % the risk of ischemic stroke and death from vascular 
causes and also decreases in 23.8 % the incidence of myocardial infarction, with no 
increased risk of bleeding [2, 3, 6, 8, 9, 11, 12, 18, 22, 31, 42, 43, 47, 49]. Incidence 
of resistance to clopidogrel is 16–25 % [1, 6, 42, 49, 50].

Prasugrel is an irreversible thienopyridine approved only for the treatment of 
acute coronary syndrome and patients undergoing percutaneous coronary interven-
tion. It demonstrates reduction of 19 % in death, nonfatal MI or stroke when com-
pared to clopidogrel [1, 41, 47]. Has elevated risk of fatal bleeding in patients 
>75 years and underweight (<60 Kg) [47]. Side effects of thienopyridines are related 
to bone marrow depression (neutropenia), rash, and diarrhea [41, 44, 49]. Ticlopidine 
is taken at 250 mg twice a day and clopidogrel at 75 mg/daily with loading doses of 
300 mg [42].

 Other Antiplatelet Drugs

 (a) Thrombin protease-activated receptor (PAR-1) blockers (vorapaxar and 
atopaxar): Decrease cardiovascular risk but at a cost of an increased risk of 
bleeding [2, 8]. When applied for peripheral artery disease, vorapaxar decreases 
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the risk of acute limb ischemia and peripheral revascularization [1, 2, 8, 11]. 
Vorapaxar is taken at dose of 2.5 mg daily [8].

 (b) Glycoprotein IIb/IIIa receptor blockers (abciximab, tirofiban, and eptifibatide): 
Have an antiplatelet effect due blocking fibrinogen binding site [1, 41, 46]. 
Their use is intravenous and restricted to acute coronary syndrome and patients 
undergoing percutaneous coronary intervention [1]. Studies suggest periopera-
tive benefits of abciximab in patients with critical limb ischemia or poor distal 
out-flow [22]. Side effects are related to thrombocytopenia [1].

 (c) Ticagrelor: Reversible antagonist of P2Y12-receptor (binds in a different site on 
ADP-receptor of clopidogrel) that demonstrates superiority on prevention of car-
diovascular death, myocardial infarction, and stroke when compared to clopido-
grel, however with higher rates of intracranial bleeding [1, 6, 11, 41, 47]. Their 
side effects are bradyarrythmias, dyspnea, and impairment of renal function 
[47]. Is indicated only in dual therapy with aspirin for the treatment of acute 
coronary syndrome and for patients undergoing percutaneous coronary interven-
tion [6, 41, 47].

 (d) Truflusal: Is a new COX-1 inhibitor under investigation, preliminary studies 
demonstrate similar efficacy to aspirin in preventing recurrent vascular events 
with less intracerebral bleeding [47]. Not FDA approved.

 (e) Sarpogrelate: Decreases platelet levels of 5-hydroxy-tryptamine (5-HT); it’s 
been studied in peripheral artery disease with similar results to aspirin with less 
bleeding [47].

 (f) Dipyridamole: Inhibits platelet phosphodiesterase 5 intensifying inhibitory 
effect of prostacyclin; its effects in primary and secondary prevention are not 
well established [41, 47].

 (g) Picotamide: Inhibitor of thromboxane A2 synthase and thromboxane A2 recep-
tor. Demonstrates inconclusive results in peripheral artery disease, suggesting 
benefits [13, 51].

 Dual Platelet Drugs

Residual risk of cardiovascular events is high in the use of aspirin alone, and adding 
another antiplatelet drug increases antiplatelet effect [6, 42, 43]. Combination of 
aspirin and other antiplatelet (clopidogrel, ticlopidine, ticagrelor) has shown 
20–36 % additional decreasing in cardiovascular risk in patients and is indicated in 
the management of acute coronary syndrome and patients undergoing percutaneous 
coronary or peripheral intervention, with slightly higher rates of bleeding [8, 31, 
41–43, 51, 52]. In patients with previous stroke or peripheral artery disease, dual 
antiplatelet therapy didn’t show benefits in preventing new events and had an 
increased risk of major bleeding and death [2, 3, 9, 12, 18, 31, 42, 47, 51, 53].

The combination of aspirin with intravenous infusion of glycoprotein IIb/IIIa 
blockers reduces the risk of acute occlusion in coronary arteries and stent in short 
time [43]. There isn’t evidence of benefits of aspirin + dipyridamole [43].
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 Who Must Take This Drug?

All patients with moderate, high, or very high cardiovascular risk or evidence of 
symptomatic peripheral artery disease such as intermittent claudication should take 
aspirin 75–325 mg/daily [2, 11, 12, 22, 31, 54]. Even with the lack of improvement 
on symptoms, there is a significant reduction in cardiovascular events in patients with 
previous disease, particularly myocardial infarction and stroke [2, 3, 12, 13, 42–44, 
51]. However, clopidogrel has been proved superior; relation cost- effectiveness 
favors aspirin [3]. In cases of contraindication for aspirin use, clopidogrel 75 mg/
daily is indicated [3, 8, 43, 49, 54]. In asymptomatic patients with peripheral artery 
disease, there are no benefits of antiplatelet therapy that being indicated only in sec-
ondary prevention for coronary artery and cerebrovascular diseases [2, 3, 5, 7, 8, 13, 
31, 48, 51, 55]. Dual antiplatelet therapy (aspirin and clopidogrel) is indicated after 
percutaneous procedures with implant of stents for 1–3 months [8, 22, 38].

 Antihypertensive

Hypertension is a major risk factor for peripheral artery disease, affecting 55 % of these 
patients [4, 9, 31]. Solely, it is related to 7.5 million deaths every year, representing 
13 % of all causes of death, specially cardiovascular related mortality [56]. In patients 
with peripheral artery disease, intensive blood pressure controls reduce cardiovascular 
events and death [2, 4]. Initially, it was believed that just by reducing blood pressure 
rates (independent of antihypertensive class), morbidity and mortality would decrease. 
However, now it’s known that some antihypertensives, such as angiotensin-converting-
enzyme inhibitor, have an additional effect on reduction of cardiovascular events. But 
this evidence isn’t applicable in peripheral artery disease patients [2, 56].

The primary goal of the treatment is reduction of blood pressure and, if possi-
ble, reduction of cardiovascular events [57]. When choosing an antihypertensive 
therapy, one should consider pressure level target, quality of life, impact on other 
cardiovascular events, and comorbidities (renovascular disease, primary hyperal-
dosteronism, and diabetes) [4, 57].

 Renovascular Disease

Renal blood flow is controlled by renin-angiotensin-aldosterone system and in the 
presence of obstructive disease in renal arteries, the use of angiotensin-converting-
enzyme inhibitor may worsen renal function by decreasing renal perfusion [4, 31]. 
When angiotensin-converting-enzyme inhibitor is introduced for patients with reno-
vascular disease there is an increasing of >20 % of creatinine in more than 50 % of 
patients [4]. Because the prevalence of renovascular disease is higher in peripheral 
artery disease patients [4], patients with hypertension and severe peripheral artery 
disease, or peripheral artery disease and resistant hypertension or impaired renal func-
tion must be screened for renal artery stenosis and renal function must be assessed 
regularly [4].
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 Renin-Angiotensin-Aldosterone Inhibitors

In peripheral artery disease patients, the use of renin-angiotensin-aldosterone 
inhibitors reduces in 5 % all-cause mortality and 7 % in cardiovascular mortality. 
Such effects are related not only because of the reduction of blood pressure, but 
due to additional blockade of pleiotropic effects of angiotensin II [4, 58]. These 
results are related to angiotensin-converting-enzyme inhibitor, which is responsi-
ble for a 10 % reduction, compared to no reduction with angiotensin-receptor 
blockers [4, 56, 59].

Angiotensin-converting-enzyme inhibitor is the first choice for patients with 
peripheral artery disease due to the reduction of cardiovascular risk [2, 9, 12, 18, 31, 
59]. In patients taking daily 10 mg of ramipril was observed a reduction of 14 % in 
vascular death, nonfatal stroke, and nonfatal myocardial infarction [2, 4, 6, 9, 18, 
31, 59]. These benefits are twofold high in patients with low ankle-brachial index 
and ramipril is associated with improvements in pain-free walking and maximal 
walking distance [4, 31].

 Beta-Blockers

There is no evidence that beta-blockers worsen peripheral artery disease [2, 4, 9, 18, 
31, 59, 60], on the contrary, adding beta-blockers seems to reduce cardiovascular 
death or myocardial infarction after peripheral artery reconstruction [4, 6, 9, 12, 18, 
22]. The combination of beta-blockers and calcium channel blockers decreases 
maximum walking distance by 9 % [4]. If change in antihypertensive therapy is 
necessary, it is recommended the progressive decreasing of beta-blocker dose to 
prevent sympathetic events [4] and such class of drug should be avoided in patients 
with asthma, chronic obstructive pulmonary disease, cardiac failure, and low car-
diac rate, and beware of hypoglycemia in diabetic patients [4].

 Calcium Channel Blockers

There are two classes of calcium channel blockers: dihydropyridines (vasodilators 
that increase renal excretion of sodium and water) and cardioselectives (verapamil 
and diltiazem, which reduce cardiac output by diminishing cardiac rate and inotro-
pism) [4]. In peripheral artery disease, it is suggested that verapamil reduces reste-
nosis rates after intervention, but without showing differences in ankle-brachial 
index [59]. There are no differences comparing the use of beta-blockers, aldosterone- 
receptor blockers, and calcium channel blockers for cardiovascular events reduction 
in patients with peripheral artery disease [4, 59].
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 Options for Treatment

Optimal thresholds are defined as a reduction of blood pressure ≤140 × 90 mmHg 
and ≤130 × 80 mmHg for diabetic and in chronic renal disease patients [4, 6, 11, 18, 
54]. However, there are recent trials proposing that systolic blood pressure should 
be under 120 mmHg for patients with high cardiovascular risk [2].

There is an inverse relation between ankle-brachial index and cardiovascular 
events. With intensive blood pressure control, this relation is lost [4], decreasing the 
risk of cardiovascular events, despite the concern with reduced flow and related 
organ ischemia [4].

There is no specific antihypertensive drug of choice for peripheral artery disease 
patients and hypertension [4], but there are some general recommendations:

 – In non-black patients with less than 55 years—start with angiotensin-converting-
enzyme inhibitor [4].

 – Black ethnicity or >55 years—start with calcium channel blocker or thiazide 
diuretic [4].

 – If necessary, add calcium channel blocker, and after thiazide diuretic [4].

 Handling of Symptoms

Patients with peripheral artery disease usually manifest with intermittent claudica-
tion, progressing sometimes to critical limb ischemia [22]. Critical limb ischemia is 
defined by ischemic rest pain in leg or foot, gangrene, and ulcers [22]. Patients who 
cannot be revascularized or attempts of revascularization have failed have 50 % 
rates of amputation in 6 months and 25 % of patients with critical limb ischemia die 
in the first year from cardiovascular causes [22]. Management of symptoms of 
peripheral artery disease focuses on the improvement of quality of life, pain control, 
increasing walking distance, and limb salvage [6, 22].

 Pain Control

In patients with critical limb ischemia, pain control is a major concern while surgi-
cal decision is not taken (revascularization or amputation) [22]. Starting with 
paracetamol and nonsteroidal anti-inflammatory medications for relief of pain and 
usually progressing to opioids, such as morphine, and antidepressant [6, 22, 61]. 
Nonsteroidal anti-inflammatory in patients with chronic kidney disease and hyper-
tension should be avoided [22].

 Pentoxyfilline

Pentoxyfilline is a methylxanthine derivative [9] which alters red blood cells con-
formability, diminishing blood viscosity and platelet aggregation, improving tissue 
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perfusion and oxygenation, and lowering fibrinogen levels [9, 31]. It was the first 
medication approved by FDA for intermittent claudication treatment, but today pent-
oxyfilline use is limited due to heterogeneity effects and data and diminished effi-
cacy when compared to cilostazol [8, 9, 62]. Many studies have shown benefits on 
the use of pentoxyfilline compared to placebo, with unpredictable improvement in 
pain free and maximal walking distance [9, 22, 31] and no evidence of improvement 
on ankle-brachial index [31]. Although side effects are nausea, headache, drowsi-
ness, and anorexia [31], pentoxyfilline is generally well tolerated and safe [31]. The 
dose is 400 mg taken 3 times per day [31, 54].

 Cilostazol

Cilostazol is a phosphodiesterase III inhibitor which increases intracellular levels 
of cyclic AMP [6, 8–10, 22, 31, 63, 64]. It has pleiotropic effects, such as anti-
platelet aggregation, vasodilatory effects, improves HDL blood levels, and 
impairs triglycerides levels [9, 22, 31, 62]. It also works preventing restenosis 
rates after peripheral artery procedures [22, 31, 64]. Cilostazol associated to exer-
cise is the first-line treatment for intermittent claudication. This drug improves in 
50–70 % on pain-free walking distance and in 25 % maximum walking distance 
when compared to pentoxyfilline or placebo [2, 6, 8–10, 12, 22, 31, 63, 64]. There 
is no reduction on cardiovascular events, such as myocardial infarction, stroke or 
death, or evidence of increased bleeding complications when associated to aspirin 
and clopidogrel [6, 9, 10, 62]. Cilostazol side effects are headache, diarrhea, and 
palpitations, which determines difficulties in long-term adherence of patients [2, 
8, 9, 64]. Recommended dose is 100 mg twice daily, and it’s contraindicated in 
heart failure due to proarrhythmic effects [2, 8, 9, 31, 54, 62–64].

 Naftidrofuryl (Nafronyl)

Naftidrofuryl is a 5-hydroxytryptamine-2 receptor antagonist which promotes vasodi-
latation in ischemic tissues [2, 8, 9, 31, 62, 63]. This drug class has shown better results 
in improving intermittent claudication, increasing maximum pain-free walking dis-
tance in 92 % compared to placebo (17 %) [2, 8, 9, 31, 63]. Dose is 100–200 mg, 3 
times daily [62]. Prescribed in Europe, is non-FDA approved [2, 8, 9, 12, 31, 62, 63].

 Prostanoids (Iloprost, Beraprost, Prostaglandin E1, 
and Prostacyclin)

endotheliumProstanoids are prostaglandin analogues that preserve vascular endothe-
lium and prevent activation of leucocytes and aggregation of platelets. [9, 22]. Their 
use is usually restricted to patients with critical limb ischemia without perspective of 
revascularization or in whom surgical treatment has failed [22]. Intravenous infusion 
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of iloprost has shown 21 % increase in pain control and/or ulcer healing and diminish-
ing amputation rates (23 % × 39 %) compared to placebo [6, 9, 12, 22]. Oral adminis-
tration of iloprost is not effective on reduction of amputation rates or death, but 
improves mean maximum walking distance by 30 % [9, 12]. Better results are seen in 
administration for longer periods, of 4 or more weeks [6, 12, 22]. Side effects are 
facial flushing, headache, diarrhea, vomiting, and transient hypotension [6, 22, 54].

 Other Peripheral Artery Disease Medical Therapy

 Homocysteine

Hyperhomocysteine is an atherothrombotic risk factor in coronary, peripheral, and 
cerebrovascular diseases [9], inducing oxidative damage in endothelial cell and pro-
liferation of vascular smooth muscle cells [9]. In patients with peripheral artery dis-
ease, homocysteine blood levels are elevated in 30 % of patients [31] and raising 
homocysteine in 1 μmol/L increases the risk of all-cause mortality in 3.6 % and car-
diovascular death in 5.6 % [9]. The use of acid folic reduces in 25 % levels of homo-
cysteine and cobalamin (vitamin B12) reduces in 7 % [31]. There is no evidence of 
reduction of cardiovascular events when decreasing homocysteine levels [9, 31, 54].

 Levocarnitine (L-Carnitine)

Levocarnitine is a dietary supplement which serves as substrate for aerobic metabo-
lism in skeletal muscle and acts on mitochondrial membrane transporting acylated 
fatty acids and acetate [9, 31]. It has shown an increase of 73 % in maximal and 
pain-free walking distance in patients with intermittent claudication compared to 
placebo (46 %) [9, 31]. Non-FDA approved for peripheral artery disease [9].

 L-Arginine

In patients with peripheral artery disease, it works as vasodilator by increasing nitric 
oxide [9]. Preliminary studies, show increasing in 155 % in maximum walking dis-
tance when compared to placebo [9].

 Gingko Biloba

Gingko biloba is an herbal extract with antiplatelet, vasodilatory, and antioxidant 
action used as dietary supplement [9]. Studies suggest nonsignificant improvement 
in walking distance although results are variable because of purity and potency of 
extract [9, 65]. Non-FDA approved.
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 Medical Therapy in Aortic Aneurysm and Acute  
Aortic Syndrome

The acute aortic syndrome is represented by three aortic pathologies: aortic dis-
section, intramural hematoma and penetrating atherosclerotic ulcers. [66, 67]. 
The common mechanism of lesion is a rupture in the media of aorta, with bleed-
ing in intramural hematoma, or separation of intimal and media along the aorta 
in dissection, or ulceration of atherosclerotic plaque in intima in penetrating 
ulcer [66–68]. Aortic ulcers and intramural hematoma can lead to acute aortic 
dissection, pseudoaneurysm, or aorta rupture [68]. Surgical treatment is indi-
cated in aortic rupture and intractable pain [68].

Aortic dissection represents the most prevalent aortic emergency [67]. The 
type A aortic dissection affects aortic root and arch and has 30 % mortality within 
first 24 h and 40 % mortality within 48 h [67, 68], the treatment of choice in this 
pathology is surgical, diminishing mortality in 1-month from 90 % in clinical 
treatment to 30 % in surgical treatment [67, 68]. Type B aortic dissection affects 
descending aorta and gold standard treatment is clinical management (78 % sur-
vival in 3 years after discharge) [67–69]. If complicated, with signals of organ 
ischemia, rupture, incontrollable blood pressure or refractory pain, surgical treat-
ment is indicated [67–69]. Complicated type B aortic dissection have poor prog-
nosis with 50 % mortality [67, 69].

Aortic aneurysm is a complex disease characterized by aortic dilatation of 
more than 50 % the normal aortic diameter due to media degeneration [70–72]. 
There is a direct relation between diameter, grown and rupture rates (in aortic 
diameter over 5 cm, for each 1 cm growth the rupture risk doubles) [70, 72, 73]. 
The major cause of death of aortic aneurysm is related to dissection and rupture 
and if untreated, approximately 80 % will progress to rupture [72]. The surgical 
treatment is specific for each aortic segment and individualized for every patient, 
usually including size criteria between 5 and 6.5 cm, growth rate >1 cm/year or 
pain [70, 72, 73].

The main goal of medical therapy in aortic aneurysm and acute aortic syndrome 
is to decrease shear stress on aortic wall (thus reducing rupture and growing rates), 
through blood pressure control, cardiac contractility and reduction of inflammation 
status [66–69, 72, 74].

 Beta-Blockers

First-line therapy in both, acute aortic syndrome and aortic aneurysm, due to sys-
tolic blood pressure control and to reduce aortic wall stress [66–69]. Their use seem 
to improve survival [66–69, 71] in acute aortic syndrome and also appear to decrease 
aneurysmal degeneration in aortic dissection and late dissection-related procedures 
[68, 71]. Their use in aortic aneurysms remain unclear and contradictory, with some 
studies showing benefits in prevention on rupture and other studies demonstrating 
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reduction in aortic wall elasticity [68, 70, 74]. There is no significant evidence that 
use of beta-blockers reduce aneurysm expansion rate, but studies suggest lower 
growth rates [70–72].

Beta-blockers are indicated to maintain systolic blood pressure around 100–
120 mmHg and heart rate 60–80 bpm [66–69, 74]. For blood pressure control, con-
sider sodium nitroprusside in acute events, if necessary [69]. For patients with aortic 
aneurysm, consider duration of treatment (lifetime treatment) before beta-blockers 
introduction [74].

There is additional benefit when beta-blockers are initiated before surgery due to 
reduction in cardiovascular morbidity, but this benefit is only seen at least 1 month 
before surgery [70]. If it’s started in perioperative period, there is an increased risk 
of intraoperative bradycardia and hypotension [70].

 Calcium Channel Blockers

Calcium channel blockers have been related with survival improvement, but their 
role remains uncertain [68, 69]. Their use is indicated in patients with chronic obstruc-
tive pulmonary disease and in patients who don’t tolerate beta-blockers [67, 69].

Angiotensin-Converting-Enzyme Inhibitors

Some studies have shown interference in aneurysm enlargement, but results are incon-
clusive [71]. This drug class was not associated to survival improvement [68, 72].

 Angiotensin-Receptor Blockers

Seems to reduce aortic enlargement in patients with Marfan syndrome, but the stud-
ies are controversial [68, 72, 74]. No data related to prevention of aortic dissection 
[68, 72].

 Statins

Small studies suggest benefits of use of statins in slowing enlargement rates of aor-
tic aneurysm, and this drug is responsible for reduction in cardiovascular mortality 
and morbidity related to atherosclerotic disease [70]. Statins should be started 1 
month before surgical treatment and maintained for life-long, mostly because their 
effect on reduction of cardiovascular events [70, 72].

 Tetracycline and Macrolides (Doxycycline and Roxithromicin)

This drug class is a nonspecific matrix methaloproteinases inhibitor. In cases when 
there is overexpression of methaloproteinases, their use reduces elastin degradation 
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and consequently dilatation of artery [72]. Studies demonstrate no significant ben-
efits on their use in aneurysmatic disease, with some series demonstrating trend in 
reduction of expansion rate [68, 71, 72, 74].

 Antiplatelet Therapy

It seems to reduce cardiovascular risk and thrombus-related complication, such as 
rupture of aortic aneurysm, without significant raising in risk of bleeding [68, 70]. 
Association of antiplatelet therapy (aspirin) and statin seems to decrease abdominal 
aortic aneurysm growing rates, but data is not conclusive [68]. One should start 
aspirin and statins at diagnosis of aortic aneurysm in patients with atherosclerotic 
comorbidity due to reduction in major cardiovascular events and vascular death [68, 
70, 72].
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 Abstract

The ankle–brachial index is one of the simplest, costless, and with utmost 
importance tool for the diagnosis, screening, and segment of peripheral arterial 
disease and we need to know how to use it. The simplicity of the examination 
with Doppler ultrasound is undoubtedly the factor that most contributes to the 
adoption of this device as vascular preliminary tool. As a blood velocity detec-
tor, Doppler ultrasound can be used to determine the systolic pressure of the 
arteries, which are the targets of the study. In this case, a sphygmomanometer 
is also required. They will be used in determined limb segments (upper and 
lower limbs) to temporarily occlude the blood flow and consequently assess the 
related blood pressure. The normal value of the index is 0.9–1.1. Values less 
than 0.9 indicate peripheral arterial disease and it is correlated with increased 
risk of future cardiac events. The index can be related with symptoms accord-
ing to its value. When the ABI falls to 0.7–0.8 it is associated with lameness, 
0.4–0.5 indicates pain, and 0.2–0.3 is typically associated with gangrene and 
nonhealing ulcers.

 Doppler Ultrasound

The Austrian physicist Johann Christian Andreas Doppler (1803–1853) observing 
the different colorations that certain stars had questioned why this phenomenon. In 
1842, he discovered the modifying effect of the vibration frequency caused by the 
relative movement between the source and the observer. This became known as the 
“Doppler effect.” The Doppler effect is a part of the modern theories of the early 
universe (Big Bang and the red shift). It is currently used in radar, navigation, the 
study of the movement of the stars, and the study of cardiovascular diseases.
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In vascular diseases, the Doppler effect applies to the frequency change caused by 
the speed of the blood cells. Portable Doppler apparatus used in clinical practice sends 
continuous wave ultrasound produced by a crystal. The other crystal located in the 
same transducer receives the echo. It works with frequencies between 5 and 10 MHz. 
Since these are wide frequencies, the lower (5 MHz) capture deeper vessels because 
they have greater tissue penetration power; and the highest (10 MHz) capture more 
superficial vessels, being better for the study of the distal veins of the limbs.

The simplicity of the examination with Doppler ultrasound is undoubtedly the 
factor that most contributes to the adoption of this device as vascular preliminary 
tool. As a blood velocity detector, Doppler ultrasound can be used to determine the 
systolic pressure of the arteries, which are the targets of the study. In this case, a 
sphygmomanometer is also required. They will be used in determined limb seg-
ments (upper and lower limbs) to temporarily occlude the blood flow and conse-
quently assess the related blood pressure.

 Sphygmomanometer

The correlation between the size of the pneumatic cuff and ankle circumference is 
not well established, so it should adopt the same ratio used in the upper limb. 
Therefore, the pneumatic cuff should cover at least 40 % of the limb circumference 
in which will be measured the systolic blood pressure. Schematically the technique 
for obtaining the ankle–brachial index is:

• Make sure that the patient did not smoke at least 2 h before the test.
• Put the patient in the supine position with the head and heels completely sup-

ported on the bed. Next, we should expect a rest period, which varies between 5 
and 10 min.

• Ask the patient to remain still during the examination.
• The sequence of statements should preferably be in this order: right arm, right 

ankle (preferably the posterior tibial artery), left ankle, left arm, and right arm 
again. Repeat the first step performed to avoid falsely high values resulting from 
anxiety or ‘white-coat effect.’

• Place the sphygmomanometer involving at least 40 % of limb, apply the gel on 
the Doppler sensor and place it on the pulse zone at an angle of 60° with probable 
trajectory of the vessel analyzed. Ordinarily it means 60o to 45o with the skin. 
The probe must be moved until the clearest sound is audible.

• The cuff should be progressively inflated to 20 mmHg above the level of disap-
pearance of the flow signal, and then deflated slowly to detect the pressure level 
at the reappearance of flow signal.

After this, divide the value of the target artery pressure by the value of the bra-
chial artery pressure. Usually, the index is expressed in terms of the highest value in 
the tibial arteries; it is called the ankle–brachial pressure index. It can be similarly 
determined the index of popliteal pressure or from the arteries of the arms with 
respect to each other.

Appendix A: Doppler Ultrasound and Ankle–Brachial Pressure Index 
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 Ankle–Brachial Pressure Index

The normal value of the index is 0.9–1.1. Values less than 0.9 indicate peripheral 
arterial disease and it is correlated with increased risk of future cardiac events. The 
index can be related with symptoms according to its value. When the ABI falls to 
0.7–0.8 it is associated with lameness, 0.4–0.5 indicates pain, and 0.2–0.3 is typi-
cally associated with gangrene and nonhealing ulcers.

In general, diseases like diabetes and chronic renal failure leave patients to have 
calcified arteries and this may be difficult for the index measurement, because it can 
have aberrant pressure reading above 1.4. In these cases, additional noninvasive 
studies are required, such as pulse volume recording, which gives a waveform, typi-
cally not affected by medial calcification.

In addition to the application of the index to characterize the degree of limb isch-
emia, their use is recommended for routine evaluation of the following patients for 
the detection of peripheral arterial disease:

• all patients who present symptoms in the lower limbs in walking;
• all patients aged between 50 and 69 and have a cardiovascular risk factors (dia-

betes or smoking);
• all patients aged 70 or older regardless of cardiovascular risk factor; and
• all patients with a risk score of Framingham between 10 and 20 %.

This is one of the simplest, costless, and with utmost importance tool for the 
diagnosis, screening, and segment of peripheral arterial disease and we need to 
know how to realize the ankle–brachial index.

Appendix A: Doppler Ultrasound and Ankle–Brachial Pressure Index 
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 Abstract
This chapter is about the most frequent diagnostic exams in angiology and vas-
cular surgery practiced nowadays. The highlights of ultrasound, computed 
tomography, magnetic resonance imaging, and scintigraphy are described in top-
ics divided into definition, basic physical principle, best indications, and 
limitations.

 Ultrasonography (Ultrasound)

Ultrasonography is characterized as innocuous, noninvasive, relatively cheap, and 
widely spread tool that uses the echo produced by sound from the body tissues’ 
reflections to generate images [1]. The images in grayscale, named as Mode B, are 
bidimensionals and they can be associated with blood flow velocity (Doppler) 
resulting in duplex ultrasound, useful in the study of arterial and venous systems 
[1]. The lymphatic system cannot be well studied by US due to its small diameter 
resulting in limited indications [1].

In vascular imaging, the ultrasonography stands out for allowing study of the 
vessels anatomy, by determining the caliber, tortuosity, branches, stenosis, throm-
bus, and blood flow velocity [1, 2]. The most frequent indications involve venous 
and arterial systems of upper and lower limbs, carotid, aorta and iliac arteries, iliac 
veins, inferior vena cava, visceral arteries (especially liver and kidney), vascularized 
tumors, malformations, and arteriovenous fistulae [1–3].

Also, it is possible to perform image-guided procedures using the ultrasonogra-
phy, such as vascular punctures or arteriovenous malformation embolizations3.

Due to the inability to generate images from air and bones, ultrasonography is 
not indicated to study the lungs, gastrointestinal tract, vessels, or other structure 
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hidden inside or near the bones such as the cranium, chest, maxilla, or vertebral 
column, for example. Besides that, it is an operator-dependent diagnostic method 
that could compromise the quality of the exams.

 Computed Tomography

It is one of the main diagnostic imaging for the evaluation of anatomical structures 
throughout the body. The images are obtained from the detected x-ray voltage val-
ues and converted into grayscale images based on digital units (Hounsfield Unit) 
[1]. It is possible to generate three-dimensional and multiplanar reconstructions to 
calculate stenosis and to manipulate images with the postprocessing resources, 
increasing its potential in diagnostic and therapeutic planning. For example, detail-
ing the anatomy of the aortic aneurysm to choose the best technique and material to 
be used in this situation [4]. Computed tomography angiography (or simply angi-
otomography) details the vascular anatomy using iodinated contrast media adminis-
tered intravenously [1]. Unlike the ultrasound that is incompatible with the analysis 

Fig. B.1 Echo Color Doppler imaging of carotid vessels. (a) Left common carotid artery (LCCA), 
left internal carotid artery (LICA), and left external carotid artery (LECA) are patent demonstrated 
by color and bidimensional mode ultrasonography (Duplex scan). (b, c) Left internal carotid artery 
(LICA) with monophasic flow and left external carotid artery (LECA) with biphasic flow obtained 
by duplex with Doppler ultrasonography. (d) Right common carotid artery (RCCA), right internal 
carotid artery (RICA), and right external carotid artery (RECA) in bidimensional mode ultrasonog-
raphy (grayscale). Note that in this last case, the blood flow cannot be identified and studied
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of structures close to the bone and air, angiotomography has application in the 
whole body, being indicated in the study of the intracranial circulation (as ischemic 
or hemorrhagic stroke, aneurysms, tumors, bruises, and arteriovenous malforma-
tion); in intrathoracic cardiovascular system (such as heart and cardiac vessels, pul-
monary circulation, stenosis, aneurysms, dissections, ulcer, fistula, trauma, and 
compression); in arterial and venous circulation of the limbs, abdomen, and pelvis 
[4]. There is limited application of the computed tomography in the lymphatic sys-
tem due to its small anatomy [4].

Its major disadvantages are the generation of ionizing radiation related to radia-
tion injury in very high doses, bone marrow aplasia, genetic mutations, teratogen-
esis and cancer, and the risk of nephrotoxicity (2–5 %) and anaphylactic shock 
(<1 %) induced by iodinated contrast. Besides that, compared to ultrasound, com-
puted tomography needs a more complex room with dedicated structure and it is 
expressively more expansive, resulting in a relatively low availability in certain 
places [1, 2, 4].

Fig. B.2 Three-dimensional reconstructed computed tomography revealing anatomic details of a 
patient with abdominal aortic aneurysm with atheromatosis (white plaques throughout the aorta 
and iliac arteries)
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 Magnetic Resonance Imaging

Noninvasive imaging method based on a powerful magnetic field capable of align-
ing the direction of the orbits of hydrogen electrons, providing accurate anatomical 
details of the body [1]. Like computed tomography, it is possible to edit images after 
their acquisition, generating three-dimensional and multiplanar reconstructions to 
increase the accuracy and therapeutic planning [5]. It can also be used in intrave-
nous contrast media (in this case, the gadolinium) to study the vascular system, but 
with low sensitivity to diagnosis lymphatic diseases [6].

Its indications stand out over the study of musculoskeletal system; arteriovenous 
malformations, especially those that involves soft tissue; biliary tract; pelvic organs; 
central nervous system; and fetal anomalies (this last because magnetic resonance 
does not use ionizing radiation) [5]. Besides that, are equivalent to computed angi-
ography in exploring the cardiovascular system (vascular anatomy, stenosis, aneu-
rysms, dissections, ulcer, fistula, trauma, and compression) [5, 6].

Despite the gadolinium does not cause anaphylactic reaction as the iodine con-
trast media, it can cause nephrogenic systemic fibrosis. A rare, progressive, and 
lethal disease committing less than 1 % of patients with renal impairment. Other 
limitations are claustrophobia; higher cost and lower availability (when compared 
to computed tomography and ultrasonography); and incompatibility with ferromag-
netic materials such as stretchers, prostheses, and metallic needles [1, 2, 5].

 Scintigraphy

Diagnostic test used in nuclear medicine considered as a functional exam and not 
only an anatomic test as ultrasonography, computed tomography, and magnetic 
resonance imaging [7]. It is based on radioactive media administered intravenous, 
oral, inhalation, or subcutaneous with natural affinity to different organs and tissues 
according to its pathophysiological characteristics. After reaching the target, the 
radiation emitted by the radiopharmaceutical is converted to images as their distri-
bution and time elimination [8]. The main limitations of the scintigraphy are low 
resolution for anatomical images, availability of some special radiotracers and study 
time (up to an hour depending on the physiological process), and potential compli-
cation of worsening obstruction secondary to the dye in some situations [7, 8]. The 
major indications are in the cardiovascular field (coronary scintigraphy), allowing 
to locate and to assess the severity of ischemic damage, to detect collateral branches, 
and to estimate the improvement in cardiac function after myocardial revasculariza-
tion and drug treatment [7]; and in the study of the lymphatic system (lymphoscin-
tigraphy), to locate lymph node basis of risk for metastatic disease (especially 
ambiguous drainage tumors, as the midline); to identify “in transit metastasis,” 
proved essential in predicting the risk of micrometastasis in patients with cancer 
(sentinel lymph node); and in lymphedema assessment in order to confirm the diag-
nosis, detect anatomical sites more precisely and follow up [8].
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Glossary

Activated partial thromboplastin time (aPTT) A sample of the plasma is 
extracted from the blood sample. An activator of the intrinsic pathway of coag-
ulation (such as silica, celite, kaolin, ellagic acid) is added, and the time the 
sample takes to clot is measured optically.

Acute aortic syndrome aortic pathologies caused by disruption in media layer of 
aorta, and holds aortic dissection, intramural hematoma, and penetrating athero-
sclerotic ulcer. Aortic dissection represents the most prevalent aortic emergency.

Amaurosis Complete or partial blindness without damage to the eyeball. It may 
be caused by diseases of the optic nerve, retina, spinal cord, or brain.

Amplification phase Second phase the cell-based model hemostasis, occurs on 
surfaces of platelets, with activation of these and clotting factors.

Ankle–brachial index The systolic pressure at the ankle, divided by the systolic 
pressure at the arm.

Antihypertensive medication which controls blood pressure thus reducing car-
diovascular events and death.

Antiplatelet therapy interrupts atherothrombotic process through inhibition of 
platelet aggregation, is a cornerstone therapy in treatment of atherosclerotic 
disease.

Aortic aneurysm is a complex disease characterized by aortic dilatation of more 
than 50 % the normal aortic diameter due to media degeneration.

Aortic dissection is the separation of the aortic layers after a sudden elevation 
of blood pressure causing the rupture and consequently detachment of the inner 
layer, creating a new lumen.

Artery dissection tear inside an artery. When the inner layers of the artery sepa-
rate from the outer layers. The pressure of the pooling blood can make a short 
tear much longer and blood trapped between the layers can form a blood clot.

Artery kinking abnormal elongation of internal carotid artery with an angulation 
of the artery of 90° or less. Often associated with stenosis of the artery.
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Atherosclerosis cholesterol deposits in and fibrosis of the inner layer of the 
arteries.

Autograft when the donor and recipient are the same.
Baropodometry is a method of measuring pressures on the surface of the foot 

during standing or walking. Used most often for biomechanical analysis of gait 
and posture.

Branched an offshoot or a division of the main portion of a structure. In this case 
a division of an endograft.

Cardiovascular event myocardial infarction, stroke, and other obstructive arte-
rial event.

Catheterization is the insertion and navigation of a catheter into the vessels for 
diagnostic and interventional purposes.

Cell-based model of the hemostasis Current model of secondary hemostasis, 
which has three phases: initiation, amplification, and propagation.

Claudication ischemic leg or foot pain during exertion, caused by obstructive 
vascular disease on peripheral arteries.

Coagulation Following enzymatic reactions that culminated in the formation of 
fibrin.

Coagulation factors An activated proenzyme will activate others proenzymes in 
a sequential cascade of reactions that will form fibrin eventually.

Coalesce To unite in one body or in a larger whole.
Confidence interval gives a range of values which is likely to include an unknown 

parameter.
Critical limb ischemia most severe manifestation of obstructive disease, which 

includes rest limb pain, gangrene, and ischemic ulcers.
Cytotoxic toxic to cells.
Debridement or debridement, cleaning process, removal of necrotic tissue 

adhered or bodies/foreign particles in the bed of the wound using surgical tech-
nique, mechanical and/or chemical.

Deep venous thrombosis Formation of thrombi (blood clots) in the deep veins of 
the vascular system of the members. It is most common in the lower limbs and 
can complicate as pulmonary embolism or postthrombotic syndrome.

Diabetic neuropathy Is a type of nerve damage that can occur in people with dia-
betes, most often in legs in feet. Depending on the affected nerves, symptoms of 
diabetic neuropathy can range from pain and numbness to muscle weakness; loss 
of balance and coordination; and serious foot problems, such as ulcers and infec-
tions. Peripheral neuropathy is the most common form of diabetic neuropathy. 
Signs and symptoms of peripheral neuropathy are often worse at night.

Doppler effect Change in frequency of a wave for a moving observer in relation 
to its source.

Dressings products used for prevention and treatment of wounds.
Dyslipidemia alteration of serum levels of lipidis (e.g., HDL, LDL, triglycerides).
Dyslipidemia altered metabolism of cholesterol and their fraction, is a major risk 

factor for cardiovascular obstructive disease.
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Ectoscopy global vision of the patient, including general health and any physical 
and psychological characteristics evident.

Eczema erythematous dermatitis which may progress to blistering, weeping, or 
eruption of the skin.

Ehlers–Danlos syndrome is a hereditary disease of the connective tissue that 
inhibits the synthesis of collagen that is present in the skin, joints, muscles, liga-
ments, blood vessels, and visceral organs. The lack of collagen turns these struc-
tures susceptible to deformities.

Embolism a bubble of air, a solid mass of blood that has become hard, or a small 
piece of fat that blocks an artery.

Embolization endovascular procedure used to treat bleeding or some types of 
tumors (including high-flow malformations) by deliberately blocking blood ves-
sels with small particles, coils, or polymer agent.

Endarterectomy is a surgical procedure to remove the atheromatous plaque 
material, or blockage, in the lining of an artery constricted by the buildup of 
deposits. It is carried out by separating the plaque from the arterial wall.

Endograft A graft introduced using endovascular methods.
Endograft A graft introduced using endovascular methods.
Endograft A graft introduced using endovascular methods.
Endothelium cell layer that is internally lining the blood vessels.
Endovascular relating to a surgical procedure in which a catheter containing 

medications or miniature instruments is inserted through the skin into a blood 
vessel for the treatment of vascular disease.

Endovascular relating to a surgical procedure in which a catheter containing 
medications or miniature instruments is inserted through the skin into a blood 
vessel for the treatment of vascular disease.

Endovascular relating to a surgical procedure in which a catheter containing 
medications or miniature instruments is inserted through the skin into a blood 
vessel for the treatment of vascular disease.

Endovascular Therapy interventional radiology techniques to treat disease 
inside blood vessels. The techniques involve the introduction of a catheter per-
cutaneously into a large blood vessel (usually femorals). The catheter is injected 
with a radio-opaque contrast dye that can be seen on fluoroscopy (live X-ray). 
As the contrast courses through the blood vessels, characteristic images are seen 
by experienced viewers and can assist in the diagnosis and treatment of diseases.

Endovenous ablation thermal energy that obliterate the vein.
Enzyme Protein capable of catalyzing chemical reactions.
Erythema Redness of the skin caused by dilatation of capillaries—usually a sign 

of inflammation.
Esthesiometry The measurement of sensory (as tactile) discrimination.
Exudate liquid with a high content of serum proteins and leukocytes produced in 

response to tissue damage and blood vessels.
Fenestrated to pierce with one or more openings.
Flebotônicas are a heterogeneous class of drugs containing plant extracts 

(e.g., flavonoids) and synthetic compounds (e.g., calcium dobesilate).

Glossary
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Foot care Daily foot care for people likely to develop foot problems. It involves 
all aspects of preventative and corrective care of the foot and ankle.

Footprinting mat A tool made of a rubber mat that is used for taking footprints 
to screening for foot ulceration.

Gait analysis The systematic study of human motion that uncovers precisely how 
the body is moving. It is done using the eye of observers, augmented by instru-
mentation for measuring body movements, body mechanics, and the activity of 
the muscles.

Gangrene Necrotic slough.
Hazard ratio A measurement of how often an event happens in one group com-

pared to other group, over time.
Hematemesis the vomiting of blood.
Hematemesis the vomiting of blood.
Hemostasis set of mechanisms that keeps the blood fluid inside the vessel without 

causing bleeding and without cause thrombosis.
Heptest It is an alternative to aPTT. Test consists of incubating an undiluted 

plasma or whole blood sample with an equal volume of factor Xa. This reaction 
mixture is then recalcified by the addition of RECALMIX—a reagent containing 
optimal concentrations of calcium chloride and brain cephalin in a bovine plasma 
fraction rich in factor V and fibrinogen. It is used to monitor anticoagulant effect.

Hoarseness a rough quality of the voice.
Hydronephrosis cystic distension of the kidney caused by the accumulation of 

urine in the renal pelvis as a result of obstruction to outflow and accompanied by 
atrophy of the kidney structure and cyst formation.

Hyperemia is an increase in the amount of circulating blood in a given location.
Hyperglycemia increased glucose in the bloodstream.
Hyperkeratosis is thickening of the stratum corneum (the outermost layer of the 

epidermis), often associated with the presence of an abnormal quantity of kera-
tin, and also usually accompanied by an increase in the granular layer.

Hypoallergenic Product with less potential to cause allergic reactions.
Initiation phase first phase cell-based model of hemostasis, occurs on cell sur-

faces containing tissue factor, which produces an insufficient amount of throm-
bin, but of importance for amplification stage.

Intermittent claudication Intermittent claudication is a pain in the leg that a per-
son experiences when walking or exercising. The pain is intermittent and goes 
away when the person rests.

Ischemia a medical problem in which there is not enough blood flowing to a part 
of the body.

Ischemia Reduction or interruption in the blood supply of certain vascular 
territory.

Keratinocytes keratinocytes or differentiated cells are of epithelial tissue (skin) 
and invaginations of the epidermis to the dermis (such as hair and nails). 
Keratinocytes form the epidermal five layers: basal layer, spinous layer, granular 
layer, lucid layer, and stratum corneum.

Glossary
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Lacunar infarcts type of stroke that results from occlusion of one of the penetrat-
ing arteries that provides blood to the brain’s deep structures.

Lichenification is a skin condition that results in thick, leathery patches of skin. 
This thickening of the skin is caused by the deposits of dead skin cells that stick 
to the skin;s surface; this result is actually meant to be a form of defense from 
future itching or rubbing. Occasionally, cracks form in the skin, bearing a fright-
ening resemblance to tree bark.

Livedo reticularis is a skin found, characterized by the appearance of reddish or 
bluish traces on the skin, with irregular borders that follow exactly the arrange-
ment of veins.

Lower limb amputation The surgical removal of a leg, foot, or toes from the 
body. The major categories of lower limb amputation include foot, toe, trans-
tibial, transfemoral amputations, knee and hip disarticulation.

Lumbar puncture It is a medical procedure in which a needle is inserted into the 
spinal canal, most commonly to collect cerebrospinal fluid for diagnostic testing.

Malperfusion syndrome is caused by the involvement of aortic branches in dis-
section and reduces blood supply to the organs involved.

Marfan syndrome is an inherited disease of the connective tissue that affects 
organs such as heart, eyes, blood vessels, and skeleton. The clinical manifesta-
tions are varied and can present increased stature, elongated members, altera-
tions in the spine, aortic dilation, mitral valve prolapse, and changes in lens.

Meta-analysis a statistical method to combine the results of independent studies.
Nidus vascular malformation forming the transition between the feeding artery 

and draining vein.
Nonvitamin K antagonists oral anticoagulants New oral anticoagulants drugs. 

There are two distinct action methods: directly inhibit the factor Xa of the coagu-
lation cascade, as rivaroxaban, or directly inhibit thrombin, as dabigatran.

Number needed to treat (NNT) is the average number of patients who need to 
be treated to prevent one additional bad outcome. Is an epidemiological measure 
used in communicating the effectiveness of a healthcare intervention, typically a 
treatment with medication.

Obstructive vascular disease obstruction of artery where atherosclerosis repre-
sents main cause, is widespread in arterial territories, and peripheral manifesta-
tion is claudication and critical limb ischemia.

Oncotic pressure or colloid osmotic pressure is a form of osmotic pressure 
exerted by proteins, notably albumin, in a blood vessel’s plasma that usually 
tends to pull water into the circulatory system. It is the opposing force to hydro-
static pressure.

Orthostatic Body position vertical, standing.
Osteomyelitis Infection in a bone. There are several different ways to develop the 

bone infection. The first is for bacteria to travel through the bloodstream (bac-
teremia) and spread to the bone or spreading from nearby tissue. Infections can 
also begin in the bone itself if an injury exposes the bone to germs.

Pericardiocentesis this procedure is the drainage of the area between heart and 
pericardium by needle puncture. The pericardium is the membrane that sur-
rounds the heart.

Glossary
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Peripheral arterial disease Atherosclerosis of limb arteries resulting in blood 
flow impairment. Ultimately it will lead to intermittent claudication, rest pain, 
or dry gangrene.

Phlegmasia cerulea dolens It is the most serious deep vein thrombosis clinical 
manifestation and it presents as venous gangrene. It is a serious and rare condi-
tion and can be associated to cancer, heparin-induced thrombocytopenia, and 
depletion of protein C induced by warfarin.

Phosphodiesterase III enzyme that metabolizes cyclic adenosine monophos-
phate (cAMP) in vascular smooth muscle.

Pigmentation brownish darkening of skin, resulting from extravasated blood.
Pinprick sensation The cutaneous pain sensation involving small-fiber sensory 

nerves.
Polymer agent embolic agent used to block blood flow by injecting it into the 

target. After a few seconds these agents have the capacity to polymerize occlud-
ing the vessel.

Polytetrafluoroethylene (PTFE) A type of synthetic polymer.
Popliteal pressure blood pressure in the popliteal artery.
Propagation phase third phase of the cell-based model hemostasis, characterized 

by recruitment of large numbers of platelets and complex formations that cause 
scaling in the formation of fibrin.

Protective sensation Enough residual deep pressure sensation to reduce the risk 
of ulcers secondary to light touch diminution in detection due to various periph-
eral neuropathies.

Pseudoaneurysm differs from a true aneurysm in that its wall does not contain 
the components of an artery, but consists of fibrous tissue, which usually contin-
ues to enlarge, creating a pulsating hematoma.

Pulmonary embolism It is when the blood clot breaks in the vascular system and 
reaches the pulmonary arteries. The presence of a clot in the pulmonary arter-
ies restricts a proper gas exchange, resulting in hypoxemia, thus preventing the 
blood on flowing from the right ventricle to the left side of the heart. This causes 
hypotension, shock, and can lead to death.

Renovascular disease obstructive disease of renal arteries, interfere on treatment 
of hypertension.

Reticular vein dilated subdermal vein, usually tortuous and 1–3 mm in caliber.
Risk ratio The ratio of the probability of an event occurring in an exposed group 

to the probability of it occurring in a nonexposed one.
Saline solution common name of sodium chloride isotonic solution is one in rela-

tion to the body liquids containing 0.9 % by weight NaCl in distilled water, that 
is, each 100 mL of aqueous solution containing 0.9 g of salt, sterile solution used 
for intravenous infusion, wound cleaning, nasal irrigation, and others. Antiseptic 
substances used to degrade or inhibit the proliferation of microorganisms.

Sclerotherapy is a procedure commonly used to treat low-flow malformations 
(venous or lymphatic malformations) by injecting medicine into the lesions, 
which makes them shrink due to the sclerosis.
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Sensory dysfunction Impair sensation function caused by disease affecting sen-
sory nerves. Symptoms include loss of function (negative) symptoms, including 
numbness, tremor, impairment of balance, and gait abnormality. Gain of func-
tion (positive) symptoms include tingling, pain, itching, crawling, and pins and 
needles.

Shock a state of profound depression of the vital processes of the body that is 
characterized by pallor, rapid but weak pulse, rapid and shallow respiration, 
reduced total blood volume, and low blood pressure and that is caused usually by 
severe especially crushing injuries, hemorrhage, burns, or major surgery.

Systolic pressure Highest blood pressure. Corresponds in general terms to the 
pressure exerted by the blood on the vessel wall during ventricular systole.

Stenosis Narrowing of the vascular lumen.
Stenting Insertion or application of a stent (an appliance or material intended to 

support a graft or keep a passage open).
Supine position Lying on his back.
Systematic review Systematic review is a review of the literature with an explicit 

method that collects and critically analyzes multiple others studies or papers, 
particularly primary studies, in order to answer an especific research question. 
A qualified systematic review includes a quality assessment of the studies col-
lated, i.e., a judgment of the risk of bias of each included study.

TASC The Transatlantic InterSociety Consensus Classification of femoral and 
popliteal lesions.

Telangiectasia confluence of dilated intradermal venules less than 1 mm in 
caliber.

The Semmes–Weinstein 10 g monofilament Is a nylon monofilament precisely 
calibrated and equal length used to evaluate the sensory perception threshold. It 
is a noninvasive, low cost, rapid, and easy-to-apply test often used as a screening 
device for identifying patients living with diabetes who are at risk of foot ulcer-
ation. When it is placed against the foot and slightly bent due to the pressure of 
pushing it onto the foot, a person with normal sensation should feel it.

Therapeutic footwear Refers to an extra depth shoe. A depth or custom or those 
specially custom-molded shoes intended to reduce the risk of skin breakdown in 
individuals with coexisting foot disease.

Thromboangiitis obliterans known as Buerger’s disease, inflammatory occlu-
sive vascular disease. It involves arteries and small and medium- caliber veins, 
usually in the distal portions of the lower and upper limbs.

Thrombolysis lysis of blood clots by pharmacological means. It works by stimu-
lating secondary fibrinolysis by plasmin through infusion of analogs of tissue 
plasminogen activator, the protein that normally activates plasmin.

Thrombosis a medical condition in which the flow of blood in the body is blocked 
by a clot (= half solid mass) of blood.

Total contact cast A specially designed cast designed to take weight of the foot 
(off-loading) used to treat serious and deep sores in patients with foot ulcers. 
It consists of a fiberglass shell that fits around the leg and foot very closely and 
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has a bar on the bottom that keeps weight off of foot when the patients are stand-
ing or walking.

Transaminases The group is represented by two enzymes: serum glutamic oxalo-
acetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT). 
Both SGOT and SGPT are normally found primarily in liver and heart cells, are 
released into the bloodstream as the result of liver or heart damage, and so serve 
as tests of the liver and heart.

Ulcer A disruption of the mucocutaneous surface, resulting in a craterlike lesion.
Varicose vein tortuous vein, dilated and elongated, with loss of valvular function 

and wall changes related to venous hypertension.
Venous hypertension increased blood pressure in the veins.
Venous thromboembolism It is when thrombi (blood clots) are formed in the 

venous system. It includes deep venous thrombosis and pulmonary embolism 
that can occur at the same time or separately.

White-Coat effect increase in blood pressure levels of patients due to the pres-
ence of health professionals.
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magnetic resonance imaging, 105
pharmacotherapy, 108
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smoking cessation, 107
surgical approach, 107
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vascular surgery, 109

Abdominal pain, 103, 107
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Acetylsalicylic acid, 96
Activated charcoal, 161
Activated partial thromboplastin time (aPTT), 
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Acute aortic syndrome, medical therapy, 

246–248
angiotensin-converser-enzyme  

inhibitors, 247
angiotensin-receptor blockers, 247
antiplatelet therapy, 248
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clinical presentation, 81
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Antiplatelet therapy, 108, 238–241, 248
aspirin, 238–239
drugs, 239–240
drugs and patients, 240, 241
dual platelet drugs, 240
thienopyridines, 239

Aorta, 18–21
Aortic aneurysm, medical therapy, 246–248

angiotensin-converser-enzyme  
inhibitors, 247

angiotensin-receptor blockers, 247
antiplatelet therapy, 248
beta-blockers, 246, 247
calcium channel blockers, 247
statins, 247
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Aortic arch, 18
Aortic dissection, 195, 196, 198, 199,  

246, 247
anatomical classification, 194
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clinical presentation

cardiac complications, 196
malperfusion syndrome and limb 

ischemia, 196
neurological symptoms, 195
pain, 195

definition, 192
diagnosis, 196, 197
epidemiology, 192
interventional therapy, 199
medical therapy
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antihypertensive treatment, 198

pathophysiology, 192, 193
post-treatment care, 200
risk factors, 195
treatment, 199

Aortic rupture, 199
Aortography, 197
Aphasia, 92
Apixaban, 64
Apoprotein A1, 236
Apoprotein B, 236
Argatroban drug, 59
Arterial embolism, 80, 81
Arterial system, 18–24
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cervical and intracranial irrigation, 21–22
lower limb, 22–24
thorax and upper limb, 22

Arterial thrombosis, 80, 81, 84
Arterial ulcers

causes, 208
clinical presentation, 208

epidemiology, 208
pathophysiology, 208
treatment, 210

Arteries, 14
Arteriography, 83
Arteriomegaly, 102
Arteriovenous fistula, 185
Arteriovenous malformation, 184
Artery kinking, 90
Ascending aorta, 18
Aspirin, 238–239
Asymptomatic, 71, 75
Atherosclerosis

cerebrovascular disease, 37–38
coronary artery disease, 38–39
diagnosis, 40–42
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peripheral artery disease, 39
reno-vascular atherosclerosis, 39–40
treatment, 42–43

Atherosclerotic plaque, 92
Atherothrombosis, 238
Atopaxar, 239
Atrioventricular (AV) nodes, 16
Atrophie Blanche (White atrophy), 171
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Autonomic neuropathy, 153
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B
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Benign hypervascularized tumors, 187
Beraprost, 244–245
Beta-blockers, 108

antihypertensive, 242
aortic aneurysm and acute aortic  syndrome, 

246, 247
Bile acid sequestrants, 237
Bivalirudin drug, 59
BMJ Best Practice, 8
Body Mass Index (BMI), 103
Brachial artery, 22
Brachiocephalic trunk, 19
Brain ischemia, 90, 96
Bulky hepatic hemangiomas, 185
Bypass surgery, 74
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aortic aneurysm and acute aortic  
syndrome, 247

Calf muscles, 168
Canadian Agency for Drugs and Technologies 

in Health (CADTH), 8
Caprini Risk Assessment Model, 127
Caprini score, 126, 130
Cardiac risk stratification, 42
Cardiac venous system, 19
Cardiovascular disease, 36, 38, 40, 42
Cardiovascular risk, 234, 237
Cardiovascular system, 18–29

arterial system (see Arterial system)
coronary irrigation, 16–18
heart, 14
introduction, 13
lymphatic capillaries and arterioles and 

venules, 31
venous system (see Venous system)
vessels’ wall, 14–16

Carotid artery, 19, 91, 92
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CAT scan, 105
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basic, 170–171
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edema, 171
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Celiac artery aneurysms, 117–118
Celiac trunk, 21
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Cervical, 21–22
Charcot’s foot, 153
Charcot’s neuropathy, 153
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Chronic venous hypertension, 168
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Debulking surgery, 226
Deep vein thrombosis, 142–144

clinical model, 138
clinical presentation, 136
diagnosis, 137–140
fibrinolysis, 145
specific clinical situations, 139–140
treatment, 142–144

compression therapy, 142
fondaparinux, 143–144
LMWH, 143
oral anticoagulants, 144
UFH, 143
vitamin K antagonists, 144

Wells preclinical testing, 138
Desirudin drug, 59
Diabetes mellitus, 36, 38, 39, 70, 81
Diabetic foot, 153–161

clinical manifestations
charcot’s neuropathy, 153
infection, 154
peripheral arterial disease, 153–154
peripheral neuropathy, 153
wounds, 154–155

diagnosis
diabetic neuropathy evaluation, 
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epidemiology, 152
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natural history, 152
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treatment, 158–161

antibiotic, 159
debridement, 159
limb amputation, 160
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Diabetic neuropathy, 152, 153, 155–157
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Diploic veins, 24
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Doppler, 73
Doppler ultrasonography, 115, 138, 186
Doppler vascular ultrasound, 116
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Dual antiplatelet therapy, 241
Dual platelet drugs, 240
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Dyslipidemia, 70
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pleiotropic effect of statins, 235
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special situation, 236
statin therapy, 237
statins, 234–237
targets of treatment, 237

E
Echocardiography, 41, 83
Ectasia, 102
Eczema, 171, 173
Edema, 171
Edoxaban, 64
Ehler–Danlos syndrome, 195
Elastic bandage, 176
Electrocardiogram, 140
Electron-beam computed tomography, 41
Empiric antibiotic therapy, 159
Endarterectomy, 94, 96, 97
Endoleak, 106
Endothelial cells, 15, 16, 31, 49
Endothelium, 14–16, 49
Endothelium dysfunction, 36
Endovascular surgery, 74, 106, 122
Endovascular therapy, 83–84, 114–116, 118
Endovenous ablation

endovenous laser ablation, 178
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radiofrequency ablation, 178
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natural history, 227
treatment, 229
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Fibrin, 50
Fibrinolysis, 52–53, 145
Fibular artery, 24
Foam, 161
Focal ischemia, 90
Fondaparinux, 143–144

adverse effects, 57
contraindications, 57, 58
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dose, 57
indications, 57
precautions, 57, 58

Foot ulcers, 152
Framingham Risk Score, 42
Fusiform aneurysm, 102, 104

G
Gingko biloba, 245
Glycoprotein IIb/IIIa receptor blockers, 239
Great cardiac vein, 19
Great saphenous vein, 27

H
Healed ulcer, 173
Health evidence, 8
Healthcare, 2
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Heart, 14
Hemangioma, 188
Hemodialysis, 236
Hemorrhagic stroke, 90
Hemostasis, 48–53

defined, 48
primary, 48 (see Primary hemostasis)
secondary, 48 (see Secondary hemostasis)

Heparin, 53–55
unfractionated heparin, 54, 55
low molecular weight, 55–56

Hepatic artery aneurysm, 116–117
High intensive regimen, 237
High-flow malformations, 185
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Homocysteine, 245
Hydrocolloid, 160
Hydrogel, 160
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Hyperhomocysteine, 245
Hyperlipidaemia, 38
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Hypertensive ulcers, 210
Hypervascularized malignant neoplasms, 187

I
Iliac artery aneurysm, 123
Iloprost, 244–245
Imaging methods, 186
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Intermittent claudication, 71–74
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Ischemic stroke, 90
Ischemic ulcers, 154
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Joanna Briggs Institute Library, 8
Jugular vein, 26
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Klippel–Trénaunay–Weber syndrome, 186

L
Lacunar infarcts, 93
L-Arginine, 245
Left coronary artery (LCA), 18
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Levocarnitine (L-Carnitine), 245
Lifestyle habits, 95
Limb amputation, 160
Limb ischemia, 196
Limb venous system, 168
Lipoprotein(a), 236
Liver disease, 236
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Lower limb, 22–24, 26–29, 39, 70, 136, 137
Lower limb edema, 174
Lower limb ulcers, 204
Lower limbs varicose veins, 169
Lower vena cava filter, 145–146
Low-flow malformations, 186
Lumbar pain, 103, 104, 109
Lymph, 30
Lymph nodes, 31, 32
Lymphatic capillaries, 30
Lymphatic endothelial cells, 15
Lymphatic malformations, 186
Lymphatic system, 14
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lymphoid organs, 31–32
vessels, 31
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clinical findings, 223
concept, 222
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natural history, 223
pharmacologic treatment, 225–226
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stages classification, 224
surgical treatment, 226
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Lymphoscintigraphy, 224
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Mechanical thrombectomy, 84
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Middle cardiac vein, 19
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Pain control, 243
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Phlegmasia cerulea dolens, 136
Picotamide, 240
Pigmentation, 171
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Plasminogen activator, 53
Plasminogen activator inhibitor-1. See PAI-1
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Pneumatic compression, 176
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deep venous thrombosis, 129, 130
defined, 128–132
duration, 131
hospitalized nonsurgical patients, 128–129
hospitalized surgical patients, 129–131

anticoagulant medications, 130
early mobilization, 129
elastic compression stockings, 129
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Red blood cell, 169
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Renovascular disease, 241
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Scientific knowledge, 1, 7
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treatment)
cell-based model, 52
coagulation, 50
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oral anticoagulants, 58–64
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Small cardiac veins, 19
Small saphenous vein, 28
Smoking, 39
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Statin therapy, 237
Statins, 95

aortic aneurysm and acute aortic  
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dyslipidemia management, 234–237
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Subclavian artery, 20, 22, 115–116
Subclavian vein, 26
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Thromboembolism, 56, 57, 60, 62, 63
Thromboplastin, 54
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Transdermal laser and intense pulsed light 

(IPL), 177
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