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Preface

This compact “Encyclopedia of Diagnostic Imaging” is conceived as a two-volume printed work but will also be
available online.

It aims to provide basic but up-to-date information on all aspects of the very large field of medical imaging.

The state of the art character of the encyclopedia is particularly evident in such topics as molecular imaging, magnetic
resonance, and contrast media.

Around 4000 entries are arranged in alphabetical order with extensive cross-referencing between them. They have been
written by internationally recognised leading experts in the field.

The encyclopedia should be used as a quick reference book. It can be recommended to medical specialists outside the
discipline of radiology, to scientists involved in clinical medical research, but also to general radiologists, radiologists in
training, students in medicine, radiographers and interested laypeople, particularly persons from industry and business
dealing with medical imaging.

For the completion of this encyclopedia, I am very much indebted to Mr. Andrew Spencer from Springer Verlag who
provided excellent technical support during the preparation of this work.

A.L. BAERT
Editor
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Indications

An advanced breast biopsy instrumentation (ABBI)/site-
select system may be used for stereotactically aimed
biopsy in lesions smaller than 5 mm to avoid or to reduce
sampling errors in the following settings:

e Histological assessment of suspicious lesions seen at
mammography only (BI-RADS 1V);

e Presurgical confirmation of malignancy in suspicious
lesions seen at mammography only (RADS V);

e Histological assessment in the differential diagnosis of
mastopathic changes versus ductal carcinoma in situ
(DCIS) (suspicious calcifications; BI-RADS IV/V).

Contraindications

Severe coagulopathy as well as allergic reactions to local
anesthetics constitute absolute contraindications to using
the ABBI/site-select system.

Technology

Both the ABBI (advanced breast biopsy instrumentation;
Firma Lorad) and the site-select system (Firma Ethicon
Endo-Surgery, Breast Care) support digital stereotactic
excisional biopsy. Computerized digital mammography
(10 line pairs/mm, monitor matrix of 1024 x 1024 pixel) is
used to guide stereotactic excision with oscillating knives
to perform en-bloc resection of mammographic lesions
(BI-RADS IV/V) with patients in prone position (biopsy
tables provided by Lorad and Fischer).

For stereotactic excision, the patient’s breast is
positioned in a table opening, thereby being accessible
from under the table. Following disinfection of the biopsy
area, the stereotactic equipment is calibrated and the
target area for the subsequent intervention and stereo
views (+15°) is determined by means of orthogonal
mammography. The breast tissue is fixed by the
compression pads, and color marks are used to display
positioning as well as localization and biopsy route on the
patient’s skin.

As a matter of principle, oncological as well as surgical
considerations—transection route in planned subsequent
segmental resection—should be taken into account in
suspicious lesions (BI-RADS IV/V).

Biopsy is performed following local anesthesia and
cutaneous incision. Biopsy needles can be chosen
according to the size of the target lesion (diameter 5/10/
15 or 20 mm). If the 20-mm rotational-scalpel cannula
is used, conventional surgical hemostasis has to be
applied, whereas when using smaller biopsy needles, local
compression for about 30 min is sufficient.

The biopsy is performed after digital stereotactic
localization of the equivocal lesion (BI-RADS IV/V)
and placement of a t-lock needle. After additional
infiltration with local anesthetics and enlargement of
the stab incision, the biopsy cannula is slowly pushed
forward according to the depth of the lesion.
The oscillating knife is advanced 15 mm beyond the
calculated location of the target, and subsequently the
entire lesion is excised. With the help of an electrocoagula-
tion wire, the tissue bloc is displaced in situ. Digital
reevaluation views are used to document complete
excision, and a Mikromark clip (Biopsis Medical) is placed
in the resulting cavity to mark the biopsy area for follow-up
studies. The biopsy material is thereafter marked with
thread to facilitate the surgeon’s and pathologist’s orienta-
tions. For monitoring reasons, an X-ray of the biopsy tissue
is also made (Fig. 1a—d).

The tissue is deep-frozen and then paraffin-cut
microscopic work-up is performed (time needed: ap-
proximately 24 h) according to the “European Guidelines
for Quality Assurance.” Further proceedings are deter-
mined depending on the histological findings and the
concordance or discrepancy between imaging findings
and histology.
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ABBI and Site-Select Devices, Breast. Figure 1 (a) Positioning and compression of the patient’s breast in a table
opening before digital stereotactic localization and excision biopsy. (b) After digital stereotactic localization,
desinfection of the biopsy area, local anesthesia and cutaneous incision, the 20 mm cannula is placed. (c) Whole
stereotactic/radiological procedure: Scout view, stereotactic localization (+/— 15 degree), placing of the 20mm cannula
at the microcalcifications and the t-lock needle. (d) Preparation radiogram with t-lock needle of the lesion of Fig. 1c:
High grade DCIS.
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As soon as the biopsy procedure is finished, the
patient is put in supine position for thorough hemostasis
using electrocoagulation and compression. The cutaneous
defect is sutured with absorbable thread. In addition, to
avoid secondary bleeding and hematoma, a compression
bandage is provided.

In benign findings, follow-up mammography should
be performed 6 and 12 months after biopsy; in case
of progression of suspicious findings, surgical clarification
is mandatory.

Results

The sensitivity and specificity as quoted in the current
literature approach or even reach 100%.

Adverse Events

Minor pain, hemorrhage, or vasovagal reactions may
occur.

e Pain may be minimized by profound local anesthesia;
since the breast parenchyma itself is obviously less
algesic than skin, thorough dermal anesthesia in
particular should be of concern.

e Stab incisions usually entail minor bleeding; to avoid
larger hematoma, broad compression is applied (30-min
manual compression, compression bandage).

e Vasovagal reactions seem to occur more frequently if
mammographic intervention is performed in seated
rather than recumbent patients. Individual support
and suitable premises may help to prevent these
reactions.

Outlook

Stereotactic biopsy is approved and established for
diagnostic purposes only. In the future, questions will
arise about whether small carcinoma (<10 mm) or DCIS
(<5 mm) may be treated by stereotactic excision with a
biopsy cannula of up to 3 cm in diameter—hand in hand
with the abandonment of axillary lymph node dissection in
favor of sentinel node biopsy and mandatory postinter-
ventional radiation in all cases of invasive cancer.

Prospective multicenter trials aimed at answering
these questions are currently being planned.
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Abscess is an accumulation of purulent material in tissues,
organs or circumscribed spaces, often associated with
signs of infection. Aseptic abscesses do occur.
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Purulent process involving the gallbladder walls and
surrounding soft tissues occurring in the case of a
perforating complication of Pacute cholecystitis. US
features include an anechoic mass in the gallbladder wall,
while significant changes in the surrounding tissue such as
pericholecystic fluid collection and infiltration of the
omentum or mesentery are well depicted by CT.
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Synonyms

Intrahepatic suppuration

Definition

Localized intrahepatic collection of pus due to infection.

Pathology and Histopathology

Hepatic abscesses can be classified on the basis of
their etiology into P pyogenic, »amebic, and P fungal
abscesses.

Pyogenic Abscess

Pyogenic abscesses of the liver are relatively uncommon.
The infectious agents can reach the hepatic parenchyma
via different ways of diffusion. Ascending cholangitis
and portal diffusion are the most frequent causes of
pyogenic hepatic abscesses (1). Ascending cholangitis
and subsequent abscess formation is due to extrahepatic
biliary obstruction usually caused by choledocholithiasis,
benign and malignant tumors, or postsurgical strictures.
Biliary-enteric anastomoses (choledochoduodenostomy)
are also associated with a high incidence of liver
abscesses. In cases of portal diffusion, the infectious
process originates in the abdomen and reaches the liver
through the portal vein. Pylephlebitis and appendicitis
are the most frequent causes. Other causes include
diverticulitis and inflammatory diseases of the bowel.
Abscesses derived from portal diffusion are usually single
and more often localized in the right lobe, while those
related to biliary mechanisms are typically multiple and
localized in both lobes. More rarely, pyogenic abscesses
may derive from arterial diffusion, in cases of systemic
septicemia (e.g., bacterial endocarditis), or following
intra-arterial procedures (e.g., intra-arterial therapies
for hepatic tumors). Other possible ways of diffusion
are the direct extension from adjacent organs (e.g.,
perforated ulcer, subphrenic abscess) and traumatic
penetrating lesions, including iatrogenic lesions due to
surgical interventions of the abdomen or percutaneous
procedures (e.g., liver biopsy or percutaneous treatments
for hepatic tumors). In a large number of patients the
origin of the liver abscess remains unknown. However,
the incidence is increased in patients with diabetes or
metastatic cancer.

Most abscesses contain more than one organism and
frequently are of biliary or enteric origin. Pyogenic ab-
scesses are most commonly caused by Clostridium species
and gram-negative bacteria, such as Escherichia coli and
Bacteroides species.

At gross examination, pyogenic abscesses appear as
solitary or multiple lesions ranging from a few millimeters
to several centimeters in diameter. At histopathologic
analysis, the abscess cavity is filled with purulent material,
while the edges are composed of a chronic inflammatory
infiltrate and fibrous tissue. The fibrotic edge is often 1 cm
or more thick. Depending on the stage, suppuration,
liquefaction with presence of debris, and fibrosis are
found at microscopic analysis (2).
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Amebic Abscess

Amebic abscess is the most common type of hepatic
abscess worldwide and is endemic in many developing
countries. It is the most frequent extraintestinal manifes-
tation of Entamoeba histolytica infection. Entamoeba
histolytica is a protozoan which exists in two forms: the
cyst stage is the infective form, while the trophozoite stage
causes invasive disease. Chronic carriers release cysts in
their feces; these cysts are transmitted primarily by food
and water contamination. The cyst’s wall is broken as it
passes through the small intestine; trophozoites are
released and colonize the colonic mucosa. The protozoan
may invade mesenteric venules and ascend the portal-
venous system, thus reaching the liver.

The right hepatic lobe is more often affected than the
left lobe.

The incidence of amebic liver abscess in patients with
amebic colitis is about 4%. There is a significant male
preponderance.

Histologic features of amebic liver abscesses include
inflammatory reaction at the margins. The abscesses
sometimes contain a chocolate-colored material, due to
hemorrhage. Secondary bacterial infection may occur (2).

Fungal Abscess

Fungal abscesses are most often caused by Candida
albicans, and they occur in immunocompromised
individuals. They are a manifestation of disseminated
fungal disease. Microabscesses often also involve the
spleen and, occasionally, the kidney. Hepatic abscesses
caused by Cryptococcus infection and Aspergillus species
have also been reported. The typical histologic pattern
of hepatic candidiasis is characterized by microabscesses,
with fungi in the center of the lesion and a surround-
ing area of necrosis and polymorphonuclear infiltrate;
in the healing stage there is a fibrotic evolution of the
lesions (2).

Clinical Presentation

Clinical manifestations are related to the presence of
sepsis and of space-occupying lesions in the liver (1).

Fever is the most common sign in patients with
hepatic abscess and is usually associated with chills. Pain
is a very common complaint and is most frequently loca-
ted in the right upper quadrant. It may be associated with
pleural pain and may radiate to the right shoulder or
scapular area.

Anorexia, nausea, vomiting, weight loss, and mental
confusion are also common symptoms. The most im-
portant finding at physical examination is right upper

quadrant tenderness. Hepatomegaly, palpable liver mass,
and jaundice are also common. Furthermore, diarrhea
may be present in these patients at the time of diagnosis
or within the previous few months, sometimes with
bloody feces.

Occasionally, patients may present with pleural
effusion, friction rub, or pulmonary consolidation. These
manifestations are a sign of secondary pulmonary in-
volvement by abscess rupture in the pleural cavity.

Signs of peritoneal irritation are present when the
abscess ruptures in the peritoneum.

Pericardial friction rub can be audible when the ab-
scess extends into the pericardium. This sign is associated
with very high mortality.

Imaging

Pyogenic Abscess
Computed tomography (CT) and ultrasound (US) have a
high sensitivity in detecting pyogenic abscesses.

A pyogenic abscess usually appears as a large focal
lesion which can demonstrate a wide range of US and CT
appearances, according to the stage of the infectious
process.

At US, early-stage pyogenic abscesses usually present
as round or oval lesions with a hypoechoic structure
and ill-defined borders. Acute abscesses frequently appear
as a cluster of small coalescent hypoechoic lesions. In
the colliquative phase, the abscess becomes fluid: US
shows a lesion containing a variable quantity of
hyperechoic spots, corresponding to necrotic debris; the
appearance may vary from anechoic to hyperechoic,
depending on the degree of internal echoes. Increased
posterior acoustic transmission and lateral acoustic
shadows may be present. The demonstration of gas, when
present, is indicative of infection by gas-producing
agents. At US, gas causes hyperechoic linear echoes with
reverberation artifacts. In the resolution phase, the lesion
shows a progressive reduction in size and becomes hypo-
hyperechoic (2, 3).

At CT, the demonstration of the “cluster sign” in the
acute phase of abscess formation is suggestive of pyogenic
abscess. This sign consists in the presence of a group of
coalescent small hypodense lesions. In the subacute or
colliquative phase, the pyogenic abscess appears as an
irregular round or oval, hypodense area with well-defined
margins; the density values are usually higher than those
of simple cysts. Abscesses may be unilocular or have a
complex structure with internal septa.

The presence of gas within the lesion, either air
microbubbles or air-fluid levels, is easily recognizable at
CT and represents a specific sign of pyogenic abscess (4)
(Fig. 1).
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Abscess, Hepatic. Figure 1 Pyogenic hepatic
abscess—Unenhanced CT. Unenhanced CT scan shows a
large hypodense area involving hepatic parenchyma
with gas—fluid levels. Right pleural effusion coexists.

Abscess, Hepatic. Figure 2 Pyogenic hepatic
abscess—Arterial phase. In the arterial phase a peripheral
rim of enhancement is noted, while the central necrotic
area fails to enhance.

Typically the lesion has a thick, irregular wall and
presents a characteristic rim enhancement, while the
central necrotic portion remains unenhanced (Fig. 2).
A CT finding suggestive of abscess is the “double
target” sign; it represents a hypodense lesion sur-
rounded by an enhancing rim, corresponding to the
wall, and an outer hypodense halo, due to perilesional
edema (Fig. 3).

At magnetic resonance imaging (MR), pyogenic
abscesses appear as areas of decreased signal intensity on
T1-weighted images and increased signal intensity
on T2-weighted images. Perilesional edema, characterized
by subtly increased signal intensity, can be seen on

Abscess, Hepatic. Figure 3 Pyogenic hepatic abscess.

In the portal-venous phase the rim enhancement is still
present and a peripheral hypodense halo, corresponding to
perilesional edema, is better appreciable.

T2-weighted images. The abscess cavity may have homo-
geneous or inhomogeneous signal intensity. After contrast
material administration, the lesion shows marked per-
ipheral enhancement.

Miliary pyogenic microabscesses are usually found in
patients with generalized septicemia and may appear as
multiple lesions scattered throughout the liver or as a
cluster of small lesions which tend to coalesce. This
coalescent, clustered pattern is suggestive of pyogenic
infection and is thought to represent an early stage of the
formation of a pyogenic macroabscess. At US, pyogenic
microabscesses may be visualized as multiple, small
(<2 cm) hypoechoic lesions with a miliary distribution.
Such lesions may have a clear nodular aspect or appear as
ill-defined areas. At CT, pyogenic microabscesses are
better visualized after contrast material administration,
appearing as multiple small, hypodense lesions. A slight
rim enhancement and perilesional edema may sometimes
be observed (2).

In a large number of patients abnormal findings are
demonstrated at chest radiography. These findings are
aspecific and may include elevated right hemidiaphragm,
subdiaphragmatic air-fluid level, pleural effusion, and
consolidation.

Amebic Abscess

Both US and CT are sensitive in the detection of amebic
abscesses. At US, an amebic abscess usually appears as a
large, well-defined, hypoechoic lesion, and contains low-
level internal echoes. There are no significant wall echoes.
The lesion is typically oval or round and is located near
the liver capsule.
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At CT, amebic abscesses do not show a specific and
constant appearance. They usually appear as round or
oval well-defined lesions with water-like attenuation
values. The demonstration of a wall and a peripheral
edema surrounding the abscess is a common finding. The
wall may be hyperdense on unenhanced scans and always
shows enhancement after administration of contrast
material. The central abscess cavity may show multiple
septa or fluid-debris levels and nodularity at the margins,
while the presence of air bubbles and hemorrhage has
been rarely reported (2, 3).

MR is a sensitive technique in detecting amebic
abscesses, but the findings are not specific. Amebic
abscesses have a homogeneous or inhomogeneous aspect
with decreased signal intensity on T1-weighted images and
increased signal intensity on T2-weighted images. Perile-
sional edema is often seen as a halo of even higher signal
intensity on T2-weighted MR images. The central necrosis
does not show any enhancement after contrast material
administration, while the periphery strongly enhances, due
to the presence of inflammatory tissue (4).

In cases of hepatic amebic abscess, extrahepatic
extension is a relatively common event.

Chest or abdominal radiographs may show elevation
of the right hemidiaphragm, subdiaphragmatic air-fluid
level, pleural effusion, and consolidation.

Fungal Abscess

Hepatic fungal microabscesses in immunosuppressed
patients have a miliary distribution and appear as
multiple small, often subcentimetric, lesions scattered
throughout the liver. They are usually associated with
splenic involvement (2).

At US, four patterns of hepatosplenic candidiasis have
been described. The US appearance of hepatic candidiasis
in the initial phase is pathognomonic: the “wheel-within-
a-wheel” sign consists in a central hypoechoic nidus of
necrosis containing fungi surrounded by a hyperechoic
zone represented by inflammatory cells, and an outer
hypoechoic halo corresponding to fibrosis at pathologic
analysis. The second pattern has a “bull’s-eye” appear-
ance, due to the presence of a central echogenic area
surrounded by a hypoechoic rim. The third pattern is the
most commonly encountered at US and consists of
uniformly hypoechoic nodules; however, it is the least
specific. After therapy the lesions tend to decrease in size
and increase in echogenicity, leading to the fourth
pattern, which consists of echogenic foci with variable
degrees of posterior acoustic shadowing (2, 5).

At CT, fungal abscesses appear as multiple small,
round lesions distributed in both lobes with low density
both on unenhanced and enhanced scans, but better

visualized after contrast material administration. Calcifi-
cations are often present. These microabscesses usually
show central enhancement, although peripheral enhance-
ment may occur (2, 4).

At MR, fungal abscesses show variable signal intensity.
The untreated nodules are minimally hypointense on
T1-weighted images before and after administration of
contrast material and hyperintense on T2-weighted
images. After treatment, lesions appear mildly hyperintense
both on T1- and T2-weighted images and show contrast
enhancement. A dark ring is usually seen around these
lesions in all sequences (2).

Interventional Radiology

Pyogenic Abscess

The mortality rates of patients with pyogenic abscess and
the need for surgery have been markedly reduced thanks
to early diagnosis and imaging-guided percutaneous
drainage. Usually, US is chosen to guide the positioning
of the drainage, but CT may also be used (2). Diagnostic
aspiration is usually followed by placement of a drainage
catheter, which is removed when the abscess cavity col-
lapses, as confirmed at imaging. Some authors reported
percutaneous needle aspiration of pyogenic abscesses in
association with antibiotic therapy as a valid alternative to
prolonged catheter drainage (6).

Immunocompromised patients with multiple micro-
abscesses are not candidates for either percutaneous or
open surgical drainage and are best treated with high-dose
antibiotics.

Amebic Abscess

Catheter drainage or percutaneous needle aspiration of
amebic abscess is rarely necessary, because amebicidal
therapy is generally highly effective (2).

Aspiration of an amebic abscess is indicated in case of
high risk of imminent rupture (lesion greater than 5 cm)
or if differentiation between amebic and pyogenic abscess
is critical (no response to antibiotic therapy after few
days). Aspiration may be performed under US or CT
guidance.

Fungal Abscess

Imaging findings are not specific and are often over-
lapping with those of pyogenic and amebic abscesses,
metastases, and lymphoma. Frequently, percutaneous
needle biopsy is needed to achieve a definite diagnosis (4).
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Diagnosis

Imaging alone cannot definitely differentiate a pyogenic
from an amebic abscess or from malignant disease. The
diagnosis derives from the combination of clinical,
epidemiological, serological, and imaging data. In some
cases, aspiration of abscess content may be required.

Clinical suspicion of a liver abscess mandates an
investigation of the liver for evidence of a liver abscess by
US or CT.

Serum antibodies to Entamoeba species are present in
more than 90% of cases, but serologic findings may be
negative in acute disease and may be positive if the patient
had amebiasis in the past (2).

In patients with fungal microabscesses, imaging
findings are not specific and percutaneous needle biopsy
is often needed to achieve a definite diagnosis (4).
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Pancreatic abscess is a circumscribed collection of pus,
usually in proximity to the pancreas, containing little or no
pancreatic necrosis, which arise as a consequence of acute
pancreatitis or pancreatic trauma. Pancreatic abscesses
occur later in the course of severe acute pancreatitis, often 4
weeks or more after onset. The distinction between
pancreatic abscess and infected necrosis is critical because
the mortality risk for infected necrosis is double than
that for abscess. The presence of pus and positive
culture for bacteria or fungi, but little or no pancreatic
necrosis, differentiate a pancreatic abscess from infected
necrosis.

» Pancreatitis, Acute
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Definition

Prostate abscess is a closed pocket containing pus within
the prostate. It is an infrequent but well-described complica-
tion of (acute) prostatitis or it may occur independently.

Epidemiology

Prostatic abscess is uncommon and rarely diagnosed.
There has been a great shift in its mortality rate and in the
types of etiologic agents observed since the discovery and
use of penicillin (1). The increased use of antibiotics and
the falling incidence of urethral gonococcal infections,
which were the most common infecting cause in the early
reports of the disease (2), have also had an impact on
the mortality rate. It is now diagnosed in only 0.2%
of patients with urological symptoms and in 0.5-2.5% of
patients hospitalized for prostatic symptoms.

Pathophysiology

The incidence of prostatic abscess is highest between the
fifth and sixth decade of life and may be associated with
benign prostatic hyperplasia, bladder neck obstruction,
or urethral stricture. The etiology is hypothesized to be
due to reflux of infected urine along prostatic ducts into
the prostate. Gram-negative microorganisms, particularly
Escherichia coli (3), cause more than 70% of cases of
prostatic abscess.

Symptoms

The prostatic abscess is difficult to diagnose, because the
symptoms at onset may mimic several diseases of the
lower urinary tract. Presentation is similar to that of
prostatitis. Prostatic abscess is an infrequent but well-
described complication of acute bacterial prostatitis. It
most often occurs in patients who are immunocompro-
mised. Diabetes mellitus (4), prostatitis, and urethral
instrumentation are predisposing factors for developing
prostate abscess. A prostatic abscess should be suspected
when a palpable fluctuant mass develops in the prostate.



Abscess, Prostate 9

Diagnostic Imaging Techniques of

Prostate Abscess

Transrectal ultrasound—In prostate abscess the investiga-
tion of choice is transrectal ultrasonography (TRUS) (5).
In abscesses in many cases an irregularly shaped area of
hypoechogenic masses, with or without internal echoes,
is found.

Computed tomography—With computed tomography
(CT) (6), prostatic abscesses appear as a single or multi-
locular area of low attenuation (Fig. 1). Imaging studies,
including ultrasonography and CT of the prostate, should
only be performed in cases where laboratory analysis is
equivocal or when no improvement is observed following
medical therapy. Ruling out a prostatic abscess in patients
with prostatitis is a strong indication to proceed to imaging
studies. The primary imaging investigation of choice is
TRUS of the prostate, which may be performed either by a

Bladder
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Abscess, Prostate. Figure 1 A contrast-enhanced CT scan
of the pelvis shows abnormal enlargement of the prostate
gland, multiloculated prostatic abscess (arrows) that
involves the entire prostate. Additionally, there is a diffuse
inflammatory stranding towards the rectum. (Images
courtesy of Julia R. Fielding, MD,Associate Professor of
Radiology, University of North Carolina at Chapel Hill,

101 Manning Drive, Chapel Hill, NC 27599).

urologist or radiologist, depending on the local availability
of expertise.

Magnetic resonance imaging—On magnetic resonance
(MR) imaging, prostatic abscess may appear as inter-
mediate or high signal intensity on T2-weighted images
(7). MR imaging should only be used for diagnosis in
cases of potential bacteremic consequences, sometimes
leading to septic shock, which may be encountered during
a TRUS examination. Additionally, MR imaging has the
ability to provide contrast enhancement without the
potentially nephrotoxic effects of iodinated intravenous
CT contrast material (8).

Therapy

Antimicrobial treatment is the therapy of first choice
in these patients (9). Medical management of prostate
abscess is often not successful. Prostatic abscess is a
potential indication for surgery. The treatment of choice
is surgical intervention combined with the appropriate
broad-spectrum antibiotic; however, the abscess may be
drained transperineally under TRUS guidance. TRUS has
an important value in diagnosis and treatment of
prostatic abscess. TRUS-guided aspiration is an effective
and minimally invasive treatment modality for prostatic
abscess which causes no serious complications (10-12, 5).
Transrectal or perineal aspiration of the abscess is pre-
ferred if symptoms do not improve after 1 week of
medical therapy. Transurethral resection of the prostate
and drainage of the cavity is another approach. However,
this approach is less desirable because of the potential
hematogenic spread of germs.

Bibliography

1. Weinberger M, Cytron S, Servadio C et al (1998) Prostatic abscess in
the antibiotics era. Rev Infect Dis 10:239-249

2. Youngen R, Mahoney SA, Persky L (1967) Prostatic abscess. Surg
Gynecol Obstet, vol 124, pp 1043

3. Roberts RO, Lieber NM, Bostwick DG et al (1997) A review
of clinical and pathological prostatitis syndromes. Urology
49:809-821

4. Jacobsen JD, Kvist E (1993) Prostatic abscess: a review of literature
and a presentation of 5 cases. Scand J Urol Nephrol 27:281-284

5. Barozzi L, Pavlica P, Menchi I et al (1998) Prostatic abscess: diagnosis
and treatment. Am ] Roentgenol, Mar 170:753-757

6. Davidson KC, Garlow WB, Brewer ] (1986) Computerized
tomography of prostatic and periurethral abscess: 2 case reports.
J Urol 135:1257-1258

7. Papanicolaou N, Pfister RC, Stafford SA et al (1987) Prostatic
abscess: Imaging with transrectal sonography and MR. Am
J Roentgenol 149:981-982

8. Rich MW, Crecelius CA (1990) Incidence, risk factors, and clinical
course of acute renal insufficiency after cardiac catheterization in
patients 70 years of age or older. A prospective study. Arch Intern
Med 150:1237-1242




10 Abscess, Renal

9. Fowler JE Jr (2003) Antimicrobial therapy of prostatitis. Exper Rev
Anti Infect Ther 1:275-282

10. Gogus C, Ozden E, Karaboga R, Yagci C (2004) The value of
transrectal ultrasound guided needle aspiration in treatment of
prostatic abscess. Eur J Radiol 52:94-98

11. Lim JW, Ko YT, Lee DH et al (2000) Treatment of prostatic abscess:
value of transrectal ultrasonographically guided needle aspiration.
J Ultrasound Med, Sep 19:609-617

12. Weinberger M, Pitlik SD, Rabinovitz M et al (1985) Per-rectal
ultrasonography for diagnosis of and guide to drainage prostatic
abscess. Lancet 5:772

|
Abscess, Renal

O HELENON, JM CORREAS

Radiology Department, Necker Hospital,
Paris, France
olivier.helenon@nck.aphp.fr

Synonyms

Focal acute pyelonephritis with abscess formation;
Intrarenal abscess; Renal corticomedullary abscess; Sup-
purative fluid collection

Definition

Renal abscess is defined as a parenchymal fluid-filled mass
of infectious origin containing suppurative material and
delineated by a pseudocapsule.

Pathology—Histopathology

Abscess formation results from ascending lobar bacterial
infection or hematogeneous spread of bacteria from
extrarenal primary source of infection (skin, teeth, heart
valve) especially in patients known to be immunocom-
promised or in patients known to abuse IV drugs. At an
early stage, before frank abscess formation, severe acute focal
nephritis causes interstitial inflammation with polymorpho-
nuclear leukocytes infiltration, tubule obstruction and
vasoconstriction that lead to focal ischemia and liquefaction.
Frank abscess formation is responsible for a cortiomedullary
or cortical mass filled with fluid pus and delineated by a
pseudocapsule due to compressed inflammatory neighbor-
ing renal parenchyma. Hematogeneous abscesses have no
lobar distribution but are typically multiple and peripherally
located within the renal cortex. The infectious process can
extend to renal capsule and perinephric space that can lead
to perinephric abscess formation.

Clinical Presentation

Acute abscess formation produces symptoms including
fever, flank or abdominal pain and urinary tract symptoms.
Associated nausea and vomiting also can be observed.
Physical examination and laboratory data provide no
specific characteristics different from signs of acute urinary
infection. Predisposing factors are common such as a history
of recurrent urinary infection, urinary tract obstruction,
renal calculi or prior urinary tract instrumentation.

Imaging

Intravenous Urography

Intravenous Urography (IVU) is of poor value in the
diagnosis of renal abscess. It can however demonstrate
features of severe acute pyelonephritis including kidney
enlargement, decrease contrast material opacity in the
collecting system associated with focal areas of decreased
nephrographic opacity. Urologic abnormalities that can be
responsible for ascending bacterial infection such as obstruc-
tion or urinary tract malformation also can be demonstrated.

Ultrasonography

Ultrasonography (US) is a useful first step modality for
screening abscess formation in a patient with severe acute
pyelonephritis. The presence of an ill-defined fluid-filled
renal mass with internal echos is suggestive of abscess
formation (1) (Fig. 1). Contrast-enhanced US can help
detect small abscesses including abscesses resulting from
hematogenous infection of small size, located within the
cortex and multiple in distribution. Advantages of
the technique are that it can be performed at bed side
and it uses US contrast medium without nephrotoxicity.
As a matter of fact, it appears to be particularly useful
for the assessment of acute parenchymal infection in renal

Renal abscess. US shows a

Abscess, Renal. Figure 1
round-shaped hypoechoic mass of the upper pole of the
right kidney.
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Abscess, Renal. Figure 2 Microabscess formation in a
renal transplant with severe acute pyelonephritis.
Post-contrast US (a) using non linear imaging sequence
shows small round-shaped defects within the renal cortex
related to early abscess formation. Contrast-enhanced CT
(b) shows good correlation with typical acute focal
pyelonephritis.

transplant which is usually associated with acute
renal insufficiency (2) (Fig. 2).

Computed Tomography

Computed Tomography (CT) is the gold standard in
diagnosing and evaluating renal and perinephric abscess
formation. It typically shows a fluid-filled mass located
within the parenchyma surrounded by an area of
hypoattenuating cortex at nephrographic phase after
contrast injection (Fig. 3). Such a so-called pseudocapsule
results from inflammation of the renal parenchyma that
precedes abscess formation. The presence of an ill-defined
outer border help differentiate such periabscess pseudo-
capsule from the thick wall of complex cystic renal mass
including infected cyst and calyceal diverticulum. Peri-
nephric features of inflammation including fascial and
septal thickening are wusually associated to abscess
formation. »CT provides an accurate evaluation of the
exact volume of the suppurative material and of its
perinephric extent that can involve the subcapsular space,
the perinephric fat and the neighboring muscles (1, 3, 4).
Perinephric abscess formation also may result primarily

Abscess, Renal. Figure 3 Typical renal abscess of the left
kidney. Contrast-enhanced CT (nephrographic phase)
shows a fluid filled mass with a pseudocapsule.

Abscess, Renal. Figure 4 Perinephric abscess.
Contrast-enhanced CT shows abscess formation involving
the perinephric space with extension to the posterior wall.

Abscess, Renal. Figure 5 Multiple renal microabscesses in
a patient with drug abuse. Post-contrast CT shows multiple
hypoattenuating round-shaped lesions within the renal
cortex of both kidneys.

from hematogeneous infectious spread. The diagnosis
relies on the demonstration of a fluid field perinephric
mass with a thick wall that enhances after contrast
injection (Fig. 4).
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Abscess, Renal. Figure 6 Percutaneous drainage of a perinephric abscess after renal transplantation.
(a) Contrast-enhanced CT. (b) Needle puncture (arrows) under US guidance. (c) Opacification of the abscess

cavity after catheter placement.

Multiple and bilateral small rounded hypoattenuating
cortical lesions suggest cortical abscesses of hematoge-
neous origin (Fig. 5).

Follow-up CT is needed to ensure resolution of the
infectious process under treatment (antibiotics alone or
associated with drainage). It can show total regression or
scarring of the renal cortex (5, 6).

Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) plays no role in the
diagnosis and evaluation of renal abscesses. It may
however provide similar information compared to CT.
Therefore, it is a useful substitute in cases of contra-
indication to CT especially in renal transplant with renal
insufficiency.

Nuclear Medicine

While renal scintigraphy (Tc-99m DMSA) is sensitive in
detecting focal loss of tracer uptake that may correspond
to focal liquefaction of the infected parenchyma, it does
not distinguish between frank abscess and focal acute
pyelonephritis.

Diagnosis

In most cases the diagnosis relies on CT in a patient with
clinical findings suggestive of severe acute renal infection.
CT is indicated at initial screening or after a first step US
evaluation that usually shows suggestive findings. In cases
of suspected hematogeneous renal or perinephric infec-
tion contrast-enhanced CT should be performed as a
first step diagnostic modality since US is of poor
sensitivity in the detection of small cortical abscesses
and in the evaluation of perinephric abscess formation.

Contrast-enhanced US or MRI using nonnephrotoxic
contrast media should be performed in patients with renal
insufficiency.

Percutaneous Drainage

Large renal or perinephric abscesses usually require
precutaneous drainage in addition to medical therapy.
Diagnostic aspiration or percutaneous drainage also
should be considered in abscesses of smaller size with
absence of clinical improvement after several days of
antimicrobial therapy. Both procedures benefit from US
or CT guidance (6, 7) (Fig. 6). Initial puncture of the
abscess cavity using an 18-gauge needle is usually
performed before drainage tube placement. The drainage
catheter should be left until the patient recovers and
becomes stable with minimal output from the drain.
Follow-up CT also should demonstrate no residual
suppurative material before catheter ablation.
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Synonyms

Inflammatory mass of ovaries and fallopian tubes

Definition

The vast majority of Ptubo-ovarian abscesses (TOA)
develop as a complication of P pelvic inflammatory disease
(PID). They are reported to occur in a frequency of up to
1/3 of patients hospitalized for PID (1). TOA are typically
encountered in women of reproductive age and result from
longstanding or nonadequately treated ascending urogen-
ital infection. Secondary TOA may arise by direct or
lymphatic spread of infection after pelvic surgery, or as a
complication of enteric inflammatory diseases, such as
appendicitis, diverticulitis, and Crohn’s disease, or rarely as
complication of pelvic malignancy (1). TOA may manifest
as a frank pelvic abscess formation or an inflammatory
mass involving fallopian tubes and ovaries (2).

Pathology/Histopathology

A unilateral or bilateral abscess located in the adnexal
region associated with »pyosalpinx is the hallmark at
macroscopy. Extension of the abscess into the cul-de-sac is
a common finding. The size of TOA varies between 5 and
10 cm in the majority of cases (3). The ovary may adhere to
the pyosalpinx and become the lateral wall of the abscess
(2). Intense surrounding inflammatory reaction of pelvic
fat and parietal peritoneum results in adhesions of adjacent
organs, particularly the uterus and large and small bowel
loops. In hematogenously spread abscesses the external
surface of the enlarged ovaries may be normal; the necrotic
contents are demonstrated only within the ovary (2).
Rarely, a chronic abscess may result in a solid tumor like
mass, also defined as xanthogranulomatous oophoritis (2).
Most TOA result from a mixed polymicrobial infection
with a predominance of anaerobes (1). The cultures reveal
typically Neisseria gonorrhea, Chlamydia trachomatis,

E. coli, Bacteroides fragilis, and Streptococcal species
(1). Unusual causes of TOA include pseudomonas,
tuberculosis, and actinomycosis. The latter tends to
form solid granulomatous adnexal lesions, and is asso-
ciated with intrauterine device insertion (4). Leakage of
a TOA leads to peritonitis or may produce metastatic
abscesses.

Clinical Presentation

Clinical features of TOA are often nonspecific and do not
differ from those of PID (1). Abdominal and often
bilateral pelvic pain is the leading clinical manifestation,
and is found in more than 90% of patients with TOA (1).
Fever, leucocytosis, elevated c-reactive protein, vaginal
discharge and bleeding, and urinary symptoms are less
common findings. CA-125 levels may also be elevated (1).
The majority of TOA develops in women between 20 and
40 years of age. In children TOA usually occur as a
complication of appendicitis. TOA in postmenopausal
women are rare, and tend to be associated with diabetes
and increased morbidity and mortality.

Imaging

Conventional radiographs are not suited to diagnose
TOA. However, they are useful to demonstrate obstructive
complications, e.g., ileus. Combination of transabdom-
inal and endovaginal Sonography is the first line imaging
tool to assess PID. In approximately 25-33% of these
patients findings of TOA are encountered (1). Normal
fallopian tubes measure less than 4 mm in diameter. In
case of pyosalpinx they become tortuous, dilated tubular
structures with mural thickening (5). Due to infection
they may contain internal echoes presenting pus or blood
(5). Tubal wall thickening is nonspecific for pyosalpinx. It
may also be associated with chronic interstitial salpingitis,
endometriosis, ectopic pregnancy, and fallopian tube
cancer. Other sonographic findings of TOA include a
mass in the ovarian fossa or cul-de-sac, which varies
depending on the consistency as homogenous hypoecho-
genic or more commonly as a mass of mixed echogenicity
(3) (Fig. la). Irregular wall thickening, septations, fluid-
debris levels are other findings encountered in abscesses.
Color Doppler reveals hyperemia of the fallopian tube,
ovary, and of adnexal fat (3). In many cases, however,
ultrasonographic findings of TOA are not specific (3).
CT and MRI serve as noninvasive second line
diagnostic modalities to assess TOA (Fig. 1b). They are
usually performed complementary to sonography to (a)
confirm the diagnosis of a TOA, (b) assess complications
of TOA, and (c) for percutaneous abscess treatment.
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Abscess Tubo-Ovarian. Figure 1

TOA in sonography (a) and CT (b). Transabdominal sonography in two planes (a) shows

enlargement of the right ovary with inhomogenous morphology of irregular cystic and solid areas. Contrast enhanced
CT (b) reveals a right adnexal mass with peripheral rim enhancement, central liquid areas, and ill-defined margins.
Obscured pelvic fat planes and engorgement of parametrial vessels support the diagnosis of an inflammatory mass.

Courtesy of Dr R Kubik-Huch, Baden.

In secondary TOA they may contribute in establishing the
source of the abscess. In TOA in postmenopausal further
imaging is necessary due to their high association with
underlying genitourinary pathologies.

Oral bowel opacification in CT facilitates differentia-
tion of distended paralytic or obstructed small bowel
loops, which are adherent to the adnexal region from
fluid collections within an abscess. Rectal enema may
also contribute to better assess rectosigmoid wall thicken-
ing, particularly, in secondary TOA e.g., in diverticulitis
(Fig. 2).

MRI is best suited to identify pyosalpinx, especially in
complex adnexal masses. Multiplanar imaging allows best

demonstration of the anatomical details. The dilated
fallopian tube is usually best identified on sagittal and
oblique axial images. Similar to IV CT contrast media aids
in lesion characterization and in assessing complications,
e.g., peritonitis and distant abscesses.

Fluid is found in almost 50% of cases of TOA and
small amounts can be better appreciated on MRI (4).

Nuclear Medicine

Nuclear medicine usually does not contribute in the
diagnosis of TOA.
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Abscess Tubo-Ovarian. Figure 2 TOA in a 55-year-old
female. Transaxial CT scans (a and b) demonstrate ovarian
involvement in sigmoid diverticulitis. The left ovary is
attached to the sigmoid colon. It is enlarged and shows
multiple cystic lesions with mural enhancement.
Surrounding stranding and small amounts of ascites are
associate findings.

Diagnosis

The diagnosis of TOA is based upon the clinical presenta-
tion and imaging findings on sonography. History of PID is
a major risk factor, although up to 20% of cases that
progress to TOA have normal leukocyte counts and are
afebrile (4). As the majority of TOA is encountered in the
same age as ectopic pregnancy, a negative pregnancy test is
mandatory before further imaging.

The role of CT and MRI includes establishing the
diagnosis and associated complications of TOA, and
assessment of underlying disease that may implicate
invasive therapy.

Findings in CT and MRI include uni- or bilateral
complex adnexal masses with ill-defined margins. In
contrast to tumorous adnexal lesions pelvic fat planes are
typically obscured (4, 5) (Figs 1b and 3). Adhesions of the
uterus, distended or thickened bowel loops, and hydro-
nephrosis may be associated findings. Without the
appropriate clinical background, the differential diagnosis
from other adnexal pelvic lesions, particularly tumors is
difficult by imaging. However, in the typical clinical
setting the finding of a dilated tube with pus is

acc A

Abscess Tubo-Ovarian. Figure 3 Bilateral TOA in MRI.
Transaxial contrast enhanced MRI shows bilateral cystic
adnexal masses and ascites. Extensive peritoneal
enhancement is demonstrated along the uterus,
parametria, left round ligament, uterosacral ligaments, and
the mesorectum. Such extensive homogenous contrast
enhancement along pelvic ligaments is a finding suggestive
of inflammation. Courtesy of Dr A Heuck, Munich.

pathognomonic for the diagnosis of TOA. Unusual TOA
caused by actinomycosis and tuberculosis have nonspe-
cific imaging findings and tend to resemble ovarian
malignancies, often with peritoneal seeding (4).

MRI is the best imaging modality to differentiate
between a multicystic ovarian mass and an abnormal
fallopian tube. The typical findings for the latter include a
cystic tortuous tubular structure which extends from the
tubal angle and displays multiple incomplete interdigitat-
ing septations (5). Wall thickening and mural contrast
enhancement aid in the differentiation from hydrosal-
pinx. The proteinaceous nature of the fluid is character-
ized by hypointense to intermediate SI on TIWI and
intermediate to high SI on T2WI. Abscesses present as
complex thick walled masses with uni- and often multi-
locular appearance (4, 5). Intense enhancement or thicken-
ing of adjacent peritoneum and pelvic ligaments are findings
underlining the inflammatory character (Fig. 3). Large
amounts of fluid tend to be present only in peritonitis.

MRI is superior to CT in characterization of sono-
graphically indeterminate lesions, particularly in the
differential diagnosis of ovarian neoplasm, endometrio-
mas, and hemorrhagic cysts which may resemble TOA (5).
Adnexal torsion which occurs in the same age population
as TOA is typically associated with cystic adnexal lesions.

The tubular nature of pyosalpinx is more difficult to
assess by CT, however this problem may have been
overcome by multihelical CT. CT is widely performed in
an acute setting especially to diagnose secondary TOA or
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multiple abscesses after perforation of TOA. Other
indications for CT include assessment of fever and pain
of uncertain origin. CT serves also as guidance for
percutaneous abscess drainage.

Interventional Radiological Treatment

Image guided drainage of TOA refractory to 24-48 h of
intravenous antibiotic treatment is a safe alternative to
laparoscopy (1). Technique and approach depend on the
location and size of the TOA and the local expertise (5).
Lesions with deep pelvic location are best treated by a
transvaginal approach. Alternative approaches guided by
ultrasonography and more commonly by CT use a
transabdominal or transgluteal route (Fig. 4). In lesions
up to 3—4 cm in diameter, and in unilocular abscesses
needle aspiration, which often requires a series of
interventions, is usually performed. If an access is
possible, in larger TOA, especially if they are multi-
loculated catheter drainage by trocar or Seldinger
technique is usually performed.

b

Abscess Tubo-Ovarian. Figure 4 CT guided drainage of
a pelvic abscess. Pelvic abscess involving the adnexa
developed as complication of pelvic surgery. The large left
cystic lesion containing fluid and air was drained via a
transgluteal parasacral approach. The abscess is shown
before (a) and after opacification (b) through the drainage.
Rectal opacification was performed before the procedure.
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Accessory Biliary Ducts

Their occurrence in general population has been esti-
mated ranging from 2% to 5%. These ducts may extend
from the liver parenchyma toward different structures
(gallbladder, common hepatic duct, cystic duct, or the
common biliary duct).

» Congenital Malformations, Liver and Biliary Tract

[
Accessory Spleen

Accessory spleens are masses of additional splenic tissue.
They represent by far the most common congenital
abnormality of the spleen. Accessory spleens are round
small masses that resemble splenic structure. They may be
located anywhere in the abdomen, but the most common
sites are near the splenic hilum and the tail of the
pancreas. Intrapancreatic accessory spleen can mimic a
neoplastic mass. Other possible locations are along the
splenic vessels, in the gastrosplenic and splenorenal
ligaments, in the mesentery, and in the omentum. Any
accessory splenic tissue may become hypertrophic. When
splenectomy is performed for hypersplenism, hypertrophy
of an accessory spleen may cause recurrent disease. Ectopic
splenic tissue may mimic neoplasms and lymphadeno-
pathies. Ectopic splenic tissue shows imaging features
identical to those of the normal spleen at US, CT, and MR.
The enhancement pattern, especially the characteristic
inhomogeneity in the arterial phase, is very specific. The
use of a wide number of different MR sequences increases
the confidence in diagnosis. MR reticuloendothelial-
targeted contrast media can confirm the splenic nature of
the mass. 99m-Technetium sulfur colloid scintigraphy and
99m-technetium-labeled heat-damaged red blood cells
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represent the most specific imaging techniques to confirm
the presence of functioning splenic tissue.
» Congenital Abnormalities, Splenic

| Accidental Clinical Findings

» Incidental Neuroradiological Findings

|
Acetabular Fractures

The most common mechanism for acetabular fractures is
motor vehicle accidents. These fractures are often
associated with pelvic ring fractures, femoral head
fractures, and hip dislocations. The most widely used
classification system for acetabular fractures is the Judet—
Letournel system. This system describes basic injuries to
the acetabulum as column, rim, and transverse fractures
as elementary fractures (see Pelvic Fractures). Five
additional combinations of these elementary fractures
are described and are classified as associated injuries.
Most acetabular fractures require surgery to maintain the
congruency of the hip joint. The most common long term
complication is degenerative joint disease.

» Fractures, Pelvis

|
Achalasia

» Oesophageal Disease, Childhood

| Achondroplasia

The most common enchondrally slowed systematic short
stature dysplasia. A mutation in the FGFR3 gene is
responsible. Its “family” includes the more severe thana-
tophoric dysplasia and the less severe hypochondroplasia.
» Osteodysplasia

[ . . .
Acinar Cell Carcinoma, Pancreatic

Acinar cell carcinoma is a malignant epithelial tumor with
acinar differentiation. It is uncommon, accounting for
1-2% of all exocrine pancreatic tumors. These tumors
tend to reach a large size at presentation and frequently
have multiple areas of hemorrhage and necrosis or cystic
degeneration. Typical microscopic findings include a
gross lobulation of markedly cellular tissue by fibrous
strands. In most tumors acinar areas alternate with tra-
becular and solid formations. A capsule often surrounds
these tumors. Vascular infiltration and other adjacent
structures invasion are frequent. Typical clinical pre-
sentation is related to increase of lipase and includes
subcutaneous fat necrosis, rash, polyarthralgias, and
eosinophilia. An association with elevated serum alpha-
fetoprotein and carcinoembryonic antigen levels has been
reported, a unique feature among the pancreatic exocrine
tumors. At imaging, most of these tumors appear as a well
circumscribed, homogenous or heterogeneous mass with
minimal biliary obstruction. Areas of necrosis and
hemorrhage can also be seen. CT scans show an intense
enhancement during the arterial phase correlating with
the hypervascular nature of these tumors. More than half
of the patients with acinar cell carcinoma present with
metastases at the time of diagnosis; the prognosis of this
tumor is usually better than that of adenocarcinoma, but
worse than islet cell tumors.

» Carcinoma, Pancreatic

' ACKD

» Acquired Cystic Kidney Disease

| ACKD, Differential Diagnosis

The most difficult differential diagnosis of acquired cystic
kidney disease (ACKD) is the presence of multiple simple
cysts. The size of the cysts and their location are not
helpful to differentiate between the two diseases. When
the renal function is preserved, the diagnosis is likely to be
ACKD, but multiple renal cysts can be found in patients
with chronic renal failure.

In medullary cystic disease, cysts are small and strictly
located within the medulla.




18 Acoustic Standoff Pad

At the moment of diagnosis of ACKD, the size
of the kidneys is normal or reduced, in contrast to
autosomal dominant polycystic kidney disease (ADPKD).
In ADPKD, the renal cysts are much bigger than in ACKD,
as they typically exceed 5 cm. Cysts can be detected in
other locations such as the liver, the spleen, and the
pancreas.

Other diseases such as von Hippel Lindau and tuberous
sclerosis are easily ruled out with the context (family cases),
the presence of associated tumors (hemangioblastoma
of the central nervous system, pheochromocytoma,
pancreatic cysts, or angiomyolipoma).

» Cystic Renal Disease, Acquired

| Acoustic Standoff Pad

Sonolucent gel pad enabling examination of the skin and
immediately underlying structures within the optimal
short-axis focal point of the transducer.

» Cutaneous Lesions, Breast

| Acquired Cystic Kidney Disease

The development of multiple renal cysts in patients with
end-stage renal disease, before or after starting dialysis,
without hereditary cystic disease.
» Cystic Renal Disease, Acquired

| Acquired Hyperostosis Syndrome

» Spondyloarthropathies, Seronegative

|
Acquired or Secondary
Hemochromatosis

» Hemochromatosis, Skeletal

' ACR

American College of Radiology.
» Calcifications, Breast

' ACR Type

The American College of Radiology (ACR) type refers to
different parenchymal densities of the breast, implying a
more or less high diagnostic accuracy.

» BI-RADS, Lexicon

|
Acral Osteolysis

Acral osteolysis is a feature of systemic scleroderma and is
accompanied by soft tissue fading of the finger tips. The
differential diagnosis consists of hyperparathyroiditis,
arteriosclerosis obliterans, freezing, burns, epidermolysis
bullosa, and pycnodysostosis.

» Connective Tissue Disorders, Musculoskeletal System

|
Acromegaly
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Synonym

Gigantism

Definitions

Acromegaly (from Greek akros “end” and megalos
“large”-extremity enlargement) is a very rare disease
(annual incidence: 3.4/1,000,000 and prevalence: 60/
1,000,000) characterized by chronic growth hormone
(GH) and insulin-like growth factor-I (IGF-I) excess
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caused by a pituitary chromophobic or eosinophilic
adenoma (usually macroadenoma), rarely by ectopic
production of growth hormone (tumors of pancreas,
lungs and adrenal glands) or somathotropin-releasing
hormone. These tumors either produce GH or growth
hormone releasing hormone (GHRH), which stimulates
the pituitary gland to produce GH.

Several rare hereditary syndromes may also cause
acromegaly: multiple endocrine neoplasia (MEN1),
McCune-Albright syndrome, Carney syndrome, and
familial acromegaly.

The rate of GH production and the aggressiveness of
the pituitary tumor vary from patient to patient; more
aggressive tumors are seen in younger patients.

Acromegaly most commonly affects middle-aged
adults (30-40 ages). When GH-producing tumors occur
in childhood, before closure of the cartilage epiphysis, an
excessive growth of the entire skeletal system results. This
condition is called gigantism.

Acromegaly can result in serious illness and premature
death, in fact the acromegalic patients have a reduced life
expectancy, with a two-to-four-fold increased mortality
rate. Life expectancy for inadequately treated patients is
approximately 60 years. The duration of symptoms before
diagnosis, older age at diagnosis, duration of disease, and
presence of diabetes, hypertension, and cardiovascular
disease are other factors associated with increased
mortality. A decrease in the level of GH to <2.5 pg/L
reduces mortality.

Pathology/Histopathology

The most common (98%) acromegaly is a well-
encapsulated, benign GH-secreting adenohypophysial
adenoma. Most pituitary tumors arise spontaneously
and are not genetically inherited, but result from a genetic
alteration in a single pituitary cell. The mutation occurs in
a gene that regulates the transmission of chemical signals
within pituitary cells, permanently switching to “on”
the signal for cell division and secrete GH. Multiple
genetic alterations probably cooperate in the progression
toward neoplastic transformation and tumor growth. The
most important oncogenes and tumor suppressor genes
implicated in the pathogenesis of acromegaly are: onco-
genes (gsp (GNASI1), H-ras, and pttg) and tumor
suppressor genes (Menl, pl6INK4a (CDKN2 or MTSI).
Hypothalamic disorders, including aberrant GH-releasing
hormone (GHRH) secretion, are being discovered (1).
However the fundamental intrinsic defect initiating
somathotroph adenoma formation remains unknown (2).

The effects of GH are mediated primarily through the
hepatic production of IGF-1 (or somatomedin C). The
liver is the main source of circulating IGFE, even though

there is physiologically important production in other
tissues with various autocrine and paracrine functions (3).

IGF-1 acts on a variety of tissues to stimulate
proportional body growth. A number of nonhepatic
tissues produce IGF-1, including smooth muscle, skin,
lung, bone, and cartilage. GH acts directly on bone
to promote differentiation of specific precursor cells;
promotes IGF-1 production, which stimulates clonal
expansion of the differentiated bone cells; the physiolo-
gical effect of GH is lipolytic in mature adipocytes. GH
decreases body fat by increasing the hydrolysis of
triglycerides, releasing free fatty acids and glycerol while
decreasing free fatty acid re-esterification. Another major
target of GH action is muscle, where GH enhances amino
acid uptake and nitrogen retention (4).

The excess of GH and IGF-1 results in: osseus
enlargement (phalangeal tufts and vertebrae); flared ends
of long bones; cystic changes in carpal bones; femoral
trochanters; »osteoporosis; spade-like hands; prognath-
ism (elongation of mandible) in a few cases; sellar
enlargement and erosion; enlarged paranasal sinus
(especially frontal: 75%); calvarial hyperostosis (especially
inner table); enlarged occipital protuberance; posterior
scalloping vertebrae (30%), anterior new bone formation
of vertebrae and the loss of disc space; heel pad >25 mmy;
and premature osteoarthritis (most common: knees). GH
has profound effects on linear bone growth, bone
metabolism, and bone mass (5).

Clinical Presentation

Symptoms of acromegaly depend on how long the patient
has had the disease. Soft tissue swelling of the hands and
feet is often an early feature (acral enlargement), with
patients noticing a change in ring or shoe size. Gradually,
bony changes modify the patient’s facial features: the brow
and lower jaw protrude, the nasal bone enlarges, and
spacing between teeth increases. Overgrowth of bone and
cartilage often lead to arthritis. When tissue thickens, it
may trap nerves, causing carpal tunnel syndrome,
characterized by numbness and weakness of the hands.
Other symptoms of acromegaly include thick, coarse, oily
skin; skin tags; enlarged lips, nose and tongue; deepening
of the voice due to enlarged sinuses and vocal cords;
snoring due to upper airway obstruction; excessive
sweating and skin odor; fatigue and weakness; headaches;
and impaired vision. Endocrine disturbances such as
decreased libido, menstrual abnormalities, galactorrhoea
in women, and impotence in men may also be found.
There may be enlargement of organs, including
the liver, spleen, kidneys, and heart. The most serious
health consequences of acromegaly are diabetes mellitus,
hypertension, and increased risk of cardiovascular
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disease (cardiomegaly, premature coronary artery disease,
arrhythmias, and heart failure).

Recent studies suggest that acromegaly may increase
the risk of benign and malignant neoplasms, thus
influencing the final outcome of the disease. The exact
mechanism is unknown, but several studies indicate an
important role is played by GH and IGF-1 in the tumor-
genesis and mitogenesis in many neoplastic tissues. These
studies also indicate that these hormones have an
autocrine—paracrine role in the proliferation of normal
and neoplastic cells. Patients with acromegaly are in fact at
increased risk for developing neoplasia of colon, breast,
prostate, and lung (3).

Imaging

A lateral radiograph of the skull demonstrates an enlarged
sella turcica. At earlier stages of disease osteophytes
may be found along with a paradox widening of joint
space due to cartilage proliferation. At later stages, the
radiographic features of joint involvement are joint space
narrowing bone sclerosis, cyst formation, and osteophy-
tosis. These features resemble the changes of primary
» degenerative joint disease. Acromegaly can result in
periosteal bone formation, leading to the widening of
osseus structure and enlargement of soft tissues, par-
ticularly in the hands, feet, and lower jaw. Other
features include: enlargement of costochondral junctions,

thickening of intervertebral discs, mandibular enlarge-
ment, thickening of the cranial vault (Fig. 1), prominence
of the supraorbital ridges and facial structure, and cortical
thickening of tubular bones.

Nuclear Medicine

No typical diagnostic findings.

Diagnosis

Although the disease is uncommon, it is believed to be
widely under diagnosed due to its insidious nature and a
general low level of disease awareness in the medical
community. As a result, despite the well-described
features of the syndrome, patients often live with active
disease for up to 10 years before a diagnosis is made (6).

A 2-step screening is recommended if there is a
suspect of acromegaly. To confirm the diagnosis,
measurements of GH and/or IGF-1 levels can be taken.
Since the concentration of GH may vary over time and a
patient with acromegaly may have a normal GH level at
any time, the most accurate measurement of GH is
obtained when the hormone is normally suppressed.
Thus, an oral glucose tolerance test is recommended to
diagnose acromegaly. A physiological decrease in GH is
observed after the ingestion of glucose. This is not the case

Acromegaly. Figure 1

A.p. and lateral cranial radiographs of a 66-year-old woman. Diffuse thickening of the skull with

signs of internal hyperostosis (predominately of the frontal region) can be seen. The sella turcica appears enlarged,

hyperpneumatization of the maxillary and sphenoidal sinuses, hypertrophy of the external occipital proturbance, complete

dental loss associated with alveolar atrophy, enlargement of the mandible and osteoporosis of the cervical vertebrae

are also present.
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for patients with acromegaly. The IGF-1 level in the blood
is increased and is more stable over the course of the day
than GH levels. After a diagnosis of acromegaly has been
made it is necessary to proceed by locating the pituitary
adenoma using CT and/or MRI If these exams are
negative, a nonpituitary tumor of the chest, abdomen, or
pelvis may be the cause of GH production.

During follow-up, it is important to obtain serial
photographs taken over years to observe physical changes
in the patient; blood tests to check the growth hormone
and IFG-1 levels; and it is important to follow the skeletal
effects of chronic GH excess by evaluating bone mineral
density (7).

A series of diagnostic tests are also necessary to define
the complications caused by the disease.
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Acromegaly

The differential diagnosis of acromegaly includes a several
heterogeneous disorders; among them the most impor-
tant ones are degenerative joint disease, secondary
hypertrophic arthropathy, osteoporosis and Paget’s dis-
ease. In most cases, the different diagnostic imaging
modalities are able to make the diagnosis.

» Important Differential Diagnoses

| Activatable Probe

» Molecular Probes, Optical Probes

|
Active Targeting

Active targeting (specific targeting) requires modification
of the bubble shell to allow selective binding to cellular
epitopes or receptors of interest. In general, specific USCAs
consist of stabilized microbubbles as signaling moiety and
shell-surface-bound ligands (such as antibodies, peptides,
polysaccharides, or aptamers) as binding moiety.

» Targeted Microbubbles

| Acute Abdomen

Acute Abdomen can be defined generally as an intraab-
dominal process causing severe abdominal pain and often
requiring surgical intenvetion. There are different causes
of an acute abdomen. Leiomyomas especially when they
ruptured may present as an acute abdomen. It is a
condition that requires immediate judgement or decision
as to management.

| Acute Abdomen, Genital Causes

Patrick R. KNUSEL

Institut fiir Radiologie,

Kontonsspital Baden, Baden, Switzerland
patrick.knuesel@ksb.ch

Synonyms

Acute abdominal pain, Abdominal cramps, Peritonitis

Definition

The acute abdomen is a frequently encountered clinical
finding with a variety of possible etiologies. This chapter
highlights the most frequent genital pathologies that may
cause an acute abdomen.

Genital causes of an acute abdomen include compli-
cations of lelomyoma, uterine rupture, adnexal torsion,
hemorrhagic cyst, ruptured dermoid cyst, ovarian hyper-
stimulation syndrome, pelvic inflammatory disease
(PID), endometriosis, extrauterine gravidity (EUG),
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uterine perforation, ovarian vein thrombosis, endome-
tritis, and HELLP syndrome.

Placental abruption and postpartal hematoma are
among the most common obstetrical causes of acute
abdomen. Imaging may play a role in defining the extent
of hematoma. However, in most cases, the clinical
presentation is straightforward and therefore no further
details are discussed here.

Rarely, genitourinary tuberculosis may present as an
acute abdomen (1) due to peritonitis, but tuberculosis is
usually known from the patient’s history. This condition
is not further discussed here, but should be kept in mind
in the appropriate clinical setting.

Pathology/Histopathology

Uterine Causes

Fibroids, or leiomyomas, are the most common benign
tumors in the female pelvis, having been reported in
25-40% of women over 35 years of age. They are classified
according to their localization as submucosal, intramural,
subserosal, and extrauterine (i.e., mostly broad ligament).
Leiomyomas may undergo hyaline degeneration and show
varying degrees of liquefaction. Hyaline degeneration or
necrosis typically gives fibroids a more cystic appearance.
Malignant sarcomatous transformation has been described
as a rare condition. Only 10% of leiomyomas show
calcifications. Submucosal, subserosal, and extrauterine
leiomyomas may be pedunculated and therefore may
undergo torsion of the pedicle with subsequent infarction,
degeneration, necrosis and, ultimately, suprainfection.

In pregnancy, red degeneration of leiomyomas is
known to show symptoms of acute pelvic pain with
labor-like contractions. This occurs when a fibroid’s arterial
blood supply is insufficient, causing it to turn red because
of infarction. It can also happen outside of pregnancy, but
it usually occurs during midterm pregnancy.

Uterine rupture is mostly a peripartum complication
after spontaneous delivery or cesarean section. Pregnant
women with previous cesarean section are more prone to
uterine ruptures. Perforation of the uterus may also result
from dilatation and curettage.

Adnexal Causes

Adnexal torsion is considered a partial or complete
rotation of the ovary, the ipsilateral fallopian tube, or
both around the axis of their vascular pedicle. As a result,
untreated torsion may result in vascular compromise
progressing from venous stasis and edema to arterial
occlusion and finally gangrenous and hemorrhagic
necrosis with increasing severity and duration of torsion.

In addition, secondary infection and peritonitis or
rupture as well as concomitant hemoperitoneum may
occur, particularly in patients presenting late. Accord-
ingly, immediate adnexectomy is mandatory. If adnexal
torsion is diagnosed and treated in time, the ovary can
possibly be salvaged surgically by untwisting the pedicle
and resecting the cyst or tumor.

Ipsilateral ovarian neoplasia or cysts are associated
with 50-81% of cases of adnexal torsion (2), but torsion
can also be spontaneous, particularly in children. The
most frequent neoplastic association in young women and
girls is teratoma.

Hemorrhagic cysts are known to occur spontaneously
or following trauma to a follicular or corpus luteal cyst. If
there is cyst rupture, the resulting hemoperitoneum can
be life-threatening, especially in patients undergoing
anticoagulation therapy.

Dermoid cysts or mature (cystic) teratomas are
considered to derive from the ecto- and mesoderm that
contain fat and may contain any combination of sebaceous
glands, hair, teeth, and even thyroidal stroma. Although
rare, rupture of such a cyst results in hemoperitoneum and
chemical peritonitis.

Ovarian hyperstimulation is usually iatrogenic and is
the most feared complication in gonadotropin therapy for
infertility. However, spontaneous cases also occur in
pregnancy. The syndrome includes rapid weight gain,
ascites, pleural effusions, intravascular volume depletion
with hemoconcentration, and oliguria.

Pelvic Inflammatory Disease

PID is the most common cause of acute pelvic pain in
women and imaging findings vary with the stage of
disease. It affects sexually active girls and women. Most
cases result from ascending infection, usually a mixture of
anaerobic and aerobic organisms. Women are more prone
to be affected by adnexitis shortly after menstruation,
abortion, or gynecologic instrumentation. Most infec-
tions are ascending and bilateral. Unilateral affection has
been observed in women with intrauterine contraceptive
devices (IUDs ). Descending spread most often results in
appendicitis, ileitis, or diverticulitis.

Tubo-ovarian abscess (TOA) is the complication of a
persistent or relapsing adnexitis. Ovarian parenchyma is
usually preserved. Pure ovarian abscess usually occurs
only in complicated pelvic surgery.

An ascending PID may lead to inflammation of the
liver capsule or diaphragm (Fitz-Hugh-Curtis syndrome).
The patient reports right upper quadrant pain. The spread
of bacteria (Chlamydia trachomatis, Neisseria gonor-
rhoeae) from the pelvis to the liver capsule most likely
results from the circulation of abdominal fluid over the
right paracolic gutter.



Acute Abdomen, Genital Causes 23

Endometriosis

Endometriosis results from the implantation of functional
endometrium outside the uterus. A spectrum of small
endometriotic implants to large cysts (“chocolate cysts” or
endometriomas) may be seen. Endometriosis primarily
affects women during their reproductive years. The
prevalence of this important gynecologic disorder is
estimated to be 5-10%. Retrograde menstruation, lympha-
tic spread, hematogenous spread, and coelomic metaplasia
are some theories of potential pathogenesis in endome-
triosis. The most common implantation sites are the
ovaries, cul-de-sac, and uterine ligaments. Rare locations
also include the colon (sigmoid), small intestine, and ureter.

Extrauterine Gestation (EUG or Ectopic
Pregnancy)

EUG occurs in interstitial (cornual), cervical, and intra-
abdominal sites. However, the isthmic or ampullary
portions of the fallopian tube are the most frequent
locations. The physiologic needs for the normal develop-
ment of a fetus are not provided outside of the uterus,
resulting in fetal demise. The most feared complication is
rupture of the gestational sac, which often results in
intraperitoneal hemorrhage. Ectopic pregnancies consti-
tute 9% of all pregnancy-related deaths in the first
trimester [USA: National Center for Health Statistics
(NCHS), 1994]. Another rare complication of early
pregnancy is septic abortion with peritonitis.

Postoperative or Peri- and Postpartum
Complications

Ovarian vein thrombosis (synonym ovarian thrombophle-
bitis) is an uncommon but potentially serious disorder
associated with a variety of pelvic conditions, most
notably recent childbirth. Nonpuerperal ovarian vein
thrombosis is infrequent but associated with contra-
ceptive medication.

Venous stasis and hypercoagulability are common in
the immediate postpartum period. Other conditions
associated with hypercoagulability include recent surgery,
trauma, malignancy (treated with chemotherapy), and
Crohn’s disease. In 80-90% of cases, ovarian thrombosis
occurs on the right side. If complicated by infection,
ovarian thrombosis becomes a serious condition. Sepsis
and propagation of thrombosis to the renal and caval
veins with pulmonary embolism may be fatal.

Endometritis is an infection of the endometrium
or decidua, which may extend into the myometrium
and parametrial tissues. Endometritis is divided into
obstetric and nonobstetric types. After vaginal delivery,
1-3% of patients develop endometritis. In nonobstetric

endometritis precedent instrumentation, PID, or cervical
stenosis may be the cause.

HELLP is an acronym (hemolysis, elevated liver
enzymes and low platelets) given to a syndrome occurring
in 4-12% of preeclamptic patients. Pathologic intravascular
coagulation results in end-organ damage in the peripartal
period. The associated morbidity and mortality are high.
Major complications include placental abruption, acute
renal failure, and cerebral hemorrhage. The most common
serious intra-abdominal complications include hepatic
hemorrhage with infarction and/or rupture. Histopatholo-
gic examination demonstrates small vessel fibrin deposits,
periportal hemorrhage, and hepatocellular necrosis.

A pelvic abscess may be the result of a descend-
ing infection such as appendicitis, psoas abscess, or
diverticulitis. An iatrogenic abscess may occur after
genital and nongenital operative procedures in the pelvis
(e.g., hysterectomy, Wertheim procedure, sigmoidectomy,
etc.). Regarding genital causes of acute abdomen, only
TOA is further discussed in detail.

Clinical Presentation

The age of the patient and exclusion of pregnancy are the
first criteria to be considered in narrowing down the
differential diagnosis. Most of the genital causes of acute
abdomen have similar presenting symptoms. Pelvic pain,
nausea, vomiting, tenderness, and peritoneal signs are
nonspecific findings that make a straightforward clinical
diagnosis difficult. In general, a rapid onset of pelvic pain is
likely to be caused by a ruptured tumor (e.g., cyst, teratoma,
TOA), tubal abortion, ruptured EUG, torsion (e.g., ped-
unculated myoma, adnexal torsion), or infarction/necrosis
(e.g., red degeneration). A colicky type of pain is typical for
adnexal torsion. Tumor, infection (salpingitis, TOA), EUG,
or ovarian hyperstimulation are characterized by a slower
onset. Acute pain and vaginal bleeding indicate a uterine or
adnexal origin as in pedunculated submucosal or torsed
leiomyoma, EUG, red degeneration, placental abruption, or
postpartal complications (e.g., uterine rupture, postpartal
hematoma). Red degeneration and placental abruption
present with uterine contractions and can lead to early
labor or miscarriage.

Severe hypotension with hemodynamic shock may
occur after rupture, especially with concomitant coagula-
tion disorders such as HELLP syndrome.

Fever and/or leukocytosis suggest infection (e.g., PID,
endometritis) but are also frequently observed in torsion
(necrosis) and ovarian thrombosis (“thrombophlebitis”
with evolving sepsis).

If the patient presents with right upper quadrant pain
and a history of PID, Fitz-Hugh-Curtis syndrome should
be considered.
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Endometriosis has been reported in asymptomatic
women undergoing laparoscopic tubal ligation, as well as
in 20% of women with infertility and 24% with pelvic
pain (3).

Involvement of the gastrointestinal tract may result in
catamenial diarrhea, rectal bleeding, or constipation.
Flank pain, pleuritic chest pain, and cyclic headaches are
other symptoms associated with atypical implant loca-
tion. Rarely, endometrial cysts can rupture and present
with symptoms of an acute abdomen.

Imaging

In general, conventional radiographs (CR) are not suited
for a definite diagnosis of genital causes in acute
abdomen, but are often performed to exclude other
conditions and to evaluate important findings such as free
air, bowel obstruction, bowel perforation, or obstipation.
Therefore, in this chapter CR findings are only mentioned
when specific findings are relevant.

In premenopausal women, pregnancy must be
excluded before X-ray based-examinations (CR or CT)
are performed. As in children, sonography (US) is usually
the first imaging study of choice. Transabdominal US is
well-suited for characterizing processes in the upper
abdomen or pelvis and may be followed by transvaginal
US (TVUSY) to further limit or delineate pathology. Due to
its inherent high soft tissue contrast, magnetic resonance
imagine (MRI) is the most sensitive and specific examina-
tion for pelvic imaging. MRI without gadolinium contrast
enhancement is the cross-sectional modality of choice
in pregnant woman (relative contraindication in first
trimester). If pregnancy is excluded or in life-threatening

Acute Abdomen, Genital Causes. Figure 1

situations, computed tomography (CT) may be considered
initially in the setting of an acute abdomen.

Complicated Leiomyoma

US or TVUS is usually diagnostic, particularly if one or more
rounded masses of the uterus show iso- or slightly hypo-
echoic signal. Hyperechoic signal suggests hemorrhage
(“red degeneration”) or calcification if there is dorsal
acoustic shadowing. Calcification is uncommon, seen only
in 10% ofleiomyomas, but very specific. Large degenerated
fibroids may appear cystic.

In CT, fibroids are mostly found incidentally and con-
tour deformity is the most common finding. Leiomyomas
in general show inhomogeneous contrast enhancement
and, depending on the degree of degeneration and
necrosis, areas of diminished contrast enhancement and
low attenuation. The latter is typical for torsion of a
pedunculated leiomyoma with infarction (4).

In MRI, uncomplicated fibroids show homogeneous
hypointense signal, whereas degenerating leiomyomas
show a hyperintense signal on T2-weighted imaging
(T2-WI) and sarcomatous transformation typically shows
contrast enhancement in addition. A typical pattern is
described in red degeneration where fibroids display
a hyperintense rim on T1-WI and hypointense rim on
T2-WIL These findings correspond with numerous dilated
vessels filled with red blood cells at the periphery of the
lesion. The signal characteristics of the rim are best
explained as an effect of abundant intracellular methe-
moglobin in these vessels (5).

Patients present with an acute onset of localized lower
abdominal pain. Patients may experience vomiting and/or a
low-grade fever. Red degeneration usually occurs in pregnant
patients between 12 and 20 weeks of gestation (Fig. 1).

T2-WI MR in (a) sagittal and (b) coronal planes: pregnancy with fetus in utero

and below adjacent, hyperintense, cystic mass corresponding to a necrotizing uterine leiomyoma, probably due to red

degeneration.
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Uterine Perforation

US, CT, and MRI are all adequate for showing
discontinuity of the uterus and hemorrhage. CT and
MRI are better suited at depicting a distended postpartal
uterus because of their larger field of view.

Adnexal Torsion

Doppler US is the study of choice for adnexal torsion. US
findings have been described well (2) and include ascites,
an enlarged ovary with peripherally distributed follicles,
an associated cyst or mass, and lack of central parench-
ymal vascularity.

CT and MRI are useful additional imaging modalities
when US findings are nonspecific or for preoperative
planning.

Common CTand MRI findings include fallopian tube
thickening, smooth wall thickening of the torsed adnexal
cyst, ascites, an enlarged ovary displaced form its anatomic
location (Fig. 2), and uterine deviation to the torsed side.

If unenhanced CT is performed, hemorrhagic infarc-
tion, hemorrhage into a cystic mass, or hemoperitoneum
may be considered if attenuation exceeds 50 HU. After
intravenous contrast medium administration, lack of
enhancement is observed in hemorrhagic infarction.

In addition to CT findings, MRI is able to nicely
depict fat-containing tumors (e.g., teratoma) with fat-
suppressed TI-WI or in-phase and opposed-phase
sequences, alternatively. In MRI, small areas of hemor-
rhage are discerned as T2-WI low and T1-WI high signal
intensities, whereas large hemorrhagic areas usually show
intermediate to low signal.

According to a study by Rha and coworkers (2), ascites
was found in adnexal torsion with and without hemor-
rhagic infarction, whereas hemoperitoneum always ac-
companied infarction.

If the diagnosis is uncertain, diagnostic laparoscopy
can be done.

(Ruptured) Hemorrhagic Cyst

US can help detect the presence of fluid in the cul-de-sac.
CT and MRI may be helpful in ruling out active bleeding
or other causes of free fluid in the abdomen. Hemoper-
itoneum or hemorrhagic cysts may be better demon-
strated by CT (Fig. 3) or MRIL.

Ruptured Dermoid Cyst (Teratoma)

CR may show calcifications, particularly teeth-like
structures, which are highly specific for mature teratomas.
In CT or MRI, a heterogeneous pelvic mass with various
amount of fat density or fat signal in young female
patients is pathognomonic (see example in Fig. 4). In
ruptured teratomas, considerable ascites results from
chemical peritonitis.

Ovarian Hyperstimulation

US, CT, and MRI show similar findings of bilateral
ovarian enlargement due to numerous distended corpora
lutea cysts of varying sizes. Cysts are typically located in
the periphery of the stromal ovarian tissue resulting in the
classic “wheel spoke” sign. Another key finding is rapid
accumulation of ascites in the abdomen and variable
pleural effusions (Fig. 5). Diagnosis is usually made
clinically and may be confirmed by US, especially in order
to evaluate for drainage of peritoneal fluid.

Pelvic Inflammatory Disease

In uncomplicated acute salpingitis, CR, US, and CT
findings are usually normal or demonstrate a small
amount of fluid in the cul-de-sac. A pyosalpinx may be
seen as a tubular fluid-containing structure with thick-
ened walls. With progression to TOA, CT findings often
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Acute Abdomen, Genital Causes. Figure 2 Six-year-old girl with right-sided ovarian torsion. T2-WI MR in (a) coronal and
(b) sagittal planes with enlarged right ovary (open arrow) displaced form its anatomic location to a more medial and cranial
position. Multiple small excentric cysts but no specific signal changes indicating infarction or necrosis are present.

Thickened and contorted vascular bundle is shown in the coronal plane (arrows). Small peritoneal fluid collection.
(c) Macropathologic specimen shows a twisted vascular bundle and hemorrhagic infarction of ovarian parenchyma.
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Acute Abdomen, Genital Causes. Figure 3 A 24-year-old nonpregnant woman with acute deep right pelvic pain. (a) axial

and (b) coronal reformatted CT images illustrate a hypodense cystic mass with some irregular, ill-defined hyperdense

borders (open arrows) as well as a normally contrasted uterus and urinary bladder ventrally. Concomitant free fluid
(arrowheads) shows a slightly higher density than the urinary bladder and is, therefore, suggestive of hemoperitoneum.

Acute Abdomen, Genital Causes. Figure 4 Teenage
female patient with nonruptured typical appearance of a
teratoma (dermoid cyst) containing calcified teeth (arrow),
fatty (arrowhead) and low density components, as well as
some enhancing parenchyma of the right ovary. If fat is
present in a ruptured ovarian lesion with accompanying
ascites, a ruptured teratoma must be considered.

include thick-walled, low-attenuation adnexal mass or
masses with internal septations (demonstrated in Fig. 6¢).
An associated serpiginous structure may be found,
corresponding to a dilated, pus-filled fallopian tube (4).
CR is usually unspecific, but may show gas-containing
pelvic mass. US shows a cystic, hypoechoic adnexal mass
with irregular contours and irregular thickened walls.
Fluid is mostly demonstrated in the cul-de-sac and an
increasing amount of fluid indicates rupture. MRI of a
TOA depicts a mass with low signal intensity on T1-WI and
heterogeneous high signal intensity on T2-WI (Fig. 6a, b).
A thickened wall and “stranding” of the pelvic fat is well
enhanced after contrast.

In Fitz-Hugh-Curtis syndrome, perihepatic adhesions
or fluid may be seen in US. CT and MRI findings may help
delineate a loculated perihepatic peritoneal collection.
Diagnostic laparoscopy remains the gold standard.

Endometriosis

Laparoscopic exploration remains the gold standard for
the diagnosis of endometriosis. Although variable, more
or less specific findings of endometriosis can be found.
Sonography, especially transvaginal US, can depict cystic
changes, whereas implants and adhesions remain un-
detectable. Low-level internal echoes and echogenic small
wall foci are more specific findings for endometriomas.
Unilocular and multilocular forms (with septations) are
also described (4).

However, functional or hemorrhagic ovarian cysts,
dermoid cysts, and cystic neoplasms are the usual
overlapping entities in US and CT. Findings are variable,
from a rather solid to a rather cystic mass, and therefore
nonspecific.

MRI is reported to be more specific for endometrial
cysts, but adnexal masses may remain difficult to
differentiate at times. An endometrioid lesion typically
demonstrates a T1-WI high signal without signal loss
in fat-saturated T1-WI sequences. Classically, T2-WI
sequences show signal loss, so-called shading. This
phenomenon results from cystic bleeding and resultant
methemoglobin and/or protein content.

Bilaterality and multiple lesions are ancillary findings
that support the diagnosis with any imaging modality.

Extrauterine Gravidity

Transabdominal or transvaginal US is recommended in all
studies. Findings in ectopic pregnancy include the follow-
ing: live extrauterine embryo, absence of an intrauterine
gestational sac, free fluid (particularly hemorrhagic) in the
pelvis or peritoneum, adnexal mass, hematosalpinx,
adnexal ring sign and a “ring-of-fire” sign on color Doppler
image, and absence of low-resistance endometrial arterial
flow. In contrast, an endometrial color Doppler finding is
highly suggestive of intrauterine pregnancy.
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Acute Abdomen, Genital Causes. Figure 5 Ovarian hyperstimulation syndrome. Axial (a) and coronal (b) plane of the
pelvis with bilateral cystic enlargement of both ovaries (arrows) with ascites in the context of in vitro fertilization.

(c) Transabdominal sonography of the right ovary demonstrates large cysts around a starlike parenchymal center
(“wheel spoke” sign: dashed lines) and anechoic ascites (arrowheads). Uterus (U).

Acute Abdomen, Genital Causes. Figure 6 Tubo-ovarian abscess. T2-WI MR (a) shows a cystic right adnexal mass with

wall-thickening (arrow) and high signal internally (x). Small rim of free fluid (open arrows). Fat-suppressed T1-WI sequence

after intravenous contrast (b) depicts thick-walled cystic structure with high signal due to peripheral contrast enhancement

of the abscess and low signal internally (x). Note also contrast enhancement of the surrounding pelvic fat (arrowheads).
Contrast-enhanced CT also demonstrates abscess with enhancing, thickened walls and low-density fluid and septations in

the center (x). Transabdominal US (d) shows internal septations and anechoic fluid.

CT is generally contraindicated in these cases due to
the potential of a viable pregnancy and the typically
nonspecific findings.

MRI findings suggestive of an ectopic pregnancy
include a tubal gestational sac, a tubal hematoma with a
ring sign (peripheral hyperintensity on T1-WTI), tubal wall
enhancement, and an adnexal mass with hemorrhagic
fluid in the peritoneum. MRI can additionally delineate
confounding adnexal findings seen on US, such as
follicular or corpus luteum cysts.

Ovarian Vein Thrombosis

US is a useful initial study; however, US is generally
limited due to overlying bowel gas. Color Doppler is
a helpful tool for the assessment of flow in imaged
vessels.

CT and MR findings usually allow a definitive
diagnosis and the exclusion of many other pathologies.
CT findings consist of a tubular structure with wall
enhancement and low-attenuating thrombus in the vein
(Fig. 7).
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Acute Abdomen, Genital Causes. Figure 7 Nonpuerperal ovarian vein thrombosis. Two-dimensional multiplanar
reconstructions in (a) axial, (b) coronal, and (c) sagittal planes show a tubular hypodense thrombus in the thickened right
ovarian vein associated with wall thickening and enhancement (arrow). Right adnexal and parametrial structures are also

ill-defined due to edema.

Endometritis

CT and MRI are the imaging modalities of choice. Small
amounts of fluid or air in the uterine cavity may persist
for several weeks after vaginal delivery. Therefore, the
presence of air is not a specific sign. Enhancing soft tissue
within the cavity is suggestive of retained products of
conception. US may also be an alternative, but is generally
less suited to identifying parametrial inflammation or
extrauterine abscess.

HELLP

US may be the initial imaging method to identify
intrahepatic or subcapsular hemorrhage. However,
contrast-enhanced CT is excellent for excluding active
arterial bleeding and for serial follow-up. MRI is a very
sensitive and specific method for demonstrating sub-
capsular or intrahepatic hematoma as well as areas of
infarction (6).
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Adenosquamous carcinoma, gallbladder
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|
Adenocarcinoma of the Pancreas

» Carcinoma, Pancreatic

| Adenocarcinoma, Gallbladder

Malignant tumor originating from columnar cells of the
gallbladder epithelium. It is the most common primary
malignant epithelial form, with a pattern similar to those
of other bile duct carcinomas.
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Definition

Adenomas of the breast are benign tumors composed of
epithelial cells and sparse, inconspicuous stroma. For

practical purpose, two types are considered: tubular and
lactating adenomas. Both are variants of fibroadenoma
(1, 2). Other types, such as apocrine adenomas,
pleomorphic adenomas, ductal adenomas, and »nipple
adenomas, are very infrequent lesions (3).

Pathology

Tubular adenomas are macroscopically similar to fibroa-
denomas. The lesions are composed of small, round
tubules and little stroma (2).

Lactating adenomas are compact aggregates of lobules
exhibiting secretory hyperplasia (1).

Apocrine adenomas consist of nodular adenosis with
extensive apocrine metaplasia (3).

Pleomorphic adenomas are similar to those found in
the salivary glands.

Ductal adenomas are well-circumscribed benign lesions
that consist of a proliferation of tubules surrounded by
fibrosis and are located, at least in part, inside the duct
lumen (3).

Nipple adenomas are not true adenomas of the breast,
because of its dominant stromal component. These
lesions are located around the collecting ducts of the
nipple.

Clinical Presentation

Tubular adenomas are rare tumors found in young
women, accounting for 0.13 to 1.7% of all benign breast
lesions (3). These adenomas are well-delimited, freely
movable nodules, resembling fibroadenomas.

Lactating adenomas occur during pregnancy or the
puerperal period, and consist of palpable, soft, well-
circumscribed masses (2).

Nipple adenomas usually present as sanguineous or
serous nipple discharge.

The remaining types of adenomas are infrequent
lesions that may present as masses or as nipple discharges.

Imaging

Mammography

Mammographic features of tubular and lactating adeno-
mas are similar to those of fibroadenomas. These lesions
are found as ovoid or lobulated masses with well-
delimited margins if they are surrounded by fat (Fig. 1).
In dense breasts, adenomas may have occult margins or
may be invisible. Calcifications may be observed (4).




30 Adenoma, Breast

Adenoma, Breast. Figure 1 Ovoid, dense mass with
well-circumscribed and obscured margins. Craniocaudal
view (detail). Pathology: »tubular adenoma.

Adenoma, Breast. Figure 2 Ultrasound showing an ovoid,
hypoechoic, solid mass with well-circumscribed margins.
Tubular adenoma.

Ultrasonography

As with fibroadenomas, adenomas are usually hypoe-
choic, homogeneous, well-circumscribed masses with
posterior acoustic enhancement (Fig. 2). However, they
may also be ill-delimited, irregular, heterogeneous masses
with posterior shadowing (5).

Magnetic Resonance

Adenomas, as well as fibroadenomas, may enhance after
the administration of paramagnetic contrast medium.
These lesions may be seen as well-circumscribed masses
with heterogeneous structure and suspicious enhance-
ment curves (Fig. 3).

Nuclear Medicine

Nuclear medicine studies are not indicated for this
pathology.

Adenoma, Breast. Figure 3 Contrast-enhanced magnetic
resonance image of a 32-year-old woman during the
puerperal period. The patient had an infiltrating ductal
carcinoma in the contralateral breast. A round mass with
smooth margins is seen in the right breast, coincident with
a smooth, palpable lesion. Time-signal intensity curve type
3. Pathology: »lactating adenoma.

Diagnosis

The diagnostic approach of tubular adenomas is
similar to that for fibroadenomas. The lesions can be
differentiated from one another only on the basis of a
biopsy.

The diagnosis of lactating adenoma is suspected
clinically when patients present with a palpable mass
during pregnancy or the postpartum period. Ultrasound
is useful in order to differentiate a solid lactating adenoma
from a galactocele. Nevertheless, if the lesion is solid, a
biopsy is indicated to rule out malignancy.

Bibliography

1. Rosen PP (2001) Fibroepithelial neoplasms. In: Rosen PP (ed) Rosen’s
Breast Pathology. Lippincott Williams & Wilkins, Philadelphia,
pp 163-200

2. Schnitt S, Connolly JL (2004) Pathology of benign breast
disorders. In: Harris JR, Lippman ME, Morrow M et al (eds)
Diseases of the Breast. Lippincott Williams & Wilkins, Philadelphia,
pp 77-99

3. Bussolati G, Tavassoli FA, Nielsen BB et al (2003) Benign epithelial
proliferations. In: Tavassoli FA, Devilee P (eds) Pathology and
Genetics of Tumours of the Breast and Female Genital Organs.
International Agency for Cancer, Lyon, pp 81-85

4. Cardenosa G (2001) Lobules. In: Cardenosa G (ed) Breast
Imaging Companion. Lippincott Williams & Wilkins, Philadelphia,
pp 272-279

5. Rosenfield Darling ML, Smith DN, Rhei E et al (2000) Lactating
adenoma: sonographic features. Breast J 6:252-256



Adenoma, Hepatic 31

| Adenoma, Gallbladder

Rare benign tumor originating from the epithelium of the
gallbladder that can be an isolated finding or associated
with familial adenomatous polyposis and Peutz-Jeghers
syndrome. Macroscopically, these lesions appear as
polypoid structures projecting into the gallbladder lumen.
» Neoplasms, Gallbladder
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Definition

Hepatocellular (hepatic) adenoma is a rare, frequently
encapsulated nodular lesion of the liver characterized by
the benign proliferation of liver cells.

Epidemiology

Hepatocellular adenoma occurs predominantly in young
women, more commonly in reproductive age women, who
use oral contraceptives. Though the female:male ratio is
4:1, the incidence of hepatocellular adenoma appears to
have increased in males, because the use of anabolic drugs
has become widespread in sports. In a few patients, the
tumor may present multiplicity (more than ten lesions) in
an otherwise normal liver (liver adenomatosis).

Pathogenesis

The pathogenesis of adenomas is not fully understood.
Clonality studies indicate that this tumor results from
benign proliferation of a clone of hepatocytes. Limited
genetic alterations have been found in patients with
hepatocellular adenoma, such as gain of chromosome 7p,
17q and 20q and deletions from exon 3 to exon 4 of the beta-
catenin gene. At variance with hepatocellular carcinoma, no
genetic changes for the p53, axin and adenomatous
polyposis colon genes, have been detected in adenomas.
Adenoma, therefore, is not pathogenically linked to the
sequence adenoma—carcinoma as it is intestinal polyposis.

Oral contraceptives have a role in the evolution of some
forms of liver adenomatosis, and vascular liver damage due
to altered liver cell proliferation, intrahepatic vascular
shunts, or an association with FNH, have been postulated.

Pathology and Histopathology

Hepatic adenomas are soft, yellow lesions often with a
highly vascularized surface and a capsule, and focal areas
of hemorrhage in the parenchyma. The histologic features
are two or more cell thick sheets of hepatocytes without
cellular atypia (to differentiate from adenocarcinoma),
portal tracts (to differentiate from liver cell regeneration),
and biliary ductules and fibrosis (to differentiate from
FNH). There may be fatty infiltration at the periphery of
small areas of liver cell proliferation (adenomatous
hyperplasia) seen between large adenomas. Some degree
of liver cell dysplasia may be present in adenomas,
particularly in those with a pseudofollicular pattern. Foci
of malignant transformation have been described that
may escape detection in small specimens obtained with a
thin-needle liver biopsy.)

Clinical Presentation

Hepatocellular adenomas are usually solitary. Approxi-
mately 30% of the patients have multiple nodules and the
presence of more than ten adenomas defines liver adeno-
matosis. Approximately half of the cases of adenomas have
been discovered incidentally whereas the remaining have
had such symptoms as pain or abdominal mass. Patients
with hepatocellular adenoma have a higher prevalence of
symptoms at first presentation compared to patients
with hemangioma or FNH, probably caused by the high
rate of intratumoral or intra-abdominal hemorrhage. The
diagnosis of liver adenomatosis is made because of
complications of adenomas (intraperitoneal bleeding,
intratumoral hemorrhage or necrosis producing acute
pain), because of hepatomegaly with or without symptoms,
or as an incidental finding. While the massive form of liver
adenomatosis is rare and can be unilobular, most patients
have multifocal liver adenomatosis spread in both lobes.

Imaging

Ultrasound and Contrast-Enhanced
Ultrasound

Hepatocellular adenoma has variable sonographic ap-
pearances. The lesion may appear as slightly hypoechoic,
isoechoic, or hyperechoic. When necrotic or hemorrhagic
changes occur, adenoma appears as a complex mass with a
large cystic components. Using color or power Doppler,
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the arterial hypervascularity is well demonstrated by
arterial vessels running along the border of the lesion in a
“basket” pattern (1). At contrast-enhanced ultrasound
(CEUS), adenoma shows intense enhancement during the
arterial phase. During the portal venous and equilibrium
phases adenomas may appear as isoechoic or slightly
hyperechoic mass (2). None of these features, unfortu-
nately, is specific enough for the diagnosis.

Computed Tomography

Baseline computed tomography (CT) scans can easily detect
the presence of fat or recent hemorrhage within the lesion,
features that can suggest the diagnosis of adenoma (3).
During dynamic contrast-enhanced CT scanning, noncom-
plicated adenomas may enhance rapidly and appear
homogeneously hyperdense compared to the liver. The
enhancement usually does not persist in adenomas because
of arteriovenous shunting within the lesion. Larger or com-
plicated adenomas may be highly heterogeneous because
of necrotic phenomena or intralesional hemorrhage (Fig. 1).

a b

Adenoma, Hepatic. Figure 1

Magnetic Resonance

On magnetic resonance (MR) images, hepatocellular
adenoma can show variable signal intensity. It has been
reported that 59-77% of adenomas are hyperintense on
T1-weighted images due to intralesional content of fat or
glycogen, or because of recent hemorrhage (3). In con-
trast, low signal intensity areas are related to necrosis. The
neoplasm may appear homogeneously or heterogeneously
hyperintense on T2-weighted images (Fig. 2). With
dynamic MR study, adenoma shows early enhancement
during the arterial phase and becomes isointense to liver
in the portal venous and delayed phases, features that
overlap with those of other hypervascular tumors. On the
other hand, the usefulness of tissue-specific MR agents is
not fully established. After administration of Mn-DPDP,
adenoma shows positive enhancement, but contrast uptake
may not occur with Gd-BOPTA (3). Adenomas, in some
cases, may take up superparamagnetic iron oxide particles,
resulting in decreased signal intensity on T2-weighted
images. However the uptake of SPIO in adenoma is
variable, depending of Kupffer cells content or function (4).

Hepatocellular adenoma—spiral CT. Nonenhanced CT scan (a) demonstrates a large,

heterogeneous, predominantly hypoattenuating mass replacing the lateral segment of the left hepatic lobe. After contrast
medium administration, in the arterial (b) and portal venous (c) phases, the lesion shows heterogeneous enhancement.
Note the presence of focal hypoattenuating areas within the lesion due to internal necrosis.
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Adenoma, Hepatic. Figure 2 Hepatocellular adenoma—MR. MR shows a large, exophytic mass in the right hepatic
lobe. The lesion is heterogeneously isointense to liver parenchyma on T1-weighted image (a) and heterogeneously

hyperintense on T2-weighted image (b).
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Diagnosis

Laboratory tests are not helpful during the diagnostic work-
up. However, negative tests for serum AFP and hepatitis B
and C corroborate the exclusion of malignant disease.
Radiologic diagnosis of adenoma is very difficult. Unfortu-
nately, CT and MR imaging features of adenoma are
nonspecific, and the only finding that may suggest the
diagnosis is the detection of intratumoral hemorrhage. Even
with the use of MR and liver-specific contrast agents, a
final diagnosis can hardly be made in nonhemorrhagic
adenoma. Percutaneous liver biopsy is of little value because
of the possible lack of specific features in a small specimen,
while the procedure carries the risk of needle-induced
bleeding in hypervascular nodes. In liver adenomatosis,
two- or threefold increase of alkaline phosphatase or
gammaglutamyl transpeptidase levels have been described.
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| Adenomatous Hyperplasia,
Gallbladder

This condition is characterized by the presence of
hyperplasia of the gallbladder wall, limited to the
epithelial elements of the mucosa without the involve-
ment of the muscular layer. Two types are described: a
villous form with long papillary mucosal projections and
a spongy type with branching and dilated glands
occasionally with cystic features. Inflammation and stones
are frequently associated. This condition is considered an
in situ carcinoma when atypical mitoses are detected.

» Cholecystoses

| Adenomyoepithelioma

Benign tumour composed of epithelial and myoepithelial
cells.
» Breast, Benign Tumours

| Adenomyoma, Gallbladder

Circumscribed form of adenomyomatosis, with a char-
acteristic umbilication on the center of the surface top,
usually located in the gallbladder fundus. Cholecysto-
grams show a small, smooth, filling defect with a central
opaque dot corresponding to the surface umbilication.
» Cholecystoses

| Adenomyomatosis, Gallbladder

» Cholecystoses

| Adenomyomatosis, Gallbladder

Benign condition characterized by hyperplastic changes of
the gallbladder wall and therefore named hyperplastic
cholecystosis. Typical features include the overgrowth of the
surface epithelium with associated formation of intramural
diverticula or sinus tracts termed Rokitansky—Aschoff
sinuses. Adenomyomatosis may be focal, segmental, or
diffuse. It occurs most frequently in middle-aged females, its
etiology is unclear, and it is usually asymptomatic. US is the
examination of choice, showing the mural thickening with
cystic spaces visible as small anechoic structures outside the
gallbladder wall. CTand MR can be used as problem-solving
modalities, especially to differentiate hyperplastic cholecys-
tosis from gallbladder carcinoma.

» Cholecystoses

| Adenomegaly

Indicates enlargement of lymph nodes
» Lymphadenopathy

|
Adenosis

Increase in the number or size of glandular elements.
» Fibrocystic Disease, Breast
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Adenosis Tumor

» Sclerosing Adenosis, Breast

|
Adenosquamous Carcinoma,
Gallbladder

Malignant lesion originating from areas of squamous
metaplasia of the gallbladder epithelium. This tumor
represents about 5-10% of cases of gallbladder carcinoma.
Rapid growth and early metastatic spread associated with
wide infiltration and dissemination are characteristic.

» Neoplasms, Gallbladder

| Adrenogenital Syndrome
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Synonyms

Congenital adrenal hyperplasia; 21-hydroxylase deficiency

Definition

» Congenital adrenal hyperplasia is a group of inborn
errors of metabolism arising from enzyme defects in the
biosynthesis pathways of adrenal corticosteroids, resulting
in inadequate production of glucocorticoids and miner-
alocorticoids and excess production of adrenal androgens.

Pathology/Histopathology

The adrenal cortex produces three principle groups of
corticosteroids: mineralocorticoids responsible for elec-
trolyte balance, glucocorticoids necessary for carbohy-
drate mobilization and potentiation of catecholamine

action in response to stress, and adrenal androgens
necessary for growth and sexual development. Adrenal
corticosteroid production begins with the uptake of serum
cholesterol and transport into the mitochondrium of the
cells of the adrenal cortex, under the stimulation of
adrenocorticotropic hormone (ACTH), gonadotropins,
and steroidogenic acute regulatory protein (StAR).
Hormone production proceeds by a series of steps enabled
by steroidogenic enzymes; following the conversion of
cholesterol to pregnenolone, a number of alternative
pathways lead to the production of aldosterone, cortisol, or
androgenic steroids (Fig. 1) (1, 2). Several autosomal
recessively inherited disorders result in a deficiency of one
of the enzymes or regulatory proteins essential for hormone
production, leading to a partial or complete block in
normal corticosteroid biosynthesis and overproduction of
other steroid hormones. This in turn gives rise to a number
of distinct clinical syndromes generically referred to as
congenital adrenal hyperplasia (CAH).

Clinical Presentation

21-hydroxylase deficiency (21-OHD) accounts for 90-95%
of individuals with CAH and is due to genetic mutations in
the gene encoding the enzyme P 450c21 (21-hydroxylase),
which catalyzes the hydroxylation of progesterone to
deoxycortisone in the production of the aldosterone, and
170H progesterone to 11-deoxycortisol in the production
of cortisol (Fig. 1). The enzyme block results in a buildup of
progesterone and 17-OH progesterone, which are diverted
along the pathway for androgenic steroid production. The
resulting low levels of cortisol stimulate the production of
ACTH through the hypothalamic—pituitary feedback
mechanism to further stimulate overproduction of andro-
genic steroids. Although originally recognized in its severe
classic form with an incidence of 1 in 14,000 individuals,
milder forms with an incidence of about 1 in 100-1,000 are
now well recognized. Approximately 50-75% of those with
CAH are unable to synthesize sufficient aldosterone and are
termed salt losers. The clinical manifestations of CAH
depend on the severity of 21-OHD deficiency, giving rise to a
wide spectrum of disease presentation.

Classical salt-wasting CAH: In females, classic CAH
presents at birth, being the most common cause of
»ambiguous genitalia (cross reference Ambiguous genitalia
essay). The degree of ambiguity varies but may be severe
enough for incorrect gender assignment. Milder cases
may show just minor cliteromegaly and partial fusion of
the labioscrotal folds (Fig. 2). Increased ACTH levels
often cause hyperpigmentation of the genitalia and
areolae. The ovaries, uterus, and fallopian tubes develop
normally because sexual differentiation of the female
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a

Adrenogenital Syndrome. Figure 2 Masculinization in a 46XX female with congenital adrenal hyperplasia. (a) Minor
clitoral enlargement. (b) More severe virilization with a phallic urethra and a single perineal opening of a urogenital sinus.

Adrenogenital Syndrome. Table 1

Enzyme Deficiency Salt losing/

Hypertension

Male 46XY

External genitalia and sexual development

Female 46 XX

Key clinical features and enzyme deficiencies in congenital adrenal hyperplasia

Laboratory

Male

Postnatal virilization
No testicular
enlargement

50% salt
losing crisis

21-hydroxylase
deficiency, classical

Masculinized female
- to complete sex
reversal

Postnatal virilization

Premature adrenarche
Disordered puberty

Non-classical

Premature
adrenarche
Disordered puberty

Raised 17-OHP before and after ACTH
Raised serum androgens

Salt wasting: low serum aldosterone
Elevated plasma renin

11B-hydroxylase Neonatal salt | Male

Masculinized female

Raised ACTH, 11-dextcortisol and DOC.

deficiency losing Premature adrenarche | Premature Raised androgens

Hypertension | Postnatal virilization | adrenarche Salt wasting: low serum aldosterone

>2 years Postnatal virilization | Low plasma renin
Lipoid CAH StAR Salt losing cri- | Female (sex reversal, | Female Low/absent all steroids hormones
deficiency sis undermasculinized Disordered puberty | Decreased or absent response to ACTH

male)

3B-hydroxysteroid | Salt losing cri- | Undermasculinized Masculinized Raised ACTH
dehydrogenase de- | sis male female — mild Increased ratio of 17-OH hydroxypreg-
ficiency Postnatal virilization | Postnatal virilization | nenolone to 17-OH hydroxyprogesterone

and of DHEA to androstenedione

Undermasculinized
male-to complete sex
reversal

Sexual infantilism
Disordered puberty

17a-hydroxylase/
17,20-lyase
deficiency

Hypertension

Female
Sexual infantilism

Disordered puberty

Raised DOC, corticosterone, 18-OHDOC,

18-Ohcorticosterone and hyperresponse
to ACTH

Salt wasting: low serum aldosterone. Low
plasma renin

internal organs does not depend on normal sex hormone
production. Although large amounts of testosterone are
produced in the male fetus, this has little effect on genital
development, and males remain unrecognized until they
present with a »salt-losing crisis with severe dehydration,
shock, hypotension, and cardiovascular collapse, with
evidence of hyponatremia and hyperkalemia. Significant
salt losing becomes apparent only at about 2—4 weeks of
age because electrolyte balance in the fetus is maintained
by the maternal kidneys and placenta.

Simple virilizing 21-OHD refers to individuals with a

deficiency of 21-OHD in the absence of salt wasting.
Males escape diagnosis until age 3—7 years, when the effect
of an excess of androgenic steroids becomes clinically
apparent with the development of »precocious puberty,
acne, pubic hair, and phallic growth. Chronic androgen
excess disrupts the hypothalamic pituitary axis, and the
testes remain prepubescent. Females generally present at
birth on account of ambiguous genitalia, but if ambiguity
is mild, the condition may present later in childhood with
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premature adrenarche. Skeletal maturation proceeds
rapidly in both boys and girls before treatment, but
advanced skeletal maturation leads to early epiphyseal
fusion and cessation of growth, resulting in short stature.

Nonclassic 21-OHD refers to clinically mild CAH that
may escape early diagnosis. Reduced cortisol production
and the body’s inability to generate appropriate responses
to stress often result in recurrent sinus and severe
pulmonary infections. Other symptoms include ortho-
static syncope, short stature, acne, hirsutism, polycystic
ovarian syndrome, menstrual irregularities, and infertility.

11-B hydroxylase deficiency (11-3 OHD) accounts for
about 8-10% of cases of CAH. Both glucocorticoid and
mineralocorticoid production is affected; the blocked
metabolites are redirected to excessive androgenic hor-
mone production, giving rise to a clinical presentation
similar to 21-OHD. However, there is also an accumu-
lation of deoxycortisol (DOC), a mineralocorticoid
ameliorating the salt-losing features of this deficiency
but resulting in the development of hypertension from
about 2 years of age.

StAR deficiency—congenital lipoid adrenal hyperplasia is
the most severe inherited disorder of steroid hormone
synthesis, affecting the transport of cholesterol into the
mitochondria under the control of StAR. This results in
severe reduction in the levels of mineralocorticoids,
glucocorticoids, and androgenic steroids, with resulting
high levels of ACTH and plasma renin and a buildup of
cholesterol within the adrenal glands, causing massive
enlargement. Steroidogenesis also occurs in the fetal testis,
and the accumulation of cholesterol causes Leydig cell
destruction, eliminating testosterone biosynthesis. As a
result, a 46XY male undergoes phenotypic gender reversal
with female external genitalia and a blind vaginal pouch,
but Mullerian inhibiting hormone is still produced by the
Sertoli cells, and the cervix, uterus, or fallopian tubes
regress. Salt losing generally develops after several weeks.
In the 46XX genetic female, the ovary does not engage in
steroidogeneis and remains unaffected until stimulated at
puberty by gonadotropins. Cholesterol then accumulates
within the ovary, impairing progesterone production and
resulting in disordered puberty and infertility (1, 3).

Several other distinct syndromes are recognized. The
most important of these are 3B-hydroxysteroid dehydro-
genase deficiency (3B-HSD) and 17-hydroxylase/17,20—
lyase deficiency, as indicated in Table 1.

Imaging

Al-Alwan et al reported high sensitivity of 92%
and specificity of 100% for the ultrasound diagnosis of
CAH in neonates based on the presence of two or

Adrenogenital Syndrome. Figure 3 Longitudinal and
transverse images of the adrenal gland of an infant with
classic congenital adrenal hyperplasia. Note the diffuse
echogenicity of the gland with loss of central echogenic
stripe.

three abnormalities including size, i.e., limb width
>4 mm, outline, and echotexture (5) (Fig. 3). Use of a
high-frequency transducer is essential (see Figure 1 of
chapter Essay on congenital malformations, adrenals). In
CAH, the gland may develop an abnormal crenated or
lobulated outline, and the normal central echogenic stripe
may be replaced by a more diffuse echotexture. However,
the adrenal glands may appear entirely normal, and in
some centers ultrasound imaging is not routinely
performed. Ultrasound features of less common forms
of CAH are not well documented with the exception of
the StAR syndrome, in which the adrenal glands are
grossly enlarged due to the accumulation of cholesterol
and its esters. Computed tomography is rarely indicated,
but if performed in StAR, the enlarged adrenal glands
show a decrease in attenuation.
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Adrenogenital Syndrome. Figure 4 Genitogram
demonstrating a phallic urethra and urogenital sinus
(arrow) in a female with classic congenital adrenal
hyperplasia. (B bladder, V vagina, U uterine cavity)

When there is genital ambiguity, ultrasound is
particularly helpful to document the presence of the
uterus and ovaries and to demonstrate a hydrocolpos and
a urogenital sinus (cross reference Ambiguous genitalia
essay Fig. 2). Genitography is necessary before reconstructive
surgery in girls with ambiguous genitalia to characterize
the length of the urogenital sinus (Fig. 4). MRI scanning is
particularly helpful in delineating pelvic anatomy in
teenagers who present with disordered puberty, especially
when ultrasound fails to demonstrate normal internal
organs in phenotypic females (Fig. 5).

During childhood, it is necessary to regularly estimate
skeletal maturity by performing bone age estimation.

Diagnosis

The diagnosis of CAH is made on the basis of clinical
features, including the presence of sexual ambiguity, a
salt-losing state, hypertension, growth and pubertal
disorders in conjunction with identification of hormone
deficiencies, and demonstration of excess metabolites
(Fig. 1 and Table 1). Karyotyping is essential when there is
any concern about sexual ambiguity. Cytogenetic testing
is rarely necessary to confirm the diagnosis.

Prenatal diagnosis is possible on the basis of HLA
typing when the parents are known to be heterozygotes
following the birth of an earlier affected child. In parents
at risk but with no previous children, DNA analysis of
chorionic villous or amniotic fluid cells or measurement

Adi‘éhéﬁénﬁa[ 5 Coronal and

Syndrome. Figure
transverse T2-weighted images through pelvis of a
16-year-old “girl” presenting with delayed puberty having
been previously treated for congenital aldosteronism.
Investigation revealed XY karyotype, and biochemical
analysis confirmed StAR deficiency. The coronal magnetic

resonance (MR) image demonstrates intraabdominal
gonads (arrows) confirmed to be testes on histology. The
transverse MR image demonstrates a thin residual
uterovaginal anlagen (arrow) with absence of a normal
uterus and vagina. (BL bladder, R rectum)

of 17-hydroxy steroids in amniotic fluid can be under-
taken. Prenatal treatment with dexamethasone treatment
for the mother must begin as soon as pregnancy is
confirmed (before 6-8 weeks) to prevent abnormal
genital development. Once the diagnosis and karyotype
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are confirmed, treatment can be stopped in males until
after birth but must be continued throughout pregnancy
in affected females to prevent excessive androgenic steroid
production.
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Characteristics

Provided they are used with some precautions, barium-
based contrast media carry the reputation of having a
satisfactory safety profile with respect to the benefit they
afford in diagnostic imaging. The notion of a satisfactory
safety profile is to be alleged with caution because barium
sulfate can sometimes be responsible for serious and
unpredictable Padverse reactions. In clinical trials,
barium has usually been reported to be responsible for
no or minor digestive discomfort. Larger postmarketing
authorization surveys allowed for a more accurate picture
of very rare complications such as barium extravasation
or intravasation. In such a survey, 82 complications
including 13 deaths were reported through retrospective
questionnaires based on more than 730,000 examinations
performed between 1992 and 1994 (1). In that survey, the
most frequently reported reactions attributed to barium
sulfate consisted of abnormal diffusion into or outside the
peritoneum, barium impaction, and barium intravasa-
tion. Only one case of P-allergy was mentioned.

Allergic Reactions

Allergic reactions to barium sulfate have been reported to
be in the range of several cases per several hundred
thousand examinations (1/750,000), with serious cases
being reported in millions. Cases of allergy to barium
sulfate have been reported after barium enema and upper
gastrointestinal tract examinations. Allergy in these cases
is most probably due to one of the multiple ingredients
contained in the barium mixture, including additives,
preservatives, flavoring agents, dyes, antifoaming agents,
vegetable gum, and so on. Glucagon given for its
hypotonic effect has been incriminated in some cases,
but was not administered in all published cases of allergy
supposedly related to barium sulfate. In the same manner,
latex contained in medical gloves or balloons may be
responsible for serious allergic reactions that need to be
identified as such before incriminating the contrast
medium. The potential responsibility of lubricating
agents also must not be neglected.
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Allergic symptoms reported in cases of barium allergy
usually involve the skin, with skin rash, urticaria, and
pruritus, followed by effects on the respiratory tract and
level of consciousness. Barium allergy can also take the
form of a digestive angioedema, and cases of anaphylactic
shock have been reported. A history of food allergy in
children is certainly a risk factor. Finally, allergy to the
barium entity itself remains to be proven (2, 3).

Barium Aspiration

Classical toxic complications of barium sulfate include
inadvertent pulmonary inhalations that are responsible for
toxic lesions of the respiratory tract. These complications
usually occur in patients with altered respiratory function,
head and neck cancer, bronchoesophageal fistula, or
swallowing disorders, usually of neurological origin
(1). Clinical consequences range from minor respiratory
symptoms with visible barium on chest X-ray to severe
chemical interstitial pneumopathy of possibly fatal evolu-
tion, particularly in elderly patients. Although diluted
barium was the contrast medium used for bronchography
in the past, it has a recognized toxicity for pulmonary
tissues, and it induces, as attested by postmortem
examinations and animal studies, an acute inflammatory
edematous macrophagic reaction followed by fibrosis.

The density of barium is a factor of poor tolerance.
The potential toxicity of gastric liquid, which may be
inhaled together with the contrast medium, has also
been evoked, based on what is seen in Mendelson’s
syndrome. Barium particles have been found in macro-
phagic cells associated with intraalveolar granuloma as
well as septal and intraalveolar fibrosis. Indeed, after
aspiration, barium particles that accumulate in the
alveolar spaces are phagocytosed by alveolar macro-
phages. Others may pass directly across the alveolar
epithelium into the alveolar or peribronchiolar interstitial
tissue. Some are then transported via the lymphatic system
in the interlobular septa and pleura. Radiological investiga-
tions have shown pulmonary opacities caused by the high
atomic number of barium. Regions of involved lung
depend on the patient’s position during and after the
aspiration. The basal segments of the lower lobes are most
often involved when the patient is in the erect position, the
middle lobes if the patient is leaning forward, and the
posterior segments of the upper lobes or the superior
segments of the lower lobes when the patient is in the
recumbent position.

Asymptomatic fibrosis has even been reported to
possibly last over 1 year after accidental barium inhala-
tion. Depending on the patient’s status and extension
of the lesions, management includes one or more of
the following measures: postural physiotherapy, oxygen

therapy, antibiotic therapy, and bronchoscopic aspiration
of the contrast medium (4, 5).

Barium Peritonitis

When perforation occurs during digestive opacification
using barium sulfate, serious and possibly fatal complica-
tions may occur. The frequency of colon perforation
following barium enema has been reported to be of 2—4
cases per 10,000 examinations with a mortality rate
ranging from 20 to 100%. The nature of the extravasated
digestive content is an important factor because the
highest mortality rates have been reported in animals
during barium-plus-feces-induced peritonitis. This mix-
ture was shown to be more toxic than either barium or
feces alone. The volume of contrast medium is also a
major prognostic factor. Extraluminal barium toxic
diffusion is more frequently observed after enema than
during esophagastric perforating procedures.

The clinical presentation of barium peritonitis is that
of classical peritonitis with subsequent loss of water and
electrolytes, as well as sepsis. When barium comes in
contact with the peritoneum, adhesions form very quickly,
leading to obstruction that often requires surgical inter-
vention. Fibrosis and barium granuloma occur as a result of
foreign body reaction. Urgent surgical management aimed
at removing as much barium as possible is usually required.

The systemic release of barium has been identified in
some cases in which, following barium peritonitis, elevated
levels of barium in the cerebral spinal fluid or plasma were
found, which could explain the patients’ altered neurolo-
gical status. Barium poisoning may indeed be responsible
for hypokalemia, arrhythmia, QT prolongation, pulmonary
edema, digestive hypermotility, and myoclonus. It has also
been deemed responsible for neurological damages provok-
ing abnormal movements, coma, and even death following
cerebral edema. It has been suggested that the unbound part
of the barium was the toxic entity. The following
mechanisms have been suggested for explaining the release
of the free compound, particularly in cases of toxicity
occurring a long time after a barium enema was done:
sequestration of barium into the bone and subsequent
release due to bone turnover; conversion of insoluble
barium to a soluble form, BaCl,, following digestive
conversion from BaSO, by cationic exchange in the digestive
tract; and finally, binding of barium to plasma proteins and
release in its free form if plasma acidosis is present.

Hemofiltration aiming at removing barium in those
cases produced some results. Barium extravasation has
also been discovered years after the accidental diffusion
around peripyloric soft tissues after unrecognized
perforation. It may be responsible for retroperitoneal
fibrosis when it takes place in that region (6, 7).
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Barium Obstruction

Colonic obstruction following barium sulfate administra-
tion usually occurs in patients with underlying constipa-
tion, colonic stenosis, or diverticulosis. Any factor for
colon atonicity such as hypothyroidism or the atonicity
observed in elderly patients may be a risk factor because it
is associated with a prolonged transit time. Barium
obstruction is due to resorption of water from the barium
mixture, which may stay in the digestive tract for several
months and not be discovered until long after the
examination. Barium inspissations take the form of a
sometimes significant digestive mass, which usually
requires radical surgical treatment. In less serious cases,
medical treatment using lactulose may be sufficient. The
possibility of barium obstruction, which is reported even
with modern preparation, justifies precautions such as
preventing dehydration before the examination, avoiding
preexamination fasting, favoring patient mobility, and
providing postexamination alimentation (8, 9).

Barium Granuloma

Barium granuloma may develop when the medium is
administered to examine a digestive mucosa presenting with
areas of discontinuity, either for pathological reasons such as
inflammatory colitis or due to injury from tip insertion.
Barium can thus be stocked in the submucosal layer or even
move further down, possibly leading to, in cases of enema,
proctitis and abscess. Granulomas occur as a result of
foreign body reaction with chronic inflammation including
fibroblastic proliferation and fibrosis. Histology shows
macrophages and multinucleated foreign body giant cells
with intracytoplasmic barium sulfate crystals. Granuloma
takes the form of polypoid masses of variable sizes. Digestive
damage may also take the form of large necrotic ulcers and
may even mimic rectal carcinoma. Diagnosis is based on
X-ray examination and biopsy results. Treatment depends
on the extent of the lesions and eventual complications.
It may consist of mucosa excision (10).

Venous Intravasation

Intravasation of barium is one of the most serious but
fortunately extremely rare complications of barium
examinations and is usually reported after barium enema
but also has been observed after upper gastrointestinal
tract examination. Intravasation has a fatal outcome in up
to more than 67% of cases. Death occurs as a consequence
of massive pulmonary embolisms within minutes of
the accident. Intravasation after barium enema usually
occurs in elderly patients who have weak sphincter
tone, in patients with pathological or traumatic mucosal

discontinuity, and after a balloon has been too highly
inflated. It may also follow an inadvertently inappropriate
positioning of the rectal tube in the vagina. Intravasations
leading to portal vein embolization are said to be less
serious than those with systemic vein embolization
because in the former, the liver filters barium particles,
and a very small amount of barium thus goes into the lung.

The territory of venous embolization depends on the
site of barium intravasation. Intravasation in the small
intestine, colon, or proximal part of the rectum results in
barium embolization via the superior hemorrhoidal or
mesenteric veins into the portal system. Intravasation
in the distal part of the rectum results in embolization
via the inferior and middle hemorrhoidal veins to the
systemic circulation. Clinical symptoms may include
respiratory distress, hypotension, shock, fever, and dis-
seminated intravascular coagulation. Apart from showing
the vascular thrombosis, computed tomography scanning
reveals high density of organs such as the liver, spleen,
lungs, renal cortex, and brain due to the presence of barium
captured in the reticuloendothelial system. Depending on
the situation, barium may also be seen in the inferior vena
cava, heart, pulmonary arteries, and brain. After lung
passage, thrombogenic barium particles are delivered
into the systemic circulation, enter the lymphatic system,
and are finally captured in the bones, where they are
stocked.

Histological findings are those of classical reaction to
barium sulfate, including granulomatous reaction, fibro-
sis, and stenosis. Treatment is symptomatic and includes
respiratory assistance, antibiotic therapy, and vascular
filling. Draining as much barium as possible in cases of
early diagnosis may prevent further toxic diffusion.

Precautions such as identification of patients at risk,
insertion of the tube by a radiologist or under a
radiologist’s control, careful assessment of rectal sphincter
tone, radiological follow-up of tube positioning, and
inflation of the balloon with great care should be respected.
However, if intravasation does occur, early recognition and
very quickly available resuscitation equipment are key
factors for a favorable outcome. Barium intravasation
leading to portal vein embolization may also mimic biliary
fistula. The distribution of barium sulfate in the reticu-
loendothelial system has been compared with that of
thorium dioxide. Finally, the potential consequences of
an associated air embolism in cases of double-contrast
examination must not be neglected (11, 12).

Miscellaneous

Isolated reports of acute appendicitis due to fecalith
following barium enema have been published; these must
be distinguished from barium appendicitis cases related
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to local retention of barium. Baritosis of mediastinal
lymph nodes has also been reported.
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Synonyms

Contrast induced nephrotoxicity (CIN); Contrast in-
duced renal dysfunction; Contrast induced renal failure

Definition

Contrast induced nephrotoxicity (CIN), defined as a
temporary or permanent reduction in renal function, is

the acute renal adverse reaction to the administration of
radiographic iodinated contrast medium (RICM). In
practice, this can be a difficult definition to apply. In an
occasional case, the administration of contrast medium is
clearly the inciting event for the subsequent reduction in
renal function. However, in many cases, patients receiving
contrast medium have underlying illnesses that might
lead to renal dysfunction, experience events that may
damage the kidney (e.g., hypotension), and/or undergo
other interventions (e.g., medications, surgery) that
might contribute to a decline in renal status. Regardless,
when renal dysfunction follows shortly upon the
administration of a contrast medium that is known to
be potentially nephrotoxic, and no other obvious acute
events have occurred that are likely to be the cause, the
etiology is usually assigned to the contrast medium.
Another issue with the definition of CIN is the degree
of renal dysfunction that must occur, and how that
dysfunction is to be measured, before the patient is deemed
to have experienced nephrotoxicity. Assessment of glo-
merular filtration rate is considered the most accurate way
to evaluate renal function, but direct measurements are
difficult. Estimates of glomerular filtration rate can be
obtained from measurements of serum creatinine levels.
In most studies of CIN, however, raw serum creatinine
levels are used, and CIN is defined as a specific increase of
serum creatinine within a specified duration of observa-
tion. The increase in serum creatinine occurs not just from
the reduction in renal excretion of creatinine that occurs
essentially immediately after the contrast medium admin-
istration; the rise in serum creatinine also requires the body
to produce creatinine, which takes time. Thus, it is typical
to measure creatinine at some combination of 24, 48, and
72 h after contrast medium administration to detect a rise.
The necessary increase is not uniformly agreed upon.
One common definition is a rise in serum creatinine of
0.5 mg/dl (44 pmol/L) or an increase of 25% from baseline
(1) but other values for the absolute and/or relative
increases have been used. CIN defined by lab values may be
necessary for scientific investigation but may not directly
relate to clinically significant events at the patient level.

Indications

The indications for the use of contrast media are legion
and will not be described here. However, no drug is
without risk, and the administration of contrast media
must be put to the same test as other medications, that is,
do the potential benefits outweigh the potential risks?
One of the risks of contrast medium administration is
CIN, which varies with the amount and type of contrast
medium administered as well as with patient condition
(i.e., risk factors). With limited exceptions, the contrast
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medium that causes CIN is almost always a RICM. Hence
most of the information on CIN incidence, clinical
significance, and methods for mitigating CIN risk come
from studies on RICM.

Contraindications

A number of conditions can put a patient at higher risk
of CIN than the population without such risk factors,
and hence these conditions are considered relative
contraindications to the administration of RICM.

Preexisting renal insufficiency is the most important
of the many risk factors for the development of CIN(2)
(ACR). Diabetes as the cause of nephropathy puts the
patient at even greater risk, and when renal dysfunction
occurs, it is more likely to be irreversible. However, the
presence of diabetes mellitus alone is probably not a risk
factor for CIN when renal function is normal. Other
described risk factors include American Heart Associa-
tion class IV congestive heart failure, hyperuricemia,
dehydration, concurrent use of nephrotoxic drugs such as
aminoglycoside antibiotics and nonsteroidal antiinflam-
matory agents, advanced age, and administration of large
or repeated doses of contrast media (1-3). Multiple
myeloma may not be an important risk factor if the patient
is hydrated. The incidence of contrast induced renal failure
is greatest when multiple risk factors are present.

Pregnancy/Lactation

Usually pregnant or lactating patients are excluded from
studies on CIN or simply do not have the risk factors
required for entry into the study. Thus, it is not known
whether pregnant or lactating patients are at different
risk for CIN than the general population. Typically for
pregnant or lactating patients, the issues concerning RICM
administration revolve around potential adverse effects on
the fetus or neonate respectively. There is no evidence that
administering RICM to pregnant patients causes CIN in the
fetus. Studies have shown that, if a lactating mother is
administered RICM or gadolinium contrast medium, the
amount of contrast medium that is excreted in breast milk
and absorbed by the breast-feeding neonate is small and
much lower than the typical pediatric dose; consequently,
there is no appreciable risk of CIN.

Use and Dosage

CIN results from direct toxicity to the kidneys and thus is
dose related, with greater risk when larger doses of RICM
are administered over shorter periods of time.

Low osmolality contrast media (LOCM) are less
nephrotoxic than high osmolality contrast media
(HOCM) in patients with preexisting renal impairment.
Preliminary evidence has suggested that the use of iso-
osmolality contrast media (IOCM) may further reduce the
risk of CIN from RICM administration (2). At the time of
this writing, this remains controversial as a general
conclusion because the investigations to date involve only
asingle IOCM and LOCM. Comparable studies comparing
various IOCM and LOCM are not yet available.

Gadolinium-based contrast media are considered
nonnephrotoxic at the low doses used for MR. They are
radiopaque (though less so per unit volume than standard
RICM) and can be used as a RICM substitute. However, at
equiattenuating doses, gadolinium agents are likely more
nephrotoxic than LOCM (1).

Adverse Reactions

Most patients who receive contrast medium do not have
their renal function assessed shortly before and at regular
intervals in the few days after their imaging test. Thus the
true incidence of CIN is unknown, though it is generally
estimated at 2-7%, with the incidence varying with the
population studied and the criteria used for diagnosis, as
discussed above.

Many of the assumptions concerning CIN have been
challenged in a review of the literature (4) that found that
most studies of CIN involved cardiac catheterization and
exceedingly few included a control group that did not
receive RICM; it is possible that the incidence of CIN
from intravenous RICM use has been overestimated.

In patients who suffer CIN, a rise in serum creatinine
elevation is first detectable 1-3 days from RICM injec-
tion, typically peaks at 3-7 days, and usually returns
to baseline within 10-14 days. Some patients may suffer
permanent reduction in renal function. There is no
effective treatment for established CIN, hence preven-
tion is key. Avoiding large or repeated doses of RICM
or switching to imaging studies that do not employ
potentially nephrotoxic agents reduces the risk, as does
discontinuing other concomitant nephrotoxic drugs if
possible.

Interactions

Various interventions have been tried to reduce CIN risk,
with little success. One of the most clearly efficacious is
hydration, which can be oral or (and more commonly
studied) intravenous. Intravenous normal saline is superior
to half-normal saline as a hydrating agent. Perhaps hydration
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with sodium bicarbonate solutions may be even more
effective in reducing CIN risk; the evidence is very limited.

Whether the addition of other drugs improves on saline
hydration alone is controversial. Acetylcysteine, typically
administered orally but also tested as an intravenous drug,
has been widely studied with mixed results; many investiga-
tions have shown a protective effect and others have not.
Even metaanalyses have come to opposite conclusions
regarding the efficacy of acetylcysteine. Several possible
reasons for these varying results have been discussed (5). In
part because of low risk, acetylcysteine is widely used.
Intravenous theophylline may reduce CIN risk, but only
limited evidence is available.

A substantial limitation to our knowledge is that
some drugs simply lower serum creatinine during short
term administration. Administering such a drug would
appear to reduce CIN by the typical criteria used, even if
long term renal function alterations were not affected.
Studies to date have not employed a control group that
receives the premedication but not the contrast medium,
and in addition most studies do not include long term
follow up. These issues compound the problems of
how much clinical significance there is to a transient rise
in laboratory values, how important it is to minimize
that rise, and what, if any, is the relationship between that
initial rise and clinically significant renal dysfunction
caused by RICM.

There is no direct interaction between RICM and
metformin, an oral antihyperglycemic medication. Metfor-
min itself is not nephrotoxic, but it is excreted by the
kidneys. If a patient develops CIN renal dysfunction, and if
metformin continues to be administered, the patient’s blood
levels of metformin may rise, putting the patient at elevated
risk for lactic acidosis, a rare but often fatal complication of
metformin therapy. It is recommended that metformin be
discontinued at the time that RICM is administered and
be resumed only after the patient’s renal function has been
determined to be normal a minimum of 48 h later (to allow
time to detect CIN if it occurs) (1, 2).
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Synonyms

Allergic reactions; Allergic-like reactions; Anaphylactic
reactions; Anaphylactoid reactions; Anaphylaxis-like re-
actions; Contrast reactions; Hypersensitivity contrast
reactions; Idiosyncratic contrast reactions.

Definition

Clinical manifestations of an acute reaction to a contrast
medium vary considerably from a mild reaction causing
mild urticaria/hives to a serious reaction that is
indistinguishable from anaphylaxis. Etiology of these
reactions is uncertain; they appear to involve a complex
relationship between the contact, immune, coagulation,
and complement systems of the body. As to whether these
reactions to iodinated contrast agents are true allergic
reactions is still unsettled. Supporting an “allergic theory”
is the observation that contrast reactions mimic true
anaphylaxis. Like true allergic reactions, a small amount
of contrast, even a “test dose,” can elicit a severe, life-
threatening reaction. Conversely, demonstration of IgE
antibodies directly to the contrast agent has been
questioned (1). Additionally, contrast reactions fail many
of the relationships defining true allergic reactions:
preexposure to the offending agent (contrast medium)
often has not occurred; pretesting is not reliably
consistent; reactions do not occur consistently or do not
occur with the same severity on repeat exposure to the
same contrast agent that caused an initial reaction. Hence,
the term “idiosyncratic” (Greek: one’s own peculiar
susceptibility) has been used to describe these unpredict-
able events. The relationship of iodine to the initiation of
a contrast reaction is open to debate and seems unlikely to be
the causative agent; more likely it is the molecule to which
the iodine is bound that is the culprit. For example, seafood
is often used as the example of an iodine-containing
substance that causes anaphylactic reactions in some
individuals; however, many other foods containing large
amounts of iodine do not cause allergic-like reactions.
Furthermore, gadolinium MR contrast agents cause
anaphylactic-like reactions, albeit less frequently, that are
identical to those caused by iodinated contrast agents.
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Characteristics

Mechanism
The process by which contrast agents cause reactions
seems multifactorial.

Interaction of contrast agents with biological mole-
cules appears to relate to the hydrophilicity of these
iodine-bound benzene ring molecules. It is suggested that
the toxicity of a contrast agent is less if the benzene ring is
shielded by large hydrophilic groups and the arrangement
of the hydroxyl groups. There is variation in the
prevalence of reactions associated with various iodinated
contrast agents.

From his extensive research, Elliot Lasser (1) has
proposed a mechanism to help understand reactions to
iodinated contrast media: the large contrast-containing
molecule causes steric hindrance or overload effect on the
antigen-binding sites on IgE. The contrast medium (CM)
does not bind to the antigen binding site on IgE; instead it
binds to the Fc (constant) portion of the molecule. In
diluted concentrations, CM activates the IgE, but in
higher concentration it inhibits the antigen-binding site
on IgE. This varies with the particular contrast medium.
Since the immunoglobulin binding is nonspecific, the
resultant reaction depends on the quantity of IgE that a
particular patient has in his/her circulation and on his/her
mast cells at the time the contrast medium is administered.
This nonspecific binding helps explain why allergic patients
are at particular risk and why previous CM administration
is not necessary for a reaction to occur. Since mast cell
activation, when occasioned following CM injection,
depends on the interaction of the antigen (CM: pseudoan-
tigen) with an antibody (IgE), albeit an interaction with the
Fc part of the IgE, one can argue that reactions to contrast
media should be considered true anaphylaxis.

Additionally, direct contact of the contrast agent with
the endothelium of blood vessels is postulated to activate
Factor XII; this substance in turn activates kallikrein;
kallikrein activates bradykinin; bradykinin activates
prostaglandin and the leucotrienes (1, 2). The activa-
tion/release of these potent mediators can lead to a
contrast reaction. Bradykinin can mimic all the significant
pathophysiological effects of histamine but is far more
potent; this sequence of events or pathway would not be
“blocked” by antihistaminic drugs.

As proposed by Lalli, contact by intravascularly
injected contrast on the bare areas of the brain/area
postrema/limbic can stimulate the central nervous system
to produce many of the effects associated with contrast
reactions: nausea, vomiting, change in blood pressure.
Iodinated contrast agents exhibit much more toxicity
when intraventricular contact occurs than when the
contrast is administered intravascularly.

The exact mechanism of the acute, anaphylactic/
anaphylaxis-like reaction to iodinated contrast agents is,
therefore, complex and yet to be fully elucidated.

Incidence
Overall, about 3% of patients who receive nonionic,
lower-osmolality monomeric contrast media (LOCM)
experience a contrast reaction, though the vast majority
of reactions are mild and require no treatment (2, 3).
Moderate reactions, such as bronchospasm or
hypotension, occur with approximately 1 of 250 patient
injections (0.4%). Severe, like-threatening reactions are
very uncommon, occurring with 1 of 2500 patient injections
(0.04%) (4). The occurrence of a severe reaction with LOCM
is much less frequent (1/5th) than caused by the older
conventional ionic higher-osmolality agents (HOCM).
With the newer nonionic iso-osmolal dimers, acute
idiosyncratic reactions seem to occur about as frequently
as with the LOCM; some nonionic dimers have an increased
frequency of delayed reactions, though invariably mild.
Occurrence of a fatal reaction is much less frequent
than 30 years ago. Exact numbers are difficult to obtain,
but using the largest series of reported reactions, the risk
of a fatal reaction after an injection of iodinated LOCM is
approximately 1:170,000 injections (4). The change over
30 years from a risk of 1:30,000 to 1:170,000 likely reflects
the increasing use of nonionic LOCM and the increased
emphasis and training about the treatment of reactions by
radiologists.

Adverse Reactions

Acute Contrast Reactions

Key to treating a contrast reaction is recognition of what
adverse effect or reaction is occurring in the patient (5).
Some patients are uncomfortable but calm: those
experiencing nausea, vomiting, hives, itching, redness.
Other patients are anxious and agitated, usually caused by
hypoxia: those experiencing edema of airways, bronch-
ospasm, laryngeal edema, pulmonary edema. And still
other patients are less responsive, subdued, or unrespon-
sive: those who have become hypotensive. Recognition of
these signs and the patient’s behavior helps direct search
for identification of the exact reaction and, thereby, the
more specific and effective treatment (discussed in a later
chapter in this section).

Nausea and vomiting: Less common with nonionic
LOCM,; rarely of significance; however, may be the initial
component of a more serious reaction.

Urticaria/hives, itching, diffuse erythema: More com-
mon than nausea and vomiting; varies in severity; may be a
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component of a more generalized, acute systemic reaction;
treated symptomatically if occurs as an isolated event.

Angioedema: A significant reaction since it can narrow
the airways; a contrast reaction with angioedema of
the face and lips should alert the radiologist that edema
of the lower airway, including the larynx, may also be
occurring.

Laryngeal edema: A serious, life-threatening event
requiring prompt and aggressive treatment; anxious
patient; signs include coughing, trying to clear throat,
hoarseness, squeaky voice; sense of lump in throat; patient
has difficulty getting air “in.”

Bronchospasm: Resembles the classic “asthma attack;”
anxious patient; chest tightness, shortness of breath,
wheezing; patient has difficulty getting air “out;” often
history of similar attacks.

Hypotension with responsive tachycardia: Usually a
component of an acute, generalized systemic anaphylaxis-
like reaction; can complicate and slow absorption of
treatment medications used to treat the reaction.

Hypotension with vagal-induced bradycardia (vaso-
vagal reaction): Presents with symptoms of hypotension
plus a very slow heart rate; calm, subdued patient;
diaphoretic, cool skin. Since patients are already supine/
recumbent, the severity of the reaction encountered is
usually much worse than when a vaso-vagal reaction or
“fainting spell” occurs in an upright patient. Key to
diagnosis is recognizing the bradycardia.

Acute, generalized systemic reaction: Usually has
many of the above components—hives, redness, angioe-
dema, airway compromise, hypoxia, hypotension; re-
quires early, active, and aggressive treatment.

Acute pulmonary edema: Uncommon; may be due to
a reaction directly in the airways and lungs or may reflect
cardiac decompensation and/or myocardial infarction.

Cardiopulmonary collapse/cardiac arrest: May occur
suddenly without preliminary signs; may evolve rapidly
from initial nausea and vomiting or from a moderate
contrast reaction to complete cardiovascular collapse.

Other Adverse Contrast Reactions
Neurotoxicity: Neurotoxicity can be caused by direct
contact of a contrast medium with the central nervous
system (intrathecal or intracisternal); may occur from
“indirect” contact via intravascular injection. After
intrathecal injection (e.g., in the lumbar subarachnoid
space), some contrast normally diffuses rostrally in the
spinal canal by cerebrospinal fluid (CSF) circulation and/
or gravity; neurological manifestations of contrast toxicity
may not appear for 2-24 h after spinal canal injection.
Neurotoxicity varies with the contrast agent (6). Con-
ventional ionic contrast media cause severe toxic reactions
when injected inadvertently into the CSE

Effect on the thyroid gland and function: Early studies
from the 1970s showed transient hypothyroidism in the
fetus when ionic HOCM was administered in amniotic
fluid. Intravascularly administered contrast crosses the
placenta. A more recent, though single, study showed no
adverse affect on the neonatal thyroid by nonionic LOCM
(7). In older patients with hyperthyroidism, thyrotox-
icosis may occur in a delayed (days to weeks) manner,
even after LOCM.

Hypertensive reaction: Very uncommon; sudden onset
of severe headache; sudden change in mentation; seizure.

Adverse Effects in Children

Children have a lower incidence of contrast reactions. The
reactions that they experience tend to be anaphylaxis-like
and/or involve the airway (8). Children have strong
hearts, so cardiovascular-type reactions are very uncom-
mon. The current use of lower osmolality contrast agents
minimizes the osmotic effect that could be experienced
with older HOCM; nonionic LOCM are also much less
toxic if inadvertently aspirated.

Nonvascular Routes of Administration
that can Result in an Acute Contrast
Reaction
Both high-osmolality ionic (HOCM) water-soluble contrast
and lower-osmolality contrast (LOCM) are used to opacify
the GI tract if barium is not desired. If iodinated contrast is
absorbed into the bloodstream, the risk of an allergic-like
contrast reaction can be just as significant and severe as if the
iodinated contrast were administered directly intravascu-
larly. Contrast media are absorbed rapidly from the
peritoneal cavity or severely inflamed intestinal mucosa.
Situations of potential significant absorption occur when
water-soluble iodinated contrast is used to opacify the GI
tract in patients with inflammatory bowel disease, bowel
perforation, and potentially during high-grade intestinal
obstruction when ischemia of the bowel wall is present.
Reactions can be similar in presentation and severity as
when they occur after intravascular administration.
Anaphylactic-like reactions to contrast media are not
considered to be dose related. Therefore, other routes of
administration that can lead to systemic absorption and an
allergic-like, acute contrast reaction include: endoscopic
retrograde pancreatography (ERCP) with aggressive injec-
tion; retrograde ureteropyelography with injection that
results in pyelo-venous backflow; extensive leak into the
retroperitoneum; cystography with bladder rupture or leak.

Summary
Mild reactions to iodinated contrast media are relatively
common but severe reactions are rare. The exact etiology
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and mechanism of these allergic-like reactions are not
fully defined though they appear to be caused by the
contrast molecule, rather than the iodide itself, through a
complex series of events that affects IgE plus activation of
other mediators such as the leucotrienes and bradykinin.
Reactions to contrast media appear relatively unique to
the individual patient and are not consistently predict-
able. These reactions present in many fashions and
severities. Recognizing the signs and presentations allows
the radiologist and clinician to identify the type of
reaction which, in turn, facilitates rapid treatment and
reversal of the reaction.

Pregnancy and Lactation

Iodinated contrast agents cross the placenta. Iodinated
contrast media are approved by the Food and Drug
Administration (FDA) of the USA for use during
pregnancy and in infants and pediatric patients. The
over-riding decision about the use of iodinated contrast in
the pregnant patient usually relates to the radiation
necessary to generate the image and risk of radiation to
the fetus.

Iodinated contrast and lactation become of concern
only because the nursing infant is an “innocent bystan-
der”—the mother, not the infant, needs the contrast
medium for the imaging study. Iodinated contrast is
approved for use in infants. Studies have shown that less
than 1% of contrast administered intravascularly to the
mother appears in her breast milk and less than 1% of that
is absorbed from the infant’s gastrointestinal tract; this
represents less than 1% of recommended dose for an infant
undergoing an imaging study (8). An option to avoid
any contrast exposure to the infant is for the lactating
mother to use a breast pump for days prior to the contrast
study to obtain and store (freeze) breast milk; then she
pumps and discards the breast milk for 2 days after her
contrast study.

In the USA, gadolinium agents are not approved by
the FDA for use in pregnancy or in pediatric patients
under age 2. However, for lactating/nursing mothers after
pregnancy, the same principles for contrast use as with
iodinated contrast can be applied since less than 0.04% of
intravascularly administered gadolinium appears in the
breast milk and less than 1% is absorbed by the nursing
infant (8).
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Synonyms

Delayed adverse reactions; Late adverse reactions

Definition

Delayed adverse reactions to intravascular iodinated
contrast media are defined as reactions occurring between
1 h and 1 week after contrast medium injection.
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Characteristics

Many aspects of delayed adverse reactions remain
controversial and there is widespread uncertainty among
radiologists about the incidence, significance, and
management of delayed reactions.

Reaction Type and Severity

The symptoms of delayed reactions most commonly
described are headache, skin rash, itching, nausea,
dizziness, urticaria, fever, arm pain, and gastrointestinal
disturbances. However delayed reactions to enhanced and
unenhanced CT were compared, only the skin reactions
occurred more frequently in the group who received
contrast medium (nonionic monomer or dimer) and skin
reactions appear to account for the majority of true
delayed reactions. The types of delayed skin reactions and
their relative frequencies are similar to those, which occur
with many other drugs. Maculopapular rash is observed
in the majority of affected patients. Other frequently
occurring skin reactions are angioedema, urticaria,
erythema, macular exanthema, and scaling skin eruption.

In most cases the skin reactions are mild or moderate,
that is they may be discomforting and require spe-
cific treatment (steroids, antihistamines, topical emollients).
Depending on their localization, these reactions may
be more or less disturbing, the most troublesome being
those confined to the palms, soles of the feet, or face. Severe
delayed reactions needing hospital treatment and/or leading
to persistent disability or death have been reported, but are
very rare. Furthermore, often patients who experienced
delayed reactions had underlying serious medical conditions.

A number of pathophysiological mechanisms have
been proposed for delayed skin reactions. Although the
pathogenesis is still not fully understood, it appears
that many are type IV hypersensitivity reactions, that is
they are T-cell mediated (1, 2). The skin reactions often
show typical features of delayed hypersensitivity includ-
ing exanthematous rash, positive skin tests, and lym-
phocyte rich dermal perivascular infiltrate sometimes
accompanied by eosinophils on skin biopsy.

If there is doubt about whether contrast medium is
responsible for the skin reaction, skin testing (patch and
delayed intradermal tests) may be attempted (1). How-
ever, the low negative predictive value of such tests should
be reminded and it remains to be established if skin
testing is also a suitable tool for selection of an alternative
contrast medium.

Frequency

Determining the true frequency of delayed adverse
reactions to contrast media from the literature is difficult.

First, a variety of different methodologies have been used,
with different methods of data collection (questionnaires,
patient interviews in person or by phone), different start
points (at a variety of times from 30 min after contrast
medium injection) and different data collection periods
(from 1-7 days). A further problem is the fact that the
greater the time interval between the contrast medium
injection and the onset of symptoms, the more difficult it
is to be sure that the symptoms are contrast medium-
induced. This has been highlighted by studies of “back-
ground noise” by several investigators who have shown a
high incidence of delayed symptoms after radiological
investigations not using contrast medium.

The frequency of delayed adverse reactions to
nonionic monomers has been reported to be between
0.52 and 23%. Several studies suggest that the incidence in
the 1-24 h period is 4% or less and in large studies the
frequency of delayed skin reactions was 1-3% over a
period of 7 days. There do not appear to be significant
differences in the incidence of delayed reactions between
ionic and nonionic agents, nor between the different
nonionic monomers. No significant differences have been
found between the nonionic monomers and the ionic
dimer ioxaglate either.

The available evidence suggests that delayed skin
reactions are more common with nonionic dimers. The
nonionic dimer iodixanol caused more delayed skin
reactions than either the ionic dimer ioxaglate or the
nonionic monomers iopamidol and iomeprol (4). In
another study, the frequency of delayed skin reactions
with iodixanol was similar to that with nonionic monomer,
but more of the iodixanol patients were treated with
hydrocortisone or antihistamine (3). The nonionic dimer
iotrolan was withdrawn in 1995 because of the high
incidence of delayed reactions, particularly skin reactions,
initially reported from Japan but subsequently also from
the USA.

Reaction Onset and Duration

Delayed skin reactions after contrast medium develop
within 1-7 days with the majority occurring within the
first 3 days. Most reactions are self-limiting and have
resolved by 7 days, with up to three-quarters resolving
within 3 days.

Predisposing Factors

A number of factors appear to predispose to the
development of delayed adverse reactions. A previous
reaction to contrast medium is an important predisposing
factor increasing the risk by a factor of 1.7 to 3.3.
However, there is no evidence that patients with a
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Adverse Reactions, lodinated Contrast Media, Delayed. Table 1
intravascular iodinated contrast media

ESUR guidelines for late adverse reactions to

Definition A late adverse reaction to intravascular iodinated contrast medium is defined as a reaction, which
occurs 1 h to 1 week after contrast medium injection
Reactions A variety of late symptoms (e.g., nausea, vomiting, headache, musculoskeletal pains, fever) have been

described following contrast medium, but many are not related to contrast medium

Skin reactions of similar type to other drug eruptions are true late adverse reactions. They are usually
mild to moderate and self-limiting

Risk factors for skin Previous contrast medium reaction

reactions Interleukin-2 (IL-2) treatment
Management Symptomatic and similar to the management of other drug-induced skin reactions
Prophylaxis Generally not recommended

Patients, who have had a previous serious late adverse reaction, can be given oral steroids (see ESUR
Guidelines on prevention of generalized adverse reactions)

Tell patients who have had a previous contrast medium reaction or who are on IL-2 treatment that a

Recommendations

late skin reaction is possible and that they should contact a doctor if they have a problem

previous delayed reaction are at increased risk for a
subsequent immediate anaphylactic reaction. A history of
allergy is a further risk factor, increasing the likelihood
of a reaction approximately twice. Especially, a history of
drug and contact allergy seems to predispose to delayed
skin reactions after contrast medium exposure. A seasonal
variation in the incidence of delayed skin reactions has
been described: a significantly higher incidence of delayed
adverse reactions during the pollinosis period was
observed. Females are more likely to develop delayed
adverse reactions than males. Coexisting diseases also
appear to predispose to delayed reactions, especially renal
disease, but also cardiac and liver disease and diabetes
mellitus. Some of the most severe skin reactions reported
occurred in patients with systemic lupus erythematosus
or patients who were taking hydralazine, which induces a
lupus-like syndrome in some patients. Bone marrow
transplantation patients were reported to be another risk
group for severe contrast medium induced skin eruptions.

The increased incidence of delayed reactions to
contrast media in patients who have received interleu-
kin-2 (IL-2) immunotherapy is well documented, with an
increased frequency of 2 to 4 times. Skin rash, pruritus,
and flu-like syndrome were all more frequent in patients
who had received IL-2.

Prophylaxis

In view of the infrequent and self-limiting nature of the
great majority of delayed reactions, it does not seem
appropriate to warn patients with no special risk factors
about the possibility of a delayed reaction. However, it is
recommended that patients who have had either a previous
delayed skin reaction after contrast medium administration
or suffer from major drug or contact allergy are warned
about the possibility of a delayed skin reaction and told to
contact a doctor if they have a problem.

If patients who have previously had a delayed skin
reaction to iodinated contrast medium require further
contrast medium, it is recommended that an alternative
contrast medium is chosen and steroid prophylaxis is
given. However, because of frequent cross-reactivity
among different contrast media, change of contrast agent
is no guarantee against a repeat reaction (1).

Conclusion

Delayed adverse reactions to iodinated contrast media
have been recognized for 20 years. They are mainly mild
or moderate skin reactions, which develop from 1 to 7
days after contrast medium administration and usually
resolve with 3 to 7 days. The majority of these cutaneous
reactions are T-cell mediated allergic reactions. Simple
guidelines were proposed by the Contrast Media Safety of
the European Society of Urogenital Radiology (ESUR) (5)
and are reported here (Table 1).
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Characteristics

Predisposing Factors

The choice of contrast medium and certain patient-
related factors may predispose to an acute idiosyncratic
reaction to intravascular iodinated contrast medium.

a. Contrast medium type
The use of low osmolality nonionic agents reduces
reaction rates by a factor of 4 to 5 compared to high
osmolality ionic agents (1).

b. Patient factors (2)
A previous reaction to contrast medium is the most
important factor predisposing to an acute idiosyncratic
reaction. Asthma is another significant risk factor. A
history of drug or food allergy, or of hayfever or eczema,
all increase the risk of reaction but less than asthma.
Allergy to seafood is not a more significant risk factor
than allergy to other foods. Allergy to topical iodine skin
preparations does not seem to predispose to acute
contrast medium reactions. There is controversy about
whether B-blockers increase the incidence of contrast
medium reactions. However, 3-blockers can impair the
response to treatment if a reaction occurs.

Prevention Measures

Measures to reduce the risk of acute idiosyncratic
reactions to iodinated contrast media should be used in
all patients, with special precautions taken in patients
considered to be at increased risk.

a. In all patients, the key measures to reduce the risk of
reaction are
e use a low osmolality nonionic agent
e keep the patient in the Radiology Department for
30 min after contrast medium injection, since most
reactions occur during this time
e have the drugs and equipment for resuscitation
readily available
b. Patients at increased risk of an acute reaction give a
history of

e previous generalised contrast medium reaction,
either moderate or severe

e asthma

e allergy requiring medical treatment

In patients at increased risk, the key measure to reduce
the risk of reaction are:

e Check that iodinated contrast medium is essential.
Would another test (e.g. ultrasonography, magnetic
resonance imaging) give the required diagnostic
information?

e Choose a different iodinated agent for previous
contrast medium reactors.

e Consider the use of pre-medication, especially in
previous contrast medium reactors and high-risk
patients.

e A suitable pre-medication regime is prednisolone
30 mg (or methylprednisolone 32 mg) orally given 12
and 2 h before contrast medium.

e H2 antihistamines may also be used

Pre-medication

The use of steroid pre-medication is controversial and
opinion is divided (2). Evidence for a beneficial effect of
steroids was greater with the high osmolality ionic agents,
but the available evidence does suggest that steroids
reduce the chance of a reaction to low osmolality
n