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CA-125
CA-125, a glycoprotein antigen, is currently the most

commonly used tumor marker for ovarian cancer. Its

value lies in the assessment and monitoring of recurrent

ovarian cancer. In primary ovarian cancer it is less

specific, particularly in premenopausal women and in

early-stage disease.

▶Carcinoma, Ovarium
Cacchi-Ricci disease
▶Medullary Sponge Kidney
Caffey Disease
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Synonym

Infantile cortical hyperostosis
Definitions

A skeletal condition in infants and fetuses manifest by

periosteal reaction, involving only a few bones, especially

tubular bones and the mandible and scapula, associated

with warmth and tenderness, and not due to a known

specific cause. The condition is generally self-limited and

heals. Because of its close simulation of the skeletal effect
of long-term use of high dose prostaglandin E, it may

well be metabolic in nature; however, others (including, at

one time, Caffey) have postulated a viral cause, and

sometimes it occurs in several members of a family,

raising the question of genetic susceptibility. As a

periosteal process, it manifests only at sites of membra-

nous bone growth.
Pathology/Histopathology

The hyperostosis (periosteal reaction) of Caffey disease

eventually heals into a somewhat thick cortex, which

slowly returns to normal over time. The role of biopsy

would be principally to exclude competing diagnoses,

such as osteomyelitis or metastases from neuroblastoma,

in the unusual circumstance that the diagnosis is in

question. The periosteal reaction of Caffey disease will

stop short of the short, straight ▶metaphyseal collar at

the metaphysis, since such reaction only occurs where

periosteum is present, and it cannot occur on exclusively

enchondral bones (viz, tarsal or carpal bones) that do not

have a periosteum.
Clinical Presentation

The earliest presentation of Caffey disease is intrauterine

polyhydramnios, presumably as a consequence of mand-

ible involvement making swallowing painful for the fetus.

After a baby is born, the findings are warmth, tenderness,

possible swelling, and reduction in motion of the affected

bones.

Similar signs may be found in high dose prostaglandin

E use leading to periosteal reaction (1); additionally

vomiting may occur from antral narrowing in babies so

treated. The Scotch terrier puppies that get a Caffey-like

hyperostosis of the mandible refuse food or drink because

of pain, but survive nicely if tube fed during the active

disease.

If periosteal reaction simulating Caffey disease is due

to neuroblastoma, metastases, redness, warmth, and even

tenderness may be absent (unless there is a pathological

fracture).



Caffey Disease. Figure 1 Right-sided mandibular

periosteal reaction in Caffey disease. From Oestreich AE,

Crawford AH (1985) Atlas of Pediatric Orthopedic

Radiology. Thieme Verlag, Stuttgart p 104.

Caffey Disease. Figure 2 Painful swollen forearm following 3

are swollen (white arrows). Note periosteal reaction at metacarp

from the periosteal reaction. The earlier cortex of the ulna (bl

Shownkeen H (1993) Massive prostaglandin-E periosteal reacti

Radiol (Miskolc) 5:49.
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Imaging

Careful analysis of long bones, mandible (Fig. 1), scapula,

clavicle, and ribs for periosteal reaction on plain radio-

graphs, using magnification of the images in symptomatic

areas, is the method to document Caffey disease. In high

dose prostaglandin E disease, we have seen similar

involvement of small tubular bones of the hand (Fig. 2);

perhaps that may also occur in Caffey disease. Periosteal

reaction can be shown with ultrasound or CT, but plain

images suffice, especially if careful attention is directed to

symptomatic sites and 10 days have elapsed since the

onset of the disease. On prenatal ultrasound, evaluation

for polyhydramnios is pertinent.
Nuclear Medicine

Since it takes about 10 days for periosteal reaction of any

etiology to appear on conventional radiographs, nuclear

imaging is capable of demonstrating abnormal activity

earlier, as early as the first day of the process, in Caffey

disease, as well as earlier than 10 days in simulating

conditions, including prostaglandin E high dose, hyper-

vitaminosis A, trauma (such as abuse), and tumor (such
months of prostaglandin E therapy. The deep soft tissues

al 3 (3). The metaphyseal collars (curved arrows) are spared

ack arrow) is barely discernable. From Oestreich AE,

on in an infant. Lessons to be learned. Year Book of Pediatr
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as neuroblastoma metastases; once neuroblastoma is

suspected, I131MIBG is the nuclear method of choice).

Caffey disease is particularly supported by increased

mandible activity on bone scan.
C
Diagnosis

Periosteal reaction along long bones in Caffey disease

stops short of the 1–3 mmmetaphyseal collar (Fig. 2). For

the mandible, clavicle and scapula, it may merely present

as enlarged dense bone. Rib disease is best seen if the most

lateral portions are involved.

Other causes of diffuse periosteal reaction in infancy

or later in childhood include neuroblastoma metastasis,

Weismann–Netter Stuhl disease, Erdheim-Chester dis-

ease,▶Melhem hyperostosis and hyperphosphatemia (2),

as well as physiologic periosteal reaction found in a

significant percentage of normal (and even abnormal)

infants 1–6 months of age (3).
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Calcific Periarthritis
Calcifications within periarticular soft tissues frequently

with a history of pain.

▶HADD
Calcific Tendinosis or Calcific
Tendinotis
Calcifications within tendons frequently with a history

of pain.

▶HADD
Calcification, Intracranial,
Neonatal
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Synonym

TORCH infections
Definition

Pathological calcification of the newborn brain is detected

on plain radiography or CT examination. The numerous

causes include perinatal toxoplasmosis, others i.e. HIV,

rubella, cytomegalovirus, herpes (TORCH) infections,

metabolic abnormalities, vascular disease, brain infarc-

tion, tumours and ▶neurophakomatoses.
Pathology/Histopathology

The pathology in neonatal intracranial calcification varies

with the underlying cause.

Each one is discussed in more detail elsewhere in this

section.
Clinical Presentation

Some infants with congenital infection, in particular

cytomegalovirus present with a small head circumference

and infants with toxoplasmosis may have hydrocephalus

(1) All these infections are generalised infections and

the infants may have skin rashes and haemorrhages,

hepatosplenomegaly, chorioretinitis and pneumonitis.

The diagnosis of tuberous sclerosis depends on detecting

the characteristic cutaneous lesions and the presence of

cardiac tumours such as rhabdomyomas which can be

diagnosed using antenatal sonography. They can also

present with renal cysts and hamartomas.

In Sturge–Weber disease a facial haemangioma causing

a port-wine stain in the distribution of the trigeminal

nerve is characteristic.

In Von–Hippel–Lindau disease there are cerebellar and

retinal haemangiomas and the patients may also present

with polycystic kidney disease and cysts in other organs.
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Many of these patients including those with inherited

metabolic diseases and brain infarction may also present

with seizures.

A ▶pseudo-TORCH syndrome has been described

such that patients who are microcephalic at birth have

delayed motor and cognitive development, long tract

signs and their work-up for congenital infections is

normal. Many have affected siblings and parental

consanguinity has been reported in approximately one-

third of patients suggesting an autosomal recessive

inheritance (3).
Imaging

Intracranial calcification maybe curvilinear, linear, punc-

tuate or clumpy. If dense it may be seen on plain

radiographs but it is more easily identified with CT

(Fig. 1). Ultrasonography can identify calcification

particularly if it is in the periventricular regions (Fig. 2).

MR imaging is a poor tool to detect calcification but

it may be seen using gradient-echo sequences and also

as reduced signal on T2 and increased signal on T1

sequences.
Calcification, Intracranial, Neonatal. Figure 1 CT brain

on newborn infant with congenital cytomegalovirus

infection. There is extensive intracranial calcification of a

punctuate, clumpy and curvilinear nature.
In cytomegalovirus and less commonly rubella and

toxoplasmosis infections, the calcification tends to be

periventricular in location (Figs. 1 and 2). It may also

involve the basal ganglia. In the other infections the

location is non-specific and can occur almost anywhere in

the brain. Increased echogenicity of the lenticulostriate

regions on sonography, sometimes referred to as non-

calcifying vasculopathy, has been reported in infants with

congenital infection. This however is a non-specific

finding and can also be seen in some trisomy syndromes,

ischaemia and storage disorders (2).

MR and CT imaging may also detect various brain

developmental anomalies such as delayed myelination,

lissencephaly, polymicrogyria, cerebellar hypoplasia and

schizencephaly, depending on the gestational age at the

time of infection.

Infants with pseudo-TORCH syndrome also demon-

strate calcification which is mainly periventricular in

location but may also involve the basal ganglia. They also

have ventricular dilatation secondary to white matter

volume loss and the cerebellum and brainstem may be

small.

Intracranial tubers of tuberous sclerosis are seldom

calcified in the newborn period.

In Sturge–Weber syndrome, the calcification char-

acteristically occurs in the cerebral cortex underlying the

angiomatosis and typically has a gyriform pattern. The

calcification however is seldom seen in the newborn

period.

In tumours and areas of infarction the calcification is

non-specific.
Calcification, Intracranial, Neonatal. Figure 2 Ultrasound

image in infant with congenital cytomegalovirus infection.

There is extensive increased periventricular echogenicity

in keeping with calcification (arrows).
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Diagnosis

If dense, intracranial calcification can be seen on plain

radiography. It may also be identified on sonography

particularly when periventricular in location.

CT is the most sensitive imaging modality.

MR imaging is poor at detecting calcification but

it maybe suggested on gradient-echo sequences and also

as reduced signal on T2 and increased signal on T1

sequences.
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Synonym

Microcalcifications
Definition

Crystals of calcium phosphate, calcium carbonate,

calcium oxalate, and magnesium phosphate developing

in different benign or malignant transformations of breast

tissue.
Pathology/Histopathology

Calcifications are usually localized in the terminal ductu-

lolobular unit (1). In general, the various calcifications are

deposited in areas where compound lipids are present.

Calcifications may be psammous, granular, laminar,

or amorphous. Sometimes they form circular structures

referred to as Liesegang rings within cysts (2).
While most calcifications are easily detectable in

H&E-stained sections, calcium oxalate is obscure to stan-

dard work-up and only visible in polarized light. As

calcium oxalate is mainly associated to benign disease,

detection is important to avoid unnecessary follow-up

biopsies.

Radiologic–pathologic correlation of calcifications

is difficult, as up to 25% of calcifications are lost

during embedding and fixation of specimens. Moreover,

microcalcifications smaller than 100 are undetectable at

mammography. Therefore all specimens taken for micro-

calcifications should undergo specimen radiography and

the pathologist should thoroughly search for calcifications

marked radiologically.
Clinical Presentation

Due to their size and distribution, calcifications are

impalpable and clinically invisible, therefore only lesions

with mass effect and associated calcifications are clinically

detectable.

Approximately 40–50% of mammary carcinomas

have calcifications that are mammographically detectable.

Intraductal comedocarcinoma and infiltrative carcinoma,

in particular, are frequently associated with calcifications,

whereas lobular carcinomas are rarely calcified. Among

the benign lesions, sclerosing adenosis is associated with

calcifications with a frequency of 50%.

With 58% positive predictive value in patients treated

with breast-conserving therapy, calcifications are a valu-

able tool in the detection of recurrence.
Imaging

Mammography is the primary imaging modality in the

detection and description of calcifications. The wide-

spread use of screening mammography since the 1970s

has caused a substantial increase in the incidence of

calcifications.

In general, detection of clustered calcifications in

mammography should advocate the performance of mag-

nification views, preferably in craniocaudal and medio-

lateral positioning to localize precisely the calcifications

and to detect milk of calcium.

Sonography is useful in showing cystic changes in

fibrocystic disease. In some cases microcalcifications can

be viewed directly on sonographs.

Despite the characteristic appearance of calcium on

magnetic resonance imaging (MRI) with low signal on

T1-weighted and T2-weighted images, MRI has no

practical use in the detection or classification of calcifica-

tions. This is mainly due to the small size of single
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calcifications, which is far below the voxel size. MRI is

therefore only able to detect the underlying disease. As

sensitivity for in-situ carcinoma is about 80%, a normal

MRI in cases of suspicious microcalcifications cannot

rule out malignant disease. In fibroglandular or dense

breast tissue, preoperative magnetic resonance tomo-

graphy can be useful in detecting multifocal disease. This

is also true for new calcifications after breast-conserving

therapy, where it is difficult to distinguish liponecrotic

calcifications in statu nascendi from recurrent breast

cancer.
Calcifications, Breast. Figure 1 Multiple crescent shaped
Nuclear Medicine

Currently there is no known tracer for classifying

calcifications. Nuclear medicine is therefore confined to

cases where calcifications lead to a diagnosis of breast

cancer and require further work-up.
calcifications in this lateral view represent milk of calcium.

These are typically benign as well as the vascular

calcifications in this image.

Calcifications, Breast. Figure 2 A small group of

amorphous calcifications in a segmental distribution

representing ductal carcinoma in situ.
Diagnosis

Mammography is currently the only imaging modality

that can detect and classify microcalcifications with suf-

ficient diagnostic accuracy.

Morphology and distribution are the most important

parameters when differentiating benign from malignant

calcifications, whereas the number of calcifications is of

little importance.

All calcifications should be classified according to the

categories described in the Breast Imaging Reporting and

Data System (BI-RADS) lexicon by the American College

of Radiology (ACR). A summary of these descriptions is

given below.

Typically, benign calcifications can rule out malignancy

with a high probability and are usually pathognomonic.

These include: skin calcifications, vascular (Fig. 1), round,

popcorn-like (fibroadenoma), large rod-like (plasma cell

mastitis), lucent centered, egg-shell or rim calcifications

(lipid necrosis), milk of calcium (Fig. 1), suture, and

dystrophic calcifications.

Coarse, heterogeneous calcifications are of intermedi-

ate concern and often represent fibroadenoma, fibrosis,

or trauma.

Amorphous or punctuate calcifications have a dia-

meter of less than 0.5 mm, and are usually indistinct

(Fig. 2). Pathologically they often represent psammoma-

like structures (1).

Fine pleomorphic calcifications are of similar shape

but vary in size without casting parts, which are more

suspicious (3).

Fine-linear or fine-linear branching calcifications are

usually associated with comedocarcinoma (Fig. 3).
Groups can be classified into segmental, linear, multi-

locular, regional (>2cm2 in an area that does not suggest a

ductal distribution), grouped or clustered (<2cm2), and

diffuse/scattered. In particular, segmental and linear

distributions are strongly associated to malignant disease.

However, the diagnostic accuracy for calcifications is lower

than for solid lesions. Sensitivity is reported to be as low
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calcifications in a regional distributions representing

typical DCIS.
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as 67%. As the specificity is lower, biopsy should be

performed more often: the definite diagnosis of the

underlying disease in the case of suspicious calcifications

can only be obtained by histology.

In addition to this, calcifications tend to either

underestimate tumor extent due to uncalcified parts of

the lesion, or to overestimate the extent, because benign

calcifications are included in the suspicious group.
Interventional Radiology

Biopsy with stereotactic guidance is the preferred diagnostic

method for biopsy work-up of suspicious calcifications.

Especially in BI-RADS 4 calcifications, vacuum biopsy is

superior to core biopsy because underdiagnosis is lower and

additional excision biopsies can be avoided. Ultrasound-

guided biopsy of calcifications should only be performed

if the mammographic and ultrasound-detected lesion can

be correlated with certainty. In this case a specimen

radiograph and a postbiopsy mammograph are obligatory

to verify the correct biopsy.

If open biopsy is necessary, preoperative localizat-

ion with a guidewire should be performed. Specimen

radiography is advocated to verify complete biopsy. The

exact localization of the calcifications should be described

and communicated to the pathologist to assure correct

work-up.
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Development of Coronary
Atherosclerosis

Coronary atherosclerosis begins as early as in the first

decade of life with endothelial dysfunction, proliferation

of smooth muscle cells, and deposition of fatty streaks in

the coronary artery wall. At the later stage of the still

clinically silent disease, which may have already occurred

in the first decade of life, these lesions may further

accumulate cholesterol within the intima and media

coronary artery wall layer, with a fibrous cap separating

the lipid pool from the coronary artery lumen. Inflam-

matory processes with invasion of macrophages and

activation of matrix-metallo proteases may cause con-

secutive weakening of the fibrous cap. Such vulnerable

plaques may rupture when exposed to shear stress, and the

thrombogenic lipid material may enter the bloodstream.

In the most unfortunate event, thrombus progression may

turn the vulnerable plaques into culprit lesions that

occlude the coronary vessels, leading to myocardial

ischemia, ventricular fibrillation, and even death.

In the initial stadium of atherosclerosis, the coronary

vessel widens at the location of the atherosclerotic

plaques. The phenomenon is called “positive remodeling”

and explains why such plaques may not be seen by cardiac

catheterization. Nonfatal plaque rupture or erosion at the

end stage may heal, organize, and subsequently calcify.

Fibrocalcified lesions may reduce vessel lumen diameter

by scarring (negative remodeling) with consecutive

reduction of blood flow, resulting in myocardial ischemia.
Estimation of Cardiac Event Risk

In many patients, unheralded myocardial infarction

associated with a mortality of approximately 20% is the
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first sign of coronary artery disease (CAD). Approxi-

mately 40% of the general population is considered to have

a moderate (10–20%) midterm risk (within the next

10 years) of developing a myocardial infarction. Taking the

conventional cardiovascular risk factors (diabetes, hyper-

tension, hypercholesteremia, smoking, family history) into

account currently provides the base for myocardial infarc-

tion risk assessment according to established risk stratifica-

tion schemes. All of the currently available risk stratification

schemes, however, suffer from lack of accuracy to correctly

determine risk, and in particular, uncertainty exists regard-

ing how to treat those who have been identified to be

at intermediate risk. Further tools providing information

about the necessity to either reassure or treat these

individuals are warranted. Computed tomography (CT) is

currently the only reliable and practical tool that allows

noninvasive investigation of the entire coronary artery tree

and quantification of coronary calcium as a surrogate

marker of atherosclerotic plaque burden.
Coronary Calcium Screening

As a fundamental requirement for screening for coronary

atherosclerosis by CT, the radiation exposure should be

reduced to a minimum (about 1 mSv). Any MDCT

scanner can perform coronary calcium screening without

contrast media by acquiring 3-mm consecutive or better

overlapping slices. Even the tiniest calcification will

become visible by reconstruction with a no-edge enhan-

cing soft-tissue kernel. After the reconstruction, the image

data need to be analyzed and postprocessed by a dedicated

workstation. After identification of the specific lesions,

the workstation may automatically display the amount of

coronary calcium in quantities such as the Agatston score,

volume equivalent, and absolute mass.

Coronary calcium is a specific marker for coronary

atherosclerosis. In large cohorts of 10,000 asymptomatic

persons, it was demonstrated that the amount of calcium

depends on gender and increases with age. It was also

found that 70% of unheralded myocardial infarction

occurred in those patients with a calcium score above the

75th percentile compared with an age- and gender-related

asymptomatic cohort. Furthermore, it had been proposed

that the amount of calcium detected in an individual

asymptomatic person should be seen in conjunction with

his or her conventional cardiovascular risk factors. In

particular, in persons with an intermediate cardiovascular

risk, lower age and lower gender-related calcium in the

coronary arteries (<25th percentile) may allow the person

to be reassured, whereas any higher amounts of coronary

calcium (>75th percentile) may act as a guide to risk

factor modification and probably intensive medical

therapeutic strategies.
The progression of coronary calcium in subjects with

hypercholesteremia may depend on the intensity and

efficacy of statin therapy. In asymptomatic hypercholes-

teremic persons without therapy, ineffective (high-density

lipoprotein >120 mg/dL) and effective statin therapy

(high-density lipoprotein <120 mg/dL), the annual pro-

gression rate was reported to be 52 ± 36%, 25 ± 22%, and

−7 ± 23%, respectively. However, it remains unclear how

the change in the amount of coronary calcium is related to

event risk.
Assessment of Patients with Acute
Coronary Syndrome and Acute
Chest Pain

The diagnosis, risk stratification, and management of

patients with suspected acute coronary syndrome enter-

ing the emergency department remains a clinical

challenge. Acute coronary syndrome constitutes a broad

spectrum of clinical status including ST-elevation myo-

cardial infarction, non-ST-elevation myocardial infarc-

tion, and unstable angina. Clinical management with

percutaneous intervention, thrombolysis, or medical

therapy is clearly established only in a small fraction of

patients with acute coronary syndrome. The larger group of

patients may present with ambiguous electrocardiogram

(ECG) signs or laboratory markers for myocardial

ischemia. It has been shown that patients with angina-like

chest pain, normal cardiac enzymes, normal or indetermi-

nate ECG, and negative coronary calcium scans as detected

by CT may be safely discharged from the emergency

department without further testing or observation.

In rare cases, myocardial infarction may occur in

patients with no coronary calcium as detected by CT.

The entire extent of coronary atherosclerosis with

calcified and noncalcified plaques may become visible

by the administration of contrast media. The current gold

standard for detecting coronary atherosclerosis in vivo

is intracoronary ultrasound (ICUS). Studies comparing

ICUS with MDCT have shown a good correlation

between the echogeneity and CT density of coronary

atherosclerotic lesions. Plaques with low, intermediate,

and high echogeneity may correspond to plaques

in MDCT with a density of 14 ± 26 HU, 91 ± 21 HU,

and 419 ± 194 HU, respectively. The sensitivity and

specificity of CT to detect calcified and noncalcified

coronary atherosclerosis is between 78 and 94%, respec-

tively. However, the sensitivity to detect noncalcified

plaques in a lesion-by-lesion comparison between CTA

and ICUS is only 53%. In heart specimens, the low-

density (40 HU) and high-density (90 HU) components

of plaques as detected by CTmay correspond to lipid and

fibrous tissue, respectively. Micro-CT with ultrahigh
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spatial resolution is able to distinguish between different

plaque components such as lipid, fibrin, and calcium by

the different Hounsfield units. In the early stage of

atherosclerosis, the proliferation of smooth muscle cells

increases the Hounsfield units of atherosclerotic plaques.

In patients with myocardial infarction, noncalcified

lesions in the culprit coronary artery may likely correspond

to an intracoronary thrombus. Although the entire extent

of atherosclerosis is similar in patients with myocardial

infarction and stable angina, patients with acute myocar-

dial infarction may present with significantly more non-

calcified lesions. On the other side, the extent of calcified

lesions was found to be significantly higher in patients with

chronic stable angina.

Patients with unstable angina may present with

noncalcified low-density plaques in their coronary arteries

that may correspond to vulnerable plaques. The vulner-

able plaque that had been detected before its rupture may

present with a low-density center surrounded by a high-

density rim, most likely corresponding to a lipid pool and

a fibrous cap, respectively. In due course these plaques

may rupture, resulting in a culprit lesion with subsequent

myocardial infarction.

As mentioned earlier, large lipid components may

be found predominantly in vulnerable plaques that are

prone to rupture, with subsequent thrombosis and

occlusion of the coronary artery. Currently, however, it

appears unlikely that coronary CTA may be used as a

screening tool for vulnerable plaques in asymptomatic

subjects because of the necessity of administering contrast

media and the comparably high radiation exposure for

this application. Furthermore, the prospective value for

the detection of noncalcified lesions has not been

demonstrated so far and needs to be further investigated

in clinical studies. If the ability of coronary CTA to detect

vulnerable plaques in patients with acute coronary

syndrome holds true, new strategies need to be considered

for appropriate management of these patients. The

noninvasive detection of vulnerable plaques may probably

justify intensive medical treatment and follow-up or,

alternatively, may lead to invasive approaches, such as

plaque sealing. Moreover, in patients with atypical chest

pain, CTA may soon serve as a tool for comprehensive

diagnostic work-up. A single CTA investigation will allow

differential diagnosis for a variety of diseases that need to

be taken into account for acute chest pain, including

ruling in or out pulmonary embolism, aortic dissection,

and CAD.

In the near future, coronary CTA may become a valid

pretest before cardiac catheterization for patient triage for

conservative, interventional, or surgical therapy, and may

reduce the use of invasive diagnostic procedures to

preselected patients in whom coronary interventions are

essentially required.
Calcinosis Cutis
Calcinosis cutis is a feature of scleroderma, and especially

of its subset CREST syndrome. Grouped and speckled

calcium deposits are found subcutaneously mainly at

pressure-exposed locations like the fingertips. Calcifica-

tion in hydroxylapatite deposition disease or in poly-

myositis/dermatomyositis must be considered as the

differential diagnosis and can be distinguished by location

and morphology as well as additional features (clinical,

radiologic).

▶Connective Tissue Disorders, Musculoskeletal System
Calcium Hydroxyapatite
Deposition Disease
▶HADD

Calcium pyrophosphate
Deposition Disease
▶CPPD

Calcium Pyrophosphate
Dihydrate Crystals Deposition
Disease (CPPD)
Calcium pyrophosphate dihydrate crystals deposition

disease or pseudogout is a joint disease caused by calcium

pyrophosphate dihydrate crystal deposits with intermit-

tent attacks of acute arthritis and degenerative arthro-

pathy. A radiographic feature is a linear calcification of

articular cartilage, especially fibrocartilage. CPPD is an

important differential diagnosis to hemochromatosis.

▶Hemochromatosis, Skeletal
Cane-of-Bamboo Fragment
Cane-of-bamboo fragment describes the complete syn-

desmophytic bridging of only a few segments, contrasting
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with the otherwise normal radiologic appearance of the

vertebral spine; it is relatively typical in SAPHO.

▶Spondyloarthropathies, Seronegative

Cane of Bamboo
Cane of bamboo is a typical late-stage radiographic

appearance of the lumbar vertebral spine in patients

suffering from ankylosing spondylitis. Multisegmentally,

the discs are completely bridged by circular ossification of

the annulus fibrosus.

▶Spondyloarthropathies, Seronegative

Capillary Telangiectasia
Small nests of dilated capillaries with normal intervening

brain tissue. Also known as capillary angioma.

▶Congenital Malformations, Vascular, Brain

Capsule of Ultrasound Contrast
Media
▶Contrast Media, Ultrasound, Shell of, Influence on

Pharmacology and Acoustic Properties

Caput Medusae Sign
A classic sign of developmental venous anomaly on digital

subtraction angiography and magnetic resonance ima-

ging. It is characterized by a nest of small vessels

converging toward a bigger enlarged transcortical vein.

▶Congenital Malformations, Vascular, Brain
Carbon Monoxide
Carbon monoxide (CO) is a colorless, odorless gas

produced from incomplete fuel combustion. It has a high

affinity for hemoglobin and other heme-containing

molecules, and severe or prolonged exposure can result
in hypoxic brain injury, most commonly affecting the

globi pallidi.

▶Toxic Disorders, Brain
Carcinoid Tumor
The term carcinoid covers a broad spectrum of neoplasms

that originate from a variety of neuroendocrine cells. The

most common carcinoid tumors of the small intestine

secrete serotonin or serotonin precursors.

▶Neoplasms Small Bowel
Carcinoid Tumor, Pancreatic
A rare neuroendocrine tumor of the pancreas that

originates from the enterochromaffin cells that produce

serotonin. It causes a syndrome caused by the increased

secretion of serotonin, called carcinoid syndrome. Carci-

noid syndrome includes flushing, diarrhea, bronchocon-

striction, and cardiac disease. Most patients with carcinoid

tumors do not develop carcinoid syndrome.

▶Islet Cells Tumors, Pancreatic
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Definition

The primary signs of malignancy on mammography are

defined as follows:

. Dominant mass

. Microcalcification

. Asymmetric density

. Architectural distortion

. Carcinoma usually appears on a mammogram as

a mass, cluster of microcalcification or architectural

distortion.
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Characteristics
Dominant Mass
C

A mass as defined by the BIRADS Breast Imaging Lexicon

(1) is a space-occupying lesion seen on two different

projections. Masses may be irregular, ill-defined, dense or

have a spiculated margin, where the lesion is characterised

by lines radiating from the margin of the mass. A dense

irregular mass with a spiculated margin that is not related

to previous surgery is virtually diagnostic of malignancy.

The spicules may radiate out from an ill-defined mass

for several centimetres or appear as a ‘brush border’. They

may be readily visualised when the breast tissue is fatty,

but difficult to detect in dense breast tissue (Fig. 1a).

Magnification/paddle mammographic views of ill-

defined masses are invaluable for demonstrating spicula-

tion that may be partially obscured by overlying glandular

breast tissue.

Pathologically, the spicules represent strands of fibro-

malignant tissue that is related to the generalised

desmoplastic response produced by cancer in the

surrounding tissue.

A mass with spiculated margins should be considered

malignant even if it remains stable over time, and

biopsied.

Poor definition of the margin of a mass is a common

feature of malignancy, though not as specific as a

spiculated margin. Cancer should always be considered

when a mass has poorly defined margins. Many cancers

do not elicit the desmoplastic reaction in the surrounding

tissue that produces spiculation, but the lack of definition

of the borders raises concern that there is invasion of the

surrounding tissue by the malignant process (Fig. 1b).

A mass with microlobulated margins where the

lobulations are multiple and measure a few millimetres

in diameter is suspicious of malignancy (Fig. 1c).

Some malignant masses contain irregular malignant-

type microcalcification (see later). This is usually due to

necrosis within the tumour mass, or an associated

intraductal component. It is important to identify

calcification associated with a malignant mass, especially

if it extends beyond the margins of the mass, since there is

a high risk of recurrence if the intraduct component is not

also excised.
Microcalcifications

Certain shapes and patterns of microcalcification are

strongly associated with breast cancer (Fig. 2).

BIRADS defines microcalcification associated with

malignancy into the following categories:

. Amorphous or indistinct calcifications. These are

often round- or flake-shaped calcifications that have a
sufficiently small or indistinct appearance that a more

specific morphological classification cannot be deter-

mined. They do not layer on horizontal beam

magnification lateral images, and are therefore not

microcystic. They are of intermediate suspicion and

may be associated with malignancy (Fig. 2a).

. Pleomorphic or heterogeneous calcifications. These

are usually more conspicuous than the amorphic

forms and are neither typically benign, nor malignant

in appearance, being irregular in shape with varying

sizes and density. They are usually less than 0.5 mm in

diameter. They should be regarded as suspicious of

malignancy (Fig. 2b).

. Fine, linear or fine, linear and branching (casting)

calcifications. These are thin irregular calcifications

that appear linear, but are discontinuous and under

0.5 mm in width. Their distribution follows the course

of the duct system involved, and the casting

appearance is due to filling of the lumen of the duct

involved irregularly with necrotic carcinoma cells.

This pattern of microcalcification is most often seen

with comedo-type ductal carcinoma in situ (DCIS),

and is virtually diagnostic (Fig. 2c).
Distribution of suspicious
microcalcification

The ACR BIRADS defines four patterns of distribution:

1. Clustered

2. Segmental

3. Regional

4. Diffusely scattered

Clustered microcalcification is suspicious, especially if

the cluster has a triangular shape. A cluster of five or more

particles of pleomorphic microcalcification, which is

demonstrated in a volume of 1 cc has a 20–25% risk of

malignancy.

Microcalcification that falls into any of the above

categories should be investigated further with core biopsy

or wide-bore needle (mammotome) biopsy.
Asymmetric Density

This is a density that cannot be accurately described by

shape. It is visible as asymmetry of tissue density with

similar shape on two views, but completely lacks borders

or the definition of a true mass.

It may represent an island of normal breast tissue

but its lack of specific benign characteristics warrants

further investigation by magnification/paddle views and

ultrasound.

Additional imaging may reveal an underlying true

mass or significant architectural distortion (Fig. 3).



Carcinoma, Breast, Imaging Mammography, Primary Signs. Figure 1 (a) Spiculate mass due to 11 mm invasive ductal

carcinoma. (b) Poorly defined mass due to invasive ductal carcinoma Grade 3. (c) Lobulated mass due to Grade 3 infiltrating

ductal carcinoma.
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Carcinoma, Breast, Imaging Mammography, Primary Signs. Figure 2 (a) DCIS: Amorphous microcalcification. (b) DCIS:

Pleomorphic-type microcalcification. (c) DCIS: Casting-type microcalcification.

Carcinoma, Breast, Imaging Mammography, Primary Signs. Figure 3 Asymmetric density, Grade 2 38 mm IDC and ILC.
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Architectural Distortion

Normal breast architecture is distorted with no definite

mass visible. This includes spiculation radiating from a

point. Architectural distortion is often visible at the
parenchyma/subcutaneous fat interface as a flattening or

retraction of the parenchyma.

The posterior margin of the parenchyma is the other

site that should be carefully examined for signs of



Carcinoma, Breast, Imaging Mammography, Primary Signs. Figure 4 Parenchymal distortion, Grade 1 tubular carcinoma.
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architectural distortion. Focal retraction or distortion of

the parenchymal edge should be investigated further with

magnification/paddle views and high-resolution ultra-

sound (Fig. 4).

Breast cancer does not always produce a mammo-

graphically visible mass but frequently disrupts the

normal surrounding tissue. This is an important but

often subtle sign of malignancy.

Post-surgical scarring and fat necrosis are the most

common non-malignant causes of architectural distortion.

Radial scars may also produce architectural distortion.

If any of the primary signs of malignancy are detected

on mammography, full breast assessment should be

carried out, including needle biopsy.
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Definition

The secondary signs of malignancy on mammography are

defined as
. Enlarged axillary lymph nodes

. Asymmetric ducts or duct dilatation

. Skin and nipple changes

. Oedema of all or part of the breast

. Asymmetric breast tissue

. Increased vascularity with vascular engorgement

. Distortion of parenchymal edge, obliteration of the

subcutaneous or retromammary space.
Enlarged Axillary Lymph Nodes

Enlarged axillary lymph nodes as the sole indicator of

underlying malignancy in the breast are uncommon.

Mammography only gives a limited view of the axilla, with

the lower level 1 lymph nodes visible on the MLO view

(Fig. 1).

Normal axillary nodes are less than 2 cm in size and

have a hilar notch or lucent centre due to fat in the hilum.

They may be almost replaced by fat so that only a thin rim

of lymphoid tissue is visible around a lucent centre. When

fatty replacement of a node occurs, the node may be

enlarged, reaching up to 3–4 cm in size.

Lymph nodes that are 1.5–2 cm in size without a fatty

hilum or lucent centre should be considered suspicious

and investigated. Such findings are however non-specific,

and may be secondary to reactive hyperplasia, lymphoma,

collagen/vascular disease or metastases from other sites.

It is not possible mammographically to differentiate

benign lymphadenopathy from secondary involvement

with breast cancer on mammography, and ultrasound and

core biopsy or fine needle aspiration cytology of abnormal

nodes is indicated (1, 2).

When malignancy suspicious for a breast primary is

detected in axillary nodes, without any evidence of a
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thickening. Inflammatory carcinoma with axillary lymph node involvement.
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primary lesion on mammography, MRI has become the

investigation of choice for demonstrating occult breast

malignancy (3).
Asymmetric Ducts or Duct Dilatation

Breast tissue may contain serpentine or nodular structures

on mammography, and these represent asymmetric ducts

or duct dilatation. Wolfe suggested that the presence of

such findings was an indicator of malignancy, but other

authors have found that asymmetric ducts are fairly

common and part of the spectrum of benign breast

change. Unless asymmetric or dilated ducts are associated

with a palpable abnormality or mammographic sign of

malignancy such as a mass or microcalcification, they

should be considered a normal variant (4, 5).

A group of ducts converging on the nipple, and

asymmetric compared to the contralateral breast is

striking mammographically, but usually represents

benign duct ectasia (5).
Skin and Nipple Changes

Skin changes associated with breast cancer are generally

late changes due either to direct invasion by tumour, or

obstruction of draining veins or lymphatics. Generally

skin and nipple changes are best evaluated clinically.

Nipple retraction or inversion is usually long standing

and due to benign changes such as involution or duct
ectasia. When associated with malignancy it occurs over

a short period of time, and is usually associated with a

cancer lying close beneath the nipple, readily visible on the

mammogram. It is very rarely the only mammographic

sign of malignancy and scrutiny of the retroareolar region

in such cases, augmented by magnification/paddle views

will invariably demonstrate the underlying tumour.

When skin retraction is visible clinically, the tumour

mass is usually readily seen on the mammogram.

Sometimes a deep cicatrizing tumour deeper within the

breast can cause skin retraction through involvement with

Cooper’s ligaments.

Diffuse skin thickening associated with cancer in-

dicates advanced disease. There is usually associated

diffuse thickening of the trabecular pattern. (Fig. 2).

These appearances are non-specific and may represent

oedema due to lymphatic or venous obstruction.

Thickened skin is often demonstrated in inflamma-

tory carcinoma, usually due to diffuse permeation of the

dermal lymphatics by tumour. The diagnosis is usually

evident clinically with the classic triad of skin oedema,

erythema and inflammation, in the absence of infection.
Oedema of All or Part of the Breast

The mammographic features of oedema of the breast

are non-specific. There is a diffuse thickening of the

trabecular pattern, often associated with skin thickening.

If due to malignancy it is usually a late change indicating

advanced disease, and is either due to diffuse infiltration,

or lymphatic or venous obstruction (Fig. 2).



Carcinoma, Breast, Imaging Mammography, Secondary Signs. Figure 2 Mammogram and ultrasound of enlarged axillary

node (block arrow) The cancer is readily visible inferiorly (small arrow).
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Radiotherapy may also be a cause of diffuse breast

oedema in the treated breast and should not bemistaken for

recurrence. Oedema may be evident on the baseline post-

treatment mammogram, but usually improves over time.
Asymmetric Breast Tissue

This should not be confused with focal asymmetric

density (see primary signs of malignancy). Asymmetric

breast tissue is a variant of normal, where there is a greater

volume of glandular breast tissue in either the whole

breast or part of the breast when compared to the other

side. It is rarely due to an underlying breast cancer, usually

a diffuse invasive lobular cancer.

Some palpable cancers do not produce a mammo-

graphically discreet lesion, or microcalcification, and the

only visible finding may be an increase in density usually

in part and rarely in all of the mammogram.

A progressive increase occurs in asymmetric density,

particularly when focal should be investigated further; but

it should be borne in mind that hormone replacement

therapy (HRT) can often cause a diffuse or focal increase

in breast density.
If the breast architecture is preserved, and there is no

underlying mass or microcalcification, and the patient is

clinically normal, then the asymmetry is almost always a

normal variation (5).
Increased Vascularity with Vascular
Engorgement

Increased vascularity as the only sign of breast carcinoma

is extremely uncommon. Asymmetric prominence of

veins in the breast is usually caused by under-compression

during acquisition of the mammogram. Advanced breast

cancer causing venous obstruction in the axilla may cause

venous engorgement of the affected breast.
Distortion of Parenchymal Edge,
Obliteration of the Subcutaneous or
Retromammary Space

In the normal breast, the interface between the sub-

cutaneous fat and the breast parenchyma shows a
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scalloped pattern due to Cooper’s ligaments attaching to

the skin. Breast cancer, which develops near the edge of

the breast parenchyma, can cause distortion of this

pattern, either by causing flattening or retraction of the

parenchymal edge, or a bulge into the subcutaneous fat.

Similarly, the fat/parenchymal interface posteriorly may

be distorted or shows a focal bulge due to a carcinoma.
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Definition

Breast cancer is the third most common cancer in the

world, creating a burden of disease comparable with that

of colorectal cancer. With over half a million new cases in

the world each year, only cancer of the lung and stomach

occurs with greater frequency, and breast cancer, overall,

accounts for about 9% of cancer cases in the world, and

over 18% of cancers occurring in women. It is most

common in North America and Western Europe,

accounting for about one in four female cancers in these

regions, whereas in the Far East (China and Japan) it is

very much rarer. It is also common in southern South

America. The highest incidence rates of all are found

in Hawaii, where a rate of 93.9 per 100,000 female

population has been reported, and in US white women.
The incidence rises with age from about 30 years, but

more slowly after the menopause than before. There are

ethnic variations such as a high incidence in Israeli Jews

compared with non-Jews in Israel. It is more common in

single women, in higher social classes, and in urban rather

than in rural areas. About 1% of cases occur in males.
Risk Factors

Breast cancer is a multifactorial disease that may involve

life style, environmental and reproductive factors, as

well as genetic factors. As with many other cancers, it may

also involve as yet unknown factors. One in ten women

will develop breast cancer by the age of 80. For most

women, as they get older, their risk of breast cancer

increases.
Risk Associated with Family History

. The risk of breast cancer in women with an affected

first-degree relative (mother, sister, or daughter) is

approximately twice the risk to other women.

. The risk of breast cancer is related to the strength of

the family history. The risk increases with the number

of affected relatives, and increases as the age of the

affected relatives decrease.

. Only a minority of this increase risk is due to the

known high risk genes BRCA1 and BRCA2.

. The chance of carrying a BRCA1 or BRCA2 mutation

is related to the strength of the family history not only

of breast cancer but also of ovarian cancer and male

breast cancer.

. The risks of breast cancer in carriers of BRCA1

or BRCA2 mutations have been estimated as between

60% and 80% and between 40% and 80%, respectively.
Hormonal Factors

Factors that influence the amount of estrogen produced

by a woman’s body over her lifetime (such as the ages

at the onset of menstruation, pregnancy, and age at

menopause) are known to influence breast cancer risk.

During the reproductive years, a woman’s body produces

high levels of estrogen.

. Earlier menarche (aged 12 or younger) and late

menopause (aged 55 or older) is associated with an

increase in risk of breast cancer Women who start to

menstruate at an early age and reach menopause at a

late age are exposed to high levels of estrogen for more

years than are women who have a late menarche or

early menopause.
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. Nulliparity and late age at first birth are associated

with significant increases in breast cancer risk.

. Women who have their first full-term pregnancy at a

relatively early age have a lower risk of breast cancer

than those who never have children or those who have

their first child relatively late in life.

. Pregnancy may lead to lasting changes in the

sensitivity of breast tissue to cancer-causing agents,

as well as in the maturation of breast tissue. In

addition, several hormonal changes occur after a full-

term pregnancy and may persist for years.

. Increased parity has been found to be associated

with a decrease in breast cancer risk (38% decrease in

risk in women who reported five or more live births,

32% decrease in risk in women who reported three

or more births compared to women who reported

one birth).
Hormone Replacement Therapy

Evidence suggests that hormone replacement therapy

(HRT) is associated with an increase in breast cancer

risk.

. The Million Women Study found that the relative risk

of breast cancer in current users increased with

increasing total duration of use of HRT (1). The risk

associated with HRT is small for short duration use

(up to 2 years) but is in the region of a two-fold risk

for women taking combined HRT for 10 years

or more.

. The Million Women Study found that the associated

risk was substantially greater for estrogen–progestagen

than for other types of HRT, and suggests that there is

little or no overall increase in the relative risk of breast

cancer in past users of HRT.

. The Collaborative Group (2) has shown that there

is 2.3% increase in relative risk for every year used.

The risk appears to be confined to current users

and women who have used HRT in the last 5 years

and that the risk of HRT use disappears 5 years after

stopping.
Hormonal Contraceptives

Numerous scientific studies have investigated the rela-

tionship between the use of oral contraceptives (birth

control pills) and the risk of breast cancer.

. Use of oral contraceptives slightly increases the risk of

breast cancer.

. This increase in risk appears to be confined to current

and recent use (within 5–10 years, relative risk 1.24 for

current users).
Breastfeeding

Breastfeeding confers a protective effect on breast cancer

risk.

. The Collaborative Group (3) found that each 12

months of breastfeeding confers a reduction of about

4%.

. The protective effect of breastfeeding is in addition

to the protective effect of pregnancy alone.

. The reduction in breast cancer risk is related to total

duration of breastfeeding.

. If breastfeeding does protect against breast cancer, it

may do so by delaying the resumption of ovulation

(with its accompanying high estrogen levels) after

pregnancy.
Alcohol Consumption

The risk of breast cancer increases with alcohol con-

sumption.

. The Collaborative Group (4) reported an increase of

7.1% in relative risk for each additional 10 g/day

intake of alcohol.

. Women who drink moderate amounts of alcohol have

been found to have a slightly higher risk of breast

cancer than do those who abstain. It is uncertain,

however, whether this association reflects a cause-and-

effect relationship.

. The use of alcohol may vary among women who differ

with regard to other factors that are known to

influence breast cancer risk—such as age, obesity,

and reproductive history.
Weight

A high body mass index (BMI) is associated with a

significant increase in post-menopausal breast cancer risk

in the general population.

. A recent IARC report (5) suggested that more than

100 studies over nearly 30 years in populations in

many countries have established that increased body

weight increases breast cancer risk among post-

menopausal women.

. Almost all of these studies have shown that this

association is largely independent of a wide variety of

reproductive and life style risk factors.

. The association between being overweight and breast

cancer appears to increase in a stepwise fashion with

advancing age after the menopause (5).

. This relationship is probably mediated by estro-

gen production. Fat cells produce some and obese
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post-menopausal women, therefore, tend to have

higher blood estrogen levels than non-obese women

do.

. Obesity does not seem to be a risk factor for breast

cancer in pre-menopausal women. In younger wo-

men, the ovaries are the main producers of estrogen.

The much smaller amount of estrogen produced by

the fat cells does not appear to have any significant

impact on breast cancer risk.
Physical Activity

Scientific studies have consistently shown that the risk

of breast cancer is lower among physically active pre-

menopausal women than among sedentary women.

. Moderate physical exercise is associated with a

decreased risk in breast cancer. The effect of phy-

sical activity on breast cancer risk may be due at

least in part to effects of exercise on the female

hormones.

. Although the effects of obesity and physical inactivity

on breast cancer risk are not as strong as the effects of

previous breast disease or family history of breast

cancer, they are important risk factors because they are

modifiable.

. Exercise and weight control currently represent the

most effective life style changes that a woman can

make to reduce her risk of breast cancer.

. Lack of physical activity is an established risk factor for

pre-menopausal breast cancer and represents part of a

complete approach to weight management.
Radiation

Exposure to ionizing radiation, particularly in the young

breast, is associated with an increased risk of developing

breast cancer.

There is now substantial evidence that women who

received radiotherapy at or below the age of 35, which

included part of their breast tissue (upper body mantle

radiotherapy), have a higher risk of developing breast

cancer.
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Carcinoma, Breast, Inflammatory
Common features of inflammatory carcinomas are skin

thickening and diffuse increased breast density. Other

findings such as trabecular thickening, axillary lympha-

denopathy, architectural distortion, focal asymmetric

density, and nipple retraction may be found. Less often,

calcifications or masses are present. This tumor entity

may be misdiagnosed as benign inflammatory process.
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Synonyms

Cervical carcinoma
Definition

Carcinoma of the cervix uteri is 3rd most common tumor

of the female pelvis. After the age of 20 years the incidence

increases with two incidence peaks around 30 years for

in situ carcinoma and around 60 years for invasive cancer.

Risk factors for the development of cervical carcinoma

include early age intercourse, multiple sexual partners,

and perhaps the most important exposure to specific

subtypes of the human papillomavirus (HPV). Screening

is possible with the Papanicolau smear.
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Pathology/Histopathology

Approximately 80–90% of cervical malignancies are

squamous cell carcinomas. The remaining 10% of cervical

cancers consist of adenocarcinomas and rarely sarcomas.

The majority of cervical carcinomas occur at the

squamocolumnar junction. Cervical carcinoma normally

arises from a preexisting dysplastic lesion. Carcinoma

in situ represents extension of malignant cells to the basal

membrane of the epithelium. The metastatic spread is

generally lymphatic, first in the iliac lymph nodes and

further in the retroperitoneal lymph nodes. Hematogenic

metastases are rarely seen. The most common sites of

metastasis are the lungs, bones, and liver.
Clinical Presentation

The major symptoms of cervical carcinoma are vaginal

discharge and bleeding, but over 20% of patients with

invasive cervical carcinoma are asymptomatic. Pelvic or

abdominal pain and urinary problems are less common

symptoms and occurs normally in advanced cases.

The International Federation of Gynecology and

Obstetrics (FIGO) classification is used for staging
T NM FIGO MR I findings

T is 0 Carcinoma in situ (before in

T 1 I Cervical carcinoma confined

T 1a IA Microscopic diagnosis, no tu

T 1b IB Carcinoma only in cervix ut
stroma

T 2 I I T umor invades beyond uteru

T 2a I IA Invasion of vagina excludin

T 2b I IB Infiltration of parametria, di
(T 2w)

T 3 I I I T umor in the lower vagina, 

T 3a I I IA T umor infiltrating the lower

T 3b I I IB T umor infiltrating the pelvis

urography)

T 4 IV T umor outside the pelvis, di

T 4a IV A Invasion of the bladder and 

between cervix and bladder 

T 4b IV B Distant metastasis

Carcinoma, Cervix Uteri. Figure 1 Staging of carcinoma ce

Rudralinbgam V, McCluggage WG et al MR staging in carcinom
in most institutions (Fig. 1). This classification is based

on clinical findings of the primary tumor as well as

on lymphatic spread. Because of good soft tissue con-

trast MRI was shown to be superior to CT in staging

cervical carcinomas, e.g., for diagnosis of parametrial

invasions (1, 2). It was shown to be a helpful addition to

transvaginal ultrasound especially in tumors exceeding

2 cm in situ (3).

Surgery is usually performed in FIGO I-IIA. In FIGO

IIB or more adjuvant radiotherapy is regarded as therapy

of choice. Therefore, pretherapeutic staging is important

for decision-making.
Imaging

MRI with his high soft tissue contrast is an ideal imaging

modality for evaluation of cervical carcinoma. Cervical

carcinoma will be identified as a high signal intensity mass

on T2-weighted images. Cervical carcinomas are lesser

conspicuous on T1-weighted images, because of similar

signal intensity to the normal cervical tissue. MR contrast

medias cause variable tumor enhancement and are rarely

indicated. They could be helpful for depiction of bladder

or rectal wall infiltration.
vasion), no indication for MR I

 to the cervix

mor on MR I

eri, tumor hyperintense compared to cervical

s, no expansion in the pelvic sidewall

g lower 1/3, parametrium without tumor

sruption of low-signal-intensity stromal ring

pelvic wall infiltration or hydronephrosis

 vagina, best seen on sagittal plane

 wall or hydronephrosis, dilated ureter (MR

stant metastasis

rectal mucosa, obliteration of fat planes

or rectum, retrospectively

rvix uteri according to TNM and FIGO. (From Pakkal MV,

a of the endometrium and carcinoma of the cervix)



Carcinoma, Cervix Uteri. Figure 2 Axial oblique

(perpendicular to the cervical cancel) T2-weighted MRI

with a cervical carcinoma in stage IB. The tumor is restricted

to the cervix uteri, the hypointense stroma is not disrupted.

Carcinoma, Cervix Uteri. Figure 3 (a) Cervical carcinoma

stage IVA with infiltration of the bladder and rectal wall on

a T2-weighted transversal MR image. Enlarged lymph node

(arrow). (b) Sagittal contrast-enhanced T1-weighted MR

image shows the cervical carcinoma with urinary bladder

wall infiltration (arrow) in stage IVA.
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The staging of cervical carcinoma with MRI is based

on the FIGO criteria. In stage IA there is no MR

correlation of the cervical carcinoma because it is a

preclinical diagnosis, which can only be demonstrated

microscopically. In stage IB the tumor is restricted to the

cervix without infiltration of the vagina (Fig. 2) and the

stroma surrounding the tumor is intact. In stage IIB

the parametria are infiltrated, where the tumor extend

over the cervix border into the parametria. The low-

signal-stromal ring is disrupted on MRI. In FIGO IIIA

tumor infiltrates the lower vagina best seen on sagittal

images and in IIIB extend to obturator internal,

piriformis or levator ani muscle. Hydronephrosis also is

a sign for this stage. In such cases, additional MR

urography will be helpful. In stage IVA the tumor

infiltrates the bladder or rectal wall, which can be well

demonstrated on T2-weighted MRI without fat saturation

because of the fat plane obliteration between cervix and

bladder or rectal wall (Fig. 3). Distant metastases are seen

in stage IVB. In the literature the overall accuracy of MRI

staging is reported to be 76–92%.

The most important prognostic criteria are the

parametrial infiltration and lymphatic spread. MRI, as

CT, has a limited sensitivity for lymph node metastases.

CT has become increasingly popular in the staging of

cervical carcinomas. CT is able to demonstrate the

primary tumor in cases of extensive disease as well as

hydronephrosis. Furthermore encasements of the iliac

vessels, enlargements of the obturator or piriformis

muscles are all signs of stage III disease. But the most
important use of CT in cervical carcinoma is the

evaluation of lymphatic nodes. However, lymph node

size is the only morphological criterion used to determine

the presence of metastases. CT has a fairly high specificity

(93%) when utilizing criteria of nodal enlargement

greater than 1 cm in the short axis as pathologic.

However, the overall accuracy of detecting lymph node

metastasis varies in the literature between 70% and 75%.

In the evaluation of parametrial infiltration, CT has an

overall accuracy of 76%, a positive predictive value of

58%, and a negative predictive value of 85%.
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Endovaginal sonography is normal directly applied by

the gynecologist. Large necrotic tumors can appear as

hypoechogenic masses. Sonography can demonstrate

urinary obstruction with high degree of accuracy.

Invasion of the bladder and parametrium infiltration

can sometimes be seen. However, sonography is limited

in differentiating between tumor and normal cervical

tissue. Furthermore, accuracy for the evaluation of

pelvic and retroperitoneal lymph nodes is limited with

sonography.

Recurrence of cervical carcinoma occurs normally

within 2 years. The difference of fibrosis and recurrence is

seldom possible with MRI within 12 month after the end

of treatment, since reparative tissue change after radio-

therapy will also show contrast enhancement.
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Synonyms

Ductal intra-epithelial neoplasia (▶DIN) type 1c to 3
Definition

DCIS is an epithelial neoplasia originating in the terminal

ductulo-lobular unit and progressing into the ductal

system that is confined to its natural basement membrane
boundaries. The differentiation of the DCIS from pre-

malignant lesions with identical origin (ductal hyperpla-

sia or DIN 1a, atypical ductal hyperplasia or DIN 1b) may

often be difficult. DCIS is a precursor of invasive ductal

carcinoma but does not invariably lead to invasion and is

therefore omitted in the pathologic classification by the

concept of ductal intra-epithelial neoplasia. The different

patterns are risk factors for invasive growth of different

magnitude.
Pathology/Histopathology

DCIS poses an increasing problem to pathology as more

lesions are detected with modern imaging methods and

mammography screening. Gradual changes with increas-

ing likelihood of malignancy often lead to inter-

individual variation of classification.

According to the pathologic pattern in HE-stains

DCIS is divided into five groups: comedo type with

necrosis, cribriform, papillary, micropapillary and solid

mosaic. The comedo subtype is the most common form

of DCIS having the highest risk of infiltrative growth.

In more than 50% these patterns coexist in the same

specimen or sometimes even in the same duct especially

in large tumours. The former concept of ‘non-invasive’

carcinoma is nowadays replaced by cellular and structural

changes representing increasing probability of malignant

transformation and infiltrating growth.

The following grading system of ductal intra-

epithelial neoplasia (DIN) was advocated by the world

health organization (WHO). It represents the view that

transformation from ductal hyperplasia to intra-epithelial

neoplasia is a gradual process and no clear-cut margin of

malignant disease can be established

. DIN 1a represents intraductal hyperplasia without

atypia

. DIN 1b represents atypical intraductal hyperplasia

(▶AIDH)

. DIN 1c is a low-grade DCIS or G1 lesion often of the

micropapillary or cribriform subtype

. DIN 2 represents an intermediate grade (or grade 2)

DCIS

. DIN 3 is a high-grade (or grade 3) DCIS usually of

the comedo subtype displaying cellular atypia and

necrosis

Microinvasion is described as extension of cancer cells

beyond the basement membrane with no single focus

larger than 1mm in greatest diameter (T1mic) and is

seen in approximately 14% of cancer cases increasing with

size (1).

Although this system has many advantages over

previous classifications the precise grading of a single
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lesion, especially the differentiation of AIDH and DCIS

remains difficult and inter-observer variability remains

high, e.g. mitotic activity may vary according to age and is

of little use in the classification of DCIS and AIDH.

Therefore exact grading does not only include histologic

changes but also extent of disease: a lesion with the

cytologic and architectural features of low-grade DCIS

not exceeding 2 mm qualifies to be AIDH (2).

As histologic grading (especially presence of comedo-

necrosis) and tumour-free margin of less than 1mm are

known to be associated with increased risk of recurrence,

the so-called Van Nuys Prognostic index was developed

that shows a good correlation to the risk of recurrence.

Van Nuys prognostic index
Value 1 Point 2 Points 3 Points

Tumour size ≤15 mm 16–40 mm >40 mm

Tumour-free

margin

≥10 mm 1–9 mm <1 mm
Values are added and the result correlates to prog-

nosis: An index of 3–4 has a risk of recurrence of about

2%, 5–7 about 19%, 8–9 of more than 50%.

Molecular markers are of increasing importance in the

grading of DCIS, as these changes seem to persist in

consecutive invasive disease: low-grade DCIS will usually

lead to low grade IDC while high-grade DCIS will cause

high-grade IDC. Oestrogen receptor is negatively corre-

lated to histologic grading and therefore more likely to be

expressed in low grade DCIS, while p53 is mainly

expressed in DIN 3. HER2 is negatively correlated with

prognosis. Cellular alterations (like loss of oestrogen

receptor or actin in the myoepithelium) are often present

before morphological changes can be detected by▶H&E-

staining, this being true especially in hyperplastic areas

adjacent to comedocarcinoma. ▶VEGF, Ki-S1 and

▶PDGF as well as c-erb are expressed but clinical

significance remains obscure.
Clinical Presentation

Most patients with DCIS present without clinical

symptoms and are detected during screening mammo-

graphy, only about 10% of patients with DCIS present

with irregularities or lumps in the breast and in rare cases

with Paget’s disease or nipple discharge.

With the increasing use of mammography, incidence

of DIN in breast biopsies increased from 25% to 28%. The

overall age-adjusted incidence of DCIS ranges from 10 to

31/100.000. In autopsy series the prevalence of DCIS
ranged from 4.3% to 18.2% for women above 60 years.

DCIS constitutes about 10–15% of newly diagnosed

breast cancers, of which at least 90% are detected by

mammography. About 20% (10–77%) of breast cancers

detected with mammography screening represent DCIS.

DCIS is a precursor of invasive disease. Unfortunately

the natural history of DCIS is not known in an individual

lesion, therefore the risk-benefit ratio should be con-

sidered carefully in each individual lesion. The rate of

progression of untreated DCIS to invasive cancer ranged

from 14% to 43%. The relative risk of AIDH to develop

into invasive cancer ranged from 1 to 13 (2). DCIS

increases the risk to develop breast cancer 8 to 10-fold.

Interestingly the risk is increased in the contralateral

breast as well, indicating that DCIS is not an unequivocal

precursor of IDC but also an important risk factor.

Usually the pathologic extent of DCIS is larger than

the clinically and mammographically estimated size. This

is not only true for the macroscopic but also for the

microscopic extent of disease: 1–2% of patients with

DCIS have LN-metastases at the time of diagnosis

indicating undetected invasive disease (2). Incidence of

bilaterality either as DCIS or as IDC is reported to range

from 2.2% to 22% (2). DCIS is also known to be

multifocal in about 30%.

Risk factors for the development of DCIS and IDC are

similar, hormonal replacement therapy seems to be of

minor importance in DCIS, contrary to IDC. Up to now

no hormonal or other stimulus for DIN is known and

changes seem to be irreversible.
Treatment

Complete excision with or without radiotherapy is

currently the treatment of choice for locally confined

DCIS. Without radiation, 10–60% of the patients develop

recurrences. Several studies showed that radiation re-

duced the risk of recurrence after breast conservation

therapy by about 50%, causing 3.5–23% recurrences.

Lumpectomy without radiation should not be considered

until several ongoing studies present their data. About

75–100% of patients can be salvaged after recurrence.

Although mastectomy has a lower risk of recurrence

than lumpectomy and radiation (1.4% vs. 8.9%) there is

no significant difference in survival, making lumpectomy

the preferable therapy option. In high-risk patients

mastectomy with axillary lymph node resection can be

considered as it only shows a recurrence rate of 0.75%. In

all other patients axillary resection and sentinel lymph-

node is presently investigational and should only be

performed in case of a suspected invasion.

Tamoxifen reduced the risk of ipsilateral local failure

in patients treated with excision and radiotherapy,
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although it seems to be profitable only in ER-positive

breast cancers and should not be used in patients with low

risk of recurrence.
Imaging

Currently mammography is the only modality able to

identify calcifications that are associated with DCIS in

70–90%. Especially linear branching, casting calcifications

(Fig. 1) or multiple clusters of fine granular calcifications

or calcifications in segmental distribution (Fig. 2) are

regularly consistent with DCIS. Still diagnostic accuracy

in the classification of MC remains lower than for solid

masses. The latter are usually associated with invasive

disease. Ductal distribution of calcifications has a positive

predictive value of 30–63%, Although mammography can

detect up to 83% of DCIS lesions, it is know to

underestimate the extent of disease by up to several

centimetres (3).

Sonography does usually not show any specific result

hence positive predictive value for sonography is only

about 50%. About 80–90% of DCIS show enhancement

on MRI, which is in 50% unspecific. Contrast enhance-

ment is correlated to the size and density packing of

involved ducts and to neoangiogenesis, which is low in

most DCIS. The differentiation of high- and low-grade

DCIS as well as to IDC is not possible.

Typical signs of DCIS in MRI are irregular ductal

enhancement and stippled regional enhancement while
Carcinoma, Ductal, In Situ, Breast. Figure 1 Casting

calcifications typical for a small DCIS, which was proven

by ▶VB.
spiculated mass and washout seem to be signs of IDC.

Ring enhancement is not detectable in DCIS. Ductal

enhancement can be assigned to DCIS in about 20% but

also to IDC, LCIS and to benign lesion in 55%. Although

ductal enhancement is detected in 38–60% of DCIS on

MR, specificity remains low with 45% (4). Especially

small lesions below 5 mm are easy to be missed by MRI,

while it is particularly useful in evaluating residual

disease, and multi-centricity.
Nuclear Medicine

99mTc-sestamibi scintimammography shows areas of

diffuse heterogeneous uptake. To improve diagnostic

accuracy images should always be evaluated together with

the mammograms. It is especially useful in evaluating

areas of extensive intraductal carcinoma around IDC and

to evaluate palpable masses in dense breasts. Still it is less

specific for DCIS than for IDS.
18FDG-PET is especially useful in the detection of

invasive and metastatic breast cancer. Up to the present

time there was no published study evaluating the role

of 18FDG-PET in the detection and classification of DCIS.

It should therefore only be used in an experimental

setting.
Carcinoma, Ductal, In Situ, Breast. Figure 2 Granular

calcifications in a ductal distribution including more than

one quadrant of a breast.
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Diagnosis

Most DCIS are first detected by screening mammography.

Screening intervals correlate strongly with histological

grading and extent of disease. As most lesions should be

confirmed histologically before treatment, core needle

biopsy with stereotactic or sonographic guidance is the

usual means to diagnose DCIS.
Interventional Radiology

DCIS is usually diagnosed by stereotactic core needle

biopsy or VB, although the former has a higher tendency

to underestimate disease: 10% of patients with DCIS in

core-biopsy are found to have IDC. Nipple aspirate fluid,

ductal lavage and fine needle aspiration are of limited

value in the diagnosis.

Several techniques for minimal invasive breast therapy

have been described: laser-induced thermotherapy, radio-

frequency ablation, high-intensive focused ultrasound,

cryotherapy and thermal ablation using magnetic nano-

particles. Especially in the case of pure DCIS these

methods remain experimental as imaging modalities tend

to underestimate tumour extension and as margins

cannot be evaluated.
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Synonyms

IDC; Infiltrating ductal carcinoma; Not otherwise specified

(NOS); Scirrhous carcinoma
Definition

An invasive carcinoma is a tumor with extension of tumor

cells through the ductal basement membrane. About 65%

of breast carcinomas are invasive ductal carcinomas.

Invasive ductal carcinomas are classified as 75% NOS,

10%medullary, 10%mucinous, 5% tubular, 5% papillary,

under 1% adenoid cystic carcinomas, and others. An

▶interval cancer is a malignant tumor which presents

clinically during the interval between routine screenings.

This type must be distinguished from missed cancers that

were overlooked on prospective initial studies, but were

visible on review.
Pathology

Gross pathology often shows a hard mass.

Staging of the tumor depends on the tumor size

(TNM of UICC):

Tx tumor not judgeable

T0 no tumor

Tis intraductal carcinoma, carcinoma lobulare in situ, M.

Paget without tumor

T1 tumor ≤2 cm

T1mic: <1 mm (microinvasion)

T1a: >1mm – ≤5mm

T1b: >5 mm – ≤10 mm

T1c: >10 mm – ≤20 mm

T2 tumor >2 cm – ≤5 cm

T3 tumor ≥5 cm

T4 metastatic disease

T4a infiltration of thoracic wall

T4b infiltration of skin

T4c infiltration of both structures

T4d inflammatory carcinoma

N regional lymph nodes

Nx lymph node not judgeable

N0 no regional lymph nodes

N1metastases in ipsilateral axillary lymph nodes, moveable

N2 metastases in ipsilateral axillary lymph nodes, not

moveable

N3 metastases in ipsilateral lymph nodes of mammaria

interna.

Furthermore, peritumoral intraductal tumor components

must be distinguished:

PIC predominant intraductal component

More than 80% intraductal component and 20%

invasive component

EIC extensive intraductal component

Between 25 and 80% intraductal component

Less than 75% invasive component
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SIC small intraductal component

Less than 25% intraductal component

More than 75% invasive component.

Multifocality and multicentricity are discussed in the

chapter about multiple carcinomas of the breast.
Clinical Presentation

The patient may present with a hard, palpable mass and/

or skin, and/or nipple retraction. More details are

described in the section on primary and secondary signs.

However, sometimes the tumor is occult.
Imaging

All descriptions of the imaging characteristics of invasive

tumors should be made according to the BI-RADS

classifications. Furthermore, the localization and size of

the tumor must be reported with precision. The differ-

ential diagnosis includes invasive lobular carcinoma, radial

scar, or scars after surgery. Some fat necrosis or abscesses

could mimic an ▶invasive ductal carcinoma. Changes

from a previous mammogram should be considered, such

as a new density, mass, or microcalcifications.
Carcinoma, Ductal, Invasive. Figure 1 Patient with a new, pa

On mammography, an irregular and spiculated mass of 1.5 cm

craniocaudal views (b). Histology revealed an invasive ductal
Mammography

A spiculated mass with irregular margins is a typical sign

of invasive ductal carcinomas. The density of the tumor is

often higher than that of the parenchyma. In some cases,

the tumors also present with amorphous or pleomorphic

microcalcifications. Other imaging features may be focal

asymmetry or architectural distortion, and therefore

changes from a previous mammogram must be inter-

preted carefully (Figs. 1 and 2).
Ultrasound

The tumor is often characterized by an irregular,

hypoechoic mass, typically more tall than wide, with a

thick echogenic rim and posterior acoustic enhancement.

The tumor is not comprisable.
MR Mammography

Typical findings on magnetic resonance (MR) images are

rim-enhancing masses, which are irregular or spiculated

with heterogeneous enhancement. Signal intensity curves

show a high initial contrast media uptake and a postinitial
lpable mass in the upper, outer quadrant of the left side.

with skin retraction is seen on mediolateral oblique (a) and

carcinoma, IDC pT1c N0 G2.



Carcinoma, Ductal, Invasive. Figure 2 Patient with a new, palpable mass on the right side. The tumor is difficult to see on

the mammography due to the density of the parenchyma (a). On ultrasound, the tumor is characterized by an irregular,

hypoechoic, 1-cm mass, more tall than wide with a thick echogenic rim and posterior acoustic enhancement (b). The tumor

is not comprisable. Histology revealed an invasive ductal carcinoma.
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plateau or wash-out. On water-sensitive sequences, the

tumor has an intermediary signal and on T1-weighted

images the tumor is hypointense (Fig. 3).
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Synonyms

Endometrial carcinoma
Definition

Endometrial carcinomas are the most common malig-

nancies of the female pelvis. The mortality of this
disease has decreased in the last few years because

of earlier detection and advances in tumor treatment.

The peak incidence of endometrial carcinoma is

around 60 years. The disease is uncommon before

the age of 40 years. Risk factors include nulliparity,

infertility, obesity, diabetes, and Stein–Leventhal syn-

drome. One important variable is prolonged stimula-

tion of the endometrium with high-dose estrogen

treatment, that is, postmenopausal hormonal replace-

ment or oral contraception. On the other hand, endo-

metrial carcinoma is rarely seen in patients with

ovarian agenesis.
Pathology/Histopathology

Endometrial carcinoma arises from the glandular com-

ponent of the endometrium in the upper uterus. It may

grow in a circumscribed pattern, presenting as a focal

mass protruding into the uterine cavity and occasionally

within an endometrial polyp. However, endometrial

carcinomas can also grow diffusely, involving multiple

parts of the endometrium. Approximately 90–95% of

endometrium carcinomas are adenocarcinomas (Fig. 3).

The remaining 10% of nonepithelial uterine cancers

comprise sarcomas, mixed tumors, and secondary malig-

nancies. Some less common epithelial varieties include

mucinous, secretory, clear cell, and papillary serous

carcinomas. The clear cell tumor is highly malignant

and has a bad prognosis. Endometrial carcinoma typically

arises from the endometrial mucosa. The depth of



Carcinoma, Ductal, Invasive. Figure 3 Mammography of extremely dense breast tissue (ACR type 4). Tumor is difficult

to see on the right side in the inner quadrant (a). MR mammography shows an irregular and spiculated rim-enhancing mass

in the right breast (b). The size of the suspected tumor is about 1 cm and it is localized in the inner upper quadrant of the

right breast. On T2-weighted imaging, the tumor has intermediary signal. Signal intensity curve shows a rapid initial

increase with a plateau in the delayed phase.
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myometrial invasion is a very important prognostic factor

and correlates with frequency of lymphatic metastasis.

The most common sites of distant metastases are the lung,

liver, brain, and bone.
Clinical Presentation

Postmenopausal bleeding is the most important present-

ing symptom of endometrial carcinoma. Because there are

multiple benign causes of postmenopausal bleeding,

including estrogen therapy, endometrial hypertrophy,
atrophic vaginitis, and endometrial and cervical polyps,

only 15% of patients with this symptom and endometrial

carcinoma will be diagnosed. Less than 5% of patients

with carcinoma of the endometrium are asymptomatic at

the time of diagnosis. Endometrial carcinoma in pre-

menopausal women usually presents as abnormal uterine

bleeding, oligomenorrhea, or menometrorrhagia. The

diagnosis of endometrial carcinoma is made histologically

with fractional endocervical curettage.

In most institutions, the International Federation of

Gynecology andObstetrics (FIGO) classification is applied

for staging of endometrial carcinomas (Fig. 1).



Carcinoma, Endometrium Uteri. Figure 1 Staging of endometrial carcinoma according to TNM and the International

Federation of Gynecology and Obstetrics (FIGO).
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Around 70% of patients are diagnosed with stage I

disease. The 5-year survival in this subpopulation is 76%.

This survival rate decreases to 59% for stage II and 29%

for stage III. Tumor grade also shows a correlation with

5-year survival.
Imaging

On sonography, stage I endometrial carcinoma typically

appears as widening of the hyperechogenic endometrium.

The postmenopausal endometrium is atrophic and

generally measures less than 3 mm. A thickness of greater

than 5 mm should always be considered abnormal in

women not receiving estrogen therapy. Endovaginal

sonography can be useful for screening women with

postmenopausal bleeding.

The value of computed tomography (CT) in local

staging of endometrial carcinoma is limited, since the

spread of endometrial carcinomas is normally small or

microscopic to the cervix, parametrium, and lymph nodes.

On magnetic resonance imaging (MRI), the signal

intensity of endometrial carcinomas is typically similar

to that of normal endometrium on nonenhanced

MR images. Tumors are generally hyperintense on

T2-weighted images compared to the endometrium and

isointense on T1-weighted images. The lesions can be

heterogeneous because of necrosis or contents of blood

products in the tumor. Large carcinomas are often seen as

polypoid masses expanding the endometrial cavity.

Secondary signs of small tumors include an increased

thickness or lobulation of the endometrium. Endometrial

carcinoma enhances variably on dynamic gadolinium-

enhanced images. The enhancement is typically different

from that of normal myometrium or endometrium. With
contrast-enhanced images, the detection of small tumors

and differentiation between lesions and fluid or necrosis

can be improved. Thus, contrast agents should be

routinely applied for staging of endometrial carcinoma.

Myometrial invasion is best evaluated on T2-weighted

images (Fig. 2) and gadolinium-enhanced scans (Fig. 3).

An intact junctional zone is present in stage IA without

myometrial invasion. In stage IB, lesions infiltrate the

junctional zone and the inner part of the myometrium.

Invasion of more than 50% of the myometrium indicates

stage IC disease. Cervical invasion (stage II) is best seen

on T2-weighted or contrast-enhanced images in the

sagittal plane.

In stage III, the local extrauterine disease is demon-

strated as extension of tumor outside the myometrium,

adnexal masses, vaginal metastases, or pelvic lymphade-

nopathy. Rectal or bladder wall invasion of tumor (stage

IVA) is suspected if the normal fat planes between these

organs are interrupted. The overall accuracy of gadoli-

nium-enhanced MRI in the staging of endometrial

carcinoma is between 84 and 94%.

Tumor recurrence usually depends on the type of

therapy. Patients treated with radiation and surgery

typically present with distant metastases. Patients treated

only with surgery more often present with pelvic wall,

parametrial, or vaginal apex recurrences. Most recurrent

tumors will occur within 3 years after initiation of

treatment. Early-stage and low-grade tumors often recur

late, more than 5 years after initiation of treatment.
Diagnosis

Endocervical and endometrial biopsy is the only reliable

option for diagnosis.



Carcinoma, Endometrium Uteri. Figure 2 (a–c) Pictorial review using MR imaging and CT of the female pelvis.

Endometrial carcinoma in stage IC. (a) Sagittal T2-weighted magnetic resonance (MR) image. The T2-weighted image

demonstrates only an increased amount of fluid in the uterine cavity. Demarcation of the histologically proven

endometrial carcinoma is missing. (b) Sagittal T1-weighted MR image immediately after intravenous contrast

administration. Significantly better demarcation of the carcinoma relative to the myometrium is noted. The

hypovascularized endometrial carcinoma extends to the outer layers of the myometrium. (c) Gross specimen. Note the

good morphologic correlation with the contrast-enhanced MR image. (Figure 9a–c: Reprinted from Hamm, B., Kubik-Huch,

R.A., Fleige, B., Eur. Radiol,. 9, 3–15, 1999).
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Carcinoma, Endometrium Uteri. Figure 3 (a–c) (a) Axial T2-weighted magnetic resonance imaging (MRI) demonstrates

an enlarged nonhomogenous hyperintense uterus, which was histologically proven as an endometrial carcinoma, stage III.

(b) Axial T2-weighted MRI shows huge ovaries on both sides, which shows the invasion. (c) Histology of an endometrial

adenocarcinoma of the uterus.
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Carcinoma, Gallbladder
Malignant tumor arising from the gallbladder epithelium.
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Carcinoma, Hypopharynx
STEFANO CIRILLO

Institute for Cancer Research and Treatment, Turin,
Italy
stefano.cirillo@ircc.it

Definition

Hypopharyngeal carcinoma is a malignant neoplasm

originating from the mucosal surface of the hypopharynx.

The ▶hypopharynx is a musculomembranous con-

duit; it lies behind the larynx and extends from its

junction with the oropharynx at the tip of the epiglottis

(at the level of the hyoid bone) superiorly to the lower

border of the cricoid cartilage inferiorly. The muscular-

supporting structure is formed by the middle and inferior

pharyngeal constrictor muscles. It extends inferiorly

down to the cricopharyngeus muscle, where the pharynx

joins with the cervical esophagus.

The hypopharynx can be divided into three segments:

the pyriform sinus, the postcricoid area, and the posterior

pharyngeal wall.
Pathology/Histopathology

The most frequent macroscopic presentation of hypophar-

yngeal carcinoma is an ulcerative infiltrative lesion (90%
of the cases), often associated with a necrotic evolution

and erosion of the adjacent cartilaginous, membranous and

muscular anatomic structures. The latter represent a form

of barrier which hinders further diffusion to the contiguous

areas.

Over 95% of malignancies of the hypopharynx are

squamous cell carcinomas (well differentiated or un-

differentiated); the remaining 5% are squamous cell

carcinoma with sarcomatous component, undifferen-

tiated carcinomas, and verrucous and basaloid carcinoma.

The hypopharyngeal carcinomas can arise in the pyriform

fossa (60%), in the posterior hypopharyngeal wall (25%),

and in the postcricoid area (15%).

The cancer spread depends on the site of origin: when

the diagnosis is made at a late stage the site of origin is

often unrecognizable.

Carcinomas of the pyriform sinus are rarely confined.

They can extend to the supraglottis larynx involving the

aryepiglottic folds, the fatty tissue of the superior

paralaryngeal space, and the preepiglottic space; or they

can involve the glottic plane anteriorly.

Pyriform sinus tumors originating from the apex and

the lateral walls often invade the thyroid cartilage and they

may extend directly to the thyroid.

Carcinomas of the posterior hypopharyngeal wall can

spread in a craniocaudal direction (to the oropharynx or

esophagus), in a circumferential direction, or deeply and

posteriorly to the prevertebral muscles.

Carcinomas of the postcricoid area show a submucosal

spread, anteriorly to the posterior cricothyroid muscle

and the cricoid cartilage, circumferentially or caudally to

the esophagus (1).
Clinical Presentation

Its incidence varies widely. In males, it ranges from 0.3 per

100.000 inhabitants in Iceland to 17 per 100 in France.

Among women, the variability is less pronounced. Hypo-

pharynx carcinoma represents approximately 8 and 5% of

head and neck epithelial cancers in males and females,

respectively, excluding tumors of the skin and the thyroid

gland.

Most patients who develop cancer of the hypopharynx

have a history of heavy smoking and drinking. Males are

about eight times more susceptible to cancer of the

hypopharynx than females, In females of Irish and

Scandinavian descent who present with Plummer–Vinson

syndrome—characterized by esophageal webs, iron defi-

ciency anemia, glossitis, and increased incidence of

esophageal cancer—there is also an increased incidence

of carcinoma of the postcricoid region.

Hypopharynx carcinoma may remain asymptomatic

for a long period; at presentation, the disease is often



Carcinoma, Hypopharynx. Table 1 T staging for

hypopharynx carcinoma

T1 Tumor limited to one subsite of the hypopharynx and

≤2 cm in greatest dimension

T2 Tumor invading more than one subsite of the

hypopharynx or an adjacent site, or measuring >2 cm

but ≤4 cm in the largest diameter without fixation of the

hemilarynx

T3 Tumor measuring >4 cm in largest dimension or fixation

of the hemilarynx

T4 Tumor invading the thyroid/cricoid cartilage, hyoid

bone, thyroid gland, esophagus, or central compart-

ment soft tissue, which includes prelaryngeal strap

muscles and subcutaneous fat

T5 Tumor invading the prevertebral fascia, encasing the

carotid artery, or involving the mediastinal structures

242 Carcinoma, Hypopharynx
advanced. The characteristic symptoms are sore throat,

otalgia due to involvement of the Arnolds nerve, a branch

of the tenth pair of the cranial nerves, and dysphagia.

A “hot potato” voice or hoarseness due to vocal cord

paralysis may be present.

Among patients with ▶head and neck cancers,

hypopharyngeal carcinomas carry a lower survival rate

than cancers of other sites. There are several reasons for

this poor prognosis: the hypopharynx is a “silent” area

and at the time of presentation patients are often at an

advanced stage of disease. Seventy-five percent of patients

have lymph nodal metastases at the time of diagnosis,

36% have clinically evident adenopathies, 20–40% have

distant metastases, and 4–15% show a second synchro-

nous or metachronous tumor.

Tumor size is also associated with metastases to the

neck, as they occur in 50% of cases when the tumor is

bigger than 4 cm, but in 85% of the cases when it is smaller

than 4 cm.

The overall survival of patients with hypopharyngeal

carcinoma is about 40% at 5 years. The site, size, and

presence or absence of neck metastases have a significant

effect on the outcome; in patients with cervical metas-

tases, there is a 20–25% risk of distant metastases within

2 years of treatment. Stage I and II posterior hypopha-

ryngeal wall carcinomas have an excellent prognosis.

In contrast, even small pyriform sinus carcinomas are

notorious for metastasizing early and carry a poor

prognosis. Postcricoid lesions usually present as advanced

lesions with extensive paratracheal and mediastinal

metastases, and have a poor prognosis (Table 1) (2).
Diagnosis

The physical examination should include a thorough head

and neck assessment with particular attention given to the

oral cavity and the patient’s general appearance for signs

of severe nutritional deficiencies. The physical examina-

tion must be associated with indirect mirror examination

and direct endoscopy. The tumor must be confirmed

histologically, and any other pathologic data obtained

from a biopsy should be included.

The most important goal of the staging endoscopy is

to determine the lowermost extent of the tumor and its

relation with the pyriform apex and the cervical

esophagus.

Esophagoscopy and biopsies should be performed

after mapping of the tumor, and complete evaluation of

the esophagus down to the gastroesophageal junction is

mandatory, as the esophagus is the most frequent site of

asymptomatic synchronous primary tumors.

Hypopharyngeal carcinomas arise from the mucosa,

thus they are usually visible at the surface, but their
submucosal extension cannot be evaluated by endoscopic

examination alone. Indeed, clinical and endoscopic exam-

ination may underestimate tumor extension. Integration

between clinical, endoscopic, and imaging (CT/MR) data is

necessary for the correct staging.
Imaging

The disease extent is often endoscopically underestimated

because of submucosal tumor spread that can be well

visualized with computed tomography (CT) or ▶mag-

netic resonance imaging (MRI). CT and MRI scans are

often valuable to further delineate disease extent at the

primary site and in the neck. Imaging techniques may,

however, underestimate the mucosal growth and over-

estimate its extension due to difficulty in differentiating

cancer tissue from perilesional edematous reaction.

Thus, integration between clinical–endoscopic exam-

ination and imaging is necessary.

The role of imaging in hypopharynx carcinoma is as

follows:

. Identifying the cancer

. Measuring its volume and dimension

. Evaluating deep tissue diffusion

. Identifying and characterizing of adenopathies

. Follow-up.

Conventional radiography with barium swallow has a

limited role for staging, despite a reported sensitivity of

96, 87, 44% in detection of cancer of the pyriform fossa,

posterior hypopharyngeal wall, and postcricoid area,

respectively.

▶Multidetector CT (MDCT) is the first-choice

exam for staging hypopharyngeal carcinoma: because of

its rapidity, motion artifacts can be erased and scans



Carcinoma, Hypopharynx. Figure 1 Squamocellular cancer of right pyriform sinus—MDCT: extension anteriorly to

paraglottic space, associated with enlargement of thyroarytenoid space.

Carcinoma, Hypopharynx. Figure 2 Squamocellular cancer of left pyriform sinus—MDCT (a) shows cancer in contiguity

with the left thyroid cartilage, sclerotic. MRI (b) T1-weighted image shows low intensity of left thyroid cartilage for

infiltration.
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can be performed during functional and dynamic

maneuvers, such as phonation or Valsalva, sometimes

needed for better visualization of the apex of the pyriform

sinus.

MDCT allows the radiologists to make multiplanar

reconstruction of excellent quality, obtaining imaging on

different planes with optimal tumor visualization and

delimitation of tumor volume and of the size of any

associated adenopathy.

Identification is possible by evaluation of a space-

occupying mass, an area with anomalous enhancement,

an obliteration of the adipose space, an asymmetric

enlargement of soft tissue, and an asymmetry of the

pyriform sinus.

For identification, the sensitivity of MDCT (95%) is

higher than that of MRI (87%).

A critical point for hypopharynx carcinoma is the

infiltration of the pharyngeal constrictor muscle, the lar-

yngeal cartilages, the paraglottic space, and the prevertebral

space (Fig. 1).
The accuracy of MDCT in staging hypopharynx

carcinomas is 84–86.4% versus 70–87% of MRI.

Although MRI permits an accurate contrast resolu-

tion of the anatomic structure, it can be biased by motion

artifacts, due to the long acquisition time, especially in

elderly patients with dyspnea, cough, and large expiratory

excursions. MRI is necessary when MDCT cannot exclude

infiltration of the laryngeal cartilages, the prevertebral

muscle, and the cervical esophagus.

MRI has a better sensitivity than MDCT (97 vs. 68%

respectively) for assessing cartilage infiltration. Thyroid

cartilage infiltration is present in most cancers arising

from the apex and in 55% of those arising from the lateral

walls (Fig. 2).

For infiltration of the prevertebral muscles, MRI has a

sensitivity of 88%, a specificity of 14–29%, and a

diagnostic accuracy of 53–60% (Fig. 3).

The MRI criteria useful for determining infiltration of

the cervical esophagus show variable accuracy, ranging

from 67 to 86%.



Carcinoma, Hypopharynx. Figure 3 Squamocellular

cancer of posterior wall—MRI: T1-weighted image after i.

v. gadolinium administration: thickening of posterior wall,

associated with involvement of the prevertebral muscles.
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The role of imaging is also to identify adenopathies

that cannot be assessed by physical examination, by

characterizing them and detecting possible capsular

rupture.

Ultrasonography is the most useful examination for

assessing superficial laterocervical adenopathies, by pro-

viding an accurate morphologic and dimensional evalua-

tion. MDCT and MRI evaluation is indicated for deep

adenopathies (i.e., retrolateral pharyngeal, which repre-

sent an important prognostic factor for local recurrence

and distant metastases).

Another imaging objective is to identify lymph node

capsular rupture, present in 23% of lymph nodes greater

than 10 mm, 40% of those smaller than 20 mm, 50% of

those greater 20mm, and 70% of those greater than 30mm.

Capsular rupture is present in 25% of lymph nodes

presenting with normal dimensional criteria (3, 4).
Nuclear Medicine

Nuclearmedicine tests are useful in the follow-upofpatients

who underwent surgery or radiotherapy, for whom there

is a clinical suspicion of local recurrence. In this setting,

FDG-positron emission tomography (PET) provides a high

sensitivity (86–100%) and specificity (69–87%) (5).

PET has some limitations due to its low spatial

resolution and the absence of anatomic reference points,

which is of particular relevance considering the complex-

ity of the head and neck region. Moreover, uptake is at

times present in physiological conditions generating
possible false-positive findings. Anatomic limitations

can be partially overcome by the combination of CT–

PET, which permits simultaneous acquisitions of mor-

phological and metabolic data.
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Synonyms

Lobular intraepithelial neoplasia (LIN); Lobular neoplasia

(LN)
Definition

Lobular carcinoma in situ (LCIS) is carcinoma filling and

dilating the intralobular ductuli with loosely aggregated

monomorphous cells without stromal invasion. Contrary

to prior beliefs describing LCIS as a premalignant lesion,

it is nowadays regarded as a risk factor for invasive cancer.

Atypical lobular hyperplasia (ALH) is defined as a

lesion that either has some, but not all, of the features of

LCIS or has all the features of LCIS but involves up to only

50–75% of a lobule.
Pathology/Histopathology

The cells are uniform, bland, and homogenous without

mitosis and are often arranged in a linear file or planar



Carcinoma, Lobular, In situ, Breast 245

C

growth pattern. Pathology is confined to the terminal

ductulolobular unit, although a pagetoid involvement of

the ducts can sometimes be observed. Necrosis and

microcalcifications may occur in LCIS but are rare.

If less than half of one terminal ductulolobular unit is

involved, the lesion is called ALH. It remains unclear

whether the separation of LCIS and ALH is of clinical

relevance because several features used to distinguish

ALH and LCIS have no influence on prognosis (1).

Similar to the classification of ductal intraepithelial

neoplasia (DIN), ALH, and LCIS are classified as

▶lobular intraepithelial neoplasia (LIN) 1–3 depending

on the extent of lobular involvement:

1. LIN 1 represents partial or complete filled acini

without distention.

2. In LIN 2, multiple or all acini are filled and distended

but to a lower degree than in LIN 3. Undermining

growth into the terminal ductuli may occur.

3. LIN 3 represents extensive distention of the acini or

confluent acini. If goblet cells are detected or the

polymorphous form of LCIS is present, the lesion is

classified as LIN 3 irrespective of extent.

Coexistence of ductal and lobular neoplasia in one

specimen occurs in up to 16% of cases.

Cells are estrogen-receptor positive in up to 60%, a

higher rate by far than in invasive carcinoma. A loss of

E-cadherin enables the cells to move relatively freely in the

ductulolobular system.

LCIS is multicentric in 47–93% and bilateral in 30–67%.

Generally, a diffuse involvement of the breast is detected.

Therefore, some authors advocate assuming bilateral in-

volvement if LCIS is detected in a specimen.

A finding of lobular hyperplasia, especially with

atypia, should mandate further sectioning to exclude

invasive lobular carcinoma (ILC), with which it is

associated in 5–16% of cases (2).
Clinical Presentation

LCIS does not lead to a palpable mass and is almost always

an incidental finding in a specimen retrieved for another

reason. Hence, the true incidence of LCIS in the general

population is unknown, as it has no clinical or

mammographic manifestation. LCIS is found in about

1.1–3% of breast biopsies and in 5.7% of all breast

malignancies.

Although ILC is associated with contralateral carci-

noma, contralateral malignancy is lower in LCIS (2%)

than in DCIS (6%). Generally, LCIS is multifocal (47–

93%) and bilateral (30–67%).
The average age of women with LCIS is between 44

and 46, which is 10 years younger than for DCIS. A high

proportion (90%) are premenopausal.

LCIS is today considered to be a risk indicator for

invasive breast neoplasia rather than being a true

precursor lesion: 2.2–7% of patients with LCIS develop

invasive carcinoma in 5 years, and 35% develop ipsilateral

and 25% contralateral ILC in 20 years, which indicates a

fivefold risk of breast carcinoma. A positive family history

of breast carcinoma increases this risk to about 11-fold.

More than 50% of these malignancies occur more than 15

years after LCIS is diagnosed, in contrast to DCIS, in

which more than 90% of recurrences occur within 5 years,

indicating the slow growth pattern of LCIS. Most

malignancies that follow LCIS are of ductal origin,

supporting the view, that LCIS is a risk factor rather than

a precursor of malignant disease. One explanation of this

fact would be that coexisting DCIS grows faster and

becomes invasive sooner than LCIS.

Mortality for LICS is low—less than 7.2% in long-

term follow-up, and newer studies even report absent

mortality in LCIS.

Risk factors associated with LCIS are comparable to

those associated with DCIS or invasive carcinoma: family

history or previous history of cancer, late age of pregnancy,

or nulliparity. Increasing age actually reduces the risk of

subsequent carcinoma in women with LCIS.
Therapy

Because of the wide dissemination of disease, early studies

suggested mastectomy for DCIS: after open biopsy, up to

60% of patients were found to have residual LCIS and 6%

to have residual ILC in a consecutive mastectomy, in 80%

involving a different quadrant. Hence, clear margins

cannot resolve the risk of recurrence.

Some groups have suggested bilateral mastectomy on

prophylactic grounds. Because initial mastectomy has

never been shown to reduce mortality over observation

alone, conservative treatment—usually close long-term

follow-up—is more advisable, especially considering the

relatively young age of the patients.

Ample biopsy in the contralateral breast has been

proposed to examine bilateral disease but is nowadays no

longer acceptable in the absence of clinical or imaging

criteria for biopsy.

LCIS is to be viewed as a risk factor, like a family history

of breast cancer, rather than as a premalignant lesion.

There is no evidence that radiation therapy, che-

motherapy, or axillary lymph node sampling or dissection

have any therapeutic role in LCIS.

Tamoxifen has reduced the risk of invasive breast

carcinoma by 56% in women with LCIS and by 86% in

women with ALH.
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Imaging

Due to the slow growth and infiltrative pattern, neither

calcifications nor a solid mass is visible in LCIS. The only

mammographic sign is sometimes a parenchyma-like

aggregation of breast tissue. Calcifications—usually of the

powderish type—are sometimes found in adjacent breast

tissue, referred to as “neighborhood calcifications.” In rare

cases, LIN 3 can present with necrosis and associated

microcalcifications, usually of the fine granular type (3).

Because these are often associated with ILC, more

aggressive treatment should be considered.

Sonography does not show any specific sign.

Although 30% of patients with LCIS show an unsharp

region of enhancement on magnetic resonance imaging

(MRI), the lesion is not distinguishable from breast

parenchyma or mastopathic changes. No prospective

signs of malignancy can be detected.
Nuclear Medicine

At the present time, nuclear medicine has no role in the

evaluation of LCIS. Diffuse heterogeneous uptake of
99mTc-sestamibi and 99mTc-(V)DMSA has been reported.

Still, the number of cases was too low to render this

method more than experimental.

Because of its slow growth, LCIS does not show

increased uptake of 18FDG.
Diagnosis

LCIS is usually a chance finding, detected in specimens

taken for evaluation of a neighboring finding. If LCIS is

found in a specimen, it must be questioned whether the

clinical symptoms can be explained by the LCIS. If not, a

further biopsy should be considered to rule out neighboring

ILC orDCIS, especially because a rate of underestimation in

▶core needle biopsy of 31% has been reported (4).

MRI can be performed to rule out invasive disease

associated with LCIS.
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Synonyms

Infiltrating lobular carcinoma (ILC)
Definition

About 10% of all breast cancers are invasive lobular

carcinomas (ILCs). The cytologic features of the cells

suggest that they arise from the lobules.
Pathology

The tumor is more often multifocal or multicentric or

controversial (bilaterality). The tumor metastasizes fre-

quently to bone, the peritoneum, adrenals, gastrointest-

inal tract, ovary, and leptomeninges.
Clinical

The patient may present with a palpable mass and with

negative mammography and ultrasound. Sometimes the

patient reports a decrease in size of the affected breast

(“▶shrinking”).
Imaging

All descriptions of the imaging of the invasive tumors

should be done according to the BI-RADS classifications.

Furthermore, localization and size of the tumor must be

reported exactly. There are large crossovers with other

tumor entities in appearance (Figs. 1, 2).
Mammography

ILCs are often difficult to detect mammographically due

to an insidious growth pattern. Therefore, the tumors are

often larger at diagnosis than other cancers and may

present as palpable masses. ILC is the tumor entity with



Carcinoma, Lobular, Invasive. Figure 1 (a) Normal mammography. (b) Mammography follow-up after nine months due to

a new palpable mass on the right side. Mammography shows only a “shrinking sign” of the right breast in the follow-up.

Histology: invasive lobular carcinoma.
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the most diagnostic failures, especially in mammography.

Most commonly, the tumor presents as a spiculated mass

or mass of asymmetric density without definable margins.

Architectural distortion is also possible, whereas

calcifications are rare. Sometimes the tumor is seen only

in one view. In addition, even when mammography shows

the tumor, its extent is often underestimated.
Ultrasound

The tumor is often characterized as a vague area of

shadowing without defined borders. But the tumor is

often not easily recognized on ultrasound because it grows

diffusely.
Magnetic Resonance Mammography

Typical findings in magnetic resonance imaging are

rim-enhancing masses that are irregular or spiculated

with heterogeneous enhancement. Signal-intensity curves

show a high initial contrast media uptake and a postinitial

plateau or wash-out. The tumor is presented in water-

sensitive sequences by an intermediary signal.
References
1. Boetes C, Veltman J, van Die L et al (2004) The role of MRI in

invasive lobular carcinoma. Breast Cancer Res Treat 2773:1–7

2. Hilleren DJ, Andersson IT, Lindholm K et al (1991) Invasive lobular

carcinoma: mammographic findings in a 10-year experience.

Radiology 178:149–154

3. Newstead GM, Baute PB, Toth HK (1992) Invasive lobular and

ductal carcinoma: mammographic findings and stage at diagnosis.

Radiology 184:623–627
Carcinoma, Male Breast
KARIN BOCK

University of Marburg, Marburg,
Germany
bock@med.uni-marburg.de

Synonyms

Breast cancer, male; Breast neoplasm, male; Breast

tumors, male; Tumors, male breast



Carcinoma, Lobular, Invasive. Figure 2 (a–d): a Mammography in mlo view without pathology (a). At the six-month

follow-up, a new mass in the left upper quadrant is seen, (b) which is most visible in the spot view (c). Ultrasound shows a

hypoechoic mass with irregular borders (d).
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Definitions

Malignant neoplasms of the male breast that account for

approximately 0.7% of all breast cancer diagnoses and less

than 1% of all malignant neoplasms in males.

The mean age at diagnosis for men is 67 years, which is

5 years older than the average age at diagnosis for women.

Primary malignant neoplasms with an overall in-

cidence of 0.5–3% must be distinguished from metastases

to the breast of extramammary carcinomas (e.g., mela-

noma, lymphoma, prostate cancer).
Pathology/Histopathology

Physiologically, the male breast consists of fat and a few

strands of fibrous and connective tissue behind a small

nipple with rudimentary ducts only.

The range of histologic subtypes for male and female

breast cancers is similar, but relative distributions differ

significantly.

Thus, ductal carcinoma in situ compromises approxi-

mately 10% of breast cancers in men, while the majority

of cases are invasive cancers. Data obtained from more
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than 2,000 male patients from the SEER cancer registry

demonstrated 93.7% of male breast cancers as ductal or

unclassified carcinomas, the others being papillary

(2.6%), mucinous (1.8%), or lobular (1.5%).

In comparison to female breast cancers, male breast

cancers show higher rates of estrogen receptor expression

and equal rates of progesterone receptor expression. More-

over, in contrast to women, the c-erbB2 proto-oncogene is

less likely to be overexpressed (approximately 5% only).
Clinical Presentation

As male breast cancer is still considered a rare disease,

there is no screening for it and diagnosis is usually made

clinically and in an advanced stage of disease.

The most common clinical presenting symptoms in

male breast cancer patients are

1. Painless subareolar lumps

2. Nipple retraction

3. Bloody nipple discharge.
Imaging

The most appropriate work-up of suspicious breast

findings is diagnostic mammography. As for women, the

examination should consist of craniocaudal and medio-

lateral oblique views of each breast (see Fig. 1a, b). A small

metal marker can be placed on the skin over the mass to

help identify its location on mammographs. In contrast to

females, supplementary mammographic views (e.g., spot
Carcinoma, Male Breast. Figure 1 (a, b) Two standard

pseudogynecomastia with retroareolar breast cancer.
compression, magnification, exaggerated craniocaudal,

cleavage) are rarely needed to clarify lesions. The value of

digital mammography has not been evaluated yet.

For evaluation of male mammograms, the breast

imaging reporting and data system (BI-RADS) can be

used successfully (1, 2).

The sensitivity, specificity, and overall accuracy of

mammography in the diagnosis of male breast cancer

have been reported by some investigators to be 92%,

89–90%, and 90%, respectively (3,4).

However, although there are characteristic mammo-

graphic features that allow breast cancer in men to be

recognized, overlap between these features and the

mammographic appearance of benign nodular lesions

cannot be neglected (5).

Malignant breast tumors are more often eccentric,

displacing ill-defined, spiculated, or macrolobulated

margins (see Figs 1a, b and 2a, b), but even well-defined

margins have been described (4–6). On the other hand,

benign breast tumors, such as cysts or fibroadenoma, are

seldom found, due to normally rudimentary ducts and

glandular tissue.

Calcifications are fewer, coarser, and less frequently

rod-shaped than in female breast cancer (5). Secondary

features can include skin thickening as well as nipple

retraction and axillary lymphadenopathy.

Computer-assisted diagnosis (CAD)—Systems do not

play a role in the diagnosis of male breast disease, as

mammography in men is only performed when clinical

findings are present.

Breast ultrasound (7.5–13 MHz, linear arrays) is

considered a useful adjunct without radiation hazards,
view mammographs of a man’s left breast displaying



Carcinoma, Male Breast. Figure 2 (a, b) Magnification views (compare Figure 1a, b) displaying male breast cancer.

Retroareolar irregular hyperdense lesion with convex borders, satellites toward the chest wall.

Carcinoma, Male Breast. Figure 3 Male breast cancer

(compare Figure 1a, b and 2a, b). B-mode ultrasound

(10 MHz, Siemens Sonoline Elegra 10 MHz, linear array)

displaying an irregular-shaped, infiltrating mass with

disturbed sound transmission as the most reliable

characteristic features of malignancy.
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increasing the diagnostic specificity and providing

additional information regarding nodal involvement,

and is an image guide of choice for percutaneous

procedures.

The BI-RADS—Ultrasound atlas (6) improves effec-

tive use of ultrasound by defining a lexicon of terms and

characterizing typical features in the sonographic assess-

ment of lesions.

Sonographic features of malignant tumors of the male

breast do not differ substantially from those in female

breast cancer (7). The most important features for

malignant lesions being irregular shape, architectural

distortion, and posterior shadowing (see Fig. 3).

Other imaging techniques such as MRI are still

investigational in the diagnosis of female breast cancer.

Moreover, to date, there are no published data on MRI in

male breast cancer.

Studies on molecular imaging such as positron

emission tomography (PET) or single photon emission

computed tomography (SPECT) are of distinct diagnostic

value in female breast cancer, but have not been tested for

male breast cancer. So far, it does not seem feasible to use

any of these techniques in the evaluation of clinically

apparent breast findings.

Nevertheless, a normal imaging evaluation should

never overrule a strongly suspicious finding on physical

examination.
Nuclear Medicine

Not applicable in male breast disease, except for sentinel

node biopsy in cases of proven breast cancer.
Diagnosis

After appropriate local imaging, a suspicious mass

requires biopsy to confirm the diagnosis. As in the

diagnosis of breast lumps in women, the method of choice

should be a minimally invasive procedure, that is, core

needle biopsy (≤14G) (8).
Despite limited data, sentinel node biopsy seems

feasible in male patients too.
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Definition

An invasive carcinoma is a tumor with extension of tumor

cells through the ductal basement membrane. About 65%

of carcinomas are invasive ductal carcinomas. Multifocal

tumors must be distinguished from multicentric tumors.
Pathology

The tumors are classified as already described in the

chapter on ductal invasive carcinomas.
Clinical Presentation

The patient could present with many hard, palpable

masses and/or skin, and/or nipple retraction.
Imaging

All descriptions of the imaging of invasive tumors

should be made according to the BI-RADS classification.
Furthermore, the localization and size of the tumor

must be reported with precision (Figs. 1 and 2).
Multifocality

One or more masses are found in one quadrant, at

a maximum of 2 cm away from the main tumor. The

therapy of choice is quadrantectomy.
Multicentricity

One or more tumors are more than 2 cm away from the

main tumor, often in different quadrants. Mastectomy is

usually performed.

Often a tumor is seen on mammography. Because

mutifocal, multicentric, or contralateral tumors have a big

influence on the therapy and prognosis, we perform MR

mammography preoperatively.
Mammography

A spiculated mass with irregular margins is a typical sign

of invasive ductal carcinomas. The density of the tumor is

often higher than that of the parenchyma. In some cases

the tumors also present with amorphous or pleomorphic

microcalcifications. Other imaging features may be asym-

metry or architectural distortion, and therefore changes

fromapreviousmammogrammust be interpreted carefully.
Ultrasound

The tumor is often characterized by an irregular, hypo-

echoic mass, typically more tall than wide with a thick

echogenic rim and posterior acoustic enhancement. The

tumor is not comprisable.
MR mammography

Typical findings on magnetic resonance mammography

(MRM) are rim-enhancing masses that are irregular or

spiculated with heterogeneous enhancement. Signal inten-

sity curves show a high initial contrast media uptake and

a postinitial plateau or wash-out. On water-sensitive

sequences the tumor has an intermediary signal.

MRM reveals additional tumors not previously seen on

mammography or ultrasound. Therefore, MRM could be

performed before therapy to exclude ▶multifocality

or ▶multicentricity. Studies have found that MRM reveals

about 14%additional findings thatwere not previously seen.
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Carcinoma, Multiple, Breast. Figure 1 Mammography of a patient with a palpable mass on the left side. Typical

spiculated mass on the left side in mediolateral oblique and craniocaudal views (a). Ultrasound revealing a second mass on

the left side (b) which was confirmed by MRM on a subtraction image and maximum intensity projection (c). Histology

determined bifocal invasive ductal carcinoma.
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Carcinoma, Multiple, Breast. Figure 2 Mammography of a patient with a palpable mass in the left breast (caudal

quadrant). Additional suspicious lesion in the middle of the breast (a). MRM of a multicentric carcinoma in the left breast,

on subtraction image (b) and on maximum intensity projection (c).
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Synonyms

Circumscribed carcinoma; Colloid carcinoma; Gallert

carcinoma; Gelatinous carcinoma; Infiltrating papillary
carcinoma; Inflammatory carcinoma; Intracystic papillary

carcinomawith invasion;Medullary carcinoma;Mucinous

carcinoma; Papillary carcinoma; Tubular carcinoma
Definition

Invasive carcinomas comprise medullary carcinoma,

mucinous carcinoma, tubular carcinoma, papillary carci-

noma, and ▶inflammatory carcinoma.

Papillary carcinoma is a rare form of specified invasive

ductal carcinoma (about 1–2% of all breast cancers).

Medullary and mucinous carcinomas are also rare tumors

(<5% of all breast cancers). Medullary carcinoma presents

with a rapid growth and local aggressiveness. Mucinous
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carcinoma is a well-differentiated, invasive adenocarci-

noma. Tubular carcinoma is a well-differentiated form of

infiltrating ductal carcinoma, which is slow growing.

Inflammatory carcinoma typically presents with a rapid

onset of diffuse breast changes and aggressive tumor

invasion of the dermal lymphatics.
Pathology/Histopathology
Medullary Carcinoma

Medullary carcinoma is often a well-defined expansive

mass, which is softer than most breast carcinomas. The cut

edge reveals a nodular architecture with hemorrhage and

necrosis.

The typical type contains no glandular elements

and has an intense lymphoplasmacytic reaction, poorly
Carcinoma, Other, Invasive,
differentiated nuclear grades with a high mitotic rate, and

minimal desmoplastic stromal reaction.
Mucinous Carcinoma

Pathological pure and mixed types are distinguished. The

pure type consists of more than 75% mucinous cells and

the mixed type of mucinous and invasive, not otherwise

specified elements. The pure type is usually smaller than

the mixed type. The tumor cells are often found in lakes of

mucin.
Tubular Carcinoma

On gross pathology, the tumor shows a tan-to-gray cut

surface with ill-defined or spiculated margins. Micro-

scopic features show well-formed tubular elements with

often uniform nuclei and a low mitotic rate.
Breast. Figure 1 Continued



Carcinoma, Other, Invasive, Breast. Figure 1 Mass with irregular border and inhomogeneous echo inside is shown on an

ultrasound image (a). Mass on the left side is masqueraded by parenchyma on the mammography. However, higher density

on the left outer quadrant is seen (b). MR mammography reveals edema and skin thickening of the left breast on

T2-weighted imaging. A mass on the left upper outer quadrant is seen with surrounding edema and contrast media

enhancement. On T2-weighted imaging the mass is hyperintense. Signal intensity curves reveal an initial rise of about

100% and a postinitial plateau (c). Histology: papillary carcinoma.
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Papillary Carcinoma

Two types are distinguished; the solid form that has a

higher tendency to invade and the cystic form that may

develop in a dilated lobule or duct. On gross pathology, a

well-circumscribed mass is seen, often containing hemor-

rhage and cystic areas. On microscopy, an absent

myoepithelial layer distinguishes the invasive form from

a benign papillary lesion. Usually, the lesion is not

associated with necrosis or calcifications. Invasive ele-

ments are often seen in the periphery of the tumor.
Inflammatory Carcinoma

Breast skin changes such as erythema, thickening, andpeau

d’orange are common.Adiffuse infiltrating tumorwithout

a well-defined tumor mass is found. The tumors are often

poorly differentiated, are estrogen-receptor negative, and

intralymphatic dermal tumor emboli are seen.
Clinical Presentation
Medullary Carcinoma

Most of these lesions are palpable, soft, and mobile masses

usually located in the upper outer quadrant.
Mucinous Carcinoma

The tumors are often soft on palpation and may be

perceived as benign.
Tubular Carcinoma

The tumors may be palpable, but most of them are

detected on images.
Papillary Carcinoma

A firm, but not hard, mass that may be palpable. Nipple

discharge is seen in up to one-third of patients.
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Inflammatory Carcinoma

The patient presents with breast erythema, warmth, skin

thickening, peau d’orange, pain, and sometimes a

palpable mass.
Imaging
Medullary Carcinoma

These tumors are often oval or lobulated circumscribed

masses (Figs. 1–3).
Carcinoma, Other, Invasive,
Mucinous Carcinoma

This tumor entity often appears as a well-circumscribed

and round mass.
Tubular Carcinoma

The tumor is typically a small spiculated mass.
Papillary Carcinoma

The size of the invasive component is often small in

relation to the lesion size.
Breast. Figure 2 Continued



Carcinoma, Other, Invasive, Breast. Figure 2 Mammography of the left side reveals a lobulated mass in the middle inner

quadrant without microcalcifications (a). Ultrasound of the lobulated mass with hypoechoic signal and posterior acoustic

enhancement (b). MR mammography reveals lobulated masses on both sides of the breasts in the inner quadrant. The

masses show hyperintense signal on T2-weighted images and strong contrast media enhancement in the subtraction

images (c). Histology shows mucinous carcinomas.
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Inflammatory Carcinoma

This tumor entity may be misdiagnosed as benign

inflammatory process.
Mammography
Medullary Carcinoma

Typical findings are an oval, lobulated, or round mass

with circumscribed margins. Calcifications are very

rare.
Mucinous Carcinoma

Typical mammographic findings are a round, well-

circumscribed, noncalcified mass. Most commonly the

process is solitary at initial presentation and later multiple
and bilateral masses are seen as the disease progresses.

Spiculations and calcifications are rare.
Tubular Carcinoma

Typical mammographical findings are round or oval

masses with spiculations. Sometimes the tumor is seen

with architectural distortion, asymmetric density, and

microcalcifications.
Papillary Carcinoma

Often a round, oval, or lobulated well-circumscribed mass

is seen. Sometimes multiple masses occur. Calcifications

and spiculations are rare findings. Pneumocystography

may identify an irregular mass. Galactography may be

helpful in the evaluation of nipple discharge. Typical

findings will be ductal obstruction, wall irregularity, and

filling defects.



Carcinoma, Other, Invasive, Breast. Figure 3 Ultrasound of a tubular carcinoma revealing a hypoechoic mass, more tall

than wide (a). MR mammography shows a round mass on the left side. On T2-weighted images the mass is hyperintense, on

T1-weighted images hypointense, and on the subtraction image the mass shows contrast enhancement (b). Preoperative

ultrasound-guided localization of the mass was carried out (c). Follow-up mammography after ultrasound-guided

wire localization shows a round, partially ill-defined mass in the left upper middle quadrant exactly localized by wire

(d). Histology shows tubular carcinoma.
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Inflammatory Carcinoma

Common features are skin thickening and diffuse increased

breast density. Other findings such as trabecular thickening,

axillary lymphadenopathy, architectural distortion, focal

asymmetric density, and nipple retraction may be found.

Less often, calcifications or masses are found.
C

Ultrasound
Medullary Carcinoma

Typically, a well-defined, hypoechoic mass is found. Some

large lesions may have anechoic areas. A posterior

acoustic enhancement is not uncommon.
Mucinous Carcinoma

Typically, a round or oval mass is seen, sometimes with

lobulations. The margins are smooth or irregular. There

may be internal anechoic echoes. Posterior acoustic

enhancement is not common.
Tubular Carcinoma

The tumor shows an ill-defined hypoechoic mass with

posterior acoustic shadowing. Sometimes hyperechoic

foci represent calcifications.
Papillary Carcinoma

Often a homogeneously solid and cystic mass is seen

with posterior acoustic enhancement. Sometimes an

intracystic mass or mural nodules can be distinguished.

Sequelae of hemorrhage may also be seen.
Inflammatory Carcinoma

On ultrasound, nonspecific findings are seen such as

widening of the dermal–subcutaneous fat interface.

Edematous changes are, however, indistinguishable from

tumor infiltration.
Magnetic Resonance Mammography
Medullary Carcinoma

Often an oval or round, lobulated, heterogeneous,

enhancing mass is seen.
Mucinous Carcinoma

Often a round, well-circumscribed, or ill-defined, rim-

enhancing mass is seen.
Tubular Carcinoma

The tumor shows the typical enhancement of an invasive

ductal carcinoma with an irregular spiculated mass and a

strong initial contrast media rim or inhomogeneous

enhancement.
Papillary Carcinoma

The solid components show a heterogeneous, well-

circumscribed enhancing mass when i.v. contrast media

is administered.

In the cystic mass, mural or nodular enhancement

with or without hemorrhage is seen.
Inflammatory Carcinoma

Magnetic resonance mammography is not indicated for

this tumor entity. Often a diffuse, intense, rapid enhance-

ment is seen, which is indistinguishable from benign

inflammatory process.
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Synonyms

Epithelial ovarian cancer; Epithelial ovarian neoplasm;

Malignant ovarian neoplasm; Ovarian cancer; Primary

malignant neoplasm of ovary
Definition

Ovarian cancer is the leading cause of death among all

gynecologic malignancies. In females, it is the fifth most

common cancer. The majority of ovarian carcinomas are

epithelial in origin, accounting for approximately 85% of
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ovarian malignancies (1). The incidence of ovarian cancer

increases with age, with a median age of 61 years at

diagnosis (2). Familial evidence of ovarian cancer is the

strongest risk factor: ovarian cancer develops in these

women when they are one decade younger than the

normal population (1). There are significant differences

in prognosis between early and advanced ovarian cancer.

While early-stage cancer is often curable, advanced-stage

ovarian cancer has an overall 5-year survival rate of

38–53% (1). This is attributed to the fact that at the time

of diagnosis up to 70–85% of patients present with

peritoneal cancer spread outside the pelvis.
Pathology/Histopathology

Macroscopically, ovarian cancer most often presents as

uni- or bilateral multilocular cystic tumors with intra-

cystic ▶papillary projections or as mixed solid and cystic

tumors (3). Rarely, ovarian cancers may be predomi-

nantly solid (3). Cystic elements within the tumor may

contain serous, hemorrhagic, or turbid fluid. Papillary

projections, which are a typical feature of serous ovarian

tumors, may fill the cyst cavities. ▶Psammoma bodies

within the tumor presenting tiny calcifications are

detected in 30% of serous adenocarcinomas. Bilateral

ovarian involvement is typically found in serous cystade-

nocarcinoma, which is the most common ovarian cancer;

it is rarely encountered in endometrioid cancer (3).

Endometriosis is associated with endometrioid cancer

and particularly with clear cell cancer (3).

Epithelial ovarian cancers are adenocarcinomas and

comprise, depending on their histopathologic features,

serous, mucinous, endometrioid, transitional cell, clear

cell, undifferentiated, and mixed carcinomas (1). Except

for clear cell carcinomas, the histologic type has

limited prognostic significance independent of clinical

stage (1).

Epithelial carcinomas are characterized by histologic

type and the degree of cellular differentiation (grade).
Clinical Presentation

Ovarian cancer usually remains clinically silent in early-

stage disease. Rarely, abnormal uterine bleeding may be

the first symptom of ovarian cancer. With more advanced

stage and tumor masses larger than 10 cm, women often

complain of bloating, abdominal discomfort, pelvic

pressure, or urinary or rectal discomfort. The disease

may also become clinically apparent by ascites-related

symptoms including abdominal swelling and pleural

effusion with shortness of breath (1).
Imaging

The American College of Radiology (ACR) recommends

▶screening for ovarian cancer by ▶CA-125 and ultra-

sound (US) assessment of the ovaries only in high-risk

patients (2). These are patients with a positive family

history of ovarian cancer or BRCA1 or BRCA2 gene

mutations.

The role of imaging in suspected ovarian cancer

includes characterization of an adnexal mass,▶staging of

ovarian cancer, and defining criteria of nonresectability.

Criteria for differentiation between benign and

malignant ovarian masses do not differ for the cross-

sectional imaging modalities US, computed tomography

(CT), and magnetic resonance imaging (MRI). They

include tumor size and morphologic criteria of the

internal architecture of an adnexal mass including its

vascularization (4). Secondary signs supporting the

diagnosis of metastatic spread are ascites, peritoneal

implants, or lymph node enlargement (4).

Staging of ovarian cancer is based on the extent and

location of disease found at explorative laparotomy. The

International Federation of Gynecologists and Obstetri-

cians (FIGO) classification system is the most commonly

used staging system for ovarian cancer. Although

definitive staging of ovarian cancer is based on the

findings at surgery, preoperative assessment of the tumor

extent by imaging may influence patient management.

Accurate preoperative assessment of ovarian cancer may

assist in selecting sites for biopsy and may alert to tumor

deposits that are difficult to visualize intraoperatively, for

example, locations in the upper abdomen and lymph

nodes. Furthermore, it may influence surgical strategy, for

example, need of subspecialist cooperation or of referral

to an oncology center.

Preoperative routine chest radiographs, intravenous

urography (IVU), and barium studies have recently been

replaced by CT.

In cases of extensive cancer and signs of nonresect-

ability in CT or MRI, candidates who may benefit from

neoadjuvant therapy prior to surgery may be selected.

In the assessment of ovarian cancer, US is the primary

imaging modality for detection and characterization of

adnexal masses (2) (Fig. 1).

MRI is currently most commonly used as a problem-

solving modality in cases of indeterminate adnexal

masses (2). Its advantages over US are superior morpho-

logic assessment of adnexal masses, particularly in

hemorrhagic lesions. MRI is superior to US and CT in

the evaluation of local pelvic spread of ovarian cancer.

Multidetector contrast-enhanced CT is the modality of

choice for preoperative staging and for follow-up of

ovarian cancer (2) (Fig. 2). Alternatively, particularly in



Carcinoma Ovarium. Figure 2 Staging of ovarian cancer

by CT. A complex, solid, and cystic ovarian mass is

demonstrated on the coronal CT scan. Large amounts of

ascites are found throughout the abdomen. Small

bilateral diaphragmatic nodules and plaquelike peritoneal

thickening in the paracolic gutters show stage IIIb disease.

Carcinoma Ovarium. Figure 1 Mucinous adenocarcinoma

on US image. A large, complex ovarian lesion consisting of

solid and cystic elements is demonstrated in transvaginal

sonography. The cyst contains multiple homogeneous

echoes presenting hemorrhagic or proteinaceous fluid; the

cyst walls are thick and irregular.
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the case of contraindications for intravenous contrast

media, MRI is used for preoperative staging of ovarian

cancer. Following the FIGO criteria, CTand MRI perform

similarly in staging ovarian cancer, with reported

sensitivities of 63–79% and specificity of 100% (5).

Nuclear Medicine

Fluorodeoxyglucose positron emission tomography (FDG

PET)-CT is emerging as a new imaging technique for
assessing ovarian cancer. Currently it is only recommend

complementary to CT for the detection of recurrent

ovarian cancer. For preoperative staging of ovarian cancer,

recent data suggest that the combination of FDG PETand

CT is superior to CT alone.
Diagnosis

Ovarian cancers are typically inhomogeneous adnexal

masses with a mixed pattern of cystic and solid elements,

and are often large at the time of presentation (4). US is

the modality of choice for detection and characterization

of lesions as yielding a high or low risk for malignancy (2).

MRI is currently used as a problem-solving modality

complementary to sonography. Its strength is not to

define the exact histology of ovarian cancer, but to predict

if a lesion is malignant or not.

The most commonly used imaging criteria suggestive

of malignancy in US and MRI are: lesions size larger than

4 cm, thickness of wall or septa exceeding more than

3 mm, papillary projections, necrosis, partially cystic and

solid internal architecture, a lobulated solid mass, and

presence of tumor vessels (4) (Fig. 3). Doppler assessment

in ovarian cancer displays a low resistive index (RI<1) (2).

Contrast-enhanced MRI studies assist in tumor

characterization, especially in the depiction of papillary

projections and necrosis.

None of these imaging criteria, however, are specific

enough as a single factor to diagnose ovarian cancer

reliably. The likelihood of malignancy increases with solid

nonfibrous elements, thickness of septa, and presence of

necrosis. Ancillary findings such as presence of lympha-

denopathy, peritoneal lesions, and ascites improve the

diagnostic confidence. The combination of tumor size

and architecture and ancillary signs improves prediction

of malignancy and yields an accuracy of 89–95% in

MRI (4).

In a multivariate logistic regression analysis of

complex adnexal masses studied by MRI, necrosis within

a solid portion of an ovarian mass and vegetations in a

cystic lesion were the most predictive signs of malignancy

(4). Solid, nonfatty, nonfibrous tissue with or without

necrosis has also been reported as a valuable predictor of

malignancy. Thick walls and septations are less reliable

signs of malignancy, as they may also occur in abscesses,

endometriomas, and benign neoplasm such as cystade-

nofibromas and mucinous cystadenomas.

Large amounts of ascites in a patient with ovarian

cancer usually indicate the presence of peritoneal metas-

tases (Fig. 2). Absence of ascites does not exclude ovarian

malignancy, as 50% of borderline tumors and 83% of early-

stage ovarian cancers are not associated with ascites (2).



Carcinoma Ovarium. Figure 3 Papillary serous adenocar-

cinoma in a 46-year-old patient. Sagittal (a) and transaxial

(b) T2-weighted MR images demonstrate a complex partly

cystic and solid adnexal tumor that is found separate from

the uterus and extends to the level of L4. The solid areas are

composed of multiple papillary excrescences which also fill

the cystic areas. Only small amounts of ascites surround the

lesion.
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CA-125 is currently the most commonly used tumor

marker for ovarian cancer. However, elevation of CA-125

can be observed in other malignant epithelial cancers and

in benign conditions, including cirrhosis, pancreatitis,

endometriosis, and pelvic inflammatory disease as well as

in different stages of the menstrual cycle. More than 80%

of women with advanced epithelial ovarian cancer present

with CA-125 elevations. However, the sensitivity of

CA-125 elevation in early-stage disease is only 25% (2).
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Synonyms

Adenocarcinoma of the pancreas; exocrine carcinoma of

the pancreas; pancreatic ductal adenocarcinoma
Definitions

Pancreatic ductal adenocarcinoma accounts for 90% of

all primary malignant tumors arising from the pancreatic

gland. It represents the fourth leading cause of cancer

death and its incidence tripled over the past 40 years. The

peak of incidence occurs in the seventh and eighth

decades of life, with an incidence rate slightly higher in

men than in women. Despite improvements in diagnostic

and surgical techniques and perioperative management,

pancreatic carcinoma represents a major health problem

and it remains a significant challenge, being the tumor at

the time of diagnosis confined to the pancreas in about

10% of patients, locally advanced in 40% of cases, and

metastatic in 50% of cases. The poor survival of patients

with pancreatic cancer is caused by the late diagnosis and

the low resection rate. For all stages combined, the 1-year

survival rate is 19% and the 5-year survival rate is 4%.

Overall, fewer than 5% of patients undergo resection, but

among these, as many as 20% survive 5 years. The median

survival is less than 18 months after surgery.

The definitive causative factors that lead to an

increased incidence of pancreatic cancer are unknown.

Many environmental factors are associated with increased

risk of pancreatic cancer, including high-protein and

high-fat diets and the exposure to aromatic amines, such

as in cigarette smoking or occupations including

chemistry or petrochemical work.
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The association of pancreatic adenocarcinoma with

chronic pancreatitis is still unclear, but individuals with

the hereditary type of chronic pancreatitis seem to have a

predisposition for pancreatic cancer stronger than that

of the general population. Alcohol abuse is seen in 4% of

patients and association of alcohol and pancreatic cancer

is indirectly related to the development of alcohol-

induced pancreatitis. Whether or not diabetes is a risk

factor for pancreatic adenocarcinoma remains controver-

sial. Diabetes or impaired glucose tolerance occurs in about

80%of cases at the time of the diagnosis, but recent evidence

suggests that diabetes is a consequence of carcinoma rather

than a predisposing factor, because of the production of a

diabetogenic factor.

There is increasing evidence that some pancreatic

cancers are inherited and that genetic predisposition plays

a significant role in pancreatic cancer risk. Furthermore

some genetic syndromes associated with an increased risk of

pancreatic cancer have been identified and these include the

familial atypical multiple mole melanoma syndrome

(FAMMM), characterized by the germline mutation in

the p16 gene; the Peutz-Jeghers syndrome; the hereditary

nonpolyposis colorectal cancer (HNPCC) with germline

mutations in theDNAmismatch repair genes; the hereditary

pancreatitis, caused by mutations in the PRSS1 gene

(cationic trypsinogen gene); and the familial breast cancer

caused by a mutation of the BRCA2 gene.
Pathology and Histopathology

In the past, numerous classification schemes for pancrea-

tic tumors were proposed. Presently, the most widely

adopted is the AFIP classification system, published by

the Armed Forces Institute of Pathology in 1995.

According to the AFIP system, pancreatic tumors are

classified into primary tumors, secondary tumors, and

tumor-like lesions. Primary tumors are then classified

into exocrine lesions, endocrine lesions, and nonepithelial

tumors. All the pancreatic tumors are divided according

to their biologic behavior into benign, borderline (with an

uncertain malignant potential), and malignant.

The ductal adenocarcinoma and its variants account

for the vast majority (about 90%) of malignant pancreatic

neoplasms. Microscopically ductal adenocarcinoma is

composed of epithelial cells forming glands surrounded

by dense fibrous connective tissue. Most adenocarcinomas

infiltrate into perineural, lymphatic, and vascular spaces.

Some variants of ductal adenocarcinoma include the

mucinous noncystic adenocarcinoma or colloid carcinoma,

which is characterized by abundant extracellular mucin

production; the adenosquamous carcinoma with glandular

and squamous components; the signet-ring cell carcinoma

composed almost exclusively of cells filled with mucin;
and the undifferentiated or anaplastic carcinoma, com-

posed of large cells showing extreme anaplasia.

Between 60% and 70% of ductal adenocarcinomas

are located in the head of the pancreas. Carcinomas of

the pancreatic head have an intimate relationship with

the distal common bile duct and the main pancreatic

duct, producing stenosis and eventually obstruction with

duct dilatation and fibrous atrophy of the parenchyma

(obstructive chronic pancreatitis).

It is now widely accepted that ductal pancreatic

adenocarcinomas arise from lesions which represent

precursors of the carcinomas, called PanINs (▶pancreatic

intraductal neoplasms); the development of carcinoma

from PanINs lesions involves accumulation of multistep

genetic alterations. PanINs lesions are composed of

mucin-producing epithelial cells with varying degrees of

cytological and architectural atypia that involve the small

pancreatic ducts. PanINs can be flat 1A, papillary without

atypia 1B, papillary with atypia 2, or may be a carcinoma

in situ 3. PanINs display some of the genetic changes

which are founded in infiltrating carcinomas (mutations

in K-ras gene, p16, p53, BRCA2 and DPC4), suggesting

that there is a progression from PanIN 1 to PanIN 2 and

PanIN 3 to infiltrating adenocarcinoma.

A number of schemes have been proposed in the past

for the staging of pancreatic carcinoma. By 1977, they

were replaced by the UICC (Union Internationale Contre

le Cancer) staging system, which is a TNM staging system.

The newest revised version was published in 2002 by the

American Joint Committee for Cancer. A more complex

stage classification system had been proposed by the Japan

Pancreas Society (JPS) in 1987; this classification system

primarily relies on the prognostic value of tumor size and

local spread, adding other factors to the classification such

as serosal invasion, retroperitoneal invasion, and invasion

of the portal vein. An important prognostic factor is also

the possible presence of residual neoplastic tissue at the

level of margins of surgical resection; the extent of resection

is graded into R0 (complete resection), R1 (grossly negative

but positive microscopic margins of resection), and R2

(grossly and microscopically positive margins of resection).
Clinical Presentation

Clinical symptoms and signs develop late, particularly in

tumors of the pancreatic body and tail, thus the vast

majority of pancreatic cancers are diagnosed at an

advanced, incurable stage. The most common, even

nonspecific, symptom associated with carcinoma is

abdominal pain, especially in patients with a locally

advanced lesion, because it indicates spread of tumor to

perineural lymphatics. The typical epigastric pain is

frequently accompanied by back pain. Obstructive
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jaundice represents the most common finding in patients

with a neoplasm arising in the head of the pancreas and

obstructing the common bile duct. Dark urine, light

stools, pruritis, and palpable gallbladder (Courvoisier’s

sign) may be present together with jaundice; laboratory

tests reveal elevated conjugated bilirubin concentrations

and alkaline phosphatase and g-glutamyl transpepti-

dase levels. Obstruction of the pancreatic duct or its side

branches results in symptoms related to an obstructive

pancreatitis. It is important to suspect a pancreatic car-

cinoma when there are not obvious causes for the acute

pancreatitis (such as gallstones, alcohol abuse etc.). Other

signs include new onset of diabetes or instability of

diabetes that was previously well-controlled and throm-

bophlebitis (Trousseau syndrome). Weight loss, weakness,

and anorexia may be present. Nausea and vomiting can be

related to a gastroduodenal obstruction.

The carbohydrate antigen 19.9 (Ca 19.9) blood levels

can be increased in patients with pancreatic adenocarci-

noma; however 10–15% of individuals do not secrete the

Ca19.9. In addition, Ca19.9 levels can be elevated in

benign biliary or pancreatic diseases.
Imaging

Ultrasound (US) examination often represents the first

level imaging modality performed in patients with

pancreatic lesions, the symptoms usually being the

symptoms usually nonspecific. Direct visualization of

the tumor by US is often difficult and depends on the size

and location of the tumor. The lesion may have a variable

appearance on US, however the large majority of pan-

creatic cancers present as hypoechoic, nonhomogeneous

lesions with irregular margins. US examination is less

sensitive than other modalities in the detection of

pancreatic malignancy, particularly when the lesions

are smaller than 2 cm. In some cases, the intravenous

administration of a contrast medium during the exam-

ination can improve the depiction of the pancreatic

tumor, showing the lesion a much lower contrast

enhancement than the normal pancreatic parenchyma.

Indirect signs include dilatation of biliary and pancreatic

ducts associated to dilatation of the gallbladder. US can

also demonstrate the presence of locoregional lymph nodes

enlargement, distant metastases (in particular liver metas-

tases) or peritoneal carcinosis. Despite the advances in US

technology, including the employment of US contrast

media, the local staging of pancreatic cancer results difficult

in the majority of cases. In particular, the relation of the

tumor to peripancreatic vessels is demonstrated less reliably

with US than with other modalities.

Endoscopic ultrasound (EUS) has been used for early

detection of small carcinomas as well as local staging. The
close proximity of the transducer to the region of interest

permits the use of high ultrasound frequencies, then

improving the image resolution. EUS can determine the

size and local extent of a pancreatic cancer, also assessing

the peripancreatic vascular and lymph node involvement.

EUS can also enable the fine needle aspiration.

Intraoperative ultrasound (IOUS) allows to easily

identify pancreatic lesions and to precisely define the

staging of the tumor, demonstrating the relationships

between the tumor itself and adjacent structures (in

particular vascular structures) and also highlighting with

high sensitivity small hepatic metastases.

Presently, computed tomography (CT) is the most

widely used and most sensitive technique for the

evaluation of the pancreas. High-resolution spiral CT

has represented the preferred noninvasive imaging

modality for the diagnosis and staging of pancreatic

cancers. However state-of-the-art CT scanning is actually

based on multidetector CT, which has allowed a further

improvement in resolution and in scan timing, thus

obtaining acquisitions in multiple selective phases of

contrast distribution. Multidetector CT should be the

first-line study for the detection of pancreatic tumor and

for evaluating its resectability. Before the CTexamination,

the distension of stomach and duodenum must be

obtained. Water represents the oral contrast agent of

choice, associated with the intravenous administration

of a hypotonizing drug, just before the scan. Acquisition is

performed before and after the intravenous administra-

tion of the iodinated contrast medium. After the contrast

administration, acquisition with thin slices (1–2 mm)

must be performed in the pancreatic phase (delay

35–40 sec) and in the venous phase (delay 70–80 sec).

Typically, pancreatic adenocarcinoma is more hypodense

than pancreatic parenchyma, especially during the pan-

creatic phase when the parenchyma shows the highest

contrast enhancement. The margins of the lesion usually

are poorly defined; central necrosis can be present. Features

suggestive of pancreatic cancer include also alterations in

morphology of the gland, such as focal enlargement or,

more rarely, diffuse enlargement and obliteration of

peripancreatic fat (which is suggestive of invasion beyond

the margins of the gland). Pancreatic ductal dilatation is

often present, associated with a dilatation of the biliary

ducts and of the gallbladder when the tumor is localized in

the pancreatic head. Chronic obstruction of the pancreatic

duct leads to atrophy of the parenchyma distal to the

obstruction (Fig. 1) (1–4).

In order to define the staging and resectability of

the tumor, the possible infiltration of the adjacent

structures (including retroperitoneal fat infiltration),

and the presence of lymph node metastases, distant

metastases, or peritoneal carcinosis must be identified.

Spread to surrounding organs may typically involve the



Carcinoma, Pancreatic. Figure 1 Multidetector CT study in a case of ductal adenocarcinoma of the pancreatic head. The

lesion causes obstruction of the pancreatic duct which appears dilated; atrophy of the parenchyma distal to the obstruction

is associated (a). The multiplanar reconstruction on the coronal plane shows dilatation of the biliary system and the

gallbladder in the same case (b).

Carcinoma, Pancreatic. Figure 2 Multidetector CT study in a case of ductal adenocarcinoma of the pancreatic head

and uncinate process. Stenosis of the portomesenteric junction and the superior mesenteric vein, which suggests

infiltration, can be observed (arrow, a). The neoplastic tissue obliterates also the retroperitoneal tissue corresponding

to the retroportal pancreatic margin reaching the right wall of the superior mesenteric artery (b, c).
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duodenum, spleen, stomach, and colon. Pancreatic

cancers can involve local vessels, such as the celiac axis,

superior mesenteric artery, and venous vessels, including

the portal vein, the splenic vein, and the superior

mesenteric vein (Fig. 2). When the lesion shows no

contact with the vessel, the fatty plane around the vessel

result intact, while the presence of neoplastic tissue

reaching the vascular wall or variably surrounding the

vessel can suggest a vascular involvement. However,

the presence of soft tissue surrounding a vessel may

also be due to a desmoplastic inflammatory reaction.

Vascular encasement is suggested when the vessel occlu-

sion or stenosis is present, sometimes associated to

collateral circulation. Initial reports suggested that any

degree of tumor to vessel contiguity indicated tumor
unresectability. Since the introduction of helical CT,

several classifications have been proposed to grade the

degree of vascular infiltration, to relate the vascular

involvement with the resectability of the tumor, and to

establish when the encasement of the vessel represents a

certain sign of vascular infiltration. For instance, Lu et al in

1997 proposed a classification including four different

grades on the basis of the vascular surrounding, and

identified a cut-off of resectability, demonstrating that the

mere contiguity between tumor and vascular structure does

not automatically mean vascular invasion, while when the

tumor surrounds the vessels for more than 50% of its

circumference, there is a high likelihood of vascular

infiltration. Multidetector CT has further improved the

staging of vascular invasion, because of the increased spatial
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resolution and the possibility to associate multiplanar and

maximum intensity projection reformations and volume

rendering images.

Another fundamental aspect in order to stage

pancreatic tumors is to value the infiltration of the fat

peripancreatic retroperitoneal tissue. In particular, for

tumors of the head/uncinate process, it is fundamental to

evaluate the fat retroperitoneal tissue infiltration in

correspondence of the retroperitoneal resection margin

(retroportal margin), which corresponds to the fatty layer

localized behind the portal and superior mesenteric vein

and comprised between the right margin of the proximal

3–4 cm of the superior mesenteric artery and the left

margin of the head/uncinate process of the pancreas, near

the origin of the postero-inferior pancreatic arch. Multi-

detector CT is an accurate technique in order to evaluate

retroportal margin involvement, and the suspicion of

infiltration arises at CTwhen the fatty retroperitoneal tissue

appears obliterated, irregular, or with abnormal density.

Neoplastic infiltration is in fact a critical factor in tumor

staging and in surgical planning because it frequently

represents a site of persistence and recurrence of disease

and it is related to half postsurgical survival (1–4).

Regional lymph node metastases can be suspected at

CTonly when there is a lymph node enlargement; for this

reason nodal staging with CT is reported to be often

incorrect. Distant metastases usually involve the liver,

while lungs and other organs are less commonly involved.

The peritoneal nodules are rarely demonstrated by means

of CT, while omental thickening or ascites are often the

only finding suggesting the peritoneal carcinosis (1–4).

Recent advances in magnetic resonance (MR) imaging

(including high resolution and fast imaging, tissue-

specific contrast media, MR colangiopancreatography

(MRCP), and functional imaging) improved its ability in

diagnosing and staging pancreatic cancer. MR offers the

advantage of the simultaneous evaluation of pancreatic
Carcinoma, Pancreatic. Figure 3 MR in a case of ductal ade

spin-echo T2w (a) and gadolinium-enhanced fat-suppressed S

the pancreatic head causing an abrupt cut-off of the pancreat
parenchyma, vessels, and ductal system during the same

examination (5,6).

The normal pancreas shows low signal intensity on

T1-weighted images and intermediate signal on T2-weighted

images, with a variable amount of fat in the gland

parenchyma. Owing to the desmoplastic nature of ductal

adenocarcinoma, at MR the tumor is visible as an area

of lower signal intensity on T1-weighted images. On

T2-weighted images it has variable signal intensity,

depending on the degree of desmoplastic reaction, hemor-

rhage, necrosis, and associated inflammatory changes.

Pancreatic cancer can cause pancreatitis distal to the lesion,

because of ductal obstruction; this causes a low signal

intensity of the pancreatic tissue on T1-weighted images,

which results in poor contrast between the tumor and the

parenchyma surrounding the lesion (Fig. 3). Following

intravenous administration of gadolinium, the tumor may

becomemore conspicuous, since the parenchyma enhances

in the early phase but the tumor exhibits poor enhance-

ment. On delayed images pancreatic adenocarcinomas

show variable appearance depending on the size of the

interstitial space and venous drainage. The administration

of the Mn-DPDP can further improve the lesion con-

spicuity, particularly in case of small tumor, increasing the

contrast between the high enhancing pancreatic parench-

yma and the lesion; furthermore assessment of the liver is

an important factor in the staging of pancreatic cancer

patients, since pancreatic tumors tend to metastasize early

into the liver. MR examination with Mn-DPDP has been

found to be superior to CT in the detection of liver

metastases (5,6).

MR colangiopancreatography (MRCP) sequences can

be performed, to visualize the pancreatic and biliary

ductal systems. When both the common bile duct and the

pancreatic duct are involved, two adjacent ring-like ducts

(known as the “double duct” sign) are visible within

the pancreatic head. Furthermore, dilatation of the
nocarcinoma of the pancreatic head. Axial single-shot fast

PGR T1w (b) images demonstrate a hypointense lesion in

o-biliary system, which is markedly dilated.
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intrahepatic bile ducts and of the gallbladder can be seen.

The intravenous administration of secretin allows the

improvement of the pancreatic ducts delineation; the

presence of a ductal obstruction persistent after the secretin

administration, sometimes with associated dilatation of

the duct proximal to the obstruction, is suggestive for a

neoplastic stenosis. MR angiographic sequences can be

performed to demonstrate the vascular patency and to

assess the vascular involvement (5,6).

Lymph nodemetastases can be suspected when there is

a lymph node enlargement; nodal disease is shown using

fat-suppressed T2-weighted images and Gd-enhanced

images.

Although the sensitivity of endoscopic retrograde

cholangiopancreatography (ERCP) for the diagnosis of

pancreatic cancer is quite high, it is now rarely necessary

and should not be routinely used. Because of its in-

vasiveness and the high risk of complications, it has

been replaced by MRCP, which provide a good alternative.

ERCP plays, however, a very important role when used in

combination with interventional radiological procedures

such as biliary drainage and stent placement. ERCP

findings include narrowing of the duct by tumor

encasement, duct erosion with contrast extravasation, or

complete obstruction associated to dilatation of ducts

proximal to the point of obstruction. The pancreatic ducts

between the obstruction and the papilla of Vater are

usually normal; this finding may help to distinguish

pancreatic carcinoma from pancreatitis. Involvement of

both the pancreatic and common bile duct, termed

double-duct sign, was originally described as being

specific for carcinoma, while it also may be seen in

pancreatitis.

The use of pancreatic biopsy (percutaneous or

endoscopic) in the diagnostic work-up of a patient with

a suspected pancreatic cancer is controversial. Complica-

tions such as hemorrhage, pancreatitis, fistula, and abscess

have been reported and there are reports of tumor seeding

along the tract of the needle. Additionally, malignancy

cannot be excluded with certainty when malignant cells

are not found in the specimen. For these reasons biopsy

has no role in patients with a resectable pancreatic mass.

Pancreatic biopsy is mandatory in patients excluded for a

surgical resection and candidates for palliative treatment.

Further biopsy may be performed in the suspicion of

more uncommon lesions, such as▶pancreatic lymphoma,

which can be susceptible of chemotherapy treatment.
Nuclear Medicine

Positron emission tomography (PET) with the adminis-

tration of 18F-FDG has been successfully used in the

management of patients with pancreatic cancer for initial
diagnosis, pretreatment staging, detection of distant

metastases, evaluation of treatment response, and detection

of recurrence (1, 7).
Diagnosis

Surgical resection remains the treatment of choice for

pancreatic adenocarcinoma. To date, a curative treat-

ment of pancreatic cancer can be achieved only with

complete surgical resection. Vascular invasion, infiltration

of the adjacent structures, and the presence of lymph node

metastases, distant metastases, or peritoneal carcinosis

are generally accepted reasons for unresectability. On

the other hand, the diagnosis of vascular invasion by

pancreatic cancer is one of the most critical issues in

imaging; in fact, while in some institutions surgery is

precluded in cases of vascular invasion, other surgeons

perform aggressive surgery with vascular resection. For

these reasons the role of diagnostic imaging is not only to

demonstrate the tumor but also to accurately assess the

resectability of the lesion, for identifying patients who

might benefit from surgery and to avoid unnecessary

interventions.

There is much debate concerning the sensitivity and

specificity of imaging investigations in the diagnosis and

staging of pancreatic carcinoma. Contrast-enhanced

multidetector CT is generally accepted to be the first line

of investigation in a patient with suspected pancreatic

cancer. The reasons for this preference include its wide

availability, speed, and the possibility to perform thin

sections with high spatial resolution. Several studies have

compared CT with MR regarding tumor detection and

staging, obtaining similar results with both modalities.

The current role of MR is probably more important for

the detection and characterization of the lesion, particu-

larly when the lesion is not easily demonstrable with CT.

MR is also helpful in evaluating and characterizing liver

lesions in patients with pancreatic cancer. In the detection

and staging of small tumors, EUS and IOUS can be

reliable. In conclusion, multidetector CTor MR should be

used first in the detection and staging of pancreatic

adenocarcinoma. When CTor MR findings are doubtful,

EUS or IOUS should be applied for detection and for

the assessment of resectability. PET imaging is usually

reserved to confirm the malignancy, to differentiate

between a carcinoma and a focal nodular pancreatitis

and to recognize distant metastases.
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Definition

In Western countries, colorectal cancer is the second most

common malignancy. There are 940,000 new cases yearly

worldwide, of which about one-fourth are adenocarcino-

mas of the rectum (1). The rectum is arbitrarily defined as

the distal 12–15 cm of the large bowel. The incidence of

rectal carcinoma is increasing.
Pathology/Histopathology

The vast majority of rectal carcinomas are adenocarcino-

mas originating from adenomatous polyps or glands. The

remainder are rare entities i.e. neuroendocrine tumours.

Tumours start as intramucosal lesions, gradually growing

outward through the rectal wall, invading the muscularis

propria, blood and lymphatic vessels, surrounding mesor-

ectal fat, mesorectal lymph nodes and eventually the

surrounding structures.
Rectal cancer metastasizes via lymphatic and hema-

togenous routes. Lymphatic spread is mainly to mesor-

ectal nodes, and from there on to the para-aortic nodes in

advanced cases. In distal tumours, internal iliac nodes can

be involved. Hematogenous spread is through the super-

ior rectal vein, draining into the inferior mesenteric and

portal vein. Distant metastases in rectal cancer are

therefore most often located in the liver. For distal

tumours, venous drainage is via the middle and inferior

rectal vein into the internal iliac vein into inferior vena

cava. Pulmonary metastases are therefore more common

in rectal cancer than in colon cancer. Other sites of

metastases in rectal cancer are retroperitoneum, ovaria,

peritoneal cavity, adrenals, bone and brain.

There are several risk factors for developing rectal

carcinoma: age (>50 years), high-fat and low-fibre diet,

personal or family history (first degree relative) of color-

ectal cancer, inflammatory bowel diseases (M. Crohn,

Ulcerative Colitis), familial adenomatous polyposis (FAP)

and hereditary non-polyposis colorectal cancer (HNPCC).

Alcohol consumption, smoking, little physical activity and

diabetes mellitus are less well-defined risk factors. Risk

factors for rectal carcinoma are mostly associated with

Western lifestyle, explaining large variation in incidence of

rectal cancer worldwide.
Clinical Presentation

Rectal bleeding and changed bowel habits can be early

symptoms of rectal carcinoma. Rectal bleeding of cancer

often resembles haemorrhoidal blood loss. Other symptoms

include mucus discharge, narrowing calibre of stool, increa-

sed frequency of defecation, feeling of rectal fullness and

tenesmus. Anal canal involvement of tumour mass may lead

to anal pain. Bulky tumours can invade sacrum and sacral

plexus, causing pelvic pain and sciatic nerve symptoms.

Signs and symptoms of metastatic disease are weight

loss, fatigue, abdominal distention, pain in the right

upper quadrant, jaundice and ascites.
Imaging

Imaging in rectal cancer is used for local and distant

staging. T stage has long been used as a measure for local

extent, and has therefore been subjected to many studies.

At present, the importance of prediction of the

▶circumferential resection margin (CRM) along the

▶mesorectal fascia is accepted as an important feature

for the surgeon, as incomplete removal of the lateral

spread of the tumour is a main cause of local recurrence

(Fig. 1). Another risk factor for local recurrence and

therefore of interest in local staging is nodal status. Distant

staging concerns liver, lung and further extra hepatic sites.



Carcinoma, Rectal. Figure 1 Transverse section through

the rectum. Illustration of the circumferential resection

margin (CRM) and different T stages. The CRM is defined

as the closest distance from tumour to mesorectal fascia

(pelvic fascia). This fascia is used as the plane of dissection

in rectal cancer surgery. Preoperative identification of a

close or involved CRM allows the clinician to use

preoperative radiochemotherapy and/or more extensive

surgery. The prognostic inhomogeneity of T3 rectal

tumours is shown in this figure as well, as T3 tumours can

have a wide (upper-left tumour) or close (left-sided tumour)

CRM. (Reprint with permission from Lahaye MJ, Engelen

SME, Nelemans PJ et al (2005) Imaging for predicting the

risk factors—the circumferential resection margin and

nodal disease—of local recurrence in rectal cancer:

A meta-analysis. Semin Ultrasound CT MRI 26: 259–68.)
Carcinoma, Rectal. Figure 2 (a) Endorectal sonography of

T1 rectal carcinoma confined to mucosa and superficial

submucosa. Anteriorly, seminal vesicles are seen (white

arrows). (Reprint with permission from Schwartz, DA,

Carcinoma, Rectal 269

C

Local Extension
Harewood, GC, Wiersema, MJ (2002). EUS for rectal disease.

Gastrointest. Endosc. July; 56(1):100–109.) (b) Transverse

T2W TSE (TR/TE 3427/150 ms) MR image of a pelvis of a

73-year-old male. T3 rectal carcinoma. Anteriorly, the

mesorectal fascia (black arrows), is retracted by the

tumour (white asterisk).
Endorectal ultrasound is an accurate modality to depict

the bowel wall and therefore to assess superficial tumours,

especially T1 and T2 stages (Fig. 2a). Due to its limited

field of view, EUS is less useful for non-superficial

tumours (T3 and T4) and more proximal or stenosing

tumours. Moreover, endorectal ultrasound is an observer-

dependent imaging modality with important patient

discomfort. This real-time exam is not suitable to be

used as road map for the surgeon during operation.

MRI with a dedicated external coil (phased-array coil)

has the major advantage of a large field of view, combined

with a high spatial and contrast resolution, providing

detailed anatomical information on structures in the

pelvis. In single-centre studies MRI is a very good tool in

preoperative prediction of CRM (2, 3) (Fig. 2b). Multi-

centre studies on the routine use of MRI are ongoing.

For predicting T-stage, MRI is less accurate in staging

superficial tumours, unless an endorectal coil is used,

which is however not widely available.

CT can give an impression of the size of the tumour and

the proximity of the surrounding structures, and has long
beenused for staging of fixed tumours. Comparative studies

however have shown superiority of MRI in prediction

of organ invasion, because of better contrast resolution

compared to CT.
Nodal Status

At present, no imaging modality has a sufficient accuracy

for reliable prediction of nodal status. This is because

current modalities only use morphologic criteria.

Furthermore, these morphologic criteria can only be

applied in large nodes. It is known however, that small
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nodes with metastases are not uncommon in rectal cancer.

A recent meta-analysis showed that endorectal ultrasound

is slightly but not significantly better than CTand MRI in

prediction of nodal status (4).

A new iron specific MR contrast agent (ultra small

paramagnetic iron oxide—USPIO) has been developed

recently. This contrast agent is taken up by the reticulo-

endothelial system of healthy nodal tissue, causing a

decrease in signal intensity on T2-weighted MR images.

Malignant nodes do not take up the contrast because of

lack of normal node anatomy, and therefore appear white

(high-intensity) on T2-weighted images. This new con-

trast agent has been proven to be accurate in prediction of

nodal status in prostate, bladder, head and neck malig-

nancies (5). Use of this agent in rectal cancer is under

investigation. Results of studies are awaited.
Metastatic Disease

Organs of primary interest in assessing for presence of

metastases are liver and lungs. Wide availability as well as

low cost make chest X-ray and liver sonography the

imaging modalities of first choice. However, CT is more

sensitive. Although there are little data on the cost-

effectiveness, it is recommended to use CT scanning of

liver and lungs at least in high risk patients. The rationale

for choosing a more accurate but expensive tool relates to

new developments in the treatment of metastatic disease.

With combinations of more effective systemic therapy

and metastasectomies or local destruction of metastases

the prognosis is no longer as grim as it used to be, and

some patients even can be cured.
Nuclear Medicine

18FDG PET is a functional imaging method, based on

imaging of increased glucose metabolism in neoplastic

cells, by detecting fluorine-18 deoxyglucose uptake. So far,

there is no consensus about use of 18FDG PET in primary

rectal carcinoma.

The main drawback of PET is its low resolution.

Therefore, PET can only be used in combination with

anatomical imaging such as CT for reliable information

on exact tumour localization. A systematic review on

hepatic metastases in colorectal cancer has shown that

PET is of additional value to CT for the detection of

extrahepatic disease which could alter patient manage-

ment (6). However, randomized controlled clinical trials

are lacking on this subject. Drawbacks are inability of

PET to localize metastases that are small (<1–2 cm).

Also, inflammatory processes have increased glucosemeta-

bolism as well, which may cause false-positive findings

on PET.
In recurrent rectal cancer, use of 18FDG PET could be

valuable to differentiate between recurrent tumour and

postoperative fibrosis.
Diagnosis

History taking should include, additional to the specific

symptoms mentioned earlier, the family and personal

history regarding colorectal polyps and malignancies as

well as other malignancies. Only rarely a rectal cancer is

diagnosed only by history taking. Digital rectal examina-

tion however can be highly specific for mid and distal

rectal cancer. Physical examination should also include

vaginal examination and palpation of inguinal nodes.

The definitive diagnosis of rectal carcinoma is based

on histologic examination of tissue obtained through

an endoscopic biopsy. As 3–5% of patients have a

synchronous more proximal tumour all patients should

have an examination of the complete colon whenever

possible.
Treatment Implications

The principal treatment of rectal cancer is surgery.

Depending on extension of tumour, surgery consists of

local excision (T1 tumours in selected patients), ▶total

mesorectal excision (TME) or more extensive surgery

(locally advanced tumours). TME is a procedure in which

the rectum is removed together with its surrounding

mesorectal fat and the enveloping mesorectal fascia. In

this way, tumour spread as well as invaded lymph nodes in

the mesorectal fat are removed. This surgical technique is

at present recognized as standard of care.

Radiotherapy as well as chemotherapy are important

as (neo) adjuvant treatment. Preoperative radiotherapy

reduces the local recurrence rate significantly. For more

extended tumours (Fig. 3), a long course of chemo

radiation therapy can provide significant downsizing of

the tumour. Adjuvant chemotherapy reduces the like-

lihood of later metastatic disease, although the evidence is

not as strong as in colon cancer. Metastatic disease

is treated with chemotherapy with the goal of prolonged

palliation. A small number of patients with metastatic

disease can be cured with surgical excision of metastases

with or without the use of concomitant chemotherapy.

Multi-disciplinary involvement in the decision

making is very important for the treatment of rectal

cancer. Good quality preoperative imaging plays a key role

in this process, leading to an optimal individual treatment.
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Carcinoma, Rectal. Figure 3 Locally advanced distal rectal cancer. (a) Sagittal T2W TSE (TR/TE 3427/150 ms) MR image

of the pelvis of a 77-year-old female. Locally advanced rectal carcinoma, invading the bladder anteriorly (black arrows)

and the presacral space posteriorly (white arrows). (b) Transverse T2W TSE (TR/TE 3427/150 ms) MR image of the same

patient. Anteriorly, invasion of the bladder is again visible (black arrow). Right posterolateral, invasion of the piriform

muscle is indicated by the white arrow. (c) Contrast-enhanced CT scan of a liver (PVP). Multiple liver metastases of a

rectal carcinoma in a 59-year-old male.
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Definitions

Renal cell carcinoma is the most common solid renal

neoplasm accounting for 80 to 85% of all malignant renal

tumors and for 2% of all cancers. Renal cell cancer (RCC)

represents the fifth most common cancer in men (male-

to-female ratio is 2:1), with a rising incidence. A solid mass

detected in the kidneys can be considered as a renal cell

carcinoma until any other possibility is proved. It originates

from renal tubular epithelium, usually in the cortex.

Lymphomas, metastases, various sarcomas are other

solid rare noncarcinoma malignant tumors of the kidney.

A special group of patients includes those with some

hereditary conditions. The most common are Von Hippel–

Lindau disease and tuberous sclerosis. Other conditions are

the followings: hereditary papillary renal cancer, Birt–

Hogg–Dubé syndrome, hereditary leiomyoma renal cell

carcinoma, familial renal oncocytoma, hereditary nonpo-

lyposis colon cancer, and medullary carcinoma of the

kidney. In these patients, tumor incidence is much higher,

multiple synchronous or metachronous tumors are fre-

quent, and age of onset is much lower.
Pathology/Histopathology

Renal cell carcinoma is typically round-shaped, varying from

severalmillimeters to tumors that almost fill the abdomen. A

pseudocapsule, related to compressed parenchyma and

fibrous tissue is commonly found. Areas of yellowish or

brownish components are intermingled with sclerosis,

hemorrhage, and necrosis. The tumor can extend into the

renal vein and to the inferior vena cava as a tumor cast.

A new histologic classification proposed by the Union

Internationale Contre le Cancer (UICC) and the

American Joint Committee on Cancer (AJCC) in 1997

is widely accepted. Renal cell carcinoma can be divided

into several histologic subtypes like, including clear cell

(70–80%), papillary (10–15%), chromophobe cell (5%),

collecting duct carcinoma (Bellini duct carcinoma) (1%),

medullar carcinoma (1%). Sarcomatoid variant is not

considered a type of its own, 4 to 5% are unclassified.

Each subtype is associated with a different prognosis

indeed: tubulopapillar and chromophobe renal cell

carcinomas carry a better prognosis than clear cell renal

carcinoma. Since 1998, new entities have surfaced in

renal tumor classification included in WHO 2004

classification multilocular renal carcinoma, Xp11 trans-

location, and low-grade mucinous tubular carcinoma.

Sarcomas included leiomyosarcoma, hemangioperi-

cytoma, liposarcoma, rhabdosarcoma, and malignant

fibrous histiocytoma. Sarcomas are usually very large

but radiological findings are not specific.
Nuclear grade is the most important microscopic

feature that independently correlates with survival for

all stages. The most widely used is the Fuhrman

classification.
Clinical Presentation

The triad of pain, hematuria, and flank mass is highly

indicative for a renal tumor, and generally indicates

advanced disease. Other symptoms are related to meta-

static disease: pathologic fracture, bone pain, neurologic

disorders.

Fever, general status alteration, sudden development

of a varicocele, polyglobuly, hypertension, hypercalcemia

are other circumstances of diagnosis. Some of them

represent paraneoplastic syndromes. Fortuitous detection

with US or CToccurs for 40% of renal mass detected. For

this reason, the incidence of renal cell carcinoma has

apparently increased over the last 20 years, especially

concerning small tumors.
Imaging

The aim of any preoperative imaging is to differentiate

benign from malignant lesions, to adequately assess

tumor size, localization, and organ confinement, to

identify visceral metastases and lymph metastatic node,

and to reliably predict the presence and extent of any

tumor cast into the renal vein and the inferior vena cava.
Imaging Techniques

Intravenous pyelography with nephrotomography is no

more the reference standard in case of suspected renal

cancer, because of its poor sensibility.
Ultrasonography–Color Doppler

Ultrasound (US) evaluation has a role in the detection

of renal masses and has improved recently with

technical upgrading of the devices. The sensitivity

is 80% for tumors over 3 cm and 60% for tumors less

than 2 cm.

The specificity for characterizing solid tumor sub-

types is poor but conversely is excellent for distinguishing

cystic from solid lesion. When a solid lesion or atypical

cystic lesion is detected on US, it must be analysed by CT.

Staging with US is nonaccurate as compared with CT,

although liver metastases and vein involvement may be

confidently detected with US. Contrast-enhanced ultra-

sonography may facilitate the evaluation of tumor

vasculature and venous involvement.
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Computed Tomography
C

CT is the modality of choice for detection, characteriza-

tion, staging, and follow-up of patients with renal

carcinoma.

New technologies, such as multidetector CT (MDCT)

with thin collimation and multiplanar reformatting,

might result in a diagnostic improvement. Three or four

helical phases are required to have the best diagnosis and

staging (Fig. 1).

Unenhanced phase provides a baseline from which to

measure the enhancement within the lesion after the

injection of intra venous contrast material. This enhance-

ment (at least 15 UH) is important in distinguishing
Carcinoma, Renal Cell. Figure 1 US and CT findings in renal

shows a large renal mass. (b, c, d) CT findings. Nonenhanced C

portion, contrast-enhanced CT in cortical (c) and nephrograph

homogeneous renal tumor in a 71-year-old man. Noncontrast

enhancement (f), the tumor is low attenuated on the nephrog
hyperdense cysts (no enhancement) from solid tumor. The

diagnosis of renal cell carcinoma rests on demonstrating

enhancement within a renal mass Renal cell carcinoma

usually has an attenuation similar to the surrounding

parenchyma but may show higher attenuation in case

of hemorrhage. Unenhanced CT scan also demonstrates

calcification (30%) in the tumor.

The cortico-medullar phase occurs at about 35–40 sec

after the start of injection. This phase is essential for

accurate staging of renal cell carcinoma. Maximal

opacification of the renal arteries and veins occurs,

allowing study of the venous extension of tumoral tissue.

This phase allowed vascular reconstruction before partial
clear cell carcinomas. (a) US of the right transverse plane

T (b) shows slightly high attenuation of the peripheral

ic (d) phases show heterogeneous enhancement. (e, f, g): a

enhanced (e), cortical phase shows an important and early

raphic-phase image (g).
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surgery. Clear cell carcinoma has a great enhancement at

this phase.

Hypervascular metastases of the liver, pancreas,

muscles are most visible compared tubular phase. This

phase must concern liver and kidney.

The nephrogenic or tubular phase is the more useful

phase; it is made up after a scanning delay between 80 and

120 sec after the start of injection. The renal parenchyma

enhances homogeneously. That is why the nephrographic

phase is the most helpful for detecting renal masses and

characterizing indeterminate lesions. The enhancement of

papillary tumor is well demonstrated more clearly as at

the cortical phase.

The excretory phase is optional. It begins approxi-

mately 180 sec after the initiation of injection of iodinated

contrast material. This phase is occasionally helpful to

better delineate the relationship of a centrally located

mass with the collecting system.

Thoracic examination depicts lung or pleural metas-

tasis, mediastinal lymph nodes, and attention is required

in axillar regions and thoracic wall.

Pelvic examination may be proposed with the aim to

depict peritoneal, pelvic lymph nodes, and pelvic bones

metastasis.

Chest and pelvis examination can be carried within

a single acquisition, for instance at the cortico-medullar

phase, when the examination is performed using

MDCT.
Magnetic Resonance Imaging

In the absence of formal contraindications, magnetic

resonance imaging (MRI) is helpful in cases of renal

failure, because CT with iodine injection cannot be

performed. MRI can be a substitute to CT. CT remains

mandatory for chest examination that does not require

iodine injection. Another advantage of MRI is that it can

help in characterizing small and/or cystic lesion.

Abdominal imaging examinations are performed

with an abdominal phased array surface coil (which

increases signal to noise ratio); breath-hold sequences are

helpful to minimize artifacts secondary to respiratory

motion and to allow dynamic evaluation after contrast

injection.

Precontrast imaging includes axial breath-hold

T1-weighted gradient echo sequence performed with in

phase and out phase images, to provide anatomical

overview, detection of lymphadenopathy, characterization

of any associated adrenalmass. Fat-suppressed T1-weighted

sequence, which allows differentiation of fat from

hemorrhage may also be acquired. A transverse or coronal

T2 sequence, usually using a breath-hold technique, is

performed to differentiate cystic lesion from hydrone-

phrosis. Fat saturation can be associated as well.
To evaluate the renal vasculature, a high-resolution

breath-hold fat-suppressed three-dimensional T1-

weighted spoiled GRE sequence is performed in a

coronal-oblique or axial plane before and at the arterial

phase after dynamic the intravenous administration of

gadolinium. Images are displayed either as native two

dimensional or reformatted using a maximum-intensity-

projection (MIP) algorithm.

Evaluation of the renal parenchyma is subsequently

performed with a breath-hold three-dimensional fat-

suppressed T1-weighted spoiled GRE sequence in the

axial plane at the cortical and tubular phases.

MR urographic images can be provided with a heavily

T2-weighted sequence.
Angiography

Today, angiography has a very limited role in renal

tumors because CT and/or MRI provide diagnostic

images of renal vessels. Angiography is still useful when

embolization of the tumor, usually before surgery, is

required.
Results
Clear Cell Type

On US, the appearance varies: larger tumors are usually

hypoechoic or isoechoic to renal parenchyma, whereas

more than half of small renal cell carcinomas are

hyperechoic.

On CT, most renal cell carcinomas are solid lesions

with attenuation values of 20 HU or greater on plain CT.

Small (<3 cm diameter) tumors usually have a homo-

geneous appearance; whereas larger lesions tend to be

more heterogeneous due to hemorrhage or necrosis.

Calcifications are detected in up to 30% of cases of renal

cell carcinoma. The enhancement is often heterogeneous,

important and early, reaching a maximum at the cortico-

medullary phase. On nephrographic phase, it appears

hypodense compared to the normal renal parenchyma.

On MRI, renal cell carcinomas have variable signal

intensity on T1- and T2-weighted sequences, often slightly

hypointense on T1-weighted images and isointense to

slightly hyperintense on the T2-weighted images, but

anyway significantly lower than cystic lesions. Enhance-

ment after gadolinium injection is early and strong.

Renal clear cell carcinoma may have a cystic

appearance.

Identification and characterization of complex cystic

renal mass relies on Bosniak classification, which is based

on CT criteria but is also employed also for MRI. The

criteria include the plain attenuation of cyst, the presence

of calcifications, number of septae, the thickness (regular
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or nodular) of the wall or septae, the presence or absence

of enhancing soft tissue components.

The categories I and II are benign lesions, the

categories III and IV with thick enhancing walls or septae

or thick nodular enhancing soft tissue components,

are suspicious of malignant lesions and surgery is

therefore indicated (Fig. 2).
Tubulopapillar Carcinoma

It is commonly a small (<3 cm) and sometimes multifocal

or bilateral. It can appear hyperechoic at ultrasonography,

and mimic an angiomyolipoma: the rule is that any lesion

that is not clearly a simple cyst on US must be studied

further by CT. Enhancement appears lower and delayed as

compared with the clear cell type. It may appear

hypointense on T2-weighted sequences, which is an

indicator for this diagnosis (Fig. 3).
Chromophobe Renal Cell Carcinoma

It usually appears large, often homogeneous, and

lobulated, showing a low enhancement. In some cases, a

spoke-wheel-like enhancement with a central scar like an

oncocytoma may be seen, but early enhancement is

usually lacking.
Bellini Duct Carcinoma, Medullar
Carcinoma

They are localized in the renal medulla, show a mass effect

on the collecting system but there is no modification
Carcinoma, Renal Cell. Figure 2 Cystic renal cell carcinoma.

(b, c) contrast-enhanced CT (b) and gadolinium-enhanced T1-w

peripheral portion, septa are not well seen. (d) T2-weighted M
of the cortical line. Postcontrast enhancement is weak.

It may present as a large infiltrating tumor. Prognosis

is poor.
Staging

The prognosis of renal cell carcinoma is related to the

tumor stage.

Robson classification has been widely used. The stages

are following:

I: tumor within the renal capsule

II: tumor spread to the perirenal fat and/or adrenal gland

IIIA: venous tumor invasion

IIIB: regional lymph node metastasis

IIIC: venous invasion and regional node metastasis

IVA: direct invasion beyond Gerota’s fascia

IVB: distant metastasis.

TNMV classification is now more used (from the TNM

atlas, 6th edition, 2003):

T0: no evidence of primary tumor

T1a: tumor ≤4 cm in greatest dimension

T1b: tumor >4 cm and ≤7 cm

T2: >7 cm

T3a: tumor invades adrenal gland or perinephritic tissue

but not beyond Gerota’s fascia

T3b: tumor grossly extends into renal vein or vena cava

T3c: tumor grossly extends into the vena cava above the

diaphragm

T4: tumor invades beyond Gerota’s fascia
(a) nonenhanced CT shows small calcifications in the mass.

eighted MR image (c) show well-enhancing nodules at the

R fat-suppressed image well demonstrate irregular septa.



Carcinoma, Renal Cell. Figure 3 US, CT, and MRI in papillary type renal cell carcinomas. (a) US shows a hyperechoic small

mass growing exophytically. (b, c, d) CT shows a homogeneous low and delayed enhancement of the tumor. (e) T2-weight

MR fat saturation sequence shows the low signal of the mass than that of he renal parenchyma. (f) contrast-enhanced

T1-weighted image demonstrates low enhancement of this lesion. (g) Papillary tumor in a 27-year-old woman with

hematuria. Contrast-enhanced CT illustrates a low-attenuated lesion growing in the renal sinus.
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N0: no regional lymph nodes metastasis

N1: metastasis in a single lymph node

N2: multiple lymph nodes

M0: no distant metastasis

M1: distant metastasis.
C

Description of the Extension
Local Extension

Perinephric spread of tumor is demonstrated by the

presence of an enhancing nodule in the perinephric space.

This sign is highly specific but is encountered in only 46%

of the cases. Perinephric stranding does not reliably
Carcinoma, Renal Cell. Figure 4 Examples of distant and lym

(c), hepatic (d), and osseous (e) metastasis of renal clear cell t
indicate tumor spread; indeed it may be caused by edema,

vascular stasis, or previous inflammation.

The involvement of ipsilateral adrenal gland is not

frequent, reported at less 5%.

Direct extension of renal cell carcinoma outside the

Gerota fascia (stage T4) is difficult to diagnose with

certainty unless there is a demonstrable focal change in

attenuation within an organ.

The extension into collecting system is evaluated on

excretory phase.
Regional Extension

Venous Spread of tumors is very well studied on MDCT

and MRI. After detection, precising the exact level of the
ph nodes metastasis. Pulmonary (a), pleural (b), pancreatic

ype carcinomas.
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cast is of dramatic importance. It is mandatory for the

surgeon to know if the tumor cast is limited to the renal

vein, prolapses in the inferior vena cava, and in this case,

how far is the tumor cast from the right atrium. This may

have a major impact on surgical technique, some patients

requiring extra corporeal circulation and even the

combined surgery with a cardiovascular surgeon.

Regional lymphadenopathy should be detected, the

number evaluated and the representative size reported.
General Extension

Metastases involve mainly lung parenchyma, pleurae,

bone, liver, pancreas, muscle and rarely, thyroid, ovarian,

small bowel, colon, peritoneal fat, vagina, bladder. Liver

and pancreas metastasis have usually a strong and early

enhancement, more clearly visible at an abdominal

arterial phase (Figs 3 and 4).
Nuclear Medicine

It does not play a role in the diagnosis of renal tumor.

Nevertheless it can predict, before surgery, residual renal

function after total or partial nephrectomy.

PET with FDG may be helpful in the evaluation of

“equivocal findings” on conventional studies, including

bone scan, and also in the differentiation between

recurrence and post treatment changes. The value of

other PET tracers in renal cell carcinoma is under

investigation.
Diagnosis

The final diagnosis requires histopathology and is

most often provided by the analysis of material from

surgical resection. Percutaneous biopsy is not justified

in most cases because surgery will be necessary in most

cases, including patients with regional or general exten-

sion, who can benefit from the resection of the primary

tumor. Percutaneous CT or US guided trucut biopsy

may be helpful in selected cases of atypical lesion,

multifocality, metastatic patient and/or patient with

operative risk.

Renal cell carcinoma can be mimicked by benign

tumors like angiomyolipoma (fat component objectived

at CTor MRI), oncocytoma (in some cases, cartwheel-like

central scar may suggest the diagnosis, but specificity

is low).

Chronic infection like xanthogranulomatous pyelo-

nephritis may present as an infiltrative tumor.
Lymphoma or metastasis is usually hypovascular and

multiple, but some atypical cases can simulate renal cell

carcinoma.
Interventional Radiological Treatment

The number of detected renal cell carcinomas has been

increasing, and many are early-stage lesions. Nephron-

sparing surgery has been proposed as a more appropriate

treatment for small (≤4 cm) renal cell carcinomas.

Percutaneous thermal ablation therapies, principally

radiofrequency (RF) ablation, have been advocated

recently as an alternative to surgery. Preliminary data

are promising. Cryotherapy has been performed by using

open, laparoscopic, and percutaneous approaches and is

likely just as effective in ablating cancerous tissues as is RF

ablation. In palliative or not operable cases, embolization

arteriography can be used in bleeding lesion. In cases of

postoperative complications, embolization and percuta-

neous drainage can be used.
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Synonyms

Vulvar cancer
Definition

Carcinomas of the vulva are rare tumors, which account

only for about 35% of female genitourinary malignancies.

They present as polypoid vulvar masses and can be easily
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reached for biopsy. The patients are normally post-

menopausal.
C

Pathology/Histopathology

Over 90% of vulvar carcinomas are squamous cell

carcinomas. The rest are uncommon tumors, e.g. basal

cell carcinoma, vulvar intra-epithelial neoplasia, vestibu-

lar papilloma and sarcomas.
Carcinoma, Vulva. Table 1 Staging of vulvar carcinoma acco

TNM FIGO

Tis 0 Carcinoma in situ

T1 I Tumor confined to the vulva with a dimensio

T2 II Tumor confined to the vulva with a dimensio

T3 III Tumor involves the lower urethra, vagina and

III FIGO III or if regional lymph nodes are prese

T4 IVA Tumor invades bladder mucosa, rectal muco

IVA only in FIGO staging if N2 (retroperitoneal ly

IVB Any T with a metastasis (M1)

Carcinoma, Vulva. Figure 1 Axial CT demonstrates a cont

patient with histologically confirmed vulvar cancer (arrow). No
Clinical Presentation

Staging of vulvar carcinoma depends on local extension and

lymphadenopathy (Table 1). Local extension can involve

the urethra, vagina, peritoneum and anus. More distant

infiltration of the pelvic floor and bladder is also possible.

Initially, lymphatic metastatic spread is into the superficial

inguinal nodes, in the deeper inguinal nodes and the iliac

nodes. If lymph node spread is found, 5-year survival is

only 40%. Therapeutic options in vulvar carcinomas
rding to TNM and FIGO

n <2 cm

n >2 cm

anus

nt in T1 or T2

sa or tumor fixed to bone

mph nodes are present) in T1 or T2

rast-enhanced thickened vulva in an assay of a female

pathological lymph nodes were seen in the abdominal CT.



280 Carcinomatous Cirrhosis
include a radical vulvectomy or local resection of the tumor

in smaller carcinomas. If metastases are present, a

combined radio- and chemotherapy could be applied.
Imaging

With CT or MRI the infiltrating of the surrounding soft

tissue of the vulva and the lymphatic spread can be

demonstrated. However, CT is limited in the evaluation of

the primary tumor in the vulva (Fig. 1a). Due to its higher

tissue contrast, MRI is more accurate for the assessment

of local tumor spread and involvement of surrounding

structures. Lymph nodes with a size over 1 cm are defined

as pathologic (Fig. 1b).
Diagnosis

The diagnosis is normally clinically suspected and then

pathologically confirmed with a biopsy or after the tumor

resection.
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Carcinomatous Cirrhosis
Desmoplastic reaction induced by a diffusely infiltrative

cancer of the liver.

▶Cirrhosis, Hepatic
Carcinosarcoma
The main presentation of this rare malignant tumor is a

polypoid lesion in the lower esophagus. Rarely, this tumor

has been described in the gallbladder and stomach. Both
carcinomatous and sarcomatous tissues are involved in

this malignancy.

▶Neoplasms, Gallbladder
Cardiac Enlargement
Increase of size of cardiac Chambers that could produce

esophageal compression due to the close relationship

between them.

▶Compression, Extrinsic, Esophagus
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Cardiac radiology encompasses the use of several imaging

technologies, including conventional chest radiography,

ultrasound, X-ray angiography, nuclear medicine techni-

ques, and more recently computed tomography (CT) and

magnetic resonance imaging (MRI). Traditionally, in

many countries cardiac ultrasound and coronary X-ray

angiography are performed by cardiologists, although

exceptions may exist. A discussion of the anatomy and

pathology as defined with X-ray angiography constitutes a

basis for the interpretation of other technologies that

depict the left ventricle and coronary artery tree. Some

understanding of functional aspects as assessed by cardiac

ultrasound may provide a basis for understanding similar

pathophysiological concepts with MRI and CT.

In this review these imaging technologies are discussed

with special emphasis on chest radiology, multidetector

CT, and MRI.

1. Chest radiology: Chest radiographs are routinely

obtained in patients with suspected cardiac disease.

A number of useful observations on the presence of

heart failure and underlying valvular and other cardiac

pathologies can be made from chest radiographs.

The size and shape of the heart can provide a clue as

to the presence of certain valvular abnormalities. The

size and position of the great arteries may also provide

diagnostic clues. Abnormal calcifications (coronary,

valvular, etc.) can help to identify certain valve
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abnormalities. The appearance of the lungs and

interstitium is routinely interpreted so as to detect

imminent or overt heart failure. The presence of signs

of heart failure on chest radiographs has clinical

importance for the guidance of treatment as well as

prognostic implications.

2. Nuclear medicine imaging: A number of advanced

nuclear techniques are available [single photon

emission CT (SPECT), positron emission tomography

(PET)], which have widespread application and are

accepted in routine clinical practice as they have

proven their clinical value in terms of patient

management and predicting prognosis. Rest-stress

perfusion is most commonly applied for the detection

of ischemic heart disease. Newer techniques also allow

accurate evaluation of regional and global left

ventricular function. PET scanning has traditionally

been the gold standard for the assessment of

myocardial viability, but for detailed viability imaging

it is currently challenged by MRI.

3. Cardiac ultrasound allows regional and global func-

tion assessment both at rest and under pharmacolo-

gical stress testing. This application is widely used

for the detection of wall motion abnormalities as a

sign of underlying ischemic heart disease. The

accuracy and success rate of MRI have recently

challenged ultrasound for rest–stress function analy-

sis. Ultrasound is still the first-line tool for cardiac

function analysis. It also allows comprehensive and

sophisticated flow analysis across valves and other

hemodynamics. For example, tissue Doppler techni-

ques allow detailed analysis of systolic as well as

diastolic heart function. Many functional features of

ultrasound are now also becoming possible and

applicable with MRI. Some structures are better

visualized and quantified with MRI than with

ultrasound; therefore, MRI can complement ultra-

sound in complex pathologies or when patients lack

adequate acoustic windows.

4. X-ray coronary angiography is the mainstay of

coronary artery imaging. Treatment and stent place-

ment are guided by high-resolution X-ray technology.

Understanding the anatomy from traditional angio-

graphic projections can provide a good basis for the

interpretation of current multidetector CT and MRI

images that attempt to present the coronary artery tree

in similar projections.

5. MRI has made much progress over the last few years in

terms of technology and clinical applications for

cardiac imaging. Recent MRI pulse sequences are

optimized for cardiac imaging and today allow routine

high-quality imaging. Both anatomy and function can

be well evaluated by black-blood and bright-blood
techniques, respectively. Coronary artery imaging has

also become feasible and some clinical indications

have become evident. Further technological advance-

ment is still required for reliable imaging of coronary

artery stenosis and atherosclerotic plaque in the

small-sized coronary vessels. MRI is currently the

new gold standard for functional assessment of

ventricular function. Another routine application

currently is the assessment of myocardial viability

by using delayed enhancement imaging. Many aspects

of ischemic heart disease are currently assessable by

MRI. Furthermore, MRI has proved to be a valuable

tool for the assessment of clinically relevant issues in

the follow-up of patients with (repaired) congenital

heart disease.

6. Multidetector CT has rapidly developed into a reliable

tool for coronary and bypass imaging. In particular,

16-row technology has advanced the clinical utility

of CT significantly. High-quality coronary imaging

is now possible routinely for diagnostic studies, with

a high success rate. Cardiac CT is also developing into

a tool for functional analysis as well as perfusion

imaging. Ultimately, integration of these techniques

may allow comprehensive evaluation of ischemic

heart disease. In addition, other cardiac applications

have shown clinical relevance (e.g., pulmonary vein

imaging preablation). In general, thoracic vascular

imaging (e.g., aortic dissection, pulmonary embolism)

has greatly benefited from recent multidetector CT

applications.
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Synonym

Tooth decay
Definition

Dental caries is one of the most common dental diseases

for humans, and it consists in a progressive demineraliza-

tion of the tooth surface.
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Pathology/Histopathology

Pathogenesis is due to a combined effect of different

factors, such as dental plaque, carbon hydrates, receptive-

ness, and time. Within the dental plaque several bacteria

grow (streptococci and lactobacilli), which usually induce

the production of acids and a pH reduction to a value lesser

than 5.5. This is the consequence of a combination between

bacteria and the fermentation of carbon hydrates, which

can lead to the demineralization of the enamel (1).
Clinical Presentation

Enamel carious lesion is asymptomatic and in its initial

stage it looks like a white spot that affects only the enamel.

During this period, the carious lesion could change its

color and becomedarker, as a consequence of an attempt to

mineralize it. Later on, if not treated, the enamel carious

lesion could involve dentin and become symptomatic,

suffering from physical, chemical, and thermal stimuli.
Caries. Figure 1 Digital bitewing radiograph:

interproximal caries of different classes.
Imaging

The radiological image of dental caries is a radio

transparency because of the loss ofmineral tissue. Bitewing

radiographs and intraoral dental films, with the central ray

perpendicular to the tooth’s vertical axis, are the most

common techniques. Recently conventional radiographs

have been substituted by phosphor images (2).

Plain X-rays are usually the main imaging tools in

investigating caries, but sometimes tomography could be

useful to highlight small caries at their initial stage.
Nuclear Medicine

Bone scintigraphy has not any role in the assessment of

dental diseases such as dental caries.
Caries. Figure 2 Recurrent caries.
Diagnosis

Radiology usually subdivides dental caries into four

classes, on a penetration level basis:

. 1st class: carious lesion that involves lesser than a half

of the enamel

. 2nd class: carious lesion that involves more than a half

of the enamel

. 3rd class: carious lesion that involves dentin only in its

external portion

. 4th class: carious lesion that involves more than a half

of the dentin and perhaps also dental pulp
Interproximal dental caries develops within the area

between two contiguous dental crowns, and so it can be

well estimated with bitewing radiograms (Fig. 1).

Occlusal dental caries cannot be easily detected by

radiology till the carious lesion starts involving dentin.

Vestibular and lingual dental caries can be easily

recognized by a clinical approach, and radiology is poorly

useful.

Radicular caries involves cementum and perhaps

dentin. Radicular caries has a radiological aspect of radio

transparencies localized where portions of root are

exposed because of gingival recession.

Recurrent dental caries develops in proximity to

a carious lesion treatment (Fig. 2). Recurrent caries

sometimes cannot be easily recognized because of the

overlapping radio opacity or radio transparency of

the treatment.



Caries. Figure 3 Periapical granuloma.

Caries. Figure 4 Periapical roundish granuloma, similar

to a cyst.
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A pulpal disease, if no treatment is provided, is

followed by diffusion of bacteria toward the dental apex,

with a phlogosis of the periapical region, the so-called

acute periapical diseases. The diffusion could spread also

to the structures in proximity.

From a radiological point of view, a homogeneous

lacuna with a shaded outline can be observed. If the

phlogistic process becomes chronic, in this case an

expansion of the apical periodontal region with areas of

surrounding osteosclerosis can be observed. Chronic

periapical diseases are commonly indicated as apical

granuloma.

Granuloma is usually asymptomatic and in radiology

it is represented by a periapical transparency (Fig. 3),
sometimes roundish and similar to a cyst (Fig. 4). The

periapical bone infection can spread to tissues in

proximity and can cause odontogenic abscesses, fistulas,

and sinusitis.
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JURGEN J. FÜTTERER, STIJN W. T. P. J. HEIJMINK

Department of Radiology, University Medical Centre
Nijmegen, Nijmegen, The Netherlands
j.futterer@rad.umcn.nl

Synonym

Prostatic adenocarcinoma
Definition

Prostate cancer is a malignant tumor of glandular origin

in the prostate.
Characteristics
Epidemiology

Prostate cancer is the sixth most common cancer in the

world. In 2005, an estimated 232,090 new cases and

30,350 deaths of prostate cancer are expected in the

United States (1, 2). The lifetime risk of men developing

clinically diagnosed prostate cancer is approximately one

in six. With an ever-aging population, these figures are

likely to increase in the coming decades. The use of

prostate-specific antigen (PSA) testing has facilitated an

earlier awareness of abnormalities in prostate health,

resulting in a more frequent biopsy diagnosis of this

disease (3). There has been an increase in the prevalence

of prostate cancer, possibly due to increased importance

of etiological factors such as diet and lifestyle.
Prostate Cancer Pathophysiology

Prostate cancer is a multifactorial disease. Age and a

positive family history of prostate cancer are the main risk

factors. Other factors are the type of diet, lifestyle-related
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factors, and certain genetic defects (3). There is also a

distinct geographical and racial difference in prostate cancer

incidencewith higher rates inWestern countries and among

black men, as compared to Asian countries and white men,

respectively.

The main task of the prostate gland is to lubricate the

sperm produced in the testes during ejaculation. In

healthy prostatic epithelial cells, the enzyme aconitase is

inhibited by high levels of zinc present in the cells. This, in

turn, blocks the oxidation of citrate in the Krebs cycle,

thus accumulating citrate in the prostatic lumina.

The earliest determinable pathological changes in the

characteristics of the healthy prostatic cells are atrophic

and inflammatory changes. A cascade of these and other

factors may lead to the histopathologically defined

precursors of prostatic intraepithelial neoplasia.
Normal Prostate Anatomy
Carcinoma, Prostate. Figure 1 (a) Transrectal ultrasound

image through the prostate demonstrating a hypoechoic

area in the right peripheral zone indicating prostate

carcinoma. This was confirmed with (b) whole mount

section histopathology.
On the basis of embryological origins, the prostate is

anatomically divided into three zones that are eccentri-

cally located around the urethra: the innermost transition

zone, the central zone, and the outermost peripheral zone.

Knowledge of the zonal anatomy of the prostate is very

useful, considering that many prostatic diseases have a

zonal distribution. Up to 70–80% of prostate cancer is

located in the peripheral zone, whereas about 20% emerge

in the transitional zone, and 10% in the central zone (4).

Radiologically, in older patients the transitional zone and

central zone cannot be distinguished due to compression

of the central zone by benign prostatic hyperplasia and are

referred together as the central gland. Most central gland

tumors have additional tumor foci in the peripheral zone.

Another aspect of the prostate anatomy that is relevant to

radiologic imaging relates the prostatic capsule. The

prostate is surrounded by a thick layer of fibromuscular

tissue corresponding to the capsule. The “true” prostatic

capsule, however, is a thin (0.5–2 mm) layer of connective

tissue that is located externally to the peripheral zone.

Around this layer there is the pelvic fascia, often called the

“false” prostatic capsule.
Transrectal Ultrasonography

Nowadays, in regular clinical practice, prostate biopsies

are performed under gray-scale transrectal ultrasonogra-

phy (TRUS) guidance. Although prostate cancer tradi-

tionally appears as a hypoechoic lesion in the peripheral

zone on TRUS (Fig. 1), nonmalignant conditions such as

prostatitis, atrophy, and prostatic intraepithelial neoplasia

may also present as hypoechoic lesions (5, 6). Thus, a

hypoechoic lesion has a chance of 17–57% of being

prostate cancer. More than 40% of prostate cancer lesions

are isoechoic whereas only 5% are hyperechoic. Color

Doppler imaging detects blood flow by determining its

velocity and direction. An increased blood flow related to
tumor neovascularity is a characteristic of prostate cancer.

Use of Doppler imaging thus increased the accuracy rate

of prostate cancer detection to 40–90%, with sensitivity

and specificity outcomes being widely spread (52–75%

and 40–82%, respectively). Application of gas-filled

microbubble contrast agents enhances the visibility of

the prostatic vasculature. This may lead to increased

prostate cancer detection rate. Reported sensitivities and

specificities of prostate cancer detection using contrast

agents were 53–87% and 46–79%, respectively (7–9).
Computed Tomography

In general, computed tomography (CT) scanning has too

little soft-tissue contrast resolution to differentiate the

tissues intraprostatic (Fig. 2a). An additional disadvan-

tage of CT is that the patient is exposed to a significant

dose of radiation. Two studies revealed low sensitivity

(26–29%) with reasonably high specificity (80–89%) in



Carcinoma, Prostate. Figure 2 A 56-year-old patient with biopsy-proven prostate cancer. (a) Axial CT slice through the

prostate (arrows indicate prostate contour). Prostate tumor is not visible. (b) Axial T2-weighted MR image in the same

patient. A low signal intensity (arrows) in the left peripheral zone (PZ) indicating prostate cancer, which was confirmed with

whole mount section histopathology.
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staging prostate cancer (10, 11). Thus, CT has little value

for staging and detection of prostate cancer.
Magnetic Resonance Imaging

Contrary to CT scanning, magnetic resonance (MR)

imaging has a high soft-tissue contrast resolution. On

T2-weighted MR images, normal prostate tissue displays

an intermediate to high signal intensity whereas the central

gland has lower signal intensity than the peripheral zone

(12, 13). Conversely, the prostate has homogeneous,

intermediate signal intensity on T1-weighted images. This

means that the differentiation between peripheral and

central zone cannot be perceived.

On T2-weighted MR images, prostate carcinoma

displays as a low signal intensity area in a bright normal

peripheral zone (Fig. 2b). In addition to carcinoma, the

differential diagnosis of an area of low signal intensity

includes postbiopsy hemorrhage, prostatitis, benign

prostatic hyperplasia, effects of hormone or radiation

treatment, scars, calcifications, smooth muscle hyperpla-

sia, and fibromuscular hyperplasia (14). Detecting

prostate carcinoma in the central gland on T2-weighted

images is difficult because this area is often involved with

benign prostate hyperplasia, which has signal intensity

similar to that of carcinoma and the inner gland structure

is more inhomogeneous. Postbiopsy hemorrhage can also

appear as a low signal intensity lesion, but can be

differentiated from prostate cancer as it is hyperintense

using T1-weighted sequences (Fig. 3).

MR imaging obtained high sensitivities (77–81%),

whereas specificities were lower (46–61%), in localizing

prostate cancer. The addition of 3D proton MR spectro-

scopic imaging to anatomical MR imaging increased the

localization specificity up to 91% (15). Because of typical
tumor contrast enhancement characteristics, cancer can

be differentiated from normal tissue on fast dynamic

contrast enhanced MR imaging (16). Engelbrecht et al.

(17) showed that prostate cancer demonstrated different

enhancement patterns compared to both onset time, time

to peak, peak enhancement, and washout.

The current general opinion is that the localized

prostate cancer can be treated successfully by radical

prostatectomy in the patient group with a life expectancy

of 10 to 15 years or more. Accurate staging is therefore

especially important for the proper management of

prostate cancer. The most reliable criteria for the detection

of extracapsular extension of prostate carcinoma are

asymmetry of the neurovascular bundle, obliteration of

the rectoprostatic angle, tumor bulge into the periprostatic

fat, broad tumor contact with the surface of the capsule, an

extracapsular tumor, and the radiologists’ overall impres-

sion (18, 19). The most common but misleading MR

sign of extraprostatic extension, e.g., irregular bulging

(especially in nonpalpable tumors), is not often used.

Wedge shape, diffuse extension without mass effect, and

size are themorphological features of low-intensity lesions

in the peripheral zone on prebiopsy T2-weighted MR

images that give the best prediction ofmalignancy. Seminal

vesicle invasion can be identified as an asymmetric area of

low signal intensity in the seminal vesicles that is visible on

T2-weighted MR images (18). Thickening of the tubular

walls and asymmetric widening of the seminal vesicles have

to be avoided as criteria because these are nonspecific signs.

Senile amyloidosis can mimic extraprostatic spread. Pros-

tateMR imaging should be obtained at aminimumof 2 to 4

weeks after prostate biopsy, as hemorrhagedecreases staging

accuracy. Endorectal MR imaging findings are significant

predictors for the detection of extracapsular disease when



Carcinoma, Prostate. Figure 3 A 64-year-old patient with

prostate cancer underwent MR imaging 2 weeks after

transrectal ultrasound-guided biopsy. (a) Axial T2-weighted

image through the prostate demonstrates a low signal

intensity area in almost the whole peripheral zone (arrows).

However, the T1-weighted axial image (b) at the same level

revealed high signal intensity areas in the peripheral zone

which were biopsy artifacts (B). Only in the mid-peripheral

zone, tumor (T) was present which was confirmed with

whole mount section histopathology.
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MR images are interpreted by genitourinary radiologists

experienced with MR imaging of the prostate. Engelbrecht

et al. (20) suggested in their meta-analysis that the use of

turbo spin-echo MR sequences, an endorectal coil, and

multiple imaging planes can improve staging performance

ofMR imaging.Additionofdynamiccontrast enhancedMR

imaging to the anatomic images revealed a significantly
improved staging accuracies for less-experienced readers

(21). Addition of 3D proton MR spectroscopic imaging to

MRimaging improved stagingaccuracies,most significantly

for less-experienced readers.
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Caroli’s Disease
Caroli’s disease, first described by Jacques Caroli in 1958,

is a rare, autosomal recessive condition characterized by

segmental, non-obstructive saccular or fusiform dilata-

tion of the intrahepatic bile ducts. Other typical patholo-

gic features are the presence of intraluminal bulbar

protrusions, bridges across the dilated lumina and portal

radicles partially or completely surrounded by dilated bile

ducts. The abnormality may be segmental or diffuse. The

pure form of the disease is quite rare, while a various

degree of congenital hepatic fibrosis is usually associated.

Caroli’s syndrome is the condition in which features of

both congenital hepatic fibrosis and Caroli’s disease are

simultaneously present.

▶Cystic-Like Lesions, Hepatic

▶Congenital Malformations, Bile Ducts

Caroli’s Syndrome
Caroli’s syndrome is the condition in which features of

both congenital hepatic fibrosis and Caroli’s disease are

simultaneously present.

▶Cystic-Like Lesions, Hepatic
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Definitions

Carotid atherosclerosis is characterised by lipid deposi-

tion, macrophage infiltration and fibrous cap develop-

ment in the arterial wall with subsequent luminal
narrowing. Stenoses occur most often at the bifurcation

of the common carotid artery (CCA). Stenoses are

quantified as percentages, which vary according to the

method of measurement. The most common methods are

those of the North American Symptomatic Carotid

Endarterectomy Trial (NASCET) and the European

Carotid Surgery Trial (ECST). The NASCET method

compares the narrowest luminal diameter of the carotid

artery to that of the normal distal internal carotid artery

(ICA), beyond any post-stenotic dilatation. The ECST

method compares the minimal luminal diameter to the

predicted normal luminal diameter at the same level. A

50% NASCET stenosis corresponds to a 70% ECST

stenosis. NASCET showed benefit from endarterectomy

for symptomatic 70–99% stenoses, with a 17% reduction

in ipsilateral stroke at two years. The Asymptomatic

Carotid Atherosclerosis Study found some benefit for

endarterectomy for asymptomatic stenoses greater than

60%, with a 5.9% reduction in stroke over 5 years.

Dissection indicates intramural haemorrhage in an

artery. Typically the blood tracks between the tunica intima

and media, less often between media and adventitia.

The term non-atheromatous vasculopathy includes

intrinsic arterial diseases such as fibromuscular dysplasia

(FMD), systemic diseases that affect the arteries such as

neurofibromatosis type 1 and Marfan syndrome, and

extrinsic processes such as tumour, infection and radia-

tion injury.
Pathology/Histopathology

Plaques and their precursors can be classified into

asymptomatic early lesions and advanced lesions, which

may or may not be symptomatic. The earliest lesions, fatty

streaks, are composed of layers of lipid-loaded macro-

phages and intimal smooth muscle cells in a proteoglycan

matrix. Advanced lesions are characterised by a thickened,

disorganised intima with deformation of the arterial

wall. Lesions may have a fibrous cap of connective

tissue overlying the lipid core and may be complicated

by surface disruption, calcification, hemorrhage or

thrombosis.

In a sub-intimal dissection haemorrhage lies between

the intima and media and narrows the arterial lumen. In a

sub-adventitial dissection the blood may extend beyond

the adventitia to form a pseudoaneurysm. The most

common site of carotid dissection is the cervical ICA just

beyond the bulb. Intracranial carotid dissection is

uncommon, but usually involves the supraclinoid ICA.

Vertebral artery dissection typically occurs between C2

and the skull base.

Three types of FMD affect medium sized arteries.

Medial FMD (90–95%) consists of fibrous proliferation
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and smooth muscle hyperplasia in the tunica media.

Intimal and adventitial FMD are rare. Marfan syndrome is

associated with cystic medial necrosis. Radiation injury

causes fibrinoid necrosis, endothelial damage and accel-

erated atherosclerosis.
Carotid and Vertebral Artery Pathology. Figure 1 Right

carotid stenosis. Catheter angiogram (a) shows an irregular,

ulcerated plaque of the proximal internal carotid causing a

tight stenosis (arrow). High-resolution axial MR (b) shows

the extraluminal component of the plaque (arrow).
Clinical Presentation

Carotid stenoses are often asymptomatic but may be

detected by finding a bruit at physical examination.

Embolisation of plaque components after ulceration or

haemorrhage can result in a transient ischaemic attack or

cerebral infarct.

Carotid or vertebral dissection is usually associated

with neck pain or headache. Horner’s syndrome may

occur with ICA dissection. Deficits due to ischaemia in

the territory supplied by the dissected artery also occur,

dissection underlying 5–20% of strokes in young patients.
Imaging
Atherosclerosis
Digital Subtraction Angiography (DSA)

This remains the gold standard for measuring carotid

stenosis though its use has declined as non-invasive

imaging has improved. Studies should include AP, lateral

and oblique views of each carotid bifurcation. Views of

the distal carotid siphon and the intracranial circulation

are necessary to detect tandem lesions, present in 20%,

and to evaluate collateral circulation. The lumen at the

site of maximum stenosis is often non-circular so that

standard angiographic views do not accurately show the

true minimum luminal diameter. (Fig. 1) Plaque ulcera-

tion is shown as a niche of at least 2 mm, a double density

of contrast, or marked luminal irregularity. The detection

of plaque ulceration by DSA is sub-optimal.
Ultrasound

A consensus statement has been issued regarding the use

of US in the diagnosis of carotid stenosis, requiring the

use of gray scale, colour Doppler and analysis of spectral

Doppler waveforms (2). The angle of insonation should

be 60˚ or less to the long axis of the artery to reduce

measurement errors. The peak systolic velocity (PSV) is

the most reproducible measure. Doppler measurements

cannot predict the exact percentage stenosis, rather the

result is stratified within one of the following groups.

Normal: PSV <125 cm/s, no intimal thickening or plaque.

Less than 50% stenosis: PSV <125 cm/s with intimal

thickening or plaque on gray scale US. 50–69% stenosis:
PSV 125–230 cm/s, plaque visible. Greater than 70%

stenosis but less than near occlusion: PSV >230 cm/s,

plaque and luminal narrowing seen on gray scale and

colour Doppler imaging. Total occlusion is diagnosed by

absence of flow on colour Doppler. Morphological

assessment of plaques with ultrasound has not been

conclusively shown to be of clinical value, but fibrous

plaques tend to be of homogeneous reflectivity whilst

heterogeneous plaques, containing lipid, haemorrhage

and calcification, are associated with a greater incidence

of neurologic events.
CT

With multislice CTmachines, volumetric data acquisition

during the injection of iodinated contrast allows fast,

minimally invasive angiography of the cervicocephalic

arteries. Different post-processing techniques are avail-

able: ▶shaded surface display underestimates stenoses

while ▶maximum intensity projections (MIPs) can be

performed quickly but overestimate stenoses. Multi-

planar, or curved planar reformats are the preferred

post-processing technique, allowing stenosis measure-

ment. An advantage of CTover DSA is its depiction of the

plaque and arterial wall beyond the lumen. Plaque

calcification can be detected and quantified. Similarly,

CT can differentiate between plaques that are lipid-rich or

mostly fibrous. Attenuation of 60 HU is the optimal cut

off to distinguish lower attenuation lipid-rich plaques

from fibrous plaques. With automated methods plaque

area and volume can also be measured from CT. Such

techniques have yet to reach mainstream clinical practice.
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MRI
Carotid and Vertebral Artery Pathology. Figure 2 Left

vertebral artery dissection. 3D-time-of-flight MR angiogram

(a) shows short segment of narrowing of the vertebral

artery between C1 and C2 (arrow). Fat-suppressed

T1-weighted MRI (b) shows intramural haematoma as a

crescent of high signal (arrow).

C

Carotid magnetic resonance angiography (MRA) allows

non-invasive measurement of stenoses without the

risks of ionising radiation or iodinated contrast. Two-

dimensional ▶time-of-flight (TOF) MRA uses sequential

acquisition of thin slices, which are then stacked andMIPs

obtained. Flow gaps correlate well with significant stenosis,

the method is sensitive to slow flow and background

suppression is good. The long TE used results in signal loss

in areas of turbulent flow, however. Three-dimensional

TOF-MRA excites a slab of tissue and sub-divides it with

phase encoding gradients. Advantages over 2D TOF-MRA

include better signal to noise ratio due to excitation of a

volume of tissue and better through plane resolution

because thinner slices can be reconstructed. Progressive

saturation of protons as they move into the slab can be

avoided by multiple overlapping thin slab acquisition

(▶MOTSA).With fast gradient echo sequences images can

be acquired during the first pass of a bolus of gadolinium

chelate injected at 2–3 mL/sec. A correct timing is vital

for contrast-enhanced MRA (CE-MRA).

Dedicated phased array coils enable high-resolution

MR of the plaque, using ‘black-blood’ techniques with T1

and T2 weighting. This allows assessment of the plaque

surface and its components.
Dissection

Smooth, or slightly irregular luminal narrowing over a

long segment are the typical DSA findings. The degree of

narrowing varies from minimal to complete occlusion,

which can have a ‘rat’s tail’ appearance. Intimal flaps are

specific but seen in only 10%. Similar appearances are

shown by CT and MR angiography. Acute intramural

haematoma appears as a periarterial cuff of isointense or

slightly hyperintense signal on T1 and T2 weighted MR,

becoming hyperintense on T1 weighted images after a few

days (Fig. 2) (3). Fat-suppressed T1 weighted sequences

improve detection of the haematoma. Ultrasound can

show a hyperreflective intimal flap, mural haematoma, or

absence of colour flow in the false lumen, but dissection is

more often inferred from abnormal Doppler indices in

the absence of visible plaque.
Non-atheromatous Vasculopathy

Fibromuscular dysplasia results in segments of alternating

stenosis and dilatation, the ‘string of beads’ appearance at

angiography. It tends to spare the carotid bifurcation and

bulb and is most common at the C2–3 levels. Vasculo-

pathy due to neurofibromatosis type 1 and Marfan’s

syndrome manifest as areas of fusiform ectasia and

tortuosity. Infections, such as retropharyngeal abscess or
necrotising otitis externa can also narrow or displace the

carotid. Radiation injury produces areas of stenosis or

arterial occlusion, with moyamoya vessels intracranially.
Diagnosis

The use of DSA in diagnosing carotid stenosis has

declined with improving non-invasive techniques. A cost-

benefit analysis using an analytical model recommended

use of Doppler US and CE-MRA (4). This has been

supported by a recent meta-analysis of the accuracy of

non-invasive imaging (5). This showed that for 70–99%

NASCET stenosis, sensitivities and specificities were: CE-

MRA 94%, 93%; MRA 88%, 84%; Doppler US 89%, 84;

CTA 76%, 94%. There was a paucity of reliable data for

50–69% stenosis.
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Carotid Artery Steal
Reversed flow in the right carotid artery caused by a

significant stenosis in the origin of the innominate artery.

Similar steal may involve the external carotid artery in the

case of ipsilateral common carotid artery occlusion.

▶Steal Syndrome Vertebral
Carotid Endarterectomy
Open Surgery in order to resect atherosclerotic plaques

out of the internal carotid artery in order to normalize the

arterial diameter and treat a potential source of cerebral

emboli.

▶Stroke, Interventional Radiology
Cartilage Destruction
Cartilage destruction in rheumatoid arthritis typically

leads to a concentric pattern of joint space diminution,

which is, together with bone destruction, one of the three

radiologic key symptoms of arthritis (the other two are

synovial soft tissue swelling and collateral phenomenon).

▶Rheumatoid Arthritis
Cartilage T2 Relaxation Time
Molecular motion of cartilage water protons and the

structure of the extracellular matrix influence spin–spin

relaxation. Therefore, quantitative T2 measurements may

serve as a non-invasive tool to measure cartilage matrix

integrity. In cartilage degeneration an increase in cartilage

T2 is observed.

▶Degenerative Joint Disease, Peripheral Joints
Caspases
Proteolytic enzymes belonging to the family of aspartyl-

specific cysteine proteases, which are not only essential for
the starting event in the DISC but also for the execution of

apoptosis.

▶Apoptosis

Cationic Lipophilic Complexes
The cationic lipophilic complexes 99mTC sestamibi and
99mTC tetrofosmin have recently replaced other gamma

emitting radiopharmaceuticals with similar biological

properties but less favorable physical characteristics. They

are used as perfusion and tumor imaging agents.

▶Single Photon Emission Computed Tomography

Cauda Equina Syndrome
Syndrome of muscle paresis, saddle aneasthesia, sphincter

disturbance and/or micturition disturbance due to

involvement of multiple lumbosacral nerve roots, fre-

quently caused by large median disc herniations.

▶Conservative Therapy for Lumbosacral Radicular

Syndrome
Caudal Agenesis—Caudal
Regression
▶Congenital Malformations, Spine and Spinal Cord
Caval Vein Occlusion
▶Thrombosis, Caval Vein, Inferior

Cavernous Angioma
Congenital vascular malformation formed by thin-walled,

endothelial-lined sinusoidal vascular spaces, filled by

slow-flow blood, with no intervening brain tissue. Also

known as cavernoma and cavernous hemangioma. The

term “occult vascular malformation” is obsolete.

▶Congenital Malformations, Vascular, Brain
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Cavitary Necrosis
C

Multiple fluid- and air-filled cavities without rim-

enhancement found in low attenuation lung parenchyma

representing necrotizing pneumonia.

▶Pneumonia in Childhood
CCAM
▶Congenital Cystic Adenomatoid Malformation

(CCAM)
CDH
▶Congenital Diaphragmatic Hernia (CDH)
Celiac Artery Stenosis
Celiac artery stenosis may be due to atheromatous disease

or, in the younger patient, impingement by the diaphrag-

matic crura or median arcuate ligament. Atherosclerotic

lesions tend to occur in the proximal or mid-proximal

part of the artery. Clinical features of a severe celiac artery

stenosis include postprandial epigastric pain, weight loss,

and abdominal bruit. At Doppler US evaluation, the

Doppler spectrum shows an elevated peak velocity and

spectral broadening, findings consistent with turbulence.

The diagnosis is usually confirmed by conventional

angiography; however, CT angiography or MR angiogra-

phy may be also useful.

▶Transplantation, Hepatic
Cell Cycle
The series of stages in which cells proceed from a resting

state to cell division. The cell cycle includes interphase

(consisting of G1-, S-, and G2-phases) followed by the

mitotic phase, in which the replicated DNA is separated
into two groups of chromosomes followed by division of

the entire cell.

▶Proliferation of Neoplasms
Cell Doubling
▶Proliferation of Neoplasms
Cell Growth
▶Proliferation of Neoplasms
Cell Membrane-based System
Cell membrane-based reporter systems utilize gene

products that are associated with the cell membrane.

▶Reporter Systems
Cellulitis
Cellulitis is a diffuse, spreading, acute inflammation

within solid tissues, characterized by hyperemia, WBC

infiltration, and edema without cellular necrosis or

suppuration.

▶Gout

▶Infection, Soft Tissue

▶Oral Cavity, Inflammatory Diseases
Cemento-Ossifying Fibroma
Benign fibro-osseous lesion characterized by fibrous and

calcified tissues associated with mature and immature

bone/cement. Histologically, this lesion is very similar to

fibrous dysplasia and the diagnosis is often difficult. It

usually occurs in the jaws; localizations in the paraorbital

region are rare.

▶Fibro-Osseous Lesions, Facial Skeleton
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Central Facial Nerve Paralysis
(CFNP)
Is a clinical condition characterized by paralysis of the

muscles of the lower two thirds of the face secondary to

supra-nuclear insults. Whereas fibres that project to the

part of the motor nucleus that innervate the forehead

muscles decussate only partially, those that project to the

part of the nucleus that innervate the muscles of the lower

two thirds of the face decussate completely. Henceforth,

lesions of the upper motor neuron result in contralateral

facial palsy sparing the upper face.

▶Facial Nerve Palsy

Central Neurofibromatosis
▶Neurofibromatosis, Musculoskeletal Manifestations

Cephalocele
▶Congenital Malformations, Cerebrum

Cerebellar Dysgenesis
Cerebellar Dysgenesis can involve the vermis and/or the

hemispheres. This general term includes entities such as

rhombencephalosynapsis, molar tooth malformations,

and different abnormalities of foliation and fissuration.

▶Congenital Malformations, Cerebellar
Cerebral Aneurysm
▶Aneurysm, Intracranial
Cerebral Herniation
Secondary traumatic lesion that is the result of

increased intracranial pressure. Herniation of the
uncus/parahippocampal gyrus and herniation of the

tonsils are the two most common types.

▶Trauma, Head, Accidental
Cerebral Infarction
The irreversible damage of the brain caused by inadequate

blood supply.

▶Stroke, Children
Cerebral Infections
▶Infection, Opportunistic, Brain
Cerebral Neonatal Disease
(Neuro View)
T. A. HUISMAN

Johns Hopkins University, Baltimore, USA
thierry.huisman@kispi.unizh.ch

Synonyms

Encephalopathy of the newborn; Neonatal diseases of the

central nervous system; Perinatal cerebral injury
Definition

Neonatal cerebral disease refers to pathologies of the CNS

that are present at birth or become symptomatic within

the first weeks of life. These pathologies may have been

acquired pre-, peri-, or postnatally.
Pathology and Histopathology

Neonatal cerebral diseases include a wide variety of

pathologies like malformation, infection, tumor, hemor-

rhage, focal or generalized ischemia, and trauma. In

addition, the timing of injury may vary, lesion may result
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from prenatal (e.g., intrauterine fetal infection), perinatal

(e.g., hypoxic-ischemic encephalopathy, HIE), or post-

natal (e.g., germinal matrix hemorrhage) events (1, 2).

Hypoxia-ischemia or perinatal asphyxia is one of the

leading causes of severe neurological deficit for all

gestational ages. The exact etiology and cascade of events

in HIE as well as the identification of the principal and

supporting/mediating factors that determine severity of

brain injury are the focus of ongoing research. Clinical

presentation and outcome vary significantly with gesta-

tional age. Additional cardio-pulmonary diseases (e.g.,

congenital heart disease) may aggravate injury. HIE is

characterized by the combination of cerebral ischemia

(cerebral hypoperfusion) and cerebral injury due to global

hypoxia (reducedbloodoxygenation). Experimental studies

showed however, that ischemia rather than hypoxia is

responsible for most of the tissue injury. Neuronal and glial

cell death is induced by many factors that are only partially

understood. Primary and secondary energy failure with

collapse of the normal aerobic pathway of glucose

metabolism and shift into an anaerobic glycolysis result in

a loss of transmembranous ion exchange, an excessive influx

of calcium, failure of the neuronal resting membrane

potential, lactic acidosis (anaerobic glycolysis) and cellular

damage by release of free radicals and neurotoxic excitatory

amino acids (glutamine and glutamate).

In contrast to adult brain, HIE in neonates is

characterized by a selective vulnerability of different

anatomical areas of the brain. This selective vulnerability

is believed multifactorial and is tightly bound with the

stage of brain maturation at the time of injury. The rapid

biochemical, metabolic, cellular and anatomical changes

are factors that determine vulnerability. This explains, at

least partially, why the premature brain shows different

patterns of injury compared with the term neonate.

Generally, in preterm infants the white matter is more

vulnerable while in term neonates the central and cortical

gray matter is more susceptible. In addition, the

maturation of the cerebral vasculature with progressive

migration of the watershed zones from the periventricular

areas to the subcortical regions explain the periventri-

cular, confluent linear extension of white matter injury in

preterm neonates while in term neonates wedge-shaped

cortical/subcortical injuries are observed. These wedge

shaped lesions match the border zones between the

anterior, middle, and posterior cerebral arteries.

Focal infarction in neonates results from acute

thrombo-embolic occlusion of major cerebral arteries.

Ischemic infarction in neonates is rare. It is most

frequently observed in neonates with congenital heart

disease, coagulopathies, or hemoglobinopathies. Arterial

dissection due to a traumatic birth seldom occurs.

Germinal matrix hemorrhages (GMH) are the most

frequent intracranial hemorrhages in the newborn period.
Premature born neonates are at increased risk for GMH.

Based on their extension, GMH are classified into three

different grades. Extension into the ventricular system

may result in a hydrocephalus. Compression of the

subependymal veins by the hematoma may induce a

hemorrhagic venous infarction.

Neonatal infections can be acquired in utero due to

(a) transplacental maternal–fetal transmission, (b) by

ascending vaginal infections, or (c) during the passage

through the birth canal during delivery. Neonatal

infections may interfere with normal brain development

if acquired in utero. Timing of infection in relation to the

gestational age determines extent and kind of injury. Early

in pregnancy, developmental brain anomalies occur with

different degrees of migrational disturbances, microce-

phaly, cerebellar and brainstem hypoplasia as well as

injuries/malformations of the eyes, and inner ear. Later in

gestation, already developed and differentiated brain

structures may become injured resulting into encephalo-

clastic lesions. Intracerebral calcification frequently devel-

ops. Most infections belong to the TORCH acronym.

They include Toxoplasmosis, Other (HIV), Rubella,

Cytomegalovirus, and Herpes simplex. Neonatal herpes

simplex type II infection is typically acquired during birth

while passing through an infected birth canal. Pre- and

postnatal Herpes simplex-II infections are rare. In the case

of a complicating meningoencephalitis, the prognosis is

poor. Extensive perivascular infiltrates with ischemic and

hemorrhagic infarction are usually fatal.

Metabolic diseases are rare, but initial symptoms may

present shortly after birth with poor primary adaptation,

seizures, respiratory distress, hypotonia, developmental

delay, hypoglycemia, etc.
Clinical Presentation

Neonates with acute perinatal asphyxia present with low

Apgar scores, low umbilical cord pH, bradycardia, and

respiratory insufficiency. In addition, the amniotic fluid is

often meconium stained. Additional signs of neonatal

encephalopathy that may develop during the initial days of

life include irritability, neonatal seizures, stupor, lethargy,

generalized muscular hypotonia (floppy child), and poor

reflexes (Moro, Gag, Suck). Clinical symptomsmay parallel

the cascade of primary and secondary energy failure

characterized by an initial period of severe neurological

symptoms, followed by a phase of partial recovery which is

again followed by a lasting phase of neurological deficits.

Focal infarction in neonates may be clinically silent or

present with focal seizures that can become generalized.

Focal neurological deficits depend on the anatomical

location of infarction respectively on the involved

functional center.
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Clinical signs in GMHs depend on the location and

especially grade of hemorrhage. A grade I GMH is

frequently an incidental finding on routine ultrasono-

graphy in preterm neonates. Neonates with higher grade

GMHs will present with various neurological symp-

toms that are especially determined by the degree of

hydrocephalus.

Clinical findings in neonatal infections are determined

by the timing of infection in relation to the gestational age.

The earlier the onset of infection, the more extensive the

developmental anomalies will be. Clinical symptoms are

frequently complex with signs of significant developmental

delay aswell as deafness, poor vision and seizures. In the case

of late infection during gestation, focal neurological deficits

and seizures are encountered. Cerebral malformations are

discussed in the chapter “Congenital malformations”

(cerebral).
Imaging

Patterns of brain injury in acute perinatal hypoxia have

been studied extensively and differ between premature

and term neonates. In premature neonates, the white

matter is predominantly involved while in term neonates

the gray matter is involved. These patterns of injury reflect

the different vulnerability of different cerebral structures.
Ultrasound

The sonographic imaging of the brain immediately after the

ischemic event maybe normal. In the premature infant the

periventricular white matter may become echogenic as a

result of coagulation necrosis and edema. The distinction

between hemorrhagic and nonhemorrhagic periventricular

leukomalacia however is difficult. Over the course of the

subsequent 1–2 weeks the echogenicity decreases and cysts

may develop at 10–14 days and beyond. These cysts usually

coalesce and disappear as the ventricles enlarge and the

damaged tissue is resorbed. In the term infant the cortex

becomes echogenic withmoderate to severe edema and this

maybe diffuse or focal. Ventricular size is a nonspecific

finding as small slit-like ventricles maybe seen as a normal

finding in the term infant. Later cystic encephalomalacia,

ventricular enlargement, and atrophymay develop in severe

cases. Routine sonography through the anterior fontanelle

may miss the peripheral areas of the parieto-occipital lobes,

the sites of watershed infarction. These areas are now better

visualized using the newer high frequency ultrasound

probes and all available acoustic windows. In infants with

thalamic and basal ganglia infarction there maybe focal or

diffuse increased echogenicity in these regions.
Magnetic Resonance Imaging

In hypoxic-ischemic injury, T1-hypointense and T2-

hyperintense white matter edema narrows the ventricular

system as well as the subarachnoid spaces (Fig. 1a). A

T1-hyperintense cortical highlighting following the

cortical ribbon is seen due to intracortical petechial

hemorrhages. This T1-hyperintensity is matched by a

T2-hypointensity. Additional cortical necrosis will result

in a diminished cortico-medullary differentiation. More-

over, signal alterations are seen within the basal ganglia/

thalamus, hippocampus and posterior limb of the internal

capsule (PLIC). In particular, the loss of the normal

T1-hyperintense signal of the white matter tracts within

the PLIC has been shown to correlate with degree of

hypoxic-ischemic injury and outcome. On T2-weighted

imaging a corresponding loss of the T2-hypointensity is

observed. Finally, in many cases a linear, centripetal

T2-hypo- and, T1-hyperintensity is seen within the

cerebral white matter due to a stasis/thrombosis within

themedullary veins.MR-spectroscopymay identify lactate

within the ischemic white or gray matter as well as

a reduction of the normal metabolites within the brain

(Fig. 1b). Diffusionweighted imaging allows to differentiate

between cytotoxic edema and vasogenic edema.

On follow-up after HIE, a multicystic encephalopathy

ensues with ex vacuo enlargement of the CSF spaces.

Depending on the gestational age, a multicystic periventri-

cular leukoencephalopathy (Fig. 2) is seen or a more classical

appearance of cortical–subcortical watershed ischemias.

Imaging appearance of GMH is discussed in the

chapter titled: hemorrhage, intracranial, neonates. Ultra-

sonography is the primary imaging modality. In cases

where ultrasonography cannot explain neurological

symptoms, computer tomography (CT) or even better

MRI should be performed.

In neonatal infections MRI is the imaging modality of

choice to identify the associated disorders of development

(Fig. 3). CT can be helpful to identify parenchymal

calcifications, chorioretinitis, and malformations of the

inner ear.

In metabolic diseases functional MRI techniques like

MR-spectroscopy and diffusion tensor imaging are

especially helpful in narrowing differential diagnosis.
Diagnosis

Diagnosis in neonatal disease should always rely on the

combined analysis of clinical history, clinical-neurological

findings, laboratory tests, and imaging findings. In neona-

tal encephalopathy without an obvious history or signs

of acute perinatal hypoxia/injury other causes of neonatal



Cerebral Neonatal Disease (Neuro View). Figure 1 (a) Axial T2-FSE (upper row) and T1-SE (lower row) images of a term

neonate with HIE. A diffuse white matter edema is seen with narrowing of the adjacent CSF-spaces. In addition, the

T1-hyperintense and T2-hypointense signal intensity of the PLIC is missing. Finally, a T1-hyper- and T2-hypointensity is

seen within the cortical ribbon of the central region due to intracortical petechial hemorrhages. (b) 1H-MRS of a child with

severe HIE (left spectrum) compared with a 1H-MRS of healthy neonate (right spectrum) shows a significant lactate doublet
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Cerebral Neonatal Disease (Neuro View). Figure 2 Axial T2-FSE in a 4 months old, premature born child with severe HIE.

Multicystic leukoencephalopathy within the periventricular white matter is observed with a mild vacuo enlargement of the

ventricular system.

Cerebral Neonatal Disease (Neuro View). Figure 3 Axial CT and T2-FSE in two children with congenital toxoplasmosis

infection. CT reveals multiple tiny, subependymal calcifications as well as a ventriculomegaly. MRI shows an identical

pattern with T2-hypointense calcifications and a significant ventriculomegaly.
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encephalopathy like e.g., neurometabolic diseases, hyperbi-

lirubinemia, congential infections or malformations should

be excluded. In addition, dual injury should be considered in

complex or unexplained cases of neonatal encephalopathy.

Furthermore, additional systemicdiseases outside the central

nervous system may complicate or aggravate neurological
disease (e.g., congenital heart disease). Neuroimaging is

increasingly combining anatomical–morphological data

with functional results like diffusion tensor imaging,

perfusionweighted imaging and qualitative and quantitative

proton MR-spectroscopy. The functional data increasingly

serves as predictors of outcome.
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Cerebral Tumors in Childhood
▶Neoplasms, Brain, Supratentorial, Pediatric

Cerebral Vasculature
The blood vessels that supply the brain. The arterial

supply comprises the anterior (internal carotid) and

posterior (vertebrobasilar) circulations that are linked

through the circle of Willis.

▶Stroke, Children
Cerebral Venous Thrombosis
SHELLEY RENOWDEN

Department of Neuroradiology, University of Bristol,
Bristol, UK
shelley.renowden@north-bristol.swest.nhs.uk

Definition

One to two percentage of all adult strokes result from

cerebral venous sinus thrombosis (VST). The real

incidence of VST is unknown.

The sinuses most commonly affected are the superior

sagittal (70–80%), transverse and sigmoid sinuses (70%)

and less often, the cavernous and straight sinuses. In one

third, more than one sinus is involved and in 30–40%,

cerebellar and cortical vein thrombosis is associated.

Venous anatomy is illustrated in Fig. 1.
Aetiology

There are many causes of VST but aetiology is unknown in

one-third (1). Often multiple factors contribute. The most

common are pregnancy and the puerperium, the contra-

ceptive pill, coagulopathies and intracranial infections.
Others causes include all causes of deep venous throm-

bosis, head and neck infections and cranial tumours.
Clinical Features

Presentation varies and may be acute, sub-acute or

chronic, dependent upon venous collaterals, thrombus

location and rate of progression (1).

Headache is the most common symptom in 74–90%

of patients and reflects venous congestion. In 15%,

presentation mimics sub-arachnoid haemorrhage (SAH).

Venous occlusion and hypertension may significantly

elevate intracranial pressure (ICP) and additionally cause

dizziness, nausea, visual disturbance and papilloedema,

mimicking idiopathic intracranial hypertension (IIH).

Focal neurological deficits and seizures, which may be

focal, occur and may be associated with a Todd’s paresis.

Deep venous involvement may result in infarction

of the basal ganglia, thalamus, and hypothalamus and

these patients may deteriorate rapidly with coma and long

tract signs.
Diagnostic Imaging
Cranial CT

Routine cranial CT is normal in 20% but is often the first

line of investigation.

Pathognomonic signs of VST are the cord sign (in

25%) and the empty delta sign (in up to 46%) (Fig. 2).

Thrombosed cortical veins and sinuses appear dense on

plain CT (Fig. 3a). Unfortunately, interpretation is some-

times difficult (2). Flowing venous blood often may mimic

dense clot in a sinus. Beam hardening artifact from the skull

vault may mimic dense thrombus in the transverse sinuses

and partial volume artifact may obscure clot within the

horizontal portion of the superior sagittal sinus (SSS) or

the transverse sinus (TS).

Other signs include generalised (48%) (Fig. 3) or

focal brain swelling (3%), white matter oedema (12%),

venous infarction (13%) (Fig. 3), parenchymal haemor-

rhage (33%), sub-dural haematoma (8%) and tentorial or

falcine enhancement indicating venous stasis or dural

hyperaemia (19%).
CT Venography

Multichannel helical CT enables 3D vascular imaging.

Large volumes of tissue may be scanned during peak

venous enhancement with high spatial resolution and

triplanar reconstruction clearly demonstrates the veins

and sinuses. CTV is unaffected by flow related artifacts



Cerebral Venous Thrombosis. Figure 1 Lateral (a) and frontal (b) 3D phase contrast reformatted MR

venograms demonstrate venous sinus anatomy (1 = superior sagittal sinus; 2 = straight sinus; 3 = vein of Galen;

4 = internal cerebral veins; 5 = cortical vein; 6 = vein of Labbe; 7 = transverse sinus; 8 = sigmoid sinus; 9 = jugular vein;

10 = torcula).
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(3). It may be used in uncooperative patients as acquisi-

tion times are very short and it is clearly useful in those in

whom MRI is contraindicated. There may however be

problems with background bone suppression and optimal

timing of image acquisition is important to minimize

arterial and venous superimposition.
Magnetic Resonance Imaging (MRI)

MRI is the preferred method (combined with magnetic

resonance volumetry [MRV]) for diagnosis and follow up

in our institution. Parenchymal abnormalities are seen

more readily on MRI than on CT. It is important, at least

for the initial diagnosis, to combineMRI in different planes

with MRV. This combination importantly minimises con-

fusion with sinus aplasia/hypoplasia (seen as a flow gap on

MRV) and flow related artifacts with thrombus.
On T1W a thrombus appears isointense in the first

days, then remains hyperintense during approximately 10

days and becomes isointense again after 2–3 weeks.

On T2W the thrombus appears hypointense during

approximately 10 days and then becomes hyperintense

(Fig. 4) (4).
MRV

Two dimensional or three dimensional time-of-flight

(TOF) or phase contrast (PC) sequences may be used.

The author favours 3D PC sequences. Although TOF

sequences have shorter acquisition times, good spatial

resolution, and cover a larger volume, optimal signal is

only returned when the slices are aligned perpendicular to

direction of flow and signal loss arises from the in-plane

saturation effect and from slow flow and intravoxel phase



Cerebral Venous Thrombosis. Figure 2 Axial unenhanced cranial CT scan (a) demonstrates the cord sign as dense

thrombus in the right vein of Labbe (6, thin arrow) and right transverse sinus (7, thick arrow). Contrast enhanced axial

cranial CT scan (b) demonstrates the “empty data sign” (arrow). Intraluminal thrombus is seen as a filling defect within

the enhanced walls of the superior sagittal sinus (I).
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dispersion with turbulent flow. An additional problem

associated with TOF MRA is that the hyperintense signal

from methaemoglobin within clot may mimic flow.

PC is not associated with maximum intensity

projection (MIP) or in plane saturation artifacts but the

disadvantages are longer acquisition times, aliasing

artifacts and intravoxel phase dispersion.

A hypoplastic/aplastic sinus may mimic sinus occlu-

sion on MRV and must be differentiated by examination

of the source images and triplanar MRI. ‘Flow gaps’ in the

transverse sinuses due to hypoplasia may be seen in nearly

one third of normals mostly in the non-dominant sinus

or co-dominant sinus (5).

Small filling defects may also result from fat, fibrous

bands and septae and arachnoid granulations.
Cerebral Angiography

Cerebral angiography is not generally used for diagnosis

of VST and is usually only performed as part of local

thrombolysis. Partial or complete non-opacification of

venous sinuses and veins, dilated cortical collateral veins

with a corkscrew appearance, increased cerebral circulation

transit time and flow reversal away from the obstructed

sinus or vein are signs that may be present.
Treatment

VST is poorly understood, unpredictable, diverse in

presentation and causation, with variable sinus/venous
involvement, and while potentially life-threatening (see

Fig. 3) has a high incidence of spontaneous recovery.

Treatment regimens are therefore impossible to compare

and should be somewhat individualised.

Although there are few randomised control trials,

heparin is considered by most to be the drug of first

choice. Complications are rare and haemorrhagic infarc-

tion is not a contraindication. Heparin may act by

limiting thrombus extension and promote its dissolution

and is usually followed by oral anticoagulation for 3–6

months or longer with coagulopathies.

Pharmacological local thrombolysis is performed at

our institution if the patient is in coma at the outset or if

there is clinical deterioration despite full anticoagulation.

It involves the selective delivery of thrombolytic agent

directly into the occluded sinus. Local thrombolysis is

usually performed via the transvenous femoral route. The

patient is anticoagulated using heparin. Either urokinase or

rt-PA is delivered directly into the clot using either bolus

hand injections or an infusion. Recombinant tissue-type

plasminogen activator (rt-PA) is often preferred because it

has a greater affinity for plasminogen bound to fibrin rather

than circulating plasminogen and thus has a reduced

systemic effect. Recanalisation is faster with rt-PA thanwith

urokinase. Extensive mechanical disruption of the clot by

the micro-guide wire is important and clot macerationmay

be further enhanced if necessary using a balloon catheter or

microsnare device.

The objective in most cases is complete recanalisation

but while this is desirable, experience suggests that



Cerebral Venous Thrombosis. Figure 3 Axial unenhanced cranial CT images (a–d) demonstrate severe consequences of

venous sinus thrombosis, rapidly fatal in this 17-year-old girl, despite local thrombolysis. The dominant left TS, sigmoid

sinus and jugular vein are occluded. Thrombus extended up to the torcula and then started to propagate in a congested

SSS. The right TS is hypoplastic unfortunately. There is generalised cerebral swelling with effacement of the sulci, basal

cisterns and third ventricle. There is bilateral uncal herniation with midbrain compression (a, b). Haemorrhagic venous

infarction (a–c) involves the left temporal lobe and additional swelling has resulted in compression of the left lateral

ventricle, midline shift and contralateral hydrocephalus. Parenchymal oedema reflecting venous hypertension is present in

the left parietal and frontal lobes (d, arrow). There is a small amount of blood in the right occipital horn.
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complete recanalisation is not always necessary for a good

outcome.

Catheter mediated thrombectomy using a saline jet

vacuum device has also been described and is used

together with local pharmacological thrombolysis. It

should probably be reserved for those with extensive

thrombosis and malignant intracranial hypertension.
Outcome

Outcome is often favourable. Mortality ranges between

5.5–30% and a further 15–25% will incur permanent

neurological deficits. Mortality is high in those presenting

with a rapid onset, in coma, in infancy, in the aged and with
involvement of the cortical, deep and cerebellar veins. VST

recurrence is estimated in about 12% of patients.

Dural and pial arteriovenous fistulae may occasionally

occur following VST thrombosis. Venous hypertension

may promote growth of microscopic arteriovenous-

shunts within the vasa vasorum of the normal pachyme-

ninges and/or may stimulate the release of angiogenic

factors.
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Cerebral Venous Thrombosis. Figure 4 CT venography with sagittal (a, b) and coronal (c) reconstructions and a mipped

coronal image (d) demonstrate thrombus in the right transverse sinus. Venous antomy is again well demonstrated and

the numbering is as in Figure 1.
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Cervical Carcinoma
▶Carcinoma, Cervix Uteri

Cervicomedullary Angle
Cervicomedullary angle is the angle between two lines on,

respectively, the ventral side of the medulla oblongata or
brainstemand the cervical cord, indegrees.Adecrease<135˚

is a risk factor for thedevelopment ofmyelopathy inpatients

with rheumatoid arthritis with cervical spine affection.

▶Rheumatoid Arthritis

Cervix
The cervix is the lower and narrow part of the uterus,

which forms a canal that opens into the vagina.

▶Carcinoma, Cervix Uteri

CEUS
Contrast-enhanced ultrasound.

▶Contrast Media, Ultrasound, Safety and Adverse

Reactions



Cerebral Venous Thrombosis. Figure 5 T1W sagittal (a) and T2W (b, c) axial and coronal FLAIR (d) MR images demonstrate

signal from sub-acute clot in the SSS and left TS, hyperintense on both T1W and T2W. Note the normal flow voids seen

in the SS and deep venous system (a, c). Lateral (e) and frontal (f) projections of a 3D PC MR venogram in the same patient

confirm occlusion of these sinuses and the left sigmoid sinus and jugular vein. The patient suffered increasingly severe

headaches over 3–4 weeks. The clinical severity here is much less than the patient in Fig. 3 almost certainly reflecting

the less rapid onset and superior venous collateralisation.

302 CEUS – Contrast-Enhanced Ultrasound of the Kidneys
CEUS – Contrast-Enhanced
Ultrasound of the Kidneys
▶Contrast Media, Ultrasound, Applications in Kidney

Tumor
CFNP
▶Central Facial Nerve Paralysis (CFNP)
Charcot Neuroarthropathy
▶Neuropathic Joint Disease
CHARGE Association
The acronym refers to a clustering of malformations that

occurs more frequently together than expected on the

basis of chance. The diagnosis is firmly established when
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all major criteria or three major and three minor criteria

are present. Major criteria are coloboma (C), choanal

atresia (A), typical external ear anomaly and/or hearing

defects (E) and brain stem and cranial nerve dysfunction.

Minor criteria are heart defects (H), genital hypoplasia

(G), orofacial clefting, tracheoesophageal fistula, short

stature and developmental delay (R).

▶Congenital Malformations, Nose and Paranasal Sinus
Chelator
Linking molecule between vector and radionuclide. The

chelator defines with which radionuclides a vector can be

labeled. Stable binding of the radionuclide by the chelator is

mandatory for application of a radiopharmaceutical in

patients.

▶Receptor Studies, Neoplasms
Chemoembolization
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Synonyms

Liver embolization; TACE
Definition

Transarterial chemoembolization (▶TACE) is based on

the injection of a chemotherapeutic agent, mixed with an

embolic material, into selected branches of the hepatic

arteries feeding a liver tumor. This concept derives from

the pathophysiological background of liver perfusion:

Hepatocellular carcinoma (HCC) tumors are hypervas-

cular and receive their blood supply from the hepatic

artery. Normal liver receives approximately 70% of its

blood supply from the portal vein and 30% from branches

of the hepatic artery. The rational for TACE is that the

infusion of a drug such as Doxorubicin, Mitomycin C,

and Cisplatin with a viscous material (e.g. lipiodol)

followed by embolization of the blood vessel withGelfoam,
PVA particles or spherical embolic agents will occlude

arterial blood supply to the tumor causing an infarct and

subsequent necrosis of the tumor. The advantage of TACE

is that higher concentrations of the drug can be delivered to

the tumor with decreased systemic exposure as compared

with systemic chemotherapy.

Other hypervascular malignancies that might be con-

sideredderive fromgastrointestinal neuroendocrine tumors

that have been currently extensively reclassified. Manage-

ment of these tumors nowadays include a more radical

surgical approach of treatable tumor masses and treatment

of livermetastases by embolizationor thermoablation (1, 2).
Pathology/Histopathology

(HCC is the fifth most common cancer in the world and

represents more than 5% of all cancers with an estimated

annual incidence of about 1 million cases. Approximately

500,000 cases of HCC are diagnosed each year and it is the

third cause of cancer-related deaths (3). There are wide

geographical variations in the incidence of the disease

with the highest rates in the developing countries of Asia

and Africa. However, the incidence of HCC is increasing

in North America and Europe (4). HCC tends to develop

in cirrhotic livers due to hepatitis B and C virus, iron

overload states, or alcohol abuse.
Clinical Presentation

Despite advances in diagnosis and treatment, the overall

5-year survival rate is only 2%. It is generally accepted that

surgical resection, liver transplantation, and percutaneous

tumor ablation are the only curative treatment options for

patients with early stage HCC. Curative surgical resection

is not feasible in many patients, therefore palliative app-

roach is frequently considered to limit tumor progression.

Today, several treatment modalities are discussed and

compared. Multiple specialities are required for optimal

treatment. Treatment options and prognosis depend on

tumor stage and the cirrhotic background.UntreatedHCC

carries a poor prognosis and is directly related to the degree

of underlying cirrhosis and tumor stage. Early detection

offers the only possibility for cure. In patients with large

tumor mass and Child C cirrhosis, patient survival is not

more than 6 months. Patients with small HCCs (<5 cm

diameter) and stable liver function have a better prognosis

with 2-year survival rates of up to 56% (5).

Approximately 75% of HCC patients are not candi-

dates for curative treatments either due to poor liver

function or the presence of advanced disease. Nonsurgical

treatments for unresectable HCC include systemic che-

motherapy and radiotherapy, but these treatments have not
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been found to prolong survival in randomized clinical

studies. Chemotherapeutic agents (e.g. Doxorubicin) can

be infused directly into the systemic circulation. However,

serious side effectsmay arise, such as pain, nausea, vomiting,

myelosuppression, and alopecia, or even cardiac toxicity.

From therapeutic aspects, arterial embolization

achieves partial response in 15–55% of patients and

significantly delays tumor progression and vascular

invasion (6–9). Two major studies have reported the

benefits for chemoembolization in selected patients.

Llovet et al reported 1- and 2-year survival probabilities

of 82% and 63% with objective response sustained for at

least 6 months in 35% of cases (9). Lo et al found

significant improvement in survival for Asian HCC

patients treated by chemoembolization with a Lipiodol/

Cisplatin emulsion and gelatin sponge (8). A systemic

review and meta-analysis of randomized clinical trials for

unresectable HCC has shown a survival benefit of

chemoembolization (10). Innovative studies dealt with

potential application of TACE in patients scheduled for

liver transplantation: Graziadei and Jaschke et al demon-

strated that TACE can be highly effective in preventing

tumor progression in patients listed for liver transplanta-

tion, but failed to show beneficial effects on patient

survival in advanced-stage HCCs (11). Thus, the best

candidates for chemoembolization are those with pre-

served liver function and asymptomatic multinodular

tumors without invasion or extrahepatic spread.

New strategies are also in discussion regarding technical

aspects and innovations in mixture and application of

chemotherapeutic and embolic agents.

Until now, generally superselective application of the

chemotherapeutic drug to the tumor was followed by its

embolization with microparticles, each procedure done as

one step. Recent studies (12) have shown advantages of

application of the embolic agents (microspheres) that are

already loaded with doxorubicin.
Imaging

The procedure itself is monitored by fluoroscopy and

digital subtraction angiography (DSA).
Interventional Radiological Treatment
Before Embolization

Clinical status, residual liver function, and blood para-

meters must be evaluated before the embolization

procedure.

Contraindications for transarterial embolization are

advanced tumor stages and/or advanced cirrhotic disease
(Child C, Okkuda III) or other stages of uncontrolled liver

disease, bacterial infection, presence of complete portal

vein thrombosis, and contraindications for arterial access.

Informed consent for the embolization procedure

must be obtained and the palliative aspect of chemoem-

bolization should be evident.
Embolization Procedure

Transarterial embolization is performed according to

a standardized technique. Hydration, analgesics, and

antiemetics are administered before and during treat-

ment. The femoral artery is catheterized under local

anesthesia, and diagnostic angiography of the celiac trunk

and superior mesenteric artery is usually performed with

use of Sidewinder-configurated catheter. After identifica-

tion of the vascular anatomy, a superselective highly flexible

coaxial 3French microcatheter, is advanced into the hepatic

arteries.

Arterial embolization is performed, when possible,

through catheterization of feeding arteries of the tumor

as selectively as possible.

When separately applied, the chemotherapeutic agents

are administered prior embolization with microparticles.

Embolization particles are then mixed with the contrast

media and injected under fluoroscopic control, according

to the location of the HCC, using sizes from 100 nm

up to 700 nm (Fig. 1). Alternatively, as an innovative

technique, microparticles can also be loaded directly with

the chemotherapeutic agent and be used as a carrier and

embolization agent at the same time. This technique

shows very promising results. The procedure ends when

complete occlusion of the arteries feeding the tumor is

achieved. When injecting contrast agents, stasis is observed.

Later embolizations are performed identically when CT

follow-up indicates tumor progression or inadequate

treatment response.
Dose Selection

The standard doxorubicin dose mixed with Lipiodol is

adjusted to the serum bilirubin level as follows: bilirubin

value of <1.5mg/dL-75mg/m2 doxorubicin; bilirubin value

of 1.5–3 mg/dL-50 mg/m2. On average, patients receive

50–100mg of doxorubicin in a single session. Embolization

particles are used in sizes from 100 nm up to 700 nm.

Treatment is applied periodically after 2–4 months, account-

ing for 2–4 treatments per year.
Further Medication, Follow-Up

Pain medication and antibiotics are given systematically,

further conservative medication might be necessary in



Chemoembolization. Figure 1 Multicentric HCC before (Fig. 1a) and after (Fig. 1b) TACE.

Chemoperfusion 305

C

cases of a postembolic syndrome. Follow-up should be

performed by CT or MR imaging and is usually applied

5–6 weeks postembolization.
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CIRSE, presentation
Chemonucleolysis
A proteolytic enzyme called chymopapain is injected into

the centre of the intervertebral disc in order to induce

hydrolysis of the proteoglycan molecules that form the

nucleus pulposus. The resulting proteoglycan fragments

have limited water-binding abilities, which leave intra-

discal water molecules free to diffuse into the surrounding

tissues. The resulting loss of water causes a decrease of

intradiscal pressure. This causes the herniated portion of

the nucleus pulposus to recede towards the centre of the

disc, relieving pressure on the nerve root.

▶Percutaneous Interventions for Lumbar Radicular

Syndrome
Chemoperfusion
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Definition

Chemoperfusion is a locoregional treatment used as an

adjuvant therapy in locally advanced tumors and as

palliation in inoperable tumors. Intra-arterial locoregio-

nal chemoperfusion has been performed as a palliative

therapy in bleeding bladder cancer, in the therapy of

head and neck carcinomas, in inoperable pancreatic
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carcinomas and local recurrence, and in hepatic metas-

tases from breast carcinoma (1, 2). However, serious side

effects have been observed, and in light of innovative

embolic agents with the option of combining chemother-

apy and embolic procedures, arterial chemoperfusion is

only rarely applied today. As a nonvascular variation,

intraperitoneal hyperthermic chemoperfusion is per-

formed in tumors originating from the genital and

gastrointestinal systems, in addition to surgical debulking

of tumor masses (3, 4).
Characteristics
Locoregional Chemoperfusion
Clinical Background

Locoregional chemoperfusion of inoperable pancreatic

carcinoma or of cases of local recurrence has been used to

reduce side effects and provide clinical benefits. However,

only a small series of patients have been studied (2).

Locoregional therapy of head and neck carcinomas

(PEC) has been performed with the superselective applica-

tion of cisplatin (5). The concept of this therapy is based

on the simultaneous transarterial locoregional applica-

tion of cisplatin and the systemic venous application of

sodium thiosulfate. After its arterial passage, cisplatin is

bound to the circulating sodium thiosulfate in a complex

that makes the cisplatin ineffective and thus prevents

systemic side effects of the chemotherapeutic agent.

Additional pain medication is mandatory.
Technique

Locoregional application of chemotherapeutic agents is

performed via superselective arterial catheterization, with

the introducer sheet in the femoral artery. Selective

angiographies are performed to evaluate the tumor

feeding arteries and the arterial vascularization of the

neoplasm.

Arterial embolization is performed, when possible,

through catheterization of feeding arteries to the tumor

as selectively as possible using a highly flexible coaxial

3 French microcatheter, analogous to transarterial

chemoembolization (TACE). In contrast to TACE, how-

ever, only the chemotherapeutic agent is applied, without

further embolization.
Hyperthermic Perfusion Chemotherapy
Clinical Background

Intraperitoneal hyperthermic perfusion chemotherapy

(IHCP) is a locoregional treatment modality that is used
as adjuvant treatment in locally advanced operable

tumors and as palliation in inoperable tumors with the

goal of treating peritoneal seedings and peritoneal

micrometastases.

The intraperitoneal administration of cytotoxic

agents has been used since 1980 (6, 7). The first aim of

this method is the eradication of microscopic residual

disease. It has the benefit of higher concentrations of

drugs being delivered locally to the tumor site, while

preventing the systemic toxic effects compared with

intravenous administration. The efficacy of a drug is

calculated by the ratio of the peritoneal cavity area under

the concentration/time curve to the plasma area under

the concentration/time curve. This ratio is between 250

and 1400 for 5-fluorouracil, 12 and 20 for cisplatin, and

75 and 80 for mitomycin C. The efficacy is increased

with the slow absorption rate of cytotoxic drugs.

Hydrophilic drugs like 5-fluorouracil, cisplatin, and

mitomycin C are absorbed very slowly from the

peritoneal surface, and therefore they are the most

useful drugs for IHCP. Beyond this, the direct tumor

absorption of drugs occurs up to a level of 5 mm beneath

the tumor surface, which means tumor nodules exceed-

ing 5 mm are not suitable for IHCP. In this technique,

the cytotoxic effect of hyperthermia also enhances the

efficacy by maximizing the diffusion of the drugs to the

tumoral nodules.

In gastric cancer, IHCP can also be used as a

neoadjuvant (preoperative) substance for down-staging,

but the most preferential use is the adjuvant route.

Takahashi and Hagiwara used activated carbon particles

in the peritoneal cavity, which adsorbed a large amount of

mitomycin C, in gastric cancer patients with definite

serosal involvement (8, 9). They found a 2- and 3-year

survival advantage of 14 and 18%, respectively, compared

with control groups. In other studies that used cisplatin or

mitomycin C in early postoperative intraperitoneal

chemotherapy, statistically significant survival advantages

were found against control groups and it was determined

that this advantage occurred especially in stage III

diseases. Fujimura et al reported 40% complete remission

and 1- and 2-year survival rates of 67 and 40%, respectively,

after IHCP in gastric cancer patients with peritoneal

seeding (10).
Technique

Cytoreductive surgery consists of the removal of all

gross tumors and involved organs or peritoneum. At

the end of the operation two drains are inserted in

the peritoneal cavity and after the closure of the abdomen,

an extracorporeal circuit is used to conduct IHCP,
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allowing perfusate circulation at 300–500 ml/min

and hyperthermia ranging from 40 to 42˚C for 60–90

min. The perfusate consists of 3 L of saline solution

with cytotoxic drugs, for example, 10 mg/L mitomycin C

is recommended because of its high penetration rate

to micronodules and low absorption rate across

the peritoneal surface. At the end of the perfusion, 1 L

of perfusate is emptied and the rest is left in the abdomen

for 12 h.
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Chemotherapy
This is a treatment with anticancer drugs that may be

given intravenously or orally. The drugs travel through the

bloodstream to reach cancer cells in most parts of the

body. When used as adjuvant therapy after breast

conservation therapy or mastectomy, chemotherapy

reduces the risk of breast cancer recurrence. Chemother-

apy given before surgery is called neoadjuvant therapy.

▶Breast, Therapy Effects
Chest
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Chest radiology is one of the recognized subspecialty areas

of radiology. In the last decade remarkable advances in

the ability to vividly image both normal anatomic and

pathophysiologic aspects of the lungs and other thoracic

structures have been accomplished.All the different imaging

modalities, such as projection radiography, computed

tomography (CT), magnetic resonance imaging, ultrasono-

graphy, angiography, andnuclearmedicine examinations are

applied to imaging of pulmonary, pleural, and mediastinal

diseases.Cardiac andvasculardiseases are covered separately.

This entry focuses on adult radiology; pediatric radiology is

covered separately.

Chest radiology is oriented toward disease entities and

not imagingmodalities. Thus, readers will become familiar

with and understand the utility and limitations of all

modalities for each particular disease and clinical situation

much easier by retrieving the respective information.

To understand the imaging findings in chest radiology

and their interpretation, a profound knowledge base of

anatomy, histochemistry, and physiology of the lung as

well as pathology and pathophysiology of lung diseases is

necessary, because such radiological-pathological as well

as structural-functional correlations are important.

The chest consists of three major anatomic compart-

ments: (1) lungs, (2) chest wall, and (3) mediastinum.

1. Lungs. The lungs are divided into lobes by fissures, then

further into segments, and continue to divide down to the

alveolar space represented by pulmonary lobules and

acini. The airspaces are supported by airways that have a

continuous dichotomous branching structure starting

from the trachea, carina, and main stem bronchi, going

down to the small airways and bronchioles. The airways

are surrounded by connective tissue, and there are distinct

bronchovascular bundles and lymphatic and venous

pathways within this lung structure.

2. Chest wall. The chest wall itself consists of the rib cage,

respiratory muscles including the diaphragm, and soft

tissue. The lung is surrounded by the visceral pleura, which

has areas of invagination that give rise to the interlobar

fissures. The chest wall is covered by the parietal pleura.

Between the pleural surfaces is a small amount of fluid,

which allows for smooth sliding of the lung during

inspiration and expiration.
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3. Mediastinum. Apart from the heart and fat, the medias-

tinum contains multiple different anatomical structures

such as arteries, veins, nerves, and lymphatics as well as the

esophagus (which belongs to the gastrointestinal tract), the

tracheobronchial tree (which belongs to the respiratory

tract) and finally, a primary mediastinal organ, the thymus.

All of them can be the origin of disease in the mediastinum

and also involve other structures. Additionally, adjacent

structures such as lungs, pleura, and pericardium can afflict

the mediastinum by means of continuous infiltration. The

mediastinum is divided into anterior, middle, posterior, and

superior parts.

The regular anatomy of the chest can be visualized

by all the different modalities, which have particular

advantages and disadvantages related to their respective

properties. Abnormalities of the normal anatomy require

the depiction of normal variants and the diminishment

or enlargement of particular structures or organs. It is

important to recognize normal image characteristics,

structures, and patterns, which can be solitary, multiple,

or disseminated. For radiology of the lungs, specific cor-

relations between normal anatomy and pathological

changes as well as image morphology have been estab-

lished. The observations of individual findings can

represent “signs” or they can merge to complex patterns

that are based on radiological morphology. Such para-

meters relate radiological-morphological findings to

anatomic-pathological substrates. Additionally, the corre-

lation of abnormalities to particular pathophysiologic

phenomena or pathological entities is facilitated by the

use of image patterns. To understand image patterns, a

profound knowledge base of normal anatomy, patho-

physiology, and pathology is mandatory for applying

these patterns to detect primary vascular, pulmonary, or

pleural disease as well as diseases of the mediastinum

or chest wall, and in establishing the differential

diagnosis of cardiac diseases.

The lung has only a limited number of possible

reactions to the wide array of different noxious substances

that are related to different disease entities. The radi-

ological patterns reflect the macroscopic consequences of

lung disease, and the number of different patterns is thus

also limited. The accurate analysis of imaging findings with

regard to size, number, morphology, localization, and

distribution is the prerequisite for detecting and using

image patterns. Image patterns are first of all divided

according to the predominant type of the change of

attenuation (increase, decrease), the potential change

of structure (destruction of lung architecture) and the

morphological appearance, including extensive (alveolar,

interstitial) or localized (nodular, reticular, reticulonodu-

lar), generalized, or focal. Although the commonly used

modalities—radiography, CT, and angiography—mainly

focus on visualizing structure, the application of magnetic
resonance imaging, ultrasonography, and nuclear medicine

is directed at elucidating function. Magnetic resonance

imaging and nuclear medicine look for disease activity,

vascularization, and blood flow as well as ventilation and

perfusion, while ultrasound looks for respiratory motion

and blood flow.

Signs and Patterns in Chest Radiology

. Air bronchogram—indicates a parenchymal process,

including nonobstructive atelectasis, as distinguished

from pleural or mediastinal processes

. Air crescent sign—indicates a lung cavity, often due to

fungal infection

. Deep sulcus sign on a supine radiograph—indicates

pneumothorax

. Continuous diaphragm sign—indicates pneumome-

diastinum

. Ring around the artery sign (around the pulmonary

artery on lateral chest radiograph)—indicates pneu-

momediastinum

. Fallen lung sign—indicates a fractured bronchus

. Gloved finger sign—indicates bronchial impaction

. Hampton’s hump—indicates a pulmonary infarct

. Silhouette sign—loss of the contour of the heart or

diaphragm, used to localize a parenchymal process

(for example, a process involving the medial segment

of the right middle lobe obscures the right heart

border, a lingula process obscures the left heart border,

and a basilar segmental lower lobe process obscures

the diaphragm)

. Scimitar sign—an abnormal pulmonary vein seen in

venolobar syndrome

. CT angiogram sign—enhancing pulmonary vessels

against a background of low attenuation material in

the lung

. Halo sign—suggests invasive pulmonary aspergillosis

in a leukemic patient

. Kerley A and B lines

. Honeycombing

. Cystic pattern

. Nodular pattern

. Reticular pattern

. Septal thickening

. Perilymphatic distribution patterns

. Bronchiolar opacities

. Tree-in-bud

. Air trapping

. Ground-glass opacities

. Egg-shell calcifications of lymph nodes

. Cavitation

. Unilateral hyperlucent lung
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Lung Diseases

Lung diseases can be divided into several major groups:
Interstitial Lung Disease
C

. Scleroderma

. Drug toxicity

. Congestive heart failure—enlarged cardiac silhouette,

pleural effusions, vascular redistribution, interstitial

and/or alveolar edema, Kerley lines

. Asbestos-related pleural disease and asbestosis

. Pneumoconiosis, silicosis, coal worker’s pneumoco-

niosis

. End-stage lung disease

. Sarcoidosis

. Progressive massive fibrosis

. Langerhans cell histiocytosis

. Lymphangioleiomyomatosis
Alveolar Lung Disease

. Acute alveolar lung disease (ALD)

. Pulmonary-renal syndrome

. Acute respiratory distress syndrome (ARDS)

. Cryptogenic organizing pneumonia (COP; bronchiolitis

obliterans organizing pneumonia, or BOOP)

. Fat embolization

. Alveolar proteinosis
Atelectasis and Airway and Obstructive
Lung Disease

. Partial or complete atelectasis

. Bronchiectasis, cystic fibrosis

. Asthma

. Chronic obstructive pulmonary disease (COPD)

. Tracheomegaly

. Tracheal and bronchial stenosis

. Emphysema and bulla, alpha-1-antitrypsin deficiency

. Kartagener’s syndrome
Solitary andMultiple Pulmonary Nodules
Neoplasms

. Non-small cell lung cancer

. Small cell lung cancer

. Adenoid cystic and carcinoid tumors
Chest Trauma

. Contusion, laceration

. Tracheobronchial tear
Infection

. Bacterial pneumonia, typical, atypical

. Tuberculosis

. Fungal pneumonia, including Pneumocystis carinii

pneumonia and invasive aspergillosis

. Viral pneumonia, including cytomegalovirus pneumo-

nia

. Acquired immune deficiency syndrome (AIDS)

. Posttransplant lymphoproliferative disorders
Congenital Lung Disease

. Pulmonary venolobar syndrome

. Intralobar and extralobar sequestration

. Bronchial atresia
Pulmonary Vascular

. Acute pulmonary embolism, venous thromboembolic

disease

. Pulmonary arterial hypertension
Diseases of the Chest Wall
Chest Wall, Pleura, and Diaphragm

. Pneumothorax, tension pneumothorax

. Pleural effusion

. Pleural calcification, asbestos exposure, tuberculosis

. Subdiaphragmatic abscess

. Diaphragm rupture

. Phrenic nerve paralysis

. Involvement with lung cancer

. Serothorax, fibrothorax

. Malignant mesothelioma

. Pleural metastases

. Fractured ribs, clavicle, spine, scapula
Diseases of the Mediastinum

. Bronchogenic, pericardial, thymic, or esophageal dupli-

cation cyst, goiter, lymphoma, germ cell tumors,

neurogenic tumors

. Pneumomediastinum
Chest Pain
Chest pain is often a symptom leading to referral of patients

for a barium meal study, and for which the diagnostic
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concerns include cardiac disease, gastro-oesophageal reflux

and musculo-skeletal disorders.

▶Gastroesophageal Reflux in Adult Patients: Clinical

Presentations, Complications, and Imaging
Chest Trauma
JÜRGEN BIEDERER

German Cancer Research Center, Heidelberg, Germany
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Definitions/Pathology/Histopathology

Chest trauma is defined by lesions to the chest that are

induced by physical or chemical force. The chest is

considered as a functional unit of the lung parenchyma,

visceral pleura, airways, vasculature, and the surrounding

structures with parietal pleura, mediastinum, chest wall,

and diaphragm. The genuine task of this complex system

is to guarantee gas exchange by ventilation and perfusion.

Any trauma to single or multiple of these structures

directly or indirectly involves all parts of the system. The

pattern of lesions and the structures involved is directly

related to the mechanism, intensity, and duration of the

effective forces. The spectrum of mechanisms covers

perforating and blunt trauma, barotrauma and aspiration

of foreign bodies or (aggressive) gases and fluids, or any

combination of these.

Perforating trauma is typically related to stab trauma

or gunshot. Trauma mechanisms are directly related to

cut and tear along the path of the impacted material.

Impact with high kinetic energy (bullets, etc.) can

combine this with mechanisms similar to blunt trauma

(shockwaves with compression/decompression mechan-

isms).

The typical scenarios for blunt trauma of the chest are

motor vehicle accidents or deep falls with deceleration

injury. Blunt trauma to the chest wall may result in soft

and bony tissue lesions. Rib fractures for themselves are

usually of minimal clinical importance, but dislocated

fragments can lacerate the pleura, lung, or abdominal

organs thus combining blunt trauma with perforating

mechanisms. Paradoxical movement of a ▶flail chest

due to multiple rib fractures can impair respiratory

mechanics, promote atelectasis, and impair pulmonary

drainage. Fractures of the thoracic spine, sternum,

clavicle, or scapula are less relevant for the respiratory

function of the chest, but indicative of extreme forces and
associated with a high probability of life-threatening

injury.

▶Traumatic diaphragmatic hernia predominantly

occur on the left side (4/5 cases) and may present with

acute or delayed herniation of abdominal organs

depending on the extent of the initial tear.

The mechanisms of blunt trauma to the lungs are

direct or indirect deceleration, compression, or decom-

pression. Deceleration becomes effective at transitions

between fixed and elastic structures and results in

destructive shear forces, e.g., between bronchovascular

structures and blood-filled lung parenchyma. Compres-

sion and decompression effects occur along shockwaves

with either abruptly elevated or lowered pressure. Both

lead to local contusion or even rupture of lung

parenchyma (laceration). Injuries may be visible either

at the side of trauma or on the opposite side. The leading

patterns include contusion (most frequent), laceration,

aspiration, and atelectasis. These may even occur with

intact chest wall. Conditions affecting primarily extra-

thoracic sites may have indirect effects on the lungs

causing ARDS or fat embolism syndrome. Traumatic

pulmonary pseudocysts are relatively rare sequelae of

blunt chest trauma with lung contusion. ▶Tracheobron-

chial lesions are rare (incidence �1%) in blunt chest

trauma but potentially life-threatening. Due to the

underlying forces, concomitant blunt aortic injuries and

myocardial contusion are frequently found. Cardiac

contusion is the most common injury of the heart, but

other injuries, including coronary injuries, pericardial

tears, rupture of the free wall, septum, and heart valves,

tamponade, as well as conduction defects, may be found.

Cerebral air embolism is a rare, but severe complication of

lung contusion.
Clinical Presentation

Seventy percent of the patients with severe thoracic injury

are polytraumatized and present with shock symptoms.

In perforating trauma, the combination of relatively small

externally visible lesions with life-threatening intrathor-

acic complications is critical. Patients with blunt trauma

present with more or less obvious chest wall injury.

Pneumothorax and lung contusions lead to dyspnea,

tachypnea, and cyanosis. If a tension pneumothorax is

present these are combined with tachycardia and arterial

hypotension. Contrarily to lung lacerations, lung contu-

sions usually present without hemoptysis. Patients with

massive intrathoracic bleeding (▶hemothorax due to

rupture of intercostal arteries or ▶lung laceration)

present with signs of respiratory failure, hypovolemia,

and finally shock symptoms. The triad of arterial

hypotension, elevated central venous pressure and
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dampened heart sound can be indicative for cardiac

tamponade. Clinical signs of tracheobronchial lesions

are hemoptysis, pneumothorax, ▶pneumomediastinum,

subcutaneous emphysema, or an insufficient expansion of

the lungs after drainage of a pneumothorax.
Chest Trauma. Figure 2 Lung laceration and severe lung

contusion in the left upper lobe after blunt chest trauma

with formation of hematopneumoceles.

C

Imaging and Diagnosis

Respiratory failure related to chest trauma is a major

cause of mortality during the “golden hour” of poly-

trauma. Immediate, life-threatening conditions that

require prompt diagnosis are airway obstruction, pneu-

mothorax (simple, open or tension pneumothorax), flail

chest, cardiac tamponade, and massive hemothorax (“the

lethal six”). Very often, initial treatment requires just

simple procedures, such as chest tube insertion or pleural

drains. Algorithms of polytrauma management therefore

include chest X-ray and ultrasound as the primary survey

with CT as second line imaging modality for the

hemodynamically stable patient (Fig. 1). An alternative

concept is based on initial whole body Multislice CTas the

primary survey (“emergency room CT”). It is superior for

the fast diagnosis of the “lethal six” when the dedicated

workflow for transportation, scanning, data management,

reading and reporting is fulfilled. Contrast administra-

tion is mandatory to exclude blunt vessel injury since

CT-Angiography has replaced diagnostic DSA.

Further, potentially life-threatening injuries to be

detected by CT (“the hidden six”) are pulmonary

contusion, tracheobronchial rupture, diaphragmatic tear,

thoracic aortic rupture, ▶esophageal rupture, and
Chest Trauma. Figure 1 Volume renderings in posterior

and latero-posterior views of the right chest wall indicating

flail chest after blunt chest trauma with serial rib fractures

and rib fragmentation (arrows).
myocardial contusion. Further, impact from CT comes

from the detection of pericardial hemorrhage, major

thoracic vascular injury, small pneumothorax, and from

the definition of the extent of contusion, laceration, and

pulmonary pseudocysts, which is considered an impor-

tant prognostic factor (Figs. 2, 3). Catheter misplacements

can also be clearly identified. On chest X-ray and CT, the
Chest Trauma. Figure 3 Traumatic aortic dissection at the

typical location in the upper descending aorta with

concomitant left-sided hemothorax and small mediastinal

hematoma.
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“fallen lung sign” is indicative for main stem bronchial

rupture, but incomplete tracheobronchial rupture may be

overlooked and definite diagnosis of airway lesions is

usually made by endoscopy. A pneumomediastinum is

not necessarily related to direct rupture of the tracheo-

bronchial tree (▶Macklin effect). The usual procedure for

follow-up of chest trauma is chest X-ray with additional

CT as far as necessary.
Nuclear Medicine

Nuclear medicine does not contribute to the diagnostic

procedures of acute chest trauma.
Interventional Radiological Treatment

Except for endograft implantation for the treatment of

thoracic aortic rupture, endovascular procedures do not

contribute to the treatment of chest trauma. Endobron-

chial stenting for tracheobronchial lesions might replace

surgical repair in selected patients.
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Synonyms

Congenital Neonatal Pneumonia; Hyaline Membrane

Disease; Idiopathic Respiratory Distress Syndrome;

Meconium Aspiration Syndrome; Pleural Effusions;

Transient Tachypnoea of the Newborn
Definitions

The various medical causes of newborn respiratory

distress depend largely on the gestational age of

the infant. In the premature infant, the commonest

abnormality is ▶hyaline membrane disease, sometimes

referred to as idiopathic respiratory distress syndrome or

surfactant deficiency disease.

In the term infant, the causes include ▶transient

tachypnoea of the newborn, also referred to as retained

foetal lung fluid or wet lung syndrome, amniotic fluid

aspiration, ▶meconium aspiration syndrome, which is

defined as respiratory distress in an infant born through

meconium stained amniotic fluid where symptoms

cannot be otherwise explained, ▶neonatal pneumonia,

spontaneous pneumothorax/pneumomediastinum and

▶pleural effusions.

Congenital abnormalities of the lung bud and vascular

development include pulmonary agenesis and hypoplasia,

pulmonary venolobar or Scimitar syndrome, horseshoe

lung, congenital lobar emphysema, bronchial atresia,

congenital cystic adenomatoid malformation, pulmonary

sequestration, bronchopulmonary foregut malforma-

tions, oesophageal lung, bronchogenic cysts, neuroenteric

cysts, pulmonary vascular malformations, congenital

pleural effusions which include chylothorax, and situs

abnormalities.

Abnormalities of the diaphragm include congenital

diaphragmatic hernia of the Bochdalek and Morgagni

types, eventration of the diaphragm and accessory

diaphragm. The majority of these congenital and

diaphragmatic abnormalities are discussed elsewhere.
Pathology/Histopathology

Hyaline Membrane Disease: In this condition, the

abnormality is a deficiency of the lipoprotein surfactant

superimposed on structural immaturity of the lungs. The

surfactant is produced by the alveolar cells. Without it

alveolar surface tension is raised, there is a reduction in

alveolar distensibility and as a result collapse of the

alveoli. The alveolar ducts and terminal bronchioles are

distended and lined by hyaline membranes containing

fibrin, cellular debris and fluid. Hyaline membranes are

thought to result from a combination of ischaemia,

barotrauma and increased oxygen concentrations deliv-

ered by assisted ventilation. In the very premature infant

in particular there is also associated pulmonary haemor-

rhage and interstitial and airspace oedema later in the

course of the disease. It is suggested that the presence of

oedema is due to the fact that immature arterioles in these

infants have a highly permeable basement membrane
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which is aggravated by anoxia and acidosis. In addition

immature vessels in these infants may lack sufficient

smooth muscle to compensate for haemodynamic and

osmotic changes. As a result there is capillary leaking and

water is drawn into the alveoli. At low lung volumes

negative interstitial pressure reduces fluid movement into

the lymphatics.

Pulmonary Haemorrhage occurs because of an im-

mature sequence of clotting factors, platelet sequestration

or vitamin K and enzyme deficiency (1).

Transient Tachypnoea of the Newborn: During foetal

life the lungs are expanded with fluid, an ultrafiltrate of

foetal serum which contributes to amniotic fluid volume.

During and after birth the fluid is removed by the

pulmonary lymphatics and capillaries. In transient

tachypnoea of the newborn there is slow or incomplete

removal of the lung fluid. The incidence is increased in

infants delivered by caesarian section. It is postulated that

the absence of squeezing of the thorax during passage

through the vaginal canal results in retention of lung

fluid. The condition is also reported in infants with

hypoproteinaemia, hyponatraemia, maternal fluid over-

load, small hypotonic or sedated infants and infants who

have experienced a precipitous delivery (2).

Amniotic Fluid Aspiration: If intra-uterine foetal

distress occurs the foetus may gasp and aspiration of

amniotic fluid may occur. Debris in the amniotic fluid

may contain squames and lanugo hair.

Meconium Aspiration Syndrome: Passage of meconium

in utero is associated with ante- or intrapartum foetal

acidaemia. It is widely accepted that foetal hypoxia causes

an increase in intestinal peristalsis with anal sphincter

relaxation and as a result passage of meconium. It is also

thought that oligohydramnios may result in compression

of the foetal head and umbilical cord, which may

precipitate a vagal response and passage of meconium.

Meconium aspiration syndrome may be secondary to

aspiration of meconium in utero or at birth, maybe related

to alterations in the pulmonary vascular system, which

occurs as a result of asphyxia or indeed the presence of

meconium itself. It appears that the degree of sympto-

matology is directly related to the viscosity of the

meconium and large amounts of thick meconium can

completely obstruct the airways. It is however more

common for the meconium to migrate distally into the

peripheral airways causing complete or partial obstruc-

tion. Complete obstruction causes atelectasis and ventila-

tion—perfusion mismatch and partial obstruction causes

a ‘ball-valve’ effect, whereby gas flows into the distal

airways during inspiration, but becomes trapped distally

during expiration due to the smaller diameter. After

several hours there is an inflammatory response to the

presence of meconium resulting in the presence of

polymorphonuclear leucocytes diffusely throughout the
lungs. These cells release chemical mediators which

adversely affect the tissues. In addition the presence of

bile salts in the meconium causes specific toxicity in

type (II) pneumocytes. All contribute to the picture of

chemical pneumonitis which leads to pulmonary vaso-

constriction and in turn persistent pulmonary hyperten-

sion of the newborn (3).

Neonatal Pneumonia: Although the foetal environ-

ment is considered relatively protected neonatal sepsis can

occur even in the presence of intact amniotic membranes.

Congenital infections can occur through transplacental

spread of organisms most commonly the ‘TORCH’ group

(cytomegalovirus, herpes, rubella, toxoplasmosis) and are

rare. Perinatal infections can be acquired via ascending

infection from the vaginal tract which also causes

chorioamnionitis sometimes referred to as amnion infec-

tion syndrome, transvaginally during the birth process and

nosocomially in the neonatal period. It is postulated that

most organisms causing neonatal pneumonia gain entry

during the birth process as the foetus takes the first gasping

efforts at breathing. This may occur earlier in the

asphyxiated infant who may aspirate in response to non-

specific stressful events. It is important therefore to treat

chorioamnionitis aggressively once diagnosed. Approxi-

mately half of all the infections are due either to group B

streptococcus or E. Coli (3).

Spontaneous Pneumothorax/Pneumomediastinum: This

condition maybe the result of the infants own forceful

initial respiratory effort or may result from resuscitation.

Pleural Effusions in the neonatal period are most likely

due to chylothorax. Less common causes include hydrops

foetalis, non-immune hydrops and cardiac disease.

The cause of chylothorax is unknown. Birth trauma to

the thoracic duct has been suggested but is unlikely, as the

effusion is seen on antenatal ultrasonography. Late

maturation of the thoracic duct has also been suggested.

Hydrops Foetalis most commonly results when a

Rhesus-negative mother becomes sensitised to Rhesus-

positive blood.This results in the developmentof antibodies

which enter the foetal circulation causing haemolysis and

anaemia.When severe this may result in soft tissue oedema,

pleural effusions, ascites and pericardial effusions.

The commonest causes of non-immune hydrops are

twin–twin transfusion, foetomaternal transfusion, cardiac

arrhythmias and tumours, cystic adenomatoid malfor-

mations, pulmonary arteriovenous malformations, lym-

phangiectasia and intra-uterine infection.
Clinical Presentation

Hyaline Membrane Disease: Clinically these infants are

usually symptomatic within minutes of birth, with

grunting, nasal flaring, intercostals retraction, tachypnoea
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and cyanosis. The degree of symptomatology varies with

the severity of disease. Prenatal steroid administration to

mothers during the 2 days prior to delivery is safe and

significantly reduces the incidence of the disease in

premature infants. It promotes endogenous surfactant

production and lung maturation in addition to inducing

anti-oxidant enzymes. A similar response can occur when

maternal steroid production is increased because of stress

caused by prepartum maternal infection, toxaemia or

other forms of prepartum stress. These situations however

need to exist for 24 h or more prior to delivery. The

condition results in poor gas exchange, hypoxia, hyper-

carbia and acidosis.

Transient Tachypnoea of the Newborn: Mild to

moderate respiratory distress without cyanosis is typically

present at birth or in the first couple of hours in this

condition. Clinically resolution usually occurs within 48 h

and often within 24 h.

Amniotic Fluid Aspiration: Tachypnoea is the most

common clinical finding and its severity varies with the

degree of aspiration.

Meconium Aspiration Syndrome: Clinically these

infants demonstrate pallor, cyanosis, apnoea, grunting

and intercostal retraction. Respiratory and metabolic

acidosis may develop due to hypoxaemia and hypercarbia

secondary to ventilation—perfusion mismatch.

Neonatal Pneumonia: The clinical signs and symptoms

in neonatal pneumonia are frequently non-specific. The

infant maybe listless, have pallor, apnoea, tachypnoea,

tachycardia, bradycardia or feeding intolerance. Labora-

tory tests may also be non-specific. These infants usually

present after 48 h of birth and have a less fulminant

course. Those infants who present in the first 48 h of life

tend to have a more severe clinical picture of hypotension,

shock, disseminated intravascular coagulation and multi-

organ failure. Mortality rates are high in this form of the

disease especially when due to B. streptococcus.

Spontaneous Pneumothorax: Pneumothorax causes

varying degrees of respiratory distress. They are usually

transient and do not need intervention.

Pneumomediastinum is for the most part asyptomatic.

Pleural Effusions: This condition is frequently diag-

nosed by antenatal ultrasonography and if large may be

treated antenatally by thoracocentesis and/or thoracoam-

niotic shunt.

After birth if the effusion is large the infants present

with respiratory distress. The condition maybe bilateral.
Imaging

The chest radiograph is the most useful imaging modality

in the investigation of the various medical conditions

which cause respiratory distress in the newborn period.
It is also very important in determining the position

of various tubes which are introduced during therapy,

together with their complications. The most common of

these is a misplaced endotracheal tube which ideally

should be positioned above the level of the carina and the

origin of the right upper lobe bronchus. Failure to do this

may result in bronchial occlusion and atelectasis.

Endotracheal and nasogastric tubes may perforate the

trachea or oesophagus and cause a pneumothorax or

pneumomediastinum.

The position of pleural chest tubes to drain pneu-

mothoraces and pleural effusions can also be assessed on

the chest radiograph. Misplacement may result in

diaphragmatic paralysis as a result of phrenic nerve

damage.

Positioning of intravenous and intra-arterial lines in

the heart is not ideal as they may predispose the infant to

thromboembolism. The venous catheters are best posi-

tioned in either the superior or inferior vena cava.

Perforation of the superior vena cava resulting in

hydrothorax and haemothorax has been reported.

Umbilical arterial line tips are best located in the aorta

proximal to the origins of the main arterial branches in

order to avoid thrombosis and ischaemia to the

dependant organs.

Hyaline Membrane Disease: Although the initial

radiographic findings maybe noted shortly after birth,

occasionally the maximum findings are not present until

6–24 h of life. Prior to commencement of assisted

ventilation, typically the radiographic findings are those

of underaeration of the lungs with fine granular

opacification and air bronchograms which are diffuse

and symmetrical. This is due to collapsed alveoli with

distended terminal bronchioles and alveolar ducts. When

distension is very poor there is more generalised

opacification and a frank whiteout of the lungs (3)

(Fig. 1a). Very small infants less than 26 weeks gestation

may have clear lungs initially or mild perihilar haziness

(4). Their lungs are biochemically and structurally

immature and require prolonged ventilatory support.

Several technologies have significantly altered the radio-

graphic evolution. The clinical use of artificial surfactant

is a very important recent therapeutic advance. It is given

at birth, frequently prior to performing the first chest

radiograph with up to 3–4 additional doses in some

patients. It is given through the endotracheal tube and

radiographic improvement can occur quickly. It is often

not evenly distributed throughout the lungs and it is

common to see residual areas of atelectasis alternate with

areas of improved aeration. In addition the surfactant

may reach the level of the acini causing sudden distension

which produces a radiographic picture similar to inter-

stitial pulmonary emphysema (3). It is therefore essential

to correlate the image closely with the clinical findings



Chest, Neonatal. Figure 1 (a) Severe hyaline membrane disease showing almost complete ‘whiteout’ of both lungs with

some air bronchogram visible bilaterally. (b) Premature infant with patent ductus arteriosus. The heart is bulky. There is

distortion of the left main bronchus and marked pulmonary opacification due to pulmonary oedema. (c) Ventilated

premature infant. There is right pulmonary interstitial emphysema and a right inferior and medial pneumothorax. A right

chest drain is in position.
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when interpreting the radiographs. Smaller infants, less

than 27 weeks gestation may not respond well to

surfactant therapy. Their lungs, although becoming clear

with surfactant therapy are very immature with fewer

alveoli than normal, leading to inadequate gas exchange

and the need for prolonged ventilation which in turn

leads to chronic lung problems, most commonly a hazy to

opaque appearance on the chest radiograph. This is due to

the presence of haemorrhage and pulmonary oedema, the

latter is sometimes referred to as the ‘leaky-lung’

syndrome (2). Less commonly the radiograph demon-

strates a much coarser irregular pattern similar to that

seen in bronchopulmonary dysplasia.

A patent ductus arteriosus is common in premature

infants and is thought to contribute to the lung disease. In

the early stages of hyaline membrane disease the rigid

lungs together with hypoxia and hypercarbia result in
persistent pulmonary vasoconstriction. This may lead to

right-to-left shunting through the ductus. With surfactant

therapy and improved oxygenation there is a reduction in

pulmonary resistance and left-to-right shunting may

occur leading to pulmonary oedema. Radiographically in

addition to pulmonary oedema there may be evidence of

sudden cardiac enlargement with left atrial enlargement

causing elevation or distortion of the left main bronchus

(Fig. 1b). Treatment with indomethacin may result in

ductal closure but occasionally surgery is necessary.

High frequency ventilation may also be employed to

reduce the incidence of barotrauma. This method

employs supra-physiological breathing rates and tidal

volumes frequently less than dead space. This allows

oxygenation and carbon dioxide removal without pres-

sure induced injury. The aim is to achieve maximum

alveolar recruitment without overdistending the lungs as



Chest, Neonatal. Figure 2 Transient tachypnoea of the

newborn. There is mild cardiomegaly, bilateral perihilar

shadowing most marked on the right and a small right

basal pleural effusion.
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overdistended lungs compromise the systemic circulation.

The chest radiograph in infants on high frequency

ventilation is the best diagnostic tool for assessing

overinflation of the lungs. Ideally the dome of the

diaphragm should project over the 8–10th posterior ribs

if the main airway pressure is appropriately adjusted.

Otherwise the chest radiograph is not different from those

infants receiving conventional ventilation.

Positive pressure ventilation in these premature

infants is the most common cause of complications such as

pneumothorax, pneumomediastinum, pneumopericardium

and pulmonary interstitial emphysema. These air leaks are

less common since the more routine use of artificial

surfactant and high frequency ventilation. When a

terminal airway ruptures—most often as a result of air

being forced into the collapsed alveoli of hyaline

membrane disease—air leaks into the pulmonary inter-

stitial tissues and lymphatics and results in pulmonary

interstitial emphysema. This causes stiff lungs which

do not empty with expiration. Gas exchange is poor as a

result and pulmonary blood flow maybe compromised

and there is a need to increase ventilatory requirements.

Radiographically, pulmonary interstitial emphysema is

seen as bubbles often radiating from the hilum to the lung

periphery (Fig. 1c). It maybe unilateral, bilateral or

confined to part of a lung and may cause mass effect and

mediastinal shift. If interstitial air reaches the pleural

surface of the lungs and if a bleb bursts, a pneumothorax

develops (Fig. 1c). If air dissects centrally it may leak into

the mediastinum, pericardial space or downwards into

the peritoneal cavity. Large pneumothoraces are easily

identified radiographically but smaller pneumothoraces

maybe subtle as sick infants are nursed in the supine

position and free air may accumulate over the anterior

surface of the lung producing a large hyperlucent lung

and increased sharpness of the mediastinal edge. A

pneumopericardium is recognised radiographically by

the presence of air completely surrounding the heart

and the pericardial sac maybe visible as a white line. Skin

folds should not be mistaken for pneumothoraces. They

can be seen to continue beyond the lung edge.

Focal atelectasis, due to malposition of the endo-

tracheal tube, poor clearance of secretions or mucous

plugging is also a common complication of surfactant

deficiency.

Radiographically there is pulmonary opacification

with volume loss or ipsilateral mediastinal shift propor-

tional to the degree of atelectasis.

Infants with hyaline membrane disease are also at risk

of pneumonia. The radiographic picture may be identical

to that of the underlying condition. However, the lungs

are usually more compliant and the infants require lower

levels of ventilation relative to the degree of opacification
present. More commonly however, there is evidence of

patchy pulmonary opacification (5).

Pulmonary haemorrhage may also develop in infants

with hyaline membrane disease secondary to severe

hypoxia and capillary damage. Mild cases are difficult to

detect on the chest radiograph. In severe cases blood may

ooze from the nose, mouth or endotracheal tube.

Radiographically the lungs may show homogeneous

opacification and appear airless (3).

Bronchopulmonary dysplasia, a long-term conse-

quence of neonatal lung disease is discussed elsewhere.

Though it does not serve as a substitute for the chest

radiograph ultrasonography has been shown to be useful

for assessing the severity of hyaline membrane disease and

documenting the success of artificial surfactant. The

persistence of retrodiaphragmatic hyperechogenicity be-

yond day 9–18 has also been demonstrated as a predictor

for the development of bronchopulmonary dysplasia.

Transient Tachypnoea of the Newborn: The most

common appearance is mild overaeration of the lungs,

perihilar interstitial shadowing, prominent blood vessels

and the presence of fluid in the horizontal fissure (Fig. 2).

Occasionally there is a small pleural effusion and mild

cardiomegaly. The radiographic findings maybe more

marked on the right side and to date this finding remains

unexplained. When the changes are marked there should

be close clinical correlation to help distinguish this

condition from meconium aspiration syndrome and

neonatal pneumonia. Typically the appearances clear

rapidly within 24–48 h.
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Amniotic Fluid Aspiration: The radiographic findings

vary with the volume of fluid aspirated and the amount of

debris it contains. If aspiration is severe the chest

radiograph may show marked nodular opacification.

This however clears rapidly over the next 24 h which helps

distinguish the condition from meconium aspiration.

Meconium Aspiration Syndrome: The chest radio-

graphic picture includes any combination of diffuse

patchy coarse infiltrates which maybe asymmetric or

symmetric and focal or general, overinflation, air leaks,

pleural effusions and cardiomegaly (Fig. 3).

Infiltrates are the result of atelectasis due to airway

occlusion and alveolar oedema as a consequence of

inflammation. The hyperinflation and air leaks result

from partial airway occlusion and air trapping. Alveoli

may rupture with free air dissecting into the pleural spaces

and mediastinum. Pleural effusions are also the result of

the inflammatory process.

Cardiomegaly may be the result of direct intra-uterine

asphyxia or persistent pulmonary arterial hypertension (3).

One-third of infants with meconium aspiration syndrome

require assisted ventilation. As air leaks are a common

complication they are exacerbated by using positive end

expiratory pressure or continuous positive airway pres-

sure ventilation. High frequency ventilation is also used

and has the benefits of less barotrauma and better

attainment of respiratory alkalosis in an attempt to

achieve pulmonary vascular vasodilatation in those
Chest, Neonatal. Figure 3 Meconium aspiration

syndrome. There is coarse bilateral pulmonary

opacification, hyperinflation and bilateral air leaks with

some mediastinal shift to the left side.
infants with associated persistent pulmonary arterial

hypertension. The latter is also treated with inhaled nitric

oxide. Surfactant deficiency is also seen in infants with

meconium aspiration syndrome and this may be treated

with artificial surfactant. It is probably caused by

inhibited surfactant function or alterations in its compo-

sition. Infants who are resistant to the above therapies are

treated with extra-corporeal membrane oxygenation. The

technique is discussed elsewhere in this section.

Neonatal Pneumonia: The radiographic changes in

neonatal pneumonia are non-specific to the extent that it

is not possible to determine a causative organism from the

appearances. In addition many neonates do not suffer

from pneumonia in isolation but it may complicate other

conditions. The radiographic pattern may mimic hyaline

membrane disease or transient tachypnoea of the new-

born. The presence of some overinflation associated with

airspace disease has been reported as suggestive of

pneumonia. Also the presence of pleural effusions with

opacification is more suggestive of pneumonia especially

group B streptococcus. A diffuse, bilateral alveolar pattern

which develops in the first 4–6 h of life is characteristic

though not specific (3) (Fig. 4).

Spontaneous Pneumothorax: Large pneumothoraces

are easily identified radiographically, but smaller pneu-

mothoraces may be subtle as sick infants are nursed in the

supine position and free air may accumulate over the

anterior surface of the lung producing a large hyperlucent

lung and increased sharpness of the mediastinal edge. The

thymus may also be compressed and elevated giving the

appearance of a superior mediastinal mass. A medial
Chest, Neonatal. Figure 4 Group B streptcoccus neonatal

pneumonia. There is diffuse bilateral coarse pulmonary

opacification.
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pneumothorax may be difficult to differentiate from a

pneumomediastinum.

Pleural Effusions: The condition maybe diagnosed

antenatally using ultrasonography. Antenatal MR imaging

may also be helpful to delineate the extent of the effusion

and to assess the presence of an underlying abnormality

such as cystic adenomatoid malformation. After delivery

radiography will demonstrate the effusion which maybe

bilateral. If large enough it may opacify the entire

hemithorax and cause shift of the mediastinum to the

contralateral side.

Ultrasonography is the easiest way to confirm the

presence of an effusion and is useful to guide thoracocent-

esis. Underlying causes such as cardiac abnormalities and

cystic adenomatoid malformation may also be detected

prior to aeration of the cysts. CT scan may be necessary to

delineate the extent of conditions such as cystic adeno-

matoid malformation and rarer anomalies such as

pulmonary lymphangiectasia, arteriovenous malforma-

tions and arteriovenousmalformations. The latter can also

be imaged usingMR imaging. The treatment of chylothor-

ax is by thoracocentesis and multiple aspirations may be

necessary prior to resolution.
Diagnosis

In neonatal chest disease close correlation with the clinical

history is very important in arriving at the correct

diagnosis. In the premature infant hyaline membrane

disease is the most serious pulmonary abnormality. The

presence of the classic chest radiographic findings as

described above, in these premature infants is diagnostic.

In the term infant tachypnoea of the newborn, amniotic

fluid aspiration, meconium aspiration syndrome and

neonatal pneumonia may be difficult to distinguish

radiographically. A finding of meconium below the vocal

cords on laryngoscopic examination together with the

presence of coarse pulmonary opacification and air leaks

on the chest X-ray is highly suggestive of meconium

aspiration syndrome. A history of prolonged rupture of

the membranes during later pregnancy or the diagnosis

chorioamnionitis in the mother together with coarse

patchy pulmonary opacification is a strong pointer

towards neonatal pneumonia. Transient tachypnoea

of the newborn and amniotic fluid aspiration are

benign conditions causing mild clinical symptoms that

are transient and seldom require ventilatory support

despite the fact that the radiographic changes are

occasionally quite marked. Resolution is usually complete

in 24–48 h.

The definitive cause of a pleural effusion may be made

by examining the aspirated fluid. In infants with a
chylothorax the fluid will have a high lymphocyte count.

After feeding has been established the fluid will have a

milky appearance.
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Synonyms

Chronic thromboembolic pulmonary hypertension

(CTEPH); Fat embolism syndrome; Pulmonary embolism

(PE); Venous thromboembolic disease
Definition

Thromboembolic pulmonary arterial diseases are a

spectrum involving the embolization of either blood clot

or fat/marrow droplets into the pulmonary arterial

circulation.

The vast majority of the spectrum relates to acute

pulmonary embolism (PE). This is a syndrome caused

by the dislodgement of thrombus within the context of

deep vein thrombosis (1). The thrombus material will

be caught in the pulmonary arteries, and depending on

size and extent of the thrombotic material lung perfusion

will be impaired.

Chronic Thromboembolic Pulmonary Hypertension

(CTEPH) is the condition that results from recurrent PE

or incomplete resolution of significant or extensive acute
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pulmonary angiography demonstrating filling defects in

the right main and bilateral lobar pulmonary arteries.
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pulmonary emboli. The pulmonary arterial bed becomes

obstructed, and the result is an increase in pulmonary

arterial pressure.

The more generic term for acute pulmonary embo-

lism and deep vein thrombosis is venous thromboembolic

disease (1) in the acute form. Chronic forms include

postphlebitic syndrome, varicose veins, and chronic

thromboembolic pulmonary hypertension.

Fat embolism syndrome is a specific type of pulmonary

embolism, which occurs in the course of large bone

fractures and/or orthopedic manipulations and surgery.

This syndrome usually occurs subclinical, but in multiple

fractures or with extensive bone marrow surgery (such

as the introduction of intramedullary nails), the bone

marrow fat will enter the venules from where the central

venous system will be reached. As a result, fat droplets will

obstruct the pulmonary vascular bed and a rise in

pulmonary artery pressure will occur. There is also a

humoral response, leading to acute respiratory distress

syndrome and (often extensive and fatal) pulmonary

edema.
Pathology/Histopathology

The pathology and histopathology depends on the clinical

syndrome. The main pathological findings are:

1. Acute pulmonary embolism: this will cause a throm-

bus mass occluding the lumen of the pulmonary

arterial tree. Depending on the extent of the emboli,

the heart may also demonstrate acute right over-load,

including atrial and ventricular dilatation. A saddle

embolus is the term applied to a central large embolus

that straddles the main pulmonary artery bifurcation.

This type of PE is often (but not always!) immediately

fatal. (Fig. 1) demonstrates acute embolism as seen on

CT pulmonary angiography.

2. Chronic thromboembolic disease: this will cause

mural adherent thrombus mass and intimal hyper-

plasia due to the incorporation of thrombus material

into the vessel wall. This type of disorder will also

cause webs (fibrous bands), vessel wall fibrosis, and

stenosis as part of the recanalization of thrombus

material. (Fig. 2) demonstrates the findings of a

mural thrombus in an extremely dilated pulmonary

artery as part of the CTEPH spectrum on CT

pulmonary angiography (2a) and on MR pulmonary

angiography in a different patient (2b). Other

examples of findings in CTEPH are included in the

Chapter on pulmonary hypertension.CT pulmonary

angiogram in a patient with CTEPH demonstrates

aneurysmal dilatation of the left upper lobe pulmon-

ary artery with vessel remodeling in the presence of
extensive mural thrombus. CTEPH in a different

patient demonstrates similar findings as above in a

MR angiogram, this time involving the right main

pulmonary artery.

3. Fat embolism syndrome is diagnosed by demonstra-

tion of fat droplets in the pulmonary capillary bed. In

significant fat embolism, there is rapidly increasing

obstruction of the peripheral pulmonary arterial bed,

resulting in a rapid rise of pulmonary arterial pressure

and acute right heart failure and death. To deal with

this new pressure gradient, right-to-left shunts may

become apparent, such as seen in patients with patent

foramen ovale. In these circumstances, paroxysmal

embolization and a clinical course similar to that seen

in septic endocarditis may develop.
Clinical Presentation

The clinical presentation of thromboembolic pulmonary

arterial diseases is highly variable. For PE, it can be

divided into acute major events, acute minor events, and

chronic insidious development of symptoms. This has

led to the introduction of the terminology acute massive

PE, acute submassive PE, acute nonmassive PE, and

chronic PE (2).

a. Acute massive PE: Patients with large pulmonary

embolism or with occlusion of a significant portion of

the vascular tree will present with symptoms that are

acute in onset and the result of perfusion decrease and

strain on the right ventricle. Up to 10% of patients

suffer acute coronary arrest or will die within the first
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thromboembolic pulmonary hypertension. (a) CT

pulmonary angiogram in a patient with CTEPH

demonstrates aneurysmal dilatation of the left upper lobe

pulmonary artery with vessel remodelling in the presence

of extensive mural thrombus. (b) CTEPH in a different

patient demonstrates similar findings as above in a MR

angiogram, this time involving the right main pulmonary

artery.
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hour of this catastrophic embolism syndrome.

Patients will present with circulatory instability

(shock), dyspnea and/or chest pain and the “fear of

dying.”

b. Acute submassive PE: Patients with this level of

embolism will present similarly to those with massive

PE, with the exception that they are not suffering from

hemodynamic instability using routine measures of

blood pressure and heart rate. However, right heart

strain and right ventricular dysfunction may be

diagnosed using echocardiography.

c. Acute nonmassive PE: Many patients with nonmassive

PE will present with a plethora of symptoms, ranging

from asymptomatic to chest pain, dyspnea, tachycar-

dia, and hemoptysis.

d. Chronic thromboembolic pulmonary hypertension

(3): Patients with chronic thromboembolism often

present with gradual, progressive shortness of breath,
dyspnea on exertion and general lack of energy. They

may suffer intermittent episodes of more significant

symptoms as discussed above.

e. Deep vein thrombosis and clinically silent PE (1): A

significant number of patients will present with leg

symptoms, rather than chest symptoms. This is the

group of patients who will present with deep vein

thrombosis: swelling, calf pain, and red discoloration.

Upon further questioning, many will have symptoms

of PE, but a significant proportion of PE in this group

of patients will be completely asymptomatic.

f. Fat embolism syndrome always presents in the

presence of long-bone and/or pelvis fractures. It is

often an acute progressive syndrome, leading to right

heart failure and in the presence of patent foramen

ovale will yield systemic fat embolism (petecchiae,

neurological syndromes) similar to left-sided endo-

carditis.
Imaging

Chest radiography is only helpful in detecting disorders

that may mimic PE: pneumothorax, heart failure, pleural

effusions, and rib fractures (1, 3). PE can present with

pulmonary infarction in 10–15% of patients (usually

those with limited cardiorespiratory reserve), which will

demonstrate a peripheral area of lung consolidation

(▶Hampton hump). Other findings include pleural

effusions and hyperlucency of lung areas due to vascular

obstruction more centrally (▶Westermark sign). How-

ever, the vast majority of patients with proven PEwill have

a (nearly) normal chest radiograph.

Pulmonary angiography has long served as the

reference method for the diagnosis of PE. However, as it

is an invasive technique, this method never gained much

popularity. With the increased capabilities of CT, invasive

pulmonary angiography has all but vanished from the

radiological arsenal (1, 3, 4).

The technique is still important for interventions in

extremely sick patients with massive PE (thromboendar-

terectomy and fragmentation devices have been success-

fully developed) and as part of the work-up during

right heart catheterization in patients with pulmonary

hypertension.

CT pulmonary angiography is now the method of

choice for the diagnostic management of PE (3, 4). Not

only is it capable of detecting PE in central down to

subsegmental vessels (Fig. 1), it can also give important

alternative diagnoses that help in the management of

patients with chest symptoms. It is not surprising,

therefore, that there has been a huge demand for this

technology in the acute hospital setting. As a result, the

prevalence of PE using CT-pulmonary angiography
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has decreased from 40–50% in early studies to less than

10–15% in current clinical practice.

Important studies have shown that it is safe to

withhold anticoagulant therapy in patients with suspected

PE and normal CT pulmonary angiography provided the

quality of the study was good. Unfortunately, up to 7% of

studies will suffer from technical problems, although this

number is decreasing with increasing detector rows in the

CT systems.

Echocardiography is the method of choice in patients

with massive PE, as it is both bed-side and capable of

demonstrating large PE and the sequellae on the heart

(1, 2). It has also been applied for assessment of patients

with submassive PE and for evaluation of fibrinolytic

therapy effectiveness.

Ultrasonography of the leg veins may be applied to

detect deep vein thrombosis in the context of venous

thromboembolism (1, 2, 4). Both compression and

Doppler color ultrasonography have excellent sensitivity

and specificity for detection of thrombi in symptomatic

patients. However, in asymptomatic patients the diag-

nostic accuracy of this technique is less favorable, and may

not be cost-effective (5).

Magnetic Resonance Imaging has many different

techniques, which may be employed for the diagnosis of

pulmonary vascular diseases, including MR perfusion,

MR angiography, and direct clot imaging (6). Excellent

anatomical detail can be obtained (Fig. 3), but presently

the technique is usually reserved for difficult cases or

where ionizing radiation or iodine contrast agents must

be avoided.
Nuclear Medicine

Traditionally, perfusion (-ventilation) lung scintigraphy

was the main diagnostic test for pulmonary vascular
disease demonstrating the typical mismatch of a perfusion

defect and preserved ventilation. With the advent of CT

and MRI, this technology has been largely omitted from

the diagnostic work-up of acute pulmonary embolism.
Diagnosis

The diagnosis of acute PE is based on demonstration

within the pulmonary artery of a filling defect within a

pool of contrast. Secondary signs include a cut-off vessel

(no contrast at all), (sub) segmental consolidation, or

nonenhancement of lung parenchyma.

In CTEPH, both the wall-adherent thrombus material

and the secondary signs, including pulmonary artery

dilatation, right ventricular and atrial dilatation, right

ventricular hypertrophy, and bronchial artery hypertro-

phy may be demonstrated using CT or MRI.

Fat embolism syndrome is generally diagnosed at

autopsy or by broncho-alveolar lavage. Acute right heart

failure, ARDS and multiple organ failure are the most

common findings, within a setting of long bone and/or

pelvis fractures.
Interventional Radiological Treatment

The main interventional treatments for pulmonary

vascular diseases are reserved for patients with acute

massive PE (thrombo-endarterectomy and fragmentation

devices) and for the treatment of right-left shunts in

patent foramen ovale with paroxysmal embolization.

Inferior vena cava filters may be employed to support

patients with contraindications for anticoagulant therapy,

those in whom this therapy fails or in patients who are

scheduled to undergo or already underwent pulmonary

thrombo-endarterectomy.
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Chiari Malformation
Chiari Malformation comprises three different cerebellar

malformations. The Chiari 1 malformation can occasion-

ally be acquired, but all Chiari malformations are usually

congenital. They are due to a lack of expression of the

surface molecules, and imaging shows an abnormally

small posterior fossa.

▶Congenital Malformations, Cerebellar
Child Abuse
▶Battered Child Syndrome
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Definition

The selection of an imaging modality depends largely

upon the clinical question that is being asked, but local

availability of equipment, the potential risks to the patient

from the possible use of sedation or anaesthesia, and the
radiation dose involved all need to be considered before

the patient is investigated. Communication between

radiologists and their clinical colleagues, the use of

imaging protocols in common clinical scenarios and the

review of request forms by senior radiologists also play an

important role in the choice of a particular imaging

technique.
Pathology
Imaging
Projection Radiography (Plain Films)

Over a 100 years have passed since the discovery of X-rays

by Wilhelm Röntgen and since that time there have been

considerable advances in diagnostic imaging techniques,

yet plain film radiography remains the most frequently

requested radiological investigation.

Basic principles: X-rays are generated, attenuated as

they pass through the patient and the resultant X-ray

beam emerging from the patient is then made visible by a

variety of detectors:

. ▶Film-screen (FS): Photographic film is sandwiched

between two intensifying screens (made of rare earth

materials). The screen fluoresces when it is irradiated

and exposes the film. The latent image produced can

only be ‘read’ when the film is (chemically) developed.

. ▶Computed radiography (CR) uses a radiographic

screen containing a type of phosphor (photostimul-

able phosphor plate, storage phosphor imaging plate,

digital cassette). When the plate is exposed to X-rays,

a latent image is formed and stored as electronic

charges. A laser beam is used to stimulate the plate and

the emitted light is directed to a photomultiplier tube,

the electrical output signal of which is digitised. The

digitised image can then be read by the radiologist

(either on ‘hard-copy’ laser-printed films or ‘soft-

copy’ workstations). A host of post-processing

techniques can be used to improve the quality and

appearance of the soft-copy image.

. ▶Digital radiography (DR) makes use of caesium

iodide (CsI) layered onto an amorphous silicon

photodiode panel as a detector. When the CsI crystals

absorb X-ray photons, they emit light, which is

immediately converted into an electronic charge by the

photodiode (no latent image is formed by this techni-

que). Read-out electronics convert this information into

an image (which can be printed onto filmor viewed on a

monitor). As with CR systems, the soft-copy image can

be post-processed by the reporting radiologist.

CR and more recently DR are now replacing FS

systems. One of the main reasons for this, is the potential
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to reduce the rate of repeat films due to poor exposure

technique (1), making them a popular choice in

paediatric radiology. Both CR and DR systems operate

over a wide dynamic range, in contrast to FS systems. An

underexposed FS radiograph produces a ‘white’ film, an

overexposed one the familiar ‘black’ film. The radiologist

can read neither and the image must be repeated,

increasing the radiation dose to the patient. The

separation of image acquisition from display in both CR

and DR allows these systems to compensate for

inappropriate exposure factors and produce an image of

consistent appearance. The phenomenon of ‘exposure

factor creep’ is becoming increasingly recognised in the

literature (2); radiographers often choose higher exposure

factors, as the images produced are less grainy, and the

increased radiation dose can go unnoticed unless regular

quality assurance (QA) checks are in place. DR systems

perform more efficiently than CR and the potential for

dose reduction is greater (3).

Advantages, limitations and uses of projectional radio-

graphy: Regardless of the detector system used, projec-

tional radiography is considered a low dose imaging

technique. The risk to the patient can be further reduced

by the judicious use of lead shields (e.g. for the breast and

gonads). Radiographs are rapidly obtained, require no

patient preparation, are painless, readily available and

relatively cheap.

Projectional radiography is principally used to

investigate the skeleton and chest. Only four different

anatomical densities can be detected by the radiologist:

. Bone (and other calcifications)

. Soft tissue/fluid

. Fat

. Air

It is also possible to distinguish other densities foreign

to the body, such as metal or radiographic contrast media

(containing barium or iodine). The radiologist can only

appreciate the outline of a structure on a plain radiograph

when it is adjacent to a different density: blood vessels

(fluid density) are seen coursing through the lungs on a

chest radiograph because the surrounding alveoli are

filled with air. Many disease processes (particularly those

involving the soft tissues) have similar appearances on

plain radiographs, and the possible differential diagnoses

are vast. Relevant clinical findings and laboratory data

help to tailor this list.
Fluoroscopy

Basic principles: Fluoroscopy is an enhanced X-ray

technique that utilises an image intensifier tube connected

to a closed circuit television system. The function and

structure of body systems can be evaluated in real time,
for both diagnostic examinations and as a prelude to

interventional procedures. In addition, stationary images

may be captured and can be viewed immediately on the

television monitor. The static images may be radiographic

exposures (if high spatial resolution is required),

‘fluorograb’ images taken during screening or as ‘last

image hold’ from the television monitor. The latter

techniques do not involve any further radiation to the

patient and are commonly employed in paediatric

radiology. Pulsed (as opposed to continuous) fluoroscopy

is now considered imperative in paediatric radiology, as

radiation dose reductions of over 90% can be achieved,

whilst still maintaining imaging quality (4).

Uses: Fluoroscopy is most commonly used to evaluate

the gastrointestinal and genitourinary tracts. Contrast

media containing either barium sulphate or iodine in

solution, can be ingested or introduced per rectum (or via

stomas) to give detailed images of bowel anatomy, or

instilled via a urinary catheter to outline the bladder.

Iodine containing contrast media can also be injected

intravenously or intra-arterially to demonstrate vascular

anatomy. Angiographic examinations are improved by the

use of digital subtraction techniques, whereby the

anatomic background detail is removed to leave images

showing only the contrast-enhanced vascular tree.

Interventional procedures in paediatric radiology

usually require that the patient be sedated or receive an

anaesthetic. Fluoroscopic guidance may be employed to

place drainage catheters (e.g. into abscess cavities or

nephrostomy tubes), for hydrostatic or pneumatic reduc-

tion of intussusception, during oesophageal, vascular or

tracheal dilatations, and for vascular embolisation

procedures.
Computed Tomography

Computed tomography (CT) is now estimated to account

for around 15% of a radiology department’s workload,

but it is a high radiation dose technique and is responsible

for 70–75% of the collective population dose from

medical radiation (5, 6). Baseline axial 2D image sets are

created by this technique, but newer single and multi

detector helical scanners allow the radiologist to produce

2D images in any plane, using a workstation. Post-

processing techniques can also be used to produce

sophisticated 3D reconstructions, which can be of huge

benefit to surgical colleagues in operative planning, and

have also led to CT being utilised to perform non-invasive

peripheral and cardiac angiography, and virtual endoscopy

(both bronchoscopy and colonoscopy) examinations.

Basic principles: CT scanners consist of a rotating

X-ray tube and a curved bank of detectors both housed

within a gantry. The X-ray beam passes through the

patient, is recorded by the detectors and an electronic
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signal is generated, which is then used to reconstruct the

image. In CT, there is a complex relationship between the

radiation dose received by the patient and image quality,

and the radiologist and radiographer must carefully plan

each examination. This is of particular relevance in

paediatric CT studies, given the stochastic risks from

ionising radiation (7).

The anatomic detail given by CT images is excellent

and post-processing techniques can be used to study the

different body tissues. Modern CTscanners acquire image

data rapidly, lessening the need for sedation and

anaesthesia in younger children. Patient preparation is

minimal; for some examinations, the child may be

required to drink oral contrast medium (a dilute solution

of barium or a water-soluble iodinated agent), though this

can generally be mixed with juice or flavourings to

improve palatability. An indwelling IV cannula is also

commonly required and the distress at its insertion can be

minimised by the use of topical anaesthetic agents. The

cannula allows IV contrast medium to be injected during

the examination, for easier inspection of solid organs and

for direct visualisation of blood vessels. Contrast agents

are valuable in paediatric CT scanning, not least because

many children lack body fat, making interpretation of the

abdomen and pelvis difficult without the benefits of

contrast media.

Uses: Traditionally, CT has been particularly useful in

the staging and follow-up of tumours, for evaluating

trauma and infections, to study the lung parenchyma and

mediastinal structures, and for cranial imaging. More

recently, CTuse has increased to include the investigation

of suspected appendicitis or renal calculi, and to provide

detailed anatomy of fracture sites (both acutely and

following surgery).
Ultrasound

Basic principles: Piezoelectric crystals, contained within

an ultrasound (US) probe (transducer), emit high-

frequency sound waves when subjected to an alternating

current. These sound waves pass through the patient’s

body, being reflected back towards the probe when tissues

of different acoustic properties interface. The sound

‘echoes’ generate a signal within the crystal that is used to

form the image. This process occurs so rapidly, that the

images can be generated in real time. Bone absorbs the

sound completely, air reflects it, which is why acoustic

‘shadows’ are seen behind them. Fluid-filled structures,

such as the bladder transmit sound well, which is why a

stronger ‘echo-signal’ is seen behind them. The time taken

for the echoes to return to the crystal is used to determine

a tissue’s location in the body.

Techniques, advantages and uses: In medical US,

transducer frequencies of between 1 and 15 MHz are
used. Higher frequency probes provide exquisite detail,

but have only limited tissue penetration. The converse is

true for lower frequency probes, which are needed to

image larger patients or deeper structures. The small size

and lack of obesity in many children mean US images of

excellent quality can be obtained. In addition, the

anatomy of the growing skeleton, means that non-ossified

bone can be imaged, e.g. to allow visualisation of the

spinal cord or the hip joints. The fontanelles in an infant’s

skull allow imaging of the brain that is not possible in

adult patients. US is commonly used to examine the solid

intra-abdominal organs, the heart in echocardiography,

superficial organs such as the thyroid gland and testes,

and soft tissue masses. Bowel US for suspected hyper-

trophic pyloric stenosis and appendicitis are regularly

requested, and the use of US as a guidance imaging

modality for interventional procedures, voiding cystour-

ethrograms and reduction of intussusception are com-

mon. The choice of US as the imaging modality for some

of these clinical problems will be largely dependent upon

local expertise.

The major advantage of US in paediatric radiology

is that it does not involve ionising radiation, meaning

it is safe to use in all patients, and can be performed

repeatedly. US is portable and widely available. It is

painless, requires little in the way of patient preparation

and patient sedation is unnecessary, given that the

examinations can generally be performed rapidly. High-

quality US images do, however, require a skilled paediatric

sonographer to perform the examination.

Newer developments in the field of US include tissue

harmonics, which particularly improve the image quality

in larger patients and the increased use of 3D imaging.

The term ‘4D’ US has been coined; it simply refers to 3D

images being obtained in real time, with time representing

the fourth dimension.
Colour Doppler and Doppler
Interrogation

Basic principles and uses: The information obtained from

an US examination can be increased with a technique that

utilises the Doppler effect (a perceived change in the

frequency of a sound emitted by a moving source). In US

exams, the moving sources are erythrocytes, with the echo

undergoing a frequency shift depending upon the speed

and direction of blood flow within a vessel. This data can

be colour-coded (by convention, flow towards the probe

is red and away from the probe is blue, but this is

arbitrary) or can be presented in graphical form to show

the shape of the pulse wave and the velocity of the flowing

blood. In paediatric radiology, Doppler is especially useful

to look for vessel patency in children with central lines

(before and after insertion), to assess vessels in relation to
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new and known malignancies, following organ transplan-

tation, for assessment of renal blood flow in children with

suspected acute pyelonephritis and also during echocar-

diography. US contrast media are also available, though

their use in paediatric radiology is currently limited. They

may be used in echocardiography, particularly in the

assessment of suspected arteriovenous malformations, in

sonocystography, to aid the detection of vesicoureteric

reflux and in the assessment of organ and tumour

perfusion. These agents are injected intravenously and

contain numerous microbubbles, which act as strong

reflectors of the US beam.
Magnetic Resonance Imaging

Basic principles: Magnetic resonance imaging (MRI) is

technically the most complex of the currently available

imaging modalities, and gives vast anatomic and

physiological detail of the body. In their most simplistic

terms, the physics of MRI involve the patient being placed

in a strong magnetic field. Here, those atoms in the body,

which have magnetic moment (more protons than

neutrons in the nucleus), align themselves with the

magnet. A radiofrequency (RF) pulse is then applied to

disturb this formation. When the RF pulse is switched off,

the atoms realign with the main magnetic field and give

off a signal as they do so. This signal is minute, but

multiplied many millions of times, due to the number of

(hydrogen) atoms within the human body; it is this signal

that is used to create the image. Many RF pulses are

required to form the image, and the timing, length and

type of the RF pulses, give the different sequences used in

modern MRI. An individual MR sequence can take less

than 1 to longer than 15 min, and each examination is

comprised of several sequences. The total time taken for

an MR study is between 30–60 min. Small amounts of

patient motion can destroy the images, as they cannot be

reconstructed until an entire sequence is complete. Many

children cannot hold still for the length of time required

and frequently require sedation or general anaesthesia for

this type of examination.

Both oral and IV contrast media are utilised in MRI,

though not frequently in children. Oral MR contrast

agents consist of ferrite compounds that accumulate in the

reticuloendothelial system. Gadolinium chelates are the

most common IV contrast agents; they work by short-

ening the T1-relaxation times of protons, increasing the

signal from tissues and organs on T1-weighted sequences.

Advantages and uses of MRI: Excellent contrast

resolution and multiplanar imaging are the major benefits

of MR. The most commonly performedMR examinations

are those of the central nervous system; posterior fossa

detail and grey/white matter differentiation are well

demonstrated. MR is also the imaging modality of choice
to evaluate many musculoskeletal problems: trauma,

tumours (both benign and malignant, pre- and post-

operatively), bone marrow disorders and joint disease.

Other indications include tumour staging and follow-up,

the mapping of vascular malformations and their blood

supply, assessment of the airway, examination of both

children and adults with congenital heart disease, the

study of genito-urinary tract anatomy and in the case of

the kidneys themselves, function.

Newer techniques include diffusion-weighted MR

studies (based upon the Brownian motion of the water

molecules in a tissue), which are useful in the detection

of tissue ischaemia, functional MRI (based upon the

increase in blood flow to the local vasculature that

accompanies neural function), as an adjunct to neuro-

surgical planning and contrast-enhanced dynamic MRI.

The latter technique is useful in cardiac studies, to

calculate for example, the ventricular ejection fraction

and blood flow across septal defects, within shunts and

in stenotic vessels. Contrast-enhanced dynamic MRI is

also useful in MR urography (often in conjunction with a

dose of diuretic), where renal function can be mapped to

provide information analogous to a radioisotope MAG 3

study.
Nuclear Medicine

Basic principles: A radiopharmaceutical is a minute

quantity of a drug to which a radionuclide is tagged.

This compound may then be injected, ingested or inhaled

and is delivered to a specific organ or body tissue. Once it

reaches its target, the radionuclide emits gamma radia-

tion, which is detected by a scintillation (gamma) camera.

Computer software aids in image reconstruction, based

upon the position in the body from which the radiation

was emitted. Using nuclear medicine techniques, it is

possible to study the function of different organs, tissues

and bones. Most commonly, 2D planar images are

produced, but using a technique called SPECT (▶single

photon emission computed tomography), the images can

be reconstructed in multiple planes. The anatomic detail

obtained in nuclear medicine is limited.

Advantages and uses of nuclear medicine: Nuclear

medicine studies are divided broadly into two types:

dynamic and static. The former may be used to study, for

example gastro-oesophageal or vesicoureteric reflux,

regional blood perfusion, gastric emptying, biliary or

renal excretion. Static studies may be used to study more

specific radiotracer absorption, such as by the kidneys to

evaluate for acute pyelonephritis or focal renal scars, or by

the bone cortex when evaluating for metastatic disease,

osteomyelitis or fractures. Other commonly requested

paediatric radioisotope studies include the study of
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primary tumours, such as neuroblastoma, lung function

assessment and to aid in the evaluation of children with

epilepsy.

New developments: Probably the fastest developing

area in nuclear medicine is the use of PET (▶positron

emission tomography) and PET-CT. These techniques

make use of short-lived, positron-emitting isotopes, to

study biochemical and physiological processes within the

body. The most commonly used isotope is 18F-fluor-

odeoxyglucose (FDG), which is a glucose analogue that

accumulates in normal cells, inflammatory lesions and

malignant tumours. The technique works upon the

principle that the abnormal tissues take up and

metabolise the isotope at a faster rate than do normal

tissues. In common with other nuclear medicine exam-

inations, the anatomical information from a PET scan is

limited, but fusing the axial PET images with the

corresponding CT study, is a sensitive technique for

localising a lesion. PET and PET-CT are not yet widely

available. They rely upon on-site or regional isotope

production in a cyclotron; with express delivery of the

isotope to the nuclear medicine department (the isotopes

are very short-lived). The technique is expensive and

delivers a higher radiation dose to the patient, than do the

more common nuclear medicine examinations. Due to

the length of time a study takes, a child is likely to require

sedation or anaesthesia. In paediatric radiology, PET has

mainly been used in the staging and follow-up of children

with lymphomas and in the pre-operative assessment of

children with epilepsy.
Diagnosis

There are important anatomic, physiological and psycho-

logical differences between children and adults, and whilst

the paediatric radiologist has all of the imaging modalities

his or her adult colleagues have at their disposal, the choice

of which modality to use in a given clinical scenario, will be

governed in part by the special needs of an individual child.

Communication skills are vital to all radiologists, but a

paediatric radiologist must be able to explain procedures

and answer questions in a language that is comprehensible

to both a patient’s (adult) carers, and to the child himself.

The cooperation of a child for a particular study is likely to

depend upon how successful the radiologist has been in this

task, and dictates whether or not the images obtained are of

diagnostic quality.
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Chloroma
▶Hepatic Sarcoma
Cholangiocarcinoma, CC
▶Neoplasms, Bile Ducts
Cholangiocellular Carcinoma, CCC
▶Neoplasms, Bile Ducts
Cholangiography
Introduced in 1954 as intravenous cholangiography for

the visualization of the common bile duct, it consists in

intravenous injection of an iodinated contrast medium

that is excreted by hepatocytes allowing the opacification

of the biliary ducts. Gallbladder visualization was not

included in cholangiography. Intravenous cholangiogra-

phy has been replaced by direct cholangiography, which

includes percutaneous transhepatic cholangiography
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(PTC), endoscopic retrograde choledochopancreatogra-

phy (ERCP), perioperative cholangiography, and trans-

Kehr cholangiography.

▶Biliary Anatomy
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Synonyms

Acute cholangitis; AIDS cholangiopathy; Ascending cho-

langitis; Bacterial cholangitis; Bile duct inflammation;

Chemotheraphy-induced cholangitis; Cholangitis due to

scolicidal agents; Clonorchiasis; Eosinophilic cholangitis;

fascioliasis; Fungal cholangitis; Ischemic cholangitis; Pri-

mary sclerosing cholangitis; Recurrent pyogenic cholangitis
Definition

Cholangitis means inflammation of the bile ducts. The

term applies to inflammation of any portion of the biliary

ducts, from the liver to the gallbladder and intestine. The

inflammation is produced by infection or some other

cause (toxic agents or ischemic or autoimmune dis-

orders). Bile duct inflammation, in either the acute or

chronic form, may result in a fibrosing process in some

instances (primary or secondary sclerosing cholangitis).
Pathology/Histopathology
Cholangitis, Bacterial

▶Cholangitis, bacterial also called ▶cholangitis, ascend-

ing or ▶cholangitis, acute is an acute infection of the

biliary tree with the potential to cause significant

morbidity and mortality. The pathogenesis of cholangitis

requires stasis or obstruction of bile flow, which

predispose to subsequent infection. Choledocholithiasis

is the most common cause of obstruction. Strictures,

stenosis, tumors, choledochal/biliary cysts, and ▶sump
syndrome have also been described as causes of bile stasis

and cholangitis. Recently, endoscopic manipulation and

stents placement have increasingly been reported as

causes of benign strictures and subsequently of cholangi-

tis. Hepatobiliary or pancreatic head malignancies are less

common causes of biliary obstruction and subsequent bile

contamination.

Bacteria are not normally present in bile or are present

only in very small amounts; however, the incidence of

bactibilia increases in cases of gallbladder and common

bile duct stones. The most common organisms found are

Escherichia coli, Klebsiella, Enterobacter species, entero-

cocci, and group D streptococci. Bacteria most frequently

infect the bile directly from the gut or through the

lymphatics or vascular supply; infection thereby ascends

into the hepatic ducts. The development of increased

biliary pressure pushes the infection into the biliary

canaliculi, hepatic veins, and perihepatic lymphatics,

leading to bacteremia. The infection can present sup-

purative features.

Cholangitis is reported in all races but is relatively

uncommon in Western countries, where it occurs in

association with other diseases that cause biliary obstruc-

tion and bactibilia. The condition is reported in both

females and males and has no clear predominance.

Otherwise, gallstones are more common in women, and

cholangitis due to gallstones shows a higher prevalence in

females. The condition mostly occurs in adults, with a

reported median age at onset of 50–60 years (1, 2).
Cholangitis, Sclerosing Primary

▶Primary sclerosing cholangitis (chol, PS) (PSC) is a

chronic, idiopathic, fibrosing inflammatory disorder

affecting the bile ducts (both intrahepatic and extra-

hepatic) leading to bile duct obliteration, cholestasis, and

biliary cirrhosis. The term “primary” is used to differ-

entiate this condition from biliary strictures due to bile

duct injury, cholelithiasis, ischemia, and chemical injury

(secondary sclerosing cholangitis). Peak incidence occurs

in the third and fourth decades of life, and a male

predominance appears to exist. The etiology remains

unknown, although most authors believe it to be an

autoimmune process because it may be associated with

other autoimmune diseases such as retroperitoneal

fibrosis, mediastinal fibrosis, and Sjögren syndrome. A

strong association with inflammatory bowel disease,

especially ulcerative colitis, has also been noted.

Pathophysiologically, the biliary injury may be

initiated by an immune-mediated destruction of the

hepatobiliary tract that is perhaps caused by transient

infection or the absorption of bacterial products in

genetically predisposed individuals with colonic disease.
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Bacteria, toxins, viral infections (reovirus and cyto-

megalovirus), and genetic factors (increased frequency

of HLA-B8 and HLA-DR3) have also been proposed as

predisposing agents. These lend support to the theory that

immunologic and genetic mechanisms may both be

involved in the pathogenesis. Histological findings

include nonspecific features such as periductal concen-

tration of mononuclear cells, ductular proliferation,

aspects resembling chronic active hepatitis, and specific

findings including concentric obliterative fibrosis of

interlobular bile ducts with the presence of intrahepatic

cholangiectasis and ductal obliteration. Bile ducts grossly

display multiple short strictures, pseudodiverticula, and

wall thickening. Saccular dilatations like those seen in

Caroli’s disease are uncommon.

The diagnosis is based on a combination of clinical

features and a cholestatic biochemical profile, along with

typical cholangiographic abnormalities confirmed by liver

histology and the exclusion of secondary causes of

sclerosing cholangitis. PSC is usually progressive, leading

to cirrhosis, portal hypertension, and liver failure. An

increased incidence of cholangiocarcinoma and gallblad-

der carcinoma is reported in these patients. In adult patients,

the median period of survival from the time of diagnosis is

9–11 years but is shorter for patients who are symptomatic

at the time of diagnosis. Treatment is usually palliative and

includes medical therapy with choleretic or immunosup-

pressive therapy or endoscopic or percutaneous mechanical

dilation of dominant strictures. Liver transplantation

remains the only effective therapeutic option for patients

with end-stage liver disease from PSC (3).
Cholangitis, Recurrent Pyogenic

Recurrent pyogenic cholangitis, also called oriental

cholangiohepatitis, intrahepatic pigmented calculus dis-

ease, or hepatolithiasis, is a complex hepatobiliary disease

characterized by chronic inflammation of the bile ducts

attributed to parasite influx. In endemic areas (Southeast

Asia), parasites such as Clonorchis sinensis and Ascaris

lumbricoides can inhabit the bile ducts, causing ductal

damage and strictures. Other parasites such as Opistorchis

viverrini, Fasciola hepatica, and Entamoeba have also been

implicated. Recurrent pyogenic cholangitis is rarely

observed in Western countries but may be diagnosed in

native Asian people, in whom it tends to be less severe.

The infection is typically chronic and recurrent, leading to

progressive destruction of the bile ducts and secondary

biliary cirrhosis. The primary histopathologic changes of

recurrent pyogenic cholangitis are proliferative fibrosis of

bile ductal walls, with inflammatory infiltration of the

portal tracts and periductal abscesses. Grossly multiple

strictures associated with marked dilatation upstream
from the stenotic tracts can be observed both in the

intrahepatic and extrahepatic bile ducts. Marked enlarge-

ment of intrahepatic and extrahepatic ducts may be

present. The nidus for stone formation is provided by

the presence of secondary bacterial infection, whereas

brown-pigmented bile stones can be frequently observed

inside bile ducts. Intraductal stones can lead to progres-

sive biliary obstruction and recurrent infection, resulting

in the formation of multiple cholangitic hepatic abscesses,

biliary strictures, and, eventually, severe hepatic destruc-

tion, cirrhosis, and portal hypertension. An increased

incidence of cholangiocarcinoma is also reported (4).
Clinical Presentation
Cholangitis, Bacterial

Cholangitis ranges from light forms to fulminant

destructive sepsis associated with multiple organ failure.

In 1877, Charcot described a triad of findings related to

cholangitis: right upper quadrant pain, fever, and

jaundice. In 1959, Reynolds and Dargon described a

more severe form, adding two other signs: septic shock

and mental confusion (Reynolds pentad). A history of

past symptoms of gallbladder colic or recent biliary tract

manipulation associated with fever, right upper quadrant

pain, and jaundice is highly suggestive of cholangitis.

Other signs and symptoms include chills, rigor, itching,

acholic or hypocholic stools, and mild hepatomegaly.

Laboratory findings include leukocytosis, hyperbilirubi-

nemia (patients with malignant obstruction generally

have significantly higher bilirubin levels than those with

benign obstruction), and elevated alkaline phosphatase

levels. Elevation of transaminases and serum amylase

levels is possible in cases of concurrent pancreatitis due to

stone impaction at the ampulla of Vater and secondary

obstruction of the pancreatic duct. Blood culture findings

are positive in nearly half of the patients. Bile culture

findings are positive in nearly all patients. With increasing

degrees of sickness, there is an increased likelihood of

complications such as liver failure, hepatic abscesses,

bacteremia, gram-negative sepsis, and acute renal failure.

The prognosis is usually severe, although it improves with

early antibiotic treatment and appropriate drainage and

decompression of the biliary tract as needed. Factors

associated with poor prognosis include advanced age,

female gender, acute renal failure, preexisting cirrhosis,

and malignant biliary obstruction (1, 2).
Cholangitis, Sclerosing Primary

The onset and progression of PSC tend to be insidious,

and some patients may be affected without having



Cholangitis. Figure 1 (a) Bacterial cholangitis. Ultrasound examination shows echogenic material within a dilated bile

duct in the left lobe. (b) Bacterial cholangitis. Computed tomographic image displays aerobilia in the left lobe and

inflammed, dilated bile ducts in the right lobe. Inflammed biliary walls are concentrically thickened, enhancing

after contrast medium administration and surrounded by parenchymal hypodensity due to edema.
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symptoms. Patients may present with nonspecific signs,

including progressive fatigue, abdominal pain, fever, and

intermittent jaundice, or with cholestasis and complica-

tions of cholestasis such as pruritus, cholangitis, and fat

malabsorption. Additionally, some patients may show

the stigmata of chronic liver disease and cirrhosis at the

time of presentation.

Biochemical analysis reveals increased levels of serum

bilirubin and alkaline phosphatase in most patients, with a

mean increase in the alkaline phosphatase level to three

times the upper limit of normal. Serum transaminase levels

may be normal or elevated. Perinuclear antineutrophil

cytoplasmic antibodies (pANCAs) have been found inmost

patients with PSC. The presence of pANCAs is associated

with a more severe course of autoimmune liver disease (3).
Cholangitis, Recurrent Pyogenic

Clinical presentation is characterized by recurrent attacks

of abdominal pain, fever, and jaundice caused by

intrahepatic ductal strictures and calculi. The therapeutic

approach is ruled by the complete clearance of calculi and

debris from the biliary tract and the elimination of bile

stasis to prevent recurrent attacks of the disease. Therefore,

hepatolithiasis is difficult to eradicate, and for effective

treatment, accurate topographic cholangiographic evalua-

tion of disease distribution is required before surgical

intervention (surgical resection of the affected portion of

the liver and the creation of biliary–enteric anastomosis to

allow adequate biliary drainage) (4).
Imaging
Cholangitis, Bacterial

Computed tomography (CT) and ultrasound (US) are

commonly employed to diagnose biliary dilation. Endo-

scopic retrograde cholangiopancreatography (ERCP) or
percutaneous transhepatic cholangiography (PTC) may

directly visualize the biliary ducts and treat the obstruc-

tion in a unique session. A paramount view of the biliary

tree may also be achieved by means of magnetic resonance

cholangiopancreatography (MRCP). Conventional radio-

graphy plays an inferior role in the diagnosis of acute

cholangitis, showing only indirect signs such as adynamic

ileus, radiopaque gallstones, and aerobilia after endo-

scopic manipulation or in cases of bilioenteric fistula.

US is the modality of choice for gallstones and

cholecystitis but is not completely reliable for choledo-

cholithiasis in all patients. US is also sensitive for

diagnosing and differentiating intrahepatic from extrahe-

patic dilatation, including common bile duct dilatation,

but it may fail in establishing the cause of stenosis (stone

vs. stricture). Purulent bile can be identified as intralum-

inal echogenic material within dilated bile ducts (Fig. 1a).

Furthermore, US can display other abdominal organs

(gallbladder, aorta, pancreas, liver), thereby excluding

other potential causes of acute abdominal pain. Compli-

cations such as liver abscess can also be detected.

CT depicts biliary dilatation and adds further

information to provide the precise site of obstruction

and also displays inflammation of the biliary tree walls or

eventual aerobilia. Thickening of the bile duct walls, either

concentric or diffuse, may be underlined after contrast

enhancement; increased attenuation of bile or aeroblia

may also be displayed (Fig. 1b). Cholangitis may also be

present with no visible sign on CT. Potential causes and

complications of cholangitis (ampullary tumors, liver

abscesses) or pathologies that clinically mimic cholangitis

and must be distinguished from cholecystitis, biliary colic,

mesenteric ischemia, or ruptured appendix may be

displayed by CT.

Magnetic resonance (MR) imaging resembles CT

findings without further specific contribution to the

diagnosis. Cholangiographic acquisitions depict irregula-

rities of the walls of the bile ducts associated with filling
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defects that may be due to stones or sludge, and can

accurately determine the site of blockage.

ERCP and PTC may be used for diagnostic and

therapeutic purposes, allowing stones to be removed and

strictures resolved. Endoscopic biliary drainage and

decompression have mostly replaced surgery as the initial

treatment of severe cholangitis. In unstable patients, a

reasonable option for decompressing the biliary tract is

percutaneous biliary drainage (2).
Cholangitis, Sclerosing Primary
Cholangitis. Figure 2 Magnetic resonance

cholangiography. This three-dimensional MIP

reconstruction shows the typical aspect of sclerosing

cholangitis. (Courtesy of Dr. Piero Boraschi)
US findings may be normal in about half of the patients.

In some patients, US may show only unspecific features,

including intrahepatic and extrahepatic ductal dilatation,

or signs of cirrhosis such as increased echogenicity and

heterogeneity of liver parenchyma. Splenomegaly and

ascites are observed in cases of portal hypertension. US

cannot display bile duct abnormalities unless there is

dilatation. Sludge or stones may be present in long-

standing cases, presenting as echogenic intraductal

structures. Wall thickening and intraductal protrusions

may be depicted in the common bile duct. CT signs of

primary sclerosing cholangitis are quite specific, inclu-

ding randomly dilated small peripheral ducts without

apparent connection to the central duct, which are re-

ferred to as skip dilatation or knoblike appearance. After

contrast medium administration, regular or nodular

wall thickening may be appreciated.

Peripheral wedge-shaped areas of high T2 signal

intensity and dilatation of bile ducts are characteristic MR

findings in PSC.

Cholangiographic techniques (both invasive PTC/

ERCP and noninvasiveMRCP)may depict typical changes

in intrahepatic and extrahepatic bile duct morphology.

The cholangiographic findings depend on the stage of

the disease and include multifocal, intrahepatic bile duct

strictures alternating with normal-caliber ducts, which

sometimes produce a beaded appearance. Early phases

present with short annular intrahepatic strictures, ran-

domly distributed, alternating with normal or slightly

dilated segments, with a distinctive acute-angle branching

pattern. Strictures usually occur at the bifurcation of

ducts and are out of proportion with respect to proximal

ductal dilatation. Progressive fibrosis and periductal

inflammation cause an increase in strictures and duct

obliteration, avoiding opacification of peripheral ducts on

ERCP, and producing a “pruned tree” appearance. Irregular

narrowing with small diverticular marginal protrusions or

shaggy contours is typically found in extrahepatic ducts.

Nonspecific cholangiographic findings include webs,

diverticula, and stones.

ERCP shows a higher success rate in the absence of

dilated intrahepatic ducts with respect to PTC and
represents the standard of reference for diagnosing PSC

because the clinical, biochemical, and hepatic histological

findings are usually nonspecific. ERCP provides a high

sensitivity regarding peripheral intrahepatic duct ab-

normalities and allows interventional procedures such as

mechanical dilation of obstructing strictures, stent

placement, and biopsy.

MRCP is a suitable noninvasive alternative method

for detecting and localizing bile duct obstruction and

choledocholithiasis. By using heavily T2-weighted se-

quences, the signal of static or slow-moving fluid-filled

structures such as biliary and pancreatic ducts is greatly

increased, resulting in increased duct-to-background

contrast. Advantages of MRCP include better demonstra-

tion of ducts proximal to an obstruction or tight

stenosis, and when combined with conventional T1- and

T2-weighted sequences, the ability to generate an ana-

tomical imaging of extraductal disease. However, MRCP

provides less spatial resolution than ERCP, thereby

decreasing the sensitivity to peripheral ductal abnorm-

alities. On MRCP, the presence of stenoses is usually

deduced when there is prestenotic dilatation (Fig. 2);

however, in the initial stages of stenosis, there is only

temporary dilatation. As a result, these early stenoses

may remain undetected at MRCP. In addition, the

extent of a focal short stricture, especially of the

common hepatic duct, may be overestimated at MRCP

for the ducts collapsed downstream of the stenosis. The

visualization of mildly dilated peripheral ducts that do

not connect to the central ducts is a characteristic sign

on MRCP (3).
Cholangitis, Recurrent Pyogenic

Pigmented intrabiliary calculi are hardly visualized by

conventional radiography due to their low opacity. US
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can visualize intrahepatic and extrahepatic bile duct

dilatation, biliary stones, and coexisting parenchymal

abnormalities, such as hepatic atrophy, abscess, and bilo-

ma. Other suggestive US features are localized dilatation

of the lobar or segmental bile ducts, increased periportal

echogenicity, and fibrous thickening of the duct walls

with increased wall echogenicity. Pigmented stones

usually show a medium echogenity with a variable degree

of acoustic shadowing, and the association in some

instances of aerobilia determines a low capacity of US

for detecting ductal stones. Also, US poorly visualizes

dilated ducts completely filled by sludge or calculi.

CT may depict pigment stones as hyperdense to

isodense structures relative to their degree of calcification.

CT can also better appreciate on precontrast scans the

presence of calculi inside significantly dilated ducts and

provides assessment of the spatial extent of ductal involve-

ment. A significant enhancement of the involved ductal

walls as well as of periductal tissues, suggesting inflam-

mation, can be observed after contrast medium admin-

istration. CT even allows accurate depiction of coexisting

hepatic parenchymal complications such as intrahepatic

abscesses, biloma, and segmental or lobar atrophy.

Cholangiographic findings includemultifocal strictures

and dilatation of the intrahepatic bile ducts, dis-

proportionate dilatation of the extrahepatic bile ducts

unrelated to strictures or stones, straightening and rigidity

of the ducts, a right-angle branching pattern, and decreased

arborization. In rare instances, cholangiectasis or “bile

lakes” can occur from progressive obstruction and inflam-

mation. Stones determine filling defects in the opacified

bile ducts. When the calculi completely obstruct the orifice

of the segmental or subsegmental bile ducts, they cannot be

detected (missing duct sign). Direct cholangiography,

such as ERCP and PTC, has been the most accurate way to

obtain an accurate topographic description of the biliary

tree by depicting the full spectrum of ductal changes and

calculi. However, these techniques have limitations, espe-

cially in cases of high-grade stenosis, impacted calculi, and

complete ductal obstruction, and are invasive with an

increased risk of septic complications. Conversely MRCP

rendering of the stationary fluids allows noninvasive

depiction of the entire biliary tree despite obstruction or

stenosis. Parenchymal atrophy is seen as slightly hyper-

intense areaswith reducedvolume,whilebile ductdilatation

and biloma may be depicted regardless of their commu-

nication with the bile duct (4).
Nuclear Medicine
Cholangitis, Bacterial

Biliary scintigraphy with 99mTc-radiolabeled molecules

such as iminodiacetic acid derivatives is a functional study
showing high sensitivity. It is associated with positive

results before the ducts result in enlargement on US, but

high bilirubin levels may decrease the study’s sensitivity.

Obstruction of the common bile duct causes a lack of

visualization of anatomic details and of activity within the

small intestine.
Diagnosis
Cholangitis, Bacterial

The diagnosis is obtained in most cases on the basis of

clinical and laboratory findings and should be suspected

in patients with a history of past symptoms of gallbladder

colic or recent biliary tract manipulation. A diagnostic

imaging work-up must be done to confirm the diagnosis

and to depict potential causes and the site of biliary

obstruction.
Cholangitis, Sclerosing Primary

Diagnosis is usually achieved by means of the typical

cholangiographic pattern. Histological analysis is used

only for confirmation because it shows only nonspecific

inflammatory fibrosis of the portal triads and a paucity of

bile ducts. Differential diagnosis must encompass other

causes of secondary sclerosing cholangitis or nonscleros-

ing processes that mimic primary sclerosing cholangitis at

cholangiography. These include strictures or stones

complicating chronic bacterial cholangitis, parasitic or

▶fungal infection of the bile, cholangitis related to acquired

immunodeficiency syndrome (AIDS), ischemia due to

treatment with chemotherapeutic agents or to hepatic

arterial thrombosis complicating liver transplantation,

previous bile duct surgery, congenital biliary anomalies,

and rare entities such as▶eosinophilic cholangitis.

In definitely dilated ducts that simulate primary

sclerosing cholangitis, one should consider other scleros-

ing ductal processes, such as ascending cholangitis or

primary sclerosing cholangitis complicated by cholangio-

carcinoma (3).
Cholangitis, Recurrent Pyogenic

In patients from endemic areas, the presence of a

characteristic clinical history associated with imaging

features including predominantly left-sided findings

should prompt consideration of this diagnosis. Diffuse,

uniform dilatation of the intrahepatic bile ducts,

particularly in the periphery of the liver, with thick

enhancing walls and the absence of extrahepatic biliary

dilatation, should also raise suspicion for ▶clonorchiasis.

Other causes of sclerosing and chronic cholangitis must

be excluded (4).



332 Cholangitis due to Scolicidal Agents
Bibiliography
1. Lipsett PA, Pitt HA (1990) Acute cholangitis. Surg Clin North Am

70(6):1297–1312

2. Balthazar EJ, Birnbaum BA, Naidich M (1993) Acute cholangitis: CT

evaluation. J Comput Assist Tomogr 17(2):283–289

3. Vitellas KM, Keogan MT, Freed KS et al (2000) Radiologic

manifestation of sclerosing cholangitis with emphasis on MR

cholangiopancreatography. Radiographics 20(4):959–975

4. Park MS, Yu JS, Kim KWet al (2001) Recurrent pyogenic cholangitis:

comparison between MR cholangiography and direct cholangio-

graphy. Radiology 220(3):677–682
Cholangitis due to Scolicidal
Agents
Form of secondary sclerosing cholangitis due to injection

of scolicidal agents into hydatid liver cysts directly

communicating with the bile duct system.

▶Cholangitis

Cholangitis, Acute
Acute bacterial infection of the bile ducts

▶Cholangitis
Cholangitis, Ascending
Also called bacterial cholangitis, ascending cholangitis is

usually determined by bacterial (gram-negative) contam-

ination of an obstructed biliary system. The role of MRCP

or ERCP is to enable diagnosis of the underlying cause of

the obstruction, while the diagnosis of ascending

cholangitis is clinical. Clinical presentation usually occurs

with the classic Charcot triad of abdominal pain, fever,

and jaundice. Complications such as liver abscess and

sepsis can occur when increased ductal pressure causes

necrosis of the duct wall with reflux of infected bile into

the portal triads.

▶Cholangitis

Cholangitis, Bacterial
Also called ascending cholangitis or acute cholangitis, this

is a bacterial infection of the biliary tree. Development of
cholangitis requires stasis or obstruction of bile flow,

which subsequently becomes infected. Diagnostic ima-

ging may confirm diagnosis and reveal the causes or the

site of obstruction.

▶Cholangitis
Cholangitis, Chemotherapy-
induced
Secondary sclerosing cholangitis characterized by the

presence of strictures in the common hepatic duct

occurring in patients with metastatic liver disease, treated

by means of hepatic arterial infusion of chemotherapeutic

agents such as floxuridine. Hepatic toxic effects can

develop because of a high rate of extraction on the first

pass through the liver. Characteristic features include an

inflammatory, fibrosing process in the portal triads,

causing narrowing or occlusion of the bile ducts that

simulates primary sclerosing cholangitis at conventional

cholangiography. The mechanism of injury is either a

direct effect of treatment or ischemia secondary to

thrombosis of the intrahepatic arterial branches. Accord-

ing to the specific arterial supply of the biliary ducts,

intrahepatic bile ducts and the lower portion of the

common bile duct are unimpaired in most cases. Bile duct

strictures occur as early as 2 months after therapy and

may decrease if the intraarterial infusion is interrupted.

The most common cholangiographic findings are nar-

rowing of the bifurcation of the common hepatic duct

with sparing of the distal common bile duct. Cross-

sectional imaging is usually required to exclude worsened

metastatic disease in these patients.

▶Cholangitis
Cholangitis, Eosinophilic
Presence of multiple strictures of the bile ducts due to

eosinophilic infiltration of the hepatobiliary system

usually associated with eosinophilic gastroenteritis. This

rare condition is reversible, responds rapidly to corticos-

teroid therapy, and may result in radiographic and

histological features in accordance with cholangitis,

cholecystitis, or chronic hepatitis.

▶Cholangitis
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Form of secondary sclerosing cholangitis characterized by

diffuse inflammation and strictures determined by various

fungal infections of the liver and the biliary tree. Imaging

features resemble those of primary sclerosing cholangitis.

▶Cholangitis
Cholangitis, Ischemic after Liver
Transplantation
Biliary strictures occurring in liver recipients can be

classified into anastomotic and nonanastomotic types and

can be caused by iatrogenic injury, hepatic arterial

thrombosis or stenosis, prolonged preservation time,

recurrence of primary liver disease, chronic rejection, or

cholangitis. Anastomotic strictures aremostly extrahepatic

ductal, due to iatrogenic traumawith consequent ischemia

and scar formation. In these cases, ascending cholangitis

may result in formation of intrahepatic bile duct strictures

that simulate primary sclerosing cholangitis. Nonanasto-

motic strictures aremostly due to arterial ischemia and are

unrelated to iatrogenic bile duct injury. The hepatic artery

represents the unique arterial supply to the transplanted

liver, since the peribiliary collaterals from the hepatic,

gastroduodenal, celiac, and superior mesenteric arteries

are absent in the transplanted liver. Therefore, the presence

of hepatic artery obstruction, mostly determined by

arterial thrombosis, may result in severe ischemia and bile

duct or hepatocyte necrosis. Other causes of nonanasto-

motic strictures are prolonged preservation time, bacterial

or viral cholangitis, and rejection.

▶Cholangitis
Cholangitis, Recurrent Pyogenic
Also called oriental cholangiohepatitis, intrahepatic

pigmented calculus disease, or hepatolithiasis, this is a

complex hepatobiliary disease characterized by chronic

inflammation of the bile ducts and is attributed to

parasite invasion. In endemic areas (Southeast Asia),

parasites such as Clonorchis sinensis and Ascaris

lumbricoides can inhabit the bile ducts, causing ductal
damage and strictures. Other parasites such as Opis-

torchis viverrini, Fasciola hepatica, and Entamoeba have

also been found.

▶Cholangitis
Cholangitis, Sclerosing Primary
Chronic, idiopathic, fibrosing inflammatory disorder

affecting the bile ducts that eventually leads to bile duct

obliteration, cholestasis, and biliary cirrhosis. The term

“primary” is used to differentiate this condition from bile

duct strictures due to bile duct injury, cholelithiasis,

ischemia, or chemical injury (secondary sclerosing

cholangitis). The peak incidence occurs in the 3rd and

4th decades of life, and a male predominance appears to

exist. It is believed to be an autoimmune process because

it is frequently associated with other autoimmune diseases

such as ulcerative colitis.

▶Cholangitis
Cholecystitis
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Synonyms

Cholecystitis acute; Cholecystitis acute acalculous; Chole-

cystitis chronic; Cholecystitis emphysematous; Cholecysti-

tis gangrenous; Cholecystitis necrotizing; Cholecystitis

xanthogranulomatous; Inflammation of the gallbladder
Definition

Cholecystitis is the inflammation of the gallbladder

occurring most commonly in cases of obstruction of the

cystic duct caused by gallstones. In a very small percentage
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(about 10%) of cases, cholecystitis occurs without

gallstones (▶acalculous cholecystitis). The inflammation

often initiates without contamination, and infection may

develop later; therefore, bacterial proliferation may be a

result of cholecystitis and not the precipitating factor.

Severe disease, alcohol abuse, and rarely, tumors of the

gallbladder can also be the cause of cholecystitis.

Cholecystitis may develop either as an acute or a chronic

process. ▶Acute cholecystitis is the abrupt onset of

inflammation of the gallbladder, resulting in severe upper

abdominal pain (biliary colic), which may occur repeat-

edly. ▶Chronic cholecystitis is a long-standing inflam-

mation of the gallbladder characterized by repeated

episodes of pain (gallbladder attacks) over a prolonged

period.
Pathology and Histopathology
Cholecystitis, Acute

Acute calculous cholecystitis is the acute inflammation of

the gallbladder, caused in most instances by obstruction of

the cystic duct (usually by gallstones or sludge), leading

to distension of the gallbladder and resulting in acute

inflammation of the gallbladder wall. As the gallbladder

becomes distended, blood flow and lymphatic drainage are

compromised, leading to mucosal ischemia and necrosis.

Cholelithiasis is the major risk factor for cholecystitis;

therefore, risk factors for cholecystitis reflect those for

cholelithiasis and include age, female gender, certain

ethnic groups (native Americans), obesity or rapid weight

loss, and some drugs. Acute cholecystitis complicates the

course of symptomatic gallstones in 10–20% of patients.

Early acute histological findings include edema and venous

congestion. Signs of acuteness are usually overlapped by

histological features suggestive of ▶chronic cholecystitis.

Specific findings include fibrosis, flattening of the mucosa,

and chronic inflammatory cells. Mucosal herniations

known as Rokitansky–Aschoff sinuses are related to

increased hydrostatic pressure and are present in half of

the cases. Focal necrosis and infiltration of neutrophils

may also be present. In advanced cases, gangrene or

perforation may develop (1–4).
Cholecystitis, Acute, Acalculous

Acalculous cholecystitis is defined as an acute inflamma-

tion of the gallbladder in the absence of visible stones. It

occurs most likely in elderly men secondary to major

injuries such as major surgery, trauma, sepsis, burns,

cardiac events, and a widespread severe disease particu-

larly in people receiving prolonged intravenous feeding.

The most common predisposing factors are biliary stasis
associated to prolonged fasting, immobility, and hemody-

namic instability. About half of the cases of acute

cholecystitis in pediatric patients are acalculous disease,

perhaps originating as an infection (viral or other). The

exact pathogenesis of acalculous cholecystitis is unclear,

although current theory is related to the histotoxicity of

concentrated, stagnant, retained bile developing in cases

of prolonged fasting where the gallbladder never receives

a stimulus to empty. Ischemia is considered another

potential cause of direct injury. In some patients, infection

may be the primary event, as has been described in cases

of typhoid fever or AIDS cholangiopathy. Complications

such as gallbladderwall necrosis, gangrene (diffuse or focal),

and perforation are common. The mortality is very high

because of the fulminant course and coexistent disease (1,4).
Cholecystitis, Emphysematous

▶Emphysematous cholecystitis is a severe condition

associated with a high mortality and characterized by

the presence of gas within the wall and the lumen of the

gallbladder.

It can be considered either as a complication of acute

cholecystitis (occurring in about 1% of cases), in particular

acalculous, or as a separate entity. It occursmost commonly

in elderly males and diabetics and is less frequently

associated with cholecystolithiasis than other forms of

acute cholecystitis. Pathogenesis of this type of disease is

related to ischemia (obstruction of the cystic artery) and

bacterial overgrowth with gas-forming agents such as

Escherichia coli, Clostridium perfringens or Clostridium

welchii, anaerobic streptococci, and Klebsiella species.

Whether these bacteria represent the primary cause of the

disorder or are secondary invaders remains unclear.

Histologically the layers of the gallbladder wall become

separated, leading to the characteristic tissue crepitus, while

colonies of bacteria can be observed forming intramural

abscesses and the gallbladder content is often purulent. The

frequent occurrence of gangrenous evolution and perfora-

tion, associated to the septic course and comorbidities,

explains the high morbidity and mortality rate (1).
Cholecystitis, Chronic

▶Chronic cholecystitis represents the chronic inflamma-

tion of the gallbladder wall associated to recurrent mild

attacks of acute cholecystitis. This condition occurs

predominantly in patients with long-standing cholecys-

tolithiasis and shows a female predominance with an

increased incidence in elderly patients. Although rare,

cases of chronic acalculous cholecystitis have been

reported. Repeated attacks of acute inflammation, usually

caused by stones, lead to a progressive damage of the
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gallbladder that becomes deformed (scarred, and shrink)

with wall thickening due to the fibrosing inflammatory

reaction. Additionally, the gallbladdermay lose its function

of concentrating and storing bile. The gallbladder usually

contains sludge or gallstones that often cause obstruction

of the gallbladder neck or the cystic duct. Long-standing

gallstones may determine erosion of the gallbladder walls

causing complications such as bilioenteric fistulas and

▶gallstone ileus, and they are also considered the most

important risk factor for gallbladder carcinoma.
Cholecystitis, Xanthogranulomatous

▶Xanthogranulomatous cholecystitis (XGC) is an un-

common form of chronic cholecystitis, formally char-

acterized by Christensen and Ishak, and previously called

by many pseudonyms such as “ceroid granulomas,”

“ceroid-like histiocytosis,” and “fibroxanthogranuloma-

tous inflammation”. XGC was initially reputed as a

malignant disease for its pseudotumoral appearance.

Currently, it is considered benign, showing similar

behavior and histological pattern to other xanthogranu-

lomatous lesions occurring in other organs such as the

kidney (xanthogranulomatous pyelonephritis), female

genital tract, lymph nodes, and urinary bladder. It occurs

predominantly in middle-aged females, and frequently the

patients are misdiagnosed as having cholelithiasis or a

primary cancer. Early phases are histologically character-

ized by the collection of lipid-loaded macrophages with

acute and chronic inflammatory cells in areas of destruc-

tive phlogosis, replaced by increasing fibrosis in the late

stages. The gross appearance is that of yellowish tumor-like

masses in the gallbladder wall typically extending into the

adjacent structures (liver bed and surrounding viscera)

and leading to perforation, fistula formation, abscess,

biliary ductal stricture or obstruction, and ascending

cholangitis. An increased association of underlying

carcinoma in patients with XGC than in those with

ordinary cholecystitis has been reported. Associated

cholesterol gallstones are a common finding. The patho-

genesis is not clear but it is assumed that a chronic

inflammation determined by stones or obstruction of gall

flow determines the formation of lysolecithin in bile,

resulting in further damage to the gallbladder mucosa.

The upgrading from cholecystitis to XGC is related to the

occlusion by means of inspissated bile and mucin of the

Rokitansky–Aschoff sinuses. These develop into rupture

when the wall tension of the distended gallbladder exceeds

its natural compliance, leading to the spreading of

inflammation into the adjacent tissues. Histiocytes add

to the catabolism of bile phagocyting insoluble cholesterol

and bile salts, generating the characteristic XGC appear-

ance of loaded macrophage and foamy histiocytes, and

resulting in the formation of xanthoma cells (5).
Clinical Presentation
Cholecystitis, Acute

Upper abdominal pain, often radiating to the right scapula

in patients with a history of biliary pain or documented

gallstones, is the most common presenting sign. Signs of

peritoneal irritation consisting of tenderness in the right

upper quadrant or in the epigastric region may be present,

often with guarding or rebound and positivity of the

Murphy sign.

Characteristically, the pain begins in the epigastric

region and then localizes to the right upper quadrant.

Initially it is described as intermittent, becoming persistent

in nearly all cases. Other common signs include nausea,

vomiting, and fever that can be less evident in elderly or

diabetic patients. Jaundice indicates common bile duct

obstruction and is not commonly reported. The persistence

of constant severe pain for more than 6 h helps to

differentiate cholecystitis from biliary colic. A complete

remission is achieved inmost cases, although some patients

require surgery or develop important complications such as

pericholecystic abscess, empyema of the organ, bilioenteric

fistulas and gallstones ileus,▶emphysematous cholecystitis,

sepsis, perforation, and gangrene. These complications are

often suggested by the persistence of the abdominal pain for

more than 2–3 days and the appearance of high fever, chills,

ileus, and amarked increase in the white blood cell count. If

the diagnosis is certain and the risk of surgery is low, the

gallbladder is usually laparoscopically removed during the

first 2 days from the onset. If a complication is suspected,

immediate surgery is required. After gallbladder removal

for cholecystitis with gallstones, a small percentage of

people develop new or recurring episodes of pain, like

gallbladder attacks, probably resulting from an abnormal

function of the sphincter of Oddi or from residual stones in

the biliary tree.
Cholecystitis, Acute, Acalculous

Individuals presenting with acalculous cholecystitis

are typically older hospitalized patients with microvas-

cular disease or other severe comorbidities without prior

history of gallbladder disease. Usually the onset is

characterized by abrupt excruciating pain in the upper

abdomen, although often patients may present with fever

and sepsis alone, without signs of acute cholecystitis. The

most frequent physical and laboratory findings are

nonspecific including fever, right upper quadrant pain,

nausea, leukocytosis, and elevation of liver-associated

enzymes and bilirubin. Abdominal pain is present in

nearly all patients; however, the pain is often not localized

to the right upper quadrant. Surgical removal of the

diseased gallbladder is required in almost all cases and is

considered the reference treatment (2).
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Cholecystitis, Emphysematous

The clinical scenario is not significantly different from

that of acute cholecystitis, consisting of right upper

quadrant pain radiating to the back, unrelated to the

patient’s position. Other unspecific signs include leuko-

cytosis, fever, tachycardia, tenderness in the right upper

quadrant, diminished bowel sounds, or a palpable mass.

However, in elderly and diabetic patients this condition

may present with few or no localizing symptoms or signs.

The transient decrease of abdominal pain associated to

peritoneal signs suggests perforation.
Cholecystitis, Chronic

Chronic cholecystitis is usually asymptomatic if there are

no associated complications. A clinical history or

recurrent attacks of acute cholecystitis or biliary colic

may be reported. A palpable mass in the right upper

quadrant due to fibrous involvement of the gallbladder is

uncommon. The reduced ability of the gallbladder in

concentrating bile may hinder the ingestion of a fatty

meal. Recommended therapy includes surgical removal of

the gallbladder, usually in a laparoscopic fashion, once the

acute episode subsides.
Cholecystitis, Xanthogranulomatous

Clinical features resemble thoseobserved in acute orchronic

inflammation of the gallbladder, such as acute or chronic

pain in the right upper quadrant, fever, and anorexia.
Imaging
Cholecystitis, Acute

Conventional radiography does not play a primary role in

the diagnosis of cholecystitis, allowing only detection of
Cholecystitis. Figure 1 Acute cholecystitis. US shows a thicke

of a hypoechoic middle layer between two outer hyperechoic
indirect signs, such as calcified gallstones that suggest

cholelithiasis with or without cholecystitis. The presence

of gas limited to the gallbladder wall or lumen indicates

gangrenous or ▶emphysematous cholecystitis. Ultra-

sound (US) suggests the diagnosis of cholecystitis in

most instances showing a very high sensitivity and

specificity for detecting gallstones and gallbladder sludge

that is usually visualized as nonshadowing and inhomo-

geneous echogenic material, which tends to form a fluid–

fluid level. The main US features suggestive of acute

cholecystitis include pericholecystic fluid from perfora-

tion or exudation, gallbladder distension (diameter >4 cm,

length >10 cm), gallbladder wall thickening greater

than 3–4 mm, and sonographic Murphy’s sign. The

thickened wall usually shows a multilayered aspect due to

the visualization of a hypoechoic middle layer between

two outer hyperechoic layers, which is related to the

edema and cellular infiltration of subserosa and sub-

mucosa (Fig. 1). A sonographic Murphy’s sign is the

presence of pain (not related to breathing), evoked by

direct pressure of the probe over a sonographically local-

ized gallbladder. The presence of gallstones also aids to

confirm the diagnosis, and a dilated common bile duct or

dilated intrahepatic ducts indicate common bile duct

stones. US also identifies complications (perforation,

empyema, abscess). Color Doppler US of the cystic artery

at the level of the anterior wall of the gallbladder may

demonstrate increased flow. However, this finding may

also be observed in other conditions associated with

gallbladder wall thickening. Computed tomography (CT)

may be adequate for detecting complications such as

empyema or suppurative cholecystitis, and it also

provides more accurate information of the surrounding

structures than US. In particular, the extent and the exact

anatomical localization of the pericholecystic abscesses

are well visualized on CT. CT is also superior to US in

correctly identifying small pericholecystic gas collections
ned wall with a multilayered aspect due to the visualization

layers.
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and distinguishing them from bowel gas as well as in

detecting a gallstone lying outside the lumen of the

gallbladder. CT may also depict calcified stones in the

gallbladder or in the cystic duct, biliary tree dilatation,

focal or diffuse thickening of the gallbladder wall (more

than 3–4 mm in cases of noncontracted gallbladder), fluid

in the gallbladder fossa, enlargement of the gallbladder,

and infiltration of the surrounding fat. The presence of a

hypodense concentric band surrounding the gallbladder

may indicate fluid collection in the gallbladder bed (in the

absence of ascites) or edema in the outer layers of the

gallbladder wall. The gallbladder content may show an

abnormally elevated density indicating hemobilia. After

contrast medium administration, a significant increase in

attenuation values of the gallbladder wall as well as

increased contrast accumulation in the inflamed hypere-

mic area surrounding the liver parenchyma can be

observed (Fig. 2). The presence of an inflammatory

reaction in the pericholecystic fatty tissue is a specific CT

sign and appears as a band-like structure with soft tissue

density around the gallbladder. Nevertheless, CT misses

20% of gallstones because the stones may be of the same

radiographic density as bile. Morphological features of

acute cholecystitis in magnetic resonance imaging (MRI)

resemble those of CT. On T2-weighted images, inflamma-

tory pericholecystic changes are displayed as high-signal

linear structures around the gallbladder. Gadolinium-

enhanced T1-weighted images show the same inflamma-

tory changes of the gallbladder wall, pericholecystic fat,
Cholecystitis. Figure 2 Acute cholecystitis. CT shows a

diffuse thickening of the gallbladder wall and infiltration of

the surrounding fat. A significant enhancement of the

gallbladder wall as well as increased contrast accumulation

in the inflamed hyperemic surrounding liver parenchyma

can be observed.
and intrahepatic periportal tissues as those displayed on

enhanced CT.

Endoscopic retrograde cholangiopancreatography

(ERCP) provides both endoscopic and radiographic

visualization of the biliary tract. ERCP can be diagnostic

and therapeutic by direct removal of common bile duct

stones and may be particularly useful in patients at high

risk for common duct stones if signs of common bile duct

obstruction are not present (1–4).
Cholecystitis, Acute, Acalculous

Conventional radiography is of limited use (as stated

for acute calculous cholecystitis), allowing detection of

indirect signs such as the presence of air in emphysematous

complications. The presence of gas has a high association

with gangrene and perforation. US is the first approach

and may depict nonspecific signs of distension of the

gallbladder and sludge (echogenic bile), while more specific

signs include gallbladder wall thickening with hypoechoic

regions within the wall (striated gallbladder, i.e., gallbladder

wall edema) and the presence of pericholecystic fluid or

intraluminal membranes. Gangrenous and emphysema-

tous complication is characterized by the presence of gas.

Major criteria for US diagnosis are gallbladder wall

thickening greater than 3–4 mm (measured in the

transverse plane in a noncollapsed gallbladder), the

presence of pericholecystic fluid (that suggests advanced

disease or perforation), and mucosal sloughing, whereas

gallbladder distension (more than 4 cm transverse), and

echogenic bile (sludge) are considered minor criteria.

CT is the imaging technique of choice in patients with

abdominal pain with fever or leukocytosis of undefined

etiology, offering the advantage of evaluating the entire

abdomen. The normal gallbladder wall is barely percep-

tible as a thin enhancing rim on contrast-enhanced CTand

the followingCTsigns in the appropriate clinical setting are

suggestive of the diagnosis: gallbladder wall thickening,

subserosal halo (i.e., gallbladder wall edema), mucosal

irregularity and sloughing, intraluminal hemorrhage,

localized pericholecystic fluid collections, perforation of

the gallbladder wall or inflammation of pericholecystic

fat, and indistinctness of the liver–gallbladder interface.

Mucosal sloughing and intramural gas are infrequent

specific findings. Isolated local pericholecystic fluid

collections and pericholecystic inflammatory changes are

relatively specific and suggest advanced disease, but they

lose specificity in the setting of concurrent ascites or recent

abdominal surgery (1, 4).
Cholecystitis, Emphysematous

Conventional radiography contributes to the diagnosis by

showing the presence of an air–fluid level in the right
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upper quadrant representing gas in the gallbladder lumen,

a curvilinear gas collection conforming to the gallbladder

wall in the case of intramural gas, or multiple small air

bubbles in the Rokitansky–Aschoff sinuses. The classic

picture observed on abdominal radiographs is believed to

represent a late phase in the evolution of ▶emphysema-

tous cholecystitis and may predict a poor outcome. If

perforation occurs, mottled pericholecystic air accumula-

tion is visible. Aerobilia can be associated in rare

instances. US shows the gallbladder lumen as containing

hyperechoic structures with blunt acoustic shadowing

that cause obscuration and render differentiation from

intestinal gas difficult. Gas within the gallbladder wall is

usually depicted as a ring due to hyperechoic tiny

structures located around the fluid-filled gallbladder.

Curvilinear gaseous artifacts in the gallbladder, the “ring

down effect” or “comet tail” signs, are diagnostic but

not frequent signs of emphysematous cholecystitis. An

original feature called “effervescent bile” may be observed

if the gas leaks from the wall of the gallbladder into the

bile. CT should be performed if US and conventional

radiography are not diagnostic. CT can better depict the

presence of extra- and intraluminal gas and may also

demonstrate possible extension into the pericholecystic

tissue and the hepatic ducts (1, 4).
Cholecystitis, Chronic

Imaging features (both US and CT) of ▶chronic

cholecystitis are not specific, including a contracted

gallbladder associated with gallbladder wall thickening

and cholelithiasis. US can show a diffuse gallbladder wall

thickening with shadowing or nonshadowing particles

within the gallbladder lumen.
Cholecystitis, Xanthogranulomatous

US and CT features are nonspecific and frequently

suggestive of malignancy. Suspect findings include irre-

gular or nodular marked thickening of the gallbladder wall

with an indistinct separation from the liver parenchyma

especially when the inflammatory process extends to

involve the adjacent liver. US shows hypoechoic bands or

nodules within the thickened gallbladder wall. These

hypoechoic nodules represent abscesses or foci of xantho-

granulomatous inflammation. Other findings include

disruption of the mucosal line, pericholecystic fluid,

stones, and intrahepatic biliary dilatation. CT shows low

attenuation foci in the gallbladder wall corresponding to

the hypoechoic nodules seen at US. CT can also depict the

presence of a mass in the gallbladder wall with inhomo-

geneous density and moderate to marked enhancement

after contrast medium administration, which may extend
to the liver or to other adjacent organs. Associated

infiltration of the surrounding fatty tissue that presents a

striate appearance is commonly reported (2, 5).
Nuclear Medicine
Cholecystitis, Acute

Hepatobiliary scintigraphy with 99mTc-labeled iminodia-

cetic acid (IDA) derivates has been found to be very

accurate in diagnosing ▶acute cholecystitis. These tracers

are intravenously administered and secreted by hepatocytes

into the bile, enabling a morphofunctional study and the

visualization of the gallbladder, biliary tree, and small bowel

filling in about 30 min. Since acute cholecystitis is initiated

and characterized by cystic duct obstruction, choles-

cintigraphy that detects cystic duct obstruction should

correlate better with acute cholecystitis with respect to

the presence of cholelithiasis. In the case of cystic duct

obstruction, on radionuclide scans there is no visualiza-

tion of the gallbladder at 60 min as the bile is excreted

directly into the duodenum. If the gallbladder is not

visualized, morphine may be administered intravenously

causing increased resistance to flow through the sphincter

of Oddi, resulting in a filling of the gallbladder if the cystic

duct is patent, thus reducing the number of false positives

in patients who are critically ill and immobilized with

viscous bile. The persistent nonvisualization of the

gallbladder within 60 min after tracer administration,

despite morphine injection or delayed images, is the

characteristic pattern of acute cholecystitis. The reported

negative predictive value of a normal cholescintigraph in

excluding acute cholecystitis is greater than 98%. In

patients with persistent gallbladder nonvisualization, it

is important to detect the rim sign on the 45–60-min

post-morphine images, because this connotes a compli-

cated cholecystitis (gangrenous forms with or without

perforation) indicating inflammatory spread into adja-

cent liver parenchyma with impairment of local hepatic

tracer excretion. Radionuclide studies also have the

advantage of revealing an obstructed cystic duct in the

case of a normal gallbladder appearance on US imaging.
Cholecystitis, Acute, Acalculous

Cholescintigraphy is considered very sensitive but not

specific. The absence of the gallbladder filling can be a

manifestation of both mechanical and functional obstruc-

tion. The gallbladder filling can also be observed, although

an early filling excludes acalculous cholecystitis. Additional

findings include the presence of an area of increased

pericholecystic radiotracer accumulation in the gallbladder

fossa (rim sign) that is associated with complications such
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as gangrene. Radiotracer extravasation can rarely be

visualized in the setting of perforated ▶gangrenous

cholecystitis if the cystic duct remains patent.
Cholecystitis, Chronic

C
In patients with signs and symptoms suggestive of biliary

induced pain, but normal US examination for the

presence of biliary stones, cholescintigraphy can docu-

ment gallbladder dysfunction even before stone forma-

tion. Signs suggestive of gallbladder dysfunction include

delayed gallbladder visualization, persistent gallbladder

nonvisualization, or abnormal responses to cholecystoki-

netic agents. The visualization of the gallbladder within

30-min after morphine injection or in delayed images is a

sign of chronic cholecystitis. Hepatobiliary scintigraphy

has been used to assess whether chronic ▶acalculous

cholecystitis is present and to predict the symptomatic

response to cholecystectomy. The determination of

maximum gallbladder ejection fraction (GBEF) response

to a 3-min infusion of sincalide (0.02 mg/Kg) is useful in
detecting symptomatic acalculous biliary disease (GBEF >

35% suggests that the patient’s symptoms are not related

to chronic acalculous biliary disease, 91% NPV), thus

confirming the current role of cholescintigraphy in the

assessment of patients with chronic biliary pain and

normal US.
Diagnosis
Cholecystitis, Acute

The patient’s symptoms, associated to the laboratory

tests that suggest gallbladder inflammation, together with

US features of gallstones or gallbladder wall thickening

may lead to the diagnosis. However, many conditions

unrelated to gallbladder disease may cause thickening of

the gallbladder wall. The most frequent are hepatitis,

hypoalbuminemia, ascites, congestive heart failure, and

carcinoma. Diagnostic imaging has to contribute sub-

stantially to the differential diagnosis and to the detection

of complications. Particular attention should be paid to

complicated cases inwhich imaging features such as diffuse

or focalwall thickening, as well as infiltrative changes in the

pericholecystic lipomatous tissue, can be similar to the

findings present in gallbladder carcinoma (1–4).
Cholecystitis, Acute, Acalculous

Often, the diagnosis is difficult and delayed because of the

presence of comorbidities that decrease the diagnostic

accuracy of both clinical and imaging evaluation. Early

imaging evaluation is required, although no single imaging
study is sufficient. The different imaging techniques are

usually complementary and better suited to excluding,

rather than confirming, the disease. It is unusual for

▶acalculous cholecystitis to develop in the presence of a

normal gallbladder, although this finding can occur early

in the course of the disease (4). The differential diagnosis is

broad for the presence of nonspecific signs in patients with

many co-morbidities. Almost any infectious or inflamma-

tory process can result in such nonspecific findings.

In patients with more localized symptoms, the primary

differential diagnoses include calculous cholecystitis,

ascending cholangitis, acute hepatitis, and pancreatitis.
Cholecystitis, Emphysematous

Clinically, the differential diagnosis must include acute

cholecystitis (nonemphysematous), both calculous and

acalculous. The radiologic differential diagnosis includes

all causes of gas in the biliary tree such as bilioenteric

fistula, after ERCP or in cases of cholangitis caused by gas-

producing agents.
Cholecystitis, Chronic

US and CT findings may resemble those seen in

gallbladder carcinoma. Although the presence of a diffuse

mural thickening instead of a focal involvement asso-

ciated to specific clinical features may help to differentiate

benign from malignant affections, pronounced or focal

wall thickening when associated to irregularity and

lymphadenopathy should suggest malignancy.
Cholecystitis, Xanthogranulomatous

Imaging techniques are well suited for diagnosing

complications, while only a histological examination of

a surgical specimen will accurately give the final diagnosis

of XGC excluding malignancy or a ▶gallbladder abscess.

It should also be considered that XGC can coexist with

malignancy (2, 5).
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Cholecystitis, Acute
Acute inflammation of the gallbladder due to obstruction

of the cystic duct, usually caused by gallstone or sludge,

and leading to distension of the gallbladder. Advanced

cases may develop gangrene or perforation.

▶Cholecystitis
Cholecystitis, Acute, Acalculous
Acute inflammation of the gallbladder in the absence of

demonstrated stones occurring most likely in elderly

adults affected by severe comorbidities. Complications

such as gallbladder wall necrosis, gangrene (diffuse or

focal), and perforation are common and mortality is very

high.

▶Cholecystitis
Cholecystitis, Chronic
Chronic inflammation of the gallbladder caused by

repeated attacks of ▶acute cholecystitis in patients with

long-standing gallstones. Chronic ▶acalculous cholecys-

titis has rarely been reported. The gallbladder presents a

deformed and thickened wall due to fibrous involvement.

Complications include bilioenteric fistulas and ▶gall-

stone ileus.

▶Cholecystitis
Cholecystitis, Emphysematous
Severe condition associated with a high mortality,

characterized by the presence of gas within the wall and

the lumen of the gallbladder. It can be considered either as

a complication of ▶acute cholecystitis, in particular

acalculous, or as a separate entity. It occurs most

commonly in elderly males and diabetics. Pathogenesis

is related to ischemia and bacterial overgrowth with

gas-forming agents. The development of gangrene and

perforation are frequently reported.

▶Cholecystitis
Cholecystitis, Gangrenous
Gangrenous or necrotizing cholecystitis is a severe

advanced form of ▶acute cholecystitis with a higher

morbidity and mortality rate than uncomplicated acute

cholecystitis. It results from marked distension of the

gallbladder with increased tension of the wall. Associated

inflammation leads to ischemic necrosis, with or without

associated cystic artery thrombosis. Clinical and labora-

tory findings are often nonspecific and indistinguishable

from those of patients with acute cholecystitis without

gangrene. A typical US sign of gangrenous cholecystitis is

the presence of heterogeneous or striated thickening of

the gallbladder wall, which is often irregular with

projections into the lumen and the pericholecystic fluid

collections. The presence of intraluminal membranes

representing desquamative gallbladdermucosa is a specific

finding but is less common. US findings, typically for

uncomplicated acute cholecystitis, may be absent in this

subset of patients. CT findings in gangrenous cholecystitis

are better appreciated after contrast medium administra-

tion, and include intraluminal membranes, intraluminal

hemorrhage, and an irregular or absent wall.

▶Cholecystitis
Cholecystitis, Necrotizing
Complicated form of acute cholecystitis (both calculous

and acalculous) synonymous to gangrenous cholecystitis.

▶Cholecystitis
Cholecystitis,
Xanthogranulomatous
Uncommon form of chronic cholecystitis occurring

predominantly in middle-aged females characterized by

the collection of lipid-loaded macrophages and a gross

appearance of yellowish tumor-like masses in the

gallbladder wall, typically extending into the adjacent

structures (liver bed and surrounding viscera) and leading

to perforation.

▶Cholecystitis
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Cholecystography
C

This radiological technique, now considered obsolete,

allowed the opacification and visualization of the

gallbladder with an orally administered agent owing to

the ability of the gallbladder to concentrate the oral

medium.

▶Biliary Anatomy
Cholecystoses
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Synonyms

Adenomyomatosis gallbladder; Cholesterolosis; Hyper-

plastic cholecystosis; Porcelain gallbladder; Strawberry

gallbladder
Definition

Cholecystosis is a generic term introduced by Colesson

and Jutras used to describe a group of noninflammatory,

nonlithiasic benign diseases of the gallbladder wall.

However, a chronic aspecific inflammatory process seems

to be much more frequent than is believed and often this

condition is associated with lithiasis. Cholecystoses have

been classified into hyperplastic or accumulating forms.

The hyperplastic forms are characterized by normal

growth with hyperplasia of the cellular wall components,

while in the accumulating forms there is an overload of

the wall with organic substances or minerals such as lipids

or calcium salts (thesaurismosic forms). The hyperplastic

forms include both the presence of limited thickening of

the wall (focal and segmental cholecystosis) and more

extensive thickening. The most common forms of

cholecystoses are adenomyomatosis and cholesterolosis
(hyperplastic forms) and calcified or ▶porcelain gall-

bladder (thesaurismosic forms). The clinical picture

resembles that of inflammation of the gallbladder caused

by stones.
Pathology and Histopathology
Adenomyomatosis, Gallbladder

Adenomyomatosis of the gallbladder is a common, benign

condition, with tumor-like features, of unknown cause,

characterized by hyperplastic changes of the wall and ther-

efore named hyperplastic cholecystosis. This condition is

characterized by overgrowth of the surface epithelium

with associated glandular formation and out-pouching

into or through the thickened muscular wall, causing

formation of intramural diverticula or sinus tracts termed

Rokitansky–Aschoff sinuses. Adenomyomatosis of the

gallbladder and the associated Rokitansky–Aschoff sinuses

may involve the gallbladder in a focal, segmental, or

diffuse form. A septum or an annular thickening causing

circumferential narrowing of the lumen is frequently

associated with adenomyomatosis and must be differ-

entiated from a congenital fold of the gallbladder wall

(▶Phrygian cap), which is usually thinner and smoother

and localized to the fundus, whereas adenomyomatosis

may involve any portion of the gallbladder. Adenomyo-

matosis occurs most frequently in middle-aged females

and its etiology remains unclear (1, 2).
Cholesterolosis, Gallbladder

Cholesterolosis is a benign condition and represents a

type of hyperplastic cholecystosis, resulting from the

macrophage accumulation of triglycerides and cholesterol

esters mainly in the submucosal layer or lamina propria of

the gallbladder wall. The true incidence and etiology of

cholesterolosis remain unclear, and a causal association

with cholesterol gallstones, super saturation of bile with

cholesterol, hyperlipidemia, obesity, or atherosclerosis

remains unconfirmed. Nevertheless, this condition is

often seen in gallbladders containing stones. Two types

have been described: a diffuse form, also called “straw-

berry” gallbladder, and a polypoid form.

The gross appearance of ▶strawberry gallbladder

includes a diffuse thickening and the presence of yellow-

ish, diffuse, granular, lipid deposits, varying in distribu-

tion and size, in the gallbladder mucosa that resemble a

strawberry. The polypoid form is characterized by single

or multiple, small (up to 1 cm in some cases), discrete

polypoid excrescences composed of cholesterol-filled

macrophages. Malignant degeneration has not been

described (2).



342 Cholecystoses
Porcelain Gallbladder

This condition also called calcified gallbladder, calcifying

cholecystitis, and cholecystopathia chronica calcarea

refers to the presence of extensive dystrophic calcifications

within the chronically inflamed gallbladder wall with

associated fibrosis in the muscular layer. The term

porcelain gallbladder emphasizes the brittle consistency

and blue discoloration of these calcifications that may

appear as a broad continuous band in the muscularis

conferring a sac-like appearance or multiple punctate

calcifications in the mucosal glandular spaces. The most

accredited origin of the calcification is secondary to the

chronic inflammation of the gallbladder wall due to

cholecystitis, but intramural hemorrhage and an imbal-

ance in calcium metabolism also seem to be implicated.

Gallstones are documented in 90% of cases. Porcelain

gallbladder has a low prevalence but its clinical impor-

tance lies in a significant association with gallbladder

carcinoma especially in cases of diffusely calcified gall-

bladder. A significant female prevalence has been reported

with a male-to-female ratio of 1:5.
Clinical Presentation
Adenomyomatosis, Gallbladder,
Cholesterolosis, Gallbladder

Usually these conditions remain asymptomatic or are

characterized by aspecific features such as vague abdom-

inal pain. Cholecystectomy is rarely required to treat these

affections, and may be considered for patients with

convincing symptoms or coexisting cholelithiasis.
Porcelain Gallbladder

This condition is usually asymptomatic and incidentally

diagnosed. Although asymptomatic, surgical removal of

the gallbladder is recommended because the occurrence of

carcinoma in porcelain gallbladder is remarkably high.
Imaging
Adenomyomatosis, Gallbladder
Cholecystoses. Figure 1 ▶Adenomyomatosis gallbladder.

US shows a segmental mural thickening involving the

fundus and partially the body. Rokitansky–Aschoff sinuses

appear as anechoic diverticula associated with echoic

foci and short reverberation artifacts.
Conventional radiography by means of cholecystography

is considered obsolete and has been replaced by other

imaging modalities. On cholecystograms, the patent

Rokitansky–Aschoff sinuses appear as single or multiple

oval or rounded extraluminal pouches filled with contrast

medium, ranging in size (between 1 and 10 mm), and

separated from the lumen by at the most 2-cm-thick band

representing both the mucosa and the muscular wall

(“pearl necklace” sign).
Ultrasound (US) is the examination of choice

showing the mural thickening, especially if the cystic

spaces are visible as small anechoic extraluminal struc-

tures. These cystic spaces appear as anechoic diverticula

and may show echoic foci and/or reverberation artifacts

together. Association of cystic spaces with full or partial

thickening of the gallbladder wall is considered to be the

key diagnostic findings (Fig. 1). Intradiverticular echoic

foci are caused by the presence of sludge or stones, and

reverberation artifacts due to cholesterol crystals are “V”

shaped and shorter in length than artifacts from air. If

intramural diverticula are not identified, differentiating

adenomyomatosis from other causes of gallbladder wall

thickening especially if segmental or focal, such as

cholecystitis or carcinoma, is difficult. Exceptionally

bright echogenic dots due to debris-filled Rokitansky–

Aschoff sinuses may be detected. Gallstones are often

associated with adenomyomatosis (1).

Computed tomography (CT) and magnetic resonance

imaging (MR) can be used as problem-solving modalities,

especially to differentiate hyperplastic cholecystosis from

gallbladder carcinoma.

CTshows a thickened gallbladder wall with the “string

of beads” sign when the multiple intramural cystic spaces

are visualized crossways. This sign is caused by the

enhanced proliferative mucosal epithelium of the intra-

mural diverticula surrounded by the unenhanced hyper-

trophied muscular layer of the gallbladder.
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C

MR helps to differentiate adenomyomatosis from

cholesterolosis and benign from malignant thickening of

the gallbladder wall. MR signs suggestive of adenomyo-

matosis are gallbladder wall thickening with multiple

intramural cystic components from Rokitansky–Aschoff

sinuses, readily visualized as markedly hyperintense spots

on the images, especially using heavily T2-weighted MR

breath-hold sequences. Early mucosal enhancement,

followed by a serosal enhancement, is a typical feature

of the diffuse type of adenomyomatosis. Localized

adenomyomatosis displays homogeneous enhancement,

showing smooth continuity with the surrounding gall-

bladder epithelium (3).
Cholesterolosis, Gallbladder

Today, oral cholecystography has been largely replaced by

US and to a lesser degree by MR cholangiopancreato-

graphy for the evaluation of cholesterolosis. This

technique usually shows a functioning gallbladder with

single or multiple, fixed, filling defects with a slightly

irregular surface caused by the larger, polypoid cholesterol

deposits. These filling defects may occur anywhere in the

gallbladder and project into the lumen rendering the

edges of the gallbladder unsharp. These excrescences

appear as fixed lucencies in the opacified gallbladder

lumen and are distinguished from calculi thanks to their

fixity with compression and positional change.

US shows the lesions as nonshadowing, immobile,

intraluminal echoic structures. In fact, cholesterol polyps

rarely produce a degree of shadowing. However, in some

cases acoustic shadowing may occur, mimicking adherent

stones. A comet tail pattern due to parietal deposits of

cholesterol may also be detected. US features of the diffuse

form of cholesterolosis are not specific and more difficult

to recognize (2).
Porcelain Gallbladder

Conventional radiography and CT exhaustively depict

calcifications shaped by the gallbladder globular contour

in the right upper quadrant, with superior characteriza-

tion by CT. On conventional radiograms these calcifica-

tions appear rather pathognomonic enabling the

differentiation from other causes of calcifications in the

right upper quadrant. US features are unspecific, referring

to extensive gallbladder calcifications and the presence of

a nonfunctioning gallbladder. Gallbladder calcifications

may show different sonographic patterns including

hyperechoic linear or semilunar structures with posterior

acoustic shadowing that simulates a stone-filled gallblad-

der, biconvex curvilinear echoic structures with variable

acoustic shadowing, irregular conglomeration of echoes

with posterior acoustic shadowing, and an echogenic
gallbladder wall without acoustic shadowing. Usually a

well-demarcated shadow is associated to this condition,

although in the case of heavy calcifications or emphyse-

matous cholecystitis a fuzzy shadowing with reverbera-

tion may be observed (4–5).
Nuclear Medicine
Cholesterolosis, Gallbladder

Fluorodeoxyglucose positron emission tomography

(FDG-PET) can easily differentiate small polypoid lesions

of diffuse cholesterolosis from gallbladder carcinoma,

showing a focal tracer uptake at the site of gallbladder

carcinoma, whereas there is no marker uptake in choles-

terol polyps.
Porcelain Gallbladder

Radionuclide scans, with hepatobiliary tracers (99mTc

imminodiacetic acid analog), provide unspecific features

depicting a nonfunctioning gallbladder.
Diagnosis
Adenomyomatosis, Gallbladder

The differential diagnosis includes all conditions causing

intraluminal polypoid masses such as adenomatous,

hyperplastic, and cholesterol polyps, intramural hemato-

ma, and malignancies (gallbladder carcinoma, carcinoid

tumor, metastases). The differential diagnosis is mandatory

especially in the case of lesions larger than 10 mm and/or

associated to focal gallbladder thickening. A typical

enhancement pattern on MR images may lead to the

diagnosis (3). The clinical setting may aid in excluding

other causes in cases of diffuse thickening such as

cholecystitis (acute or chronic), nonfasting state, chronic

hypoalbuminemia, hepatitis, and congestive heart failure.
Cholesterolosis, Gallbladder

Differentiating between adenomyomatosis and cholester-

olosis can be difficult. Solitary polyps located in the

fundus of the gallbladder usually cannot be differentiated

from adenomyoma. Also, in cases of diffuse forms the

preservation of the multilayered pattern of the gallbladder

wall may help to differentiate from carcinoma.
Porcelain Gallbladder

Porcelain gallbladder must be differentiated from large,

solitary, calcified gallstones, andmilky bile syndrome,where

the radiopaque content produces features comparable to
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porcelain gallbladder both on conventional radiography

and US. Calcified hydatid cysts can mimic porcelain

gallbladder on plain abdominal radiograms; however, US

or CT images promptly lead to the diagnosis. Regarding the

differential diagnosis, other causes of calcifications in the

right upper quadrant including schistosomiasis, other

granulomatous disease, old healed liver infarcts, calcified

renal cysts, calcified nonparasitic liver cysts, calcific primary,

and metastatic liver tumors must be excluded.

The US appearance alone may lead to the erroneous

diagnosis of emphysematous cholecystitis or a stone-filled

gallbladder. However, emphysematous cholecystitis usual-

ly causes “dirty” shadowing that can be separated by ring

down shadows caused by gas within the gallbladder wall

or lumen, while a stone-filled gallbladder produces the

wall echo shadow sign that is characterized by two parallel

echoic bands separated by a hypoechoic space with distal

shadowing. The echoic bands correspond to the interface

of the gallbladder wall and the liver and the anterior

surface of the gallstone, while the hypoechoic one

corresponds to the gallbladder wall itself.
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Cholecystosis, Hyperplastic
This term is used to describe both cholesterolosis and

adenomyomatosis of the gallbladder.

▶Cholecystoses
Choledochal Cyst Type V
▶Congenital Malformations, Bile Ducts
Choledochal Cysts
Congenital anomalies of the bile ducts consisting of cystic

dilatations (saccular or fusiform) of the extrahepatic

biliary tree, intrahepatic biliary radicles, or both.

▶Congenital Malformations, Liver and Biliary Tract

▶Congenital Malformations, Bile Ducts

Choledochocele
Type III choledochal cysts arising from the intraduodenal

portion of the common bile duct.

▶Congenital Malformations, Liver and Biliary Tract

▶Congenital Malformations, Bile Ducts

Cholestasis
▶Occlusion, Bile Ducts

Cholesterolosis, Gallbladder
A type of hyperplastic cholecystosis resulting from the

accumulation of triglycerides within macrophages and

cholesterol esters mainly in the submucosal layer or lamina

propria of the gallbladder wall. A causal association with

cholesterol gallstones, super saturation of bile with choles-

terol, and hyperlipidemia remains unconfirmed. Two types

have been described: a diffuse form, also named “strawber-

ry” gallbladder, and a polypoid form. The gross appearance

of strawberry gallbladder includes a diffuse thickening and

the presence of yellowish, diffuse, granular, lipid deposits,

varying in distribution and size, in the gallbladder mucosa

that resemble a strawberry. The polypoid form is character-

ized by single or multiple, small, discrete polypoid

excrescences composed of cholesterol-filled macrophages.

▶Cholecystoses

Chondroblastoma
Chondroblastoma (Codman tumor) is a benign chon-

droid tumor with a chondroblast-like cellular component

and limited matrix production.

▶Neoplasms, Bone, Benign
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Chondrocalcinosis
C

A condition characterized by deposits of calcium pyropho-

sphate dihydrate (CPPD) crystals in one or more joints

that eventually results in damage to the affected joints. It

most often affects the knee, wrist, and pubic symphysis.

▶CPPD
Chondrolysis (of Cartilage)
▶Osteonecrosis, Childhood
Chondrosarcoma
Chondrosarcoma is the second most frequent malignant

bone tumour and produces cartilage matrix. Frequently

arises from benign cartilage lesions such as osteochon-

droma or enchondroma (secondary chondrosarcoma). It

is usually found in middle aged and older adults. Matrix

calcifications may be found and cortical bone destruction

is a typical finding.

▶Neoplasms, Bone, Malignant
Chronic Bronchitis
▶Airway Disease

Chronic Cystic Mastitis
▶Fibrocystic Disease, Breast
Chronic Intestinal Pseudo
Obstruction
▶Hirschsprung Disease and Related Disorders
Chronic Liver Disease
▶Cirrhosis, Hepatic
Chronic Lung Disease
of Prematurity
▶Dysplasia, Bronchopulmonary
Chronic Lymphatic Thyroiditis
▶Thyroid Autoimmune Diseases
Chronic Obstructive Pulmonary
Disease (COPD)
▶Airway Disease
Chronic Polyarthritis
▶Rheumatoid Arthritis
Chronic Thromboembolic
Pulmonary Hypertension (CTEPH)
▶Chest Thromboembolic Diseases
CIN
▶Contrast Induced Nephrotoxicity
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Circumferential Resection Margin
The circumferential resection margin is the distance from

rectal tumour to the resection plane (mesorectal fascia)

when viewed in a transverse section through the rectum.

A complete resection of rectal cancer is defined as a CRM

of >2 mm. The CRM can be predicted preoperatively on

MRI. In this way, radiologist can predict a narrow margin

and indicate at which location a wider excision is needed

for radical resection.

▶Rectal Carcinoma
Circumscribed Carcinoma
▶Carcinoma, Other, Invasive, Breast
Cirrhosis, Hepatic
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Synonyms

Chronic liver disease; Liver cirrhosis
Definition

Chronic liver disease characterized by diffuse widespread

disruption of normal liver architecture with necrosis,

fibrosis and formation of ▶regenerative nodules that is

caused by various aetiology.
Pathology and Histopathology

Cirrhosis is the final result of chronic liver injury charac-

terized by extensive fibrosis and regenerative nodules

replacing the normal liver parenchyma. The process is

initiated by necrosis, followed by connective tissue forma-

tion and nodular regeneration, leading to distortion of the

lobar and vascular liver architecture (1). Regenerating
nodules may vary frommicronodules (lesser than 3 mm in

diameter) to macronodules (3 mm to several centimeters

in diameter). The causes of liver cirrhosis could be divided

into toxic, inflammation, biliary obstruction, vascular,

nutritional, hereditary and idiopathic. The most common

causes of liver cirrhosis are chronic viral hepatitis C (HCV)

and B (HBV) and alcoholic liver disease. Less frequent

are biliary diseases, haemochromatosis, Wilson’s di-

sease, galactosemia, tyrosinosis and drug-induced cirrho-

sis. Cirrhosis is the most important cause of portal

hypertension. The obstacle to the portal flow is intrahe-

patic, being related to compression of hepatic sinusoids

caused by regenerative nodules and fibrosis.

Cirrhosis is a premalignant condition: the develop-

ment of hepatocellular carcinoma (HCC) represents a

common long-term complication. Different types of

hepatocellular nodules can be found in the cirrhotic liver:

regenerative nodule, low-grade and high-grade▶dysplas-

tic nodule hepatic, HCC. A stepwise carcinogenesis for

HCC has been proposed. Ordinary cirrhotic nodules are

termed regenerative nodules. The term dysplastic nodule

replaces older terms like adenomatous hyperplasia and

refers to a nodular region of hepatocytes with dysplasia

but without definite malignancy. They are considered

premalignant nodules. In the de novo pathway, a single

cell may give rise to a focus of small HCC that will develop

into a large HCC (2). In the progression from regenerative

nodule to overt HCC, there is a reduction in portal blood

supply and development of new arterial anomalous

vessels, called non-triadal arteries.
Clinical Presentation

Cirrhosis may be clinically silent. It gives non-specific

symptoms such as anorexia, weight loss and weakness.

Clinical manifestations may be related to portal hyperten-

sion: ascites, oesophageal varices, splenomegaly, hepatic

encephalopathy. Death usually occurs for progressive liver

failure, complications related to portal hypertension,

development of HCC.
Imaging

The role of imaging is assessing intrahepatic and extra-

hepatic signs of cirrhosis and, above all, revealing the

presence of HCC.
Ultrasound

Intrahepatic signs of cirrhosis are related to changes in

size, morphology, margins and echostructure of the

liver. In the early-stage of the disease, the liver may show

normal or slightly increased dimensions. In more advanced
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stages, hypertrophy of the caudate lobe and the lateral

sector of the left lobe associated to atrophy of the right lobe

can be observed. This leads to an increased ratio of the size

of the caudate lobe to the right lobe that is widely accepted

as a sign of cirrhosis (caudate lobe to right lobe size ratio

>0.65) (3). The atrophy of the right lobe may result in a

widening of the great interlobar fissure and prehepatic

colonic interposition. The medial segment of the left

hepatic lobe may also be atrophic; this results in

enlargement of periportal and pericholecystic spaces

(gallbladder fossa), filled by adipose tissue (4). Peculiar

sign of cirrhosis is superficial nodularity, best demon-

strated using high-frequency probes (Fig. 1). Nodular

regeneration may also determine alteration of the profile of

hepatic vessels, particularly hepatic veins (5). Cirrhotic

liver may show a normal homogeneous parenchymal

echostructure, or have an aspecific ‘bright liver pattern’,

with fine, tightly packed echoes distributed throughout the

liver parenchyma, as observed also in hepatic steatosis and

hepatic fibrosis. The so-called ‘coarse pattern’ is considered

a specific sign of cirrhosis: it consists in inhomogeneous,

coarse, thick, echoes, with or without multiple small

hypoechoic nodules in the liver tissue (5). A common

finding is enlarged lymph nodes at the porta hepatis.

Extra-hepatic signs are related to the portal hyperten-

sion: they include ascites, splenomegaly, dilatation and

reversal of flow in portal, splenic and superior mesenteric
Cirrhosis, Hepatic. Figure 1 US scan with high frequenc

nodularity, best demonstrated using high-frequency probes. W

specific sign of cirrhosis: it consists in inhomogeneous, coarse

the liver tissue.
veins, portal vein thrombosis and demonstration of

portosystemic collaterals. The diameter of the main portal

vein should not exceed 13 mm. In portal hypertension,

the normal calibre variation during respiration is not

present. Doppler US gives information about flow

direction and velocity in the portal vein. A mean velocity

<16 cm/sec in the portal trunk suggests portal hyperten-

sion. The presence of hepatofugal flow within the main

portal vein or reversal of flow in the splenic vein is the

indicative for portal hypertension. Patients with cirrhosis

are at high risk of developing portal thrombosis. At

conventional US chronic portal thrombosis is depicted as

hyperechoic material within the portal veins. Recent

thrombosis is anechoic and could be not appreciated on

conventional US, while can be detected with colour-

Doppler US. US is able to demonstrate portosystemic

collaterals, such as paraumbilical vein, gastro-oesophageal

veins and spleno-renal shunt. The spleen may be enlarged,

usually with a homogeneous parenchymal echostructure.

Ascites is a common and serious complication of advanced

cirrhosis. Gallbladder and stomach wall oedema resulting

from portal hypertension may also been observed.

US is the imaging modality of choice in the screening

for HCC in cirrhotic patients. The detection of a nodule at

US in a cirrhotic liver should raise the suspicion of HCC

and require further imaging investigations. The imaging

criterion which allows the diagnosis of HCC is the
y linear probe. Peculiar sign of cirrhosis is superficial

e can see so called ‘coarse pattern’ that is considered a

, thick, echoes, with multiple small hypoechoic nodules in
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demonstration of arterial hypervascularization. The use of

US contrast media can reliably demonstrate the hyper-

vascularity of HCC.
Computed Tomography

At CT, the cirrhotic liver may appear normally sized or

slightly enlarged in the early-stage disease; in advanced

stage the global size tends to decrease and the typical is

atrophy of the right lobe and hypertrophy of the caudate

lobe and of the lateral sector of the left lobe. Atrophy of

the medial sector of the left lobe (IV segment) may occur,

with consequent enlargement of the gallbladder fossa

and the periportal space, filled by adipose tissue. The

margins may be irregular, with a nodular appearance.

The parenchymal structure may be normal or inhomo-

geneous. The density of the regenerative nodules rarely

differs from that of the cirrhotic liver tissue. Sometimes

they show a slight hyperdensity on unenhanced scans, due

to their iron content, or a slight hypodensity, due to fatty

changes. Regenerative nodules may also become evident

for causing mass effect on intrahepatic vessels, which

appear compressed or displaced. Contrast-enhanced CT

study in cirrhotic liver always includes the arterial phase

and the portal–venous phase. The arterial phase is crucial

in detecting HCC nodules which typically have a hyper-

vascular pattern. Regenerative nodules do not have a

prevalent arterial blood supply. In the arterial phase they

usually appear hypodense, sometimes isodense, in the

portal–venous phase they are hypo-isodense. A frequent
Cirrhosis, Hepatic. Figure 2 CT axial scan of cirrhotic liver

in advanced stage: the global size decrease. The margins

are irregular, with a nodular appearance. The parenchymal

structure is inhomogeneous. There are signs of portal

hypertension with the spleen that is enlarged and with

inhomogeneous density.
finding is the presence of areas of anomalous perfusion

during the arterial phase. These anomalies are called

‘transient hepatic attenuation differences’ (THAD), because

the hyperdensity observed in the arterial phase disappears in

the portal–venous scans. THAD are due to small arterial–

portal fistulas and have a triangular shape, a peripheral

location and do not show mass effect. The portal–venous

phase is important in assessing the patency of portal

system’s veins and the presence of porto-systemic collat-

erals. Portal thrombosis appears as a defect of contrast

enhancement within portal vessels. Large oesophageal

varices are often recognizable. Splenomegaly and ascites

are accurately demonstrated at CT (Fig. 2).
Magnetic Resonance

Cirrhosis alone does not markedly alter the T1 and T2

relaxation times because fibrous bands and scars con-

stitute a small fraction of liver volume. Cirrhosis is

diagnosed by MR using morphologic features analogous

to those at US and CT: hypertrophy of the left hepatic and

caudate lobes (caudate lobe to right lobe size ratio >0.65),

a nodular appearance of the liver surface, and distortion

or compression of intrahepatic vessels. In the micro-

nodular form of cirrhosis, the liver surface shows a subtle

irregular appearance. MR is much more sensitive than CT

in demonstrating regenerative nodules. Regenerative

nodules appear as small (<2 cm) nodular lesions, with

low signal intensity on T2-weighted images and variable

signal intensity on T1-weighted images (Fig. 3). When

they contain iron (siderotic nodules) they appear

hypointense both on T1-weighted and in T2-weighted
Cirrhosis, Hepatic. Figure 3 MR TSE T2 axial scan: We can

see a nodular appearance of the liver surface with

distortion of intrahepatic vessels. MR is much more

sensitive than CT in demonstrating regenerative nodules.

Regenerative nodules appear as small nodular lesions, with

low signal intensity on T2-weighted images.
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scans. Regenerative nodules may present increased signal

intensity on T1-weighted images due to high triglyceride

content in zones of fatty degeneration. They are never

hyperintense on T2-weighted images. Regenerative no-

dules show no enhancement on arterial phase gadoli-

nium-enhanced images (2). They appear hypointense

with a better demarcation in contrast to the surrounding

liver parenchyma using delayed images. Dysplastic

nodules and early HCCs show similar features regarding

signal intensity, although the latter may be hyperintense

on T2-weighted images. Like regenerative nodules, dys-

plastic nodules can be siderotic. HCC may arise within

a high-grade dysplastic nodule. These lesions have a

nodule-within-a-nodule appearance on MR images,

consisting of one or more hyperintense internal foci

within a low signal intensity nodule on T2-weighted

images. The central nodule usually also shows enhance-

ment during the arterial phase at gadolinium-enhanced

dynamic study (1, 2). HCC shows high signal intensity

on T2-weighted images and variable signal intensity on

T1-weighted images. However, the differentiation of HCC

from regenerative nodules and dysplastic nodules relies on

the arterial blood supply of HCC responsible of the typical

intense enhancement during the arterial phase of dynamic

gadolinium-enhanced imaging of HCC (2). Findings in

portal hypertension include enlargement of the extrahepatic

portal–venous system (portal vein diameter >13 mm),

presence of portosystemic collaterals and splenomegaly.

Siderotic nodules in the spleen, called Gandy-Gamna

nodules, appear as tiny hypointense foci on T2-weighted

images. They are pathognomonic of portal hypertension.

Ascites, gallbladder and small bowel wall oedema are

manifestations of associated hepatic failure (1).
Interventional Radiology

In cirrhotic patients, hepatic resection for HCC may

worsen the hepatic function so interventional procedures

can be performed for the treatment of HCC. The rationale

is destroying the tumoural tissue, sparing the non-

tumoural tissue. Percutaneous ethanol injection (PEI),

thermal ablation and transcatheter chemioembolization

(TACE) are the main non-surgical therapeutic tools for

the treatment of HCC.

Transjugular intrahepatic porto-systemic shunt

(TIPSS) is used for the treatment and the prevention of

oesophageal variceal bleeding in portal hypertension.
Diagnosis

Cirrhosis may be suspected on the basis of symptoms and

laboratory. The diagnosis can be suggested at imaging.
Imaging techniques (US, CT, MR) are able to identify

hepatic and extrahepatic manifestations of liver disease.

The definite diagnosis of cirrhosis is traditionally

established with biopsy.
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Synonyms

Upper extremity claudication; Arm claudication
Definition

Arm, hand, or brachial claudication is described as

forearm or hand pain or disabling discomfort arising

during exercise.
Pathology

This symptom is characteristic of chronic ischemia of the

upper extremity.
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Clinical Presentation

Depending on the degree of the reduction of arterial

perfusion, the claudication appears with minimal activity

such as hair combing, or requires prolonged activity.

Brachial claudication represents the most common indica-

tion for upper extremity arterial revascularization (1).

See ▶Brachial Ischemia
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CLD
▶Dysplasia, Bronchopulmonary
Clear Cell Renal Carcinoma
The most common type of RCC, accounting 70% to 80%

of the cases in surgical series. This type is diagnosed by

histologic and cytogenetic criteria.

▶Nodules, Pulmonary, Solitary
Cleft Lip, Palate, and Alveolus
Defects
Cleft abnormalities of the lip, palate, and alveolus are the

most common congenital disorder of the oral cavity and

result from developmental defects with incomplete fusion

of the lips, palate, and/or alveolus.

▶Congenital Malformations, Oral Cavity
Cloaca
A cloaca is defined as an opening in an involucrum. Pus or

sequestra can be discharged through a cloaca in chronic

Osteomyelitis.

▶Osteonecrosis, Adults
Clonorchiasis
Parasitic infestation by a metacercaria (Clonorchis

sinensis) endemic in Southeast Asia and China that most

frequently causes a fibrosing cholangitis. The ingestion of

contaminated uncooked fresh fish can cause infection

in humans.

▶Cholangitis

Closed Loop Obstruction
Closed loop obstruction occurs when a segment of bowel is

obstructed at both ends, such as in a hernia or by a dense

adhesion and becomes distended with a potential to twist

on its mesentery.

▶Occlusion and Subocclusion, Small Bowel in Adults

▶Small Bowel, Postoperative

Clubbed Digits
Digital clubbing is a bulbous digital deformity with a

watch-crystal deformity of the fingernail, associated with

intrathoracic malformations, neoplastic or inflammatory

conditions, as well as with hypertrophic osteoarthropathy.

▶Hypertrophic osteoarthropathy

CM
▶Spinal Cord Cavernous Malformation

CNS
Central nervous system.

▶Tumors, Spine, Intradural, Extramedullary

CNS Toxicity
▶Toxic Disorders, Brain
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Coarse Liver
C

Ultrasonographic finding consisting with hepatic cirrho-

sis. It is characterized by the presence of inhomogeneous,

coarse, thick, echoes, with or without evidence of multiple

small hypoechoic nodules diffusely distributed through-

out the liver tissue.

▶Cirrhosis, Hepatic

Coating of Ultrasound Contrast
Media
▶Contrast Media, Ultrasound, Influence of Shell on

Pharmacology and Acoustic Properties

Cobb Angle
Standard technique to measure the angle of scoliosis.

Lines are drawn in extension of the uppermost and

lowermost endplates of the neutral vertebrae. Neutral

vertebrae have parallel endplates with—in contrast to the

other vertebrae––minimal or no change in shape and are

maximally tilted to the horizontal line.

▶Scoliosis

Codman’s Angle
Usually suggests an aggressive lesion, found in rapidly

growing lesions that penetrate through the cortex causing

separation of the periosteum and formation of lamellated

new bone, once the periosteum elevates to a significant

degree, it can break forming an acute angle. However,

findings similar to Codman’s angle may also be shown in

benign pathologies such as osteomyelitis and sub-

periosteal hematoma.

▶Neoplasms, Bone, Malignant

Coiling
Application of wire-coils with special configurations and

sizes into vascular malformations, mainly into saccular
aneurysms, in order to decrease the risk of rupture and

hemorrhage.

▶Stroke, Interventional Radiology
Colic
According to Dorland’s Medical Dictionary, colic is an

acute abdominal pain; characteristic intermittent visceral

pain with fluctuations corresponds to smooth muscle

peristalsis. Renal colic is pain produced by thrombosis or

dissection of the renal artery, renal infarction, intrarenal

mass lesions, the passage of a stone within the collecting

system, or thrombosis of the renal vein; called also

nephric colic.

▶Colic, Acute, Renal
Colic, Acute, Renal
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Synonyms

Kidney stones; Renal colic; Ureteral colic; Urinary stones
Definition

Renal colic is a symptom complex characteristic for the

presence of obstructing urinary tract calculi. It is defined

as pain caused by stone passage within the collecting

system (1). According to Dorland’s Medical Dictionary, it

may also be caused by thrombosis or dissection of the

renal artery, renal infarction, intrarenal mass lesions, or

thrombosis of the renal vein.

Acute renal colic is more correctly termed ureteral

colic, as it is predominantly the result of a ureteral

calculus. It is characterized by an abrupt onset of severe

pain in the flank or kidney area, radiating anteriorly

and caudally to the groin and anterior thigh. During

passage, stones cause partial or complete obstruction,
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local spasm, proximal dilatation, and stretching of the

collecting system, which are responsible for the pain

characteristics.
Pathology/Histopathology

▶Urinary stones affect 2–3% of the population, usually

the middle age group, with a 2:1 male predominance

(1, 2). Up to 75% of stones are composed of calcium

oxalate, the rest of struvite (magnesium ammonium

phosphate), uric acid, hydroxyapatite, or cystine. Stone

formation can be associated with primary metabolic

abnormalities, primary hyperparathyroidism, prolonged

immobilization, recurrent urinary tract infection, malig-

nancy, sarcoidosis, Crohn’s disease, laxative abuse,

jejuno-ileal bypass, renal tubular acidosis, and gout.

The typical pain of renal colic is caused by distension

of the renal pelvis and calices and stretching of the renal

capsule in the acutely enlarged kidney. Nausea and

vomiting occur due to the common innervations of the

renal pelvis, stomach, and intestines through the celiac

axis and vagal nerve afferents. In the midureter and lower

ureter, pain is predominantly generated by increased

peristalsis, muscle spasm, local irritation, and edema.

In ▶Urinary Obstruction, Acute, autoregulatory

changes of renal blood flow, glomerular filtration rate,

and tubular function affect intrarenal hydrostatic pressure

(1, 2). The initially increased renal blood flow preserves

the glomerular filtration rate in the first hour. Together

with an increase of hypotonic urine production and

hyperperistalsis, they make an attempt to overcome

obstruction. If passage is not attained after 3–5 h,

preglomerular arteriolar vasoconstriction causes blood

flow to decrease, while hydrostatic pressure continues to

rise. After 5 h, both renal blood flow and pressure start to

decrease, gradually leading to reduction of pain. Other

changes that reduce renal pelvic hydrostatic pressure in

the early phase are pyelolymphatic or pyelovenous

backflow, and urine leakage into the renal parenchyma

and perinephric soft tissues from forniceal rupture in 20%

of cases (1, 2). In complete ureteral obstruction,

irreversible loss of renal function will already be present

after 48 h. Interstitial nephritis and fibrosis may cause

atrophy of renal tissue.

Obstructive uropathy from ureteral calculus refers to

acute, partial and one-sided obstruction, where renal

function is preserved but lowered. A complete recovery of

function is expected if blockade is eliminated in time. If

obstruction is eliminated after 24 h renal function may

recover in 7 to 10 days. Obstruction that lasts 2 to 3 weeks

causes renal tubular function to be permanently damaged,

thus leading to obstructive nephropathy. Four to eight
weeks from onset of obstruction, renal function ceases

and we speak of the afunctional kidney.
Clinical Presentation

The classic presentation of renal colic (1) is the acute

onset of severe flank or kidney pain radiating to the groin

or testicle in the male, and in the labia majora in the

female, or in the anterior thigh, with either gross or

microscopic hematuria (85%), nausea and vomiting

(50%), tachycardia, hypertension, and costovertebral

angle tenderness. When ureteral stones are near the

bladder urinary frequency and urgency develop. Fever and

the presence of leukocytosis, pyuria, or bacteriuria suggest

the possibility of infected urinary lithiasis or pyone-

phrosis. Urinanalysis may reveal original urine crystals.

Patients should be encouraged to retrieve stones for

analysis.

Pain in renal colic is constant, and lasts for minutes to

hours; however, exacerbation of pain with intervals of no

pain may occur due to stone passage. Patients tend to

move constantly to relieve pain, while patients with an

acute abdomen try to be motionless.

Most symptomatic upper urinary tract stones are less

than 5 mm in diameter, and the majority of them pass

spontaneously in 24–48 h (1). Spontaneous stone passage

depends on stone diameter, shape, location, and anatomy

of the urotract. In absence of ureteropelvic junction (UPJ)

obstruction or ureteral stricture, 4 mm or smaller stones

may pass spontaneously in 90%, calculi between 5 and 10

mm in 50% of cases, while larger stones usually require

intervention.
Imaging

▶Plain film of the kidney, ureter, and bladder (KUB) can

be diagnostic of urinary stones, since 90% are radiopaque

(1). KUB is necessary for the follow-up of stones that do

not pass spontaneously, and for lithotripsy planning and

survey. KUB can miss small stones, radiolucent stones

(uric acid, xanthine, dihydroxyadenine, indinavir, triam-

terene stones), or stones overlying bone. Phleboliths,

vascular calcifications, calcified lymph nodes, appendico-

liths, granulomas, various calcified masses, and even

bowel contents can sometimes be confused with urinary

tract stones.

When clinical presentation and KUB are not diag-

nostic, other imaging methods help in the early diagnosis

of renal colic. ▶Intravenous urography (IVU) is still the

gold standard (1), and is preferred by urologists. The

main advantages of IVU are the demonstration of renal
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function, the precise outlining of the urinary collecting

system, the detection of mild or local dilatation, and the

differentiation of the obstructing stone from calcium

deposits in medullary sponge kidneys (MSK), from

abdominal calcifications, and from other intra- or

extraluminal pathology. Indirect signs, such as delayed

excretion and persisting nephrogram, pyelosinus back-

flow and extravasation of contrast around the collecting

system, are highly suggestive or positive for acute stone

obstruction (Fig. 1). After obtaining a KUB and 5 min

postcontrast film, either a 10–15 min supine, full

abdomen film is obtained to visualize the normally

functioning urotract, or a prone film is obtained to spill

contrast in the collecting system from the opacified calices

on the affected side. A standing oblique film should be

obtained under fluoroscopic control, to opacify the ureter

to the level of obstruction and to differentiate ureteral

stones from other calcifications. If the collecting system is

not ready opacified, 1–2 delayed films are required up

to a few hours later, and rarely after 24 h. A conducted

IVU consists of 4–6 films, depending on the delay. IVU

remains price and radiation risk competitive with

unenhanced CT (UHTC).

▶Ultrasound (US) is a noninvasive, radiation-free

method, and may be the initial method in the

evaluation of renal colic. It is accepted as a follow-up

investigation for monitoring spontaneous stone passage
Colic, Acute, Renal. Figure 1 IVU examination in a 55-year

delayed excretion on the left 5 min after 30 mL nonionic cont

pyelon and proximal ureter after spontaneous caliceal rupture

opacify 10 min postcontrast, (d) visible level of obstruction at
after extracorporeal shock wave lithotripsy (ESWL) or

surgical treatment. US can demonstrate obstruction and

the obstructing stone based on its echogenicity and dorsal

acoustic shadowing. It has certain limitations in evaluat-

ing obstruction and depicting small midureteral stones.

Its effectiveness is also operator-dependent. In acute colic,

with or without a dilated collecting system, duplex

▶Doppler US suggests stone obstruction by the assess-

ment of an elevated intrarenal resistive index (RI > 0.7;

92% sensitivity, 88% specificity) or a difference of RI

between both kidneys larger than 0.04 (1, 3). False-

negative RI results in the first hours after onset may be

explained by initial vasoregulation and spontaneous

pelvocaliceal rupture (4) (Fig. 3). A characteristic slow

or absent ureteral jet in the bladder, and the twinkling

artifact behind stones help in the diagnosis of stone

obstruction.

▶Retrograde pyelography refers to direct ureteral

contrast injection through a catheter inserted at cysto-

scopy. It is the most precise imaging method for

diagnosing any type of ureteral pathology, but is rarely

performed; mostly when obtaining material for cytology,

and prior to ureterorenoscopy (URS) or the placement of

double-J stents. When the insertion of double-J stents

fails, therapeutically inserted percutaneous nephrostomes

(PNS) can also be used for anterograde pyelography (1, 2)

(Fig. 2).
-old man with acute renal colic demonstrates (a) slightly

rast injection, (b) extravasation around the nonopacified

on tomography, (c) in prone position pyelon and ureter

the UVJ due to a small left ureteral calculus (arrow).



Colic, Acute, Renal. Figure 2 (a) Small radio-opaque

right-sided urinary stones detected at KUB (arrows) in a

female with acute renal colic after ESWL. Percutaneous

nephrostoma was inserted after unsuccessful double-J

insertion. On anterograde urography these radiopaque and

severely obstructing stones were demonstrated as less

radiopaque than contrast. (b) Retrograde urography in

64-year old man with acute renal colic and suspected

radiolucent left ureteral calculi. An atypical eccentric filling

defect is delineated (arrow). IVU was inconclusive, but US

confirmed a ureteral stone.
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UHCT has proved to be more accurate than IVU for

the diagnosis of urinary calculi and equal in demonstrat-

ing dilatation (5). It is indicated in patients with a high

risk for use of contrast media, in nonfunctioning kidneys,

or when urography is inconclusive. Other advantages of

CT over IVU are the demonstration of other abdominal

pathology. Thin section (3.5 or 5 mm) UHCT has

a sensitivity of 97%, and specificity of 96% for the

investigation of renal colic (1). Secondary signs typical for

the acute phase are periureteral or perirenal tissue

stranding and the tissue rim sign due to edema in the

ureter wall around small calculi. A split bolus technique of

contrast administration and scanning during the nephro-

graphic and excretory phase provides evaluation of renal

function and parenchymal alterations, and delineates the

collecting system. The advent of multislice-computed

tomography (MSCT) provides the ability to perform CT

urography with a spatial resolution closer to that obtained

at IVU. High-resolution multiplanar (MPR), maximum-

intensity (MIP), and average-intensity (AIP) images of
the collecting system are generated from unenhanced and

enhanced CT data (Fig. 4a).

MR urography is regarded as a diagnostic test of

secondary reference following IVU, US, and CT (6). Two

different techniques of MRI, depending on the clinical

situation, are available. Static-fluid MR urograms are

obtained with heavily T2-weighted turbo spin-echo

sequences. Dynamic or excretory MR urograms are

obtained with gadolinium contrast agent administration

and T1-weighted gradient-echo sequences (Fig. 4b, c).
Diagnosis

The diagnosis of an obstructive urinary stone is essential

for the exclusion of acute surgical abdominal pathology

(appendicitis or abdominal aortic aneurysm). Urinary

tract infection, cardiac ischaemia, bowel ischaemia or

obstruction, hepatic capsulitis, musculo-skeletal pain, and

biliary colic, are also considered in the differential

diagnosis.

In patients with acute flank pain, the diagnosis of

ureteral calculi can be apparent according to positive

history, physical examination, and laboratory studies. In

presence of hematuria, calculi are confirmed with 96%

accuracy by a positive KUB. Radiological imaging is

required to evaluate the location of the stone, the exact

size, shape, orientation, radiolucency, all necessary for

treatment planning. Kidney function and the presence of

infection are assessed. Until recently, IVU was performed

to evaluate stone obstruction in inconclusive cases, with a

sensitivity of 95%. Recently, abdominal US supersedes

IVU in patients with positive KUB. It is the test of choice

if KUB is negative, since it can effectively demonstrate

radiolucent stones, or exclude other causes of abdominal

pain. The reported sensitivity of US for stone detection

varies, the highest is 98%. US easily demonstrates larger

stones within the renal pelvis and stones in the dilated

ureter near the UPJ and ureterovesical junction (UVJ). In

the absence of dilatation (35%), duplex Doppler US can

assess an elevated RI in the affected kidney, and

asymmetry of ureteral jets, thus helping to exclude false-

negative cases. It reduces the number of false-positive

results by assessing nonobstructive dilatation in cases of

extrarenal pelvis, UPJ obstruction, prominent vascula-

ture, residual dilatation, vesicoureteral reflux, megaca-

lices, papillary necrosis, pyelonephritis, full bladder, and

diabetes insipidus (2).

UHCT of the abdomen may be helpful as an

alternative or in the clarification of equivocal US findings.

UHCT of the abdomen is more sensitive and more likely

to yield a diagnosis than plain radiographs and US.

Management of urinary stones (1) comprises the

insertion of a double-J stent in cases of uncontrollable



Colic, Acute, Renal. Figure 3 US examination in acute renal obstruction showing (a) ureteral dilatation due to

calculus (arrow) 6.8 cm from the bladder (B), and (b, c) increased RI in the affected kidney with a significant RI

difference of 0.07 between both kidneys. (Contributed by A. Visnar-Perovic)

Colic, Acute, Renal. Figure 4 (a) CT urography in 40-year old patient presenting with right-sided flank pain and gross

hematuria was performed in a pain-free interval. The MIP image shows a calculus (arrow) within the right ureter

with sufficient contrast material passage and only slight dilatation of the pelvicaliceal system. In addition, a small

infundibular concrement can be appreciated on the left side. (Contributed by J. Kemper) (b, c) MRU case showing a

calculus inside the left renal pelvis obstructing the UPJ in a 64-year old man with recurrent left-sided flank pain.

(b) MIP from a gadolinium-enhanced T1-weighted breath-hold 3D-gradient-echo-sequence displaying the urographic

overview and (c) axial standard T2-weighted TSE-image showing the signal void of the calculus (arrows). (Contributed

by C. Nolte-Ernsting)
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pain, complete obstruction with severe urinary infection

or urosepsis, in solitary obstructed kidneys, in large stones

that are considered unlikely to pass spontaneously, or in

suspected ureteral strictures. Percutaneous nephrostomes
are inserted when the insertion of double-J fails. Ten to

twenty percent of all urinary stones require surgical

removal. Percutaneous nephrostolithotomy (PNL), URS,

and ESWL successfully compete to open surgery. Most
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urinary stones pass spontaneously in 24–48 h and do not

require special treatment other than pain relief, hydration

and antiemetics.
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Synonyms

Ulcerative colitis; Ulcerative proctitis; Ulcerative sigmoi-

ditis; Ulcerative pancolitis
Definitions

Ulcerative colitis (UC) was described in 1859 by Sir

Samuel Wilks (1824–1911), a British physician who firstly

differentiated it from bacterial dysentery.

The greatest incidence of chronic UC is in the second,

third and fourth decades of life. The condition is more

common in white women. The disease may vary greatly in

its severity, course, and prognosis. It has an unknown
etiology and a chronic relapsing–remitting course. To

date, the pathogenesis of UC still remains unknown,

although recent studies showed an important role of

environmental enteric, immune, and genetic factors.

These studies suggest that UC may result from the loss

of tolerance of the immunocompetent intestinal system

versus the normal intestinal flora, in genetically suscep-

tible individuals.

UC is characterized by a predictable course and

localization, extending continuously from the rectum to

the colon, involving first the left colon, then the transverse

and right colon, and very rarely the distal ileum. The

different patterns of ulcerative colitis are commonly called

as “ulcerative proctitis,” “ulcerative sigmoiditis,” “left-

sided colitis,” or “pancolitis.” A recto-sigmoid localization

is present in up to 95% of the patients. The mucosal

inflammation of the terminal ileum, is rarely observed

in UC, developing only in presence of a pancolitis (the

so-called “▶backwash ileitis”); in those cases, UC can be

hardly differentiated from Crohn’s disease (CD).
Pathology/Histopathology

Cryptitis or abscesses of the crypts of Lieberkühn are

hallmarks of ulcerative colitis. They form ulcerations that

reach the lamina propria, or may produce excrescences

also called as “pseudopolyps.” With the lateral extension

of the ulcers, large areas of bowel wall muscle may be

almost completely denuded. Microscopically, UC is

characterized by moderate wall thickness, leukocyte

infiltrates in the mucosal and submucosal layer, disrup-

tion of mucosal elements and aphthoid ulcers, mucosal

edema, inflammatory pseudopolyps, without extra-wall

lesions neither significant signs of perivisceral inflamma-

tions in the majority of cases. Fatty deposition in the

submucosal layer is a common finding in long-standing

disease. Macroscopically, the chronic inflammatory bowel

process of UC determines loss of haustration, moderate

strictures, mild diffuse colonic wall thickening, widening

of the presacral space, and occasionally severe complica-

tions such as massive bleeding, toxic megacolon, tight

bowel strictures, or perforation.

The disease is intermittently acute and in the quiescent

phase themucosamay completely heal, butmore frequently

it appears atrophic with rare crypts, with distorted mucosal

architecture and thickening of the lamina propria.
Clinical Presentation

Three degrees of severity are distinguished as mild (about

60–80% of cases), moderate (25%), and severe or

fulminant.



Colitis, Ulcerative. Figure 1 Endoscopic view of the

colonic mucosa, as appears in severe ulcerative, very

friable, with spontaneous bleeding. Furthermore, loss of

vascularity, hemorrhage, and ulcers with fibrin and mucous

are well appreciable.
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Eighty percent of patients have only proctitis or

proctosigmoiditis in the early phases of the disease,

although in 50% of them a proximal extension later

occurs. Only 20% have extensive colitis at the onset of

symptoms, the course of the disease can vary widely.

Spontaneous remission from a flare-up occurs in 20% to

50% of the patients, although 50% to 70% have a relapse

during the first year after diagnosis. The relapse rate is

higher in younger patients.

In acute phases, bleeding results from friable and

hypervascular granulation tissue; diarrhea with urge

incontinence results from damage that impairs the ability

of the mucosa in reabsorbing water and sodium. If the

disease is more severe, it may extend beyond the mucosa

and submucosa into the muscularis mucosa (rarely to

serosa) and this explains the dilation of the colon, by loss

of motor tone, in cases of toxic megacolon.

Severe disease is indicated by large volumes of

diarrhea, weight loss, large amount of blood in the stool,

high fever, elevated C-reactive protein, elevated erythro-

cyte sedimentation rate, low hematocrit value, and

hypoalbuminemia. Approximately 65% of patients with

UC have positive perinuclear antineutrophil cytoplasm

antibodies (pANCA), also present in patients with

primary sclerosing cholangitis.

The prevalence of the extraintestinal manifestations

such as arthritis, uveitis, pyoderma gangrenous, sacroili-

tis, spondylitis, or erythema nodosum, may vary depend-

ing on the geographic area, population, location and

duration of the disease, medication, and diagnostic

accuracy. Patients with ulcerative colitis have an increased

risk of developing colorectal cancer. The current proce-

dure to diminish this risk is colonoscopy surveillance and

histopathological evaluation of biopsy specimens. This

method is not unquestioned and is undergoing contin-

uous evaluation.
Imaging
Endoscopy

Endoscopy (ES) is definitely a primary examination in the

evaluation of UC. The disease is, in fact, usually confined to

the colonic mucosa, which is completely accessible to

endoscopy. Moreover, endoscopic biopsies, although con-

fined to the mucosa and submucosa layer, may adequately

evaluate the severity of colonic wall inflammation, which

usually spares the outer muscular and serosa layers.

Typical endoscopic findings include reddening of

the mucosa, increased vulnerability, mucosal bleeding,

irregular ulcers, pseudopolyps, granularity, loss of vas-

cular architecture, loss of haustration, and occasionally
strictures. These changes are continuous in the colon, and

the rectum is always involved (Fig. 1).

However, although ES is widely considered the first

examination for the diagnosis UC, it can be contra-

indicated, refused or incomplete in up to 30% of patients

with UC. It is an invasive examination causing patient

discomfort and associated with possible complications,

above all colonic perforation, whose incidence may vary

according to the operator’s experience, ranging between

0.1% and 3%. Moreover, ES is absolutely contraindicated

in the acute phases of severe colitis, due to the higher

risk of perforation; in these phases, however, a diagnostic

support is crucial to plane an effective treatment. Finally,

late complications of UC, particularly tight strictures,

can partially or completely prevent the passage of an

endoscope. In all these cases other imaging modalities,

including barium studies and ▶cross-sectional imaging,

may add important information on the disease (Fig. 2).
Conventional Radiographs

Barium studies may be an alternative modality to

endoscopy to assess luminal changes, particularly when

performed with a double-contrast technique. Single- or

double-contrast barium enema (BE) may easily visualized

the typical mucosal changes of the disease.

In the first phase, BE may show superficial changes

related to edema and granulation tissue; occasionally the

only sign of inflammation in the early phases is the

blunting of the normally acute angles of the rectal valves.



Colitis, Ulcerative. Figure 2 Barium studies, performed

with a double contrast technique, shows lack of

haustrations and tubular narrowing of the left-side colon,

characterized by multiple pseudopolyps and ulcers

showing a “collar-button” appearance. (Courtesy of

Panzironi G, Department of Radiology, Policlinico

Umberto I. Rome, Italy.)
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When the disease progresses, using a double-contrast

BE, ulcers seen in profile have a “collar-button”

appearance. The demonstration of ulcerations by radio-

graphic means is important because these changes

indicate clinically and pathologically severe diseases.

Between denudated and ulcerated areas, a large number

of pseudopolyps may be observed, representing elevation

of inflamed mucosa. Secondary changes can be easily seen

on both single- and double-contrast BE examinations.

Main signs of chronic disease are foreshortening of the

colon, lack of haustrations, and tubular narrowing of

the colon that gives the large bowel the appearance of a

garden hose or stovepipe. Barium studies, although not

useful in assessing the clinical activity of UC, can be

indispensable in distinguishing between the two diseases

(Goldberg et al. 1979; Gore et al. 1997).

In very severe hyper acute phases, a BE may be

contraindicated. In such phases a plain film of the

abdomen is the best option, being crucial in the

identification of the toxic megacolon. This complica-

tion is usually well identified at plain films as a severe

colonic distention exceeding the 8 cm in diameter in
the left colon and the 10 cm in diameter in the right

colon. Colonic perforation and free peritoneal air

can be easily identified at plain films in upright

position as well.
Cross-Sectional Imaging:
Ultrasonography, Computed
tomography, and Magnetic Resonance
Imaging

Cross-sectional studies may play a complementary role in

the assessment of UC.

Transabdominal ultrasonography (TUS) is a non-

invasive cross-sectional imaging modality that can be

helpful in the diagnosis of ▶inflammatory bowel disease

(IBD). The main purpose of US is to exclude the

involvement of the distal ileum, in order to distinguish

UC from CD. High-resolution US, performed with a 7.5

MHz probe, is a well accepted modality to evaluate the

wall thickening of the distal ileum in Crohn’s disease,

therefore it may be extremely useful to differentiate the

two diseases, whenever ES or histology are doubtful.

Moreover, in more severe colitis, the mild wall thickening,

particularly the left and sigmoid colon, if equal or

superior to 4 mm, can be well-depicted at high-resolution

US. Finally US can be useful in the investigation of biliary

complications of the disease, including biliary stones,

cholangitis, and cholangiocarcinoma.

Usually cross-sectional modalities cannot assess the

typical mucosal changes of UC, but they (CT and MRI

above all) can evaluate the mild wall thickening, the

increased wall vascularity associated with an active

disease, as well the changes in the morphology of the

colon. In some cases, cross-sectional imaging may

substitute ES and BS, particularly when they are contra-

indicated in very severe phases.

Thanks to their panoramic and multiplanar capabil-

ity, both CT and MRI are usually able to distinguish

between a proctitis, a left-sided colitis or a pancolitis,

according to the findings observed either on axial and

coronal planes. MRI Coronal or CT multiplanar recon-

structions are very useful to exclude involvement of the

terminal ileum, thus helping in differentiating UC from

CD, similarly to US. In the evaluation of rectal disease, the

mid-sagittal imaging plane offered by MRI better displays

the typical widening of the recto-sacral space.

Recently, MRI has been proposed to evaluate the

degree of wall inflammation (disease activity) especially in

the follow up of patients (thanks to lack of radiations)

(Fig. 3). At MR, wall gadolinium enhancement is

frequently observed in severe active UC associated marked

wall thickening; on the other hand, in moderate disease a

moderate wall enhancement can still be present, but



Colitis, Ulcerative. Figure 3 Colitis, Ulcerative. The

T2-weighted MR image, acquired on the axial plane,

shows a mild case of ulcerative colitis, localized on rectum,

demonstrating diffuse thickening and high wall T2 signal of

the rectal wall, which is surrounded by abundant fat tissue

proliferation, both signs of chronic inflammatory disease.
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associated with lower thickening; finally, inquiescent

disease, wall enhancement can be very low or absent.

CT and MRI can detect complications of UC req-

uiring surgery, such as diffuse dilatation of the colonic

lumen (toxic megacolon), tight strictures, and rectal

cancer.

The toxic megacolon can be diagnosed with the same

criteria of conventional abdominal plain films: a marked

and diffuse colonic dilation (upper normal limit 5.5–6.5

cm in the transverse and left colon) with severe mucosal

disease is the typical appearance.
Nuclear Medicine

Radionuclide studies have a useful role in acute fulminant

colitis when colonoscopy or BE study is contraindicated,

similarly to CT or MRI. Radionuclide studies are also

useful in depicting disease activity and the extent of

disease and in monitoring the response to therapy.

Promising results have been published about the clinical

use of technetium 99m white blood cells (WBC) in the

assessment of IBD in adults and in a small series of

children. In patients with active UC, inflammation is

visualized with 99mTc-exametazime-labeled leucocytes
or 99mTc-labeled antigranulocyte antibodies. The anti-

body technique offers the advantage of in vivo labeling,

but is less reliable than the exametazime method for

imaging of colonic inflammation.
Treatment

The treatment of patients with IBD depends on knowl-

edge of the location, extent, and activity of the

inflammation. Clinical evaluation (Truelove and Witts

classification or the more recent Powell–Tuck index) and

ES are usually sufficient to assess the extent and severity of

UC, since the inflammatory process involves the colon

only, sparing the small bowel. Moreover, biopsy speci-

mens obtained during ES, necessarily limited to the

mucosa and submucosa layer, can usually detect most of

the pathologic features of UC, since the inflammatory

process does not extend beyond the submucosa layer.

Clinical data (acute phase reactants, etc.) together with

endoscopic evaluation are usually adequate to estimate

the disease extent in most of patients with mild to

moderate disease. In case of complicated or very severe

disease, if endoscopy is limited or contraindicated, or in

case doubtful cases, the diagnostic modalities above

mentioned may complete the diagnostic procedure,

helping to reach a final correct diagnosis.

Generally, most patients with mild to moderate

disease are effectively treated with drugs. Occasionally,

however, the disease may be extremely severe, thus

requiring urgent colectomy if it does not respond to

pharmacological therapy promptly.

The drugs of first choice for the treatment of an acute

flare-up of UC are 5-ASA-releasing preparations and

glucocorticoids.

The efficacy of glucocorticoids and the beneficial

effects of sulfasalazine have been known for half a century.

The 5-ASA influences a wide variety of immunologic and

inflammatory reactions, such as a chemotaxis of white

blood cells, cytokine release, and release of reactive oxygen

species.

The extent of the disease influences the strategy of

treatment.

Left-sided colitis is better treated with rectal admin-

istration of drugs, whereas more extensive colitis requires

oral or intravenous treatment, depending on the disease

severity.

Active distal UC should initially be treated with 5-

ASA. If treatment is otherwise

ineffective, steroid enemas and preferably steroid

foams, can be used.

If the colitis involves the left colic flexure, rectal

treatment is not sufficient. In patient with mild or

moderate disease oral administration of 5-ASA prepara-

tion is effective.
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In more severe cases, or if 5-ASA fails, glucocorticoids

should be used orally or intravenously and 60–100 mg of

prednisolone equivalent is useful in the majority of

patients.

Among those with very severe colitis, however, only

half of the patients respond.

When adequate doses of glucocorticoids fail to

improve severe UC, a colectomy should be performed,

particularly in patients with fulminant colitis and toxic

megacolon.

Azathioprine or 6-mercaptopurine is effective in

chronic active colitis. However, considering the possible

side effects and the need for long term therapy this option

should be weighted against colectomy and ileoanal pouch

surgery.

Maintenance of remission with sulfasalazine should be

used and decreases the relapse rate by about 50%.

Azathioprine should be used only in patients who cannot

be kept in remission with 5-ASA and who are not willing

or able to undergo colectomy.

The most frequent indication for surgical resection in

UC is severe inflammation of the large intestine and rectum

that is refractory to conservative therapy, also in patients

who suffer from the side effects of the medication.

Toxic colitis with or without megacolon can be

complicated by perforation. Operation within 3.5 days is

prognostically associated with a better outcome than

operation after a long, futile treatment attempt with

considerable worsening of the patient’s general conditions.

Three classic surgical interventions are performed in

UC: conventional proctocolectomy with terminal ileost-

omy (without preservation of the anal sphincter), ileo-

rectal anastomosis (only if the rectum is not extensively

involved), or restorative proctocolectomy with ileo-anal

pouch, which is nowadays considered the first choice

procedure. In the last procedure (total colectomy with

ileo-anal pouch), the rectum is completely resected

whereas the anal sphincter muscles apparatus is spared;

therefore there is no risk of recurrence, and at the same

time the ileo-anal pouch ensures a reservoir function.

Sometimes the ileal pouch may undergo to chronic wall

inflammation, and the so-called “pouchitis” endoscopy is

the modality of choice to evaluate the degree of wall

inflammation in a pouch. Cross-sectional imaging,

particularly MRI or CT, may be useful in evaluating the

morphology of the pouch and possible complications.
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Collateral Phenomenon
Collateral phenomenon is an nonspecific finding of

periarticular demineralization, which occurs, for example,

due to disuse or neighborhood inflammation. Today the

terms “regional osteoporosis” and “periarticular demi-

neralization” are more common.

▶Rheumatoid Arthritis
Collimator
In a radionuclide imaging device, a collimator is a block

of radiation-attenuating material with one or more

apertures defining the field of view and limiting the

angular spread of the radiation that can reach the

radiation detector assembly.

▶Scintigraphy
Colloid Carcinoma
▶Carcinoma, Other, Invasive, Breast

Coloboma
▶Congenital Malformations, Orbit
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Synonyms

Abdominal Surgery; Complications; Abdomen; Post-

operative
Colonic resection may be performed for a number of

conditions, most commonly malignancy, diverticular dis-

ease, inflammatory bowel disease (ulcerative colitis, Crohn’s

disease) or ischaemic bowel. Equally, a wide variety of

procedures may be performed, from short segmental

resection to complete pan-proctocolectomy.When imaging

patients who have undergone colonic surgery, it is

important for the radiologist to establish what the under-

lying condition is, when and what procedures have been

performed, and whether there has been any adjuvant

chemo- and/or radiotherapy (1). It is only with this

information to hand that one is able to identify the most

likely pathology, perform the most appropriate study

and interpret the images.
Paralytic Ileus

Often referred to simply as ‘ileus’ (alternatively adynamic

or non-obstructive ileus), paralytic ileus is atony of the

intestine resulting in failure to propel the bowel contents

distally. Ileus is common after any operation where the

stomach, small or large bowel have been handled,

although the aetiology is complex. It may be exacerbated

by biochemical abnormalities (e.g. renal failure, diabetes

mellitus, hypokalaemia), anti-cholinergic drugs, reflex

sympathetic inhibition (e.g. retroperitoneal haematoma),

sepsis or other systemic illness.
Clinical Presentation

Ileus is considered normal for the first few days following

colonic surgery. The patient will have little appetite, absent
bowel sounds on auscultation and will not pass any

flatus or faeces. If this persists for greater than 4–5 days,

particularly in the absence of any of the correctable causes

detailed above, it may herald the presence of intra-

abdominal sepsis or haemorrhage and require investigation.
Imaging

The key differential diagnosis is large bowel obstruction.

The supine abdominal radiograph typically demonstrates

distension of both small and large bowel (±gastric

distension). Ileus, unlike obstruction, often demonstrates

multiple loops of dilated bowel with normal calibre bowel

in between. In addition, the presence of a gas filled dilated

rectum is strongly suggestive of ileus. Serial films often

show the degree of bowel dilatation to reduce over time.

Oral contrast mediumwill pass slowly through the dilated

bowel, being increasingly diluted by small bowel fluid and

is usually unhelpful. Rectal contrast medium may be used

to confirm the absence of a colonic stricture (free passage

of contrast into the most distal dilated bowel loop

confirms ileus). Where ileus persists, cross-sectional

imaging with computed tomography (CT) may be helpful

to determine whether there is a surgically remediable

cause (e.g. abscess or haematoma).
Anastomotic Leak

Following the resection of a segment of colon, the two free

ends are usually joined together using sutures or staples.

The exceptions to this are Hartmann’s procedure,

complete pan-proctocolectomy and abdomino-perineal

resection, where an ileostomy or colostomy is fashioned.

Failure of the anastamosis occurs in a small proportion of

patients, but is significantly more common when there is

active inflammation or infection at the time of surgery.

Segmental ischaemia or radiotherapy also contribute to

friable tissue. For this reason, many surgeons may either

electively perform a loop ileostomy to temporarily rest or

‘defunction’, the colon or perform the operation in two

stages.
Clinical Presentation

Breakdown of the surgical anastomosis usually occurs

towards the end of the first post-operative week. The

patient commonly presents with a fever and/or pelvic

pain, indicating the presence of an underlying abscess.

Preliminary investigations may demonstrate an elevation

of the white blood cell count and inflammatory markers.
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The presence of a pelvic abscess may lead to an ileus,

development of a fistula, peritonitis or mechanical

obstruction.
Colon, Postoperative. Figure 1 Contrast enema

demonstrating an anastomotic leak in a patient shortly

after undergoing an anterior resection.
Imaging

A supine abdominal radiograph is often the first

investigation but is non-specific. It may show dilated

loops of bowel from either ileus or obstruction. A

gastrografin enema will delineate any ongoing leaks at

the anastomosis (Fig. 1) and perhaps identify a fistula. It

should be borne in mind that a proportion of leaks will

seal spontaneously, but may leave the patient with a pelvic

abscess. To assess the pelvis for a collection, cross-

sectional imaging with CT is indicated (Fig. 2). CTmay be

performed following administration of rectal contrast in

order to help define the often complex post-operative

anatomy. Whilst CTwill demonstrate the anatomy, it may

be difficult to differentiate haematoma from abscess,

particularly when there is often a combination of the two.

Where there is clinical concern, percutaneous drainage of

any fluid collections is often required, both to confirm the

diagnosis and treat the abscess. Failure of radiological

management or the development of peritonitis will

usually necessitate a repeat laparotomy.
Nuclear Medicine

Occasionally, it may not be possible to clearly demon-

strate ongoing infection within the pelvis on cross-

sectional imaging, particularly where there is no discrete

abscess. In these cases, particularly where there is delayed

presentation, a radiolabelled white cell scan may be of use

in proving the diagnosis before committing the patient to

a prolonged course of antibiotics or further surgery.
Colon, Postoperative. Figure 2 CT demonstrates a cavity

in the pre-sacral space containing air and fluid, indicating

the presence of an abscess. The patient had recently

undergone an anterior resection.
Tumour Recurrence

Following diagnosis of colorectal carcinoma, approxi-

mately 70% of patients will undergo ‘curative’ surgery.

The reported rates of tumour recurrence vary consider-

ably, with the liver the most common site of metastatic

disease (2). Local recurrence, at or near the surgical

anastomosis or within the surgical bed, is seen in

approximately 10–15% of cases and is more common in

rectal than colonic tumours.
Clinical Presentation

The majority of recurrences occur within the first 2 years

following surgery. Tumour recurrence at the surgical
anastomosis may lead to rectal bleeding or even mechan-

ical obstruction. However, more often there are no local

symptoms and it is identified on routine post-operative

surveillance, either at CT or endoscopy.
Imaging

CT is the mainstay of post-operative surveillance follow-

ing resection of colorectal cancer, usually performed at



Colon, Postoperative. Figure 3 Patient with previous right hemicolectomy for Dukes B adenocarcinoma. CT does not

show any abnormality, but the PET study demonstrates a focal area of recurrence at the anastomosis, confirmed at surgery.
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6–12 monthly intervals for 2–3 years after surgery. This

will reliably detect liver, peritoneal and nodal metastases.

Recurrence at the anastomotic site will be seen as a nodule

or plaque of abnormal soft tissue. The difficulty lies in

differentiating such areas from post-operative fibrosis or

haematoma. Previously, one could either choose to ‘watch

and wait’ or attempt a biopsy of such lesions. This has

been superseded in many centres by the use of functional

imaging (Fig. 3).
Nuclear Medicine

Positron emission tomography (PET) uses radiolabelled

isotopes (principally 18fluoro deoxyglucose-FDG) to

identify areas of abnormally increased metabolism within

the body. This complements the anatomical imaging

offered by CT, enabling differentiation of abnormal soft

tissue, and often identifies hitherto unsuspected disease.

Sites of recurrent colorectal cancer are detected with a

sensitivity of 97% and specificity of 76%, resulting

management changes in between one quarter and one

third of patients (3). False positive results may occur at

sites where there is active inflammation or infection, thus

PET may be more difficult to interpret in the early post-

operative period.
Bowel Obstruction

Obstruction following colonic surgery has a number of

possible causes: recurrence of disease (tumour, Crohn’s

disease); adhesions; and fibrous strictures at the surgical

anastomosis.
Clinical Presentation

Increasing abdominal distension, abdominal pain and the

absence of flatus or bowelmotions are the typical presenting

symptoms of bowel obstruction, with ‘tinkling’ bowel

sounds on auscultation. Bowel obstruction following

resection is typically a late complication and occurs at the

anastamosis site with an incidence of 2–8% (1). The use of

staples, rather than hand sewing the anastamosis, appears

to increase the frequency of stricturing.
Imaging

Anastomotic strictures may be evaluated by a number of

methods, including double-contrast barium enema

(DCBE), colonoscopy and CT. DCBE will allow evalua-

tion of the mucosal surface and identify any fistulae,

whereas CT permits evaluation of the extracolonic

structures. Recent advances in CT colonography increas-

ingly allow evaluation of the mucosal surface, but in cases

where there is suspicion of tumour recurrence, evaluation

with FDG-PETor direct visualisation with endoscopy will

be required.
Crohn’s Disease

Crohn’s disease may affect any part of the gastrointestinal

tract, most commonly the terminal ileum and not

infrequently the colon. A significant proportion of

patients with Crohn’s disease will require abdominal

surgery at some point during the course of their disease,

either to resect a fistula or a symptomatic intestinal

stricture.
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Clinical Presentation

Following surgery for colonic Crohn’s disease, approxi-

mately one-third will relapse within the next 10 years.

Most typically, this involves the neo-terminal ileum leading

up to the anastomosis following an ileo-colic resection.

However, recurrence may occur elsewhere. The patient will

often present with abdominal pain or bleeding per rectum

and has often lost weight. Fistulae may extend to the skin

surface and result in severe perianal pain.
Imaging

The plain abdominal film may demonstrate mechanical

obstruction, but a barium enema is the investigation of

choice to evaluate the colonic mucosa. Cross-sectional

imaging with CT or MRI will enable imaging of any

associated abscesses and fistulae. Imaging perianal and

rectal fistulae are now performed using MRI. Suppression

of the signal from the pelvic fat allows the demonstration

of any abnormal fluid tracks and collections, together

with their relationship to the sphincters.
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Colonic Atresia
A congenital abnormality, usually due to an ischaemic

insult in embryological development resulting in com-

plete occlusion of the lumen of the colon.

▶GI Tract, Paediatric, Congenital Malformations

Colonoscopy
Colonoscopy is the “gold standard” for the detection of

colonic neoplasms and the preferred colorectal cancer

screening strategy.

▶Neoplasms, Benign, Large Bowel

▶Neoplasms, Large Bowel, Malignant
Color Doppler Ultrasound
This uses standard ultrasound methods to produce a

picture of a blood vessel. In addition, a computer converts

the Doppler sounds into colors that are overlaid on the

image of the blood vessel and that represent the speed and

direction of blood flow through the vessel.

▶Breast, Therapy Effects

▶Lymphadenopathy

Colorectal Adenomas
Colorectal adenomas are benign polypoid neoplasms,

pedunculated or sessile arising from the epithelial cells of

the colorectum, with varying degrees of cellular atypia.

Although benign, they are the direct precursors of

adenocarcinomas and follow a predictable cancerous

temporal course unless interrupted by treatment.

▶Neoplasms, Benign, Large Bowel

Colorectal Cancer
Colorectal cancer is the most common cancer of

gastrointestinal tract with approximately 150,000 new

cases every year. Despite these statistics, mortality from

colon cancer has decreased over the past 30 years, possibly

because of earlier diagnosis through screening and better

treatment modalities.

▶Neoplasm, Large Bowel, Malignant

Colovescical Fistula
Complication of sigmoid diverticulitis presenting with

frequency, UTI and pneumoturia. CT confirms diagnosis

with findings of thickened bladder mucosa, fistulous track

and gas in the bladder.

▶Diverticulitis

Colpocystogram
Invasive radiological technique to assess pelvic floor

descent. Progressively replace by MRI.

▶Incontinence, Urinary
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Normal variant of the renal cortex, which may simulate

tumors (pseudotumor).

▶Contrast Media, Ultrasound, Applications in Kidney

Tumor
Columnar Lined Oesophagus
▶Reflux, Gastroesophageal in Adults
Comedomastitis
▶Duct Disease, Breast
Communicating Dissection
Dissection with dual lumen and visible tears in the intimal

flap.

▶Dissection, Aortic, Thoracic
Compartment Anatomy
Is the concept of tumor anatomical site and definition of

borders. The intracompartmental remaining tumor,

which respects anatomical borders such as adjacent fascia,

has a better prognosis over the tumor, which is already

extracompartmental at presentation. The extracompart-

mental tumor is one that has already spread beyond the

anatomical site of origin and requires more extensive

surgery. Involvement of an adjacent joint or space such as

the popliteal fossa, is extracompartmental, and may

necessitate amputation, if limb salvage procedures are

not possible.

▶Neoplasms, Soft Tissues, Malignant
Complex Cyst
Cyst with internal masses, thick septations, or thick or

irregular wall.

▶Cyst, Breast

Complex Partial Epilepsy (CPE),
Focal Epilepsy: Temporal lobe
epilepsy (TLE): TLE accounts
for approximately 70% of all
chronic CPE
▶Seizures, Complex, Partial

Complex Regional Pain Syndrome
Characteristic disabling joint and soft tissue abnormalities

of poorly understood etiology. Also known as reflex

sympathetic dystrophy, the most common theory of its

pathogenesis is an injury to nerves resulting in painful

afferent stimuli. These afferent stimuli are thought to

activate increased sympathetic tone and other efferent

discharge. Symptoms include pain, dysesthesia, swelling,

and vasomotor instability. Early changes on scintigraphy

are characteristic and demonstrate bilateral asymmetric

increased activity in the affected juxta-articular region on

all three phases of bone scanning. Decreased unilateral

activity occurs in chronic disease. Radiographs may

demonstrate periarticular swelling, osteopenia, and sub-

chondral resorption. Preservation of joint space is an

important feature in differentiation from an inflamma-

tory arthritis.

▶Fractures, Peripheral Skeleton

Complex Sclerosing Lesion
▶Radial Scar, Breast

Complicated Cyst
Cyst with diffuse internal echoes.

▶Cyst, Breast
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Compression, Extrinsic, Esophagus. Figure 1 Extrinsic

esophageal compression related to a noncommunicating
Compression, Extrinsic,
Esophagus
esophageal duplication cyst. The barium study (a) shows

a significant compression over the esophagus with smooth

contours and obtuse angles. Computed tomography

(b) identifies a cystic mass, with thick walls and

well-defined contours, located in close relationship to the

anatomic area of the esophagus.
LUIS H. ROS MENDOZA,
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Synonyms

Contour wall alteration; Notches; Wall displacement
Definition

Morphologic alteration of the esophagus related to a

neighboring mass or space-occupying lesion.
Compression, Extrinsic, Esophagus. Figure 2 Extrinsic

compression of the esophagus related to a mediastinal

pancreatic pseudocyst. The sagittal plane of the magnetic

resonance study (a) shows a mass in the posterior

mediastinum that is compressing the thoracic esophagus.

The mass corresponds to a pancreatic pseudocyst.

Abdominal computed tomography (b) demonstrates the

inflammatory pancreatic involvement. Magnetic resonance

imaging by means of the sagittal and coronal planes is a

very useful tool for studying the esophagus, as it shows this

structure in its major longitudinal plane.
Pathology/Histopathology

Pathologydependson the causeof the extrinsic compression,

with the main causes classified as congenital, inflammatory,

or tumoral.

In congenital cases, the pathologic findings are related

only to the compressive phenomena without the presence

of inflammatory signs or tumoral infiltration, which

might be present in the two other groups.

Non-neoplastic mediastinal cysts form a group of

uncommon benign lesions of congenital origin (1). Neuro-

enteric and duplication esophageal cysts are localized in the

posterior mediastinum, and they might cause this kind of

alteration (Fig. 1).

Other cases present an inflammatory origin, such as

retropharyngeal abscesses or mediastinal pancreatic pseudo-

cysts.Mediastinalmasses associatedwith chronic pancreatitis

should raise suspicion for the extension of the inflammatory

process to the mediastinum (Fig. 2).

Tumoral masses located between the esophagus and

the tracheobronchial tree, mainly related to bronchogenic
carcinoma, can lead to esophageal infiltration and

compression (2). Neurogenic tumors (neurilemmoma,

paraganglioma, neuroepithelioma, and neurogenic sarco-

ma) might also compress the esophagus because of their

frequent posterior mediastinal location. Leiomyoma, the

most frequent benign tumor of the esophagus, can

sometimes grow in an eccentric way, making it difficult

to differentiate from an extramural mass (Fig. 3).



Compression, Extrinsic, Esophagus. Figure 3 Esophageal

compression due to an intramural leiomyoma. The barium

study (a) shows an esophageal compression that is difficult

to classify as intrinsic or extrinsic by only the classic

semiological criteria. The compression presents smooth

contours and the marginal angles are wide open, almost

obtuse. Computed tomography (b) defines a tumoral mass,

located in the anatomic area of the esophagus, which is

also compressing the trachea, with attenuation values very

similar to those of the muscular structures.

Compression, Extrinsic, Esophagus 367

C

Apart from the three groups mentioned earlier, there

are other causes for esophageal extrinsic compression:

1. Vascular compression: Aberrant right subclavian artery

(ARSA) is an anomaly with a reported incidence of

0.5–2%. The aberrant artery usually follows a retro-

esophageal course; it rarely takes an anterior course to

the esophagus or trachea. Anomalies associated with

ARSA are nonrecurring inferior laryngeal nerve

paralysis, aortic coarctation, right-sided aortic arch,

and a common origin of the carotid arteries.

Other vascular causes of compression include anoma-

lies of the aortic arch, an enlarged ascending aorta, a

malpositioned descending aorta, and enlarged pul-

monary arteries.

Enlargement of the left atrium causes compression of

the superior part of the distal esophagus, whereas

global cardiomegaly can produce compression of the

inferior part.

2. Lymphadenopathies: Mediastinal lymphadenopathies

(from a tuberculous, metastatic, or lymphomatous

origin) can also compress the esophagus and cause

dysphagia (3).

3. Thyroid and parathyroid gland enlargement: Enlarge-

ment of the thyroid gland, with either a benign or

malignant origin, might produce lateral displacement

of the esophagus, which is well seen on the antero-

posterior view of a barium swallow study. In secondary

hyperparathyroidism, there is a generalized hyperplasia
of parathyroid glands that, in some cases, can produce

esophageal compression (4).

4. Cervical osteophytes: These are found in approximately

20–30% of the aged population. In most of these

patients bony spurs are asymptomatic, although they

may be associated with neck stiffness and localized

or radiating pain. However, large osteophytes that

protrude from the anterior edge of the cervical

vertebrae can impinge on the upper esophagus,

causing dysphagia and odynophagia.

5. Zenker’s diverticulum: This is a protrusion of the

mucosal wall of the hypopharynx through the wea-

kened muscular layer between the oblique fibers of the

inferior constrictor of the pharynx and the transverse

fibers of the cricopharyngeal muscle. When large, it

might compress the cervical esophagus.

6. Retropharyngeal hematoma: If this occurs, it is located

just in front of the cervical spine. Trauma or

anticoagulant therapy can lead to its development.

7. Esophageal pseudomass: A narrowed sagittal diameter

of the thoracic inlet is recognized as an anatomic

variant that causes dysphagia because of extrinsic

compression of the esophagus between the trachea and

vertebral bodies, resulting in a pseudomass appearance.

8. Pleural, lung or mediastinal scars: These can retract the

esophagus to the involved side.
Clinical Presentation

The most frequent symptom related to extrinsic esopha-

geal compression is mechanical dysphagia, first for solids

and in cases of advanced obstruction, for both solids and

liquids. The point at which the patient experiences this

symptom is useful for localizing the level and cause of the

compression.

Some of the illnesses responsible for the esophageal

compression can present specific manifestations:

. Coughing is frequent in patients with ARSA, and

stridor is frequent in those with right-sided or double

aortic arch.

. Hiccups suggest involvement of the distal esophagus.

. Zenker’s diverticulum is characterized by regurgitation,

gurgling sounds, and aspiration.

. Large osteophytes (greater than 10 mm) can produce

aspiration.

. Mediastinal masses, when large, might produce uni-

lateral sibilants and dysphagia because they compro-

mise both the esophagus and the tracheobronchial tree.

. Thyroid and parathyroid gland alterations can present

endocrine symptoms associated with esophageal

manifestations (4).
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. Fever, night sweats, odynophagia, and weight loss are

common manifestations of lymphoma.

. Chronic pancreatitis produces chronic abdominal pain.
Imaging

In some cases, conventional chest radiology might show

findings that are suggestive of this condition, including

intrathoracic goiter; posterior mediastinal masses; pleur-

al, lung or mediastinal retractions; left atrium enlarge-

ment; cardiomegaly; aortic arch anomalies or other

vascular alterations.

Lateral neck radiographs can also be useful for

showing the presence of osteophytes, localized retro-

pharyngeal masses, or posttraumatic vertebral fractures.

But the most specific semiological criteria are obtained

by means of a barium swallow study (5). An intraluminal

or intramural mass usually presents its center within or

along the contour of the esophageal lumen; as a result, the

angles produced by the esophageal wall and the lesions

are acute. An extramural mass presents its center out of the

contour of the lumen, with these angles being obtuse

(Fig. 1a). This is called the spheroid sign.

In some cases, the barium swallow shows fixation and

traction of the mucosal folds with a teething appearance

suggestive of parietal infiltration.

By means of a barium swallow, it is also possible to

differentiate between the esophageal displacement due to

a mediastinal mass, which usually causes a narrowing of

the lumen, and the retraction due to a neighboring scar,

which produces a widening of the esophageal lumen.

In general, the filling defects with smooth or slightly

lobulated edges correspond to extramural masses.

On some occasions, ultrasound (US) can be useful

for characterizing a posterior mediastinal mass as solid

or cystic or an enlargement of the thyroid gland.

US-guided fine needle aspiration can be performed in

selected cases.

Endoscopic ultrasound (EUS) is being increasingly

used as a less invasive alternative to mediastinoscopy to

obtain a diagnosis of mediastinal involvement; EUS-

guided fine needle aspiration can provide material to

establish the histologic diagnosis.

Cross-sectional imaging modalities, computed tomo-

graphy (CT) and magnetic resonance imaging (MRI), are

also very useful tools for evaluating this situation. They

confirm the presence of the extrinsic compression and

allow a precise evaluation of its cause in the different

spatial planes (Figs 1 and 2). MRI angiography demon-

strates with great accuracy the different vascular causes of

dysphagia and allows a definite evaluation of the cardiac

chambers.
Nuclear Medicine

Nuclear medicine techniques might be useful in studying

some entities that can produce an extrinsic esophageal

compression. Thyroid pathology is well defined by means

of nuclear scintigraphy, and mediastinal lymphomatous

masses or adenopathies might be identified by means of

gallium citrate scintigraphy. The radionuclide study of

choice for parathyroid location is single photon emission

CT using technetium-99m sestamibi (2-methoxyisobuty-

lisonitrile).
Diagnosis

The initial diagnosis of extrinsic esophageal compression,

which can be suspected when the clinical symptoms

suggest it, is commonly made during a barium contrast

study or during an upper digestive endoscopy that shows

a mass or impression covered by normal-appearing

epithelium.

The first problem to solve is to differentiate between

an extrinsic compression versus a lesion arising from the

wall itself. The semiological criteria previously defined—

spheroid sign, characteristics of the edges of the compres-

sion, teething appearance—can be the key findings to

establish the differential diagnosis, although this is not

always easy (Fig. 3). Some entities can present specific

manifestations on the barium swallow that help determine

the specific diagnosis:

. ARSA appears as a characteristic posterior compres-

sion, an oblique notch “in bayonet.”

. Intrathoracic goiter presents the cervicothoracic

sign, compressing and displacing both trachea and

esophagus.

The second problem is to determine the origin (cause)

of the extrinsic compression. CT and MRI are very useful

tools for this because they allow not only identification of

the esophageal compression but also identification of its

etiology, with the possibility of a detailed evaluation in the

different spatial planes. Some entities show specific

findings:

. Tuberculous mediastinal adenopathies show a hypo-

dense, necrotic center.

. Narrowing of the thoracic inlet diameter (normal: 6.2

cm in the sagittal plane, range 5–8.7 cm) occurs in

cases of esophageal pseudomass (apparent external

compression on the upper esophagus from the right

side with displacement to the left and narrowing of the

esophageal lumen, which is suggestive of a mass that

should be excluded with CT).
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In some cases, the diagnostic algorithm might be

completed by means of a percutaneous puncture under US

or CT guidance to obtain sample material for pathologic

study.
C
Interventional Radiological Treatment

Nonresectable malignant esophageal stenosis, in some

cases related to parietal infiltration from a neighboring

tumor, might be treated using self-expanding stents. The

self-expanding plastic stent is removable, induces less

hyperplasia than metal stents, and can be used to treat

benign esophageal conditions.
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Synonyms

Contour wall alteration; Notches; Wall displacement
Definition

Extrinsic compression of the stomach and duodenum is

a morphologic alteration of the gastric and duodenal

contour related to a neighboring space-occupying lesion.
Pathology/Histopathology

Pathology depends on the cause of the compression. The

most frequent etiologic factors in gastric compression

are liver and spleen enlargement, pancreatic pathology

(tumors, cysts, and pancreatitis), gallbladder alterations,

retroperitoneal lymphadenopathies, renal masses, and

collections in the lesser sac.

In duodenal compression, the main causes include

hepatomegaly, gallbladder enlargement, coledocal compres-

sions, right renal and adrenal masses, periportal adenopa-

thies, and hepatic angle and transverse colon alterations (1).

According to the histological characteristics, com-

pressions can be classified as congenital (duplication cysts

of the stomach or duodenum), inflammatory (acute and

chronicpancreatitis,Morrisonpouchabscesses), or tumoral

(pancreatic adenocarcinoma, hepatic carcinoma, renal cell

tumor).

In the first case, the pathologic findings will be related

only to the compressive phenomena without the presence

of inflammatory signs or tumoral infiltration, which

might be present in the two other groups.

Special attention should be given to gastric duplication

with its special pathologic characteristics: it can be cystic (the

most frequent type), tubular, or tubulocystic. The duplica-

tion wall is close to the gastric wall, and its muscular layer

fuses with the gastric one, although it rarely communicates

with the gastric lumen. The duplication contains gastric

epithelium (which can become ulcerated) or ectopic pan-

creatic epithelium (which can develop into pancreatitis).
Clinical Presentation

The patient can have no symptoms, with the extrinsic

compression being a casual finding.

If symptoms are present, obstruction is the most

frequent one, causing epigastric pain, abdominal disten-

sion, early satiety, and nausea and vomiting during or

immediately after food intake. Vomiting usually alleviates

the symptoms. Significant weight loss may occur (2). In

low gastric and duodenal obstructions, “gastric splashing”

can be found during clinical examination.

Some illnesses causing extrinsic compression have

special clinical manifestations:

. Acute pancreatitis: Nonstop superior abdominal pain

that radiates to the back.

. Chronic pancreatitis: Severe abdominal pain that is

relieved at the genupectoral decubitus and when the

patient sits leaning to the front, together with appetite

loss, steatorrhea, and diabetes. Duodenal obstruction is

more frequent in cases of alcohol-related pancreatitis.
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. Annular pancreas: Bilious vomiting, growth failure,

abdominal pain, duodenal obstruction, pancreatitis,

and obstructive jaundice.

. Duodenal and gastric duplications: In neonates and

infants, they produce vomiting, abdominal distention,

volvulus, intussusception, and an abdominal mass.
Compression, Extrinsic, Stomach and Duodenum.

Figure 1 Extrinsic compression of the stomach related to a

pancreatic abscess. The upper gastrointestinal tract barium

study (a) shows a significant extrinsic compression of the

posterior gastric wall, with smooth contours and obtuse

angles. Computed tomography (b) demonstrates the

presence of a large pancreatic abscess as the cause of the

extrinsic gastric compression. The stomach is identified by

the presence of positive oral contrast within its lumen; the

abscess, identified by the presence of gas bubbles, is

located in close relationship to the posterior gastric wall.

Compression, Extrinsic, Stomach and Duodenum. Table 1 Ca

Body: right anterior wall Hepatomegaly, gastric varicose v

Body: left posterior wall Splenomegaly

Body: posterior wall Paraduodenal and lesser sac hern

Antrum: anterolateral face Enlargement of the gallbladder

Antrum: posterolateral face Internal hernias through Winslow

Antrum: posterior face

(“antral pad”)

Pancreatic masses (tumors, cysts,

lesser sac collections

Great curvature Gastric duplication
In adults, peptic ulcer or pancreatitis of the ectopic

pancreatic tissue may occur. A duplication might get

infected, and if it ruptures in the peritoneal cavity,

peritonitis occurs.

. Duodenal diverticula: About half of the diverticula are

found incidentally. When they are symptomatic, the

most common clinical presentation is abdominal

pain, gastrointestinal bleeding, and perforation.

. Internal hernias: Might cause small bowel obstruction

(closed-loop or strangulating obstruction). They can also

produce chronic intermittent intestinal obstruction.

. Superior mesenteric artery syndrome: Appears in

cases of significant weight loss, sometimes postsurgi-

cal, and in cases of severe burns. The symptoms are a

sensation of gastric fullness and abdominal distention

after food intake, bilious vomiting, and colicky pain in

the middle part of the abdomen, which eases in the

prone decubitus and in genupectoral positions.
Imaging

In an abdominal plain film, displacement of the gastric

luminogram can be identified in some cases.

In barium contrast examination, the most common

findings are a wide base compression or notch in the

luminal contour of the stomach or duodenum, usually

accompanied by displacement of the organ, along with a

poorly defined area of low density (Fig. 1a). The location

of the barium column alteration depends on the cause of

the compression (Tables 1 and 2).

By means of computed tomography (CT) and magnetic

resonance imaging (MRI) in the different spatial planes

(axial, coronal, sagittal), these same vectors of displace-

ment can be identified, enabling evaluation not only of the

extrinsic compression but also of its cause (Figs 1b and 2).
Nuclear Medicine

Gastrointestinal duplications that contain gastric mucosa

can be identified with technetium-99m-pertechnetate or
uses of gastric extrinsic compression

eins

ias

’s hiatus

pancreatitis), retroperitoneal adenopathies, left renal masses,
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First and second portions: medial

displacement

Common bile duct (lineal notch), distended gallbladder (carcinoma),

hepatomegaly (caudate lobe), focal hepatic lesions, periportal adenopathies,

Morrison pouch collections, colonic hepatic angle distension or neoplasms,

internal hernias through Winslow’s hiatus

Second portion: posterolateral compression Right renal and adrenal tumors, right renal ptosis

Second portion: annular compression Annular pancreas

Second portion: medial wall compression

(widening of the duodenal arch)

Pancreatic masses (tumors, cysts, pancreatitis), peripancreatic adenopathies

(metastatic, lymphomatous), retroperitoneal masses

Second and third portions Duodenal duplication cysts

Third portion: anterior compression Pancreatitis (mesenterium involvement), mesenteric masses, superior

mesenteric artery syndrome

Third portion: posterior compression Retroperitoneal hematoma, aortic aneurysms

Fourth portion: medial displacement Abdominal aortic aneurysms

Fourth portion: anterior compression Transverse colon distension or neoplasms

Compression, Extrinsic, Stomach and Duodenum.

Figure 2 Extrinsic compression of the duodenum due to

a cystic duodenal duplication. Computed tomography

(a) shows the presence of a cysticmasswith thickwalls in the

anatomic area of the pancreatic head. The patient had no

antecedents of pancreatitis. The coronal plane of the

abdominal magnetic resonance study (b) shows that the

cystic mass is closely related to the duodenal walls. This and

the thick walls (because congenital duplications “duplicate”

all the layers of the wall of the digestive tube) are the key

findings for suspected duodenal duplication cyst.
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technetium-99m diethyltriamine pentaacetic acid scinti-

graphic evaluation, visualizing the functioning ectopic

gastric mucosa simultaneously with the stomach in gas-

tric duplications and even earlier in the case of duodenal

duplications (3).
Diagnosis

The initial diagnosis of extrinsic compression of the

stomach or duodenum is commonly suspected during an

upper digestive endoscopy, with the visualization of a mass

or impression covered by normal-appearing epithelium, or

during a barium contrast study that presents the findings

previously described.

The first problem to be solved is the differential

diagnosis between extrinsic compression—caused by a

normal or abnormal structure adjacent to the involved

organ—versus a lesion arising from the wall itself.

In the upper gastrointestinal tract barium study, if the

largest part of the lesion projects out of the gastric or

duodenal lumen, and if the angle produced by the gastric

or intestinal wall and the mass is obtuse, then the cause is

more likely extrinsic (Fig. 3). In addition, the notches

related to an extrinsic compression are not constant,

changing under the actions of gravity and breathing.

Although during the upper endoscopy the finding can

be evaluated by means of endosonography and, in some

cases, an endosonographically guided fine needle aspira-

tion can be performed (4), transabdominal ultrasound,

CT, and MRI are more useful for defining the origin and

extent of the extramural masses.

The second problem is to determine the origin of the

extrinsic compression. In the barium study, the location

and characteristics of the extrinsic compression (tubular,
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Figure 3 Extrinsic compression of the stomach related to

a massive splenomegaly. The upper gastrointestinal tract

barium study (a) shows the deformity of the great

curvature of the stomach, which suggests an extrinsic

compression depending on the spleen. A mass effect, with

high radiologic density, could be identified in the splenic

area. The isotopic study (b) shows the absence of the

radioisotope uptake by the spleen due to a massive acute

splenic infarct. Edema at this acute stage of the splenic

infarct results in the splenomegaly.
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serpiginous notches in the case of gastric varicose vein)

can be indicative of the cause (Tables 1 and 2), but in

general, the cross-sectional imaging modalities, CT and

MRI, are more useful in this respect, confirming the

findings of the barium study, differentiating intrinsic from

extrinsic compression in doubtful cases, and showing the

cause of the compression.

Some entities, which are detailed later, present more

diagnostic difficulties:

. Gastric duplications are more frequently found in the

great curvature and duodenal duplications in the

anteromedial contour of the first and second portions,

and they are usually noncommunicating duplications.

They appear on CT as rounded lesions that present a

water density and are closely related to the gastro-

intestinal lumen (Fig. 2). On ultrasonography they

appear as cystic structures, with the internal mucosal
wall presenting a bright appearance, being the external

muscular layer hypoechoic. In doubtful cases, a fine-

needle aspiration biopsy under endoscopic ultrasound

guidance or nuclear medicine techniques that allow the

identification of gastric mucosa can be performed.

. The preoperative diagnosis of internal hernia can be

made with barium studies, but in the presence of small

bowel obstruction, CT plays an important role, allowing

the identification of a sac-like mass or cluster of small

bowel loops at an abnormal anatomic location, with a

stretched and displaced mesenteric vascular pedicle and

converging vessels at the hernial orifice.

. Superior mesenteric artery syndrome appears on CT as

a sharpening in the middle of the third duodenal

portion, with retrograde distension. On barium study

there is an abrupt lineal compression with dilatation

of the first and second duodenal portions and a

fluctuant appearance of the barium column, as well as

delayed gastric emptying.

. Gastric varicose veins are easy to identify on CT. They

appear as serpiginous lesions that present intense

enhancement after the intravenous contrast adminis-

tration.

. Annular pancreas causes, in the barium study, a filling

defect with annular morphology in the descendent

portion of the duodenum at the level of the Vater

ampulla, with a homogeneous dilatation of the

proximal duodenum and inverted peristalsis of

this area. To establish the diagnosis of this entity,

endoscopic retrograde cholangiopancreatography,

pancreatic CT, and MRI are very useful tools.

. Pancreatic neoplasms produce characteristic signs in

the barium study when they have a long evolution.

Enlargement of the duodenal arch and the Frostberg

inverted-three sign (compression of the duodenal loop

with fixation of the middle portion at the level of Vater

papilla) are very well known. In cases with muscular

infiltration or mucosal edema, contour spiculation

and blurring of mucosal folds are produced; however,

these signs are not specific to tumoral lesions, also

appearing in acute and chronic pancreatitis.
Interventional Radiological Treatment

In patients with advanced neoplasms that compress the

stomach or duodenum, an alternative to traditional

surgical palliative treatment (gastrojejunostomy and duo-

denojejunostomy) is gastroduodenal stent placement,

which can be done under fluoroscopic guidance or with

a combination of fluoroscopic and endoscopic techniques.

Stent placement reduces postsurgical complications,

provides better gastric emptying, and ismore cost-effective

than surgical palliation (5).
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Computed Radiography (CR)
After passing through the patient, the emergent X-ray

beam is detected by a photostimulable phosphor plate,

forming a stable latent image. A laser then stimulates the

plate, light is emitted and a digital signal produced (via a

photomultiplier tube) than is converted into the image.

The resultant image can be read either on laser-printed

film or as soft copy on a workstation.

▶Children, Imaging Techniques
Computed Tomographic
Colonography
CTC is a novel imaging modality for the evaluation of the

colonic mucosa in which thin-section spiral CT provides

high resolution two-dimensional (2D) axial images; CT

data sets are edited off-line in order to produce multi-

planar reconstructions (coronal and sagittal images) as

well as three-dimensional (3D) modeling, including

endoscopic-like views.

▶Neoplasms, Benign, Large Bowel
Computed Tomography
Diagnostic modolity based on X-rays able to obtain cross-

sectional images of the human body is a non invassive

manner.

▶Ischemic Heart Disease, CT
Congenital (or Dysgenetic)
Pancreatic Cyst
Congenital pancreatic cyst is an intrapancreatic cystic

lesion non-communicating with the duct system and

lined by a single layer of flat epithelium. The cysts are

usually enclosed in a thin fibrous capsule and they are

filled with a mucoid or serous fluid. They may range from

microscopic lesions up to 3–5 cm in diameter. They are

believed to result from anomalous development of the

pancreatic ducts. Unlike cysts in the liver and kidneys,

asymptomatic simple pancreatic cysts are uncommon.

Most of these cysts are multiple and associated with

von Hippel–Lindau disease or, rarely, with inherited

polycystic kidney disease. Macroscopic pancreatic cysts

are occasionally seen in patients with cystic fibrosis. At

imaging, congenital cysts appear as well-defined cystic

lesions with smooth walls and without intramural

excrescences or septations. Associated renal and hepatic

cysts may be seen.

▶Cystic Neoplasms, Pancreatic
Congenital Abnormalities,
Pancreatic
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Synonyms

Pancreatic congenital anomalies; Pancreatic congenital

variants; Pancreatic developmental anomalies
Definitions

The pancreas arises from dorsal and ventral anlages that

fuse at 6 weeks of gestation. The ventral anlage develops

into a part of the pancreatic head and the uncinate process

while the dorsal part gives rise to the pancreatic body

and tail as well as a second part of the pancreatic

head. Congenital variants of the pancreas are seen in
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approximately 10% of children and include pancreatic

agenesis, hypoplasia, ectopia, ▶pancreas divisum, and

▶annular pancreas.

Complete pancreatic agenesis is extremely rare and is

usually associated with other major malformations. In

agenesis of the dorsal anlage only the pancreatic head

develops, e.g., in combination with polysplenia syndrome.

In pancreatic hypoplasia, the exocrine elements or

more rarely also the endocrine elements are under-

developed.

Pancreatic ectopia is defined as pancreatic tissue in

ectopic locations (e.g., stomach, duodenum, jejunum,

appendix, Meckel’s diverticulum). These lesions have no

contact with the normal pancreas and possess its own

ductal system and blood supply. It is usually found at

autopsy or as an incidental finding at laparotomy. The

incidence varies between 1% and 15%.

In pancreas divisum, the dorsal and ventral anlages

did not fuse resulting in two separate pancreatic portions

which drain separately into the duodenum: the major

drainage (body and tail) is performed by the duct of

Santorini through the minor papilla, while the main duct

of Wirsung drains only the posterior part of the

pancreatic head through the major papilla. The accessory

duct of Santorini becomes the main excretory pathway of

the gland. This anomaly is the most common pancreatic

anomaly (4–14% of all children).

The annular pancreas results from a premature fusion

of the dorsal and ventral anlages. This anomaly is

characterized by a ring of pancreatic tissue that encircles

the second portion of the duodenum. A second

embryological theory is that an annular pancreas may

also result from an anomaly of the ventral bud rotation.

Duodenal obstruction may occur. Incidence is increased

in children with Down syndrome and other congenital

anomalies.
Pathology and Histopathology

While in complete pancreatic agenesis no pancreatic

tissue is found at all, in partial agenesis parts of the

pancreas can be identified in the pancreatic region. The

histology of the pancreatic tissue is normal.

In pancreatic hypoplasia, lipomatous hypertrophy

of the pancreas with extensive atrophy of the exo-

crine acinar tissue is seen while the endocrine system is

preserved; in cases of an associated endocrine hypoplasia

the Langerhans cells are also atrophic.

Ectopic pancreatic tissue includes all histological

elements of the exocrine and the endocrine pancreas,

although the ducts of the exocrine pancreatic tissue are not

arranged in the normal anatomical pattern. In gastro-

intestinal ▶ectopic pancreas, the pancreatic tissue is
usually found in the submucosa. The ectopic pancreatic

tissue may be functionally active and secreting, causing

local ulceration of the mucosa. Inflammation of the

ectopic pancreas with pseudocyst formation or the

development of benign or malignant pancreatic tumor

has also been described.

Pancreas divisum occurs when the ductal systems of

the ventral and dorsal pancreatic ducts fail to fuse. Grossly

pancreas divisum is characterized by a completely

separated pancreatic ductal system in an undivided gland.

In pancreas divisum the predominant drainage is

performed by the dorsal duct of Santorini through the

minor papilla. In patients with pancreas divisum, signs of

acute or chronic pancreatitis can be found in the dorsal

duct distribution while normal pancreatic tissue is seen in

the ventral duct distribution. It is suggested that the duct

of Santorini and the minor papilla are too small to

adequately drain the large amount of secretions which

may lead to a relative outflow obstruction with resulting

pancreatitis.

Annular pancreas is believed to result from an early

fusion of the ventral and dorsal anlages or from a failure

of normal pancreatic tissue to rotate around the

duodenum. The annulus represents the ventral part of

the pancreas that remains fixed to the duodenum. In the

extramural type, the pancreatic tissue is drained by a duct

originating at the anterior surface of the duodenum,

passing posteriorly around the duodenum and opening

into the main pancreatic or common bile duct near the

ampulla. In the intramural type, pancreatic tissue is found

within the duodenal wall and small ducts drain directly

into the duodenum.
Clinical Presentation

Pancreatic agenesis is usually associated with severe forms

of intractable neonatal diabetes mellitus. Complete

pancreatic agenesis is usually characterized by severe

morbidity and mortality.

In pancreatic acinar hypoplasia the endocrine pan-

creatic function is usually intact while the exocrine cells

are atrophic. The exocrine pancreatic insufficiency results

in malabsorption with weight loss and chronic diarrhea.

Congenital pancreatic hypoplasia should always be kept in

mind when a child manifests with gross steatorrhea and

responds well to pancreatic enzyme replacement therapy.

▶Shwachman–Diamond syndrome (SDS) is a rare

autosomal recessive disorder characterized by exocrine

pancreatic insufficiency associated with bone marrow

dysfunction and skeletal anomalies (metaphyseal chon-

drodysplasia). In affected children the pancreatic acinar

cells do not develop in utero and are replaced by fatty

tissue.
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Ectopic pancreas is a relatively rare entity, usually of

no clinical importance and found incidentally during

laparotomy or in autopsy. If present, symptoms are

nonspecific, including abdominal pain, nausea, vomiting,

and gastrointestinal bleeding. Specific symptoms can

develop in case of complication. Pancreatitis can occur in

ectopic pancreas, leading to typical symptoms and

laboratory findings; the ectopic insulin secretion may

cause hypoglycemia. Exocrine or endocrine tumors may

develop in the ectopic pancreatic tissue. Obstructive

symptoms are mainly related to the localization of the

ectopic pancreas (gastrointestinal obstruction, obstruc-

tive jaundice); intestinal mechanical obstruction can be

related to intussusception.

Most patients having pancreas divisum are asympto-

matic, although some reports have suggested a high

incidence of abdominal pain and acute and chronic

pancreatitis with typical clinical and laboratory findings.

It has been suggested that the relative stenosis of the

accessory papillary orifice, the major outflow tract for

pancreatic secretions, is the cause of problems.

In many instances annular pancreas is discovered

incidentally during radiological imaging studies performed

for other reasons. Symptoms develop when complications

occur, including pancreatitis, biliary obstruction, and

peptic ulcer. If the annular pancreas forms a complete ring,

there may be total obstruction of the duodenum and

diagnosis is rapidly evident in the neonate; if the ring is

incomplete, obstructionmay occur later in life ormay never

produce symptoms. A history of polyhydraminos and other

anomalies such as intestinal malrotation, duodenal atresias,

and cardiac anomalies are often associated.
Imaging

Ultrasound (US) is a highly sensitive, nonionizing bed-

side primary imaging modality that can locate, identify,

and characterize pancreatic tissue. Computed tomogra-

phy (CT ) and magnetic resonance imaging (MRI) are

second line imaging modalities; dynamic contrast-

enhancement pattern may increase sensitivity and speci-

ficity. Magnetic resonance cholangiopancreatography

(MRCP) can be a noninvasive alternative for endoscopic

retrograde cholangiopancretography (ERCP).

In complete pancreatic agenesis, no pancreatic

parenchyma can be found in the expected locations. In

partial agenesis the pancreatic tissue has a normal aspect

on US, CT, and MRI.

Pancreatic hypoplasia can be demonstrated by imaging

because of the presence of pancreatic lipomatosis with the

replacement of the normal pancreatic parenchyma by fat.

Ectopic pancreatic tissue is unlikely to be identified by

US, CT, or MRI. Ectopic pancreas in the stomach and
duodenum can occasionally be identified on barium

studies as submucosal masses. Their appearance is

however nonspecific mimicking any kind of submucosal

mass in the gastrointestinal tract. Ectopic pancreatic

islands in the stomach and duodenum can display a

central depression, which corresponds to the opening of a

duct. Gastric locations are typically located along the

greater curvature in the proximity of the pylorus, whereas

in the duodenum, they are mostly found proximally

between the bulb and the ampulla of Vater. Ectopic

pancreas located in the gallbladder can be visualized by

US, which will display hyperechoic nodular mural

thickening without acoustic shadowing; however this

appearance is not specific.

In pancreas divisum CT and MRI can occasionally

demonstrate a separate dorsal and ventral pancreatic

portion divided by a thin fat plane. Definite diagnosis

of pancreas divisum is obtained by MRCP or ERCP.

MRCP may demonstrate a short (1–6 cm) and thin

main duct of Wirsung and a larger accessory duct of

Santorini which drains almost the entire pancreas from

the tail to the anterior part of the head. The identification

of the separated ducts can be enhanced by secretin

stimulation. In rare cases, pancreas divisum is associated

with a focal dilatation of the duct near the papilla, called

santorinicele.

Annular pancreas is usually demonstrated by barium

enema studies. Asymmetric extrinsic narrowing of the

lateral and medial borders of the second portion of

the duodenum with normal mucosal pattern is a typical

finding. On US, CT, or MRI the annular pancreas may

appear as duodenal wall thickening, as an apparent

enlargement of the pancreatic head or as a well-defined

ring of pancreatic tissue encircling the duodenum. The

presence of calcification can suggest an associated chronic

pancreatitis. MRCP demonstrates the presence of the

annular duct which drains into the main pancreatic duct.
Nuclear Medicine Diagnosis

In patients with unexplained and persisting signs of

cholangitis, pancreatitis, jaundice, recurrent abdominal

pain, nausea, and vomiting, a congenital anomaly of the

pancreatic or bile duct must be considered. Because

clinical findings are usually nonspecific, US, CT, and MR

are essential for diagnosis. In case of ectopic pancreatic

tissue, diagnostic imaging can fail in detection because of

the presence of obscuring complications such as pancrea-

titis and duodenal perforation. In such cases only the

histopathological findings can demonstrate the presence

of pancreatic tissue. There is however limited value for

nuclear medicine imaging in congenital anomalies of the

pancreas.
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Interventional Radiological Treatment

ERCP is used for therapeutic intervention in patients with

pancreas divisum. Several endoscopic and/or surgical

procedures have been proposed in an attempt to improve

the pancreatic outflow through the minor papilla in

patients with acute recurrent pancreatitis. These include

endoscopic sphincterotomy, ductal balloon dilatation,

and pancreatic duct stent placement.
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Congenital Adrenal Hyperplasia
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 mineralocorticoids and excess pro-

duction of adrenal androgens.

▶Adrenogenital Syndrome

▶Ambiguous Genitalia
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Synonyms

Agenesis of dorsal pancreas; Annular pancreas; Congeni-

tally short pancreas; Ectopic pancreas; Pancreatic cyst(s);

Pancreas divisum; Pancreatic lipomatosis
Definitions

Anatomical Anomalies (1–4)

. Pancreas divisum is the most common anatomic

variant of the pancreas. Its incidence varies from

4–14% of autopsies. It is characterized by an

incomplete fusion between the dorsal and ventral

ducts. Only the duct of Wirsung drains into the

ampulla of Vater. The duct of Santorini drains into the

minor papilla. Stenosis and pancreatitis may ensue.

. Annular pancreas possibly results from abnormal

adherence of the ventral duct to the duodenum that

results in a complete ring of pancreatic tissue around

the duodenum. About 50% of the patients are present

in the neonatal period with an associated duodenal

obstruction. Other associated anomalies are Trisomy 21,

congenital heart disease, and tracheo-esophageal fistula.

. Congenitally short pancreas corresponds to an

absence of the pancreatic neck, body, and tail. There

is an increased risk of diabetes and associated

malformations.

. Ectopic Pancreas: ectopic pancreatic tissue is an

aberrant rest of “normal” pancreatic tissue that can

be seen in various locations (stomach, jejunum, liver,

spleen, umbilicus, Meckel’s diverticulum, and so on).

It may ulcerate or remain asymptomatic.

. True single congenital cyst of the pancreas may be

isolated or associated to ano-rectal, kidney or limbs

anomalies. Intestinal duplication cysts may be seque-

strated within the pancreas.

Congenital anomalies resulting from systemic diseases

that affect the pancreas (1–4)

. Pancreatic lipomatosis is characterized by fatty

infiltration of the pancreas associated with deficient

secretion of pancreatic enzymes. It is a common find-

ing in the ▶Shwachman–Diamond and ▶Johanson–

Blizzard syndromes already in infants. The lipomatosis

develops progressively in cystic fibrosis (CF). In

CF, multiple cysts may develop in late childhood

(cystosis).

These congenital causes must be differentiated from

acquired causes such as lipomatosis following steroid

therapy.

. Multiple cysts in the pancreas are seen in Von Hippel

Lindau disease and in Dominant Polycystic kidney

disease, but usually in adult patients.

. Pancreatomegaly is observed in ▶Beckwith–

Wiedemann syndrome.

. Congenital tumors: congenital tumors are very rare

but perinatal diagnosis of pancreatoblastoma (exo-

crine tumor) and insulinoma (endocrine tumor) has
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been reported. Among endocrine tumors, nesidio-

blastosis corresponds to ill defined tumors leading to

intractable neonatal hypoglycemia.

Pancreatic cysts may be acquired and appear in the

course of cystic fibrosis (cystosis).
C

Pathology/Histopathology

The histopathological anomalies observed on the pan-

creas will depend upon the type of the primary lesion and

complications that have occurred. For instance, inflam-

matory lesions or fibrosis will be observed in case of

pancreatitis associated to pancreas divisum. Fatty infiltra-

tion of the gland will be observed in case of Shwachman

disease. Islet cells hypertrophy or a circumscribed tumor

can be identified in case of nesidioblastosis.
Clinical Presentation

Congenital anomalies of the gland will be clinically

evident either because of an antenatal diagnosis of

pancreatic tumor (cyst) or because of an abdominal mass

palpated at clinical examination. Other symptoms that

orient toward a pancreatic anomaly are evidence of

pancreatic insufficiency (fatty diarrhea, failure to grow,

diabetes) or abdominal pain related to complications of

the malformation.

A pancreatic endocrine tumor should be suspected in

case of seizures associated with neonatal hypoglycemia

(1–4).
Congenital Anomalies of the Pancreas. Figure 1 Annular

pancreas: MRCP demonstrating the pancreatic ducts

and the typical annular appearance of the pancreatic

duct (arrow).
Imaging

Ultrasound is the primary screening tool to evaluate the

pediatric pancreas. Its size varies with age. The head and

the tail increase ±1.0 cm at birth and 2 cm at 10–15 years.

The body varies from 0.5 to 1 cm. The gland’s echogenicity

is slightly hyperechoic to liver at birth, relatively hypoe-

choic in children.

The width of the pancreatic duct should not measure

above 1.5 mm at 1 year and 2.2 mm at 15 years.

The pediatric pancreas is well seen on contrast-

enhanced CT. The technique is well suited to visualize

pancreatic calcifications, tumors, or complication of

traumatism.

MRI can be used for similar indications than CT.

Furthermore, the technique using special ▶MRCP

sequences provides important supplementary information
about the pancreatic duct and biliary tract. A normal

MRCP may obviate the need for ▶ERCP.

ERCP is useful whenever MRCP does not provide

sufficient information or when a therapeutic maneuver is

planned.

In selected cases, peripancreatic venous sampling can

be performed in order to localize nesidioblastosis or other

ill defined pancreatic endocrine tumors (1–5).
Nuclear Medicine

Not applicable
Diagnosis

The first imaging tool for evaluating the pancreas is

ultrasound. The technique will allow evaluation of its size,

form, and echogenicity. Its relation with the portal system

will be evaluated. Whenever a mass is observed, CT or

MRI should be performed.

Whenever a dilatation of the pancreatic duct is

observed and whenever an anomaly of the gland

morphology is observed, MRCP should be performed

(Figs 1 and 2).

Abnormal hyperechogenicity should suggest lipoma-

tosis (Fig. 3) and other symptoms of an associated

syndrome should be looked for (1–5).



Congenital Anomalies of the Pancreas. Figure 2 Pancreas

divisum: MRCP demonstrating separately the main

pancreatic and Sontorini ducts.

Congenital Anomalies of the Pancreas. Figure 3 Pancreatic

lipomatosis in a case of Shwachman syndrome. Ultrasound

of the pancreas; the hyperechogenicity of the pancreatic

head is striking (between arrows).
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Synonyms

Inborn Splenic Abnormalities; Splenic Congenital

Abnormalities; Splenic Malformations
Definition

Congenital splenic anomalies include inborn anomalies of

shape, location, number, and size of the spleen due to

aberrant embryologic development.
Pathology and Histopathology
Accessory Spleen

The spleen is a mesodermal derivative, which first appears

as a mesenchymal cell condensation inside the dorsal

mesogastrium. Sometimes, additional smaller splenic

condensations appear and give origin to ▶accessory

spleens, representing by far the most common congenital
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abnormality of the spleen. Accessory spleens resemble the

splenic structure. They may be located anywhere in the

abdomen; the most common sites are near the splenic

hilum and the tail of the pancreas. Other possible

locations are along the splenic vessels, in the gastrosplenic

and splenorenal ligaments, in the mesentery, and in the

omentum. When splenectomy is performed for hypers-

plenism, hypertrophy of an accessory spleen may cause

recurrent disease (1, 2) (Fig. 1).
Shape Abnormalities

Splenic clefts, notches, and lobules may persist in adult

life as variations of the normal shape and are common (1)

(Fig. 2).
Congenital Abnormalities, Splenic. Figure 1 Accessory splee

hilum (arrows). In the contrast-enhanced arterial phase, they h

to that of the normal spleen.

Congenital Abnormalities, Splenic. Figure 2 Splenic cleft CT

along the posterior margin of the spleen. The smooth edges a

congenital splenic cleft.
Abnormal Location

The spleen may be seen in a variety of locations. In

congenital diaphragmatic hernia, in Bochdalek diaphrag-

matic hernia and in eventration of the diaphragm, the

spleen may be intrathoracic. If the lateral peritoneal recess

is particularly deep the spleen is found posteriorly to the

left kidney. The spleen may also be located in the right

hypochondrium (1).
Spleno-Gonadal Fusion
and Spleno-Renal Fusion

▶Spleno-gonadal fusion is a rare anomaly. Due to the

close relationship between the developing spleen and
n CT study shows two small round masses near the splenic

ave a strong inhomogeneous enhancement, analogous

contrast-enhanced arterial phase. A fissure is appreciable

nd the absence of contrast extravasation suggest a



380 Congenital Abnormalities, Splenic
left gonadal-mesonephric structures, an accessory spleen

may be found attached to the left ovary or kidney or

may be located within the scrotum. Spleno-gonadal fusion

can be classified into two types: continuous (direct

connection between the spleen and gonad) and dis-

continuous (no anatomic connection between ectopic

splenic tissue and the principal spleen). This anomaly

predominates inmales. It can occur as an isolated condition

or can be associated with other abnormalities, such as

cryptorchismus and orofacial or limb abnormalities (1, 3).
Wandering Spleen

Absence, laxity, or excessive length of ligaments of the

spleen leads to an abnormal mobility of the organ.

Torsion of the long vascular pedicle may occur, followed

by vascular occlusion and splenic infarction (1, 4).
Asplenia and Polysplenia

The absence of the spleen (▶asplenia) or the presence of

multiple small spleens (▶polysplenia) is a rare condition

usually associated with other congenital malformations,

especially cardiovascular anomalies. Polysplenia or asple-

nia may associate with abdominal situs ambiguous and

are known as asplenia and polysplenia syndrome.

Asplenia syndrome is most frequently encountered in

males and may be associated with severe cyanotic

congenital heart diseases. The typical anatomic features

of asplenia syndrome are trilobed lungs with bilateral

minor fissures and epiarterial bronchi, bilateral systemic

atria, midline liver, and a variable location of the stomach.

Polysplenia syndrome is more common in females. The

typical anatomic features of classic polysplenia syndrome

are bilobed lungs with bilateral hypoarterial bronchi,

bilateral pulmonary atria, midline liver, and multiple

spleens of variable size and number that may be located in

either the left or right abdomen. In rare cases these

patients have a single, lobulated spleen or even a normal

spleen. Malrotation of the bowel is a frequent finding in

heterotaxy syndrome (1, 5).
Splenic Atrophy

Congenital ▶splenic atrophy is quite uncommon and is

associated with recurrent bacterial infections (1).
Clinical Presentation

Accessory spleens and splenic shape abnormalities are

typically an incidental finding at imaging.
Spleno-gonadal fusion may manifest as a mobile and

painless left scrotal mass. Other presentations include

cryptorchismus, testicular torsion, and inguinal hernia.

Spleno-gonadal fusion is often asymptomatic in females.

In case of an intrathoracic location of the spleen,

patients usually have respiratory symptoms.

The▶wandering spleen usually is symptomatic in the

childhood and may present with an abdominal mass and

acute, chronic, or intermittent symptoms due to torsion

of the vascular pedicle.

In children with asplenia and polysplenia syndromes,

the clinical manifestations may be related to congenital

heart disease, immune deficiency (splenic absence), or

volvulus due to intestinal malrotation (1).
Imaging
Accessory Spleen

Accessory spleens may vary in number and size, usually

ranging from a few millimeters to several centimeters in

size. Typically, they appear as round or oval masses near

the splenic hilum, but they may be found anywhere in the

abdomen. Intrapancreatic accessory spleen, typically in

the tail, can mimic a neoplastic mass. Imaging features are

identical to those of normal splenic tissue. At computed

tomography (CT), the attenuation values before and after

contrast administration are identical to those of the

spleen. The characteristic inhomogeneous enhancement

during the arterial phase is crucial to demonstrate the

nature of the mass. Onmagnetic resonance images (MRI),

the spleen is hypointense on T1-weighted scans and

hyperintense on T2-weighted scans with respect to the

liver and the pancreas. The use of reticuloendothelial-

targeted contrast media can confirm the splenic nature of

the mass (1, 2).
Shape Abnormalities

Splenic clefts, notches, and lobules are quite common

findings and must be distinguished from traumatic

lesions. The demonstration at US and CTof characteristic

smooth edges and the absence of contrast extravasation

suggests a congenital splenic cleft (1).
Spleno-Gonadal Fusion and
Spleno-Renal Fusion

In case of left scrotal mass, US is usually the first

examination; the splenic tissue appears as a homogeneous,

well-encapsulated mass with the same echotexture as the

normal spleen. At Doppler US, a vascular architecture

analogous to that of the spleen is seen. If spleno-gonadal
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fusion is suspected, a cord-like structure connecting the

spleen to the mass should be searched for. CT may be

helpful to demonstrate associated splenic-renal fusion or

cryptorchismus. The typical enhancement pattern confirms

diagnosis. In women, spleno-gonadal fusion is usually an

incidental finding at US or CT (1, 3).
C

Wandering Spleen

On plain abdominal X-ray, the absence of the normal

splenic outline in the left upper quadrant in association

with a soft-tissue mass in the abdomen or pelvis may be

noted. US and CT confirm the absence of the spleen in its

expected location and the presence of an ectopic splenic

location. Torsion of the vascular pedicle may lead to

infarction. The congested or infarcted spleen may have a

normal echotexture or may be hyperechogenic due to

secondary hemorrhage. The spleen’s comma-shaped

configuration is usually preserved. Splenomegaly with

rounded edges of the organ is suggestive for torsion and is

attributed to venous congestion. The lack of a flow signal

on Doppler US will confirm hypoperfusion. US contrast

media can increase sensitivity. Doppler spectral analysis

may show a low diastolic velocity with an elevated

resistive index in the splenic artery. Unenhanced CT

usually shows a decreased density of the spleen; after

contrast medium injection a partial or total lack of

enhancement may be seen. A whirlpool appearance of the

splenic vessels within the splenic hilum indicates torsion

(1). Dense splenic vessels (dense artery sign), correspond-

ing to acute thrombosis, are occasionally observed. MR

can provide useful information about the precise location
Congenital Abnormalities, Splenic. Figure 3 Splenosis CT s

the abdomen (liver surface, liver hilum, and left hypochondriu

several years before. The masses have regular margins. In the

have a strong inhomogeneous enhancement, analogous to th
of the wandering spleen, the viability of the splenic

parenchyma and the splenic vessel anatomy (MR

angiography) (4).
Polysplenia and Asplenia

In polysplenia, numerous small splenic masses can be seen

predominantly in the right upper quadrant at US, CT,

MR, or scintigraphy.

Identification of a missing spleen is more difficult

than confirmation of its presence. Scintigraphy remains

the gold standard (1, 5).
Nuclear Medicine

99m-Technetium sulfur colloid scintigraphy and 99m-

technetium-labeled heat-damaged red blood cells offer

functional images and are highly specific for differentia-

ting splenic tissue from other masses. Although nuclear

medicine offers the most specific imaging techniques for

identifying ectopic splenic tissue, CT and MR offer

superior anatomic resolution (2). Scintigraphy is used to

confirm the presence of normally functioning splenic

tissue in cases of accessory spleens, ectopic spleen, spleno-

gonadal and ▶spleno-renal fusion or polysplenia. Scinti-

graphy is also the examination of choice in documentating

the absence of the spleen. However, the absence of a

detectable radiotracer uptake can also occur in so-called

“functional asplenia,” in which the splenic phagocytic

function is markedly reduced, despite the presence of
tudy demonstrates multiple masses scattered throughout

m) in a patient who had a posttraumatic splenectomy

contrast-enhanced arterial phase, the masses typically

at of the normal spleen.
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splenic tissue. Functional asplenia may occur in sickle cell

disease, secondary to radiation therapy and chemotherapy,

secondary to tumor invasion of the spleen, in splenic

anoxia or after bone marrow transplantation (1).
Diagnosis

Ectopic splenic tissue may mimic neoplasms and

lymphadenopathies. Imaging can make a definite diag-

nosis avoiding biopsy. Ectopic splenic tissue shows

imaging features identical to those of the spleen in all

imaging modalities. The enhancement pattern, especially

the inhomogeneity in the arterial phase, is very specific.

The combination 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

represent the most specific imaging techniques to confirm

the presence of functioning splenic tissue.

In spleno-gonadal fusion presenting with scrotal

mass, US is the first examination to be performed. The

homogeneity of the echotexture, the regularity of the

vascular architecture and the presence of well-defined

margins suggest a nonneoplastic nature of the mass.

When spleno-gonadal fusion is suspected, a comparison

with the US appearance of the spleen and a study directed

to the visualization of a cord-like structure connecting

the mass with the normal spleen should be performed.

A definitive diagnosis cannot be made solely on the

basis of US findings. Nuclear medicine imaging can

confirm the presence of splenic areas of activity. However,

surgical exploration is generally required to rule out

malignancy. Nevertheless, orchiectomy can be avoided

because splenic tissue can be dissected away from the

tunica albuginea (3).

Accurate preoperative diagnosis of wandering spleen

with or without torsion represents an imaging challenge

and can be made with US, CT, and MR. Perfusion

and viability of the splenic parenchyma can be assessed

by contrast-enhanced CT and MR, Doppler ultrasono-

graphy, and scintigraphy. Information concerning splenic

perfusion and viability is important for the surgeon,

especially in younger children where splenopexy instead

of splenectomy is the treatment of choice in uncompli-

cated wandering spleen.

Multiple splenic masses, usually in the abdomen, may

be seen in case of multiple accessory spleens, polysplenia,

and ▶splenosis (autotransplantation of splenic tissue

occurring after splenic trauma or after splenectomy)

(Fig. 3). History of previous splenectomy suggest the

diagnosis of splenosis; in case of polysplenia, other

congenital abnormalities are associated.
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Congenital Cystic Adenomatoid
Malformation
Intrapulmonary multicystic mass of pulmonary tissue

with an abnormal proliferation of bronchial structures.

▶Congenital Malformations, Tracheobronchial Tree
Congenital Diaphragmatic Hernia
(CDH)
A congenital defect in the diaphragm that allows abdominal

contents including bowel and solid abdominal organs to

herniate into the chest, most commonly occurring in

utero, and resulting in lung hypoplasia on the affected

side (left sided in 90%).

▶Hernia, Diaphragm, Congenital

▶Contrast Media, Ultrasound, Influence of shell on

Pharmacology and Acoustic Properties
Congenital Duplication Cyst
Space-occupying lesion of a congenital origin that

“duplicates” the different layers of the wall of the digestive

tube. It can be communicating or noncommunicating.

It is more frequent in the gastric great curvature and in

the anteromedical contour of the first and second

portions of the duodenum. It presents a water density

on CT and a hypoechoic appearance on ultrasonography.
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Definition

Congenital heart diseases (CHD) form a wide range of

cardiac malformations. The most common cyanotic con-

genital heart disease is Tetralogy of Fallot (TOF). Other

relatively common CHD are: transposition of the great

arteries, atrioventricular septal defects and various kinds of

valvulardiseases. Themostwidely used classification is based

on the sequential segmental analysis in which the heart is

divided into three segments: the atrial chambers, the

ventricular mass and the great arteries. In this model,

the first step is identification of the arrangement of the

atrial chambers (situs). Then ventricular morphology and

topology are determined, for example type of atrioventri-

cular connection andmorphology of atrioventricular valves.

Thirdly, themorphologyof the great arteries is assessed (type

of ventriculoarterial connection, morphology of arterial

valves and infundibulum). Associated cardiac malforma-

tions are also noted as well as the cardiac position (position

of the heart within the chest and the orientation of the

cardiac apex).
Congenital Heart Disease and Great Vessel Disease, MRI.

Figure 1 Schematic view of the Fallot heart.
Pathology

Most cases of CHD occur spontaneously and aetiology is

multifactorial. However, a recent prospective study has

shown that patients with CHD have an increased risk of

having offspring with a similar CHD (1). The recurrence

risk varies between 3 and 8% and is dependent on the

cardiac defect and the gender of the involved parent. In

general, the risk of recurrence is highest for atrioven-

tricular defects and lowest for TOF. Further evidence of

a genetic aetiology is provided by numerous reports of

families comprising multiple members with CHD that

follow a mendelian pattern of inheritance. This suggests a

single gene defect as the specific cause of the CHD. An

example of a specific disorder in which the gene defect

has been elucidated is the Holt–Oram syndrome. This is

an autosomal dominant disorder characterized by atrial

and ventricular septal defects as wells as upper limb

abnormalities. The affected gene (TBX5) is a member of

the T-box family of transcription factors.
Clinical Presentation

Patients with CHD usually present shortly after birth (e.g.

transposition of the great arteries), or in (early) child-

hood. The clinical symptoms are usually failure to thrive

and cyanosis. In some cases, patients present at a much

later stage or even in adulthood, for example ‘pink Fallots’,

when right ventricular outflow tract obstruction is only

mild. When a patients presents with symptoms that

would suggest a CHD, history is very important. In the

workup of these patients, the electrocardiogram and chest

film may provide further insight into the type of cardiac

malformation, however, for a definite diagnosis, echo-

cardiography or cardiac magnetic resonance (CMR)

imaging is often needed.

With an incidence of 0.3–0.5 per 1,000 live births, TOF

is the most common cause of cyanotic CHD (Fig. 1) (2).

Traditionally, corrective surgery was preceded by a palliative

shunt connecting the systemic arterial circulation to the

pulmonary arterial system. It was thought that these shunts

would promote growth of the pulmonary arteries and total

correction could be delayed until the patient was larger.

Nowadays, patients undergo total repair in infancy, which

may decrease the risk of late sudden death, butmay increase

the severity of residual pulmonary regurgitation (PR) in

some patients, due to the higher number of trans-annular

patch procedures needed in young infants.
Imaging

The clinical role of MR imaging in diseases of the heart

and great vessels is rapidly evolving. CMR has become an

established non-invasive imaging modality for the assess-

ment of various cardiac disorders, such as cardiac masses,

cardiomyopathies, aortic and pericardial diseases and

congenital heart diseases. Moreover, due to its accuracy
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Figure 2 MR four-chamber view of an adult with TOF and

RV hypertrophy due to residual pulmonary stenosis.
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and reproducibility, CMR is currently considered the gold

standard for quantification of ventricular volumes,

function and mass (Fig. 2) (3). Comprehensive functional

assessment is possible by CMR due to its capability to

measure flow velocity and flow volume, which is a basic

requirement to quantify lesion severity in valvular heart

disease. Over the past few years, major technical advances

have considerably improved acquisition speed and image

quality making CMR a useful tool for the evaluation of

patients with ischemic heart disease as well. Although the

clinical robustness of coronary magnetic resonance angio-

graphy still needs improvement, CMR currently provides

valuable information to detect reversible ischemia, myo-

cardial infarction and residual viability.

Transthoracic echocardiography is still the most

commonly used technique in the non-invasive assessment

of CHD, especially in young children whose small thoracic

diameter provides an optimal acoustic window. After

surgical intervention, however, the use of ultrasound is

often restricted because of scar tissue and thoracic

deformations. Unlike echocardiography, CMR provides

unlimited access to the thoracic cavity and different

techniques are available for detailed visualization and

accurate measurement of the complex post-surgical

morphology and functional status. Biventricular volumes

and blood flow can be accurately measured during a single

examination, allowing complete evaluation of both right

and left ventricular systolic and diastolic function as well

as intracardiac and vascular flow.

In the seriously ill or uncooperative patient CMR

imaging is often limited, and it is contraindicated in
patients with pacemakers. CMR studies are also time-

consuming and may require patient sedation. Ultrasound

has been the imaging modality of choice for many years,

however, recently the role of electron beam CT and

multidetector CT (MDCT) has been established in the

evaluation of congenital heart disease.

The advantages of MDCT compared to MR imaging

should be considered in selecting the optimal imaging

modality for a child with CHD. Because MDCT takes

less time and has fewer requirements for sedation than does

MR imaging, it can bemore easily performed in an unstable

patient who needs intensive monitoring and care. Failure

to wean the patient off the ventilator post-operatively may

result from the airway compression caused by the vascular

structure. The relationship between the airway and vessel

can be accurately evaluated at MDCT. This information

is useful for surgical management and cannot be provided

by any other imaging modality. On the other hand, MDCT

has several disadvantages, such as the need for iodinated

contrast agents and radiation exposure, although the

latter can be minimized by using a low-dose MDCT

protocol.
Nuclear Medicine

The role of radionuclide angiography is limited nowadays

since non-invasive imaging modalities such as cardiac

CMR and MDCT offer detailed information on cardiac

morphology as well as biventricular function.
Diagnosis

Presently, the vast majority of CHD can be surgically

repaired. However, even after corrective surgery, the right

ventricle (RV) may remain subject to an abnormal

pressure and/or volume overload, due to longstanding

residual pulmonary stenosis and/or PR. Hence, RV

function has shown to be a major determinant of clinical

outcome in CHD patients. With the growing number of

long-term survivors amongst CHD patients, the need for

accurate follow-up becomes increasingly important in

clinical management. Careful monitoring of functional

parameters such as cardiac function and vascular flow will

help to allow early detection of the most important post-

operative complications and aid in the timing of

re-interventions (4). Timely detection of late complica-

tions requires adequate assessment of right ventricular

size and function as well as quantification of intracardiac

blood flow in these patient groups. Widely used

techniques, such as echocardiography and radionuclide

studies, have limitations when applied for this purpose,

especially in patients with abnormal RV morphology.
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Interventional Radiological Management

The recent implementation of fast CMR sequences along

with the ability of MR imaging to acquire images in any

given orientation and with high soft-tissue contrast

makes this technique attractive for guiding interventional

procedure. Razavi et al showed that cardiac catheteriza-

tion guided by MR imaging is safe and practical in a

clinical setting, allows better soft-tissue visualization,

provides more pertinent physiological information, and

results in lower radiation exposure than do fluoroscopi-

cally guided procedures (5). MR guidance could become

the method of choice for diagnostic cardiac catheteriza-

tion in patients with CHD, and an important tool in

interventional cardiac catheterization and radiofrequency

ablation. MR guided cardiopulmonary interventions,

however, are challenging due to motion artefacts caused

by the beating heart and respiration. Moreover, the

tortuous anatomy of the right cardiac chambers and

pulmonary arteries makes monitoring of the passage of

guide wires and endovascular catheters and the deploy-

ment of stents with MR imaging more difficult. Kuehne

et al showed that interactive real-time MR imaging has

the potential to guide stent placement in the pulmonary

valve or main pulmonary artery and measure blood

flow volume in the stent lumen immediately after the

intervention (6). Several other authors have reported the

use of MR imaging—compatible catheters and guide

wires. However, none of the investigated instruments

contained properties required for complex cardiovascular

interventions, such as (a) fast and reliable detection of the

tip; (b) curvature of the shaft and (c) material properties

such as tip flexibility, torque and tracking ability, shaft

strength and flexibility. More work is needed to develop

new MR imaging—compatible catheters and guide wires

that are appropriate for use in cardiovascular interven-

tions. In the future, research methods such as use of

resonance circuits as fiducial markers should be investi-

gated to provide tip and shaft detection without

incorporating the risk of heating effects inherent with

active catheter tracking methods.
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Congenital Lobar Emphysema
Congenital progressive overdistension of a lung lobe.

▶Congenital Malformations, Tracheobronchial Tree

Congenital Lymphatic
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▶Lymphangioma
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Synonyms

Congenital lesions of the adrenal gland



386 Congenital Malformations, Adrenals
Definition

Congenital lesions of the adrenal gland arise from

disordered embryogenesis, ▶inborn errors of metabo-

lism, or the occurrence of disease processes identified in

the fetus or early neonatal period.
Histology/Pathology

The fetal adrenal cortex develops around 6 intrauterine

weeks from coelomic mesodermal tissue and between 8

and 12 weeks it is invaded by ectodermal sympathetic cells

of the neural crest to form the adrenal medulla producing

catecholamines. The fetal adrenal cortex differentiates

into an outer definitive zone and a larger inner fetal zone

producing androgenic precursors for the placental synth-

esis of estriol. The fetal adrenal gland is proportionately

very large, but soon after birth the fetal zone involutes

disappearing by 1 year. At the same time the definitive

zone of the cortex differentiates to form the glomerulosa

(15%), lying peripherally and producing aldosterone, and

the fasciculata (75%) and the reticularis (10%), lying next

to the medulla both producing glucocorticoids and

androgens. The glomerulosa becomes fully differentiated

around 3 years of age, whereas the reticularis is not fully

differentiated until approximately 15 years. In the adult a

normal adrenal gland weighs approximately 4–5 g (1, 2).
Abnormalities in Embryogenesis

A number of developmental abnormalities of the adrenal

gland result from disordered embryogenesis. Most are

asymptomatic and discovered incidentally, although some

are associated with other developmental anomalies (2–5).

Adrenal agenesis is rare and usually occurs in

conjunction with ipsilateral renal agenesis. Ten percent

of infants with renal agenesis will have adrenal agenesis. In

these cases, the renal/adrenal agenesis is thought to be due

to the failure of the mesonephric ridge to develop,

whereas the majority of cases of renal agenesis (i.e., those

not associated with adrenal agenesis) develop as a result of

the failure of the ureteric bud to develop normally.

Adrenal hypoplasia of the adrenal glands in anence-

phalic infants is associated with triploidy and prenatally

acquired pituitary and CNS degenerative disorders due to

ACTH deficiency. Hypoplasia is also seen in neonatal

adrenoleukodystrophy and Zellweger’s syndrome.

Accessory adrenal glands are found in up to 50% of

autopsies in children, and contain both adrenal cortical

and medullary tissue. They may be hormonally active

becoming overproductive following adrenalectomy. They
are found around the celiac axis, along the line of the

gonadal vessels and around the ovaries in girls and around

the testes, epididymis, and hernial sacs in boys.

Straight adrenal refers to a discoid-shaped adrenal

gland that appears elongated and straight on both

longitudinal and transverse imaging rather than having

the normal Y, Z, or V shape. This anomaly is seen in

association with renal agenesis, hypoplasia, or ectopia and

is thought to result from the failure of the renal tissue to

indent into the adrenal gland during early development.

Horseshoe adrenal is a single mass of adrenal tissue

that lies across the midline, generally posteriorly to the

aorta and anteriorly to the inferior vena cava (IVC), but

when associated with asplenia is always seen anteriorly to

the aorta. Coexisting anomalies occur frequently includ-

ing 52% asplenia, 37% neural tube defects, 29% renal

anomalies, and in 3% Cornelia de Lange syndrome.

Horseshoe adrenal does not occur in association with

polysplenia, a differentiating feature from asplenia.

Circumrenal adrenal gland is a further anatomical

variant describing the finding where there is fusion of

two limbs of one gland extending down and around

the kidney.

Adrenohepatic fusion and adrenorenal fusion are

uncommon anomalies. These occur when the adrenal

gland becomes incorporated within the capsule of the

liver or kidney and is thought to be due to the disruption

of intervening coelomic epithelium allowing these

adjacent organs to fuse.
Clinical Presentation

With the exception of adrenal agenesis and severe

hypoplasia, these anatomical variants of fusion are

associated with normal adrenal function and histologi-

cally normal tissue. Adrenal tissue in ectopias, straight

adrenal, and fusion anomalies usually show the char-

acteristic pattern of normal adrenal glands on ultrasound

(Figs 1 and 2).

Congenital adrenal hyperplasia is a group of inborn

errors of metabolism arising from enzyme defects in the

biosynthetic pathways of adrenal corticosteroids resulting

in inadequate production of glucocorticoids and miner-

alocorticoids and the excess production of adrenal

androgens. (Give link to CAH/Ambiguous genitalia essays)

▶Wolman’s disease is an inborn error of metabolism

due to a deficiency of the enzyme acid esterase leading to

an accumulation of triglycerides, cholesterol, and its esters

within many organs particularly the inner layers of the

adrenal cortex. The infants develop massive enlargement of

the adrenal glands, hepatosplenomegaly, jaundice, vomit-

ing, steatorrhea, abdominal distension, and failure to thrive.



Congenital Malformations, Adrenals. Figure 1 (a) US (longitudinal US) and (b) (transverse US), of a normal, right neonatal

adrenal gland.

Congenital Malformations, Adrenals. Figure 2 (a) US (longitudinal US) and (b) (transverse US; both same patient as

Figure 1), the straight or discoid left adrenal gland associated with left renal agenesis.
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The condition generally presents early in infancy and is

rapidly progressive resulting in death during the first year.

A number of pathological processes result in cystic

adrenal lesions that need to be differentiated from simple

adrenal cysts and include cystic▶neuroblastoma, adrenal

hemorrhage, adrenal abscess, epidermoid cysts, and

intraabdominal extralobar pulmonary sequestration

(ELPS) that may be sited within or adjacent to the

adrenal glands. Careful imaging should help to differ-

entiate these lesions from the cystic or dysplastic upper

moiety of a duplex kidney.

Adrenal congestion and hemorrhage occur in the

perinatal period in response to perinatal asphyxia and

stress. Hypoxic damage to the endothelial cells results in

adrenal congestion which may be followed by hemorrhage

and hemorrhagic infarction. Prolonged abdominal com-

pression in labor, particularly in infants born to diabetic

mothers, and underlying bleeding diatheses and are also

considered etiological factors. Adrenal hemorrhage may

be bilateral but is more commonly unilateral affecting the
right gland in 70% of cases on account of direct drainage

of the right adrenal vein into the IVC. The condition is

often asymptomatic, recognized as a result of a palpable

kidney displaced by an enlarged adrenal gland, or may

present clinically with jaundice, anemia, and rarely

hypovolemic shock. If hypertension and/or impaired

renal function is present, the possibility of a coexistent

ipsilateral renal vein thrombosis should be considered.

This occurs more commonly on the left where the adrenal

vein drains into the left renal vein. Hemorrhage may track

down the retroperitoneal tissues and into the scrotum

causing scrotal swelling. Long-term adrenal insufficiency

is unusual but may develop when more than 90% of both

glands are affected.

Neuroblastoma is the commonest extracranial solid

pediatric neoplasm and may present prenatally or be

diagnosed at birth, although more commonly it presents

in the preschool years. The tumor is variable in size at

presentation, and is more commonly cystic than tumors

presenting later in childhood. The tumor may be
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asymptomatic and discovered incidentally, but when large

or associated with hepatomegaly it may result in early

neonatal respiratory distress. Neonatal metastatic spread

to the liver, skin, and bone marrow sometimes occurs, and

when found in associationwith a localized adrenal primary

is staged 4S. These 4S tumors have a favorable prognosis, in

contrast to prenatal presentation with hydrops and

intraspinal extension, which is associated with a poor

prognosis. (Link to tumors/neuroblastoma essay)

Adrenal endothelial cysts are seen infrequently in the

adrenal glands and are often found incidentally during an

ultrasound examination for an unrelated problem. Cysts

can be huge and multiloculated, and they are generally

filled with blood. They are usually unilateral but may be

bilateral and generally decrease in size over time.

Adrenal abscess is unusual in the neonate and is most

commonly seen in association with a resolving adrenal

hemorrhage following Neisseria meningitidis, Escherichia

coli, b-hemolytic streptococcal, or Staphylococcus aureus

septicemia.
Congenital Malformations, Adrenals. Figure 3 Abdominal

X-ray demonstrating calcification in enlarged adrenal

glands. Normal overall shape is maintained. (From

Paterson A (2002) Adrenal pathology in childhood: a

spectrum of disease 12:2491–2508).
Imaging

The normal adrenal gland is Y, Z, or V shaped, closely

related to the upper pole of the kidneys, and is easily seen

in the neonate on ultrasound imaging using a high-

frequency transducer (Fig. 1). The adrenal gland is a

difficult organ to measure on account of its shape, but the

thickness of the adrenal limbs should be approximately

equal and less than 4 mm in width. Ultrasonically, the

neonatal gland has a thin central hyperechoic stripe

representing the medulla, central veins, and connective

tissue with a surrounding hypoechoic cortex. With

increasing age, the differentiation between the cortex

and medulla disappears. The contour should be smooth

or gently undulating but should not show any marked

nodularity (4, 5).

Imaging findings in Wolman’s disease are fairly

characteristic, demonstrating a massive increase in the

size of both glands that tend to retain their overall shape
Congenital Malformations, Adrenals. Figure 4 (a) Early US

hemorrhage, which involutes and become calcified.
in conjunction with areas of calcification. Lymph node

enlargement and bowel wall thickening may also be noted

(Fig. 3).

A number of cystic abnormalities develop in the

adrenal glands as discussed earlier and these may be

difficult to differentiate on the basis of imaging character-

istics alone. Simple adrenal cysts usually appear as simple,

thin-walled cysts, whereas resolving hemorrhage and

abscess will usually have a thicker wall, and the fluid may

contain echoes or even a fluid–fluid level. Adrenal

hemorrhage presents as an echopoor mass within a mildly

enlarged adrenal and tends to become smaller and resolve

over 2–4 weeks, often leaving a densely calcified involuted

adrenal gland (Fig. 4). Neuroblastoma may also present as

a cystic mass, and should be suspected if the wall shows

some nodularity. However, the mass may be homoge-

neous and indistinguishable from other benign or

malignant tumors. The differential diagnosis of a complex

cystic/solid adrenal lesion should also include an ELPS.

These are commonly left-sided and are often first seen in

the second trimester on ultrasound, whereas a congenital

neuroblastoma is generally first seen in the third trimester
(b) CT, and (c) later ultrasound images of large adrenal
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following a normal second trimester scan and is more

commonly right-sided. EPLS may show increased vascu-

larity, and the identification of a systemic arterial supply

helps to clinch the diagnosis.

Abdominal radiography is useful in the assessment of

abdominal distension, and inWolman’s disease it will show

enlarged and densely calcified adrenal glands, whereas in

neuroblastoma the calcification is more focal. In the older

child a triangular, dense, calcified adrenal gland may be

noted following perinatal adrenal hemorrhage.

CTand MRI scanning of the neonate are rarely helpful

in clearly differentiating hemorrhage from a cystic

neuroblastoma or adrenal abscess, although helical CT

and MRI may be useful to further delineate a mass lesion,

particularly when solid and large, and to identify any

metastases associated with neuroblastoma. Helical CTand

MRI are also useful for the detection of aberrant vessels

suggesting the presence of an ELPS. Metaiodobenzylgua-

nidine scintigraphy is only indicated in cases of

neuroblastoma.
Diagnosis

The main difficulty in diagnosis is differentiating between

the various cystic, complex, or homogeneous masses. A

clinical history of perinatal hypoxia should point to the

possibility of adrenal congestion and/or hemorrhage, and

these lesions should gradually become smaller over the first

few weeks of life. Failure to involute is suggestive of more

significant pathology, for example, neuroblastoma.

Although the potential diagnosis of neuroblastoma is of

concern in the case of both cystic and solid congenital

adrenal lesions, the outlook for 4S lesions is very good and it

is generally considered safe towait severalweeks, particularly

in cystic lesions, to see if they involute. Percutaneous/open

biopsy will be required for a definitive diagnosis in solid

lesions or cystic lesions that fail to involute. Unfortunately,

vanillylmandelic acid estimations, a noradrenalin metabo-

lite, are generally unhelpful in the neonatal period.
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Synonyms

Alagille syndrome: Ductular paucity of intrahepatic bile

ducts; Bile duct cyst; Biliary atresia; Caroli’s disease;

Choledochal cyst; Choledochocele; Choledochal cyst

type V; Communicating cavernous ectasia of the intrahe-

patic bile ducts; Extrahepatic atresia; Progressive familial

cholestasis; Syndromic hepatic ductular hypoplasia;

Watson-Alagille syndrome
Definition

In the infant/neonatal age group, biliary atresia (BA) is

the predominant surgical malformation followed by

choledochal cyst (CC) and spontaneous perforation of

the common bile duct (CBD) (1, 2).

BA consists of a severely complete or partial

interruption of the extrahepatic biliary tree (EHBT). It

occurs in 1:10,000 to 1:25,000 births. It is thought to

result from a progressive in utero, inflammatory disease of

the entire biliary tract.

There are multiple different anatomic types depend-

ing on the extent of the inflammatory and fibrotic

process. This leads to numerous variants including

(partial) patency of the CBD or gallbladder but also some

cystic dilatation of bile ducts (3, 4).

CC consists of a spectrum of malformations of the

extrahepatic and intrahepatic bile ducts. The primary

anomaly is apparently related to an abnormal pancrea-

ticobiliary junction. There is a common segment that is

too long, with reflux of pancreatic juice into the CBD. It

occurs in 1:100,000 births.

An early classification indicated three groups of CC.

Type I, fusiform or cystic dilatation of the CBD, represents

90% of the patients. Type II corresponds to a diverticulum

of the CBD. Type III represents a choledochocele that

protrudes into the duodenal lumen.

More recently, two types have been added: type IV

corresponds to the presence of multiple extrahepatic bile

duct cysts, either as an isolated anomaly (IVa) or in

association with intrahepatic biliary cysts (IVb; Caroli’s-

like disease). Type V is a cystic dilatation of the
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intrahepatic bile ducts equivalent to Caroli’s disease.

Caroli’s disease itself is a congenital cystic dilatation of the

intrahepatic bile ducts that communicate with the biliary

system. The disease can be associated with autosomal

recessive polycystic kidney disease, hepatic fibrosis, or both;

the condition is then referred as Caroli’s syndrome (1–3).

Spontaneous perforation of the CBD is a very rare

condition of unknown origin (ischemic lesion is a

possible explanation). The perforation is always located

at the junction of the cystic duct and the CBD. It may or

not be associated with the very rare neonatal biliary

lithiasis or biliary plug syndrome.

Intrahepatic bile duct tree congenital anomalies

include Byler’s disease (progressive familial cholestasis)

and ▶Alagille syndrome (intrahepatic ductular paucity).

The spectrum of congenital anomalies of the biliary

tree also includes rare cases of agenesis, duplication, and

septation of the gallbladder (anomalies that are usually

without clinical consequences) (1, 2).
Pathology/Histopathology

In BA, the entire EHBT is involved. The biliary ducts are

atretic and hypoplastic. Early in the course of the disease,

there are tiny but patent biliary structures in the perihilar

tissue at the porta hepatis that disappear progressively

after 4 months. Some infants may have sparing of the

distal BD (patent gallbladder, cystic duct, and CBD).

Some others present segmental patency with a pseudo-

cyst-like structure at the level of the CBD or liver hilum.

Microscopic evaluation of the liver reveals cholestasis,

distorted bile ducts, and a distorted portal vascular

system. Extensive fibrosis is also visible (1, 2).

In CC, a long common biliopancreatic channel is

observed with partial obstruction of the CBD. The CBD is

thickened and fibrotic without a muscular layer. The

mucosa is ulcerated. In the case of Caroli’s disease,

pathology demonstrates saccular or fusiform ductal dilata-

tion of the intrahepatic biliary tree (IHBT). Depending on

the age of the patient, evidence of cholangitis, periductal

fibrosis, and cirrhosis may be demonstrated as well.
Clinical Presentation

In the neonatal period, most congenital malformations of

the BT will be suspected in cases of persistent jaundice,

hepatomegaly, and acholic stools. This is the case for up to

80% of patients with BA.

CC is classically suspected with the association of

abdominal pain, a right upper quadrantmass, and fluctuant

jaundice. Antenatal diagnoses have been reported.
Other clinical symptoms are related to the (later)

complications of the congenital malformations (cirrhosis,

biliary stones, or rupture of varices).
Imaging

Various imaging techniques provide information about

the biliary tract.

1. Conventional X-ray of the spine can be done to

demonstrate butterfly vertebrae (Alagille syndrome).

2. Ultrasound (US) is the primary technique used to

image the biliary tract, especially in neonates.

The first structure to be identified is the CBD. Yet a normal

CBD is difficult to visualize; it has to be differentiated

from the hepatic artery. Dilatation should be considered

when the diameter is >2 mm, and CC when >7 mm.

The intrahepatic bile ducts are dilated when their

diameter exceeds the diameter of the parallel portal branch.

Evaluation of the gallbladder (GB) is more contro-

versial because, even in cases of BA, it may be present and

normal in size (2.5–3.5 cm in length). An empty GB after

a meal does not exclude the diagnosis; on the contrary, an

enlarging GB after 4 h of fasting excludes BA. Ultrasound

is helpful in detecting intrahepatic or extrahepatic biliary

cysts. It is also important when the triangular cord sign is

demonstrated; this consists of a triangular echogenic

irregular structure (the fetal biliary duct) at the level of the

porta hepatis. Color Doppler analysis is important to

detect frequently associated vascular anomalies (preduo-

denal portal vein, interrupted inferior vena cava).

Periportal fibrosis, portal hypertension, and polysple-

nia are other possible anomalies demonstrable by US (4).

Magnetic resonance imaging (MRI) can be used in

infants and even neonates to demonstrate a normal or

abnormal biliary tract. Using T2-weighted MR cholan-

giography (MRCP), images of the normal or dilated

biliary tract can be easily obtained as in adults, and the

technique helps to exclude BA.

In cases of BA, the MR equivalent of the US triangular

cord sign has been described: a triangular area of high

intensity at the level of the porta hepatis can be observed.

The status of the liver (periportal fibrosis) and/or vascular

anomalies can be analyzed using T1 (without and with

gadolinium) and echogradient sequences (5).

Endoscopic retrograde cholangiopancreatography

(ERCP) can be performed at any age to assess the patency

of the EHBTor IHBT. Its yield is greater in cases of dilated

biliary ducts where it has replaced transhepatic opacifica-

tion of the biliary tract. Its advantage lies in a possible

therapeutic maneuver and an easier interpretation than

with the imaging.
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A perioperative cholangiogram is mandatory to

confirm the diagnosis of BA, to determine its type and

to differentiate BA with biliary cysts from CC.
C

Nuclear Medicine

Nuclear medicine scans are of utmost importance for the

differential diagnosis of ▶neonatal cholestasis and a

presumptive diagnosis of BA.
99mTc-disofenin (DISIDA) has the highest hepatic

extraction and the highest diagnostic yield. After proper

preparation with phenobarbital (for 5 days), the exam-

ination can be performed in neonates. Lack of hepatic

captation of the tracer favors hepatic insufficiency (i.e.,

neonatal hepatitis), and lack of excretion into the intestine

on a 24-h delayed scan is highly suggestive of BA.

Excretion into the intestine excludes the diagnosis (1, 2).
Congenital Malformations, Bile Ducts. Figure 2 Biliary

atresia. DISIDA hepatic scan in a neonate. The tracer has

been correctly metabolized by the liver but not excreted

because no bowel has opacified, despite delayed views.
Diagnosis

Once neonatal cholestasis or obstructive jaundice is

suspected, US should be performed to evaluate the liver

and biliary tract.

Absence of a visible GB despite 4 h of fasting, a

nondilatedCBD, the presence of triangular cord sign (Fig. 1),

a periportal biliary cyst, echogenic kidneys, and polysplenia

are signs suggestive of BA. In equivocal cases, MRCP may

provide additional information and eventually exclude the

diagnosis.

Nuclear medicine scanning should rapidly be per-

formed (Fig. 2), and during surgery a cholangiogram is

mandatory.

If the EHBT or IHBT is dilated on US, MR imaging

may be performed to better understand the biliary tract
Congenital Malformations, Bile Ducts. Figure 1 Biliary

atresia in a neonate. Ultrasound demonstrating the

triangular cord sign (arrow). Oblique view through

the porta hepatic.
and liver anatomy. Whenever an obstructive jaundice is

confirmed, ERCP can be proposed as an alternative to

surgery to precisely assess the diagnosis and eliminate any

obstructive sludge or lithiasis.
Congenital Malformations, Bile Ducts.

Figure 3 Choledochal cyst type 1. Magnetic resonance

cholangiopancreatographic demonstration (heavily

T2-weighted sequence) of the typical cystic dilatation

of the common bile duct.
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Both MRCP and ERCP are useful for assessing

communication between intrahepatic or extrahepatic

cysts and the biliary tract as observed in CC (Fig. 3) or

Caroli’s disease.

Again, when surgery is elected, a preoperative

cholangiogram will be necessary.

Whenever Caroli’s disease or syndrome is suspected,

the kidneys should be assessed to confirm associated

kidney disease.
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Synonym

Deformity or other structural abnormality of skeletal

elements present at (or before) birth
Definitions

Abnormality such as deformity of skeletal elements that is

present at or before birth. It may be due to a genetic cause,

intrauterine position, or effects of adverse intrauterine

conditions, including amniocentesis physical injury, other

trauma, prenatal surgery, irradiation, infection substances

including medicines ingested by the pregnant mother, or

maternal metabolic disease or malnutrition. The abnorm-

alities may affect bone, cartilage, joints, and muscles and

tendons, as well as vessels, nerves, and surrounding soft

tissues. Those conditions that manifest later in childhood,
but are due to causes already present at birth, may be

considered as related to congenital malformations.
Pathology/Histopathology

Malformations of bone do not have a specific histo-

pathologic abnormality in general. What one sees on

imaging is what the malformation would be on gross

pathological examination. Associated vascular and neu-

romuscular changes are also generally matters of gross

pathology, such as the small anterior tibial artery

associated with clubfoot. One exception is congenital

bony malformation in neurofibromatosis-1, in which

mesodermal tissue abnormality is found.
Clinical Presentation

The clinical presentations of congenital malformations

are as varied as the malformations. Limp and leg length

discrepancy are common to many. Some, including Down

syndrome and Williams syndrome, have characteristic

associated facies. Skin lesion (such as café-au-lait spots),

small rib cage, and fingernail abnormalities are present in

some conditions.
Imaging

Although malformations are initially evaluated on plain

radiographs, additional modalities are appropriate for

specific situations. For example, not yet ossified growth

center bones of the foot may be revealed by ultrasound,

computed tomography (CT), or magnetic resonance

imaging (MRI). For positional relationships of the lower

extremity, weight-bearing or simulated weight-bearing

images are necessary. For vertical talus diagnosis and

evaluation, a maximum plantar flexion lateral view is

necessary. The anterior nose or anterior protrusion of the

calcaneus on lateral images (1) predicts presence of

calcaneonavicular coalition, which is then demonstrated

nicely with the everted oblique view (of Slomann) of the

foot; CT is not required. The inverted oblique view of

the foot, incidentally, nicely shows accessory navicular

centers of the foot, although the weight-bearing ante-

roposterior (AP) view that shows alignment abnormal-

ities should also be obtained.

Scoliosis evaluation requires upright images whenever

possible. The flexibility of curves may be checked with

supine maximal passive bending of the patient as

additional views. Cervical spine evaluation for C1 or C2

malformation or for transverse ligament weakness uses

flexion and extension lateral images. To evaluate for
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syndrome. This infant had ipsilateral pectoral muscle

hypoplasia. Note the absent middle phalanges 2–4 and

hypoplastic middle phalanx 5, with some soft-tissue

Congenital Malformations, Bone 393

C

lateral clavicle hook (a sign of upper extremity reduction

deformity or weakness); the arms should be at the side of

the chest (2). To evaluate an area of upper or lower

extremity for unilateral growth disturbance, comparison

with the contralateral side is appropriate.

In proximal focal femoral dysplasia, MRI is advisable

early in life to determine the presence of cartilaginous

centers and to reveal if seemingly nonconnected bony

parts of the femur might be connected by cartilaginous

(or fibrous) tissue. Ultrasound can yield similar informa-

tion, but in less exquisite detail.

For pectus excavatum, CT images allow documenta-

tion of the severity of the deformity as well as its effects on

the heart and other thoracic structures.

In utero imaging for malformation begins with high-

detail ultrasound, including 3D imaging. Questions that

arise may then be further investigated with fetal MRI. If

the answer is still not given, but is important, selected

radiographs of the mother’s abdomen may be con-

sidered, under close supervision by a specialized pediatric

radiologist. If possible, radiographs of one twin should

be avoided if the other is considered unaffected, for

radiation protection considerations.

syndactyly between the middle three fingers. (From

Oestreich AE, Crawford AH (1985) Atlas of Pediatric

Orthopedic Radiology. Thieme Verlag, Stuttgart p 167)
Nuclear Medicine

If, in malformation, the question arises of whether a bone

has capability of growth at a site, bone scanning can

indicate the presence of a functioning growth plate.

Furthermore, it may be of use in determining if two

adjacent carpal or tarsal centers are fused to each other,

and if less than normal, or no, growth plate activity occurs

between them.
Diagnosis

Several congenital malformations arise related to intrau-

terine position, including clubfoot, kyphoscoliosis of the

tibia, manifestations of amniotic bands, and perhaps

developmental dysplasia of the hip and ▶Poland

syndrome. Clubfoot is a combination of varus of hindfoot

and forefoot, equinus position of the ankle, retarded

maturation/small size of tarsal bones, and hypoplasia (or

absence) of the anterior tibial artery. The angulation

relationship of the talus and calcaneus is observed

especially on maximal dorsiflexion lateral images and

simulated weight-bearing frontal images. Kyphoscoliosis

of the tibia is a posteriorly and medially convex

deformation, seen also in the fibula, which improves as

a child gets older. Amniotic bands, from damage to a fetal

part that was trapped through a gap in the amniotic

cavity, cause constriction of bony and soft-tissue elements
and perhaps hypoplasia or aplasia distal to the (Streeter)

band site. In Poland syndactyly (Fig. 1), middle phalanges

of one hand are absent or hypoplastic, soft-tissue

syndactyly occurs between involved fingers, ipsilateral

ribs are small, the pectoral muscle is small on that side,

sometimes with nipple hypoplasia, and a dextroposition

of the heart sometimes accompanies left-sided disease.

Dr. Josef Warkany suggested that the clenched fist repea-

tedly beating on the chest in utero may be the causative

factor for the unusual combination of findings.

Some congenital malformations may be acquired

from intrauterine intervention or the intrauterine envir-

onment. For damage from amniocentesis, history of the

event is important, as is the case for other trauma or

surgery. Heavy metal burden from the mother, lead or

bismuth, can yield dense metaphyseal and metaphyseal-

equivalent bands in the fetal bones. Magnesium citrate

therapy of the mother late in pregnancy yields instead

similar lucent bands. Malformations in fetal alcohol

syndrome include narrow distal phalanges.

Variation in bone number or connectiveness results

from homeobox (hox) gene variations. More complex

genetic conditions have recognizable patterns: in cere-

brocostomandibular syndrome, gaps appear within ribs

and the mandible is small. The mandible is also small in

Seckel’s syndrome and camptomelic dysplasia, as well as
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in ▶Pierre-Robin sequence. In cleidocranial dysplasia, a

portion or all of the clavicles are missing, wormian bones

are present, the pubic symphysis is wide, pseudoepiphyses

of the metacarpals and metatarsals are prominent, and

vertebral bodies are biconvex. In Down syndrome,

trisomy 21, the middle phalanx of the little finger is

small, acetabular and iliac angles are low, the sternal

manubrium has two centers in series, and the spinal canal

behind the dens may be small. About 15–20% of normal

children also have two manubrial centers in series.

Dislocation of the proximal radius is seen in several genetic

syndromes, including Williams syndrome and 4p- (Wolf-

Hirschhorn) syndrome. Many upper cervical column

abnormalities are seen in ▶22q11.2 deletion, including

fusions of C2 and C3, platybasia, unfused posterior arch of

C1, and upswept posterior lamina and other posterior

elements (the C2 swoosh) (3). Wide distal phalanges of the

great toes and thumbs, wide tufts of distal phalanges, high

incidence of azygos fissure, and low acetabular and iliac

angles are findings in Rubinstein-Taybi syndrome. The

▶domed talus association (4) includes the ball-in-socket

ankle, tarsal bone coalitions (seen on plain images in the

second decade of life; on MRI detectable earlier), less than

five rays of the feet, short fibula (and often tibia with absent

superior tibial spines), and proximal focal femoral

dysplasia, in various combinations.

In this article, we were only able to cite a few of

hundreds of malformations, which are increasingly being

associated with specific genetic findings.

In the equinus tibiocalcaneal relationship, often due

to a tight heel cord, the front of the calcaneus is lower

than normal in its relationship to the tibia, resembling the

“q” in the front of the lower case word equinus that

extends below the row of the other letters; in the calcaneus
Congenital Malformations, Bone. Figure 2 Calcaneus and

equinus mnemonic diagram, by Tamar Kahane Oestreich,

see text. (From Oestreich AE, Crawford AH (1985) Atlas of

Pediatric Orthopedic Radiology. Thieme Verlag, Stuttgart

p 115)
tibiocalcaneal relationship, the front of the calcaneus is

higher than normal, like the “l” of the lower case word

calcaneus (Fig. 2). In a valgus relationship, the distal part

heads further from the midline than normal compared to

the proximal part, judged with the proximal part in

anatomic position; in varus, the distal part heads closer to

the midline than normal. Mnemonic: the varus proximal

right femur looks like a lower case “r” and the valgus right

femur looks like a lower case “l.”

Bibliography
1. Oestreich AE, Mize WA, Crawford AH et al (1987) The “anteater

nose”; a direct sign of calcaneonavicular coalition on the lateral

radiograph. J Pediatr Orthop 7:709–711

2. Oestreich AE (1981) The lateral clavicle hook-an acquired as well as a

congenital anomaly. Pediatr Radiol 11:147–150

3. Ricchetti ET, States L et al (2004) Radiographic study of the upper

cervical spine in the 22q11.2 deletion syndrome. J Bone Joint Surg

Am 86-A:1751–1760

4. Pistola F, Ozonoff MB, Wintz P (1987) Ball-and-socket ankle joint.

Skeletal Radiol 16:447–451

Congenital Malformations,
Cerebellar
PHILIPPE DEMAEREL

Department of Radiology, University Hospitals,
Leuven, Belgium
philippe.demaerel@uz.kuleuven.ac.be

Synonyms

Congenital malformations; Hindbrain; Posterior fossa
Definition

Congenital cerebellar malformations involve all malfor-

mations of the vermis and cerebellar hemispheres. They

are classified on the basis of anatomical and embryolo-

gical knowledge. Several genes, proteins, and molecules

are involved in the various stages of cerebellar develop-

ment, and it is expected that this knowledge will influence

the classification of congenital cerebellar malformations

in the future.
Pathology/Histopathology

Although the anatomy of the cerebellum is straightfor-

ward, the understanding of embryology is still limited.
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Approximately during the fourth week of gestation, the

rhombencephalon divides into the metencephalon (pons

and cerebellum) and the myelencephalon (medulla

oblongata). The metencephalonwill give rise to the vermis

and the hemispheres, while the cavity in the rhombence-

phalon will expand to become the fourth ventricle. The

roof of the fourth ventricle is divided into an anterior and a

posterior membranous area; the posterior membranous

area will ultimately communicate with the subarachnoid

space at the foramen of Magendie. The posterior

membranous area plays a role in several forms of cerebellar

hypoplasia related to the ▶Dandy–Walker malformation.

In the formation of the cerebellar cortex, there is first

an outward migration of the Purkinje cells and granular

cells. Later an inward migration takes place, forming the

internal granular cell layer.

The vermis has formed by the 16th week of gestation

and the hemispheres 4–8 weeks later. The formation of

the vermis is closely related to formation of the hemi-

spheres. The foliation and fissuration occur at least partly

simultaneously and are triggered by the migration of

Purkinje and granular cells. These processes explain at least

to some extent the malformations of fissuration and

foliation.
Clinical Presentation

The role of the cerebellum as a center for coordination,

motor learning, and higher cognitive functions is well

known. Cerebellar abnormalities will usually cause cerebel-

lar signs and symptoms, such as ataxia, cranial nerve palsies,

delayed language and speech development, eye movement

disorders (nystagmus, oculomotor dyspraxia, and so on),

and head/body turning attacks. Epilepsy andmild cognitive

deterioration can also be part of the clinical spectrum.

The Chiari I malformation appears to be asympto-

matic in up to 14% of the patients in a large series.

Magnetic resonance (MR) imaging is not useful in

differentiating these patients from symptomatic patients.

The typical symptom is occipital headache when cough-

ing or otoneurological disturbances, but the presentation

is often more ambiguous.

Joubert syndrome is a separate entity within the molar

tooth malformations and is characterized by episodic

hyperpnea, abnormal eye movements, ataxia, and mental

retardation.
Imaging

MR imaging is the modality of choice in the

diagnostic work-up of cerebellar malformations. Com-

puted tomography is not suited to assess intrinsic
cerebellar abnormalities. Imaging in different planes is

required, and if available, three-dimensional T2-weighted

images can be helpful.

A classification is not yet available today, but using

knowledge of anatomy, embryology, and histopathology,

a provisional classification can be presented.

The two groups of cerebellar malformations are

cerebellar hypoplasia and ▶cerebellar dysgenesis. Cere-

bellar hypoplasia includes the Dandy–Walker malforma-

tion. Cerebellar dysgenesis can further be divided into

vermian and/or hemispheric dysgenesis. It seems inevi-

table that there will be some overlap between the two

groups of malformations.

The ▶Chiari malformations are not included in the

classification and are discussed separately.
Diagnosis

The imaging aspects of the common cerebellar malforma-

tions will be briefly reviewed.

The Chiari I malformation is defined as a caudal

herniation of the cerebellar tonsils over a distance of at

least 5 mm through the foramen magnum (below a

line from the basion to the opisthion on a sagittal image;

Fig. 1a). When the herniation is less than 5 mm, the term

“tonsillar ectopia” can be used. This malformation is

likely to be the result of an abnormally small posterior

fossa and/or the occurrence of craniovertebral anomalies.

The Chiari II malformation is a complex entity

thought to be due to a lack of expression of surface

molecules that cause a persistent aperture of the posterior

neuropore. The posterior fossa remains too small, and the

cerebellum extends downward, upward, and around the

brainstem. Not only the tonsils but parts of the vermis

and even the fourth ventricle can herniate through the

foramen magnum (Fig. 1b). A lumbar myelomeningocele

is associated in more than 85% of cases.

The Chiari III malformation consists of a Chiari II

malformation with an associated cephalocele (Fig. 1c).

The Dandy–Walker malformation is a typical example

of vermian and/or hemispheric hypoplasia. It consists of

(i) a variable degree of vermian agenesis, (ii) a dilatation

of the fourth ventricle with cyst formation, and (iii) an

enlarged posterior fossa (Fig. 2a, b). It is thought that

a genetic mutation causes an abnormal development of

the roof of the fourth ventricle. The posterior membra-

nous area of the roof normally forms the foramen of

Magendie. This does not happen in the Dandy–Walker

malformation. The Dandy–Walker malformation can be

associated with other congenital malformations and has

been reported in several syndromes. In the differential

diagnosis, one should consider the persisting Blake’s

pouch, the result of a nonperforation of the foramen of



Congenital Malformations, Cerebellar. Figure 1 (a) Sagittal T2-weighted image, Chiari I malformation. Note the

herniation of the cerebellar tonsils through the foramen magnum reaching the level of the endplate of C2. (b) Sagittal

T2-weighted image, Chiari II malformation. Note the displacement of the fourth ventricle and the herniation of cerebellar

tissue to the level of C3. There is tectal beaking and a concave lining of the clivus. The posterior fossa is small. (c) Sagittal

T2-weighted image, Chiari III malformation. In addition to the typical finding of a Chiari II malformation, there is a

craniocervical cephalocele.
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Magendie (Fig. 2c). This malformation resembles mega-

cisterna magna, but hydrocephalus is not seen in the latter.

Megacisterna magna is asymptomatic but is sometimes

considered a mild form of Dandy–Walker malformation.

A late opening of the foramen of Magendie has been

suggested as an underlying cause. Arachnoid cysts in the

posterior fossa can resemble a megacisterna magna, but

they usually cause symptoms and are often located

laterally in the posterior fossa.

Cerebellar dysgenesis can involve the vermis only, the

hemispheres only, or both.

The molar tooth malformations include several syn-

dromes with vermian dysgenesis. Joubert syndrome is the

best-known entity. A midline cleft is seen together with a

peculiar shape of the fourth ventricle. These malforma-

tions are named after the molar tooth appearance of the
midbrain on axial images ( Fig. 3a, b). This is due to the

horizontal course of the superior cerebellar peduncles

(due to a lack of decussation of the superior cerebellar

peduncles) and a narrow pontomesencephalic junction.

Rhombencephalosynapsis consists of vermian agenesis

or severe hypogenesis, fusion of the hypoplastic cerebellar

hemispheres, and fusion of the dentate nuclei. Dilated

lateral ventricles, fusion of the thalami, and absence of the

septum pellucidum can be associated. The disorder is

possibly induced by a genetic mutation of the Lmx 1a

gene, which regulates events at the pontomesencephalic

junction between the fourth and the sixth weeks of

gestation. Because of this early timing, metencephalosy-

napsis might be a more appropriate term. The vermis

fails to differentiate, while the hemispheres remain

undivided.



Congenital Malformations, Cerebellar. Figure 2 (a) Sagittal T2-weighted image, Dandy–Walker malformation. The

posterior fossa is enlarged. There is an upward rotation of the remaining part of the superior vermis, and there is a large

posterior fossa cyst. Note the displacement of the sinus rectus and the hypogenesis of the corpus callosum. (b) Axial

T2-weighted image, Dandy–Walker malformation. There is a large communication between the fourth ventricle and the

posterior fossa cyst. The hypoplastic cerebellar hemispheres appear “winged outward.” (c) Sagittal T2-weighted image,

persisting Blake’s pouch. There is a large communication between the fourth ventricle and the subarachnoid space, and

there is supratentorial hydrocephalus. The vermis is reasonably developed.
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Recently, a series of abnormalities have been reported

consisting of vermian and/or hemispheric dysgenesis.

When only the vermian fissures are involved, this is

almost always an asymptomatic incidental finding (type

1a; Fig. 3c). Some patients also have an abnormal

foliation of the anterior lobe and part of the posterior

lobe of the vermis (type 1b). Hemispheric extension can

occasionally be encountered. Cerebellar signs are fre-

quently seen in this subgroup.

In abnormalities of foliation and fissuration type 2,

three different hemispheric malformations can be recog-

nized: (i) cortical dysgenesis, (ii) cortical hypertrophy,

and (iii) aberrant orientation of the folia. These
abnormalities can be seen together or separately. Cortical

dysgenesis can be associated with small cyst-like inclu-

sions (Fig. 3d, e). Similar abnormalities have been

described in rare syndromes, including Fukuyama

muscular dystrophy and Walker–Warburg syndrome,

but they can also be observed in the absence of these

syndromes. In 60% of the children with type 2

abnormalities, type 1b abnormalities are present, and

more than 50% of these children have congenital cerebral

anomalies.

The pathogenesis of Lhermitte–Duclos–Cowden re-

mains incompletely elucidated. Although the lesion is

classified as a dysplastic gangliocytoma according to



Congenital Malformations, Cerebellar. Figure 3 (a) Axial T2-weighted image, molar tooth malformation. Note the molar

tooth appearance due to the horizontal course of the hypoplastic superior cerebellar peduncles. (b) Axial T2-weighted image,

molar tooth malformation. The vermian cleft is seen with the “bat wing” appearance of the fourth ventricle. (c) Coronal

T2-weighted image, type 1 abnormality of fissuration. The abnormal orientation of the fissures is noted. (d) Axial T2-weighted

image, type 2 abnormality of foliation and fissuration. An abnormal foliation is seen, with multiple cyst-like inclusions in the

cortex. (e) Coronal T2-weighted image, type 2 abnormality of foliation and fissuration. The cortical dysgenesis is clearly

visible in the left hypoplastic cerebellar hemisphere compared with the normal right hemisphere. (f) Axial T2-weighted

image, Lhermitte–Duclos–Cowden disorder. A masslike lesion is observed in the right cerebellar hemisphere with a

striated folial pattern.
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the World Health Organization, there are indications that

it might represent a congenital malformation. The

imaging appearance is that of a masslike abnormality

with, to some extent, a striated pattern of the enlarged

folia (Fig. 3f).
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Synonyms

Developmental cerebral anomalies;Disorders of neurulation
Definition

Congenital cerebral malformations result from an erro-

neous organogenesis, histiogenesis or cytogenesis of

the central nervous system (CNS). The aetiology is

multifactorial and includes genetic defects, intrauterine

destructive events, ischaemia, infections and environ-

mental agents (1–3).
Pathology and Histopathology

Malformations of the CNS are frequent (1:100 births) and

may have a significant impact on the quality of life.

Cerebral malformations encompass a wide variety of

lesions ranging from tiny cortical dysplasias to extensive,

highly complex pathologies.

The development of the brain is a highly complex,

programmed sequence of interacting processes in which
up to 100 billion neurons connect and communicate with

each other using countless synapses. While the embry-

ogenesis is most active during the first trimesters of

gestation, maturational processes may extend into the

second decade of life. The exact anatomical, maturational

and functional development of the brain remains the

focus of countless research projects.

Classical cerebral malformations should be distin-

guished from acquired cerebral malformations. Classical

malformations result from an erroneous development

of the brain which may be genetically encoded while

acquired malformations relate to secondary malforma-

tions due to a destruction of initially correctly developed

brain structures.

A significant overlap between these categories is present.

Identical malformations may have different etiologies

(e.g. infection, focal hypoperfusion or haemorrhage). In

addition, identical ‘destructive events’ (e.g. focal hypo-

perfusion due to an arterial embolus) can result in a

spectrum of pathologies. The timing of the ‘event’ in

relation to the gestational age is a key feature. Moreover,

an increasing number of gene defects are identified in

congenital and so-called acquired cerebral malformations.

Variable expressions of genetically mediated malforma-

tions may result in a spectrum of malformations. Finally,

it is increasingly recognized that a predisposition for the

development of malformations may be encoded in the

chromosomes, a trigger is however necessary to induce

the cascade of events.

Cerebral malformations are typically classified into

disorders of (a) organogenesis, (b) histiogenesis and

(c) cytogenesis. In disorders of organogenesis an altered

brain development is combined with a normal histiogen-

esis while in disorders of histiogenesis, the overall brain

structure is normal however anomalous cells persist and

continue to differentiate. Inborn errors of metabolism or

leukodystrophies represent disorders of cytogenesis.
Clinical Presentation

The spectrum of neurological symptoms varies widely

and is often unpredictable. The extent of malformation

correlates inconsistently with the severity of neurological

symptoms or deficits. Large lesions may be discovered as

incidental findings on neuroimaging. Neuronal and

functional plasticity of the developing brain with reloca-

tion of functional centre may prevent overt neurological

deficits. On the other hand, small lesions may present

with significant neurological symptoms, e.g. a discrete

cortical dysplasia may be causative for intractable seizures

preventing normal development. Next to focal neurolo-

gical deficits, many malformations result in cognitive

deficits with different degrees of mental retardation.
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Posterior fossa malformations may be present with ataxia.

In combined brainstem and cerebellar malformations

(e.g. Joubert syndrome) brainstem symptoms may

accompany cerebellar symptoms. In callosal malforma-

tions and disorders of diverticulation hypothalamic–

pituitary malfunction and facial malformations — ‘the

face predicts the brain’ — occur.
Imaging

Frequent disorders of organogenesis include posterior fossa

malformations, callosal or commissural malformations.

Disorders of diverticulation or cleavage disorders are less

frequently encountered. Malformations of cortical devel-

opment are described in the chapter on gyration disorders.

Ultrasound (US) may serve as a first line imaging tool in

neonates. Magnetic resonance imaging is applied when US

or CT suspected complex malformations.
Posterior Fossa Malformations

Chiari I Malformation. The cerebellar tonsils herniate into

the upper cervical spinal canal (>5 mm below the level of

the foramen magnum). The tonsils may be compressed/

deformed. Associated syringohydromyelia is seen in 20–

25% of cases. There is no increased risk for additional

cerebral malformations.

Chiari II Malformation. Complex malformation most

probably resulting from too small a posterior fossa in

patients with open neural tube defects. The spectrum of

findings include varying degrees of downward displace-

ment of the cerebellum with herniation of cerebellar

structures into the upper cervical spinal canal, kinking

of the upper cervical spinal cord, embracement of the

brainstem by the cerebellar hemispheres, tectal plate

deformation, supratentorial hydrocephalus, prominent

interthalamic adhesion and fenestrations of the falx cerebri

with interdigitationof the cerebral hemispheres. Frequently

an associated callosal dysgenesis is observed (Fig. 1).

Chiari III Malformation. Very rare malformation of

the posterior fossa represented by the spectrum of findings

encountered inChiari IImalformation in combinationwith

a low occipital or high cervical meningo-encephalocele.

Rhomboencephalosynapsis. Single lobed cerebellum

with vermian agenesis, fusion of both cerebellar hemi-

spheres, dentate nuclei and superior cerebellar peduncles.

The cerebellar fissures typically course over the entire

cerebellar surface without interruption. Additional mal-

formations are frequent.

Joubert syndrome. Congenital vermian hypoplasia or

aplasia. The IV ventricle is deformed and resembles a bat-

wing or umbrella while the brainstem resembles a molar

tooth on axial imaging. Associated ocular and renal

lesions are known.
Cystic Posterior Fossa Malformations

Dandy Walker Malformation. Cystic dilatation of the IV

ventricle in combination with varying degrees of vermian

hypoplasia. The posterior fossa may be normal in size or

enlarged, the torcula is frequently elevated and the vermian

remnant rotated upward. The brainstem may be com-

pressed against the clivus. The choroid plexus within the IV

ventricle is usually absent, the tentorium cerebelli hypo-

plastic. Associated malformations are seen in up to 60% of

patients, most frequently including callosal dysgenesis,

polymicrogyria, cephaloceles and ventricular dilatation.

The wide open IV ventricle often resembles a keyhole

(Fig. 2). DandyWalker malformations are believed to result

from a combined defective development of the velum

medullare anterior and posterior.

Blake’s Pouch Cyst. Outpouching of the velum

medullare posterior most probably resulting from an

incomplete or absent rupture of the velum medullare

posterior during development. The posterior fossa may be

enlarged, the torcula elevated. The vermis and falx

cerebelli is normally developed, the IV ventricle choroid

plexus may be displaced dorsally. Associated cerebral

malformations are rare.

Retrocerebellar Archnoid Cyst and Mega Cisterna

Magna. The differentiation between an arachnoid cyst

and a mega cisterna magna can be difficult. The posterior

fossa may be enlarged the cerebellar hemispheres and

vermis can be displaced. The IV ventricle choroid plexus is

in its normal location. Associated cerebral malformations

are rare.
Callosal or Commissural Malformations

In the evaluation of callosal malformations it should be

noted that the normal corpus callosum (CC) has a wide

variability in size and shape. In addition, it is essential to

determine if the encountered callosal anomaly is a

primary malformation or a secondary anomaly in shape

due to e.g. an adjacent white matter ischemia with focal

callosal atrophy or a callosal thinning in chronic severe

hydrocephalus.

The CC develops in a programmed sequence (genu,

truncus, splenium, rostrum). Callosal agenesis may be

partial or complete. Associated cerebral malformations

are seen in 50% of cases.

On sagittal images the defective CC is easily identified.

In addition, the medial surface of the cerebral hemisphere

reveals a radiating pattern of sulci due to the missing

cingulate sulcus (no inversion of the cingulate gyrus). On

coronal images, the III ventricle may extend superiorly

between the hemispheres. The lateral ventricles are

displaced laterally and show a trident shape due to the

impression by the Probst bundles. The hippocampi may

be malrotated. On axial images, the lateral ventricles show



Congenital Malformations, Cerebral (Neuro View). Figure 1 (a) Chiari II malformation: Sagittal, and coronal T2-FSE MRI

reveals a small posterior fossa with herniation of the cerebellar tonsils into the upper cervical spinal canal, displacement

and compression of the brainstem against the clivus and supratentorial hydrocephalus. (b) Chiari II malformation: Axial and

coronal T2-FSE MRI shows a characteristic embracement of the brainstem by the cerebellar hemispheres, a prominent

adhesion interthalamica and a fenestration of the falx cerebri with interdigitations of both cerebral hemispheres.
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a parallel course, the occipital horns may be enlarged

(Fig. 3). Occasionally, an associated interhemispheric

lipoma is encountered.

Callosal agenesis is frequently only one component of a

more extensive commissural malformation. Consequently,

in callosal anomalies, the anterior andposterior commissure

as well as the fornix and hippocampi should be studied.
Disorders of Diverticulation or
Cleavage Disorders

These anomalies are also known as disorders of ventral

induction. They include the holoprosencephaly spectrum.

An increasing number of gene defects are identified in
holoprosencephaly. Basically, holoprosencephaly results

from an incomplete or absent cleavage of the prosence-

phalon. The spectrum of malformation depends on the

degree of cleavage.

Alobar Holoprosencephaly. Most severe form charac-

terized by a small holosphere, monoventricle, fused

thalami, missing III ventricle, no falx or CC and no

interhemispheric fissure. Frequently, associated malfor-

mations of the circle of Willis are encountered.

Semilobar Holoprosencephaly. Partial cleavage of the

prosencephalon. The anterior parts of the brain are

fused while the posterior brain is split. The thalami are

partially separated, a small III ventricle is present,

rudimentary temporal horns are seen. The falx cerebri



Congenital Malformations, Cerebral (Neuro View). Figure 2 (a) Dandy Walker malformation: Sagittal, axial and coronal

T2-FSE MRI reveal a classical Dandy Walker malformations with a cystic dilatation of the IV ventricle, in combination with

a hypoplastic, upward rotated superior vermis. No IV ventricle choroid plexu is seen. The brainstem is hypoplastic. On

axial images the IV ventricle mimics a key hole. In addition, a supratentorial hydrocephalus is seen. (b) Dandy Walker

malformation: Sagittal and coronal T2-FSE MRI may identify a variety of coexisting malformations like e.g. a hypoplastic

corpus callosum or a hypoplastic olfactory bulb.
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Congenital Malformations, Cerebral (Neuro View). Figure 3 Callosal dysgenesis: Coronal US identifies the characteristic

trident shape of the lateral ventricles due to callosal dysgenesis. Coronal, sagittal, and axial T2-FSE reveal the characteristic

findings of a callosal dysgenesis including an enlarged, interhemispheric extending III ventricle, a radial gyral pattern of the

medial brain surface, a trident shape of the lateral ventricles on coronal images, a parallel course of the lateral ventricles

on axial images and T2-hypointense Probst bundles along the medial surface of the lateral ventricles. Tractograhy

reconstructions based on diffusion tensor imaging confirms the anterior–posterior course of the Probst bundles.
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and interhemispheric fissure is present in the dorsal parts

of the brain. This is the only callosal malformation where

the dorsal parts of the CC may be present without the

anterior part. The optic nerves and olfactory bulbs are

frequently hypoplastic.

Lobar Holoprosencephaly. Near complete cleavage of

the prosencephalon results in a lobar brain with hypoplas-

tic frontal lobes and rudimentary frontal horns. The falx

cerebri extends frontally, the temporal horns are formed.

Septo-Optic Dysplasia. Septo-optic dysplasia is con-

sidered to be the mildest variant of lobar holoprosence-

phaly characterized by an absent septum pellucidum,

hypoplastic optic nerves and chiasm. The olfactory bulbs

are frequently hypoplastic. Associated cerebral malforma-

tions are seen in up to 60% of cases.
Diagnosis

Ultrasound may serve as a first line imaging tool in

neonates. Especially when a hydrocephalus is suspected,

ultrasound is highly sensitive and may show additional

gross parenchymal abnormalities next to the ventricular

enlargement. A complete identification of the exact extent
and degree of cerebral malformation is essential to guide

treatment, may give information concerning prognosis

and outcome and should be used for counselling of future

pregnancies. Definite diagnosis consequently relies on

high resolution triplanar neuroimaging. MRI has proven

to be most reliable. With the advance of functional

MRI techniques, such as diffusion tensor imaging and

tractography (Fig. 3) detailed structural-functional in-

formations can be collected. In the evaluation of

malformations of the central nervous system, each

radiologist should be aware that if they find one

malformation they should look for additional malforma-

tions. Frequently, the most obvious lesion is just the tip of

the iceberg. A proper knowledge of the complex

embryology and maturation of the brain is mandatory.
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Synonyms

Anomalies of the cerebral commissures; Cephalocele;

Dorsal induction anomalies; Neuronal migration disor-

ders; Ventral induction anomalies
Definition

Depending on the time of insult, different malformations

may occur during cerebral development. Often, this will

be multifocal involving several brain structures.

It is important to realize that most malformations can

display mild, moderate, or extensive changes and that

different malformations often occur simultaneously.

Cortical developmental malformations are by far the

most common cerebral malformations. Terminology has

not always been straightforward, but nowadays a good

and flexible classification for the cortical developmental

malformations is available which allows the inclusion of

new observations (1).
Pathology/Histopathology

A brief review of the embryology of the brain is necessary

in the understanding of the pathology of cerebral

malformations (2, 3).

Although the cause of cephaloceles remains not fully

elucidated, it is believed they may result from a failure of

neural tube closure. Other authors have suggested that

they might be due to an event occurring after the closure

of the neural tube.

The anterior part will form the prosencephalon,

mesencephalon, and rhombencephalon at around 30 days

of gestation. At this time, the corpus callosumwill develop

from the commissural plate at the rostral end of the neural

tube. The genu of the corpus callosum is formed before the

truncus and the splenium. At the end, a more anterior part

of the genu and the rostrum become visible. This sequence

of formation will be important in analyzing partial

agenesis of the corpus callosum. Remnants of the meninx

primitiva give rise to the interhemispheric lipomas.
In holoprosencephaly there is a failure of cleavage into

hemispheres and sometimes even a failure of separation of

the telencephalon from the diencephalon.

The most commonly encountered cerebral malfor-

mation is the cortical developmental malformation. The

formation of the cerebral cortex begins during the seventh

week of gestation with the period of neuronal and glial

proliferation in the germinal matrix. The second period

consists of a migration of the neurons from the germinal

zone along the so-called guiding radial glial fibers. This

process takes place between the eighth and twenty-fourth

week of gestation. The six-layered cortex can be

recognized in the sixteenth fetal week. The thickness does

not exceed 4.5 mm. The period of migration is followed

by cortical organization, leading to the complex three-

dimensional structure of the mature cortex.

Up to the eighteenth week, the hemispheric surface

is smooth. At this time, the callosal and parieto-occipital

sulci and the calcarine fissure are visible. From 20 weeks

onwards, a progressive sulcation can be observed until the

thirty-second to thirty-fourth week of gestation.
Clinical Presentation

Minor congenital cerebral malformations can remain

asymptomatic.However, oftendevelopmental delay,mental

retardation, spasticity, hypotonia, epilepsy, hemiplegia, or

diplegia are seen in children with a cerebral malformation.

Macro- or microcephaly can also be a sign of an

abnormal development.

When the cerebral malformations are part of a

syndrome, extracranial anomalies can be encountered.
Imaging

In imaging cerebral malformations, one should always

obtain T1- and T2-weighted images, because the ongoing

myelination may mask possible malformations during the

first 2 years of life on one of these sequences. Additional

three-dimensional imaging, using either a T1-weighted

gradient-echo sequence or a T2-weighted sequence, will

be extremely helpful in displaying the abnormalities.
Diagnosis

The list of cerebral malformations is very extensive and

detailed. Here, only the most common malformations are

discussed.

Skull and skull base defects are often referred to as

“cephaloceles.” The defect can contain meninges, brain

tissue, and/or cerebrospinal fluid.
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The terms hypogenesis or complete agenesis are

preferably used for partial or complete absence of the

corpus callosum. In hypogenesis, the anterior part of

the corpus callosum is usually present. The imaging

findings of agenesis are quite specific. A radial pattern

can be seen on sagittal images (Fig. 1). This is due to

the eversion of the cingulate gyri and radial orientation

of the medial hemispheric sulci from the region of the
Congenital Malformations, Cerebrum. Figure 1 Agenesis

of the corpus callosum. Sagittal T1-weighted image. The

typical radial pattern on a mid-sagittal image is due to the

radial orientation of the medial hemispheric sulci. The

structure visualized is an enlarged hippocampal

commissure and does not correspond to the genes of the

corpus callosum.

Congenital Malformations, Cerebrum. Figure 2 Septo-optic d

(b) images. The optic chiasm is hypoplastic (a). The septum pe
roof of the third ventricle. Colpocephaly, corresponding

to the dilatation of the trigones and posterior horns of

the lateral ventricles, is typically seen on axial images.

The third ventricle is widened and extends superiorly.

Interhemispheric cysts can be found, and different

subtypes have been recognized. Interhemispheric lipo-

mas have frequently been described in association with

partial or complete absence of the corpus callosum (4).

A curvilinear type of lipoma often appears to be an

incidental finding, while the tubulonodular lipoma is

usually associated with a more severe abnormality of

the corpus callosum and tends to be symptomatic.

Alobar, semilobar, and lobar holoprosencephaly have

been distinguished, but significant overlap exists between

the different types. The septum pellucidum and the

olfactory bulb are always absent in the three subtypes. The

lobar form is the least severe from the clinical point of

view and the abnormalities can sometimes be very subtle.

This latter form is also closely related to septo-optic

dysplasia. Septo-optic dysplasia or de Morsier’s syndrome

consists of hypoplasia of the optic nerves and chiasm with

absence of the septum pellucidum (Fig. 2). Magn-

etic resonance (MR) imaging has been used to further

classify patients with optic nerve hypoplasia. In 25%

of the patients, no associated abnormalities could be

demonstrated. The septum pellucidum was absent in 20%

of the children. An ectopic neurohypophysis was observed

in 15% of the patients. An associated cortical develop-

mental anomaly was found in 15% of the patients with

optic nerve hypoplasia. There was evidence of antenatal

or prenatal brain injury in the remaining 25% of the

children.

Three groups of cortical developmental malformations

are distinguished: (i) abnormalities of neuronal and glial

proliferation, (ii) abnormalities of neuronal migration,
ysplasia. Sagittal T1-weighted (a) and coronal T2-weighted

llucidum is absent (b).
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and (iii) abnormalities of cortical organization. These

malformations can result from several environmental

factors including maternal exposure to ethanol and

radiation, ischemia, or in utero infection, but an increasing

number of genetic causes are being identified (5, 6).

The abnormalities of neuronal proliferation occur in

the early days of cortical development and they often

show a high signal on T2-weighted images. Focal cortical

dysplasia, first described by Taylor, consists of a focal

disorganized cortex with abnormally large neurons, called

balloon cells because of their histopathological appear-

ance. On imaging the cortex may appear normal or

thinner, usually with blurring of the gray–white matter

interface, a useful sign for differentiating focal cortical

dysplasia from polymicrogyria (Fig. 3). The high signal

on T2-weighted images may be due to gliosis and/or the

presence of balloon cells.

Hemimegalencephaly may involve part of one hemi-

sphere or the whole hemisphere and hemicranium.
Congenital Malformations, Cerebrum. Figure 3 Focal cort

fluid-attenuated inversion recovery (b) images. The abnormali

the right parietal lobe are better seen on the second image (b

Congenital Malformations, Cerebrum. Figure 4 Pachygyria.

in the parietal lobe (a) and more extensive pachygyria in a 3-m
The affected area appears strongly enlarged and has

heterogeneous signals reflecting dysmyelination and

abnormalities of proliferation, migration, and cortical

organization. The abnormalities may undergo changes

over time.

The abnormalities of neuronal migration occur during

the migration of the neurons from the germinal matrix

to their final destination, the cortex. They typically have

a signal similar to that of gray matter. Lissencephaly is

also referred to as agyria-pachygyria complex. Some

patients have been shown to have chromosomal muta-

tions, the best known clinical entity being the autosomal

dominant form of the Miller–Dieker syndrome. Avariable

involvement of the cortex can be observed, usually

correlating with the severity of the symptoms. In

pachygyria the cortex is thickened and the sulci are

incompletely formed (Fig. 4). The junction between gray

and white matter is regular as opposed to the junction in

polymicrogyria.
ical dysplasia of Taylor. Coronal T2-weighted (a) and

ties in the cortex and in the subcortical white matter of

).

Axial T2-weighted (a, b) images. Bilateral focal pachygyria

onth-old infant (b).
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Heterotopic gray matter can be located in the subep-

endymal region, in the subcortical region, or in between

at any point along the route of migration from the

subependymal region to the subcortex (Fig. 5). Hetero-

topia refers to normal structures in an abnormal site.

Later during gestation, malformations of cortical

organization can be observed. Polymicrogyria refers to an

abnormal gyration consisting of an increased number of

gyri. Cortical maldevelopment is due to a process affecting

mainly the deep cortical layers, reducing vascularization
Congenital Malformations, Cerebrum. Figure 5

Subependymal heterotopia. Axial T2-weighted image.

Heterotopic gray matter nodules are seen in the

subependymal region on the left side.

Congenital Malformations, Cerebrum. Figure 6

Polymicrogyria. Axial T2-weighted image. Numerous small

abnormal gyri are seen in the left parietal lobe. Note the

difference with pachygyria.
and arresting growth. Excessive proliferation of the outer

layers results in the increased number of gyri. Whereas in

the past it was debatable whether polymicrogyria could be

diagnosed on MR imaging or only histopathologically, it is

now accepted that the diagnosis can be given on imaging

(Fig. 6). The inner border is sharp but irregular, which

allows the differential diagnosis with pachygyria to be

made, where the inner border is sharp but smooth. Bilateral

perisylvian polymicrogyria is a well-recognized entity.

Usually the opercular and perisylvian cortex are involved.

The term schizencephaly merely refers to an abnormal

cleft. The cleft is lined by a polymicrogyric cortex and

extends from the subependymal region to the pia.

Bilateral and unilateral schizencephaly can be observed,

most often in the perisylvian area. The terms open and

closed lip schizencephaly refer to the separated and

adjacent walls of the cleft.
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Definition

Congenital anomalies of the liver and biliary system

present early in life and may result from hereditary or

developmental errors.
Introduction

Congenital hepato-biliary anomalies include a wide spec-

trum of malformations involving the liver, the biliary tree,

and the gallbladder. Children may be asymptomatic or

suffer from significant disease, e.g., neonatal jaundice. The

most frequent congenital anomalies include ▶biliary

atresia,▶Alagille syndrome,▶choledochal cysts,▶Caroli’s

disease, congenital hepatic fibrosis, ▶polycystic liver

disease, and ▶gallbladder anomalies. In neonates with

unexplained persisting jaundice hepato-biliary anomalies

should be excluded.
Pathology and Histopathology
Biliary Atresia

Persisting neonatal jaundice results in one-third of cases

from biliary atresia. Biliary atresia is characterized by a

(sub-) total obliteration of the extrahepatic biliary system.

Fetal cholangitis due to a malformed biliary tree is

believed to be the causative. To prevent permanent

hepatic damage, early surgical correction is mandatory.

Biliary atresia is associated with situs inversus, congenital

heart disease, vascular anomaly, trisomy 17, 18, 21, and

polysplenia syndrome.
Alagille Syndrome

Autosomal dominant disorder with chronic cholestasis is

due to a hypoplasia of interlobular bile ducts. Associated

congenital abnormalities include an abnormal facies,

ocular anomalies, butterfly vertebrae, and complex cardiac

malformations. Second most common cause of choles-

tasis in neonates. The incidence is 1 per 100,000 live

births. Liver biopsy confirms diagnosis.
Choledochal Cysts

Choledochal cysts encompass a spectrum of common bile

duct dilatations that may present with cholestatic

jaundice or recurrent cholangitis. The different forms

have been classified by Todani. Choledochal cyst type I is

the most frequent form (80–90% of cases) characterized

by a focal dilatation of the common bile duct. Type I

choledochal cysts most probably results from an anom-

alous proximal insertion of the pancreatic duct into the

common bile duct. Reflux of pancreatic enzymes will
induce a localized cholangitis with resulting obstruction

of the distal common bile duct and proximal dilatation.

Type II choledochal cysts are characterized by focal

diverticula of the common bile duct. Type III choledochal

cysts are basically ▶choledochoceles that protrude into

the duodenal lumen. Todani’s type IVA shows multiple

intra- and extrahepatic cysts while type IVB shows

multiple extrahepatic cystic dilatations of the common

bile duct. Todani’s type V, also known as Caroli’s disease,

is characterized by segmental nonobstructive dilatations

of the intrahepatic bile ducts. This form is associated with

stone formation, recurrent cholangitis, and hepatic

abscesses. Hepatic fibrosis may develop. Caroli’s disease

is frequently associated with medullary sponge kidneys,

polycystic kidney disease, and nephrothisis. Portal

hypertension may develop in disease progress.
Congenital Hepatic Fibrosis

Autosomal recessive disorder occurs with or without

associated biliary duct ectasia and infantile or adult

polycystic kidney disease. Periportal fibrosis and the

presence of irregularly shaped, partially cystic, dilated

small bile ducts are the primary pathologic findings.

During the course of the disease, hepatomegaly with signs

of portal hypertension develops (1).
Polycystic Liver Disease

Two forms are described: the infantile type and the adult

type. The infantile type is less common and has an

autosomal recessive inheritance while the adult type is

autosomal dominant. Children usually present with

renal disease are due to the associated polycystic kidney

disease. Hepato-biliary cysts may be intrahepatic and/or

peribiliary near portal triads or the hepatic hilum.
Gallbladder Anomalies

The gallbladder may be congenitally absent, ectopically

located, duplicated, or septated. An absent gallbladder may

be an associated finding in polysplenia syndrome. Ectopi-

cally located gallbladders are seenwithin the left hemiabdo-

men (e.g., situs inversus), in the midline (e.g., asplenia

syndrome), intrahepatic, within the abdominal wall, in the

falciform ligament ,and in the retroperitoneal area.
Clinical Presentation
Biliary Atresia

Clinical symptoms are related to the neonatal cholestasis.

Key findings include jaundice, dark urine, and pale stools.

Hepatomegaly may present early, splenomegaly is common
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on follow-up due to liver cirrhosis and portal hypertension.

Conjugated hyperbilirubinemia and increased levels of

alkaline phosphatase, gamma glutamyl transpeptidase and

serum aminotransferases may be present.
C
Alagille Syndrome

The combination of a chronic cholestasis, abnormal facies,

ocular abnormalities, butterfly vertebrae, and complex car-

diac anomalies are highly suggestive for Alagille syn-

drome. Most patients if not treated by means of orthotopic

liver transplantation will die before the third decade.
Choledochal Cysts

In young children, the lead feature is chronic cholestatic

jaundice while clinical presentation in older children may

include abdominal pain, obstructive jaundice, and fever.

In addition, acholic stools, hepatomegaly, and intermit-

tent episodes of cholangitis and pancreatitis are seen. In

untreated cases, recurrent ductal inflammation and

biliary stasis may be complicated by hepatic abscesses,

cirrhosis, portal hypertension, and cholelithiasis. Labora-

tory findings are nonspecific. Surgical treatment with

complete excision of the cyst and creation of a bilio-

digestive anastomosis is recommended.
Congenital Hepatic Fibrosis

Principal clinical symptoms are related to the associated

renal abnormalities. Initially, liver function may remain

preserved, on follow-up hepatomegaly and portal hyper-

tension may develop. Complicating cholangitis occurs.
Polycystic Liver Disease

Most children initially present because of the associated

renal disease. Clinical symptoms that are related to the liver

include hepatic enlargement by the multiple cysts with

compression of adjacent organs as well as the intrinsic bile

ducts. In addition, cysts may rupture or hemorrhage. In late

stages, hepatic fibrosis may result in portal hypertension.
Gallbladder Anomalies

Gallbladder anomalies are usually asymptomatic and

incidentally discovered. Clinical symptoms are related to

gallstone formation (2–3).
Imaging
Biliary Atresia

In the majority of children, ultrasound (US) will fail

to identify the gallbladder and extrahepatic bile ducts. The
intrahepatic bile ducts are usually unremarkable. Because

in a minority of affected children, US will show a

gallbladder, hepato-biliary scintigraphy is recommended

as second imaging modality to rule out biliary atresia.

Endoscopic retrograde cholangiopancreatography (ERCP)

can be used to confirm diagnosis.
Alagille Syndrome

Imaging features in the newborn period are similar to

those in biliary atresia but the identification of the

additional components of this syndrome (hypertelorism,

butterfly vertebrae, complex cardiac malformations) lead

to the correct diagnosis. US of the liver can show

hepatomegaly, periportal fibrosis/cirrhosis, and spleno-

megaly. In less severe forms, US will show a normal liver.

Magnetic resonance cholangiopancreatography (MRCP)

and ERCP or intraoperative cholangiography may show

the patency of the extrahepatic biliary tract.
Choledochal Cysts

Most choledochal cysts are easily identified by US. In

addition, sludge and gallstones within the cysts can be

seen. US is also helpful in diagnosing complications such

as intrahepatic biliary dilatation, portal vein thrombosis,

gallbladder or biliary neoplasms, pancreatitis, and hepatic

abscesses. On computed tomography (CT), choledochal

cysts appear as well-circumscribed hypodense cystic

lesions which are separated from the gallbladder. The

cyst wall can be thickened due to recurrent cholangitis.

On magnetic resonance imaging (MR), choledochal cysts

are T2-hyperintense (Fig 1–3). MRCPor ERCP are helpful

in classifying the cysts.
Congenital Hepatic Fibrosis

US shows an enlarged hyperechoic liver. Intrahepatic bile

duct ectasia and gallbladder enlargement may be seen in

case of an associated Caroli’s disease. Splenomegaly may

result from portal hypertension. Color Doppler sono-

graphy should be performed to rule out cavernous

transformation. CT and MR show an inhomogeneous

pattern with areas of heterogeneously increased or

decreased attenuation values or signal intensities.
Polycystic Liver Disease

US reveals multiple, variably sized hypoechoic hepatic

cysts. Cysts may show an internal echo due to hemor-

rhage. The cysts are hypodense on CT, well circumscribed

and nonenhancing. On MR, the cysts are T1-hypo and

T2-hyperintense without enhancement.
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Figure 1 US scan displays the presence of anechoic

saccular dilatations of the bile ducts involving both lobes

containing intraluminal bulbar protrusions and

cross-bridges. The surrounding liver parenchyma shows a

normal echostructure.

Congenital Malformations, Liver and Biliary Tract.

Figure 2 Unenhanced CT scan shows marked intrahepatic

ductal dilatation with cystic appearance (left). Enhancing

central fibrovascular bundles (central dot sign) are identified

inmany of dilated ducts. These intraluminal dots correspond

to intraluminal portal veins, indicating portal radicles

surrounded by dilated intrahepatic bile ducts (right).
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Gallbladder Anomalies

MRCP and US may identify and depict the whole

spectrum of these anomalies. In case of an absent

gallbladder an ectopic location or an atrophic gallbladder

should be excluded.

The spectrum of anomalies can ideally be depicted by

MRCP (1–5).
Nuclear Medicine
Biliary Atresia

99mTc labeled iminodiacetic acid derivates are very

sensitive in diagnosing biliary atresia. In case of biliary

atresia the liver will show a tracer uptake without

excretion into the extrahepatic bile ducts or bowel.

Conversely, evidence of intestinal excretion of the radio-

tracer confirms the patency of the extrahepatic biliary

system. The absence of bowel activity after 24 h is an

indication for liver biopsy.
Alagille Syndrome

Typically, biliary imaging performed with 99mTc labeled

iminodiacetic acid derivates, fails to show normal

excretion of radioisotope into the bowel resembling

biliary atresia.
Choledochal Cysts

99mTc labeled iminodiacetic acid derivates scintigraphy

may show the absence of drainage into the intestine

in case of complete obstruction of the distal bile duct or

the presence of a dilated duct acting as a collecting

reservoir (2–4).
Diagnosis
Biliary Atresia

Diagnosis of biliary atresia emerges from recognizing

clinical features and imaging findings. US represents the

first choice but a normal examination does not exclude

diagnosis. Neonatal hepatitis is the number one differ-

ential diagnosis. Typically in neonatal hepatitis, US will

show a normal gallbladder. Scintigraphy may show a poor

tracer uptake in combination with a delayed excretion

into the bowel.
Alagille Syndrome

Definitive diagnosis is usually achieved by liver biopsy.

The differentiation from biliary atresia can be made by

demonstration of an intact extrahepatic biliary tree.
Choledochal Cysts

US findings are diagnostic in many patients, however, in

the preoperative setting, complementary studies, such as

ERCP, CT, or MR/MRCP may be helpful. Choledochal

cyst may resemble hepatic cyst, hepatic abscess, pancreatic

pseudocyst, or gallbladder duplications.



Congenital Malformations, Liver and Biliary Tract. Figure 3 Axial T2-weighted MR image shows multiple

hyperintense cystic ectasias involving the entire liver (left). MR cholangiogram shows a connection between the

saccular dilated segmental bile ducts and the central biliary tree (middle). The cystic dilatations communicate with

the major biliary tree, and focal narrowing of the major intrahepatic and common bile ducts are depicted by reformatted

images (right).
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Congenital Hepatic Fibrosis

This affection should be suspected in young patients with

portal hypertension of unknown origin. Evidence of

nephromegaly and renal increased echogenity with

polycystic changes support diagnosis. The final diagnosis

is dependent on histological findings (biopsy).
Polycystic Liver Disease

The presence of multiple congenital liver cysts in patients

with renal disorders suggests diagnosis.
Gallbladder Anomalies

These anomalies are usually an incidental finding on

cross-sectional imaging. Most cases are asymptomatic. US

may depict the hepato-biliary system anomaly and

associated complications. MRCP provides a precise

evaluation of the anatomy of the lesions (1–5).
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Congenital malformations are the leading cause of infant

mortality in the United States and a major cause of

morbidity and mortality throughout childhood. The

children with major congenital malformations represent

approximately 4% of live births with a higher rate in

males than females (4.6% vs. 3.1%), and a higher rate in

black children than white children (4.4% vs. 3.8%) (1).

Twenty percent of infant deaths are attributed to

congenital malformations, a percentage that has increased

over time.

Little is known about the causes of congenital

malformations. Twenty percent may be due to a

combination of heredity and other factors; 7.5% may

be due to single-gene mutations; 6% to chromosome

abnormalities; and 5% to maternal illnesses, such as

diabetes, infections, or anticonvulsant drugs. Fourty

to sixty percent of congenital malformations are of

unknown origin.

Associations between congenital malformations and

environmental agents have been described for radiation
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exposure, intrauterine infections (e.g., particular rubella),

medications (e.g., thalidomide and anticonvulsants), and

toxic waste dumps (e.g., Love Canal and accidents such as

Three Mile Island and Seveso). In response, many states

began to develop birth defects registries in order to track

trends in malformation rates (1).

The musculoskeletal system represents the third most

common organ system involved in major congenital

malformations (16%). Other potentially involved organ

systems are cardiovascular (26%), genitourinary (21%),

digestive and clefts (9%), CNS (5%), respiratory (3%),

and others (20%). The most common congenital muscu-

loskeletal malformations are dislocation of the hip (22%),

varus deformities of the feet (20%), other limb anomalies

(10%), anomalies of the skull and face (10%), reduction

deformities (6%), valgus deformities of the feet (6%),

other feet deformities (3%), and others (23%). A more

specific overview over relatively frequent congenital

malformations that involve the musculoskeletal system

is given in Table 1. The following article provides a brief

overview over frequent congential musculoskeletal
Congenital Malformations, Musculoskeletal System. Table 1

involve the musculoskeletal system

ICD-9 Malformation

090 Congenital syphilis

243 Congenital hypothyroidism

658.8 Amniotic bands

741.0 Spina bifida with hydrocephalus

741.9 Spina bifida without hydrocephalus

742.1 Microcephalus

749.0 Cleft palate

749.2 Cleft palate & lip

754.3 Congenital dislocation of hip

754.51 Talipes equinovarus

755.2 Reduction deformities of upper limb

755.3 Reduction deformities of lower limb

755.8 Arthrogryposis multiplex congentia

756.0 Craniosynostosis

756.4 Chondrodystrophy

756.51 Osteogenesis imperfecta

758.0 Down syndrome

758.1 Patau syndrome

758.2 Edwards syndrome

758.7 Klinefelter syndrome

760.71 Fetal alcohol syndrome

771.0 Congenital rubella

771.1 Congenital cytomegalovirus infection

771.2 Other congenital infections

Source: From The New York State Department of Health Congenital Malfo
malformations. Due to its limited length, it cannot be

comprehensive. For more detailed information, the reader

should consult specific literature for the individual

pathologies, mentioned later.
Congenital Malformations of the Hip

▶Hip dysplasia is the most common congenital mal-

formation and represents an abnormal growth or devel-

opment of the acetabulum, femoral head, and associated

ligaments and soft tissues. It can be associated with

instability and/or dislocation of the femoral head. Ultra-

sonography is the method of choice for the diagnosis and

treatment of hip dysplasia and instability in newborns and

young infants. The evaluation is typically performed by

assessing the alpha angle (which outlines the superior bony

acetabulum) and the beta angle (which represents the

cartilaginous part of the acetabulum). A normal alpha

angle should be greater than 60˚ and a normal beta angle

should be less than 55˚. In older children with ossified
Relatively frequent major congenital malformations, that

Prevalence Ratio: M/F

22.8 1.0

3.0 1.1

0.3 0.3

1.9 0.9

1.8 0.9

5.8 0.8

5.8 0.7

4.6 1.4

14.6 0.3

11.6 1.7

3.0 0.9

1.9 1.3

1.5 0.9

4.0 2.1

1.1 1.0

0.3 0.4

10.1 1.0

0.8 1.3

1.2 0.5

0.6 -

2.1 1.4

0.1 1.0

1.4 1.1

2.3 0.8

rmations Registry: //www.health.state.ny.us.



Congenital Malformations, Musculoskeletal

System. Figure 1 Hip dysplasia: The left acetabulum is

markedly shallow. There is extensive subchondral lucency

and sclerosis. There is marked malformation of the left

femoral epiphysis. These changes are consistent with

congenital hip dysplasia and are unchanged compared to

prior study. Ossific fragment is again seen superior to the

left femoral head, likely avulsion injury versus heterotopic

bone. Several calcific densities are present in the proximal

left femoral shaft, which may represent exaggerated

trabeculae versus enchondromas.
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femoral heads, radiographs are obtained to profile the

anterior aspect of the acetabulum (Fig. 1). If any evidence

of hip subluxation is present, an additional abducted

internal rotation view is added to determine the true neck-

shaft angle of the proximal femur. Typical measures for hip

joint assessment are the Hilgenreiner line, Perkin line,

Shenton Menard line, and acetabular angle (<30˚ in

newborns, decreases with increasing age).

▶Coxa valga represents an increased angle between

the femoral neck and shaft (normal 150˚ at birth, then

gradually decreasing up to 120–130˚ in adults). The coxa

valga usually results from weakness of the abductor

muscles and lack of normal weight-bearing forces; it is

most commonly associated with neuromuscular disorders

such as cerebral palsy, spinal dysraphism, and poliomye-

litis, less commonly with some skeletal dysplasias.

▶Coxa vara represents a decreased angle between the

femoral neck and shaft (<120˚) and is often associated

with shortening of the affected leg, vertical orientation of
the capital femoral physis, and femoral anteversion. The

congenital coxa vara shows a characteristic radiographic

finding of a fragment of bone inferolateral to the proximal

femoral physis, which represents a contained area of

abnormal calcification.
Congenital Malformations of the Limbs

Congenital malformations of the feet include pes valgus

(flat foot) and pes varus (abnormally increased angle

between the axis of the calcaneus and second metatarsal),

pes planus and pes cavus (decreased or increased long-

itudinal arch), talipes varus and valgus (abnormally

decreased or increased angle between the axes of the

ankle and foot), metatarsus varus and adductus (outward

or inward bending of the forefoot), and tarsal coalition

(abnormal union of two or more tarsal bones).

▶Talipes equinovarus (clubfoot) (Fig. 2) involves the

talus (ankle) and pes (foot), the heel is elevated (equino—

like a horse’s) and turned inward (varus). Talipes

equinovarus can be idiopathic (most frequent), due to

exogenous causes (oligohydramnion, teratogenic agents,

e.g., sodium aminopterin, congenital constriction rings)

or inherited (autosomal recessive and associated with

various syndromes, e.g., diastrophic dwarfism). Radio-

graphic features include parallelism of talus and calcaneus

with an AP talocalcaneal angle <20˚ (normal 25–40˚) and

lateral talocalcaneal angle of 10–35˚ (normal 35–50˚).

A Rocker bottom foot may occur after inadequate

treatment of talipes equinovarus or, more rarely, due to

cerebral palsy and other neuromuscular disorders, or due

to genetic syndromes, such as trisomy 13, 15, or 18

syndromes. The Rocker bottom foot is diagnosed based

on a lateral radiograph, which shows a dorsiflexed

forefoot, a plantar flexed calcaneus, a reversed angle

between calcaneus and 5th metatarsal, and a reversed

angle between a relatively vertical talus and 1st metatarsal.

Reduction defects represent congenital limb malforma-

tions (dysmelia), complete absence of a whole limb

(amelia) or parts of a limb with only a proximal

rudimentary part present (Peromelia), congenital absence

of upper and lower arm (leg) with hand (foot) present

(phokomelia) or absence of specific bones, e.g., absence of

radius/ulna or tibia/fibula (hemimelia). The cause is, in

most instances, an exogenous interference with the limb-

bud formation in the 3rd–6th week of pregnancy. For

example, an increased incidence of dysmelias was noted

during the 1950s due to Thalidomide and due to uran

intoxication after the wars in Bosnia, Kosovo, and Iraq.

Imaging studies of at least the whole affected limb are

necessary to fully evaluate dysmelias, since malformations

of one bone (e.g., the partial or complete absence of the

fibula) are often associated with other malformations of
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System. Figure 2 Talipes equinovarus.

Congenital Malformations, Musculoskeletal

System. Figure 3 ▶Polydactyly: Frontal projection of

the left hand demonstrates a well-formed bilateral sixth

digit, compatible with polydactyly. This finding can be

associated with Ellis-Van Creveld, Meckel-Gruber syn-

drome, or trisomy syndromes.
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other bones of the same limb (e.g., associated malforma-

tions of the femur).

The “lobster claw hand,” congenital cleft hand, or split

hand (synonyms) may occur isolated or, more frequently,

as part of a syndrome with autosomal dominant

inheritance and variable penetrance. The split hand is
characterized by an absence of the third digital ray, with a

deep cleft extending to the carpal bones, dividing the

hand into two parts. The syndrome is associated with

malformations of the lower legs, especially tibial aplasia.

Other, relatively frequent congenital malformations of

the limbs include polydactylies (accessory or super-

numerary fingers or toes) (Fig. 3), syndactylies (fused

fingers or toes with or without synostosis, webbed fingers

or toes) or a combination of both (▶polysyndactyly) (3).

These may also occur solitary or associated with other

abnormalities, e.g., such as in Acrocephalosyndactyly

(Apert’s syndrome,▶syndactyly and premature closure of

sutures of the skull). In addition, fingers or toes may

present abnormally short (brachydactyly), abnormally

curved (clinodactyly: curving of the fifth finger toward

the fourth finger or camptodactyly: fixed in a flexed

position), or bifid (bifid digits).

Madelung deformity is characterized by dorsal and

lateral bowing of the distal radius, and lateral bowing of

the distal radius, shortening of the radius and subluxation

of the inferior radio ulnar joint. If congenital, causes are

most frequently genetic or dysplastic, less frequently

posttraumatic or idiopathic. The most frequently asso-

ciated genetic syndrome is Turner’s syndrome. Associated

bone dysplasias are hereditary osteochondromatosis,
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achondroplasia, multiple epiphysial dysplasias, and the

mucopolysaccharidoses (Hurler and Morquio). The most

important associated dysplasia is dyschondrosteosis, a

form of mesomelic dwarfism.

Other relatively frequent congenital malformations of

the lower limbs include accessory bones, absence of the

patella, congenital dislocation of the knee and genu

valgum, varum, and recurvatum.

Arthrogryposis multiplex congenita is a rare disease,

characterized by multiple limb deformities at birth with

gross stiffening of joints and hypotonia or wasting of

muscle. The hips are usually dislocated, knees flexed,

clubfeet may be present as well as upper extremity

deformities similar to Erb’s palsy deformity.

Larsen Syndrome represents multiple joint disloca-

tions, mainly hips, and hyperextended or dislocated knee

joints. It is associated with cervical kyphosis, which may

be life-threatening because of the impingement on the

spinal cord at the apex of the kyphosis.
Congential Malformations of the Head
and Neck

Deformities of the skull in young babies and infants are

most often exogenous, such as forceps delivery or due

to positioning (e.g., constant sleeping position on the

back causes a flat occiput). Much more rarely, deformities

of the skull are due to congenital syndromes with

congenital craniosynostosis, such as Apert’s syndrome,

Crouzon syndrome, Pfeiffer syndrome, or Carpenter

syndrome (3). Congenital nose deformities include

squashed or bent nose in babies of mothers with

oligohydramnion (considered to be due to intrauterine

malposition and pressure) and saddle nose in patients

with congenital syphilis. A hemicraniofacial microsomia

has been associated to exogenous drugs or toxins, such as

Thalidomide. Goldenhar syndrome (oculo-auriculo-ver-

tebral syndrome) represents hemifacial microsomia,

microtia, abnormal or missing eye, and hemivertebrae

(3). ▶Hypertelorism, a lateral shift of the orbits, may be

due to excessive ethmoid sinus or a midline cleft. In

patients with ▶hypotelorism, the intercanthal area is

narrowed and may be associated with varying degrees of

frontonasal hypoplasia. Hypotelorism may be associated

with a premature closure of the metopic suture. In the

extreme form, the infant looks like a cyclops, this

condition is not compatible with life.

Congenital sternocleidomastoid torticollis is the most

frequent congenital malformation of the neck, character-

ized by tilting of the head to one side, rotation of the

occiput to that side and the chin to the opposite side due

to a unilateral contracture of the sternomastoid muscle.

There may be also a facial asymmetry. X-rays may show
congenital hemivertebrae or partial fusion of cervical

vertebrae, especially in cases where the sternocleidomas-

toid is normal.
Congenital Malformations of the Spine

▶Congenital scoliosis is characterized by a lateral curva-

ture of the spine due to congenital vertebral anomalies,

such as vertebral absence, partial formation, or lack of

separation. Patients with congenital scoliosis require a

renal ultrasound to rule out renal anomalies such as a

single kidney which is the most common associated

finding. MR imaging may be necessary to rule out

suspected associated abnormalities of the spinal cord or

spinal nerves if clinical neurologic examination findings

are present. Early surgical intervention may be required to

prevent deformity progression. Other, less frequent

patterns of congenital spinal deformity are hyperlordosis

and kyphosis.

▶Spina bifida is a developmental defect of the

neuroectodermal tube at the fetal stage, resulting in

various degrees of defective closure of the neural arch of

the spinal canal. The condition is more common in the

western countries. Two main forms should be distin-

guished: the closed spina bifida (spina bifida occulta),

which is usually asymptomatic, and the open spina bifida

with meningomyelocele, which is usually associated with

neurological deficiencies and sometimes a hydrocephalus.

Congenital spondylolisthesis or dysplastic spondylo-

listhesis is characterized by presence of dysplastic sacral

facet joints, which cause a forward translation of one

vertebra relative to another. There is usually no defect in

the pars interarticularis. Congenital spondylolisthesis

comprise about 14–21% of all cases of spondylolisthesis,

occur with a 2:1 female-to-male ratio and typically

present around the adolescent growth spurt.

Congenital Platyspondyly is defined as two or more

flattened vertebral bodies (single involved vertebra known

as vertebra plana) with reduced distance between the

endplates and occurs in thanatophoric dysplasia, meta-

tropic dwarfism and osteogenesis imperfecta type IIA.

Platyspondyly developing in later childhood occurs in

Morquio’s disease, spondyloepiphyseal dysplasia tarda,

and Kniests dysplasia.

Sacral agenesis or caudal regression syndrome refers to

a wide range of absent lower portions of the spinal

column and pelvis. The incidence is increased in children

of diabetic mothers. Sacral agenesis is associated with

bowel, bladder or lower extremity motor dysfunction,

anorectal malformations, and presacral teratomas or

myelomeningoceles.

Klippel Feil syndrome describes a continuity of cervical

andupper thoracic vertebrae. Itmaybe associatedwith renal
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anomalies (38%), sensineural or conductive hearing loss

(36%), cardiovascular anomalies (18%) or, less com-

mon, limb deficiencies, craniosynostosis, and craniofacial

abnormalities.
Malformations of the Chest Wall

Cleidocranial Dysostosis is a developmental and familial

disorder of membranous ossification with involvement of

the clavicle and the cranial bones. In the typical case, the

clavicle may be totally or partially absent and this may be

bilateral so that the patient’s two shoulders could be

brought forward toward the midline to touch each

other. The skull is abnormally large with bossing of the

parietal and frontal bones. The closure of fontanelles is

delayed. The face is small with a relatively large and

prognathous mandible and a poorly developed maxilla.

The pelvic bones also show poor development with

nonfusion of the symphysis pubis and poor development

of the sacrum.

▶Sprengel’s Shoulder is characterized by a congenital

elevation of the scapula. Developmentally, the scapula has

failed to descend from its embryological position in the

neck. Radiographs show the elevated position and

diminished size of the scapula. It may also show a bony

bar connecting the low cervical vertebra with the supero

medial angle of the scapula and it is called as the

omovertebral bone.

Other common congenital malformations of the chest

wall are pectus excavatum, funnel chest, and sternum

bifidum. Supernumerary ossification centers of the

sternum are most commonly seen in association with

Down’s syndrome.
Osteochondrodysplasias

Relatively common congenital osteochondrodysplasias

are osteogenesis imperfecta, McCune Albright Syndrome

(polyostotic fibrous dysplasia), osteopetrosis, progressive

diaphyseal dysplasia (Camurati Engelmann), enchondro-

matosis, exostoses, achondrogenesis, thanatophoric

dwarfism, chondrodysplasia punctata, achondroplasia,

chondroectodermal dysplasia, and spondyloepiphyseal

dysplasia. The reader may be referred to the literature

for detailed descriptions of these diseases (4).
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Definitions

Malformations of the neck region may initially not be

clinically significant but according to their natural history

they may change their manifestation and become

symptomatic. Generally, congenital malformations can

be divided into branchial arch anomalies, ▶thyroid

malformations, congenital vascular lesions, laryngeal

malformations, and congenital dysontogenetic tumors

or tumor-like conditions such as the sternocleidomastoid

tumor of infancy. The most common anomalies are those

associated with abnormal development of the branchial

apparatus (1).
Pathology/Histopathology
Branchial Arch Anomalies

First branchial arch anomalies include either cleft cysts or

syndrome-associated external auditory canal anomalies.

First branchial cleft cysts (BCCs) can be classified

according to Arnot (2). In Arnot type I the cleft cyst is

located in the parotid gland without communication to

the external auditory canal. In type II the cyst is usually

located inferiorly to the parotid gland and the cyst tract

communicates with the external auditory canal.

First branchial arch anomalies with associated abnor-

mal external ear, external auditory canal stenosis, atresia,

or further mandibular malformations include syndromes

such as Goldenhar syndrome (Fig. 1), Franceschetti–

Treacher-Collins syndrome, Pierre Robin syndrome, or

even thalidomide toxicity.

Second branchial arch anomalies include either a

persistent stapedial artery or the most common remnants

of the second branchial arch. Second BCCs are the most



Congenital Malformations, Neck. Figure 1 First branchial arch congenital anomaly: atresia of external auditory canal and

abnormal external ear in a 10-month year old baby with Goldenhar syndrome. Note also an accessory apophysis at the

ascending ramus of the mandible. (a) Three-dimensional CT reconstruction (Volumen Rendering technique) with osseous

display, (b) Three-dimensional CT reconstruction using surface rendering technique with a threshold of −100 HU.

Congenital Malformations, Neck. Table 1 Vascular

congenital lesions of the neck according to the

classification of Mulliken and Glowacki (1982)

Hemangiomas

• Capillary hemangioma (superficial)

• Cavernous hemangioma (deep)

• Combined hemangioma

Vascular malformations

• “Low-flow” lesions

Venous malformations

Capillary malformations

Lymphatic malformations (Lymphangioma)

• “High-flow” lesions

Arterial malformations

Arteriovenous malformations

AV Fistulas
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common remnants of the branchial arches, making up

around 90% of detected cleft cysts. The Bailey classifica-

tion system (3) distinguishes four types of second BCC:

type I when the cyst lies superficial to the anterior border

of the sternocleidoid muscle beneath the cervical fascia

and without contact to the internal jugular vein or the

carotid arteries.

Type II shows a varying degree of adherence to the

internal jugular vein, but no contact with the carotid

sheath. In type III the cyst passes between the external and

internal carotid arteries and extends further along the

lateral pharyngeal wall. Type IV second BCC consist of

those cysts located medially to the carotid vessels along

the pharyngeal wall.

Third branchial arch anomalies include either the rare

DiGeorge’s syndrome (absent thymus and third para-

thyroid gland) or the third BCC. This cyst is located

posterior to the sternocleidomastoid muscle and has a

sinus tract ascending along the internal carotid artery,

passing over the hypoglossal nerve and inferiorly to the

glossopharyngeal nerve and then draining into the

pyriform sinus.

Fourth branchial arch anomalies may include ▶vas-

cular anomalies such as aberrant subclavian artery or the

fourth BCCs. These cysts are located around the aortic

arch, usually anteriorly on the left, and around the

subclavian artery on the right, and their sinus tract may

ascend up to the level of the carotid bifurcation draining

into the pyriform apex.

▶Branchial cleft anomalies may present pathologi-

cally as a fistula, sinus, or cyst, based on the degree of

completion of development of the anomalous structure.

Fistulae appear in the case of persistence of both the cleft

and the corresponding pouch, thereby forming a com-

munication (i.e., fistula) that is epithelial lined. The fistula
lies caudal to the structures derived from that particular

arch and has a communication to the skin externally and

to the pharynx internally. Sinuses may be considered

partial fistulae, usually opening externally, with no

internal opening.
Vascular Anomalies

Mulliken and Glowacki (4) proposed a biological

classification of vascular birthmarks considering histolo-

gic features and clinical behavior. According to their

classification system (Table 1), two major categories are

distinguished in this setting: vascular tumors and vascular

malformations. Vascular tumors include hemangiomas,

Kaposiform hemangioendothelioma, and tufted angioma.

Vascular malformations comprise high-flow malforma-

tions and slow-flow malformations.
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High-flow malformations may be arterial or arter-

iovenous. Slow-flow malformations include venous mal-

formations and capillary and lymphatic malformations.

Lymphatic malformations are also known in the literature

as lymphangiomas.

The most common vascular tumor is the hemangio-

ma, which in around 30% of cases is visible at birth, the

remaining appearing at age 2–4 years. Hemangiomas are

most commonly located on the head and neck region.

Postnatal growth is rapid and involution is slow.

In contrast, vascular malformations are present at

birth in approximately 90% of cases, and depending on

their type may manifest clinically at a later age in response

to trauma, following incomplete surgical resection, or in

altered hormonal states. They also do not involute as

hemangiomas and tend to grow with the child.

Hemangiomas can be classified into capillary, caver-

nous, and capillary cavernous types.

Capillary malformations are groups of tortuous blood

vessels in the upper layers of the dermis.

Lymphangiomas or lymphatic malformations are

collections of lymph vessels filled with serous fluid. The

histology ranges from capillary-sized vessels to macro-

scopic fluid-filled vessels. They can be divided into four

classes clinically and histologically: capillary, cavernous,

cystic (hygroma), and lymphangiohemangioma.

Venous malformations grow commensurately with

the child. They may expand in response to trauma or

hormonal factors. The following histologic characteristics

are present: flat endothelium, slow turnover, dysplastic

walls in ectatic venous vessels, and thin basement

membranes.

Vascular malformations enlarge by hypertrophy. Flat,

normal-appearing endothelial cells and ectatic vessels are

characteristic findings in vascular malformations.

Hemangiomas rarely affect bone, whereas malforma-

tions affect bone in approximately 35% of cases.
Thyroid Malformations

The most common congenital thyroid anomaly is the

persistent thyroglossal duct cyst. It occurs along the tract

of the thyroglossal duct and is usually in an infrahyoidal

location and in the midline. The thyroid gland is usually

present and functions normally.

Ectopic thyroid tissue may be located at the base of the

tongue in the midline dorsum, but it may also be located

along themigration pathway of the thyroid. It is important

to consider that in the presence of a lingual ectopic thyroid,

the gland is often up to 70% not present at its usual

position, so that a preoperative diagnosis is essential to

avoid thyroid hormone insufficiency.

Thyroglossal duct cysts may be diagnosed by cyto-

pathological analysis.The cytomorphologic features include
colloids, macrophages, lymphocytes, or predominantly

neutrophils. The epithelium may be ciliated columnar,

metaplastic squamous, or of mature squamous type.
Laryngeal Malformations

The most common congenital anomalies of the larynx are

laryngomalacia, bilateral vocal cord paralysis, and con-

genital subglottic stenosis. Less frequent anomalies com-

prise laryngeal atresia, laryngeal congenitalwebs, or vascular

anomalies such as subglottic hemangioma or vascular

malformations, especially of lymphatic origin (lymphan-

gioma). Congenital laryngeal cysts are very uncommon.

Laryngomalacia is defined as a congenital disorder of

the larynx characterized by inspiratory stridor and airway

obstruction. It is due to a congenital weakness of the

aryepiglottic folds and epiglottis, which are sucked into

the airway during inspiration.

Congenital vocal cord paralysis is considered idio-

pathic. In certain cases, paralysis may occur secondary to

central neuromuscular immaturity.

Congenital subglottic stenosis results from incomplete

recanalization of the laryngotracheal tube during the third

month of gestation. The extreme form of this anomaly is

laryngeal atresia. Congenital subglottic stenosis can be

classified into two types, membranous or cartilaginous.
Dysontogenetic Tumors or Tumor-Like
Conditions

Dysontogenetic cervical tumors include those tumor

conditions present at birth and include cervical terato-

mas, dermoid tumors, and tumor-like conditions as the

sternocleidomastoid tumor of infancy or the midline cleft.

The sternocleidomastoid tumor of infancy represents

a congenital fibrosis within the muscle and may manifest

clinically as a tumor-like mass in the perinatal period.

The midline cervical cleft is a rare congenital anomaly

presenting as a midline mass in the form of a

pseudonipple located infrahyoidal caudally.

Dermoid cysts are considered the most common form

of teratoma and are characterized by a predominance of

ectodermal content. Congenital midline cleft histologi-

cally consists of a stratified keratinized squamous

epithelium with hyperkeratosis, dermal fibrosis, and little

or no skin appendages.
Clinical Presentation
Branchial Arch Anomalies

First branchial anomalies associated with external audi-

tory canal atresia or stenosis may present clinically with

marked difficulty in hearing, especially if the malforma-

tion is bilateral.
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First branchial cysts manifest clinically as masses in

the parotid gland region, in some cases even up to the

submandibular region.

Second to fourth branchial cysts present in a similar

way, although the locationmay be important for diagnosis.

Second BCC are typically manifested in the neighborhood

of the sternocleidomastoid muscle in the second decade of

life. Inflammatory changes may be associated with fistulae

formation. Third BCC may also cause an irritation of the

hypoglossal or glossopharyngeal nerve in the presence of

the typical draining tract.
Vascular Anomalies

Clinically, hemangiomas manifest typically superficially

and can exhibit a varied appearance, from a hypopig-

mented macule to a bruise-like macule. The course of

these lesions includes a proliferative postnatal growth

phase that lasts for 3–9 months with a gradual involution

occurring over 2–6 years. Involution is usually complete

by age 7–10 years.

Vascular malformations are by definition present at

birth, although in clinical practice 10%may manifest later

in the postnatal period. Capillary vascular malformations

(i.e., port-wine stains) are the most common type of

vascular malformations. The lesions are presents in

neonates but darken during adolescence and middle age.

Lymphangiomas present clinically as soft doughy

masses that are located in the head and neck region. They

may manifest as lymphedema and larger lesions may

compromise the airway or the skeletal development of

involved structures, such as the mandible. Venous

malformations present in a variety of ways, from a slight

blue patch to a recurrent growing compressible, soft, blue

mass. Episodic painful thrombosis may also occur.

Arterial malformations may present with bleeding.
Thyroid Malformations

Thyroglossal duct cysts present as asymptomatic midline

masses, although they may occur off the midline in up to

25% of cases. A carcinoma developing in a thyroglossal

duct cyst is very rare, but can be responsible for atypical

presentation infiltrating surrounding tissues.

A lingual ectopic thyroid gland may manifest with

dysphagia, hemorrhage, or airway obstruction.
Laryngeal Malformations

Laryngomalacia may present with noisy respiration and

inspiratory stridor that is accentuated by being in the

supine position, feeding, and agitation. Vocal cord

paralysis also causes an inspiratory stridor and increasing

respiratory distress if it is bilateral. Unilateral vocal cord

paralysis may cause a hoarse cry.
Congenital subglottic stenosis presents with biphasic

stridor with respiratory distress symptoms that may

worsen in the case of an upper way infection.
Dysontogenetic Tumors or Tumor-Like
Conditions

Cervical teratomas or dermoid tumors as a special form of

teratoma present as large masses that may compromise

the airway. The sternocleidomastoid tumor of infancy

presents as a firm, painless mass in the inferior to the

middle third of the muscle in neonates. Congenital

midline cleft presents as a midline mass that may be

associated with thyroglossal duct cysts, cleft lip/mandible/

sternum, cervical contractures, mandibular spurs, micro-

genia, or bronchogenic cysts.
Imaging
Branchial Arch Anomalies

Branchial cleft anomalies are usually studied by imaging

methods, including ultrasound (US) as a basic approach

followed by computed tomography (CT) and magnetic

resonance imaging (MRI) in more complex anatomic

situations.

On US, BCCs present characteristically with a pattern

of homogeneous, anechoic, smooth reflections within a

well-demarcated, thin and elastic, deformable wall when

using a high-resolution transducer. However, some BCCs

may present with an inhomogeneous texture and/or

irregular walls and hypoechoic characteristics, so that a

distinction from inflammatory or neoplastic processes with

central necrosis may not be possible. In these cases, CT or

MRI may be more useful to rule out associated pathology.

A definitive CT diagnosis of second BCC may be

possible in 80–90% of cases. BCCs present a CT

appearance of a mass with an enhancing capsule and a

lucent center measuring between 20 and 35 HU. To detect

sinus or cyst tracts, CT using intravenously administered

contrast material, and air as a contrast agent with Valsalva

test, may show air along the draining tract proving

communication between the internal drainage and the

branchial remnant. Three-dimensional CTmay be useful in

the preoperative planning of craniofacial malformations,

including first branchial anomalies, such as the Goldenhar

syndrome (Fig. 1).

MRI allows a more detailed analysis of lesion size,

morphology, location, relation to the expected course

of neurovascular structures, enhancement pattern, atte-

nuation compared to the cerebrospinal fluid (CSF), and

T1- and T2-weighted signal intensity (5). This may allow

identification of tiny fistulous tracts, especially when

using three-dimensional sequences.
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Vascular Anomalies

The predominant sonographic features of cavernous

hemangiomas are well-defined hypoechoic mass lesions

with heterogeneous echotexture and the presence of cystic

and sinusoidal spaces within, as well as the occasional

presence of phleboliths. Color Doppler imaging demon-

strates flow inside the mass. MRI is very accurate in

detecting hemangiomas, although capillary and caver-

nous hemangiomas cannot always be differentiated. They

show bright signal on T2-weighted, low signal on T1-

weighted, and enhancing diffusely without distorted

dilated venous vessels.

US with high-resolution transducers can confidently

suggest the diagnosis of neck venous malformations in up to

90% of cases. The lesions may show well-defined margins,

heterogeneous and hypoechoic echo pattern, with sinusoi-

dal spaces and phleboliths on gray-scale imaging, and flow

signal on Doppler. In contrast to hemangiomas, large slow-

flow venous vessels are present. MRI is superior in the

overall characterization of the extent of the venous

malformation, showing slow-flow vascular channels, dark

onT1-weighted images, bright on T2-weighted images, and

enhancing after contrast medium administration. A three-

dimensional contrast-enhanced MR angiograph with time

resolution or late imaging demonstrates the dilated venous

vessels of the malformation.

High-flow vascular malformations contain an arterial

component that may be detected by color Doppler US.

This may be documented by time-resolved MR angio-

graphy, but conventional angiography with selective

injection of contrast medium in the involved branch of

the external carotid artery or vessels involved is mandatory

before therapeutic decisions.

Three-dimensional CT angiography allows detailed

description of vascular lesions of the head and neck and

offers another effective means of imaging these complex

lesions.

Lymphangiomas may be documented by US, CT, or

MRI. US may show superficial hypoechogenic multi-

locular cystic masses with septa of variable thickness, but
Congenital Malformations, Neck. Figure 2 Lymphangioma o

image at the level of the mandibular symphysis showing a hy

crossing the midline. Note hyperintense cysts on the left adja

demonstrating high signal intensity together with multiseptat
may fail to demonstrate retropharyngeal, axillary, or

mediastinal extensions in all patients. MRI allows a better

tissue characterization and lesion extent (Fig. 2).

Lymphangiomas may present as microcystic or

macrocystic forms and may be differentiated by MRI.

The cysts may usually have variable signal on T1-weighted

sequences, from hypointense to brighter signal as CSF,

and high signal on T2-weighted sequences. Fluid–fluid

levels may be present, especially on the T1-weighted

images (see Figs 2a and b).
Thyroid Malformations

The imaging work-up of ectopic thyroid gland requires a

thyroid scintigraphy. For further diagnosis of thyroglossal

duct cysts, US represents the basic imaging method,

followed by CTandMRI. US findings may show anechoic,

homogeneous hypoechoic, solid appearing or even

heterogeneous midline cervical mass. On MRI the mass

may reveal high signal intensity on T2-weighted images

and sometimes also on T1-weighted sequences.
Laryngeal Malformations

Plain film radiographs of the cervicothoracic region in the

neonate may suggest a diagnosis of laryngomalacia and

can exclude anomalies with similar presentation. Inspira-

tory plain films of the neck may show inferior and medial

displacement of the epiglottis and arytenoids. Fluoro-

scopy may reveal supraglottic collapse and hypophar-

yngeal dilatation. CT of the larynx region may be

necessary if a partial subglottic stenosis or laryngeal

atresia is suspected.
Dysontogenetic Tumors or Tumor-Like
Conditions

The demonstration of a fat–fluid level on MRI or CT is

diagnostic of a cervical dermoid cyst. Other teratomas or

tumor-like conditions are also best delineated by CT.
f the neck in a 3-day old newborn. (a) T1-weighted axial

pointense inhomogeneous mass from the lateral neck

cent to the mandibular body. (b) T2-weigthed image

e cystic configuration.
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Nuclear Medicine

The indications for thyroid scintigraphy pertechnetate

using Tc-99m in the setting of congenital thyroid

anomalies include investigation of hyperthyroidism,

nodularity of the gland, cause of thyroid stimulating

hormone elevation, and localization of an ectopic thyroid

gland and in the evaluation of a thyroglossal duct cyst.
Diagnosis
Branchial Cleft Anomalies

While the history, physical examination, and imaging

findings are the most important parts of the evaluation of

neck masses in children, biopsy may be necessary to

establish the diagnosis. Image-guided fine-needle aspira-

tion (FNA) is a useful tool in the management of neck

masses in children.
Vascular Anomalies

By history and physical examination, 96% of vascular

lesions can be classified as hemangiomas or malforma-

tions. Knowledge of their natural history as well as their

clinical and imaging presentation is essential for making

the diagnosis. A biopsy may be accompanied by bleeding.
Thyroid Malformations

As a number of other nonneoplastic and neoplastic

lesions can cause cystic midline masses in the neck, FNA

may be useful in making a preoperative diagnosis of

thyroglossal duct cyst for a more accurate and timely

clinical intervention. Histological confirmation is neces-

sary for diagnosis, including the very rare association with

carcinoma.
Laryngeal Malformations

A classic history and endoscopic examination usually

suffice to establish a diagnosis of laryngomalacia or

congenital vocal cord paralysis or congenital subglottic

stenosis.
Dysontogenetic Tumors or Tumor-Like
Conditions

Surgery with histological evaluation is necessary to

establish a diagnosis of dysontogenetic tumors or

tumor-like conditions, such as the congenital intramus-

cular fibrosis present in the sternocleidomastoid tumor of

infancy.
Interventional Radiologic Treatment

Patients with hemangiomas are treated surgically by

cryosurgery or laser surgery or conservatively according

to lesion size and behavior. In patients with venous

malformations, percutaneous sclerotherapy is combined

with surgical reduction; patients with arteriovenous

malformations undergo transarterial embolization before

surgical excision of the nidus.

Percutaneous transcatheter arterial embolization plays

an increasingly important role in the management of

vascular lesions in the neck. Embolization can promote

thrombosis within the malformations, reduce bleeding,

and decrease the need for transfusion intraoperatively.

Moreover, it can facilitate surgical approaches to other-

wise unresectable lesions.
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Definition

Congenital malformations of the nose and paranasal

sinuses are due to discrete faults in the embryological

development of the face (1). On the basis of embryogen-

esis and anatomic location, they can be grouped into four

categories: anomalies related to the nasal cavity, nasola-

crimal apparatus, nasofrontal region and craniofacial

malformations (2).
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Pathology/Histopathology
Anomalies Related to the Nasal Cavity

Choanal atresia, the most common congenital abnorm-

ality of the nasal cavity, is a developmental defect

characterised by lack of communication between the

nasal cavity and nasopharynx. Nowadays, it is known that

most if not all patients with choanal atresia have bony

abnormalities: a combined bony and membranous

malformation occurs in about 70% of cases and purely

bony atresia is found in about 30% of cases. Choanal

atresia seems to be due to persistence of the mesodermal

plate, which separates the stomodeum (primitive mouth)

from the ectoderm which forms the cranium and brain or

of the buccopharyngeal membrane (which separates the

stomodeum from the end of the pharyngeal gut). Choanal

atresia may be uni- or bilateral. Approximately 75%

of children with bilateral choanal atresia have other

congenital abnormalities, as exemplificated by the

▶CHARGE association (1, 3).

Nasal pyriform aperture stenosis is a rare anomaly

characterised by narrowing of the anterior bony nasal

apertures. It may occur as an isolated anomaly or

in association with alobar or semilobar forms of

▶holoprosencephaly, facial hemangiomas, clinodactyly,

hypotelorism, cleft palate, pituitary dysfunction and

central megaincisor. Patients with a central megaincisor

have an increased incidence of intracranial defects (3).

Congenital absence of the nose (arhinia) with failure

of formation of the nose, nares and nasal cavities is rare. It

can be associated with various anomalies including

maxillary hypoplasia, high arched or cleft palate and

ocular and intracranial anomalies.

Nasopharyngeal atresia is an extremely rare malfor-

mation that results in complete isolation of the nasal

cavity from the oropharynx (3).
Anomalies Related to the Nasolacrimal
Apparatus

Congenital nasolacrimal mucocele, a lacrimal sac mucocele

with intranasal extension, is an uncommon mass arising

in the medial canthal region of the orbit. In such cases,

impatency of the distal portion of the nasolacrimal duct

results in ballooning of the distal membrane into the nasal

cavity, forming a dumbbell-shaped nasolacrimal mucocele.

It can become infected determining a dacryocystitis (2).
Anomalies Related to the Nasofrontal
Region

In early life, the frontal bone is separated from the nasal

bones by the fonticulus frontalis (nasofrontal fontanelle).

The nasal bones are separated from the underlying

cartilaginous nasal capsule by the prenasal space, which
contains a dural diverticulum. This diverticulum re-

gresses, leaving behind the foramen cecum (located

anterior to the crista galli).

Congenital herniation of intracranial contents

through a defect in the skull with a persistent connection

to the subarachnoid space is consistent with cephalocele.

Only meninges (meningocele) or both meninges and

brain (meningoencephalocele or simply encephalocele)

can herniate. According to location, encephaloceles are

classified as either occipital (75%), sincipital (15%) or

basal (10%). Sincipital encephaloceles occur about the

dorsum of the nose, the orbits and the forehead; they are

typically either frontonasal (40–60%), nasoethmoidal

(30%) or a combination of the two. If brain protrudes

through the fonticulus frontalis, a frontonasal encepha-

locele is formed, whereas brain extending in the prenasal

space gives origin to nasoethmoidal encephalocele (the

nomenclature is based on the origin of their roof and

floor). They have a high prevalence of associated

intracranial anomalies.

Midclosure of the dural diverticulum sequestering

brain in its distal aspect gives rise to a nasal glioma (nasal

cerebral heterotopia). It is composed of dysplastic

neurogenic tissue that has become isolated from the

subarachnoid space: by definition, it does not contain any

CSF-filled space that is connected with either the

ventricles or the subarachnoid space of the head. It has

no neoplastic features. Nasal gliomas may be intranasal

(30%), extranasal (60%) or a combination of the two

(10%). Up to 15% of patients with nasal gliomas show

multiple cerebral heterotopias.

If the dural diverticulum touches the skin of the nose,

it will drag ectodermwith it as it regresses. In 50% of these

cases, a dermal sinus will form; in the remaining 50% of

cases, an epidermoid or dermoid will be found. Nasal

dermal sinuses are thin, epithelium-lined tubes that arise

at external ostia situated along the nose and extend deeply

for a variable distance, sometimes reaching the intradural

intracranial space. Dermoid cysts contain ectoderm with

skin appendage and are usually midline with tendency to

occur at the glabella. Epidermoid cysts contain ectoder-

mal elements without skin appendages, are usually

paramidline and tend to occur near the columella. They

may occur in isolation or associated with concurrent

malformations (1, 2, 4).
Craniofacial Malformations

Midfacial clefts, the most common craniofacial anoma-

lies, result from deranged development of the frontonasal

process and/or failure of adjacent processes to merge

successfully. They include the typical unilateral or

bilateral common cleft lip and/or cleft palate (98.8% of

all facial clefts), the midline craniofacial dysraphisms, an
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oblique facial cleft, a transverse facial cleft (‘wolf mouth’

or macrostomia) and the facial anomalies (including

hypoplasia or absence of the nose and intermaxillary

segment, and pseudomedian cleft lip) associated with

holoprosencephaly (4). Midline craniofacial dysraphisms

can be divided into two groups: the low group (midline

cleft lip), in which the cleft involves the upper lip, hard

palate and occasionally the nose; and the high group

(median cleft face syndrome or frontonasal dysplasia) in

which the cleft involves primarily nose and forehead and,

less commonly, upper lip and hard palate (1). Both groups

are associated with intracranial anomalies and different

kinds of cephalocele.

Many other different syndromic associations invol-

ving the midface exist: the syndromes of the first and

second branchial arches (including ▶hemifacial micro-

somia and ▶mandibulofacial dysostosis) manifest as

deficiencies of tissue and as hypoplasias of the maxillary

and mandibular arches; the syndromic craniosynostoses

(craniofacial dysostoses) are a group of syndromes

(▶Crouzon syndrome and ▶Apert syndrome being the

most frequent two) that exhibit premature synostoses of

cranial sutures as one prominent feature and are

frequently associated with maxillary hypoplasia and

central nervous system malformations (2, 4).
Clinical Presentation

Congenital arhinia, nasopharyngeal atresia and, when

bilateral, choanal atresia, pyriform aperture stenosis and

nasolacrimal mucocele determine respiratory obstruction

with respiratory distress and cyclical cyanosis. Character-

istically, respiratory distress is aggravated by feeding and

relieved by crying, since neonates are obligate nose

breathers for the first 2–6 months of life. Grunting,

snorting, low-pitched stridor and rhinorrhea are other

common presenting signs of nasal airway obstruction in

neonate or infant. In patients with nasolacrimal muco-

cele, a tense blue-gray medial canthal mass (due to

dilatation of the lacrimal sac) associated with epiphora is

appreciable (2, 3).

Anomalies related to the nasofrontal region are

usually not associated with airways obstruction. Midface

disfigurement, nasal destruction, meningitis and anterior

cranial fossa abscesses may occur. Depending on the size

of the intracranial connection, cephaloceles may be

pulsatile or change in size during crying, the Valsalva

maneuver or jugular compression, whereas nasal gliomas,

dermoid and epidermoid cysts do not. Dermal sinuses

may be associated with intermittent discharge of sebac-

eous material and/or pus (4).

Clinical presentation of craniofacial malformations is

dominated by facial deformities, variously associated with
auricular, ocular, musculoskeletal and skin deformities.

Moreover, the presence of central nervous system

anomalies may be responsible for IQ affection. Midline

craniofacial dysraphisms and many syndromic malforma-

tions are characterised by hypertelorism, whereas hypo-

telorism is typically associated with holoprosencephaly (1).

The nasal and pharyngeal airways may be compromised,

increasing the risk of respiratory distress.
Imaging

Computed tomography (CT) is the imaging modality

of choice in children with possible malformations related

to the nasal cavity or to the nasolacrimal duct. Magnetic

resonance (MR) imaging is the modality of choice for

evaluation of lesions with potential intracranial extension

or associated intracranial anomalies, such as congenital

midface masses (e.g. dermoid and epidermoid cysts, nasal

gliomas, cephaloceles) and craniofacial malformations.

However, in many cases, both CT and MR imaging are

required to obtain an adequate evaluation of bone, brain

and soft-tissue components of midface anomalies (2).

Key imaging features in choanal atresia include

narrowing of the posterior choanae to a width of less than

0.34 cm in children under 2 years old, inward bowing of

the posterior maxilla, fusion or thickening of the vomer

(in children less than 8 years of age the width of the

inferoposterior vomer should not exceed 0.34 cm) and the

presence of a bone or soft-tissue septum extending across

the posterior choanae. Choanal stenosis may appear similar

to choanal atresia dependingon the degreeofnarrowing (2).

Imaging features of pyriform aperture stenosis

include a shelf of tissue extending across the nostril, just

inside the nares, overgrowth and medial displacement of

the nasal processes of the maxilla and narrowing of the

pyriform aperture (2). A pyriform aperture width less

than 11 mm in a term infant has been suggested to be

diagnostic of pyriform aperture stenosis (5).

In patients with nasopharyngeal atresia, the posterior

choanal passages end blindly, the posterior vomer is wide

and both the vomer and the hard palate are fused to the

central skull base (3).

The triad of cystic dilatation of the lacrimal sac,

dilatation of the nasolacrimal duct and an intranasal

cystic mass (homogeneous, well defined, thin-walled)

with fluid attenuation is diagnostic of nasolacrimal

mucocele. Often, thinning and superior displacement of

the inferior turbinate bone occur. Intravenous adminis-

tration of contrast material may demonstrate slight

enhancement of the cyst wall that is more pronounced

in dacryocystitis (2).

Imaging features of nasal encephaloceles include a

soft-tissue mass that is connected to the subarachnoid
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Figure 1 Nasal dermoid cyst. Axial CT scan (a) reveals

nasal swelling due to a sharply marginated midline

lesion with soft-tissue attenuation, which determines

broadening of the neighbouring bony structures (arrows).

Sagittal T2-weighted (b) and sagittal T1-weighted (c) MR

images show a inhomogeneous iso- to hyperintense lesion

(arrowheads) containing areas of fatty-like signal (arrows).
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space via an enlarged foramen cecum and extends to the

glabella or into the nasal cavity. Encephaloceles are

isointense relative to gray matter with most MR imaging

sequences, but may be hyperintense with T2-weighted

sequences because of gliosis. CT may be useful in

evaluating bone changes. MR cisternography (hydro-

graphic imaging) may be useful in demonstrating a

subarachnoid connection (2).

Nasal gliomas appear as non-enhancing soft-tissue

masses; they are isointense to hypointense to gray matter

with T1-weighted sequences and hyperintense with proton-

density and T2-weighted sequences (2). Extranasal gliomas

most commonly lie external to the nasal bones and nasal

cavities, typically at the bridge of the nose, to the left or the

right of the midline; moreover, they can extend into the

maxillary antrum. Intranasal gliomas lie within the nasal or

nasopharyngeal cavities, usually between the middle

turbinate and the nasal septum. Mixed nasal gliomas

consist of extranasal and intranasal components that

communicate via a defect in the nasal bones or around

their lateral edges or, rarely, through defects in the orbital

plate of the frontal bone or the frontal sinus (4).

Imaging studies successfully display the course of

dermal sinus tracts. They usually appear as isodense

fibrous channels or as lucent dermoid channels that

extend inward for a variable distance (4).

The imaging of dermoid and epidermoid cysts may

overlap, although dermoid cysts are more likely to be

midline and fatty, whereas epidermoid cysts usually have

fluid attenuation at CT and are isointense relative to fluid

at T1- and T2-weighted MR imaging (Fig.1).Diffusion-

weighted and magnetization transfer sequences can aid

in differentiating solid epidermoid cysts from fluid-

containing lesions. In this field, it is very important to

recognise normal findings, like septal tubercle (a focal

bulge of the anterior nasal septum at the level of the

middle turbinate bone) or fatty change within crista galli

that may simulate disease (2). Demonstration of an

enlarged foramen cecum (normal width: up to 10 mm;

avg: 4mm) and distorted crista galli suggests intracranial

extension, however it does not prove it (4).

Craniofacial malformations include developmental

anomalies of the face and skull that are associated with

central nervous system malformations (2). Median cleft

face syndrome is characterised by hypertelorism and bony

clefting of the nose (with or without cleft upper lip,

premaxilla and palate). Associated anomalies may be

frontoethmoidal and intraorbital cephalocele, cranium

bifidum occultum frontalis, microphthalmos, anophthal-

mos, intracranial lipomas and callosal agenesis (1, 4).

Midface anomalies in patients with syndromes of

the first and second branchial arches or syndromic

craniosynostoses are mainly represented by maxillary

hypoplasia. It may result in stenosis within the nasal
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cavity; in children with syndromic craniosynostosis,

midfacial retrusion is generally associated with narrowing

of the entire nasal and nasopharyngeal passages as well as

some reduction in choanal dimensions (3).
C

Nuclear Medicine

Nuclear medicine is of no help in the assessment of

congenital malformations of nose and paranasal sinuses.
Diagnosis

Diagnosis of congenital malformations of nose and

paranasal sinuses is mainly based on physical examination

and imaging. Most patients with craniofacial syndromes

can be diagnosed on the basis of the type of anomalies

involving the central nervous system and extremities and

the presence of similar malformations in relatives (2).

When a congenital midface mass is found, biopsy

should not be performed before an intracranial connec-

tion is ruled out because of the risk of causing meningitis

or cerebrospinal fluid leak.

Only in few cases, the final diagnosis is reached after

surgical treatment.
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Definition

Malformations of the oral cavity may manifest at birth or

later, after development of the involved disturbed
structures. The oral cavity comprises the anterior two-

thirds of the tongue, the buccal mucosa, the gingiva, the

soft and hard palate, the retromolar trigone, and the floor

of the mouth and is bordered by the maxilla and

mandible. Congenital malformations of the oral cavity

include ▶cleft lip, palate, and alveolus defects, develop-

mental anomalies of the tongue, vascular anomalies,

developmental disturbances of the teeth and/or tooth

structure, and congenital dysontogenetic tumors or tumor-

like conditions. Most common anomalies of the oral cavity

are cleft lip and/or palate and alveolus defects (1).
Pathology/Histopathology
Cleft Lip, Palate, and Alveolus Defects

Cleft abnormalities of the lip, palate, and alveolus are the

most common congenital disorder of the oral cavity and

result from developmental defects with incomplete fusion

of the lips, palate, and/or alveolus. Depending on the

association with further malformations, they may be

divided into syndromic and nonsyndromic conditions.

Among more than 300 syndromes associated with clefts the

Pierre-Robin sequence (cleft palate, micrognathia, glossop-

tosis) and Treacher-Collins malformations (bilateral sym-

metric anomalies of the structures within the first and

second branchial arches) may be mentioned. Nonsyndro-

mic cleft anomalies are considered to be of multifactorial

inheritance. Failure of merging of the medial nasal and

maxillary processes at the 5th week of embryonic develop-

ment on one or both sides results in cleft lip. Cleft palate is

a partial or total lack of fusion of the palatal shelves.

Complete clefts of the lips and alveolus involve

extension into the nose. Incomplete lip clefts do not

extend to the nose. Complete clefts of the secondary palate

involve both the hard and soft palate. Cleft lips may also be

unilateral or bilateral. Unilateral cleft lips result from a

failure of mesodermal proliferation, leading to complete

or incomplete defects. A complete unilateral cleft lip

includes the orbicularis oris muscle where the medial

portion of the muscle attaches to the columella and the

lateral portion to the nasal ala cartilage. In the bilateral

type of cleft, the central part of the muscle is missing.

Clefts of the palate may be of the primary palate

(anterior to the incisive foramen through the alveolus) or of

the secondary palate, which may have many variants, from

bifid uvula to a complete cleft of the hard and soft palate.
Developmental Anomalies of the Tongue

Congenital abnormalities of the tongue include processes

that diffusely enlarge the tongue (macroglossia) and

processes that cause focal masses.

There are multiple causes of diffuse macroglossia in

children, including Down syndrome, hypothyroidism,
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mucopolysaccharidosis, Beckwith-Wiedemann syndrome,

and congenital duplication. The tongue may be relatively

large in patients who have a small mandible (micro-

gnathia), which is seen in children with Pierre-Robin

sequence.

Focal masses of the tongue can be caused by vascular

malformations or by congenital abnormalities such as

thyroglossal duct cyst, lingual thyroid, duplication cyst, or

even dysontogenetic congenital tumorous processes such as

teratomas (Fig. 1). The most common congenital thyroid

anomaly involving the tongue is the persistent thyroglossal

duct cyst (see Congenital Malformations, Neck).

Ectopic thyroid tissue may also be located at the base

of the tongue in the midline dorsum.

Although an intraoral location for duplication cysts is

uncommon, when the cysts appear in the oral cavity they
Congenital Malformations, Oral Cavity. Figure 1 Vascular

malformation of the tongue with combined

lymphangiomatous and venous components:

(a) T2-weighted sagittal image showing macroglossia with

high signal intensity at the tip of the tongue corresponding

to microcystic component, (b) T1- weighted gradient echo

sequence image revealing diffuse enhancement with

hypointense spaces at the level of the microcystic

component and flow voids at the base of the tongue.

Patient underwent surgery to relieve macroglossia without

complications.
usually occur in the tongue. These lesions are usually large

and present at birth or on prenatal imaging.

Other congenital malformations of the tongue include

aglossia, bifid tongue, adhesions or fissures, hypoglossia

or microglossia, which may be associated with skeletal

anomalies in the setting of malformation syndromes of

the oromandibular region and limbs. Ankyloglossia

represents a developmental anomaly defined by the

abnormal attachment of the frenum to the floor of the

mouth.
Vascular Anomalies of the Oral Cavity

Mulliken and Glowacki (3) proposed a classification of

vascular birthmarks considering histologic features and

clinical behavior. Two major categories are distinguished

in this setting: vascular tumors and vascular malforma-

tions. Vascular tumors include hemangiomas. Vascular

malformations comprise high-flow malformations and

slow-flow malformations.

High-flow malformations may be arterial or arteriove-

nous; slow-flow malformations include venous, capillary,

and lymphatic malformations. Lymphatic malformations

are also known in the literature as lymphangiomas.

The most common vascular malformation in the oral

cavity is ▶lymphangioma. Lymphangiomas are collec-

tions of lymph vessels filled with serous fluid. The

histology ranges from capillary-sized vessels to macro-

scopic fluid-filled vessels. They can be divided into four

classes clinically and histologically: capillary, cavernous,

cystic (hygroma), and lymphangiohemangioma.

Cystic lymphangiomas are generally characterized by

large sinusoidal spaces, which may have high protein

content or hemorrhage within them. Vascular malforma-

tions with combined lymphangiomatous and venous

components may occur, especially in the tongue, resulting

in macroglossia (Fig. 1). Venous malformations grow

commensurately with the child. They may expand in

response to trauma or hormonal factors.
Developmental Disturbances of
the Teeth

Anodontia is a complete lack of tooth development, and

hypodontia is a lack of some tooth development.

Anodontia is rare, most often occurring in a condition

called hypohidrotic ectodermal dysplasia. This is an

inherited disease that affects deciduous or permanent

teeth. Hypodontia is one of the most common develop-

mental abnormalities. It is often associated with the

absence of a dental lamina, which is also associated with

many syndromes including Down syndrome and Crou-

zon syndrome. Hyperdontia is the development of
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extraneous teeth. It is believed to be associated with an

excess of dental lamina.

Regional odontodysplasia is rare but is most likely to

occur in the maxilla and anterior teeth. The cause is

unknown. Teeth affected by regional odontodysplasia never

erupt into themouth, have small crowns, are yellow-brown,

and have irregular shapes. Supernumerary teeth represent

extra teeth found in the dental arches, which result either

from formation of extra tooth buds in the dental lamina or

from the cleavage of already existing tooth buds. Mesiodens

(midline of the maxilla) are the most common super-

numerary teeth, and the second most common are the

distomolars (distal to the third molar). Abnormalities in

the size of teeth include microdontia, in which one or more

teeth are smaller than normal, usually the incisors and three

molars. In true generalized microdontia, teeth are extre-

mely small, as in midgets. In generalized relative micro-

dontia, teeth are not really small, but they are small

compared to the jaw. Macrodontia is uncommon and may

appear in the setting of puberty gigantism.

Abnormalities in the shape of teeth include gemination,

fusion, concrescence, dilaceration, taurodontism, dens

invaginatus, dens evaginatus, and teeth with supernumer-

ary roots. Gemination represents an incomplete twin

process with two crowns and one root. Fusion represents

union of two normally separated adjacent tooth germs,

resulting in one tooth less in dentition. Concrescence

means that two adjacent teeth are united by cementum

only, and it takes place after tooth formation is complete. In

dilaceration, an angle in the root is present. Taurodontism

describes elongated, enlarged pulp cavities with short roots.

Dens in dente or dens invaginatus represents a tooth in a

tooth, meaning an invagination of the enamel organ into

the crown before crown formation. In dens evaginatus, an

accessory cusp on the occlusal surface is present. Super-

numerary roots may result secondary to metabolic

dysfunction during root development after birth.
Developmental Tooth Structure
Disturbances

Amelogenesis imperfecta is a genetic disorder that results

in defective formation of enamel, the hard surface covering

the crowns of teeth. Amelogenesis imperfecta either causes

problems in the hardening of normal amounts of enamel

or causes a smaller amount of normal enamel to be

produced. Enamel hypoplasia is associated with a devel-

opmental disorder of ameloblasts and may be related not

only to amelogenesis imperfecta but also to other factors

such as vitamin A, C, or D deficiency or even congenital

syphilis. Characteristic teeth changes in the setting of

congenital syphilis also include mulberry molars or

Hutchinson (screwdriver-like) incisors.
Dentinogenesis imperfecta is a genetic disorder that

results in defective formation of dentin, a mineralized

material forming the bulk of each tooth. Defective dentin

causes the normal enamel layer that covers the tooth to

flake off.

Amelogenesis imperfecta and dentinogenesis imper-

fecta are linked to defects in structural genes that code for

proteins necessary for the development of enamel and

dentin. Osteogenesis imperfecta is a hereditary disease

caused by mutations of genes that produce collagen. A

complication of osteogenesis imperfecta that involves the

oral cavity in addition to the more generalized effect of

fragile bones is a painful dentinogenesis imperfecta-like

change in the teeth.
Dysontogenetic Tumors or Tumorlike
Conditions

Congenital tumorous lesions of the oral cavity are mainly

due to dermoid, epidermoid, or teratoid cysts.

Dermoid cysts are considered the most common form

of teratoma and are characterized by a predominance of

ectodermal content. The dermoids contain fat or fluid

and are usually in the floor of the mouth. Epidermoid

cysts usually occur in the sublingual space.

Teratomas involving the tongue are rare. Most cases

present at birth with an extremely large mass extruding

from the mouth.

Choristomas and mixed hamartomas of the oral

cavity are further uncommon lesions that show a variety

of clinical presentations, histological appearances, and

growth patterns.
Clinical Presentation
Cleft Lip, Palate, and Alveolus Defects

The clinical diagnosis of an orofacial cleft is evident at

birth. Clinical problems and manifestations include the

risk of aspiration because of communication between the

oral and nasal cavities, possible airway obstruction, and

potential difficulties in feeding a baby with a cleft and

nasal regurgitation.
Developmental Anomalies of the Tongue

When either a diffuse process or a focal mass enlarges the

tongue, the tongue may become dysfunctional or obstruct

the airway. Thus, airway obstruction may be the basic

clinical manifestation of tongue abnormalities. Troubles

with eating may also be present.

Thyroglossal duct cysts involving the tongue present

as asymptomatic midline lingual masses, although they
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may occur off the midline in up to 25% of cases. A

carcinoma developing in a thyroglossal duct cyst is very

rare, but it may be responsible for an atypical presentation

infiltrating surrounding tissues.

A lingual ectopic thyroid gland may manifest with

dysphagia, hemorrhage, or airway obstruction. Indivi-

duals with ankyloglossia may have speech problems.
Vascular Anomalies

Hemangiomas involving the oral cavity may be asympto-

matic but may also manifest clinically with recurrent

bleeding, especially if the gingiva or oral mucosa of the

soft palate are involved (Fig. 2). The course of these

lesions includes a proliferative postnatal growth phase

that lasts for 3–9 months, with a gradual involution

occurring over 2–6 years. Involution is usually complete

by age 7–10 years.

Vascular malformations are by definition present at

birth, although in clinical practice 10%may manifest later

in the postnatal period.

Lymphangiomas present clinically as soft doughy

masses located in the orofacial region. They may manifest

intraorally as macroglossia or larger lesions in the mouth

floor and can compromise the airway or the skeletal

development of involved structures, such as the mandible

or maxilla. Venous malformations present in a variety of

ways, from a slight blue patch to a recurrent, growing,

compressible soft blue mass. Episodic painful thrombosis

may also occur. Arterial malformations may present with

bleeding.
Developmental Disturbances of
the Teeth
Congenital Malformations, Oral Cavity.

Figure 2 Left-sided orofacial hemangioma involving the

soft and hard palate on the left. (a) TIRM coronal image at
There are a number of tooth abnormalities that are not

initially clinically evident at birth but are related to

development disorders that manifest later on. They may

represent not only esthetic problems but also functional

disturbances.

the level of anterior alveolar ridge showing increased

signal at the soft palate and gingiva on the left with

bone infiltration of the alveolar process marked by high

signal intensity. (b) T1-weigthed image after GdDTPA

Developmental Tooth Structure
Disturbances
demonstrating diffuse enhancement at the level of the

soft-tissue component on the left and the involved alveolar

process on the maxilla. Note also the involvement of the

upper lip, which was also clinically evident.
Dentinogenesis imperfecta causes the teeth to be opales-

cent and affects both the primary and permanent

dentition.

Amelogenesis imperfecta manifests with teeth varying

in colors from white opaque to yellow to brown. All teeth

are affected, small, and pitted. Teeth have normal pulps

and dentin but affected enamel with uneven surfaces.

Individuals with amelogenesis imperfecta may be prone

to early tooth loss and/or disease of the structures that

surround and support the teeth (periodontal disease).
Dysontogenetic Tumors or Tumorlike
Conditions

Dermoid tumors as a special form of teratoma present as

large masses in the floor of the mouth that may

compromise the airway.
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Imaging
Cleft Lip, Palate, and Alveolus Defects
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Cleft lip imaging approaches include ultrasound beyond

the second trimester of pregnancy, when the position of

the fetal face is located correctly (Fig. 3). Ultrasound

diagnosis of cleft palate needs more experience by the

examiner to detect atypical movement of the fetal tongue

into an open space (cleft) in a lateral view.

Real-time four-dimensional ultrasound has been

introduced to prenatal diagnostics of cleft anomalies

and may be a useful diagnostic technique in this setting

(Fig. 3). Three-dimensional computed tomography (CT)

may be useful in preoperative planning in secondary

corrections of osseous defects of the hard palate in

children.
Developmental Anomalies of the Tongue

Because the tongue is superficially located and presents

the initial manifestation of most diseases occurring in the

mucosal or lingual surface, these lesions can be easily

accessed and diagnosed without imaging analysis. Most

congenital lesions of the tongue, however, can manifest as

a submucosal bulge and be located in a deep portion of

that organ, such as its base. The initial imaging approach

is ultrasound. However, the lesions’ true characteristics

and extent may be recognized only on cross-sectional

images such as those obtained by CT or magnetic

resonance imaging (MRI).
Congenital Malformations, Oral Cavity. Figure 3 Cleft lip

palate. Prenatal four-dimensional real-time ultrasound

examination showing the right-sided unilateral cleft lip

defect clearly. (Image courtesy of PD Dr. S. Tercanli,

Department Of Ultrasound, Women’s University Clinic,

University Hospital Basel)
MRI is superior to CT for evaluating soft tissue lingual

lesions. In addition, because it is usually difficult to

differentiate congenital lesions from other submucosal

neoplasms on the basis of imaging findings alone, clinical

history and local examination should be considered when

interpreting CT and MR images of the tongue. The

imaging work-up of ectopic thyroid gland requires

thyroid scintigraphy. For further diagnosis of thyroglossal

duct cysts, ultrasound represents the basic imaging

method, followed by CT and MRI. Ultrasound findings

may show an echoic, homogeneous hypoechoic, solid-

appearing, or even heterogeneous midline cervical mass.

On MRI the mass may reveal high signal intensity on

T2-weighted images and sometimes also on T1-weighted

sequences.

Prenatal sonography may be helpful in diagnosing

intraoral cystic lesions such as duplication cyst of the

tongue. Furthermore, T2-weighted MRI can reveal homo-

geneousmasses that have high signal intensity and variable

rings of signal intensity corresponding with mucosa and

submucosa in the case of a duplication cyst.
Vascular Anomalies

The predominant sonographic features of cavernous

hemangiomas are well-defined hypoechoic mass lesions

with heterogeneous echotexture and the presence of cystic

and sinusoidal spaces within them, as well as the

occasional presence of phleboliths. Color Doppler

imaging demonstrates flow inside the mass. MRI is very

accurate for detecting hemangiomas, although capillary

and cavernous hemangiomas and combined lymphangio-

hemangioma or lymphatic and venous malformation

cannot always be differentiated. They show bright signal

onT2-weighted or TIRM sequences (Fig. 2a), low signal on

T1-weighted images, and enhance diffusely without

distorted dilated venous vessels (Fig. 2b). CTmay confirm

the infiltration of adjacent bone of the alveolar process of

the maxilla.

Lingual venous malformations present on MRI as

lobulated masses highly hyperintense on T2-weighted

images with respect to normal tongue and slightly

hyperintense or isointense on T1-weighted images and/

or surrounding muscles. They show a slow and homo-

geneous filling following intravenous injection of contrast

medium. Millimeter-sized hypointense foci and linear

hypointense strands are present and may be caused by

phleboliths, flow void, or septation.

Lymphangiomas may be documented by ultrasound,

CT, or MRI. Ultrasound may show superficial hypoecho-

genic multioccular cystic masses with septa of variable

thickness, but it can fail to demonstrate retropharyngeal,

axillary, or mediastinal extensions in all patients. MRI

allows better tissue characterization and lesion extent.



430 Congenital Malformations, Oral Cavity
Developmental Disturbances of the
Teeth

For documentation of developmental disturbances of the

teeth, single-tooth radiographs of the suspected anomaly

are often adequate. For overall analysis of multiple

supernumerary teeth, an orthopantomogram or even

CTwith three-dimensional reconstructions and dental CT

parasagittal reconstructions may be more accurate for

therapy planning.
Developmental Tooth Structure
Disturbances

Imaging of amelogenesis imperfecta is based on radio-

graphs, including orthopantomogram, palatinal view, and

single-tooth images. Radiographically, enamel appears

reduced in bulk.
Dysontogenetic Tumors or Tumorlike
Conditions

The demonstration of a fat–fluid level on MRI or CT is

diagnostic for a dermoid cyst at the mouth floor. Other

teratomas or tumorlike conditions are also well delineated

byMRI regarding extension and infiltration. CT is superior

for detecting calcifications and osseous changes.
Nuclear Medicine

The indications for thyroid scintigraphy pertechnetate

using Tc-99m in the setting of congenital disease of the

oral cavity include localization of an ectopic thyroid gland

and evaluation of a thyroglossal duct cyst to rule out

functioning thyroid tissue in other locations.
Diagnosis
Cleft Lip, Palate, and Alveolus Defects

The diagnosis of an orofacial cleft is made based on

clinical evidence of the cleft anomaly at birth. Imaging

diagnosis using ultrasound allows early detection during

pregnancy, especially beyond the second trimester (Fig. 3).
Developmental Anomalies of the Tongue

Because the tongue is superficially located, and the initial

manifestation of most diseases occurring there is mucosal

change, these lesions can be easily accessed and diagnosed

without imaging analysis. However, as previously stated,

imaging is necessary to confirm the clinical impression

and to delineate lesion extension and characteristics
before a surgical or bioptic diagnosis is performed.

Because a number of other nonneoplastic and neoplastic

lesions can cause cystic midline masses in the neck, fine-

needle aspiration may be useful in making a preoperative

diagnosis of thyroglossal duct cyst for a more accurate and

timely clinical intervention.
Vascular Anomalies

By history and physical examination, 96% of vascular

lesions can be classified as hemangiomas or vascular

malformations. Knowledge of their natural history and

the clinical and imaging presentation is essential for

making the diagnosis. Lymphangiomas are the most

common soft compressible mass in the orofacial region of

children. However, for definite diagnosis a biopsy may be

necessary and should be planned based on imaging

methods to reduce bleeding risks, especially with asso-

ciated venous or arterial components.
Dysontogenetic Tumors or Tumorlike
Conditions

Surgery with histological evaluation is necessary to

establish a diagnosis of dysontogenetic tumors or tumor-

like conditions, such as congenital dermoid cyst.
Interventional Radiologic Treatment

Patients with hemangiomas are treated surgically by

cryosurgery or laser surgery or conservatively according

to lesion size and behavior. In patients with venous

malformations, percutaneous sclerotherapy is combined

with surgical reduction; patients with arteriovenous

malformations undergo transarterial embolization before

surgical excision of the nidus.

Lymphangiomas are usually surgically removed. Un-

fortunately, due to lack of encapsulation, the recurrence

rate is high. Alternative treatments include aspiration,

percutaneous sclerotherapy, diathermy, and radiation.
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Synonyms

Anophthalmia; coloboma; Cyclopia and synophthalmia;

microphthalmos; Septo-optic dysplasia
Definition, Pathology/Histopathology

Anophthalmia, or congenital absence of the eye(s), is a

rare, sporadically occurring abnormality usually associa-

ted with trisomy syndromes 13–15, Klinefelter’s syn-

drome, and complex craniofacial malformations.

Primary anophthalmia occurs when the optic vesicle

does not form. Secondary anophthalmia and congenital

cystic eyeball are caused by the same congenital defect: the

partial or complete failure of involution of the primary

optic vesicle early in the formation of the eye. A small

or nonexistent cyst yields the classic appearance of

anophthalmia, whereas a large cyst will lead to a congenital

cystic eyeball.

Anophthalmia may be difficult to differentiate from

severe microphthalmos or orbital hypoplasia. Unlike a

child with anophthalmia, a child with microphthalmos,

however, has a formed eyeball with lens.

Congenital microphthalmos is a common malforma-

tion encountered clinically. Microphthalmos in adults is

here defined as eyes of which the axial length is less than

20.4 mm in males and 20.1 mm in females; in children

younger than 14 years, it refers to eyes at least three square

roots of two-thirds below the mean for age-similar

controls.

Although microphthalmos may occur as an isolated

event, it is frequently associated with other ocular–orbital

abnormalities such as coloboma, glaucoma, cataracts,

septo-optic dysplasia, and maternal infections.

Cyclopia and synophthalmia result from total and

partial fusion of the optic vesicles, respectively, preventing

normal orbital separation.

Cyclopia is the most grotesque developmental

abnormality in ophthalmology. The term is commonly

used to describe either the abnormality of true cyclopia, in

which a single median eye is the only ocular structure

present, or synophthalmia, in which two globes are
partially fused in a median position. The cause of this

malformation is obscure.

Familial occurrence and occurrence in twins and in

consanguineous marriages have been documented and

would be consistent with a single gene abnormality.

However, cyclopia has been produced experimentally in

numerous species following exposure to various terato-

genic agents, and this has been interpreted as evidence for

an environmental cause of cyclopia. In recent years,

several isolated case reports of cyclopia in humans have

been associated with abnormal chromosomes.

The incidence of the cyclopia/synophthalmia defor-

mity in humans is unknown. By 1963, more than 250

published case reports had been collected. In one hospital,

an incidence of approximately 1/40,000 births was reported.

Septo-optic dysplasia is a rare anomaly associated

with decreased vision and hypoplasia of the optic nerves.

A prominent anterior recess of the third ventricle and a

small optic canal are typical. Pituitary insufficiency and

absence of or defects in the septum pellucidum are also

present. A number of patients with septo-optic dysplasia

have schizencephaly and seizures.

Coloboma is a rare congenital abnormality resulting

from failure of the embryonic choroid fissure to close

properly. It may affect any part of the eye. Morning glory

syndrome is a coloboma that affects the optic nerve at the

optic disk.

The incidence in the general population, therefore,

is probably less than 1/1,000. Typical colobomas are

inherited as an autosomal dominant trait, with both

variable penetrance (30%) and expression, and they are

bilateral in more than 60% of cases. Males and females are

affected equally.

A wide variety of environmental agents has been

shown to induce the development of coloboma in

laboratory animals, but no such association has been

proved in humans, although coloboma has been de-

scribed in a baby whose mother was given thalidomide

during pregnancy.

Coloboma at the optic nerve entrance is not

uncommon but usually extends to involve a portion of

the adjacent retina and choroid. In a relatively small

subset of patients, only the proximal part of the fetal

cleft fails to close, which results in an isolated defect in

the immediate region of the optic disk. Most such

colobomas are unilateral, unlike the more extensive

defects, although there may be minor cupping of the

contralateral optic disk.
Clinical Presentation

The cyclopian deformity is characteristically accompanied

by numerous systemic malformations. The infant is small
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for estimated age. A microcephalic head has a proboscis

over a midline diamond-shaped opening for the single or

fused eyes. The ears and mouth are usually of abnormal

shape and position. Postaxial hexadactyly may be observed.

At postmortem examination, the forebrain is fused

with a single ventricle and a single or absent optic nerve.

The olfactory bulbs and tracts are absent, and other cranial

nerves may be absent. A significant cardiac abnormality is

almost always present (patent foramen ovale, interven-

tricular septal defect, patent ductus arteriosus, dilated

atrium or ventricle, or abnormal cardiac valves). The lungs

may be atelectatic, edematous, or small. Intestinal lesions

range from a small, low-positioned mouth to a high-

arched palate; malrotation or Meckel’s diverticulum; or a

posteriorly located anus. The kidneys may be duplicated,

small, polycystic, or hydronephrotic. The data available

with these case reports does not permit statistical

evaluation of the incidence of specific tissue disorders or

of any possible significant differences between the

abnormalities present in trisomy D and other different

chromosome aberrations, or between trisomy D and the

cases with “normal” chromosomes.

A wide variety of clinical findings may be noted at

fundoscopic examination of isolated optic nerve head

colobomas; they range from slightly increased physiologic

cupping to large excavations. The term “morning glory

syndrome,” first used by Kindler in 1970, refers to the

fundoscopic appearance, similar to that of the morning

glory flower of the optic nerve head coloboma that

involves part of the surrounding retina. There is

enlargement and excavation of the optic disk, which has

pale glial tissue in its floor and is surrounded by variably

pigmented choroid. The remainder of the eye may be

normal, but most eyes have associated abnormalities,

the most common being microphthalmia and atypical

coloboma (i.e., coloboma not originating in the fetal

cleft). Other associated abnormalities include optic nerve

atrophy, basal (particularly sphenoid) encephalocele,

midline craniocerebrofacial clefting, agenesis of the

corpus callosum, and many abnormalities not affecting

the central nervous system. Vision may be unimpaired or

affected by scotomas (blind spots) of varying degree, but

blindness is more usual. This leads to strabismus, noted in

few patients. Leukokoria may be noted and is important

because the differential diagnosis will include retinoblas-

toma and congenital cataract.
Diagnosis

In most of these syndromes, diagnosis can be made

with fetal ultrasound (US). Although the vast majority

of these syndromes are exceptionally rare, diagnosis using
US cannot be expected without reference values. Eye

measurements are easy to obtain and are highly repro-

ducible. Intraocular details such as the lens can also be seen

starting from the 22nd week of gestation. In late

pregnancy, fetal ocular movements and palpebral move-

ments can be observed. Their significance is not yet

established; if there is a relationship between fetal ocular

movements and brain maturation, more investigations are

clearly needed before fetal ocular movements could

be used to assess fetal maturity and development.

Imaging of children with congenital microphthalmos

reveals both a small globe and a small, poorly formed

orbit. Microphthalmos can be associated with a retro-

bulbar duplication cyst resulting from a defective closure

of the embryonic fissure.

Imaging of children with anophthalmia reveals a

poorly formed, shallow orbit with only rudimentary

orbital tissue.

The diagnosis of septo-optic dysplasia cannot be

made with magnetic resonance (MR) imaging alone.

Dysgenesis of the septum is more easily recognized than

optic nerve hypoplasia because the chemical shift artifact

generated by the interface of orbital fat and the optic

nerve obscures the nerve, making accurate assessment of

nerve size impossible unless special techniques are used to

correct for chemical shift.

In addition, the optic chiasm is difficult to evaluate

because its apparent size on MR images is dependent on

section thickness, gap, and angle of the chiasm with

respect to the plane of the section. Moreover, the

intracranial optic nerves, optic chiasm, and optic tracts

can be subjectively normal in size on MR images, despite

the fact that clinically apparent optic nerve hypoplasia is

present.

It appears, therefore, that MR imaging is not sensitive

to the small degrees of optic nerve hypoplasia that can be

detected clinically. In conclusion, septo-optic dysplasia is

a difficult diagnosis to make with MR imaging alone; it

requires correlation of the results of ophthalmologic

examination with endocrinologic and neuroradiologic

studies.

Diagnosis of colobomas is made at fundoscopic

examination and is confirmed by imaging, which is

indicated to demonstrate the extent of the defect and to

exclude associated abnormalities such as those described

above. US examination and MR imaging have been

suggested as possible modalities. Both techniques, how-

ever, require that the patient remain still for relatively long

periods with the eyes in a fixed position, as any eye

movement will degrade the images obtained and hamper

confident interpretation of small scleral defects. For this

reason, it is difficult to perform these techniques in

children. Also, results of US may be less than satisfactory
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due to a variety of technical problems that may make

it difficult to image the entire length of the optic nerve.

No information is obtained about the brain and the

skull base.

MR imaging provides no information that is not

readily available with computed tomography (CT),

although its lack of ionizing radiation to the eyes is an

obvious advantage. The spatial resolution of CT is

superior to that of MR imaging, and the inherent contrast

between ocular structures and orbital fat permits

acquisition of images of excellent quality. Use of the

newer fast spin–echo MR imaging sequences, when

available, may reduce the overall time required to image

the eyes, but the need for multiple sequences, including

T1-weighted images, still makes this technique time-

consuming. The loud noises produced by the imager

during image acquisition cause further difficulties in the

sleeping child. CT, with its potential for fast scanning and

high resolution is, therefore, presently the technique of

choice in children.

Descriptions of the use of CT in diagnosing coloboma

are few. These reports describe the findings in several

patients with ocular coloboma, but only a small minority

confirms the presence of morning glory syndrome at

fundoscopic examination. CT findings relate to the extent

of the defect. The globe is misshapen, and there is

widening of the optic nerve head, which is of water density

and is continuous with the vitreous humor. Thinning and

eversion of the sclera at the margin of the defect may also

be identified. Heterotopic adipose tissue and smooth

muscle within the disk have been reported, and these

should not be mistaken for tumor. Associated anomalies,

including microphthalmos, may be present. CT scans of

the brain may demonstrate further associations, including

encephalocele and agenesis of the corpus callosum.

Two conditions that may be confused with coloboma

at CT are staphyloma at the posterior pole of the

globe and microphthalmos with cyst. Staphyloma is an

inflammatory condition in which there is localized

ectasia of the globe. This is not limited to the inferonasal

aspect of the globe, nor does it lead to the classic

fundoscopic appearance. Microphthalmos with cyst is a

severe malformation of the globe with gross ectasia of the

sclera, which results in a cystic structure beside the globe

that may be much larger than the globe itself. The

important differentiating feature is that the neck of the

cyst where it connects with the globe is much smaller than

the actual cyst. With thin CT sections confined to the

optic nerves, a minimal number of scans will demonstrate

the features of optic nerve coloboma. The choroidoscl-

eral defects with cystic expansion of the optic nerve,

together with the typical fundoscopic findings, confirm

the diagnosis.
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Synonyms

Caudal agenesis—caudal regression; Diastematomyelia—

split cord malformation; Lipomyelocele—lipomyeloschisis;

Myelocele—myeloschisis; Spinal dysraphism—spina bifida
Definition

Spinal dysraphism is the term used to describe congenital

malformations of the spine and spinal cord. Classification

of spinal dysraphisms requires a rational correlation of

clinical, neuroradiological, and embryological informa-

tion. Spinal dysraphisms are categorized into open or

closed depending on whether the abnormal nervous tissue

is exposed to the environment or is covered by the

integuments (Table 1).

Spinal dysraphisms are caused by derangements that

occur during the three consecutive stages of gastrulation

(weeks 2–3), primary neurulation (weeks 3–4), and

secondary neurulation (weeks 5–6) (1–5). During gastru-

lation, the bilaminar embryonic disk, formed by epiblast

(future ectoderm) and primitive endoderm, is converted

into a trilaminar disk because of formation of an

intervening third layer, the mesoderm. Epiblastic cells

start migrating toward the primitive streak, a stripe of

thickened epiblast composed by totipotential cells, pass

inward at the Hensen’s node (the cranial termination of

the primitive streak), to ingress the interface between the

epiblast and the primitive endoderm. Subsequent waves
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Open Closed

With subcutaneous mass Without subcutaneous mass

Lumbosacral Cervico-thoracic Simple

dysraphic

states

Complex dysraphic states

1. Myelomeningocele 1. Lipomas with dural

defect

1. Nonterminal

Myelocystocele

1. Intradural

lipoma

Disorders of midline

notochordal

integration

Disorders of

segmental

notochordal

formation

2. Myelocele 1a. Lipomyelomeningocele 2. Meningocele 2. Filar

lipoma

1. Diastematomyelia 1. Caudal

agenesis

3. Hemimyelomeningocele 1b. Lipomyelocele 3. Tight

filum

terminale

2. Neurenteric cysts 2. Segmental

spinal

dysgenesis

4. Hemimyelocele 2. Terminal myelocystocele 4. Persistent

terminal

ventricle

Dorsal enteric fistula

3. Meningocele 5. Dermal

sinus
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of epiblastic cells migrating laterally along the interface

form the interposed mesoderm, whereas cells migrating

along the midline form the notochord, the foundation of

the axial skeleton. Establishment of the neural plate under

the induction of the notochord marks the onset of

primary neurulation on about day 18. Subsequently, the

neural plate starts bending, forming paired neural folds

that increase in size and approach each other to eventually

fuse in the midline to form the neural tube. This process

occurs bidirectionally toward the two extremities of the

embryo. The cranial extremity of the neural tube (anterior

neuropore) closes at day 25, whereas the caudal extremity

(posterior neuropore) closes at day 27 or 28. The

posterior neuropore corresponds to the 32nd somite,

i.e., the future third sacral metamere. The segment of the

spine and spinal cord caudad to somite 32 is formed by

secondary neurulation. The tail bud, a mass of cells

deriving from the caudal portion of the primitive streak,

lays down an additional part of the neural tube caudad to

the posterior neuropore that undergoes a process of

regression, degeneration, and further differentiation,

which results in the formation of the tip of the conus

medullaris and the filum terminale. The conus medullaris

contains a focal expansion of the ependymal canal called

terminal ventricle.
Pathology
Myelomeningocele

Myelomeningocele is the principal form of open spinal

dysraphism (OSD). In myelomeningocele, the ▶placode
herniates, together with the meninges, through a more or

less large defect in the midline of the back, typically at a

lumbosacral level, and is therefore exposed to the

environment. Expansion of the underlying subarachnoid

space causes elevation of the surface of the placode above

the surface of the skin.
Myelocele

The uncommon myelocele is differentiated from myelo-

meningoceles by the absence of expansion of the

subarachnoid spaces ventrale to the placode. Thus, the

placode is flush with the cutaneous surface.
Hemimyelocele and
Hemimyelomeningocele

In the setting of a longitudinal cord splitting or diastema-

tomyelia (see later), failure of neurulation of one hemicord

produces two additional, very rare forms of OSD, called

hemimyelocele and hemimyelomeningocele depending

on whether the placode is flush with the skin surface or

is elevated.
Lipomyelocele and
Lipomyelomeningocele

These are the most common forms of CSD with

subcutaneous mass. In both instances, the mass is

represented by a lipoma, and the spinal cord is connected

to the lipoma at the level of a placode. Differentiation



Congenital Malformations, Spine and Spinal Cord 435

C

between the two entities is based on the position of this

attachment, the so-called placode–lipoma interface. In

lipomyeloceles, the lipomatous tissue creeps into the spinal

canal through a posterior bony▶spina bifida and attaches

to the neural placode, i.e., the placode–lipoma interface lies

within the spinal canal, whereas in lipomyelomeningoceles,

expansion of the subarachnoid spaces pushes the neural

placode out of the spinal canal, i.e., the placode–lipoma

interface lies outside the spinal canal.
Meningocele

Meningoceles are herniations of a CSF-filled meningeal

outpouching through a posterior bony spina bifida. By

definition, they do not contain neural elements with the

possible exception of redundant nerve roots or the filum

terminale.
Myelocystocele

Myelocystoceles are categorized into terminal and non-

terminal based on their location along the neuraxis.

Terminal myelocystoceles are characterized by herniation

of a hydromyelic cavity that involves the terminal portion

of the cord into a meningocele. Nonterminal myelocys-

toceles, either full blown (i.e., containing a hydromyelic

cavity) or abortive (i.e., composed of a fibroneural stalk

that fans out from the posterior aspect of the spinal cord

and crosses a skin-covered meningocele), are located at

cervical, thoracic, or high lumbar level.
Intradural and Intramedullary Lipoma

Intradural and intramedullary lipomas are contained

within an intact dural sac but are otherwise similar. Large

lipomas may displace the cord laterally, resulting in an off

midline, flattened, or bumped placode–lipoma interface.

In rare instances, lipomas are completely intramedullary.
Filar Lipoma

Filar lipoma is an elementary anomaly of secondary

neurulation characterized by a fibrolipomatous thicken-

ing of the filum terminale. The incidental finding of fat

within the filum terminale in the normal adult population

is estimated to be 1.5–5% in unselected MRI studies. In

the absence of a ▶tethered cord syndrome (TCS), a fatty

filum is therefore considered an anatomic variant.
Tight Filum Terminale

A tight filum terminale is a short, hypertrophic filum that

produces tethering and impaired ascent of the conus

medullaris. Isolated cases are extremely uncommon, while
the abnormality is more frequent in patients with

diastematomyelia or dermal sinuses. A low-lying conus

medullaris is frequently, albeit not necessarily, associated.
Dermal Sinus

It is an epithelium-lined fistula that extends from the

skin surface inward to a variable depth, and sometimes

pierces the dura to reach the intradural compart-

ment. The lumbosacral region is the most common

location, although cervical, thoracic, and occipital loca-

tions are also found. Embryologically, dermal sinus tracts

are traditionally believed to result from focal incomplete

disjunction of the neuroectoderm from the cutaneous

ectoderm.
Persistent Terminal Ventricle

Persistence of the terminal ventricle is embryologically

related to preservation of the continuity of the terminal

ventricle of secondary neurulation with the central canal of

the spinal cord. Differentiation of a persistent terminal

ventricle from hydromyelia is based on the location

within the conus medullaris immediately above the filum

terminale. The size of the cavity usually does not change

on follow-up exams.
Diastematomyelia

Diastematomyelia (literally, split cord) refers to a variably

elongated separation of the spinal cord in two, usually

symmetric halves. There is in fact a continuous spectrum

of abnormality ranging all the way between a partially

cleft cord contained in a single dural tube at one end, and

completely duplicated spinal cord contained within dual

dural tubes with an intervening bony spur at the other

end. Embryologically, abnormal midline notochordal

integration results into a variably elongated segment in

which the midline notochord is replaced by two paired

notochordal processes separated by intervening primitive

streak cells. Each “heminotochord” induces a separate

“hemi”-neural plate, which will then neurulate indepen-

dently to form a “hemi”-neural tube. The resulting

malformation essentially depends on the developmental

fate of the intervening primitive streak tissue, which is a

totipotential tissue capable of differentiating into ecto-,

meso-, and endodermal lineages. If this intervening tissue

differentiates into cartilage and bone, the two hemicords

eventually will be contained into two individual dural sacs

separated by an osteocartilaginous spur (type I diastema-

tomyelia). Conversely, if the primitive streak tissue is

reabsorbed or only results into a thin fibrous septum, the

two hemicords eventually will lie within a single dural

tube (type II diastematomyelia).
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Caudal Agenesis Syndrome

Caudal agenesis syndrome, also called caudal regression, is

a heterogeneous constellation of anomalies that comprise

total or partial agenesis of the caudal portion of the spinal

column, anal imperforation, genital anomalies, bilateral

renal dysplasia or aplasia, pulmonary hypoplasia, and lower

limb abnormalities. There is a known association with

maternal diabetes mellitus (1% of offspring of diabetic

mothers). The degree of vertebral abnormality in CA may

range extensively, from isolated agenesis of the coccyx to

absence of the sacral, lumbar, and lower thoracic vertebrae.

However, the vast majority of these anomalies involve

absence of the coccyx and part of, or the whole, sacrum.

Caudal agenesis is categorized into two variants depending

on the location and shape of the conus medullaris: either

high and abrupt (type I) or low and tethered (type II) (23).

Embryologically, CA is consistent with abnormal formation

of a caudal segment of the notochord and corresponding

paraxial mesoderm, resulting in a correspondingly seg-

mental abnormality of neural induction.
Segmental Spinal Dysgenesis

Segmental spinal dysgenesis is defined as the association

of (i) segmental agenesis or dysgenesis of the lumbar or

thoracolumbar spine; (ii) segmental abnormality of the

underlying spinal cord and nerve roots; (iii) congenital

paraplegia or paraparesis; and (iv) congenital lower limb

deformities. Embryologically, it is related to failure of

development of an intermediate segment of the noto-

chord. The spinal cord at level of the abnormality is

thoroughly absent, and the bony spine is focally aplastic.

As a result, the spine and spinal cord are “cut in two,” with

resulting acute angle kyphosis.
Clinical Presentation

Because placode ulceration and infection are leading

causes of mortality in the untreated newborn, patients

with OSDs, including myelomeningoceles, are operated

on soon after birth. Unfortunately, surgery cannot restore

complete functional recovery, and operated patients

usually exhibit a variable association of sensorimotor

deficits of the lower extremities, bowel and bladder

incontinence, hindbrain dysfunction, hydrocephalus, as

well as intellectual and psychological disturbances. Intra-

uterine myelomeningocele repair has been shown to

reduce the incidence of shunt-dependent hydrocephalus

and the severity of the Chiari II malformation that is

typically associated with OSDs. It is also estimated that

20–40% of individuals with OSDs are allergic to latex.

Allergic responses can vary from mild to anaphylaxis, and

occur when latex products touch the skin or mucous
membranes. Latex-free devices must therefore be used in

the MR environment when these patients are studied.

Closed spinal dysraphisms (CSD) are much more

heterogeneous than OSDs, and some are not clinically

evident at birth. Clinical examination is significantly

helpful to restrict the differential diagnosis. A critical

factor in this evaluation is the presence of a subcutaneous

mass on the patient’s back. This will categorize CSDs into

those with, and those without, a subcutaneous mass.

Affected children usually present with a TCS. TCS

includes sensorimotor dysfunction, muscle atrophy,

decreased or hyperactive reflexes, urinary incontinence,

spastic gait, and orthopedic deformities such as scoliosis

or foot and hip deformity. TCS is the main clinical

complaint in patients with lipomyeloceles/lipomyelome-

ningoceles, intradural or filar lipomas, tight filum

terminale, diastematomyelia, and caudal agenesis. Several

birthmarks are associated with underlying dysraphisms.

Among these, focal hirsutism is significantly associated

with diastematomyelia. Capillary hemangioma is the

least sensitive in predicting underlying malformation,

although capillary hemangiomas of the lumbar region are

associated with spinal dysraphisms in greater than 10% of

cases. Dorsal dimples or ostia can indicate either a dermal

sinus or a sacrococcygeal fistula. All fistulas opening

above the gluteal crease should be presumed to violate the

subarachnoid space until proven otherwise. Conversely,

skin pits located within the intergluteal cleft need no

further investigation as they are related to simple

sacrococcygeal cysts or fistulas. Patients with caudal

agenesis may have a rudimentary tail, lower limb

abnormalities, or anorectal malformations. Imperforate

anus is associated with surgically correctable intradural

pathology in at least 10% of patients. Therefore, all

patients with imperforate anus should undergo MR

imaging studies. Clinically, children with the type I caudal

agenesis typically have a stable neurological defect that is

due to their “fixed” spinal cord dysplasia, whereas those

with the type II will present with a TCS. Patients with

segmental spinal dysgenesis typically have a protuberance

of bony consistence along their back, corresponding to the

apex of a kyphotic gibbus at level of the focal bony aplasia,

and are congenitally paraplegic or paraparetic.

Spinal dysraphisms may be part of complex syndro-

mic associations. The OEIS constellation (omphalocele,

exstrophy of the cloaca, imperforate anus, and spinal

anomalies) can be found in patients with terminal

myelocystoceles and caudal agenesis. The latter can also

be a part of VACTERL (vertebral abnormality, anal

imperforation, cardiac anomalies, tracheoesophageal

fistula, renal abnormalities, and limb deformities) and

the Currarino triad (partial sacral agenesis, anorectal

malformation, and presacral mass: teratoma and/or

meningocele).
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Imaging

Magnetic resonance imaging (MRI) has greatly amelio-

rated the diagnosis of these disorders and has enhanced

the possibility of earlier and case-tailored treatment,

mainly thanks to its multiplanar imaging and tissue

characterization capabilities.

Because patients with OSDs (among which myelo-

meningoceles) are usually operated on soon after birth,

only rarely are MRI studies performed prior to surgery.

However, preoperative MRI investigation should be per-

formed whenever possible, so as to obtain: (i) anatomic

characterization of the various components of the mal-

formation, especially regarding the relationships between

the placode and nerve roots; (ii) presurgical evaluation of

the entity and morphology of the malformation sequence

(hydromyelia, Chiari II malformation, and associated

hydrocephalus); and (iii) identification of rare cases with

associated cord splitting (hemimyelomeningoceles and

hemimyeloceles). MRI of untreated myelomeningoceles

shows dehiscence of the subcutaneous fat, fascia, bone,

and muscle at level of the spina bifida, and a low

position of the spinal cord that forms the dorsal wall of

the defect.

On MRI, lipomas are detected as masses that are

isointense with subcutaneous fat in all sequences,

including those acquired with fat suppression. The

appearance of spinal lipomas is variable depending on

the presence of dural defects (i.e., lipomyeloceles

lipomyelomeningoceles) or absence of them (i.e., intra-

dural and filar lipomas). Lipomyeloceles are characterized

by a placode–lipoma interface located within the spinal

canal. MRI is the imaging modality of choice to

demonstrate both the bony defect and the subcutaneous

fat extending into the spinal canal and attaching to the

spinal cord. The latter is typically low lying, and the

placode–lipoma interface may extend over several verteb-

ral levels. It may be smooth and regular or large and

irregular, with stripes of adipose tissue that permeate the

spinal cord and penetrate into the ependymal canal.

Hydromyelia is usually present in these cases. The size of

the spinal canal may be increased in relation to the size

of the lipoma, but the size of the subarachnoid space

ventral to the cord is consistently normal. Lipomyelome-

ningoceles may produce a constellation of MRI features

and individual cases typically differ from one another

because of the variable size of themeningocele and lipoma,

as well as the variable orientation of the placode. An

archetypal condition in which the placode–lipoma inter-

face lies exactly along themidline is not the rule but, rather,

an exception. In most cases, the placode is stretched and

rotated eccentrically toward the lipoma on one side,

whereas the meningocele develops on the other side. In

such an instance, the spinal roots that emerge from the
side facing the meningocele have a redundant course

and may be at greater risk for damage during surgery,

whereas those lying on the side of the lipoma are shorter

and cause cord tethering. Unlike with lipomyeloceles,

the spinal canal is dilated because of expansion of the

ventral subarachnoid spaces. Filar lipomas are detected

as hyperintense stripes of adipose tissue with resultant

thickening of the filum terminale. Intradural lipomas are

larger lipomatous masses that typically connect with an

unneurulated spinal cord segment.

In terminal myelocystoceles, MRI shows the terminal

portion of the spinal cord that is distended by focal

hydromyelia that herniates posteriorly through a wide

spina bifida into a meningocele. A subcutaneous lipoma is

often associated. Nonterminal myelocystoceles are located

along the cervical or thoracolumbar spine; only a thin

fibroneurovascular stripe emanating from a limited dorsal

myeloschisis and possibly distended by focal hydromyelia

enters the meningocele, while the spinal cord remains

within the spinal canal. A simple meningocele is detected

on MRI as a CSF filled cavity that does not contain the

spinal cord. Dehiscence of the subcutaneous fat over the

dome of the protruding sac is a common finding to both

myelocystoceles and meningoceles.

Diastematomyelia is categorized into two types (see

earlier), and a combination of CT and MRI is best suited

to evaluate this complex abnormality. In the type I, the

radiological hallmark is the osseous or osteocartilaginous

septum (the “spur”), which dissects the spinal canal into

two separate halves, each containing an independent

dural tube, in turn containing a hemicord. Although in

the archetypal case the spur connects the vertebral body to

the neural arch along a midsagittal plane, “atypical” spurs

are common. The spur may course obliquely and may be

incomplete, in which case it may originate either from

the vertebral body or from the neural arch. In some cases,

the spinal canal is divided unequally, resulting in two

asymmetric hemicords. There is an indication to CT in

order to obtain a three-plane evaluation of the spur for

surgical purposes. However, especially in young children,

the spur may be mostly cartilaginous, therefore being

inadequately visualized on CT; it progressively ossifies as

the child grows. MRI is the imaging modality of choice for

a thorough investigation of this abnormality. In most

cases, the spur is located at the thoracic or lumbar level

and lies at the caudal end of the cord splitting. As a

consequence, the two hemicords usually surround the

spur tightly before fusing with each other to form a

normal spinal cord below, whereas rostrally the splitting is

much more elongated. Therefore, there is a craniocaudal

sequence of partial clefting, complete diastematomyelia

within a single dural tube, diastematomyelia with dual

dural tubes with intervening spur, and reunion of the two

hemicords, an appearance that may recall railway points.
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spleen. Incidental finding on ultrasound. Transverse scan of

the spleen; the accessory spleen appears as a round

well-delineated mass (arrow).
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In the type II, there is not an osteocartilaginous spur to

divide the spinal canal. As a consequence, there is a single

dural tube housing both hemicord. Three variants of

diastematomyelia type II exist, i.e., absence of a septum,

presence of an intervening fibrous septum, and partial

cord splitting. Of these, absence of whatever septum is, by

far, the most common. In such case, the diagnosis is

relatively straightforward both on correctly placed axial

and coronal MRI sequences; on sagittal MR images, the

only indicative sign is an apparent thinning of the spinal

cord resulting from partial averaging with the inter-

vening subarachnoid space between the two hemicords. A

midline, nonrigid, fibrous septum sometimes is detected

at surgery; these septa may be identified on axial and

coronal T2-weighted images as thin hypointense stripes

interposed between the two hemicords. Rare cases of

partial cord splitting are characterized by an incomplete

separation of the two hemicords, which remain joined by

a midline bridge. The conus medullaris is typically low,

and there is a strong association with tight filum

terminale.

The caudal agenesis syndrome is characterized by a

degree of vertebral abnormality that may range exten-

sively, from isolated agenesis of the coccyx to absence

of the sacral, lumbar, and lower thoracic vertebrae.

However, the vast majority of these anomalies involve

absence of the coccyx and part of, or the whole, sacrum.

The degree of sacral agenesis may vary, with S1 through

S4 present in individual cases. Sacral aplasia may also be

asymmetric, with resulting total or subtotal hemisacrum

thatmay, in turn, be unilateral or bilateral. Full appreciation

of the heterogeneous spectrum of vertebral malformation

requires anteroposterior and lateral X-ray films, which

constitute an essential part of the neuroradiologicalworkup.

CT may be necessary for clarification of particularly

complex conditions. Caudal agenesis is categorized into

two variants depending on the location and shape of the

conusmedullaris: either high and abrupt (type I) or low and

tethered (type II).
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Synonyms

Asplenia, polysplenia syndromes; Heterotaxia syndromes,

ambiguous situs abdomen; Splenogonadal fusion, wan-

dering spleen
Definitions

A variety of developmental malformations of the spleen

may be detected during infancy and childhood (1–3).

. Asplenia: Asplenia is the congenital absence of a

spleen. The condition can be isolated or associated

with abdominal situs inversus or ▶situs ambiguous

and accompanied by congenital heart disease. It is

more common in male. In asplenia syndrome, the

inferior vena cava (IVC) and the aorta are on the same

side. Midgut malrotation, microgastria, and gallblad-

der duplication may be present.

. Polysplenia: Polysplenia can be isolated or associated

with abdominal situs inversus or situs ambiguous and
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accompanied by congenital heart disease. It is more

common in females. Polysplenia syndrome includes

interruption of the infrahepatic portion of the IVC

with azygos continuation, malrotation of the bowel,

and absence of gallbladder.

. Splenogonadal fusion: The spleen and/or ectopic

splenic tissue may be located anywhere in the abdo-

men, including attached to the left ovary or within the

scrotum, leading to a splenogonadal fusion.

. ▶Accessory spleen, cleft notches, and lobules should

be considered normal variants.

. In wandering spleen, the ligamentous attachment of

the spleenmay be lax or absent, leading to an abnormal

mobility of the spleen that may undergo torsion.

. True cysts of the spleen may be present in utero and

disappear in utero or after birth.

. Lymphangioma and hemangiomas may develop into

the spleen. The lesions may be isolated, part of diffuse

abdominal disease, or part of syndromes (Klippel

Trenaunay Weber, Kasabach–Merritt, Beckwith–

Wiedemann, or Turner Syndrome).

. Storage diseases may involve the spleen (▶Gaucher

disease).
Clinical Presentation

Splenic anomalies by themselves do not produce clinical

symptoms unless a mass is present and palpated or unless

complications (such as torsion) occur.
Congenital Malformations, Splenic. Figure 2 Situs inversus

inversus. (b) Ultrasound of the upper left quadrant demonstra

demonstrating the polysplenia.
Imaging

. Ultrasound (US): The spleen has a homogeneous

pattern, usually hyperechoic compared to the adjacent

renal cortex. Its contour is smooth. The technique

determines the exact location of the spleen and the

presence of accessory glands. Color Doppler evalua-

tion is helpful for evaluation of the vascular anatomy

(1, 2). The splenic length measures about 6 cm at

3 months, 7 cm at 12 months, 9 cm at 3 years, and

11 cm at 10 years.

. Computed tomography (CT): On CT without contrast

injection, the spleen appears homogeneous, and its

density is around 40 HU. After contrast injection, the

helical CT appearance of the spleen depends on the

timing of intravenous bolus administration. On early

images, the spleen may demonstrate heterogeneous

aciform enhancement or a more diffuse pattern that

should not be interpreted as disease. This hetero-

geneity resolves within 70 sec (4).

. Magnetic resonance (MR) imaging: Splenic intensity

varies with age in relation with the ratio of white to

red blood. In the neonate, before maturation of the

lymphoid system and proliferation of white pulp, the

spleen is isointense relative to the liver on T1-weighted

sequences and isointense to hypointense relative to the

liver on T2-weighted sequences. In children older

than 8 months, the spleen appears hypointense to the

liver on T1-weighted sequences but hyperintense on

T2-weighted sequences (5).
and polysplenia. (a) Chest X-ray demonstrating the situs

ting the liver. (c) Ultrasound of the right upper quadrant
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Nuclear Medicine

The spleen in normal or abnormal location can be easily

identified using Tc99m sulfur-colloid scintigraphy. An

accessory or ectopic spleen has imaging characteristics

similar to splenic tissue in normal location.
Diagnosis

The diagnosis of splenic anomalies will usually be incidental

(Fig. 1), possibly noted onprenatalUS examination. Splenic

anomalies will be detected on US of the upper abdomen

performed as complementary examination in cases of situs

inversus or situs ambiguous (Fig. 2).

The spleen is present or absent, unique, or multiple. If

absent, nuclear scanning can be done to diagnose ectopic

spleen. Isotopic studies can be performed as well in case of

splenogonadal fusion.

The diagnosis of a wandering spleen can be suspected

on US (Fig. 3). When torsion of a wandering spleen is

suspected, CT can be performed to determine the absence

of the spleen in its normal location and lack of

enhancement of the torsed spleen after contrast injection.

Whenever cystic lesions are demonstrated by US, the

differential diagnosis includes benign congenital isolated

cyst,▶epidermoid cyst, hydatic cyst, and vascular tumors

(lymphangioma, hemangioma).

CTand MR imaging are useful to differentiate between

these various diagnoses by showing calcifications, daughter
Congenital Malformations, Splenic. Figure 3

Noncomplicated wandering spleen. Ultrasound of

the hypogastric area demonstrating a solid mass

corresponding to the unattached spleen.
cysts, septa, or abnormal enhancement. In doubtful cases,

surgery and histology will be necessary to obtain a definitive

diagnosis (3–5).
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Definitions

Congenital malformations are defined as deviations

from the normal anatomical development that lead

to functional disorders. They must be differentiated

from anatomical variations, which do not cause functional

deficiencies and occur more frequently. Congenital mal-

formations can be nongenetic (transplacental) or genetic.

In the latter case they may be isolated or syndromal.

Malformations can be classified according to the

anatomical structures involved.
Pathology/Histopathology

With respect to the observation that there is a striking

resemblance between the various morphological patterns

and the stages of inner ear embryogenesis, it has been

suggested that malformations result from an arrest of

development at a particular stage. Combined malforma-

tions of the inner ear and the middle ear with the external

ear are rare, since both evolve from mutually independent

embryonic origins, namely, from the ectodermal neural

crest and the first pharyngeal pouch, respectively.
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The bony labyrinth develops between the 4th and 8th

week of gestation, grows from the 8th to the 16th week, and

ossifies from the 16th to 24thweek. The development of the

sensory epithelium proceeds until the 25th week. Mal-

formations of the inner ear structures are due to insults

between the 4th and 8th week, whereas later injuries affect

the sensory epithelium. Owing to these time windows, the

majority of patients with sensorineural hearing loss (SNHL)

have defects limited to the membranous labyrinth beyond

the resolution of the current imaging techniques. Only 20%

of patients with congenital hearing loss have anomalies

visible on cross sectional imaging.
Microtia, Stenosis, or Atresia of the
External Auditory Canal

Microtia indicates a small, abnormally shaped or absent

external ear. In approximately 90% of patients it is

unilateral. Stenosis (diameter of the external auditory canal

4 mm or less) or atresia of the external auditory canal can

be associated with deformities of the middle ear. Microtia

is usually divided into four grades: Grade I is a small ear

with identifiable structures and a present external auditory

canal. Grade II is a partial or hemiear with a stenotic

external auditory canal. Grade III is a rudimentary soft

tissue structure and atresia of the external ear canal. Grade

IV represents absence of the ear, atresia of the external

auditory canal, and underdevelopment of the middle ear

and deformity of the malleolus and incus.

An in utero insult is presumed to cause this

malformation. The epithelial cells of the first branchial

groove fail to split and canalize, which results in atresia of

the external auditory canal.
Ossicular Abnormalities

Congenital abnormalities of the ossicular chain are

classified as follows: Class I is the isolated stapedial

ankylosis; Class II is the stapedial ankylosis with other

ossicular anomalies; Class III is the ossicular anomalies

with a mobile stapes; Class IV is the dysplasia of the oval

and/or round window.

Nonunion of the incus and stapes is the most

common isolated ossicular abnormality and is a result

of defects of the long process of the incus.
Oval Window Atresia

The absent cleavage plane between the lateral semicircular

canal and the cochlear promontory is associated with a

deformed stapes.

Oval window atresia is due to failure of fusion of

the primitive stapes with the footplate. If the annular

ligament only does not develop, congenital stapes fixation

results.
Congenital Cholesteatoma

A cholesteatoma located behind the intact tympanic

membrane in a patient with no history of otitis media is

presumed to be congenital. Within the temporal bone, it

can occur at the petrous apex, mastoid, or middle ear.

Embryonic debris, that is, aberrant epithelial rests of

exfoliated keratin within the stratified squamous epithe-

lium, left at the time of closure of the neural tube, can give

rise to congenital cholesteatoma.
Michel Aplasia

Michel aplasia is the complete absence of the entire

inner ear.

Malformations of the cochlea best demonstrate the

“arrest theory,” since the distinct anatomical patterns

show a remarkable similarity to the appearance of the

inner ear at the consecutive stages of embryogenesis.

Michel aplasia is the consequence of an arrest of otic

placode development in the third gestational week. This

extreme form of malformation is very rare and represents

less than 1% of inner ear malformations.
Common Cavity Deformity

The common cavity deformity is a single cavity, created

from the cochlea and vestibule without the presence of

internal architecture.

Arrest of inner ear development between the 4th and

5th week of gestation causes common cavity deformity. At

this time, the otic placode has differentiated into the

otocyst, but the primordia of the cochlea, vestibule, and

semicircular canals have not yet been formed.
Cochlear Aplasia and Cochlear
Hypoplasia

In cochlear aplasia the cochlea is absent, whereas in

cochlear hypoplasia the cochlea consists of a single turn or

less. In both conditions, the vestibule and semicircular

canals are present.

An arrest in the development of the cochlear bud during

the 5th week of gestation causes cochlear aplasia. Cochlear

hypoplasia is due to an arrest during the 6th week.
Mondini Deformity

The cochlea has only 1.5 turns, due to fusion of the

middle and apical turns of the cochlea. The osseous spiral

lamina and the interscalar septum are missing.

The arrest of inner ear development during the 7th

week of gestation causes Mondini deformity. In 20% of

patients, it is associatedwithmalformations of the vestibule,

semicircular canals, or endolymphatic duct and sac.
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Semicircular Canal Aplasia and Dysplasia

This entity refers to partial or complete lack of the

development of one or all semicircular canals.

The lateral semicircular canal forms after the superior

and posterior semicircular canals have already been

formed, between the 6th and 8th week of gestation. The

mildest and most common malformation of the inner ear

is caused by a late interruption of development and

presents as an enlargement of the lateral semicircular canal

and the vestibule (Fig. 2a). If development is interrupted

at an earlier stage, all three semicircular canals are affected.
Large Vestibular Aqueduct Syndrome

Large vestibular aqueduct syndrome (LVAS) is present if

the diameter of the vestibular aqueduct is smaller than

1.5 mm, measured in the middle of the aqueduct

(between the common crus and the external aperture).

Associated inner ear abnormalities are identified in 60%

of the patients, and usually all patients have deficiencies in

the modiolus.

LVAS is the most common abnormality in children

with SNHL. It results from an arrest of inner ear

development in the 7th week of fetal development and

follows an autosomal recessive inheritance. There is a

female to male predominance of 3:2.

Several mechanisms have been proposed to explain the

slow increase of SHNL. Direct transmission of intracranial

pressure via the vestibular aqueduct to the cochlea can

explain deterioration after minor head trauma or baro-

metric pressure changes. Second, accumulation of toxic

metabolites in the endolymph might result from dysfunc-

tion of the endolymphatic sac and cause cell damage. Third,

reflux of hyperosmolar fluid from the endolymphatic sac

into the inner ear may cause injury of the cochlear cells.

Accordingly, patients with LVAS must be advised to avoid

contact sports and scuba diving. They may also benefit

from a low-salt diet. In end-stage disease, cochlear

implantation is necessary.
Aplasia and Hypoplasia of the
Vestibulocochlear Nerve

The normal four nerve branches in the internal auditory

canal are lacking.

The internal auditory canal is created by inhibition of

cartilage formation at the medial aspect of the otic vesicle

in the 9th week of gestation and requires the presence of a

vestibulocochlear nerve. The size of the cochlear nerve

directly depends on the number of spiral ganglion cells. If

the eighth cranial nerve is aplastic, the internal auditory

canal will obtain a caliber that depends on the size of the

seventh cranial nerve.
Vascular Variants

An aberrant internal carotid artery enters the posterior

middle ear cavity and runs along the promontory.

Partial persistence of the stapedial artery represents

the intratympanic origin of the middle meningeal

artery. It originates from the internal carotid artery

between the vertical and horizontal part of the carotid

canal, enters the middle ear anteroinferiorly, runs along

the promontory, passes between the crura of the stapes,

and enters the facial canal. At the level of the first

genu, it leaves the facial canal and enters the middle

cranial fossa.

Aberrant internal carotid artery: Because of absence

of the cervical part of the internal carotid artery and

subsequent absence of the vertical part of the bony

carotid canal, the tympanic branch of the ascending

pharyngeal artery serves as collateral to the horizontal

part of the internal carotid artery. Apparently, the

vertical segment of the carotid artery enters the

temporal bone through the enlarged inferior tympanic

canaliculus.

Partial persistence of the stapedial artery: The

stapedial artery fails to involute during the third fetal

month, so that the developing vessels have to change their

course.
Clinical Presentation
Microtia, Stenosis or Atresia of the
External Auditory Canal

Conductive hearing loss is the leading symptom in

patients with grade II–IV microtia. Up to 90% of patients

with stenosis of the external auditory canal develop

cholesteatoma as young adults.
Ossicular Abnormalities and Oval
Window Atresia

Patients present with congenital conductive hearing loss.
Congenital Cholesteatoma

The most striking finding is a white mass behind an intact

tympanic membrane in a young patient with conductive

hearing loss. Symptoms depend on the location of the

mass if it is not located in the middle ear.
Michel Aplasia, Common Cavity
Deformity, and Cochlear Aplasia

Patients present with sensorineural deafness from birth.
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Cochlear Hypoplasia

Patients present with a hearing deficit. The severity

depends on the degree of membranous labyrinthine

development.
Semicircular Canal Aplasia and Dysplasia

C
If isolated, malformation of the semicircular canals might

be asymptomatic.
Mondini Deformity

Mondini deformity is characterized by a low-frequency

hearing deficit, due to fusion of the middle and apical

turns of the cochlea. High-frequency hearing usually

persists to a variable degree.
Large Vestibular Aqueduct Syndrome

The leading symptom is SNHL, which is moderate in

early childhood, but gradually deteriorates over a period

of years. Usually SNHL deteriorates to profound sensor-

ineural deafness after apparently minor head trauma or

sudden changes in barometric pressure.
Aplasia and Hypoplasia of the
Vestibulocochlear Nerve

The leading symptom is deafness from birth without

change.
Congenital Malformations, Temporal Bone. Figure 1 Axial

Stenosis of the external auditory canal is demonstrated (a, bla

cholesteatoma (b, arrow). The temporal bone itself is small (c,

the temporal bone (d).
Vascular Variants

Aberrant internal carotid artery: Objective or subjective

pulsatile tinnitus and conductive hearing loss are

common symptoms of an aberrant internal carotid artery.

On otoscopy there is a retrotympanic mass that mimics

paraganglioma. Biopsy or operation must at all costs be

avoided, since it may end disastrously.

Partial persistence of the stapedial artery:Most patients

are asymptomatic. In rare cases, pulsatile tinnitus may be

present.
Imaging

In general, the history (young age at initial presentation,

congenital symptoms) will raise the suspicion of a

congenital malformation. High-resolution (HR) thin-slice

(1 mm) CT is the imaging technique of choice for patients

with suspected congenital malformations of the temporal

bone, since it delineates the middle ear and the inner ear.

However, neural structures and the fluid-filled labyrinth are

only accessible with T2-weighted HR MRI.
Microtia, Stenosis, or Atresia of the
External Auditory Canal

CT shows the extent of the malformation with respect to

the middle ear (Fig. 1) and provides a roadmap for

surgical reconstruction.
HRCT images from a patient with Crouzon syndrome.

ck arrows). Middle ear opacification is present, due to

arrows), and the inner ear is located near the apex of
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Ossicular Abnormalities

HRCT in the axial and coronal plane is required for

assessment of the extent of deformities of the ossicular

chain.
Oval Window Atresia

HRCTshows the obliteration of the oval window, which is

best appreciated in the coronal plane. However, in

congenital stapes fixation, which is characterized by

absent annular ligament, imaging findings are normal.
Congenital Cholesteatoma

Congenital cholesteatomas of the middle ear present as

well-circumscribed masses. The tympanic membrane is

intact and the mastoid is well pneumatized. CT without

administration of contrast medium is the imaging

modality of choice. If glomus tympanicum tumor or

facial nerve schwannoma are within the differential

diagnosis, contrast enhanced T1-weighted MR images,

where congenital cholesteatoma shows a rim enhance-

ment, may be considered.
Michel Aplasia

HRCT demonstrates absence of the cochlea, vestibule,

and semicircular canals. The lateral wall of the otic capsule

is flat. T2-weighted MR images also do not show inner ear

structures; however, complete fibrous or osseous oblitera-

tion of the labyrinth is a differential diagnosis in MRI. CT
Congenital Malformations, Temporal Bone. Figure 2 Malform

The axial HRCT image (a) and axial T2-weighted MR image (b)

The CT image shows the basal turn, whereas the middle and a

canal. The axial CT image demonstrates the dilated lateral sem
clearly reveals the diagnosis, since in osseous obliteration

of the labyrinth, the labyrinthine structures are usually

seen with a faded appearance and the lateral wall of the

otic capsule is convex, while in Michel aplasia the lateral

wall of the inner ear remnant is flat.
Common Cavity Deformity

CT and T2-weighted MRI show a cystic cavity that

represents the cochlea and vestibule (Fig. 2a, b). The

semicircular canals are absent.
Cochlear Aplasia and Cochlear
Hypoplasia

The cochlea is missing (aplasia) or it consists of a single

turn or less (hypoplasia). The vestibule and the semi-

circular canals can be delineated but might be hypoplastic.
Mondini Deformity

The basal turn of the cochlea is normal, whereas the

middle and apical turns are fused (Fig. 2c).
Semicircular Canal Aplasia and Dysplasia

Most commonly, the semicircular canals are short and

wide (Fig. 2d). They may also be absent or appear as small

protrusions in more severe cases.
ations of the inner ear: common cavity deformity (a and b):

show a cystic cavity (arrow, b); Mondini malformation (c).

pical turn are fused. Dysplasia of the lateral semicircular

icircular canal (d).



Congenital Malformations, Temporal Bone. Figure 3 Large vestibular aqueduct. The enlarged vestibular aqueduct is

visible on the axial CT image (left image, arrow) and the axial T2-weighted MR image (right image, closed arrow). Only the

MR image demonstrates the enlarged endolymphatic sac (open arrows).
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Large Vestibular Aqueduct Syndrome

Axial HRCT slices show the enlargement of the vestibular

aqueduct. Axial T2-weighted MR images demonstrate the

enlarged endolymphatic duct within the bony canal and

the endolymphatic sac (Fig. 3).
Aplasia and Hypoplasia of the
Vestibulocochlear Nerve

HR T2-weighted MRI demonstrates hypoplastic nerves

and the narrow internal auditory canal. CT can only show

the narrow canal.
Vascular Variants

Aberrant internal carotid artery: CT or MR angiography

shows the course of the carotid artery. The vertical part of

the carotid canal is missing.

Partial persistence of the stapedial artery: Absent

foramen spinosum and enlargement of anterior tympanic

facial nerve canal on CT.
Nuclear Medicine

Nuclear medicine is not applied in congenital malforma-

tions of the temporal bone.
Diagnosis

Diagnosis of congenital malformations is based on the

clinical findings. Congenital conductive hearing loss

should raise the suspicion of ossicular abnormalities or

oval window atresia. In patients with congenital choles-

teatoma, otoscopy shows a white mass behind the intact

tympanic membrane. CT shows the extent of the

cholesteatoma and possible involvement of the ossicular

chain. In patients with SNHL, CT demonstrates the
degree of cochlear development. In patients with

hypoplasia or aplasia of the vestibulocochlear nerve,

sensorineural deafness may raise the suspicion, whereas

T2-weighted MRT demonstrates hypoplasia of the nerve.

If a very small nerve is present, transtympanic stimulat-

ion of the promontory or intracochlear stimulation may

be helpful for differentiation between aplasia and

hypoplasia.
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Synonyms
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Definitions

Congenital malformations of the thymus are rare and

include thymus aplasia or hypoplasia, ▶ectopic thymus

and thymic cysts. Thymic aplasia or hypoplasia is defined

as an absent or very small thymus, due to an abnormal

development of the third and fourth branchial arches

encountered in certain immunologic disorders. An absent

thymus is most commonly associated with ▶DiGeorge

Syndrome, which is defined as an immunologic disorder

characterized by dysmorphic facies, hypoparathyroidism,

congenital heart defects and a deficiency in cell-mediated

immunity. Ectopic thymus is characterized by an aberrant

migration of thymic tissue in the superior and posterior

mediastinum, bases of the skull, tracheal bifurcation or

the cervical region. Ectopic thymus is most frequently

located in the cervical region, where it may present as a

solid or cystic (thymus cyst) mass.
Pathology/Histopathology

Biopsy of the thymus in DiGeorge syndrome reveals no

specific histopathologic findings with exception of

evidence for thymic hypoplasia. Aberrant cervical thymic

tissue histologically contains thymic lobules, lymphoid

follicles, Hassell corpuscles, and cysts (1). The cysts can be

small or quite large and are lined by a variety of cell types,

including non-keratinising squamous, cuboidal, or co-

lumnar cells. Cyst contents range from straw-coloured

proteinaceous fluid to necrotic debris or old haemor-

rhage. Cholesterol crystals may be found in the luminal

fluid or embedded in the cyst wall. Occasionally

parathyroid tissue (also derived from the third pharyngeal

pouch) is found in the lesions (1).
Clinical Presentation

The clinical presentation of children with DiGeorge

syndrome is primarily characterized by cardiac anomalies,

such as tetralogy of Fallot, ventricular septal defect,

interrupted aortic arch, pulmonary atresia or truncus

arteriosus (2). Arhinencephaly, cleft lip, palate, or uvula,

diaphragmatic abnormalities, hydronephrosis, malrota-

tion of the gut and imperforate anus are other anomalies

found in DiGeorge syndrome. Hypocalcaemia due to

hypoparathyroidism usually begins in the neonatal period

and may present with tetany or tonic convulsions. Due to

T-cell dysfunction recurrent viral and fungal infections as

well as mycobacterial and Pneumocystis carinii infections

are observed. Ectopic thymus may present as a cervical
palpable mass, because it is often located along the

anterior border of the sternocleidomastoid muscle lateral

to the thyroid gland and near the carotid sheath.
Imaging

The thymus gland can be visualised with use of

ultrasound, radiography, CT, MRI and nuclear medicine.

Ultrasound is the modality of first choice for the

evaluation of thymic malformations. In fetuses with

congenital heart defects, particularly conotruncal anoma-

lies, fetal echocardiography is reliable in diagnosing

thymic hypoplasia or aplasia (3). In children below the

age of 1 year the incomplete ossification of the sternum

and its manubrium provides a comfortable access to the

anterior mediastinum, in older children ultrasound of the

thymus is performed via the jugulum or with use of a

parasternal access. Ultrasound is also a reliable tool for the

diagnosis of ectopic thymus, especially when the aberrant

thymic tissue is located in the neck.

On radiographs the appearance of the thymus is

evaluated by the size, configuration and density of the

anterior mediastinum.

Computed tomography is a most valuable method for

the cross-sectional evaluation of the mediastinum in

children, however, because of ionizing radiation, MR

imaging is the method of choice for further assessment of

thymic malformations beyond ultrasound.
Nuclear Medicine

Fluorine-18 fluorodeoxyglucose (FDG) positron emission

tomography (PET) is established as an important

diagnostic tool for the diagnosis, staging, and restaging

of neoplasms in the mediastinum (4). It plays no role for

the assessment of congenital thymic malformations.
Diagnosis

The size and shape of the normal thymus varies

considerably with age. In children under 5 years of age,

the thymus has a quadrilateral shape with convex lateral

contours and gentle undulating borders. In older children

and adolescents the thymus shows a triangular configura-

tion with straight lateral margins (5). On chest X-rays the

normal thymus presents as a bilateral smoothly outlined

mediastinal mass, and particularly on the right side, a

characteristic sail-like shadow with a well-defined lateral

and inferior margin is often visible (Fig. 1). An absent

thymic shadow on the chest X-rays of newborns is



Congenital Malformations, Thymus. Figure 1 (a) Chest

radiograph of an intubated neonate from the ICU. Typical

sail-like appearance of the right lateral shadow of the

thymus with smooth and well-defined margins. (b) US of a

normal structured, slightly large thymus in a neonate

Congenital Malformations, Thymus. Figure 2 Axial (a)

and coronal (b) T2-weighted fat-suppressed MR-images of

the chest in a 3-month-old girl. The quadrilateral shape of

the thymus and the hyperintense signal intensity on T2

weighted images, characteristic for this age group, is

demonstrated.
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suspicious of thymus hypoplasia or aplasia but the

diagnosis has to be confirmed by ultrasound or with MR

imaging. On CT images, the normal thymus shows

homogenous soft tissue attenuation, with the highest

density during infancy, and a homogenous contrast

enhancement after intravenous contrast material adminis-

tration. OnMRI, the thymus appears with a signal intensity

slightly greater than that of muscle on T1-weighted images,

and with a high signal on T2-weighted images (Fig. 2).

DiGeorge syndrome is diagnosed by the assessment of

the immune system (T-cell function), parathyroid funct-

ion (parathyroid hormone, PTH) levels, chromosome

analysis (microdeletion of 22q11.2), and imaging studies

(thymus hypoplasia/aplasia). The diagnosis of aberrant

thymus is based on the similar imaging appearance

compared to normal thymus. Aberrant thymic tissue may

be solid, cystic, or mixed. Cystic lesions are most common
and third branchial cleft cysts, lymphangiomas, venous

malformations, necrotic or suppurative lymphadenopa-

thy, thyroglossal duct cysts, and epidermoid and dermoid

cysts have to be considered as differential diagnosis (1).
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Synonyms

Cretinism; Goitre; Grave’s disease; Myxoedema
Congenital Malformations, Thyroid, and Functional

Disorders. Table 1 Thyroid disorders in children

Congenital
Definition

Congenital disorders of the thyroid gland are develop-

mental disorders, which may present at birth or later in

life as a result of abnormal development of the thyroid

gland or to inborn errors of metabolism resulting in

abnormal hormone production.

Functional disorders of the thyroid gland refer to

conditions associatedwith abnormal production (increased

or decreased) or an abnormal somatic response to thyroid

hormone or thyrotropin (TSH) and may be the result of a

congenital abnormality or be acquired later in childhood.
▶Thyroglossal duct cyst

Thyroid dysgenesis

Functional

Pathology and Histology
Hypothyroidism

Development and Hormonogenesis
Congenital hypothyroidism (CH)

Chronic lymphocytic thyroiditis (CLT)

Iodine deficiency

Secondary hypothyroidism (e.g. pituitary disorders)

Hyperthyroidism

Neonatal

Diffuse toxic goitre—Grave’s disease

TSH-induced hyperthyroidism

Thyrotoxicosis without hyperthyroidism

Euthyroid

Goitre

Neoplasia

Benign nodules

Adenomas

Cysts

Malignant nodules

Carcinoma—papillary 70%

Lymphoma

Infection

Thyroiditis—pyriform sinus abnormality
The thyroid gland develops during the third week of foetal

life as a midline outpouching from the floor of the

pharynx. During descent into the neck the thyroid gland

maintains a connection, the thyroglossal duct, with the

base of the tongue until it is obliterated at approximately

the seventh intra-uterine week.

During hormonogenesis under the influence of

pituitary TSH, thyroid hormone is synthesised by a

complex process, where iodine is concentrated from the

blood into the follicular cells, oxidised and bound in an

organic form to thyroglobulin to produce T3 and T4, the

main thyroid hormones. The foetus depends upon low

levels of a transplacental maternal thyroid hormone until

significant thyroid hormone production begins at about

20 weeks of gestation. Following birth there is a sudden

rise in TSH, T4 and T3, followed by a slow progressive fall

in childhood to adult levels.

Although thyroid hormone has a number of actions,

e.g. thermogenesis, ion transport, and metabolism of

amino acids throughout life, it has several unique

properties in childhood, being essential for the normal
development and maturation of the brain and skeleton.

Table 1 indicates the range of thyroid disorders occurring

in childhood and the most important congenital and

functional disorders will be discussed later.
Congenital Abnormalities

Failure of normal development of the thyroid gland

results in partial or complete agenesis of one or both lobes,

whereas interruption to the normal descent of the thyroid

gland will result in the development of ectopic thyroid

tissue and thyroglossal duct cysts (TDC).

Ectopic thyroid tissuemaybe found anywhere along the

normal descent pathway and maybe found as low as the

anterior mediastinum, although a sublingual position is

the most common site. Ectopic thyroid tissue is usually

associated with a significant degree of hypothyroidism

often having poor function, but may enlarge due to

compensatory TSH stimulation.

TDC arise from failure of obliteration of the

thyroglossal duct in the foetus. They are usually solitary

and occur anywhere from the foramen caecum at the base

of the tongue to the thyroid gland. Approximately 20%

occur above the hyoid bone. In most cases a TDC is
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present in conjunction with a normally sited and

functioning thyroid gland, although in fewer than 5%

of TDC, the cyst may contain the only functioning thyroid

tissue in the individual.
Congenital Malformations, Thyroid, and Functional

Disorders. Table 2 Congenital hypothyroidism

‘Transient’

Thyroid dysgenesis (85–90%)

Inborn errors of metabolism (10–15%)

Secondary/tertiary hypothyroidism

Hypothalamic

TRH deficiency

Midline facial brain dysmorphism

Pituitary

TSH deficiency

Multiple hormone deficiencies

TSH resistance

Thyroid hormone resistance

C
Clinical Presentation

The clinical presentation dsepends on the underlying

condition and usually reflects either a hormonal disorder

or consequences of mass effect. Beside the clinical

examination, laboratory investigations are essential. Bio-

chemical tests are fundamental in the evaluation of all

babies and children with a suspected thyroid abnormality

(1). Serum TSH, T3, T4, free T3 and free T4 levels being

most important to diagnosis and the results must be

related to normal values for age. More complex investiga-

tions may be necessary including the identification of TSH

receptor antibodies, cytogenetic testing and biochemical

investigations to determine the nature of any inborn error

of metabolism, thyroid antibody, other autoimmune

antibody tests and pituitary function and TRH testing.

Screening programmes for congenital hypothyroidism are

based on the detection of low levels of thyroxine, and or

high levels of TSH in cord blood or a dried blood spot from

a heel prick. Programmes based on thyroxine estimation

detect both primary and secondary congenital hypothyr-

oidism (CH) but have a low specificity with a high recall

rate, whereas those measuring TSH alone will only detect

primary CH but are more specific. In those infants with a

low TSH, serum TSH and T4 levels are estimated and if

confirmed to be abnormal are referred for clinical

evaluation (2).

TDC and▶goitre usually present by their mass effect,

potentially causing respiratory problems; TDC may also

become secondarily infected and present acutely with a

painful midline neck mass. The main concern usually

affects functional disorders of the thyroid gland.
Functional Disorders
Congenital Malformations, Thyroid, and Functional

Disorders. Figure 1 Pelvic X-ray of a young boy

presenting with overt signs of ▶hypothyroidism, showing

delayed and fragmented ossification of the femoral

capital epiphyses.
Congenital Hypothyroidism (CH) is the commonest

treatable cause of mental retardation world wide, with

iodine deficiency as the most important cause. Thyroid

dysgenesis is the most frequent cause in Europe where

iodine deficiency is rare, occurring in approximately one

in 4,000 live births. Table 2 outlines the most common

causes of congenital hypothyroidism. In approximately

10% of cases of CH detected by neonatal screening, the

condition is transient and resolves within a few weeks of

birth. Thyroid dysgenesis accounts for 85–90% of cases of

CH with females more commonly affected than males.

Most cases are sporadic although the condition is more

frequent in children with Down’s syndrome. Dysgenesis

ranges from agenesis, to hypoplasia of one or both lobes.
Unilateral dysgenesis is not usually associated with CH as

sufficient thyroid hormone is still being produced. Inborn

errors of metabolism resulting in dyshormonogenesis

account for a further 10–15% of cases of CH. In contrast

to thyroid dysgenesis most cases have an autosomal

recessive pattern of inheritance.

Screen detected babies with CH often have no overt

clinical manifestations, although severe cases may show

clinical signs at birth, including, large tongue, hoarse cry,

umbilical hernia, hypotonia, cold extremities, prolonged

jaundice, constipation and large fontanelles. UntreatedCH

will result in severe irreversible developmental and
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Disorders. Figure 2 Posterior displacement of the

trachea causing mild respiratory distress in a neonate

with an enlarged thyroid gland (goitre) due to neonatal

hyperthyroidism.
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intellectual delay. CH secondary to pituitary or hypotha-

lamic dysfunction may have signs suggestive of hypopi-

tuitarism, and can be seen in association with midline

facial defects or cerebral malformation; boys may have a

micropenis. The presence of a palpable goitre excludes the

diagnosis of thyroid dysgenesis, and indicates that the CH

is likely to be transient or due to abnormal hormone

synthesis resulting in excessive stimulation of the thyroid

gland by raised levels of TSH.

The onset of hypothyroidism in older children is often

insidious, with the development of a goitre or identifica-

tion during child health surveillance due to poor linear

growth.

Chronic lymphocytic thyroiditis (CLT) is the most

common cause of hypothyroidism presenting beyond

infancy although many affected individuals with CLTmay

initially be euthyroid and present with an asymptomatic

goitre. CLT is an autoimmune disorder often affecting

adolescent girls with 30–40% having an inherited

predisposition to autoimmune disease. The disease is

characterised by a destructive process with lymphocytic

infiltration and atrophy and fibrosis of the follicles. Goitre

occurs in approximately 5% of all children and it

is important to distinguish children with goitre due to

CLT from those with a simple colloid goitre, by the

demonstration of thyroid antibodies in CLT, as the former

are at risk of developing hypothyroidism later in life

unlike those with a colloid goitre who will remain

euthyroid. Children and adolescents with hypothyroidism

have an increased incidence of slipped upper femoral

epiphyses and puberty may be delayed. In contrast to

untreated neonatal hypothyroidism affecting brain devel-

opment hypothyroidism developing after 3 years of age

mainly affects growth and causes delayed skeletal

maturation, with no permanent effect on cognitive or

neurological development.

Neonatal hyperthyroidism is rare occurring in 2–3% of

babies born to mothers with Grave’s disease due to the

transplacental passage of maternal TSH receptor stimulat-

ing antibodies. The condition usually presents towards the

end of the first week of life asmaternal antithyroid drugs are

cleared and is generally transient lasting up to 3 months.

The salient features include tachycardia >160, congestive

cardiac failure and cardiac arrhythmia. The infant may be

irritable, fail to thrive, develop prominent eyes and a goitre

may cause airway obstruction. Untreated neonatal ▶hy-

perthyroidism has a high mortality of approximately 20%.

Permanent neonatal hyperthyroidism also occurs as a result

of an inherited autosomal dominant genetic mutation in

the TSH receptor.

In older children and adolescents with hyperthyroidism

a large fleshy goitre is common.

Grave’s disease, diffuse toxic goitre accounts for 95%

of hyperthyroidism in older children generally presenting
in adolescent girls with a genetic predisposition to

autoimmune disease. Other causes of hyperthyroidism

are rare, and include a functioning thyroid adenoma,

thyrotoxicosis factitia, i.e. ingestion of thyroxine in

adolescent girls attempting to lose weight or high levels

of TSH secretion, e.g. due to a pituitary adenoma. The

absence of a goitre in a thyrotoxic adolescent girl should

raise the possibility of thyrotoxicosis factitia. A solitary

palpable nodule indicates that an adenoma is the most

likely cause. Classical symptoms and signs of thyrotoxicosis

develop although ophthalmological signs are less common

in children than in adults. Secondary amenorrhoea may

occur in association with accelerated bone maturation and

linear growth. Cafe au lait spots seen in conjunction with

thyrotoxicosis should raise the possibility of McCune

Albright Syndrome.
Imaging
X-ray

A number of radiological abnormalities have been

described in association with thyroid disease that may

serve to point to an underlying thyroid disorder. These

include delayed skeletal maturation i.e. bone age,

flattened and fragmented femoral epiphyses in hypothyr-

oidism and periostitis and accelerated bone age in

hyperthyroidism (Fig. 1). A lateral soft tissue neck may
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help to demonstrate airway compression in rare cases of

airway obstruction, due to an enlarged ectopic thyroid or

goitre (Fig. 2).
Thyroid Ultrasound
C
Ultrasound imaging forms the mainstay of thyroid

imaging, to identify the presence or absence of a normal

thyroid gland in hypothyroidism, to evaluate any midline

swelling thought to be a TDC, and to evaluate a palpable

thyroid nodule (Fig. 3). A high frequency transducer is

essential (12–15 MHz) and Doppler sonography is useful

to assess vascularity of a palpable nodule or ectopic

thyroid tissue which is often of increased vascularity (3).

A normal thyroid gland in a young child has a lateral lobe

measuring approximately 1–1.5 cm in width, 2–3 cm in

length and a depth of 0.2–1.2 cm. In CH the finding of a

normal thyroid gland indicates that dyshormonogenesis

is the most likely cause. In older hypothyroid children

where thyroid antibodies are negative and there is no

palpable goitre, ultrasound can be helpful to distinguish
Congenital Malformations, Thyroid, and Functional

Disorders. Figure 3 Transverse ultrasound images

through the neck. (a) Transverse ultrasound image

demonstrating a normal thyroid gland (arrows) in an infant

with screen detected congenital hypothyroidism due to an

inborn error of metabolism. (b) No thyroid gland could be

demonstrated in this infant with thyroid agenesis
primary myxoedema i.e. non-goitrous CLT from late

presenting thyroid dysgenesis.

There is rarely an indication for ultrasound in a goitre,

unless possible mediastinal extension needs to be

clarified. The investigation and treatment of solid nodules

follows the pathways well established for adult patients,

although in children a solitary nodule is more likely to be

carcinomatous, particularly papillary carcinoma; func-

tioning adenomas and colloid cysts also occur.

A thyroglossal duct cyst is usually midline but may be

found embedded in the strap muscles just to the left of the

midline. The wall may be thin and the fluid anechoic, but

if there has been previous infection or haemorrhage, the

wall may be thickened and the cyst contents may contain

echoes. A thyroglossal duct tract may be identified

extending deeply to the hyoid bone (Fig. 4).
Congenital Malformations, Thyroid, and Functional

Disorders. Figure 4 Four year old girl presenting with

a high midline neck swelling: (a) Sagittal ultrasound

image demonstrating an elliptical cystic structure with

posterior and cranial extension towards the hyoid bone

typical of a thyroglossal duct cyst (TDC). (b) Demonstrates

a normally sited thyroid gland indicating that the TDC

can be safely excised.
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Thyroid Scintigraphy

Thyroid scintigraphy using technetium-99m pertechne-

tate and iodine-123 is useful to evaluate both anatomical

and functional aspects of a thyroid disease (5). Scinti-

graphy is essential for the further evaluation of a possible

TDC or ectopic thyroid tissue when a normal thyroid

gland cannot be identified on ultrasound, as removal of

the cyst/ectopic tissue may result in rendering the patient

▶athyroid and dependent on life long thyroid hormone

replacement (Fig. 5). Although iodine-123 is more
Congenital Malformations, Thyroid, and Functional Disorders.

(a) Thyroid scintigraphy using technetium-99m pertechnetate s

lateral projections, corresponding to the position of the TDC (

indicating that excision of the TDC would render her athyroid.

enhanced T1 transverse demonstrating a thick walled cystic st

submental region (arrows). No thyroid gland demonstrated els

TDC following contrast injection (arrows).
specific and better to quantify dysfunction and inborn

errors of metabolism, pertechnetate is cheaper and more

readily available, and is the tracer of choice for the initial

scan with iodine-123 reserved for further evaluation

where the technetium scan is abnormal. In most inborn

errors of metabolism the gland is usually enlarged,

normally sited and shows increased tracer uptake.

Scintigraphy is also used in the evaluation of the solitary

thyroid nodule. Identification of a ‘hot’ nodule suggests

the presence of a functioning adenoma and ultrasound
Figure 5 Thyroglossal duct cyst with ectopic thyroid tissue.

howing relatively low level uptake of isotope, in frontal and

arrows). No other functioning thyroid tissue was identified,

b-d MRI scans. (b) T2 sagittal, (c) T1 transverse, (d) Contrast

ructure containing proteinaceous fluid in a midline

ewhere. There is enhancement of the posterior wall of the
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congenital thyroid disorders

Disorder TSH levels T4 levels Thyroid gland

Hypothyroidism

Dysgenesis High Low Absent/ectopic

Inborn error of metabolism High Low Normal or enlarged

TSH resistance High Low Normal/small or not

visible

NB (may also be euthyroid or

hyperthyroid)

Chronic lymphocytic thyroiditis High Normal or

low

Enlarged/normal

Secondary—pituitary or

hypothalamic disease

Low Low Normal or small

Thyroid hormone resistance Normal or

low

High Normal or enlarged

Hyperthyroidism Neonatal/Graves Low High Normal or enlarged +/–

bruit

Adenoma Low High +/– palpable nodule

TSH-induced Normal/

high

High
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fine needle aspiration can then be reserved for evaluation

of ‘cold’ nodules. Open biopsy may be necessary in the

younger child.
Cross Sectional Imaging

Cross sectional imaging, i.e. CTor preferably MRI scanning

is reserved for the evaluation of more difficult cases,

particularly the ectopic sublingual thyroid gland and TDC

particularly when recurrent. TDC may be noted to contain

contents of intermediate signal intensity on T1 and high

signal on T2 if the contents are proteinaceous. Wall

enhancement is likely to occur if ectopic thyroid tissue is

present (Fig. 5).Nodularitywithin themass and the presence

of calcification may be an indicator of the development of

papillary carcinoma, a complication occurring in approxi-

mately 1% of TDC generally during adulthood.
Diagnosis

The diagnoses of the various thyroid disorders depend

upon correlation between clinical signs, mode of

presentation and the functional status of the thyroid

gland, and have been discussed in relation to specific

entities earlier. Table 3 summarises the most important

findings. The precise pathway for investigation and

imaging will depend on the suspected diagnosis.

Although initial investigations can be undertaken in a

general hospital setting, more complex cases particularly

when presenting in the neonate should be referred for

specialist investigation and management.
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Synonyms

Bronchial atresia; Bronchogenic cyst; Bronchopulmonary

sequestration; Congenital cystic adenomatoid malforma-

tion (CCAM); Congenital lobar emphysema; Foregut
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malformations, pulmonary and tracheobronchial anoma-

lies such as: bronchial atresia; hypogenetic lung syndrome;

Pulmonary arteriovenous malformation; Pulmonary

varix; Tracheal bronchus; Tracheal stenosis
Type 1

(50%)

One or more cysts

measuring 2–10 cm in

diameter

Type 2

(40%)

Multiple small relatively uniform cysts

resembling bronchioles, measuring 0.5–2 cm

in diameter

Type 3

(<10%)

Microscopic, adenomatoid cysts, grossly a

solid mass without obvious cyst

formation
Definitions

Congenital malformations of the tracheobronchial tree

consist of a heterogeneous group of anomalies, which may

be divided into two groups, one with a normal vascular

supply, the second group with anomalous vasculature.

The most frequent malformations will be addressed in the

following chapter.

A tracheal bronchus is defined as a right upper

bronchus originating in the trachea.

Congenital lobar emphysema is characterised by a

progressive overdistension of lung tissue (lobe) without

destruction of alveolar septa.

Bronchogenic cysts are foregut duplication cysts

developing from an abnormal budding of the ventral

foregut and may be located mediastinal, intrapulmonary,

or less frequently in the lower neck (1).

Congenital cystic adenomatoid malformation (CCAM)

is characterised by an intrapulmonary multicystic mass of

pulmonary tissue with an abnormal proliferation of

bronchial structures (1). The cysts communicate with the

bronchial tree and the vascular supply as well as venous

drainage is normal.

Bronchopulmonary sequestration is an embryonicmass of

lung tissue disconnected fromthe tracheobronchial treewith

a blood supply from the systemic circulation. Sequestration is

divided into an intralobar and extralobar type. Intralobar

sequestration is incorporated within the normal visceral

pleura of the lung, has arterial blood supply from the aorta or

major aortic branches and drains usually into pulmonary

veins. Extralobar sequestration has a separate pleural

investment, an arterial blood supply from the aorta or aortic

branches and a systemic venous drainage (2).
Pathology/Histopathology

A tracheal bronchus is usually arising from the right

lateral wall of the trachea, less than 2 cm above the carina,

and is defined as a displaced bronchus, if a single branch

of the upper lobe bronchus is missing, and as a

supranumary bronchus, if the trifurcation of the right

upper lobe is normal (1).

Congenital lobar emphysema is due to a bronchial

narrowing, usually caused by an absence or hypoplasia of

bronchial cartilage, which leads to an air trapping in the

affected lobe. In case of extrinsic compression of a

bronchus (e.g. aberrant pulmonary artery), the cartilage
rings are malformed, soft and collapsible. The left upper

lobe is most often affected, followed by the right middle

lobe and the right upper lobe.

The histopathology of a bronchogenic cyst demon-

strates a cystic lesion with fibrous walls, which occasionally

contain cartilage, lined by ciliated columnar epithelium.

CCAM has been subdivided into three major

histological types:
Type 2 and type 3 CCAM may be associated with

extralobar sequestration, and receive blood supply from

the systemic circulation. The larger cysts of type I lesions

are frequently lined by pseudo-stratified columnar

epithelial cells, which produce mucine. The cysts of type

II lesions are lined by cuboid-to-columnar epithelium and

have a thin fibromuscular wall, type II lesions consisting

of microscopic, adenomatoid cysts.

Bronchopulmonary sequestration is classified as

intra- or extralobar sequestration. Extralobar sequestra-

tion is predominantly located on the left side between the

lower lobe and the mediastinum and has its own pleural

coating; it may occur extra-thoracic, i.e., intra-abdominal.

The lesion is composed of non-functioning primitive

pulmonary parenchymal tissue without connection to the

tracheobronchial tree. Dilated bronchioles, alveolar ducts,

and alveoli are found histologically. Intralobar sequestra-

tion, which is surrounded by normal lung and incorpo-

rated within the normal visceral pleura, is almost

exclusively located in the lower lobes, most often on the

left side (60%). A bilateral involvement is rarely seen.

Intralobar sequestration is characterised by chronic

inflammatory tissue replacing the normal pulmonary

parenchyma, and multiple cysts filled with viscid fluid or

gelatinous material. The pleura is thickened by adhesions

to mediastinal and diaphragmatic parietal pleura.
Clinical Presentation

Patients with a tracheal bronchus are usually asympto-

matic, but persistent or recurrent upper lobe pneumonia,

atelectasis or air trapping, and chronic bronchitis may
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occur. Infants with congenital lobar emphysema present

with respiratory distress and the clinical examination

reveals a hyperresonant thorax with absent breath sounds.

A bronchogenic cyst usually causes symptoms due to

tracheal or bronchial compression, such as cough,

wheezing, stridor, dyspnea, cyanotic spells, and pneumo-

nia (1). Most neonates with CCAM present with

respiratory distress. In older infants cough, fever and

recurrent pulmonary infections are common findings.

The clinical manifestation of bronchopulmonary

sequestration depends on the two different forms of this

malformation. Children with intralobar sequestration

present more often with pulmonary infection compared

to children suffering from extralobar sequestration.

Extralobar sequestration is usually an incidental finding,

when imaging studies are performed for the evaluation of

associated congenital anomalies, such as cardiovascular

malformations or diaphragmatic hernia. A communica-

tion to the gastrointestinal tract is possible, which can be

the cause of feeding problems.
Congenital Malformations, Tracheobronchial Tree.

Figure 1 Chest-CT of a 6-week-old infant with persistent

right upper lobe atelectasis demonstrates a tracheal
Imaging

Congenital lung malformations are increasingly diag-

nosed antenatally with use of prenatal ultrasound and

foetal MR imaging. After birth, the diagnostic modalities

include chest radiographs, ultrasound, scintigraphy,

computed tomography (CT), magnetic resonance ima-

ging (MRI), arteriography and bronchoscopy. In children

with tracheobronchial malformations, such as tracheal

stenosis or tracheal bronchus, bronchoscopy is usually the

first method of choice, but recently multidetector spiral

computed tomography (MDCT) with the capability of

virtual tracheobronchoscopy and bronchography is

sometimes used as an alternative.

The diagnosis of congenital lobar emphysema is based

in most cases on the clinical examination and the findings

of the plain radiographs. CT, and occasionally ventilation/

perfusion scintigraphy, is helpful in confirming the

diagnosis and in guiding management decisions.

Bronchogenic cysts are best studied with use of CT, but

MRI may reveal additional information concerning the

haemorrhage, protein or calcium content of the cysts.

CCAM can be early identified by prenatal or perinatal

ultrasound andMRI (3). Thereafter chest radiographs and

CT examinations are the imaging modalities of choice.

Bronchopulmonary sequestration can be suspected on

chest radiographs, when a persistent lower lobe opacity or

mass is visible in children with recurrent respiratory tract

infection. Ultrasound with colour-coded Doppler, CTand

MRI provide most helpful information by identifying

the anomalous arterial blood supply (4). Especially with

the development of MDCT and high-resolution 3D
reconstruction techniques, such as volume rendering

techniques or maximum intensity projections, the

visualisation and identification of the feeding arterial

vessel and the venous drainage is accurately performed.

Arteriography is only indicated for (pre-operative)

embolisation of the systemic feeding artery.
Nuclear Medicine

Radionuclide scintigraphy has an ancillary role in assessing

foregut anomalies. Many findings from scintigraphy are

relatively non-specific. In infants with congenital lobar

emphysema ventilation–perfusion scintigraphy demon-

strates restricted ventilation in the affected lobe with

ultimate isotope retention due to delayed emptying of

alveoli, and a decreased perfusion caused by the markedly

attenuated vascularity of the involved lobe.
Diagnosis

A tracheal bronchus is difficult to identify on plain

radiographs, but a CT examination is most efficient in

demonstrating the aberrant bronchus arising from the

lateral tracheal wall (Fig. 1).

Congenital lobar emphysema presents in utero with a

fluid-filled over-distended lobe, which may be identified by

prenatal ultrasound. On postnatal chest radiographs an

over-distended hyperlucent lobe, herniating across the

midline, is characteristic. The mediastinum is shifted to
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Figure 3 Contrast-enhanced CT of a newborn with a

prenatally diagnosed intrathoracic cyst. A large

oval-shaped cystic mass, with a sharply delineated smooth

wall and close connection to the mediastinum is identified

in the right lower lobe. The left-sided central pulmonary
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the contralateral side, the ipsilateral hemidiaphragm is

flattened with no movement under fluoroscopy, and the

extension of the lobe remains unchanged during exhalation.

CTscans demonstrate the hyperlucent, hyperexpanded lobe

with attenuated vessels, a midline substernal lobar hernia-

tion and compression of the remaining lung (Fig. 2).

A bronchogenic cyst may be identified on chest

radiographs by a sharply delineatedmass with close contact

to the mediastinum, especially to the carina. CT reveals a

well-defined round to oval mass with a smooth, thin wall,

and awater- or soft-tissue attenuation (5) (Fig. 3). If the cyst

is infected or contains secretions, the cyst may appear

hyperdense. On T2-weighted MRI images, bronchogenic

cysts show homogeneous and markedly high-signal in-

tensity, whereas on T1-weighted MR images the signal

intensity can vary between hypo-, iso- and hyperintense due

to the fluid content of the cyst, whichmay consist of protein,

blood or calcium (5).

CCAM appears on chest radiographs as a multiple air-

filled cystic mass of varying size, which can rapidly

expand a lobe due to air trapping with subsequent shift of

the mediastinum to the contralateral side. In some

patients a pneumothorax occurs. CT provides additional

information with depiction of the exact size and extension

of the multiple thin-walled, air-filled cysts (Fig. 4).

Variable fluid contents in infected or haemorrhagic cysts

can also be identified. As a differential diagnosis

congenital diaphragmatic hernia, pulmonary sequestra-

tion, and bronchogenic cysts has to be considered.

Bronchopulmonary sequestration is visible on plain

chest radiographs as a well defined homogeneous or

sometimes cystic mass usually located in the posterior

portion of the lower lobe. Intralobar sequestration

may contain aerated areas due to collateral ventilation
Congenital Malformations, Tracheobronchial Tree.

Figure 2 Congenital lobar emphysema of the left lower

lobe. On the chest CT image an overdistended hyperlucent

lower lobe on the left side is visible, which leads to a shift of
and air-trapping (4). Colour-coded Doppler sonography

is an elegant method to identify the feeding arterial vessel

and the venous drainage, but CT and MRI are often

additionally performed, particularly pre-operatively or if
Congenital Malformations, Tracheobronchial Tree.

Figure 4 Chest CT of an adolescent with a CCAM located in

the right lower lobe. Multiple air-filled cysts of various sizes

are visible. Associated atelectasis in the posterior segments

of the right lower lobe, pleural effusion, and a small

pneumothorax are also present. (Image from Prof.

R. Buchmann, Dept. of Pediatric Radiology, Arkansas
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ultrasound cannot accurately delineate the anatomy or

remains equivocal. On CT, the lesion enhances after

intravenous contrast-material administration and CT-

angiography (3D reconstruction) reveals exactly the

course and configuration of the anomalous feeding vessel

(Fig. 5). Typically the blood supply of bronchopulmonary

sequestration arises from the aorta or its major branches

such as subclavian, splenic, gastric and intercostal arteries.

Venous drainage of extralobar bronchopulmonary se-

questration occurs through the systemic circulation,
Congenital Malformations, Tracheobronchial Tree.

Figure 5 Arterial phase of contrast-enhanced, axial chest

CT (a) and coronal multiplanar reformation (b) of intralobar

lung sequestration. A well-defined homogeneously

enhancing mass is visible in the posterior basal segment

of left lower lobe. The arterial phase clearly depicts the

anomalous feeding vessel, arising directly from the thoracic

aorta. (Images from Prof. R. Buchmann, Dept. of Pediatric
usually via the azygos or hemiazygous veins or the IVC.

Intralobar bronchopulmonary sequestration usually drains

into pulmonary veins, but also alternative drainage routes

via azygos, hemiazygosor IVCarepossible.MRangiography

is an excellent alternative to contrast-enhanced CT, and

provides similar information for the diagnosis of bronch-

opulmonary sequestration without ionising radiation. For

differential diagnosis various diseases have to be considered,

such as pulmonary arterio-venous fistula, CCAM, hernias,

some pneumonias or neoplasms.
Interventional Radiological Treatment

Interventional treatment is an interesting therapeutic

option in bronchopulmonary sequestration. Transcath-

eter arterial embolisation (TAE) of the aberrant feeding

artery has been performed as a curative therapy or as a

pre-operative procedure to minimise the risk of vascular

complications during resection.
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Definition

Intracranial congenital vascular malformations are classi-

fied as arteriovenous malformations (AVMs), cavernous

angiomas (CAs), developmental venous anomalies (DVAs),

and capillary telangiectasias (CTAs).Mixed lesions are often

shown by imaging.

The definition of intracranial vascular malformation

is univocal. Old terminology referred to these lesions as

different patterns of occult vascular malformations (2);

this terminology is based on angiographic features and

should be considered obsolete.

CAs are vascular lesions formed by endothelial-lined

sinusoidal vascular spaces, filled by slow-flow blood, with

no intervening brain tissue.

AVMs can be pial or dural (the latter known as

arteriovenous fistulas). Pial AVMs are collections of

dysplastic plexiform vessels supplied by arterial feeders

and drained by venous channels, with an intervening

vascular network.

An arteriovenous dural fistula is a direct shunt

without an intervening vascular network. For further

details about AVMs please consult the relative chapter.

DVAs are composed of dilated, radially arranged veins

draining into an enlarged vein with normal intervening

brain. They are considered variations of normal venous

drainage (1).

CTAs are small nests of dilated capillaries with normal

intervening brain tissue.
Pathology/Histopathology

CAs appear as circumscribed, lobulated, berry-like masses,

ranging from a few millimeters to some centimeters.

They are composed of thin-walled endothelial-lined

sinusoidal vascular channels, without the presence of

tunica muscolaris or elastica. Calcifications are common.

No intervening brain tissue is present among the channels.

The vessels are filled by blood showing different stages of

thrombosis. The lesion is surrounded bymacrophages and

astrocytes containing ferritin and hemosiderin; gliosis is

sometimes present. In 23% of patients, CAs are associated

with other malformations, usually DVA (3). CAs may

occur in any location. About 80% of them are supraten-

torial and are frequently found at the corticomedullary

junction; deep white matter and basal ganglia are also-

common locations.

DVAs are composed of tufts of dilated, radially ar-

ranged veins converging toward an enlarged collector vein

that drains into the deep or superficial venous system.

Venous walls and intervening brain are normal. DVAs are

considered by most as extreme variations of normal
venous drainage. In about 30% of cases, the lesions are

associated with CAs. The most common location is

cerebral or cerebellar deep white matter, often near the

ventricles.

CTAs are formed by small nests of dilated capillaries.

Vessels are thin-walled and lack muscolaris and elastica.

The lesions are often multiple, and the most typical

location is the pons.

AVMs usually consist of arterial feeders, collaterals, a

nidus, and enlarged veins. In dual AVMs the nidus is

absent.
Pathogenesis

Most CAs are congenital; however, de novo lesions have

been described in familiar forms, in patients with an

existing DVA, and after radiation therapy. The relationship

among the various malformations is still debated. Some

authors suggest that CA and CTA are different stages of the

same process. Another theory is that small preexisting

DVAs or CTAs induce flow and venous pressure altera-

tions, leading to DVA formation (2). However, different

gene mutations have been found in patients with CA and

DVA, suggesting a distinct pathogenesis (4).

Pial AVMs are congenital, whereas dural AVMs

often occur following recanalization of a venous sinus

thrombosis.
Clinical Presentation

The prevalence of CA is estimated to be 4% (5–13% of all

vascular malformations). CAs are multiple in at least 20–

30% of patients, and in 10–15% of cases a familiar pattern

is recognized. In familiar forms, the lesions are usually

multiple. CAs are symptomatic in about 50–60% of cases,

and their clinical course is more severe than for DVA and

CTA. Symptoms include seizures, headache, and focal

deficits, and they usually occur in young people (20–40

years). Seizures, often refractory, are the most common

symptom (50–70%).

The most feared complication of CA is signifi-

cant intraparenchymal hemorrhage (0.1–1% per year).

Subclinical hemorrhage is more common and is respon-

sible for the typical magnetic resonance imaging (MRI)

features.

DVAs are considered the most common intracranial

vascular malformation (63%) and are almost always cli-

nically silent, representing an incidental finding. Seizures

and focal deficits can occasionally be attributed to DVA,

but surrounding brain and the venous drainage are

normal. Hemorrhage has been described, but it should be

considered exceptional. Most symptomatic patients have

a mixed malformation, with a CA contiguous to the DVA,

and the symptoms depend on the CA.
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CTAs are very common and often multiple. They

are usually incidentally detected atMRIor autopsy, and they

are almost always clinically silent. Sometimes the lesion is

part of a mixed malformation: in this case, it can, rarely,

bleed.

AVMs present with hemorrhage in 50% of cases and

with seizures in 25%.
Imaging
Cavernous Angioma

Digital subtraction angiography (DSA): CAs are typically

defined as angiographically occult lesions. A faint contrast

stain is rare.

Computed tomography (CT): CA appears as a small

isodense or hyperdense mass, without edema or mass
Congenital Malformations, Vascular, Brain. Figure 1 Giant ▶
shows a well-defined hyperdense mass (a). On magnetic reson

appearance, with nonhomogeneous aspects on fast-spin-echo

gradient-echo sequences, (d) the lesion classically “blooms.”
effect, usually with calcifications. After contrast admin-

istration the lesion often enhances. In bleeding lesions, CT

shows the hematoma with mass effect, but the CA is not

usually distinguished.

MRI: CAs have characteristic features. The typical

lesion is a nodular mass with a popcorn-like shape and a

central core containing areas with heterogeneous signal.

The core mixed signal depends on blood clots with

different stages of evolution, especially methemoglobin,

which is hyperintense on T1. Fluid–fluid levels are

sometimes seen in the biggest lesions. Typically, the lesion

is surrounded by a complete ring, hypointense on all

sequences, corresponding to ferritin and hemosiderin

deposits (Fig. 1). The lesion “blooms” on gradient-echo

(GE) sequences because of their high sensitivity to

susceptibility artifacts. GE sequences should always be

acquired because they allow identification of very small
cavernous angioma of the pons. Computed tomography

ance imaging, the lesion exhibits the classic popcorn-like

T1-weighted (c) and T2-weighted (b) sequences. On



Congenital Malformations, Vascular, Brain. Figure 2 Multiple cavernous angiomas. Fast-spin-echo (FSE) T1-weighted

sequence shows multiple round lesions with mixed signal (a). On FSE T2-weighted sequencing, most of the visible lesions

are surrounded by a peripheral hypointense rim (b). On gradient-echo T2-weighted sequencing (c), the lesions are

more clearly hypointense, and it is possible to detect many small lesions not visible on FSE sequences.
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CAs as small hypointense spots that are otherwise

not visible with other sequences, especially in multiple

forms (Fig. 2).

CAs usually enhance after contrast administration.

However, the characteristics of the lesion allow diagnosis

without contrast. It is sometimes useful to detect possible

associated DVA. Edema and mass effect are absent except

in cases of acute bleeding. In this situation, it can often be

difficult to identify the lesion within the hematoma.
Developmental Venous Anomaly

DSA: DVAs have a typical angiographic pattern. The

arterial and capillary phases are normal, but in the venous

phase the lesion becomes evident as a tuft of medullary

veins converging toward an enlarged methemoglobin

collector vein (caput medusae). The collector drains into

a cortical vein, a sinus, or a subependymal vein. However,

DSA is not required in the work-up of DVA.

CT: Unenhanced CT is usually normal, although a

faint hyperdense area can be seen. After contrast injection,

CT shows an intraparenchymal linear vessel correspond-

ing to the collector vein, which can be followed until its

entry in a sinus or cortical vein. Also, the venous nest

converging toward the collector can usually be detected.

Edema and mass effect are absent.

MRI: Unenhanced MRI is able to show the lesion in

many cases. The large collector vein appears as a

hypointense line on T1 and T2 because of flow void.

Sometimes the vein is hyperintense on PD and T2

sequences because of flow-related enhancement due to
flow misregistration artifact. Seldom, the radially conver-

ging veins can be seen. After contrast, caput medusae can

be more easily detected as a tuft of hyperintense thin

vessels converging toward a large vein (Fig. 3). On GE

sequences an obvious hypointensity can be seen: this has

been thought to be related to hemorrhage, but it could

simply depend on deoxyhemoglobin in the venous blood.

GE sequences are also useful for recognizing associated

CA. A Magnetic resonance angiography (MRA) is not

necessary but sometimes can show the converging veins.

The adjacent parenchyma usually has normal intensity,

although hyperintensity suggestive of gliosis has been

described.
Capillary Telangiectasia

DSA and CT: Usually normal.

MRI: MRI occasionally shows a solitary hyperintense

lesion on T2-weighted sequences, but the lesion is not

visible on T1-weighted sequences. More commonly, CTA

can be detected as a lacelike region of spotted contrast

enhancement with no or minimal signal change on

unenhanced images (Fig. 4). GE sequences show a

hypointense spot and are more sensitive than unenhanced

spin echo (SE) and fast spin echo (FSE) because the lesion

often contains hemoglobin degradation products.
Arteriovenous Malformation

DSA: Both the enlarged feeding vessels as well as the nidus

and the dilated draining veins can be visualized. Pial AVM



Congenital Malformations, Vascular, Brain. Figure 3 Developmental venous anomaly (DVA). FSE T2-weighted sequence

(a, b) shows a left frontal hyperintense area contiguous with an enlarged cortical vein, recognized for the presence of flow

void. After contrast administration (c), the DVA is evident by the classic medusae caput sign. MRA imaging (three-dimensional

time-of-flight) offers a suggestive visualization of the enlarged veins converging toward a cortical vein (d).
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often appears wedge-shaped with a broad cortical base.

Dural AVM may have multiple dural feeders.

CT: Pial AVMs will appear slightly hyperdense on

unenhanced CT with possible calcification. There is

strong enhancement after contrast injection. CT often

remains normal in dural AVM.

MRI: Pial AVMs will be visible on T2-weighted

images, and different stages of associated hemorrhage

can be assessed (Fig. 5). In dural AVM, dilated cortical

veins can occasionally be detected.

Diagnosis

Classic CAs are easily diagnosed with MRI. An effort in

determining anatomic location is important for surgical
planning because eloquent areas could be damaged

during surgery. Therefore, f-MRI is often performed to

recognize eloquent areas, and MRI-based neuronaviga-

tion systems are used during surgery. Other important

preoperative information is the presence of an associated

DVA that should be spared by surgery.

In patients with acute hematoma, it is difficult to

make out the CA, but it becomes obvious at follow-up. A

bleeding CA must also be differentiated by hemorrhagic

tumors: Useful tips are the complete peripheral ring and

the absence of edema and tumoral tissue.

The differential diagnosis can be difficult for the

smallest lesions appearing as focal hypointensity on

T2-weighted FSE and GE sequences, as the same pattern

could be related to residua of hemorrhage.



Congenital Malformations, Vascular, Brain. Figure 4 ▶Capillary telangiectasia. The lesion appears as a smooth

hyperintense area on T2-weighted image (a) that, after contrast administration (b), shows a faint contrast enhancement.

Congenital Malformations, Vascular, Brain. Figure 5 ▶Arteriovenous malformation in the left cerebral hemisphere

on magnetic resonance angiography (a). Dilated venous structures are seen on the axial (b) images as well as the nidus (c).
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When multiple lesions are found, the diagnosis is easy

if the lesions are typical for CA. However, if multiple

hypointense foci are found and no typical lesion is

recognized, the differential diagnosis with amyloid angio-

pathy, disseminated intravascular coagulation, and hy-

pertensive angiopathy is difficult. In these cases, clinical

information is essential.

Extraaxial CA can be difficult to differentiate from

neurinoma or meningioma.

DVA imaging findings are very typical, so DVAs are

rarely misdiagnosed. With perfusion MRI, an increased

perfusion in the territory of the DVA can be evident; it is

supposed to not correlate with symptoms and should not

be interpreted as a complication.

The diagnostic work-up of AVMs includes DSA, MRI,

and often fMRI to localize eloquent areas.
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Synonyms

Congenital anomalies or malformations of the urinary

tract
Definition

Urinary tract malformations include congenital anomalies

that cause disease and potential sequelae. Differentiation

of some anatomic variants frommalformations is difficult

and seen differently at different centres; in some condi-

tions a clear differentiation of a ‘variation’ versus a

‘malformation’ can only be established retrospectively,

with knowledge of the patient’s history. Thus—in addition

to ‘real malformations’—a number of conditions and

abnormalities have to be listed thatmay partially present as

a non-symptomatic variants such as ▶duplex kidneys

(Table 1). These and rotational, positional as well as

▶fusion anomalies of the kidneys have been addressed in

the chapter ▶Urinary Tract-anatomic variants, though

some forms rather represent a malformation such as the

rare ‘cross fused ectopic duplex kidney’.Other variantsmay

eventually cause disease and thus need to be mentioned

here, such as an unusual course of the left renal vein (retro-

aortal left renal vein with nutcracker syndrome) or a

prominent or accessory (segmental) renal artery obstruct-

ing the ureter, the uretero-pelvic junction or the calyceal

neck causing a (disproportional) dilatation of the affected

part. Malformations of the renal parenchyma include cysts

(see entry▶Cystic Renal Disease, Childhood),▶dysplasia

of various degrees as well as some syndromal or inherited
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malformations

Duplex and triplex kidneysa

with orthotopic or ectopic ureteral insertion, duplex or triple ureter or ureter fissus

with or without partially dilated collecting system (refluxing or obstructive)

with or without (partial or segmental) dysplasia

bifid collecting system (‘incomplete duplication’)

Malrotation, malposition, and ectopia (abdominal, thoracic) and renal agenesisa

Fusion anomalies: horseshoe kidney (pre-aortal isthmus), crossed fused renal ectopiaa

Persisting or unusual course of (accessory) renal vesselsa

accessory renal arteries and/or veins, retro-aortal (left) renal vein

retro-/circumcaval ureter; compression of the ureter in a horseshoe kidney

Calyceal abnormalities: calyceal diverticulum, tertiary calyx, hydro- and megacalicosisa

(generalised or focally/isolated),

Dilatation of the renal pelvis:

laxity, non-symptomatic variation (extra-renal pelvis)a

secondary to

obstruction: megaureter, uretero-pelvic- and uretero-vesical junction obstruction

dilating VUR

Renal parenchymal malformations:

Cysts and cystic diseases (see also entry …)

Dysplasia, hypoplasia, nephronophthisis, nephroblastomatosis

Involvement in systemic or syndromal disease (Tyrosinosis, Alport syndrome …)

aThese entities may be non-symptomatic, then considered a variant (see entry▶Urinary tract, childhood, normal anatomy and variants) or may

cause symptoms and sequelae and then considered a malformation.
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conditions (Table 1). Furthermore, some variants may

cause impaired urinary drainage and hydronephrosis such

as an abnormal course and position of the ureter (i.e. in

retro-caval ureter or compression of the ureter by a

horseshoe kidney).

In the lower urinary tract, a number of conditions

must be mentioned such as malformations of the uretero–

vesical junction, an ureterocele, ectopic ureteral insertion,

a persisting urachus, bladder diverticula, bladder septa-

tion and—in rare cases—duplication (Table 2). The most

severe bladder malformation is ▶bladder exstrophy. The

urethra as well has a number of malformations, the most

common and most dreadful malformation being con-

genital posterior urethra valves (Table 2). Furthermore

there are urethral diverticula as well as pathologic opening

and fusion of the urethra leading to various degrees of

hypospadia and epispadia. Other rare conditions which

need to be mentioned are the prune belly syndrome, the

megacystis–megaureter–hypoperistalsis syndrome and

urinary tract malformations associated with other

systemic or syndromal disease.

Embryology and pathogenesis: The embryology of the

urinary tract is described in the entry ▶Urinary Tract,

Normal Anatomy and Variations. The various malforma-

tions mostly are caused by disruption of the physiological

development, and cannot be defined in detail for all these
conditions. Due to the common development of the

genital and the urinary tract, urinary tract malformations

are frequently associated with genital anomalies, typically

presenting on the same side as the urinary tract pathology

(for more details see entry ▶Genital tract, Childhood).

This association needs to be remembered and properly

addressed by imaging, particularly as the female genitalia

may be difficult to image after the initial months of life

until late childhood. Typical anomalies are cystic seminal

vesicles, vaginal and uterine duplications, uterine hypo- or

aplasia, ovarian hypo- and dysplasia or agenesis and cystic

remnants of the Wolffian and Müllerian duct. The most

complex entity of these is the cloacal malformation, which

usually involves not only the urinary, but also the genital

and the anorectal tract, often associated with lower spinal

malformations and neurological impairment, which are

beyond the scope of this chapter to describe.
Imaging

Depending on the level and severity of the malformation,

different modalities will become indicated. Ultrasound

(US) in general constitutes the basic imaging tool that

then helps to decide on further imaging needs. Depending

on the underlying condition nearly all imaging modalities
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Ureter and Urethra. Table 2 List of most important lower

urinary tract malformations

Duplications of bladder, ureter, urethra, ureter fissusa

bladder septationsa

Uretero-vesical junction pathology:

Megaureter (refluxing and/or dysplastic and/or

obstructive)

ostial diverticula, atypical ostium (golf hole ostium …)

malpositioned or ectopic ureteric course and insertiona

draining into bladder neck, urethra, rectum and peri-

neum genitalia (vagina)

Persisting urachus, urachus cyst/-diverticulaa

Diverticulum and sacculationa

Megacystisa

Posterior urethral valve, urethral webs other urethral

stenoses

hypo- and episadia, and strictures

Urethral, vesical and ureteral polyps, valves and folds

Complex cloacal malformations, urogenital sinus

Bladder extrophy

Agenesis of the bladder

Note: There may be numerous associated anomalies of the genital

tract (see entry ▶genital tract, childhood).
aThese entitiesmay be non-symptomatic, then considered a variant (see

entry▶Urinary tract, childhood, normal anatomy and variants), or may

cause symptoms and sequelae and then considered a malformation.
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may become indicated and are used for complete—

particularly pre-operative—workup of children with

(complex) urinary tract malformations.

Imaging modalities: In mild forms and for pre-natal

examinations imaging consists simply of US; post-natally

this maybe complemented by voiding cystourethrography

(VCUG) and scintigraphy. In more complex cases a more

detailed renal imaging by intravenous urography (IVU) in

former times andMR-urography (MRU) today commonly

becomes necessary. Renal scintigraphy provides an ex-

cellent assessment of renal function and drainage and

can be particularly useful for follow-up comparison.

If associated skeletal anomalies need to be assessed and

evaluated for planning surgical procedures like in complex

bladder exstrophy, plain films (to look at the spine, pelvis)

and a pelvic CT may become valuable, particularly using

3D reconstruction and viewing techniques of modern

multi-slice CT. Interventional radiologymay offer treatment

options in severe obstruction—particularly as a bridging

measure—till completion of diagnoses and definite surgery,

or may serve as a tool for managing post-operative

complications. While these interventional procedures were
more frequently performed some decades ago, the change

in paradigms based onmodern insights in development and

prognosis of urinary tract malformations has significantly

reduced indication for these procedures, which today are

considered helpful mostly for severe bilateral obstruction or

intractable infection in an obstructed system. Today

measures for remodelling the collecting system without

impact on future renal development are deemed less

important; the final goal of treatment is preservation of

renal function. Therefore—in all these malformations—

this final goal becomes the only evidence based driving

force that indicates imaging and allows deciding on an

individually adapted imaging algorithm.

Imaging algorithms: The task of imaging is often to

confirm a pre-natally suspected condition and then to

identify the entity. A thorough investigation of the entire

genito-urinary tract for depiction of or ruling out

associated malformations and dysfunctions needs to be

performed inmore severe findings such as severe dilatation

(e.g. uretero-pelvic—and uretero-vesical junction ob-

struction, posterior urethral valve), cystic and dysplastic

kidneys, duplex systems with disproportional widened

moieties or focal dysplasia, ureteroceles,▶ectopic kidneys

and ureters, severe hypo-/epispadia and bladder exstrophy.

Finally imaging must provide some grading, not only for

initial estimation of the severity of the disease and

consecutive implications on treatment, but also for

comparison during follow-up, particularly in the increas-

ing number of patients who are treated conservatively. And

imaging should provide the pre-operative anatomic

information as necessary for the surgeon.

Taking all these tasks into consideration imaging

usually starts with a detailed US in a well hydrated child.

US not only provides a basic information and overview,

but very often is able to establish a definite diagnosis and

—to a certain extent—rate the degree of disease. Further

imaging is defined by these initial US findings: In a

neonatal boy with significant urinary tract dilatation or

bladder anomaly, an additional VCUG is recommended

for assessment of urethral pathology. (Delayed) renal

scintigraphy is usually performed for a baseline assess-

ment of renal function and potential scarring. Diuretic

renal scintigraphy and MRU are performed in obstructive

and dilative uropathy that potentially need surgery. IVU

is rarely used today, sometimes—if MR is unavailable—

for pre-operative imaging (to provide basic anatomic

information or to rule out a duplex system) and in the

post-operative setting for diagnosing post-operative

complications. Note, that these investigations should

be tailored to the individual query with an adapted

imaging protocol (contrast- and X-ray-dose, adapted

timing of the individual exposures …). For follow-up, US

supplemented by VCUG or contrast-enhanced cystoso-

nography (for refluxing disease) or by diuretic renography
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and functional semi-quantitative MRU (for obstructing

uropathy) are generally recommended.
Diagnosis

Diagnosis is made by imaging as described above, using

the criteria listed in the definition and imaging sections.
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Synonyms

Congenital anomalies of the uterus
Definition

The female reproductive system develops from the two

paired müllerian ducts (synonym: paramesonephric duct)

that originate in the embryonal mesoderm lateral to each

wolffian duct (synonym: mesonephric duct). The paired

müllerian ducts grow in medial and caudal directions,

and at 9 weeks of gestation, the cranial part remains

nonfused and forms the fallopian tubes. The caudal part

fuses to a single canal forming the uterus and the upper
two-thirds of the vagina. This is called lateral fusion. In a

process called vertical fusion, the intervening midline

septum undergoes regression. The caudal part of the

vagina arises from the sinovaginal bulb and fuses with the

lower fused müllerian ducts. The ovaries originate from

the gonadal ridge, a completely different tissue than the

mesoderm forming both the urinary and genital systems.

Pathogenesis of müllerian duct anomalies (MDA) can

be basically classified into the presence of agenesis,

hypoplasia, and defects in vertical and lateral fusion of

the paired ducts. In 1988, the American Fertility Society

(AFS) (1) presented a consensus in classification of

uterovaginal anomalies and published a schematization

system that is widely accepted among specialists. Most

MDA are considered to occur sporadically and some

reports give descriptions of the patterns of inheritance.

The most well-known anomalies are those induced by

exposure to teratogenic agents such as di-ethyl-stilbestrol

(DES) and thalidomide (2).
Pathology

According to the classification of the AFS (1), MDA can

be classified into seven different classes of uterine

anomalies (Fig. 1). Because of the wide variability and

overlap of associated cervical and vaginal anomalies, the

classification primarily describes uterine defects, whereas

cervicovaginal defects must be added separately in the

form of a subset. The diagnosis of MDA is based on the

clinical presentation and physical examination. This

examination consists mainly of the work-up with

different imaging methods (3, 4), in which magnetic

resonance imaging (MRI) takes a leading role, especially

in complex uterine malformation. The different types of

MDA and their definition based on their presentations are

described in the diagnosis section.
Clinical Presentation

To state the real prevalence, incidence, and distribution of

MDA is difficult because of the use of nonstandardized

classification systems, different datasets, and varying

patient populations examined in clinical studies. The

overall data suggest that the prevalence of uterovaginal

anomalies approximates 1% in the general population

among women with normal and abnormal fertility (3, 4).

While the majority of women with MDA have little

problem conceiving, they run the risk of spontaneous

abortion, premature delivery, abnormal fetal position,

and difficulties during delivery. The prevalence of MDA

among women with repeated pregnancy loss is around

3% (3–5).



Congential Malformations, Mullerian Duct. Figure 1 Classification system of müllerian duct anomalies (American Fertility

Society) (Anonymous, 1998 The American Fertility Society classifications of adnexal adhesions, distal tubal occlusion,

tubal occlusion secondary to tubal ligation, tubal pregnancies, müllerian anomalies and intrauterine adhesions.

Fertil Steril 49:944–955).
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Imaging

The three imaging pillars of MDA are ultrasonography

(US), conventional hysterosalpingography (HSG), and

MRI.

US imaging should be performed during the sec-

retory phase for the best evaluation of the endometrium

cavity, external uterine contour, and surrounding tissue.

Transabdominal US (performed with a 2.5.–5-MHz

probe) provides information about the entire abdomen,

especially of the kidney and the genital organs. Transva-

ginal US (performed with a 5–8-MHz endovaginal

transducer) has the advantage of increased spatial

resolution, although at the expense of a decreased field

of view. Hysterosonography, which consists of endova-

ginal US with prior infusion of saline or ultrasound

contrast agent into the endometrial canal, allows a better

delineation of the endometrial cavity and is performed

only for selected indications, that is, in patients with a

history of infertility. It is approximately 92% accurate for

the detection of MDA. Newer techniques, such as three-

dimensional US, further improve the imaging diagnostics

by giving better information about the external contour of

the uterus and its volume.

HSG provides a morphological assessment of the

endometrium cavity and supplies information regarding

tubal patency. Because only the internal contour of the

uterus can be assessed and the outer contour remains

unclear, the characterization of uterine anomalies is
somehow difficult, especially in the common case of

differentiation between bicornuate and septate uterus.

MRI has the best accuracy in the evaluation of uterine

anomalies among the three major imaging methods.

Accuracy of up to 100% has been reported. MRI allows

an excellent delineation of the entire uterus anatomy

including the internal and external uterine contour as

well as the diagnosis of secondary findings, that is,

endometriosis.

The MRI parameter for a complete evaluation of

uterine malformations should include the use of: (i) phased

array MR surface coil; (ii) acquisition of oblique T2-

weighted (T2-W) and T1-weighted (T1-W) fast spin-echo

(FSE) images parallel to the long axis of the uterus;

(iii) transverse T1-Wand T2-W images of the entire pelvis;

and (iv) coronal single shot FSE (SSFSE T2-W) or spoiled

gradient-echo images (FSPGR) with the kidney in the field

of view (3, 4).
Diagnosis
Class I Anomalies

Class I anomalies are characterized by dysgenesis (seg-

mental agenesis and variable hypoplasia) of the müllerian

ducts (uterus and upper two-thirds of the vagina).

Mayer–Rokitansky–Küster–Hauser syndrome is the most

common form of Class I anomaly and includes agenesis

of the uterus and vagina.
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Class II Anomalies

Unicornuate uterus is a result of partial or complete

hypoplasia of one müllerian duct (Fig. 2).

Variants: Unicornuate uterus may be isolated (35%)

or associated with a contralateral rudimentary horn. The

rudimentary horns present with or without communica-

tion to the endometrial cavity and may be associated with

or without endometrium, which is also called no cavity

rudimentary horn. The variable forms of the rudimentary

horns determine the surgical procedure.
Class III Anomalies

Uterus didelphys is a result of complete nonfusion of the

müllerian ducts forming a complete uterine duplication

(Fig. 3).

Variants: Uterus didelphys may be associated with a

longitudinal (75%) or, more rarely, with a transverse
Congential Malformations, Mullerian Duct. Figure 2 A 28-y

fusiform configuration of one endometrial cavity (arrow) drain

is deviated to one side suggesting the diagnosis. Iatrogenic fi

T2-W MR images (b, c) confirm the diagnosis of a unicornuate

that shows normal zonal anatomy (arrows). No rudimentary h

pouch of Douglas (asterisk).
vaginal septum, the latter causing obstructive hematome-

trocolpos. A nonobstructive uterus didelphys is usually

asymptomatic.
Class IV Anomalies

Bicornuate uterus is the result of incomplete fusion of the

cranial parts of the müllerian ducts (Fig. 4).

Variants: Bicornuate uterus occurs with a wide varia-

bility. Extension of the intervening fundal cleft to the

internal cervical os characterizes the complete bicornuate

uterus with a single cervix (bicornuate, unicollis uterus),

whereas variants of partial bicornuate uterus exist if the cleft

is of variable length. Bicornuate uterus may be associated

with a duplicated cervix (bicornuate bicollis uterus) as well

as with a longitudinal vaginal septum, which coexists in up

to 25% of cases of bicornuate uterus.
ear-old female patient with infertility. HSG (a) shows a

ing into one fallopian tube. Note the small uterus, which

lling defects in the uterine cavity by air bubbles. Oblique

uterus with presence of a small but elongated uterus

orn is present in this case. Some fluid is present in the



Congential Malformations, Mullerian Duct. Figure 3 A 33-year-old female patient with history of partially resected

longitudinal vaginal septum. Transverse oblique T2-W MR images (a, b) show complete duplication of the uterine horns

(arrows) as well as two duplicated cervices (arrowheads). No communication between the two endometrial cavities is

present; the cavities show their normal zonal anatomy. Note the longitudinal vaginal septum (c) which appears in 75% of

uterus didelphys (double arrowhead).
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Class V Anomalies

Septate uterus is the result of partial or complete

nonregression of the midline uterovaginal septum.

According to its definition, the external contour of the

uterine fundus may be either convex or mildly concave

(<1 cm). This distinction determines whether it is a

septate uterus or a bicornuate or didelphic uterus (Fig. 5).

Variants: Septate uterus is the most common MDA

and is unfortunately associated with the poorest repro-

ductive outcome (Table 1). Because of different treatment

options, septate uterus must be differentiated from

bicornuate and didelphic uterus. A widely accepted defini-

tion therefore—empirically invented during laparoscopy

procedures—states that a uterus is septate if the outer

contour of the uterine fundus is only mildly concave in

the presence of a septum. The cutoff of concavity is
1 cm; deeper concavity is associated with bicornuate

uterus and uterus didelphys. In a complete septate

uterus, the septum extends to the external cervical os.

In 25% of septate uteri, the septum extends even

further into the upper part of the vagina.
Class VI Anomalies

Arcuate uterus is the result of a near complete regression of

the uterovaginal septum forming amild and broad saddle-

shaped indentation of the fundal endometrium. Differ-

entiation from bicornuate uterus is based on the complete

fundal unification; however, a broad-based septate uterus

is difficult to distinguish from an arcuate uterus. There is

much controversy as to whether an arcuate uterus should

be considered a real anomaly or an anatomic variant.



Congential Malformations, Mullerian Duct. Figure 4 A 17-year-old female patient with chronic obstipation and a history

of anal surgery as a neonate. HSG (a) shows one cervix, but two separated endometrial cavities (arrows), (b) T2-WMR image

shows the two separated uterine horns (arrows) with communication of their endometrial horns in the mid to lower

portion of the uterus. Note the deep (>1 cm) external fundal cleft (arrowhead) between the endometrial cavities (arrows),

a specific characteristic allowing differentiation from a uterus septus. Transverse T2-W MR image at the level of the

cervix demonstrates a single cervix, called the bicornuate unicollis uterus.

Congential Malformations, Mullerian Duct. Figure 5 A 29-year-old female patient with infertility. Transverse oblique

T2-W MR image (a) demonstrates a retroverted uterus with convex uterine fundal contour (arrowheads) and a hypointense

thin septum dividing the endometrial cavity (arrows). The se•ptum extends to the external cervical os (b).
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Congential Malformations, Mullerian Duct. Table 1

Müllerian duct anomalies (MDA) Influence on reproductive/obstetric outcome Other major associations

Spontaneous

abortion

Premature

delivery

Fetal survival

rate

Class I: Dysplasia (4–10%) No potential for reproduction Mayer–Rokitansky–Küster–Hauser

syndrome

Class II: Unicornuate uterus (5%–20%) 50% (41–62%) 15% (10–20%) 40% (38–57%) Renal agenesis 67%

Class III: Uterus didelphys (5–11%) 45% (32–52%) 38% (20–45%) 55% (41–61%) Longitudinal vaginal septum 75%

Class IV: Bicornuate uterus (10–39%) 30% (28–35%) 20% (14–23%) 60% (57–63%) High cervical incompetence 38%

Class V: Septate uterus (34–55%) 65% (26–94%) 20% (9–33%) 30% (10–75%) Vaginal septum 25%

Class VI: Arcuate uterus (7%) Mostly compatible with normal-term gestation

Class VII: DES-exposed uterus Increased Increased Decreased Cervical anomalies 44%

Note: All percentages data are pooled from the current literature (4, 5), values in brackets represent percentages ranges (4, 5).
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Class VII Anomalies

DES-exposed uterus. DES (synthetic estrogen, 1948–1971)

may induce abnormal myometrial hypertrophy in the

fetal uterus forming small T-shaped endometrial cavities

as well as increase the risk of developing a clear cell

carcinoma of the vagina (2). The characteristic uterine

abnormalities must be categorized in the group of

complex uterine anomalies and may occur with or

without exposure to DES.
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Congestive Cardiac Cirrhosis
Cardiac cirrhosis includes a spectrum of hepatic derange-

ments that occur in the setting of right-sided heart failure.

Clinically, the signs and symptoms of congestive heart

failure (CHF) dominate the disorder. Cardiomegaly,

pulmonary venous hypertension, pulmonary edema, or

pleural effusion may be observed on chest radiography,

while hepatomegaly, splenomegaly, and ascites are usually

shown at abdominal US, CT, or MR examination.
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Definition

A family of more than 200 disorders affects the connective

tissues. These disorders can result either fromalterations in

genes responsible for building tissues, known as heritable

connective tissue disorders (HCTD), or from chronic

degenerative and/or inflammatory conditions that result

from abnormal immune reactions to compounds

absorbed from the environment, known as connective

tissue diseases (CTD) or autoimmune diseases (AID).

In cases of HCTD, the structure and development of

skin, bones, joints, heart, blood vessels, lungs, bowel wall,

eyes, and ears may change directly related to mutations in

genes. Ehlers–Danlos syndrome and Marfan syndrome,

which affect large blood vessels including the splanchnic

arterial system, are two common HCTD indirectly

involving the gastrointestinal (GI) tract by ischemia,

hemorrhage, or both.

CTD affect approximately 8% of the population, 78%

of whom are women (1). The reasons for the high

prevalence in women are unknown. AID can affect

virtually every site in the body, including the endocrine

system, connective tissue, GI tract, heart, skin, and kidneys.

At least 15 diseases are known to be the direct result of

an autoimmune response, while circumstantial evidence
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implicates more than 80 conditions involving autoimmu-

nity. Some of these CTD can involved the GI tract, such as

systemic lupus erythematosus (SLE), vasculitis (Behçet’s

disease, polyarteritis nodosa, microscopic polyangiitis,

rheumatoid vasculitis, Buerger’s disease, Takayasu arter-

itis), and scleroderma.
Pathology/Histopathology

The pathogenesis of AID or CTD is not completely

known. AID tend to cluster in families and in individuals,

which indicates that common mechanisms are involved in

disease susceptibility. Studies of the prevalence of AID in

monozygotic twins show that genetic as well as environ-

mental factors (such as infection) are necessary for the

disease to develop (2).

Because infections generally occur well before the

onset of symptoms of AID, clinically linking a specific

causative agent to a particular AID is difficult. AID occurs

when a response against one or more self-antigens

involving T cells, B cells, or autoantibodies induces injury

systemically or against a particular organ (2).

In most animal models of autoimmunity, disease has

been transferred to naı̈ve animals with autoimmune cells

(splenocytes or T cells), autoantibodies, or both, which

provides compelling evidence that infections induce AID

by immunomediated mechanisms.

Furthermore, some hypotheses suggest that indivi-

duals who express specific human leukocyte antigens

(HLA) such as HLA-DR4 or HLA-DQB1 are genetically

predisposed. The frequency of HLA-DR4 in patients with

CTD is estimated to be 52%. The specific nature of the

HLA associations that occur in patients with CTD may

vary depending on the ethnicity of the population studied.
Clinical Presentation

GI tract involvement is nonspecific in connective tissue

disorders and includes dysphagia, abdominal pain,

nausea, vomiting, constipation, diarrhea, and malabsorp-

tion. Some complications such as ischemia, infarction,

occlusion, perforation, and bowel hemorrhage have been

described in the literature as being due to focal or diffuse

necrotizing vasculitis in the systemic vasculature.

In cases of HCTD such as type IV Ehlers–Danlos

syndrome, GI complications include diverticula, rectal

prolapse, GI bleeding, and spontaneous perforation of the

bowel. Spontaneous bowel perforation is a rare, but

particularly troublesome complication because of its

tendency to recur despite aggressive surgical manage-

ment. Bowel rupture typically occurs in young adults and

is usually situated in the sigmoid colon (3).
In SLE, inflammation of the small blood vessels of the

gut produces a variety of complications including

intestinal ischemia, hemorrhage, ileus, ulceration, infarc-

tion, and perforation (4). SLE may involve any part of the

GI tract from the esophagus to the rectum. However, the

territory of the superior mesenteric artery is most

commonly affected.

In general, in CTD with necrotizing vasculitis, the

vasa recta and intramural arteries can affect all sizes of

blood vessels. The clinical course of disease depends on

the size and location of the affected vessel and may be

indistinguishable from signs of mesenteric ischemia, GI

or intraabdominal hemorrhage, ulceration, or stricture

formation.

Digestive involvement in systemic sclerosis is fre-

quent and serious. Esophageal disorder is common

with the occurrence of gastroesophageal reflux disease.

Gastric involvement is rarely recognized, nor is small

intestinal involvement, which may lead to malabsorption,

pseudo-obstruction, and bacterial overgrowth. Anorectal

involvement is frequent and leads to fecal incontinence

and rectal prolapse.
Imaging
Barium Examination

In cases of systemic sclerosis or SLE, a double-contrast

examination of the upper GI tract can demonstrate signs

of esophagitis, showing “smudged” or “cobblestone”

mucosa with thickened and distorted longitudinal folds

and sometimes stenosis (Fig. 1).

In cases of CTD with necrotizing vasculitis and SLE,

small bowel follow-through can demonstrate irregular

thickening and spiculation in the folds of the multiple

segments of the duodenum to the terminal ileum,

thumbprinting suggestive of ischemic change, and multi-

ple submucosal nodules. Furthermore, in some cases large

ovoid or irregular ulcers with marked thickening or

multiple small, discrete, “punched-out” ulcers can be

identified.
Computed Tomography

Computed tomography (CT) has recently proved to be

effective not only for detecting primary lesions, but also

for excluding extraluminal complications. Ischemia due

to SLE or CTD produces various morphologic changes,

including homogeneous or heterogeneous hypoattenuat-

ing or hyperattenuating wall thickening, dilatation,

abnormal wall enhancement (Fig. 2), mesenteric strand-

ing, vascular engorgement, ascites, pneumatosis, and

portal venous gas, particularly in the distribution of the

superior mesenteric artery. The bowel wall thickening
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Figure 1 Esophageal stenosis (black arrow)

postesophagitis in a case of systemic lupus erythematosus

identified on upper gastrointestinal follow-through.
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Figure 2 Contrast-enhanced computed tomography scan

shows diffuse small bowel wall thickening (black star) in a

patient with systemic lupus erythematosus.
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Figure 3 Contrast-enhanced computed tomography scan

demonstrates aneurysms of the superior mesenteric artery

complicated by mesenteric hematoma in a patient with

Behçet’s disease.

Connective Tissue Disorders, Gastrointestinal Tract.

Figure 4 Contrast-enhanced computed tomography scan

identifies free air within the peritoneum in a case of

systemic lupus erythematosus with small bowel

involvement.
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detected on CT is due to mural edema, hemorrhage,

and/or superinfection of the ischemic bowel wall (5). The

greatest incidence of bowel wall thickening is observed in

cases of reversible mesenteric ischemia (80%).

Furthermore, CT is very sensitive for detecting

abdominal complications such as perforation, occlusion,

GI hemorrhage, visceral arterial aneurysm (Fig. 3), and
peritonitis; CT can easily demonstrate a small amount of

intraperitoneal air (Fig. 4), extravasation of contrast

within the abdomen, and evident signs of small bowel

obstruction.
Diagnosis

The diagnosis and classification of the vasculitis subgroup

of CTD relies on a combination of clinical, serological,

hematological, radiological, and histological findings. The
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Chapel Hill International Consensus Conference classi-

fied 10 selected vasculitides depending on the type of

vessel predominantly affected.

A diagnosis of SLE can be made with 98% specificity

and 97% sensitivity if at least four of the 1982 revised

criteria for the classification of SLE are present (7).

Diagnosis of HCTD is often difficult due to the

complexity of symptoms and the lack of specific genetic

tests. In adulthood, four main clinical findings—a

striking facial appearance; easy bruising; translucent skin

with visible veins; and ruptured vessels, gravid uterus, or

intestines—contribute to the diagnosis, which can be

confirmed by the identification of a mutation in the

COL3A1 gene coding for type III procollagen.
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Synonyms

Connectivitis
Definition

Connective tissue diseases (CTDs) consist of the follow-

ing entities: Systemic lupus erythematosus (SLE), panar-

teritis nodosa (PAN), systemic scleroderma (SSc),
dermatomyositis/polymyositis (DM/PM), and mixed

connective tissue disease (MCTD, Sharp’s disease). In a

more general sense, Sjögren’s syndrome and vasculitis

(Wegener’s granulomatosis, Churg–Strauss syndrome)

also belong to this group. The common histologic finding

of all these diseases is fibrinoid necrosis and immuno-

complex deposition.
Pathology/Histopathology

Immunocomplex deposition in the basal membranes,

vascular walls, and interstitial tissue leads to inflamma-

tory and necrotic foci in different organs. Thus multiple

organ manifestations are possible among which muscu-

loskeletal disease is seen with various degrees of severity.
Systemic Lupus Erythematosus
Clinical Presentation

The general clinical course is characterized by periods of

severe illness and remission. Disease onset is often acute

with skin rash after a sun bath indicating photosensibility.

Typically, the rash is found on the face in the form of the

so-called butterfly erythema. Scalp involvement leads to

alopecia. ▶Raynaud’s phenomenon may occur. Tempera-

ture rise, weakness, weight loss, and polyarthralgia are

common. Gastrointestinal involvement is frequent. Neu-

rologic dysfunctions such as mental disorders, seizures,

cerebral nerve palsies, or cerebral infarction are facultative

but not uncommon symptoms. Lupus nephritis can cause

nephrotic syndrome and glomerulonephritis with protei-

nuria and erythrocyturia and may indicate a serious

disease course. Interstitial pneumonitis with dyspnea and

cough is a typical feature. Some patients suffer from

relapsing pleuritis with pleural pain. Heart manifestations

consist of myocarditis, pericarditis, and endocarditis.

Hematological disorders include hemolytic anemia and

thrombocytopenia.

Reasons for death are mainly cardiovascular diseases,

thromboembolic events, and infections. The patients with

unfavorable prognosis show rapid development of severe

prognostic signs in relation to the mean duration of the

disease and frequent and severe complications. Risk

factors at disease onset are male sex, nephritis, heart

disease, and central nervous system disease.

Laboratory findings are positive LE cells, anti-DNA

antibodies, and anticardiolipin antibodies.
Imaging

In the case of polyarthralgia, X-ray imaging is used in

order to exclude arthritis. However, in SLE findings are
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unspecific. For myalgia/▶myositis, magnetic resonance

(MR) imaging may be employed.
Signs and Patterns in SLE
C

Typically, there are rarely objective radiological findings.

In fact, in the setting of no or few radiologic signs despite

massive clinical symptoms, SLE should be considered as

the differential diagnosis. ▶Regional osteoporosis is

unspecific but not uncommon and may progress to

general osteoporosis. It may be the only finding. Rarely,

small subchondral cysts in the metacarpal and metatarsal

heads as well as in the carpal and tarsal bones occur and

are thought to be micronecrotic foci. Periosteal ossifica-

tion, tiny soft tissue calcifications, and acroosteolysis are

rare findings. Capsular and muscular contractions are the
Connective Tissue Disorders, Musculoskeletal System. Figure

without arthritic destructions. (b) Mild myositis of the lower le

m. gastrocnemius, STIR image. (c) Short TE TR images show al
cause of severe sub-/luxations of the finger joints

resembling the “Jaccoud hand,” which was originally

described in rheumatic fever after streptococcal infection.

Typically, the grave deformities contrast the absence of

destructive arthritis (Fig. 1). Pressure erosion following

the deformity may occur and should be distinguished

from destructive arthritis. Destructive arthritis is a sign of

an overlap syndrome with rheumatoid arthritis and is

seen in approx. 10% of cases. Epiphyseal necrosis with or

without steroid therapy is a relatively common feature

and does not differ from its usual aspect in patients with

different conditions.

In cases with polyarthralgia, MR imaging shows

synovial hyperplasia and joint capsule edema or mild joint

effusions, but no specific findings. Epiphyseal necrosis
1 SLE. (a) “Jaccoud hand” with irregular deformities but

g with faint edema in the triceps surae and medial head of

ready fatty atrophy of the involved muscles.
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can be diagnosed earlier and with more conspicuity in

comparison to plain X-ray imaging. Polymyalgia and

myositismost often affect muscles of the thighwith sparing

of the m. sartorius. The lower leg is the second most

frequent location (Fig. 1). STIR and T1-weighted images

in the coronary and the transverse plane should be

acquired. Application of contrast material is not necessary.

The most prominent finding in the acute phase of disease

is muscle edema and contrast material enhancement if it

is applied. Long-standing myositis leads to fatty atrophy.

Hemorrhages may occur.
Diagnosis

The clinical picture is most variable and often unspecific.

It depends on the organ systems that are affected. Some

patients show only mild symptoms at disease onset,

others suffer severely and early diagnosis is mandatory.

Schematic diagnosis criteria are therefore employed

(Table 1) with reasonable sensitivity and specificity.

Laboratory findings are important for classification and

are included in the classification set.
Systemic Scleroderma
Clinical Presentation

SSc is characterized by an insidious onset mostly in the

fourth to fifth decade. There is a twofold female

predominance. Raynaud’s phenomenon is frequently

present months or years before actual disease onset.

Edema and skin thickening of the hands and feet, the face,
Connective Tissue Disorders, Musculoskeletal System.

Table 1 ARA criteria (1982) for the diagnosis of SLE

Skin and mucosal

manifestations

Butterfly erythema

Discoid lupus

Photosensibility

Oral ulcerations/aphthae

Lung, abdominal

manifestation

Serositis, pleuritis, pneumonitis

Renal manifestation Nephrotic syndrome, nephritis

Polyarthralgia, nonerosive arthritis

Cerebral

manifestation

Seizures, cerebral nerve palsy,

mental disorders

Hematological

manifestation

Hemolytic anemia, thrombo-/

leukopenia

Immunologic

findings

Anti-ds-DNS, Anti-sm, LE-cell-

phenomenon, Phospholipid

antibodies

Antinuclear antibodies (ANA)

Definite diagnosis requires 4 of 11 criteria.
or the trunk are often one of the first symptoms.

Polyarthralgia is frequent. Within months or years the

skin hardens and shrinks leading to joint contractures and

trophic deterioration with acral cutaneous necrosis.

Teleangiectasias appear, and sweat glands and hair follicles

become atrophic. ▶Calcinosis cutis can be felt as hard

subcutaneous nodules. Dysphagia is a result of esophageal

sclerosis with loss of peristalsis and stasis and gastro-

esophageal reflux. Abdominal distension may be a sign of

small bowel involvement. Dyspnea and cough occur in

patients with pulmonary fibrosis. Cardiomyopathy (myo-

cardial fibrosis) is possible. Proteinuria or microhema-

turia is a sign of renal manifestation.

Limited cutaneous and diffuse cutaneous SSc with

different severity and survival have been recognized as

distinct subsets (Table 2). The features of ▶CREST

syndrome (calcinosis, Raynaud’s, esophagus dysmotility,

sclerodactyly, teleangiectasias) are not confined to the

limited subsets of SSc.
Imaging

Patients with scleroderma exhibit marked osteoporosis.

Specific findings are fading of the acral soft tissue. Conical

deformation of the finger tips and extension deficit lead to

the aspect of “prayer’s hand.”▶Acral osteolysis (unguicular

process) and ▶cutaneous necrosis at the finger tips like rat

bites occur later in the disease course. Osteolytic changes

can manifest at the distal interphalangeal joints. Calcinosis

cutis is found especially at mechanically exposed loca-

tions, for example, the finger tips or osseous prominences

(Fig. 2). However, a peri- or intraarticular location is not

uncommon. The calcification is speckled and grouped. It

is a characteristic feature of CRESTsyndrome but can also

be seen without CREST. Nondestructive joint deformities

with flexion contracture due to skin shrinking are late

findings. Erosive arthritis resembling rheumatoid arthritis

is possible.

MR imaging shows skin thickening and edema in the

early stages, shrinking and atrophy in late stages. Synovial

and capsule edema as well as tenosynovitis may be present

in symptomatic joints. A rare finding is epimysial edema. In

patients with destructive arthritis, joint effusion, synovial

thickening, and pannus as well as erosion are found.
Diagnosis

The following set of criteria for the classification of SSc

was proposed: (i) autoantibodies to centromere proteins,

Scl-70 (topo I), fibrillarin; (ii) symmetric basilar pul-

monary fibrosis; (iii) contractures of the digital joints

or prayer sign; (iv) dermal thickening proximal to the

wrists; (v) calcinosis cutis; (vi) Raynaud’s phenomenon;

(vii) esophageal distal hypomotility or reflux-esophagitis;
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Clinical symptom Limited disease Diffuse disease

Raynaud’s phenomenon Long standing Acute onset

Nailfold capillaroscopy Tortuous, widened Widened, microinfarction

Skin Facial and acral skin thickening, dactylitis,

teleangiectasia, calcinosis

Hands, forearms, face, feet, corps:

Skin thickening, dactylitis, teleangiectasia,

acral necrosis

Joints Arthralgia, deformity Arthralgia, deformity

Muscles Myositis Myositis

Lungs Interstitial pneumopathy, primary pulmonary

hypertonia

Interstitial pneumopathy, Secondary

pulmonary hypertonia

Gastrointestinal tract Esophageal dysfunction, dilatation Esophageal and intestinal dysfunction,

dilatation, ulceration

Heart Pericarditis Pericarditis, myocarditis, myocardial fibrosis

Autoantibodies Anticentromere antibodies Anti-scl-70-antibodies

Connective Tissue Disorders, Musculoskeletal System.

Figure 2 Scleroderma. Typical calcinosis subcutaneously,

peritendinously, periarticularly in a patient with CREST

syndrome.
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(viii) sclerodactyly or nonpitting digital edema; (ix) tele-

angiectasias. The diagnosis of definite systemic sclerosis

requires at least three of the above criteria.

Microvascular lesions (enlarged and giant capillaries

together with hemorrhages, loss of capillaries, and ramified

capillaries and vascular architectural disorganization) are a

predominant feature in systemic sclerosis and are detected

and graded by means of nailfold capillaroscopy.
Overlap Syndromes, Mixed Connective
Tissue Disease
Definition

Many patients presenting with symptoms suggestive of a

CTD do not fulfill criteria for a specific diagnosis at the
initial presentation. Such patients have been designated as

having undifferentiated CTD. In time, some of them will

develop a specific CTD, whereas others will have a stable

clinical course or show overlapping features of two or

more CTDs. MCTD is the prototype of a rheumatic

diseases overlap syndrome characterized by overlapping

features of SLE, scleroderma, polymyositis, and rheuma-

toid arthritis in the presence of antibodies to U1-

ribonucleoprotein (anti-U1-RNP). There is evidence that

the clinical and serological features of MCTD represent a

distinctive subset of CTD; however, this subject has not

been settled yet.
Clinical Presentation

Common features are: Raynaud’s phenomenon, sclero-

dactyly, isolated keratoconjunctivitis sicca, swollen hands,

unexplained polyarthritis, myalgia, myositis, rash, pleuritis,

pericarditis, central nervous system symptoms, pulmon-

ary symptoms, peripheral neuropathy, raised erythrocyte

sedimentation rate. In addition to clinical overlap, serolo-

gical overlap has also been recognized in patients with

CTDs.
Imaging

X-ray imaging is required for the differential diagnosis of

synovitis and arthralgia. In cases of MCTD, however, no

specific radiologic sign is found. The soft tissue swelling is

not necessarily in a synovitic pattern. Calcifications like

those found in SSc are possible. MR imaging can assist in

the assessment and localization of myositis. Muscle edema

is present in the acute phase; later, fatty muscle atrophy

develops.
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Diagnosis

Multiple sets of criteria for the diagnosis of MCTD have

been proposed, indicating how difficult it is to give a

precise definition. The presence of anti-U1-RNP anti-

bodies is indispensable but not in itself sufficient.

However, its specificity is moderate, accounting for the

fact that there may be high titers in SLE, SSc, and RA, too.

Reasonable sensitivity and specificity are provided with

the Alarcon-Segovia Criteria, when in addition to high

titers of anti-U1-RNP, three of five clinical manifestations

(edema of the hands, synovitis, myositis (myalgia),

Raynaud’s phenomenon, and acrosclerosis) are present.
Idiopathic Inflammatory Myopathies
Definition

The idiopathic inflammatory myopathies are character-

ized by chronic muscle inflammation and involvement of

internal organs, which contribute considerably to the

morbidity and mortality of the disease. Seven types are

described. Type 1: Polymyositis; Type 2: Dermatomyositis;

Type 3: Polymyositis or dermatomyositis associated with

cancer; Type 4: Childhood polymyositis or dermatomyo-

sitis; Type 5: Polymyositis or dermatomyositis in CTD;

Type 6: Inclusion body myositis; Type 7: Unspecified

myositis: nodular, eosinophilic, granulomatous myositis.
Clinical Presentation

Proximal muscle weakness and also pain which increases

with exercise most often affecting the thigh are the clue

symptoms. Muscle atrophy, fibrosis, and contracture are

late-stage features. Arthralgia and arthritis are relatively

common, especially in polymyositis with CTD. Erosion and

cartilage destruction, however, are rarely seen. Pericarditis

and myocarditis may occur and cause arrhythmia. Skin

involvement predominates dorsally at the metacarpopha-

langeal and proximal interphalangeal joints with papules

and livid erythemas. Raynaud’s phenomenon and tele-

angiectasia of the nailfold are similar to scleroderma.

Calcinosis is mainly seen in children.

Pulmonary complications (i.e., aspiration pneumonia

due to myositis-related esophageal dysfunction and

ventilatory insufficiency) and cardiac complications are

the most frequent causes of death. Variables associated

with poor outcome are older age, pulmonary and

esophageal involvement, and cancer.
Imaging

In plain X-ray imaging, indistinct soft tissue findings

predominate. The favorite sites of edema are the subcutis

and muscles, with swelling, slight attenuation, and fat line
disappearance. Fibrosis and contractures lead to atypical

projections. In the late stage, muscle volume is decreased

as a result of atrophy. The most characteristic finding is

▶soft tissue calcification mainly muscular or epifascial,

sometimes intratendinously or in fat. Subcutaneous linear

calcifications are common at the knee, elbow, and

fingertips. Blane and coworkers described four distinct

patterns of calcification in childhood dermatomyositis:

deep calcareal masses, superficial calcareal masses, deep

linear deposits, and a lacy, reticular, subcutaneous

deposition of calcium encasing the torso. Soft-tissue

calcification was identified in 40–60% of cases.

Arthralgia in polymyositis and dermatomyositis does

not result in erosion and cartilage destruction. Periarti-

cular osteoporosis and soft tissue swelling, however, may

occur.

MR imaging is employed for localization of inflam-

matory affected muscles in order to find a promising

biopsy location. In the acute stage, excessive edema and

contrast material enhancement of the affected muscles

are seen. Fasciitis in the neighborhood is common. In

dermatomyositis, subcutaneous edema and contrast mate-

rial enhancement of reticular pattern are present. In the

chronic phase, edema in muscles, epifascially and sub-

cutaneously resolves. Muscle atrophy with fat interposition

and fascial undulation develops.
Diagnosis

According to the widely used criteria (Bohan and Peter

criteria 1975), DM is differentiated from PM only by skin

changes. Following new diagnostic criteria including

histopathological characteristics, dermatomyositis is a

microangiopathy affecting skin and muscle; activation

and deposition of complement cause lysis of endomysial

capillaries and muscle ischemia. In polymyositis and

inclusion body myositis, cytotoxic T cells invade muscle

fibers that expressMHC class I antigens, which leads to fiber

necrosis. In inclusion body myositis, vacuolar formation

with amyloid deposits coexists with the immunological

features.

Diagnosis is definite in the presence of the following

criteria: proximal muscle weakness, elevated muscle

enzymes (CK, LDH, aspartatransferase, alanine amino-

transferase, aldolase), electromyography findings, myosi-

tis in muscle biopsy, typical skin manifestation.
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Contrast Media, Ultrasound, Phase Modulation. Figure 1 Th

modulation sequence. When the echoes of pulse 1 and pulse 2

harmonic signals in the echoes from microbubbles are preserv

pulse sequence with combined phase and amplitude modulat

combination of the echoes. This approach can detect nonlinear

harmonic.
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The compromise of sensitivity against spatial resolution

in harmonic mode imaging led to the development of

phase modulation imaging (1). This mode is now

widespread and available on many commercial clinical

systems. The form of phase modulation imaging which

has now become standard, and is often referred to as pulse
is figure shows (upper panel) a simple two pulse phase

are summed, any linear signals will be canceled. The second

ed by this approach. Also presented (lower panel) is a two

ion. Linear signals can again be removed by appropriate

signals at the fundamental frequency as well as the second
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inversion imaging is based on alternating the polarity

between successive pulses, that is, +1,−1 and so on. (see

Fig. 1). When these pulses are scattered linearly from

tissues, the echoes of subsequent pulses will cancel when

combined. The response of the microbubbles to the +1

and −1 pulse is significantly different, and when the

echoes are combined, a residual signal arising from the

nonlinearity of the bubbles remains. The nonlinear signal

detected by phase modulation imaging comes from the

second harmonic signals in the echoes. Broadband imaging

pulses can be used, and, unlike harmonic imaging, this

multipulse approach does not suffer from the same

compromise in specificity and sensitivity to microbubbles

against resolution. This approach can be extended (by

using more than two pulses) to allow detection target

motion using Doppler processing. Successful phase modu-

lation imaging requires precise pulse shaping within the

ultrasound equipment to ensure good cancellation of the

linear echoes. The specificity of this approach is limited by

the generation of harmonic signals during the propagation

of the sound through tissues especially at higher MI.
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Continuous Diaphragm Sign
In pneumomediastinum, mediastinal air may also track

extrapleurally along the upper surface of the diaphragm

and air beneath the heart combines the margins of the

bilateral diaphragms.

▶Pneumomediastinum

Contour Wall Alteration
▶Compression, Extrinsic, Esophagus

▶Compression, Extrinsic, Stomach and Duodenum

Contrast Echo
▶Contrast Media, Ultrasound, Applications in Echocar-

diography
Contrast Echocardiography
This technique consists in injecting 5–10 cc of agitated

saline into a peripheral vein while simultaneously imaging

the right and left atria using echocardiography. In patients

without right-to-left shunting, the contrast is visualized

in the right atrium as a cloud of echoes and gradually

dissipates as the bubbles become trapped in the pulmonary

circulation. In patients with intracardiac or intrapulmon-

ary shunting, the contrast is visible in the left atriumwithin

one cardiac cycle or 3–8 cardiac cycles, respectively.

▶Fistula, Arteriovenous, Pulmonary

▶Contrast Media, Ultrasound, Applications in Echocar-

diography
Contrast Enhancement
After intravenous injection of contrast medium there is an

increased density on CT and increased signal intensity on

T1-weighted sequences in MRI. Contrast-enhanced

structures appear bright on these images.

▶Neoplasms, Oral Cavity
Contrast Induced Nephrotoxicity
Contrast induced nephrotoxicity is defined as a tempor-

ary or permanent reduction in renal function caused by

the administration of an imaging contrast medium. In

most scientific investigations, this is determined on the

basis of laboratory, rather than clinical, grounds. The

lower border of what constitutes clinically significant

nephrotoxicity is poorly defined.

▶Adverse Reactions, Iodinated Contrast Media, Acute

Renal
Contrast Induced Renal
Dysfunction
▶Adverse Reactions, Iodinated Contrast Media, Acute

Renal
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▶Adverse Reactions, Iodinated Contrast Media, Acute

Renal
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Synonyms

Currently, three organ-specific contrast agents with uptake

into hepatocytes followed by variable biliary excretion re-

present the only clinically approved organ-specific con-

trast agents besides iron oxides:

. Mangafodipir trisodium (Teslascan, GE-Amersham

Health, Oslo, Norway)

. Gadobenate dimeglumine (MultiHance, Bracco Ima-

ging S.p.A., Milan, Italy)

. Gadoxetic acid (Primovist, Schering AG, Berlin,

Germany).

Enhancement during the distribution phase of contrast

agents mainly depends on tumor vascularity (hypovas-

cular vs. hypervascular) and its blood supply while en-

hancement on delayed images is characterized by the cell

specificity of magnetic resonance (MR) contrast agents

(extracellular vs. intracellular). Therefore, enhancement

characteristics of hepatobiliary contrast agents are applic-

able to the diagnosis of primary benign and malignant

hepatocellular liver tumors (1).
Definition
Mangafodipir Trisodium “Teslascan”

Mangafodipir trisodium is a manganese (Mn) chelate

[manganese(II)-N,N´-dipyridoxylethylenediamine-N,N´-

diacetate-5,5´-bis(phosphate)sodium salt]. Mangafodipir

has two components: fodipir and a manganese(II) ion.

Whenmangafodipir is labeled with the 14C-label residing in

the fodipir, after a single intravenous dose of 5 mmol/kg of
14C-mangafodipir, the mean ± SD area under the radio-

activity plasma concentration curve (AUC) is 22.7 ± 3.2 mg
h/mL.Generally, the total body store ofmanganese in adults

is 20 mg. Most of this is from dietary intake (2–5 mg/day).

Mangafodipir contains 2.75mg/mL of chelatedmanganese.

In a 70 kg adult, 5 mmol/kg of mangafodipir injection

contains 19.2 mg of chelated manganese. Therefore, single

injections will approximately double the total body store of

manganese before excretion occurs. Manganese is an essen-

tial trace metal in humans with a normal whole body

content of 12–20 mg.

Mangafodipir trisodium is a paramagnetic complex and

following IV administration, mangafodipir is metabolized

by dephosphorylation to Mn-DPMP and Mn-PLED and

transmetallated by zinc (Zn) to the corresponding com-

pounds. Mn2+ ions released from mangafodipir trisodium

are most probably bound by alpha2-macroglobulin and

transported to the liver. Its T1 relaxivity in aqueous solution

is similar to gadolinium, however, due to the intracellular

uptake ofMn2+, its T1 relaxivity in liver tissue is three times

greater than that of gadolinium (21.7 mmol/L−1sec−1 vs. 6.7

mmol/L−1sec−1). In humans, themanganese(II) ionofman-

gafodipir is eliminated in the urine by 15% within 24 h and

by 59% in the feces in 5 days (2).
Gadobenate Dimeglumine “MultiHance”

Gadobenate dimeglumine [(Gd) benzyloxy-propionic te-

traacetic acid (Gd-BOPTA)] is an octadentate chelate of

the paramagnetic ion gadolinium. Its kinetic properties

resemble those of conventional iodinated contrast media

and can be described by a biexponential function

comprising a distribution phase and an elimination

phase. This agent differs from other available gadolinium-

chelates in that it distributes not only to the extracellular

fluid space (ECF), but is selectively taken up by function-

ing hepatocytes and excreted into the bile. The

biliary excretion rate is only 3–5% in humans (renal 78

to 96% and feces 0.6 to 4%). The uptake of

gadobenate dimeglumine by hepatocytes and excretion

into the bile is accomplished via the adenosine tripho-

sphate (ATP)-dependent bile-canalicular multispecific

organic anion transporter (cMOAT), which is shared by

bilirubin and inhibited by bromosulfophthalein (BSP).

Gadobenate dimeglumine has a higher relaxivity than

equimolar formulations of other approved extracellular

contrast agents due to its more lipophilic structure and its

capacity for weak and transient interaction with serum

albumin. In the liver, the estimated relaxivity is about 30

mmol−1sec−1, compared with calculated values of 16.6

mmol−1sec−1 for gadoxetic acid and 21.7 mmol−1sec−1 for

mangafodipir trisodium. Gadobenate dimeglumine is

not metabolized with an elimination half-life of 1.17 to

2.02 h (3).
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Gadoxetic Acid

Gadolinium-ethoxybenzyl-diethylenetriamine-pentaace-

tic-acid is a paramagnetic contrast agent with hepatocel-

lular uptake via the anionic-transporter protein and a

molecular weight of 725.71 Da (C23H28GdN3Na2O11).

Gadoxetic acid is a highly water-soluble, hydrophilic

compound with a lipophilic moiety due to the ethox-

ybenzyl group. T1-relaxivity as measured in water at

0.47 T of 4.9 mM−1sec−1 is comparable to gadopentetate

dimeglumine with 3.7 mM−1sec−1. The T1-relaxivity in

human plasma (R1 8.7 mM−1sec−1) is higher than for

gadopentetate dimeglumine (R1 5.0 mM−1sec−1) and

displays only slight dependency on the strength of the

magnetic field. This may be explained by the greater

degree in protein binding (10.7±3.4%) compared to

gadopentetate dimeglumine (1.6±4.2%). At 37˚C, the

solution has an osmolality of 0.89 osmol/kg H2O and a

viscosity of 1.22 mPasec. Gd-EOB-DTPA is an aqueous

formulation with a concentration of 0.25 mol/L and a

high thermodynamic stability (log KGdl = −23.46).
Gd-EOB-DTPA is equally eliminated via the renal and

hepatobiliary routes with a half-life of approximately

60 min. The pharmacokinetics is dose-linear up to the

dose of 0.4 mL/kg (100 mmol/kg). A total serum clearance

(Cltot) of about 250 mL/min was recorded, whereas the

renal clearance (Clr) corresponds to about 120 mL/min.

Gadoxetic acid is not metabolized and may be bolus-

injected at a flow rate of 2 mL/sec (4).
Indication

All three contrast agents are approved for MR imaging of

suspected liver tumors. In addition, gadobenate dimeglu-

mine has also been approved for magnetic resonance

imaging (MRI) of the central nervous system (CNS) and

mangafodipir for pancreatic MRI.
Contraindication

Safety and effectiveness have not been established in

pediatric patients for any of the contrast agents. Specific

contraindications and precautions for the three contrast

agents are as follows.
Mangafodipir

Mangafodipir is contraindicated in patients with known

allergic or hypersensitivity reactions tomanganese, fodipir

or any of the inert ingredients. The dialysability of

mangafodipir and its metabolites has not been studied.

Pharmacokinetic differences due to drug interactions or
race after intravenous of mangafodipir were not studied.

Patients with a history of drug reactions to contrast media,

other allergies, or immune system disorders should be

observed for several hours after drug administration.

Caution should be exercised before administering to pa-

tients who have or cannot tolerate nausea or vomiting.

The possibility of complications from nausea and vomit-

ing should be considered when administering mangafo-

dipir to patients who cannot tolerate vomiting, who have

reflux esophagitis or who cannot roll over to prevent

aspiration.

Mangafodipir is cleared from the body partially by

glomerular filtration and partially by hepatobiliary excre-

tion. Dose adjustments in renal or hepatic impairment

have not been studied. The safety of repeated doses has

not been studied. If the physician determines those ima-

ging needs to be repeated, repeat images could be obtained

up to 24 h after the original injection without reinjection.

Safety, effectiveness, or pharmacokinetics of mangafodi-

pir injection in pediatric patients below the age of 12 years

has not been established.
Gadobenate Dimeglumine

A known allergic or hypersensitivity reactions to gadoli-

nium or any other ingredients, including benzyl alcohol

represents a contraindication. Further contraindications

are sickle cell anemia or other hemoglobinopathies and

hemolytic anemias. Precautions should be taken to avoid

local extravasation during administration. Gadobenate

should not be administered to patients who may be using

medications or who may have underlying metabolic,

cardiac, or other abnormalities that may predispose them

to cardiac arrhythmias.

Gadobenate is not recommended in patients with

severely impaired renal function (creatinine clearance

<30 mL/min). Small quantities of benzyl alcohol (<0.2%)

may be released during storage. Therefore, gadobenate

should not be used in patients with history of sensitivity

to benzyl alcohol.
Gadoxetic Acid

Hypersensitivity to the active substance or to any of the

excipients represents a clear contraindication. Caution

should be exercised in patients with severe renal impair-

ment due to reduced elimination capacity of gadoxetic

acid. Caution should also be exercised when gadoxetic

acid is administered to patients with severe cardiovascular

problems because only limited data are available so far. It

cannot be excluded that of gadoxetic acid may cause

torsade de points arrhythmias in an individual patient.
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Intramuscular administration may cause local intolerance

reactions including focal necrosis and should therefore be

strictly avoided.
C

Pregnancy/Lactation

It is recommended that breastfeeding be discontinued

before administration of any of the contrast agents and

not reinitiated until 24 h after administration. Use is

recommended only if potential benefit to the pregnant

woman outweighs the potential risks to the fetus. How-

ever, it is recommended not to use mangafodipir since this

may cause harm to the fetus when administered to a

pregnant woman. Manganese has caused embryo toxicity

and fetal toxicity in various animals. Animal studies have

shown that 54Mn manganese crosses the placenta and

locates in the fetus. At least 24 h after injection, radioactivity

is detected in liver and bones of the fetus. It has been

reported that manganese enters nerve terminals, accumu-

lates in nervous tissue, and could be associated with

neurotoxicity in fetuses. Adequate and well-controlled

studies were not conducted in pregnant women. If

mangafodipir is used during pregnancy, or if the patient

becomes pregnant while taking this drug, the patient

should be told of the potential hazard to the fetus.
Contrast Media MR, Organ Specific. Figure 1 Patient with

Cholangiocarcinoma. The portalvenous system (b) shows

weak enhancement following Primovist compared to plain

T1 (a). Tumor extension is much better visualized images

in the hepatocellular phase (c).
Use and Dosage

Mangafodipir is administered at a dose of 5 mmol Mn/kg

as a short IV infusion over 10–20 min. Near maximal

enhancement is achieved at 20 min after the start of the

infusion, and persists for several hours. Postcontrast

imaging may start as soon as 20 min after the start of the

infusion, but longer time intervals are possible because of

a plateau-like enhancement up to and several hours.

Gadobenate dimeglumine is administered as a bolus

injection at a dose of 0.05 mmol Gd/kg body weight and

can be used for rapid dynamic imaging of the liver

following bolus injection in the same way in which

nonliver-specific contrast materials are used. This ap-

proach exploits the differences in blood flow between

lesions and normal liver parenchyma. The fraction of

gadobenate dimeglumine taken up into the hepatocytes

manifests itself as a strong enhancement of the liver par-

enchyma signal intensity in T1-weighted images between

40 and 120 min postinjection.

Gadoxetic acid is administered as a bolus injection at a

dose of 25 mmol Gd/kg body weight (Fig. 1). Near

maximal enhancement is achieved at 20 min after the start

of the injection, and persists for several hours. Thus,

postcontrast imaging may start as soon as 20 min after the
start of the infusion, but longer time intervals are possible

because of a plateau-like enhancement (5).
Adverse Reactions

The possibility of a reaction, including serious, life-

threatening, or fatal, anaphylactic, or cardiovascular
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reactions, or other idiosyncratic reactions, should always

be considered, especially in those patients with a history

of known clinical hypersensitivity or a history of asthma

or allergic respiratory disorders. Caution should be

exercised in patients with deoxygenated sickle erythro-

cytes in all paramagnetic contrast agents.

Mangafodipir showed warmth or flush, nausea, heart

pounding (increase in blood pressure and heart rate), and

dizziness as the most frequent side effects in clinical

studies with facial flushing in 55% of patients. Mild to

moderate nausea was observed in 9%. The majority

(93%) of adverse events were of mild to moderate

intensity: chest pain, dizziness, hot flushes, hypersensi-

tivity, hypertension, palpitation, pruritus, rash, taste per-

version, urticaria. A transient increase in blood pressure

and heart rate occurred immediately after injection, but

returned to baseline after 5 min in all patients. Facial

flushing was more often reported after rapid IV bolus

injection than after IV infusion. No dosage adjustment is

recommended in patients with mild to moderate renal

impairment or hepatic impairment.

Gadobenate dimeglumine shows various side effects,

which redocumented according to the organ system.

Specifically, anemia has occurred in 0.5% of patients.

Hypertension (up to 0.7%) and tachycardia (up to 0.5%)

have been observed in the cardiovascular system, whereas

vital signs remained essentially stable in other studies. The

overall incidence of tachycardia in phase II studies

(n = 360) was less than 1% (doses up to 0.2 mmol/kg).

Other rarely reported cardiovascular effects have included

acute pulmonary edema, cardiac arrhythmias, electro-

cardiogram (ECG) abnormalities, hypotension, and

syncope. In the CNS, headache (5.8%) and dizziness

(3.6%) have been reported following injection. One

patient experienced seizures approximately 17 min after

administration of gadobenate dimeglumine. The patient

had a reported history of seizures. Other rarely reported

central nervous system effects have included hemiplegia,

hyperonia, paralysis, tremor, and aphasia. Most frequent

events in the GI system were nausea, vomiting, and dry

mouth in less than 2% of patients. No alteration of renal

or liver function has been observed in available studies.

Most frequent reactions at the injection site were pain,

discomfort, and cold or tingling. Less frequent reactions

include pruritus and other allergic-type cutaneous reac-

tions. During postmarketing use of gadobenate dimeglu-

mine, there were reports of anaphylactoid reactions,

anaphylactic shock, and loss of consciousness. The

observed spectrum is similar to approved extracellular

gadolinium chelates.

During the clinical development phase of gadoxetic

acid the overall incidence of adverse reactions, which were

classified as drug, related was below 5%. Most of

the undesirable effects were transient and of mild to
moderate intensity. Laboratory changes as elevated serum

iron, elevated bilirubin, increases in liver transaminases,

decrease of hemoglobin, elevation of amylase, leukocy-

turia, hyperglycemia, elevated urine albumin, hyponatre-

mia, elevated inorganic phosphate, decrease of serum

proteins, leukocytosis, hypokalemia, elevated LDH were

reported in clinical trials. ECGs were regularly monitored

during clinical studies and transient QT prolongation was

observed in some patients without any associated adverse

clinical events. In very rare cases, anaphylactoid reactions

leading to shock may occur. In the event of excessive

inadvertent overdose, the patient should be carefully

observed including cardiac monitoring. In this case,

induction of QT prolongations is possible.

The most frequent reported definitely, possibly, or

probably related AEs were nausea, vasodilatation, head-

ache, taste perversion, and injection site pain. In patients

with mild and moderate hepatic impairment, a slight to

moderate increase in plasma concentration, half-life, and

urinary excretion, as well as decrease in hepatobiliary

excretion have been observed in comparison to subjects

with normal liver function. However, no clinically

relevant differences in hepatic signal enhancement were

observed. In patients with severe hepatic impairment,

especially in patients with abnormally high (>3 mg/dL)

serum bilirubin levels, plasma concentration and half-life

are increased with pronounced decrease in hepatobiliary

excretion and reduced hepatic signal enhancement. In

patients with end-stage renal failure, the half-life is

markedly prolonged. Hemodialysis increased the clear-

ance of Gd-EOB-DTPA. In an average dialysis session of

about 3 h duration, about 30% of the Gd-EOB-DTPA

dose was removed by hemodialysis (6).
Interactions

Transmetallation of manganese may occur. The extent to

which this might affect laboratory assays of ferritin, iron,

bilirubin, and zinc is not known. Specific interaction

studies of mangafodipir, gadobenate dimeglumine, or

gadoxetic acid with other medical products have not been

carried out during the clinical development. In general,

anionic drugs primarily excreted into the bile (such as

rifampicin) may compete with the hepatic contrast

enhancement and the biliary excretion of hepatobiliary

contrast media. Animal studies demonstrated that com-

pounds belonging to the class of rifamycins block the

hepatic uptake of hepatobiliary contrast media, thus

reducing the hepatic contrast effect. In this case, the

expected benefit of an injection of hepatobiliary contrast

media might be limited.

Elevated levels of bilirubin or ferritin can reduce the

hepatic contrast effect of hepatobiliary contrast media.
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Serum iron determination using complexometric meth-

ods (e.g., Ferrocine complexation method) may result in

false values for up to 24 h after the examination with

gadoxetic acid because of the free-complexing agent

contained in the contrast medium solution. This has not

been studied for gadobenate dimeglumine.
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Introduction

Barium sulphate contrast media are nearly exclusively

used for gastrointestinal tract imaging with conventional

X-ray, computed tomography (CT) or less frequently

magnetic resonance imaging (MRI) modalities.

The gastrointestinal tract is a succession of hollow

organs. Its investigation by means of X-rays requires, in

most cases, the use of contrast media, introduced orally or

via the rectum, because of the small differentiation of soft-

tissue permeability to X-rays. The first studies involved

various substances, including bismuth sub-nitrate or sub-

carbonate, sometimes mixed with bread or gruel, to

prepare a meal. Bismuth was sometimes associated with

the production of toxic metabolites. In 1910, Bachem and

Günther proposed the routine use of barium sulphate,

which replaced all other products because of its higher

purity and absence of toxicity.
There are two types of contrast media for gastro-

intestinal tract imaging:

. ‘Clarifying’ media which are less radio-opaque (to

X-rays) than the surrounding tissues: air, gas, e.g.

carbon dioxide, water, aqueous solution of methyl-

cellulose.

. ‘Opacifying media’ which are more radio-opaque than

the surrounding tissues.

The opacifying contrast media contain heavy metals with a

high atomic number (Z) to increase their radio-opacity:

iodine (Z = 53) and barium (Z = 56) are presently used.

Definitions
Barium and Barium Salts

Barium is normally present in nature as barium carbonate

BaCO3 (whiterite) or barium sulphate BaSO4 (barytine).

Barium is a toxic element. Therefore, only those

barium salts which are completely insoluble in water,

acids and fluids present in the gastrointestinal tract, are

devoid of toxicity.

Soluble barium salts are barium chloride, nitrate and

carbonate, which are slightly soluble in acids, and barium

sulphides and oxides, which are soluble in acids. These

salts are heavily toxic: when transported directly to the

central nervous system (CNS), they increase CNS excit-

ability and paralyse it.

Non-toxic insoluble barium salts are those salts which

are insoluble in water, and remain insoluble after contact

with hydrochloric acid in the stomach.

Barium sulphate (BaSO4) is the sole barium salt,

which is insoluble in various gastrointestinal tract media

and which is therefore not absorbed by the mucosa.

Barium sulphate is obtained from two different

pathways:

1. Natural barium sulphate which is extracted from

mines and treated by physical (grinding, washing) and

chemical processes to reach the specifications of the

relevant pharmacopoeia.

2. Precipitated barium sulphate which is obtained by

precipitation of other barium salts with sulphuric

acid, and thoroughly washed to ensure its purity.

Barium sulphate as a raw material has the following

advantages:

. Insolubility in water and acids

. Stability

. High atomic number, generating a good radiological

contrast

. Relatively low cost.

The main risks concern the possible passage of

barium sulphate into the circulation via a breach of the
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gastrointestinal tract following trauma or a perforated

ulcer, or into the respiratory tract via an oesophageal-

bronchial fistula, for example.

Barium sulphate is listed in the European Pharma-

copeia and in the US Pharmacopeia, which describe its

purity and some physical characteristics, for example its

sedimentation rate. Barium contrast media available on

most markets are prepared with PE or USP grade barium

sulphate.
General Information on Barium Sulphate
Contrast Media

Barium sulphate is nearly insoluble in water (2.4 mg/L at

25˚C).

Barium sulphate is therefore used as a suspension of

two phases:

1. A dispersed phase of barium sulphate particles and

excipients used to produce the suspension.

2. A dispersant phase and water-soluble excipients.

The stability and properties of these suspensions, which

are usually less stable than solutions are obtained by

optimising the parameters of the barium sulphate

particles and the formulation of the excipients.
Parameters and Characteristics of the
Dispersed Phase
1. The grain size, that is particle size, influences the

sedimentation rate, the particulate surface and the

viscosity of the suspension.
Grain Size and Sedimentation Rate

The smaller the grain size, the lower the rate of sedimenta-

tion will be. Particles of 1 m diameter will have a

sedimentation speed of circa 1 cm/h. The sedimentation

speed follows approximately Stokes law, which states that

the speed of a sphere in a liquid is a function of gravity, the

difference of densities of the sphere (d1) and of the

surrounding suspending solution (d2), the square of radius

of the sphere (a) and the viscosity of the solution (�):

V ¼ 2ga2ðd1 � d2Þ
9�

Stokes law does not strictly apply because the particles are

not perfectly spherical and have different diameters. Never-

theless, the influences of the various parameters are similar:

the sedimentation rate decreases if the grain size decreases

and if the viscosity increases.

The influence of the grain size is very strong since its

square value is implied.
Grain Size and Particle Surface

For a given weight of barium sulphate, a smaller grain size

will induce a comparatively larger particulate surface.

For instance, 1 g of BaSO4 will show a particulate

surface of

. 1,500 cm2, if it is divided into particles of 10

. 15,000 cm2, if it is divided into particles of 1 .

The particle surface is the contact zone between particles

and the dispersant phase (water).

This zone is concerned by physical adsorption pheno-

menon with the water molecules and some ions present

in the dispersant phase. The particle size is therefore

increased and tends to stick to each other and build some

clumps. The homogeneity of the suspension is therefore

decreased. Stabilisers are added to prevent the formation

of BaSO4 aggregates.
Grain Size and Viscosity

The use of small grain sizes in barium sulphate contrast

media induces a high viscosity. Inversely, the use of large

grain sizes allows the preparation of lower viscosity barium

sulphate contrast media. This is used for preparation of

high density (HD) products, which contain particles of up

to 30 , and still have a low viscosity for optimal and quick

coverage of the stomach mucosa.

2. The electric charge of the particles in suspension and

the stabilising excipients.

All solid particles immersed in a liquid have an electric

charge which arises from the absorption of certain ions

or by the loss of electrons or ions from the particle

surface.

This electric charge attracts molecules and ions

(sometimes called counter-ions), which are present in

the liquid phase. They build a diffuse layer which extends

from the fixed layer which sticks to the particle itself to the

electrically neutral zone where the electrostatic field has

disappeared.

The electrical difference of potential between the fixed

layer and the neutral zone is called zeta potential. The zeta

potential measures the apparent charge of the particles. It

is correlated to the suspension aggregation phenomenon

and to the viscosity of the suspension. These electrical

phenomena are more important with small size particles.

They become negligible for large particles.

Stabilisers are products which are absorbed by BaSO4

particles and which modify their electric charge.

They induce an increase in the apparent negative

electric charge of the particles, which consequently creates

repulsive forces between particles and thus avoid particulate

aggregation and increase the stability of the suspension.One

can observe a drop of the value of the zeta potential.
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Typology of Commercially Available
Barium Sulphate Contrast Media

1. Powders contain barium sulphate and excipients, to

which water must be added to prepare a suspension of

barium sulphate adapted to the concerned radiologi-

cal examination. The user must adapt the volume of

water to the final concentration and derived radio-

opacity of the contrast media. Thorough mixing is

usually necessary. Filtration of the suspension is some-

times recommended.

2. Suspensions or gels of a given concentration, to which

water might be added within some limits to obtain a

different and lower concentration of barium sulphate.

3. Pastesmainlydesigned for studies of the oesophagus and

of the rectum,which can bemixedwith barium sulphate

suspensions to reduce its concentration or viscosity.
Main Features of Barium Sulphate
Contrast Media

1. Concentration

The concentration is expressed in

. Per cent weight of BaSO4/volume for suspensions

and gels

. Per cent weight of BaSO4/weight for powders and

pastes.

The concentration selected depends on the type of

radiological examination performed:

. Repletion technique of the stomach, small bowel or

colon for which the concentration should not

exceed 100% w/v.

. Double-contrast techniques of the stomach for

which the concentration can be as high as 250 w/v.

. Double-contrast technique of the small bowel and

of the colon for which concentrations as high as

100% are used.

. Gastrointestinal tract delineation during CT ex-

aminations, for which low concentrations (0.5 to

1.5 w/v) of BaSO4 are used.

2. Fluidity or viscosity

The required viscosity depends on the concerned

examination:

. Examination of the pharynx and oesophagus

require the use of a highly viscous paste which

will not fall quickly into the stomach.

. Double-contrast examination of the stomach re-

quires the use of low-viscosity suspensions to

visualise all details of the mucosa, and possibly of

high density (in weight and to X-rays) in order to

obtain a better contrast.

Barium sulphate suspensions are non-Newtonian and

thixotropic: the relation between shear rate and stress is
non-linear and the curves displaying the correspon-

dence between stress and shear rate form a hysteresis

loop when shear rates are increased and subsequently

decreased. Measurements of viscosity are directly related

to the type of apparatus used.

Viscosity is sometimes measured in seconds needed to

empty a standardised cup through a hole.

Viscosity of the barium sulphate suspension is related

to its coating and mucosal adherence performance.

The bowel preparation agents prior to double-contrast

barium enemas can influence it.

3. Stability

Stability is usually measured by the sedimentation rate

of the suspension, which is expressed by the depth of

the supernatant lying over the suspension–supernatant

interface after a given period of time.

Stability of BaSO4 suspension is needed to obtain

films free from sedimentation artefacts. The necessary

stability will therefore depend on the technique used:

. Small grain size BaSO4 suspensions (1 m) are

mainly used for repletion techniques and double-

contrast examinations of the small bowel and of

the colon. Their sedimentation rate is usually

very low.

. High density (HD) BaSO4 (1 to 30 and more

micrograms grain sizes) are mainly used for

double-contrast examinations of the stomach.

4. Hydrophilicity of the BaSO4 suspension is necessary for

double-contrast examinations of the colon, because of

the very highwater adsorption capacityof the colon.The

BaSO4 film is therefore subjected to severe dehydration.

Hydrophilic resins are used in someproducts in order to

trap the water and avoid drying out of the BaSO4 film.

The derived loss of elasticity and uniformity would

induce difficulties in image interpretation.

5. Palatability is related to the flavouring agents added in

the BaSO4 contrast media for oral use. This is of

particular importance for CT barium contrast media

used for delineation of the GI tract, which are

sometimes self-administered by the patient, outside a

strictly medical environment. Pleasant taste and odours

lead to an optimal patient compliance to the ingestion

of the appropriate dose of BaSO4 contrast media.
Conclusion
Availability of Barium Contrast Media

It is estimated that around 9,000 t of barium sulphate

have been used for medical imaging worldwide in 2003.

Barium sulphate contrast media have been made

available from more than 20 manufacturers worldwide

in forms varying from bulk material to ready-to-use

presentations in sophisticated packaging.
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Use of Barium Contrast Media

Safety Committee of the European Society of Urogenital

Radiology guidelines for preventing and managing

extravasation of contrast media

Risk factors are

related to

• The technique

• Use of a power injector

• Less optimal intravenous sites,

including lower limb and small

distal veins

• Large volume of contrast medium

• High-osmolar contrast medium

• The patient is

• Unable to communicate

• With fragile or damaged veins

• With arterial insufficiency

• With compromised lymphatic and

venous drainage

To reduce the

risk

• Always use careful intravenous

technique, preferably with plastic

catheters

• Use low-osmolar contrast medium

Type of severe

injuries

• Most injuries are minor. Severe injuries

include skin ulcerations, necrosis of soft

tissue, and compartment syndrome

Treatment • Conservative management is adequate

in most cases

• Limb elevation

• Application of ice packs

• Careful monitoring

• If a serious injury is suspected, seek the

advice of a surgeon
The above-mentioned amount of barium sulphate has

been mainly used in conventional fluoroscopic imaging

studies in both repletion and double-contrast techniques

and in CT studies for GI tract delineation purposes.

Dynamic studies of deglutition anddefecation functions

are also often based on the use of barium contrast media.

A new and promising field of development concerns

CT and MR colonography (also called virtual coloscopy),

which are sometimes involving faecal tagging techniques.

Barium contrast media absorbed orally have been used for

tagging of the faeces in CT (2) and MR (3) colonography.
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Definition

Subcutaneous extravasation is a well-recognized compli-

cation of intravenous administration of iodinated and
magnetic resonance (MR) contrast media. Most extra-

vasations involve small volumes of contrast material and

induce minimal swelling or localized erythema, which

rapidly diminish. Extensive tissue necrosis and severe skin

and subcutaneous ulceration are rare and usually follow

high-volume extravasations. The Contrast Media Safety

Committee of the European Society of Urogenital

Radiology has produced guidelines for preventing and

managing extravasation of contrast media (Table 1) (1).
Characteristics
Risk Factors
Patient Factors

High-risk patients include noncommunicative patients

(infants, small children, and unconscious patients) and

patients receiving chemotherapy, because chemotherapy

may induce fragility of the vein wall (1, 2). Extravasation

injuries are more severe in patients with lowmuscular mass
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and atrophic subcutaneous tissue. In addition, patients

with arterial insufficiency (such as atherosclerosis, diabetes

mellitus, or connective tissue diseases) or compromised

venous drainage (such as thrombosis) or lymphatic

drainage (such as radiation therapy, surgery, or regional

node dissection) are less able to tolerate extravasation than

those with unimpaired circulation (1–5).
Contrast Media Type and Volume

Extravasation of low-osmolar contrast media is better

tolerated than extravasation of high-osmolar media. The

vast majority of extravasations involve small volumes of

contrast material, and symptoms resolve completely

within 24 h. Rarely, severe skin ulceration and necrosis

can follow extravasation of volumes as small as 10 mL.

Large-volume extravasation may lead to severe damage to

extravascular tissue and is most likely to occur when

contrast medium is injected with an automated power

injector and the injection site is not closely monitored.
Factors Due to Injection Technique

Extravasations are more frequent with metallic needles

than with plastic cannulae and when indwelling intrave-

nous catheters are used (3). The site of injection also

appears to be important: injections into the dorsum of the

hand, foot, or ankle are frequently associated with

extravasation injury. The frequency of extravasation of

contrast medium after mechanical bolus injection is higher

than that reported for hand-injection or drip infusion

techniques (4) and varies from 0.2 to 0.4%, with power

injection rates between 1 and 2 mL. In a study by Jacobs

et al (5), the incidence of extravasation (0.6%) did not

differ significantly between groups of patients receiving

different injection rates of contrast media. In addition, no

correlation was noted between the extravasation rate and

catheter location, catheter size, or catheter type.
Mechanism

Multiple factors are involved in extravasations. The first

factor is osmolality above 1.025–1.420 mOsm/kg water.

Both iodinated radiographic and MR contrast agents of

low osmolality are better tolerated than high-osmolar

iodinated contrast agents. The second factor is the

cytotoxicity of contrast media. While Cohan et al (6)

found that ionic contrast media were more toxic than

nonionic agents, no difference was found by Jacobs et al

(5). The presence of meglumine as a cation may also play

a role in the cytotoxicity of ionic contrast media (7). The

third factor is the volume of extravasated contrast

medium. Although severe skin lesions have been de-

scribed following an extravasation of less than 15 mL, the
majority have occurred with large-volume extravasations

(8). The fourth factor is the mechanical compression

caused by large-volume extravasations that may lead to

compartment syndromes. Infection of the extravasated

site may increase the severity of local lesions. Extravasa-

tion from indwelling intravenous lines is often due to

phlebitis that develops in the cannulated veins. Other

mechanisms include inadequate placement of the catheter

in the vein, multiple punctures of the same vein, and high

injection pressure, which can break the vessel wall (1, 2).
Presentation

Symptoms of extravasation are quite variable, and

patients may be asymptomatic or complain of stinging

or burning pain. At physical examination, the extravasa-

tion site appears edematous, erythematous, and tender;

swelling may be due to tissue necrosis associated with

progressive edema and skin ulceration. Most extravasa-

tion injuries resolve spontaneously in 2–4 days; rarely,

they lead to long-term sequelae including hypoesthesia,

marked weakness, and pain (1, 2, 4). The initial examina-

tion does not allow one to predict whether the extravasation

injury will resolve or result in ulceration, necrosis, or

damage to soft tissue. A number of clinical findings suggest

severe injury and justify the advice of a surgeon. These

include skin blistering, altered tissue perfusion, paresthe-

sias, and increasing or persistent pain after 4 h (2).

Extravasation may also result in acute compartmental

syndromes, producing tense and dusky forearms with

swelling and diminished arterial pulses. Compartmental

syndromesmay necessitate emergency fasciotomy to relieve

neurovascular compromise (9).

Extravasation injuries must be distinguished from

other local reactions to injected fluid, including hyper-

sensitivity reactions and local irritative effects of iodi-

nated contrast agents on the vessel wall. In these reactions,

edema and erythema are absent, and the catheter is well

positioned in the vein. Extravasated gadolinium is better

tolerated than conventional ionic radiographic contrast

media and produces a zone of signal void on short

relaxation time MR images because of its high local

concentration (10). New devices for detecting extravasa-

tion are currently under evaluation (11).
Treatment

Elevation of the affected limb: Elevation is often useful to

reduce the edema by decreasing the hydrostatic pressure

in capillaries.

Topical application of heat or cold: Heat produces

vasodilatation and thus resorption of extravasated fluid

and edema (12), whereas cold produces vasoconstriction

and limits inflammation (13). Cooling can be produced
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with ice packs placed at the injection site for 15–60 min

three times a day for 1–3 days or until symptoms resolve.

Prevention of secondary infection: Application of silver

sulfadiazine ointment is recommended by many plastic

surgeons whenever blistering is evident (14).

Hyaluronidase, dimethylsulfoxide (DMSO), corticosteroids,

and vasodilators: Most studies have failed to demonstrate

any value of these agents or did not evaluate extravasa-

tions of contrast media.

Surgery: Most plastic surgeons believe that the majority of

extravasation injuries heal without surgery and that a

conservative policy is therefore recommended (15).

Surgical drainage or emergency suction applied within 6

h can be effective (16), and the use of emergency suction

alone or combined with saline flushing have also been

helpful (17, 18).

Aspiration of fluid from the extravasated site: This

treatment is controversial, as it usually removes only a

small amount of extravasated fluid and carries a risk of

infection.
Conclusions

Extravasation of contrast material is a relatively common

complication of enhanced imaging studies, but large-

volume extravasation may result in severe damage. Early

identification is important, and conservative manage-

ment is effective in most cases. Radiologists should be

aware of ways to prevent, recognize, treat, and document

extravasation injuries.
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Iodinated contrast agents are essential in all modern

radiographic imaging. The ideal contrast agent should be

totally inert, causing no interactions with the organism at

any level. Furthermore, it should be excreted rapidly and

completely. In reality, none of the current contrast agents

is totally inert, but the newer classes of agents are much

closer to this state than the old ones.

Iodinated contrast media may be divided into water-

soluble and oily contrast media. Oily contrast media

include Lipiodol, a stable compound of 40% iodine in

poppy seed oil, introduced in the 1920s and later replaced

by Lipiodol ultra and Ethiodol, ethyl esters of iodinated

fatty acids of poppy seed oil containing 48 and 37%

iodine, respectively. These oils are still, to some extent,

used for lymphography, hysterosalpingography, and

dacryocystography.

Water-soluble contrast agents for use in radiographic

techniques are iodinated benzoic acid derivates. They are by
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far the most used agents for radiography. The current

iodinated contrast agents can be divided into four classes

(Fig. 1): (a) high-osmolar ionicmonomeric agents, (b) low-

osmolar nonionicmonomeric agents, (c) low-osmolar ionic

dimeric agents, and (d) iso-osmolar nonionic dimeric

agents. They all are distributed in the extracellular phase,

none penetrate an intact blood–brain barrier, and all are

excreted via glomerular filtration. The high-osmolar ionic

monomeric media which are sodium and meglumine salts

of tri-iodinated benzoic acid have been available since the

1950s. They are very hyperosmolar, being 5–8 times the

osmolality of the blood. The hyperosmolality greatly

increases the hemodynamic and toxic effects of these agents.

In the 1970s, low-osmolar contrast media became available.

This was achieved through converting tri-iodinated benzoic

acid into a nonionic molecule by replacing the COOH

radical with an amide (CONH2). Thismolecule in solution

will not dissociate, allowing the availability of three atoms

of iodine with only one active particle [a ratio of 3:1].

Another development was the introduction of the mono-

acid dimer in which two tri-iodinated benzoic rings are

linked together with a bridge and the COOH of one ring is

converted into an amide. This gives the same iodine:

particle ratio of 3:1 in solution, since there are six iodine

atoms and two active particles in one molecule. The os-

molality of the ionic dimeric contrast media is almost

the same as the nonionic monomeric agents and is about

two times that of the blood at an iodine concentration of

300 mgI/mL. In the late 1980s the nonionic dimeric

contrastmediawere introduced. This was possible through
attaching two nonionic tri-iodinated benzoic rings. These

dimers give an iodine:particle ratio of 6:1 since there are six

iodine atoms and only one active particle in the molecule.

The osmolality of the nonionic dimers at the concentration

of 300 mgI/mL is equal to that of the blood. In the 1990s

there was a worldwide introduction of nonionic mono-

meric contrast agents stimulating the conversion. At the

turn of the century, both the nonionic monomeric and

dimeric agents have firmly established themselves as the

agents of choice since they are exceptionally well tolerated

by the great majority of patients and are associated with a

markedly reduced incidence of life-threatening anaphy-

lactoid reactions as well as moderate and minor adverse

reactions. Today more than 90% of all intravascular

injections of an iodinated contrast medium in Western

Europe and North America are done with a nonionic

agent. By far, computed tomography (CT) and cardiac an-

giography are the examinations where the largest amounts

are currently being used.

The benzene ring is, as mentioned earlier, the basis for

all iodinated water-soluble contrast agents. One of the

purposes of the side chains is to protect the body from

the toxic benzene ring with three iodine atoms. The side

chains do this well considering the low toxicity of the

current iodinated contrast media. The minor variation

within one class is mainly for patent protection. The

variation in the number of hydroxyl groups may affect the

hydrophilicity slightly, but the difference is of minor

importance, as several small and large clinical studies have

not been able to show any significant difference between
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the various nonionic low-osmolar agents with regard

to pharmacokinetics, pharmacodynamics, general safety,

renal tolerance, induction of thrombosis, diagnostic

effect, and so on. Today many contrast agents are available

with various osmolality (Fig. 2) and viscosity (Fig. 3).

A decrease in osmolality increases to some extent the

viscosity, but there is no linear relationship between

osmolality and viscosity. The main disadvantage of in-

creased viscosity is the difficulty it may cause during

the intravascular administration of contrast media

particularly if a high-flow injection is required or a

catheter with very small inner diameter is used.
Attenuation

Iodine has the atomic number 53 and an atomic weight

of 127. Attenuation increases with the atomic number

of the atom but decreases with the energy (keV) of the

X-ray photons, except at the K-edges. The K-edge of

iodine is 33 keV. Below 33 keV only very few photons

will pass through the body. For CT, the maximal X-ray

photon energy is between 120 and 140 keV and the

most common photon energies in the spectrum are

between 60 and 70 keV. For common radiographic

examinations, the maximal X-ray photon energy is
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between 70 and 90 keV. Thus, the common photon

energies in the spectrum are above the K-edge of iodine

(33 keV). The attenuation by the iodinated contrast

agent molecule is enhanced by the fact that it contains

three iodine atoms.
C

Administration—Dose

More contrast medium than necessary to confirm the

presence or absence of a suspected abnormality or to

perform a therapeutic procedure should not be used

in any patient. The dose necessary differs from examina-

tion to examination. For example, for a dacryocystogra-

phy a few milliliters of a 350-mgI/mL solution may be

needed, for CT of the urinary tract (CT urography) 100

mL of a 300-mgI/mL solution given a split bolus may be

more optimal than a single bolus injection of 150 mL, and

for coronary angiography it may be diagnostically better

to use 250 mL of a 350-mgI/mL solution than 300 mL of a

300-mgI/mL solution. Thus, the dose of contrast medium

should be tailored to the actual problem that is being

examined. Proper documentation of the intravascular use

of contrast media should be included in the patient’s

records.
Administration—Extravasation

Infants, young children, and unconscious and debilitated

patients are particularly at risk of extravasation during

contrast media injection. Automated power injection may

result in extravasation of large volumes and can lead to

severe tissue damage. Fortunately, most extravasations

result in minimal swelling or erythema, with no long-

term sequelae. However, severe skin necrosis and ulcera-

tion may occur. Large volumes of high-osmolar contrast

media are known to induce significant tissue damage.

Compartment syndrome may be seen associated with

extravasation of large volumes. The intravenous techni-

que should always be performed carefully, preferably

using plastic catheters for power injection. Conservative

management is often adequate, but in serious cases the

advice of a plastic surgeon is recommended.
Adverse Reactions
Radiation Versus Contrast Media

For pregnant women, the radiation exposure to the fetus

may be a bigger risk than the exposure to contrast media.

The same applies to newborns, children, and young adults.

For patients over 40 years of age the opposite is the case, as

the long-term effects of radiation (e.g., development of
solid cancers) diminishes with age and the risk of an

adverse reaction to a contrast agent in general increases

with age (e.g., nephrotoxicity).
Adverse Reactions to Water-Soluble
Contrast Agents

Adverse reactions to intravascular contrast media are

nowadays infrequent and generally classified as either

idiosyncratic or chemotoxic. Idiosyncratic (i.e., anaphy-

laxis-like, anaphylactoid) reactions occur unpredictably

and independently of the dose or concentration of the

agent. Most anaphylaxis-like reactions relate to the release

of active mediators. Conversely, chemotoxic-type effects

relate to dose, the molecular toxicity of each agent, and the

physiological characteristics of the contrast agents (i.e.,

osmolality, viscosity, hydrophilicity, calcium-binding pro-

perties, and sodium content). Some reactions to injection

of contrast media (e.g., sudden cardiopulmonary arrest)

are difficult to categorize into either of the two major

reaction types.

Chemotoxic effects of contrast media are more likely

in patients who are debilitated or medically unstable.

Hence, patients should be screened for conditions such as

renal dysfunction, renovascular disease, severe cardiovas-

cular disease, or recent seizures.

Adverse reactions to intravascular administration of

iodinated contrast media are classified into renal and

nonrenal. The latter is subdivided into acute (<1 h) and

delayed (>1 h) reactions.
Acute Nonrenal Adverse Reactions

An acute reaction to contrast media can be divided into

minor, intermediate, and severe life-threatening reactions.

The minor reactions include flushing, nausea, arm pain,

pruritus, vomiting, headache, and mild urticaria. They are

usually mild in severity, of short duration, self-limiting, and

generally require no specific treatment. The incidence of

these reactions to high-osmolar contrast media is probably

between 5 and 15%. Intermediate reactions, more serious

degrees of the above symptoms, include moderate degrees

of hypotension and bronchospasm. They usually respond

readily to appropriate therapy. The incidence of these

reactions to high-osmolar contrast media is about 1–2%.

Severe life-threatening reactions include severe manifesta-

tion of all of the symptoms included under minor and

intermediate reactions, convulsions, unconsciousness, lar-

yngeal edema, severe bronchospasm, pulmonary edema,

severe cardiac dysrhythmias and arrest, cardiovascular and

pulmonary collapse. The incidence of serious reactions

with high-osmolar contrast media is around 0.06–0.04%.

The prevalence of contrast reactions with low-osmolar
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contrast media is lower in comparison to high-osmolar

contrast media by a factor of 5. It is mandatory that one

is always prepared to treat a reaction.

There are several predisposing factors to contrast

reactions. The incidence of severe adverse reactions

increases in the presence of these risk factors, particularly

allergy or bronchial asthma. A previous reaction to a

contrast medium is also an important predisposing factor.

For the time being, nomedical prevention is recommended;

steroid prophylaxis can be administered, but it does not

avoid occurrence of adverse reactions in all patients.
Delayed Nonrenal Adverse Reactions
to Contrast Media

Most delayed reactions are not serious or life-threatening

and include flu-like illness, parotitis, nausea and vomiting,

abdominal pain, and headache. Delayed allergy-like reac-

tions with skin manifestation are the most frequent type.

Thyrotoxicosismayoccurup to3months after the injection.
Renal Adverse Reactions
to Contrast Media

Contrast medium-induced nephrotoxicity is defined as an

impairment in renal function (an increase in serum

creatinine by more than 25 or 0.5 mg/dL (44 mmol/L)

occurring within 3 days after the intravascular administra-

tionof contrastmedia and the absenceof alternative etiology.

It is considered an important cause of hospital-acquired

renal failure.Diagnostic and interventional procedures using

contrast media are performed with increasing frequency. In

addition, the patient population subjected to these proce-

dures is progressively older withmore comorbid conditions.

Prevention of this iatrogenic condition is important to avoid

the substantial morbidity and even mortality that can

sometimes be associated with contrast medium-induced

nephrotoxicity. Even a small decrease in renal function may

greatly exacerbate the morbidity and mortality caused by

coexisting conditions such as acquired sepsis, bleeding,

coma, and respiratory failure, which are more frequent in

patients with acute renal failure. Therefore, several measures

have been tested to reduce the frequency of contrast

medium-induced nephropathy. Nomeasure has yet resulted

in avoidance of its occurrence in all patients, but adequate

hydration reduces the incidence. When it has occurred, no

specific treatment is possible.
Interactions

Several of the in vitro studies on the hematologic effects of

contrast media have not been confirmed by in vivo and

clinical studies. Clinical studies indicate that all contrast

media possess an anticoagulant effect and that this effect
is stronger with ionic contrast media. A meticulous

angiographic technique is the most important factor for

reducing the thrombotic complications associated with

angiographic procedures.

Contrast media may interact with other drugs and

may interfere with isotope studies and biochemical

measurements. Awareness of the patient’s drug history

is important to avoid potential hazards.
Contrast Media, Iodinated,
Applications in Conventional
Radiography and CT
HENRIK S. THOMSEN, MARIE-FRANCE BELLIN
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Synonyms

Radiocontrast media; Radiographic contrast media
Definition

Contrast media are drugs that enhance the differences seen

on the images between the body tissues. The ideal contrast

agent should be totally inert, causing no interactions with

the organism at any level. Furthermore, it should be

excreted rapidly and completely.

They can be divided into water-soluble iodinated

contrast media and non-water-soluble barium agents.

The water-soluble iodinated contrast media can be

further subdivided according to the number of benzene-

rings: monomers (one ring), dimers (two rings). Both

types are available as ionic and non-ionic. Thus iodinated

contrast agents can be divided into four classes: (i) High-

osmolar ionic monomeric agents, (ii) Low-osmolar non-

ionic monomeric agents, (iii) Low-osmolar ionic dimeric

agents, and (iv) Iso-osmolar non-ionic dimeric agents.

Low-osmolar non-ionic monomeric agents are today the

most used agents.
Indication

Water-soluble iodinated contrast media, which diffuse

throughout the extracellular space after intravascular
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administration, are principally used for angiography,

during computed tomography (CT) and conventional

radiography, notably intravenous urography (IVU). They

can also be administered directly into the gastrointestinal

tract and urinary tract, or into body cavities to opacify

fistulas for example.

Barium sulphate preparations used to visualize the gas-

trointestinal tract consist of a suspensionof insolublebarium

sulphate particles which are not absorbed from the gut.
Contraindications
Iodinated Contrast Media

Absolute:

All contrast media: manifest hyperthyroidism

Ionic contrast media: subarachnoidal injection.

Relative:

Reduced renal function, asthma, history of allergy,

previous reaction to a iodinated contrast medium
Pregnancy/Lactation

If the examination has been found to be indicated based

on a thoroughly analysis of the history, symptoms and

signs, one should go ahead and use the contrast media

whenever it is necessary in order to confirm the presence

or absence of a lesion. In early pregnancy, mutagenic and

teratogenic effects may occur but they have never been

shown to occur after administration of iodinated contrast

media. In late pregnancy, potential harmful effects on fetal

thyroid owing to the presence of free iodine are of

concern. Therefore, neonates of mothers exposed to

iodinated contrast media in the late pregnancy must be

checked for thyroid dysfunction within 7 days after birth.

In many countries it is already a routine.

It is been recommended to stop lactation for a day or

two after administration of iodinated contrast media.

However, the neonate will receive between 0.3–0.5% of

the maternal dose and again only 1% of those tiny

amounts may enter the extracellular fluid of the neonate.

Thus, breast feeding may be continued normally when

iodinated contrast agents are given to the mother. The

baby may notice that the milk has a different taste.
Use and Dosage

The overwhelming majority of iodinated contrast media is

used for CT-scanning, cardiac angiography, and interven-

tional radiology. Only aminority is used for the remaining

indications. Contrast media are available in various

concentrations (140, 150, 180, 200, 240, 250, 300, 350,

370, 400mg/mL). For CT-scanning most radiologists use a
contrast medium in a 300mgI/mL solution (monomer) or

270mgI/mL (dimer), whereas for cardiac and coronary

angiography most cardiologists prefer concentrations of

350–400mgI/mL of a monomer whereas the dimers are

mainly used in concentrations of 320mgI/mL.

The amount of contrast media used depends on the

type of examination. For CT fixed doses in mL or in mL/

kg body weight are used. The dose varies from country to

country for example in some countries only 50mL of a

300mgI/mL solution is used for brain CT studies whereas

others give 100mL of the same solution. There is no

consensus about the optimal dosage. Regarding the latter

not only the total mg of iodine is important, but also

speed of injection, size of the bolus, kilovoltage, mAs,

pitch affect the resulting image. When it comes to

conventional arteriography like coronary angiography

and direct injection into body cavities as the renal pelvis,

dose depends on many factors including type of the

lesion, the skills of the physician, kilovoltage, mAs, body

weight, and so on. For an examination like CTurography

many protocols have been proposed ranging from 50 to

200mL of 300mgI/mL contrast medium. A split bolus is

now advocated by some radiologists, whereas others still

recommend the old single injection including a bolus and

a much slower follow-up during the first minutes.

Optimal dosage is a sensitive area and a consensus has

not yet been reached.

For barium studies of the gastrointestinal tract, 300–

800mL of barium sulphate preparations are used.
Adverse Reactions

Adverse reactions to iodinated contrast media are more

likely to develop in patients with reduced renal function,

with asthma, a history of allergy or contrast reaction and in

those who are debilitated or medically unstable. These

reactions can be divided into renal and non-renal and the

later are subdivided into acute anddelayed. Acute non-renal

adverse reactions can beminor, intermediate or severe. Fatal

reactions are rare. The introduction of low-osmolar agents

has caused an overall reduction in the number of non-fatal

contrast reactions. See the sections: Adverse reactions,

contrast media, iodinated, acute, non-renal; Adverse re-

actions, contrast media, iodinated, delayed; Adverse reac-

tions, iodinated contrast media, acute, renal.
Interactions

See Contrast Media, Iodinated, Interactions with Drugs.
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Definition

Computed tomography (CT) utilizing multidetector

scanners has introduced many new challenges regarding

doses and rates of administration for iodinated contrast

to obtain the best quality images of a wide variety of

organs and vascular systems in the body. Routine CT of

parenchymal organs in many instances requires more

volume of contrast material injected at lower rates than

CT angiography, which often requires less volume at a

higher rate. The exact dose of contrast for any given

vascular bed or organ system is becoming standardized

but may still vary from institution to institution. In this

section, some general principles of contrast administra-

tion and dosing will be discussed.
Characteristics
Administration

Whatever exam one wishes to perform the route of

contrast material administration is similar. For most

multidetector CT protocols, a bolus injection via power

injectors is superior to IV drip infusion. These power

injectors, however, can lead to potential complications

including large volume extravasation and/or air embo-

lism. Proper preparation of the injector and IV site as well

as communication with the patient is important to limit

these potential events. Pain or swelling at the IV site

during the injection can be early signs of extravasation

and the patient should be monitored for these signs.

Whenever possible a nurse or technologist should

monitor the site with direct palpation as the injection

occurs for signs of extravasation. If detected the

injection should be aborted immediately.

The best site for the IV access is an antecubital or

forearm vein. Flexible venous cannulas should be used for

the access site. Although 22-gauge cannulas can theore-

tically handle injection rates of 5 cc/sec it is recommended

that a 20-gauge or larger IV is used for rates of 3 cc/sec or

greater. The more peripheral the IV site the lower the rate

of injection. Hand or wrist venipuncture sites may be

limited to rates in the 1.5 cc/sec range.
Central venous catheters can be used safely if

necessary when peripheral IV access cannot be obtained.

The exact specifications and recommendations for any

central catheter to be injected should be followed. Often

large-bore (9.5 to 10 F) central venous catheters will be

able to handle 2.5 cc/sec injection rates without exceeding

the manufacturers’ specified limitations.
Use and Dosage
Uses

At this time, CT enhanced with iodinated contrast is a

wonderful tool for imaging a wide variety of body parts.

Imaging of primary tumors of the brain, lung and

abdominal organs as well as metastatic disease is a

common everyday occurrence. CT angiography is now

being routinely performed to detect abnormalities ran-

ging from pulmonary emboli to vascular malformations,

arterial stenoses, or acute hemorrhage. Anatomic CT

angiography is widely accepted for pretransplant Kidney

evaluation as well as pretreatment for peripheral vascular

disease. Changes from ischemia, inflammation, and

infection in the GI tract can also be readily identified on

arterial and venous phase CT imaging. New techniques

such as CT perfusion are emerging and will provide even

more capabilities in the future.

When determining the dose and timing of the contrast

bolus one should first identify the specific body part to be

examined. Parenchymal organs are often scanned when

the tissue is homogeneously enhancing providing an

enhanced background for detecting any abnormalities.

However, certain organs including the liver, pancreas, and

kidneys, may require multiple phases (arterial, venous,

and excretory) imaging to fully evaluate. CT angiography

is best performed at the peak of the first pass of the

contrast material bolus through the specific vascular bed.

Given the wide variety of exams available, it is easy to see

that a “one size fits all” dose is not possible but some

general dose sizes and timing can be suggested.
Dosing

As mentioned, proper dosing requires a preprocedural

determination of the organ system or vascular bed to be

studied. Routine examination of the head requires a

different dose and rate of injection than a thoracic aorta

CT angiogram. In general, routine CT exams for

parenchymal organs in the head, chest, abdomen, or

pelvis require more volume of contrast injected at a slower

rate than CTangiography. The maximal dose of iodinated

contrast, in general, is limited to a total of 45 g of iodine.

The concentration of the contrast material also may vary.

For most examinations, a concentration of 300 mg/mL
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Area of Interest Timing (sec) Bolus Dose (mL) Injection Rate (mL/sec)

300 mg/mL concentration

b350 mg/mL concentration

Head and neck

Carotid/circle of Willis CTA 15a 100b 4

Routine neck and chest 20 80 3

Routine head 240 100 1

Chest

Pulmonary arteries (PE study) 15a 120 4

Routine chest 20 80 3

Thoracic aorta CTA 20–25a 125b 4

Abdomen and pelvis

Abdominal aorta CTA 25–30a 125b 4

Pancreas arterial phase 40 140 4

Pancreas parenchymal phase 65 140 4

Urogram corticomedullary renal phase 45 100 3

Liver arterial phase 40 140 4

Liver portovenous phase 60 140 4

Urogram nephrographic renal phase 90 100 3

Renal artery CTA 20–25a 125b 5

Mesenteric CTA 25–30a 125b 4

Enterography arterial phase 25 150 4

Enterography mucosal phase 60 150 4

Routine abdomen and pelvis 70 140 3

Lower extremity run off CTA 30–35a 140b 3

Routine chest, abdomen and pelvis 65 140 3

aCTA should be performed with bolus timing sequences when available. Times listed are an estimation based on an average individual.
bContrast concentration of 350 mg/mL.

Contrast Media, Iodinated, Dose, and Administration. Table 1 Contrast media volume should be based on patient weight

and renal function and can be standardize as in the example below

Volume of Contrast Medium in mL

No Diabetes Diabetes

Weight <140 lbs

<64 kg

140–240 lbs

64–109 kg

>240 lbs

>109 kg

<140 lbs

<64 kg

140–240 lbs

64–109 kg

>240 lbs

>109 kg

Serum creatinine <1.5 mg/dL 100 mL 140 mL 200 mL 80 mL 120 mL 140 mL

Serum creatinine 1.5–1.9 mg/dL 80 mL 100 mL 140 mL Consult with Radiologist

Serum creatinine >1.9 mg/dL Consult with Radiologist Consult with Radiologist
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Iodine is sufficient. CT angiography will often be

performed with 350–375 mg/mL Iodine.

Contrast volume administered may range from

80–150 cc in the average adult depending on the exam.

Certain patient populations however may require adjust-

ment of the overall dose such as diabetics and patients

with renal insufficiency. Weight can also be a factor
requiring volume adjustments. Table 1 shows one possible

method of adjustment in these patients. (Based on a CT

exam for an average size healthy patient receiving 1,400 cc

of 300 mg/mL). The adjustments are made not only for

consideration of image quality but also with the risk of

contrast induced nephropathy in mind. As shown, certain

situations require consideration of a different modality
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Table 3 Suggested contrast media dosing rate and

volume for bariatric patients

Bariatric Patient (>300 lbs 137 kg)

Creatinine <1.4 mg/dL

225 mL of Iodixanol 320 with 50 mL Saline flush

Injection rate 5 mL/sec 4 mL/sec 3 mL/sec

Scan delay 80 90 100

IV infusion following exam 250–500 mL 0.9 normal saline
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exam or noncontrast exam if it is felt iodinated contrast

should not be administered. Alternatively, IV hydration

reduced dose of contrast or use of iso-osmolar contrast

can be utilized.

As previously mentioned different body, parts require

different doses. Although, the type of scanner used and

patient health and size play integral roles in the exact dose,

some general guidelines for some of the more common

exams are provided in Table 2. The volume, rate of injection

and timing of the exam are given for contrast material

concentration of 300 mg/mL unless otherwise noted.

Pediatric patients are best served by dosing specifically

based on weight. In general, 1 mL/2.2 kg (1 mL/lbs) of

contrast material up to 100 mL is an excepted dose. Newer

scanners allow for examinations on markedly obese

patient populations. In these bariatric patients, dosing

can be difficult. Some general guidelines for these patients

are included in Table 3.
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Many patients with multiple medical problems who are

receiving a variety of drugs are investigated with imaging
techniques that require intravascular contrast media. This

involves possible interactions between contrast media

with other drugs including interference with isotope

studies and biochemical measurements.
Drugs that will be Retained in the Body
Because of Reduction in Renal Function
Induced by Contrast Media

One of the potential adverse effects of iodinated contrast

media is reduction of renal function. This leads to

retention of drugs that are excreted exclusively through

the kidneys. A good example is the indirect interaction

between contrast media and metformin. Significant

reduction of renal function can be induced by contrast

agents in the presence of pre-existing kidney disease

particularly diabetic nephropathy. The reduction in renal

function induced by contrast media causes retention of

metformin potentially leading to the serious complication

of lactic acidosis.

Drugs that cause diuresis and natriuresis can be

hazardous and should be avoided in patients receiving

lithium. Although contrast media especially those of high

osmolality can induce significant diuresis and natriuresis,

their role of in increasing lithium toxicity is not widely

studied.
Drugs that Enhance the Renal Effects
of Contrast Media

Nephrotoxic drugs such as non-steroidal anti-

inflammatory drugs (NSAIDs) have the potential to

increase the renal effects of contrast media. This class of

drugs inhibits the intrarenal synthesis of vasodilatory

prostaglandins augmenting the renal vasoconstrictor

effect of iodinated contrast media and may facilitate the

development of contrast media nephrotoxicity. Other

nephrotoxic drugs such as gentamicin, cyclosporine and

cisplatin may also augment the nephrotoxic effects of

contrast media.

Diuretics such as acetazolamide, furosemide, spirono-

lactone, may augment the diuretic effect of contrast media

particularly those of high osmolality, leading to dehydra-

tion, increased risk of contrast medium nephropathy,

electrolyte imbalance and hypotension.
Drugs that Enhance Allergy Like
Reactions to Contrast Media
b-Blockers

Patients on b-blockers including the ophthalmic prepara-

tions who are given iodinated contrast media are three
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times more likely to have an anaphylactoid reaction than

matched controls. There is also increased risk of contrast

media induced bronchospasm particularly in asthmatics.

Anaphylaxis like reaction in these patients is more

refractory to conventional treatment because of low

reactivity to emergency medication. Adrenaline may be

ineffective or promote undesired alpha-adrenergic or

vagal effects.
Interleukin-2

In a prospective study of patients undergoing CTwho had

received Interleukin-2 (IL-2) and intravenous non-ionic

low-osmolar or oral-ionic high-osmolar contrast media,

or both, there were immediate urticarial reactions in 1.8%

of the patients within an hour of contrast administration.

No acute reactions were observed in a control group who

received contrast media but had not been treated with

IL-2. Delayed reactions (erythema, rash, fever, flushing,

pruritis and flu-like symptoms) developed in 12% of IL-2

patients and only in 4% of the control group. Two of the

IL-2 patients required admission to hospital. The mean

onset of symptoms was 4.5 h after injection of contrast

media and the mean duration of reaction was 16.4 h. The

patients had no risk factor for delayed reactions other

than IL-2 therapy and all had previous uneventful

exposure to contrast media. None of the patients with

immediate reactions developed delayed reactions. The

average time since IL-2 therapy was 6 months (range

24 days to 2.4 years). Previous contrast media reaction in

an IL-2 patient should be considered a relative contra-

indication to further contrast media administration. An

increased risk of contrast reactions may remain for two

years after stopping IL-2 treatment.

The administration of contrast media may also

precipitate IL-2 toxicity. Fever, diarrhea, nausea and

vomiting have been observed 2–4 h after enhanced CT

scanning with non-ionic low-osmolar contrast media.

The exact mechanism is not clear but contrast media may

generate the release of endogenous IL-2 or reactivate the

IL-2 receptors. Patients who develop these reactions

should avoid further exposure to contrast media and

imaging techniques such as MRI or CT without contrast

media injection should be considered for monitoring

response to treatment.
Hydralazine

Patients on hydralazine treatment, which can induce

systemic lupus erythematosus (SLE) like syndrome may

develop cutaneous vasculitis several hours after intravas-

cular administration of non-ionic iodinated contrast

medium. Hypersensitivity reactions to iodine-containing
compounds have also been described in patients with

systemic lupus erythematosus. It was suggested that

injection of iodinated contrast media should be avoided

in patients receiving hydralazine therapy as they may

provoke severe reactions.
Drugs that Interfere with the
Hematological Effects of Contrast Media
Effects of Contrast Media on Coagulation

It is well established that contrast media interact with the

coagulation mechanism, platelet activation and degranu-

lation and with thrombolytic drugs. Ionic contrast media

are more effective than non-ionic agents at increasing the

clotting time and give a fourfold increase in the whole

blood clotting time when compared to non-ionic agents.

Non-ionic contrast media cause less significant alteration

of clothing by inhibiting the coagulation cascade after the

generation of thrombin at the step of fibrin monomer

polymerization. Thus, both ionic and non-ionic contrast

media can prolong clotting time and may exaggerate the

effects of anticoagulant and antiplatelet drugs.
Effects of Contrast Media on Fibrinolysis

Contrast media impede fibrinolysis and delay the onset of

lysis by recombinant tissue-type plasminogen activator

(rt-PA), urokinase and streptokinase. This effect is

reduced by increasing the concentration of the lysis

agent. Contrast media cause fibrin to form in long/thin

fibrils, which have a lower mass/length ratio and are more

resistant to fibrinolysis. In clinical practice, if coronary

angiography is performed before starting thrombolysis

the recent administration of contrast media may reduce

therapeutic success.
Contrast Media and Drugs Acting on the
Central Nervous System

Cerebral angiography with high osmolar contrast media

may lower the fit threshold in patients receiving

antipsychotics, tricyclic antidepressants, or analeptics.

However, this concern does not seem to be important

with the routine use of non-ionic low-osmolar contrast

media for cerebral angiography.
Drugs that Enhance the Effects of
Contrast Media on the Heart

Patients receiving calcium channel blockers may develop

hypotension after left ventriculography with high-osmolar
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ionic agents. This effect is not significant with low-

osmolar non-ionic contrast media, which are less vasoactive

and have minimal negative inotropic effect on the

myocardium.
Effects of Contrast Media on Isotope
Studies

The administration of iodinated contrast media interferes

with both diagnostic scintigraphy and radioiodine treat-

ment. The reduced uptake of the radioactive tracer is

caused by the free iodide in the contrast medium solution.

A delay before undertaking scintigraphy of 4–6 weeks for

water soluble and 12 weeks for cholangiographic contrast

media is advocated.

Intravascular administration of contrast media shortly

after injection of isotope material (Tc-pyrophosphate) for

bone imaging can interfere with the body distribution of

the Tc-pyrophosphate. Increase uptake of the isotope

material in kidneys and liver with low uptake in bones

was observed. The diuretic effect of contrast media may

increase the elimination of the isotope material in urine so

less is available for deposition in skeleton. The increased

uptake in the liver is not fully explained.

Intravascular administration of contrast media may

also interfere with red blood cell labeling with isotope

material. Tc-99m labeling of red blood cells should be

performed before contrast media injection. How contrast

media interfere with red blood cells labeling is not fully

understood.
Mixing Contrast Media with Other Drugs

Contrast media should not be mixed with other drugs

before intravascular use. It is also advisable not to inject

other drugs through the same venous access used for

contrast media injection. If the same venous access is

used, there should be adequate flushing with normal

saline first.
Effects of Contrast Media on Biochemical
Assays

Measurements of clotting time and other coagulation

factors can be falsely increased after the intravascular

administration of contrast media. Therefore, clotting tests

should be avoided for 6 h or more after injection of

contrast media.
Iodinated contrast media in the urine may also

interfere with some of the protein assay techniques

leading to false positive results. Care must be exercised in

interpreting tests for proteinuria for 24 h postcontrast

media injection.

Gadodiamide and gadoversetamide may cause spur-

ious hypocalcemia particularly at doses of 0.2 mmol/kg or

higher in patients with renal insufficiency. These contrast

media interfere with calcium measurements obtained by

assay using the ortho-cresolphthalein complexone (OOC)

method but not with the assays using the Arsenazo III

method. The false measurements of serum calcium did

not occur with gadopentetate dimeglumine (Gd-DTPA)

or gadoteridol. In very high concentrations, Gd-DTPA

may interfere with calcium determination when

methylthymolblue is used. Awareness of this effect on

calcium measurements by some MRI contrast agents is

important to avoid incorrect and potentially hazardous

treatment.

Iodinated contrast media may interfere with determi-

nation of bilirubin, cubber, iron, phosphate and proteins

in blood. Caution should be exercised when using

colorimetric assays for angiotensin-converting enzyme,

calcium, iron, magnesium, total iron binding capacity

and zinc in serum samples who have recently received

gadolinium based contrast media. Biochemical assays are

better performed before contrast media injection or

delayed for at least 24 h afterwards or longer in patients

with renal impairment. Urgent laboratory tests per-

formed on specimens collected shortly after con-

trast media injection should be carefully assessed.

Accuracy of unexpected abnormal results should be

questioned and discussed with colleagues from the

hospital laboratories.
Conclusion

Contrast media have the potential for interaction with

other drugs and may interfere with biochemical assays.

Awareness of these interactions is important to avoid

misinterpretation of biochemical data and causing harm

to the patient following imaging and interventional

procedures. Proper documentation of intravascular use

of contrast media should be included in the patient’s

records.
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Synonyms

Ethiodol; Lipiodol
Definition

Sicard and Forrestier in 1923 first reported the use of

iodized poppy seed oil as contrast medium. They injected

Lipiodol into an antecubital vein to observe blood flow

through the heart and pulmonary arteries.

Oily contrast media include Lipiodol, a stable

compound of 40% iodine in poppy seed oil. Lipiodol

ultra fluid and Ethiodol, ethyl esters of iodinated fatty

acids of poppy seed and containing 48 and 37% iodine,

respectively, later replaced Lipiodol.

The oily contrast material is phagocytized by poly-

morphonuclear cells and metabolized to sodium iodide

by esterase. After elimination of the oily substance, the

foreign-body reaction subsides. Excretion of sodium

iodine occurs mainly via the kidneys, but the pancreas,

liver, and salivary glands take part in its elimination.

Sensitivity reactions occur with an incidence of

approximately 0.1%.

After its introduction, iodized oil has been used as

a contrast medium in lymphography, bronchoscopy,

hysterosalpingography, myelography, and sialography.
Indications
Sialography

Catheterization of the parotid and submaxillary duct using

a catheter can be performed after preliminary dilatation of

the duct orifice. Injection of 1–2 cc oily contrast media is

usually sufficient to outline the main duct and all its

branches. Over-distension is avoided by completing the

injection when the patient notes a feeling of fullness. Oily

contrast media have been replaced by nonionic, low-

osmolar, water-soluble contrast media.
Contrast Media, Iodinated, Oily. Figure 1
Myelography

Hysterosalpingography demonstrates bilateral tubal

occlusion and intravasation.

In 1944, iodophenylundecylic acid (Myodil, Pantopaque)

was introduced for myelography. A major drawback of
the oily contrast media is the lack of resorption. Complete

removal through aspiration is usually not possible after a

procedure and the remaining droplets may lead to chronic

irritation and arachnoiditis. Low-osmolar, nonionic, water-

soluble contrast media for myelography have replaced oily

contrast material.
Hysterosalpingography

The injected contrast medium outlines the uterine cavity

and fallopian tubes, and spill of contrast medium to the

peritoneum can be ascertained. The contrast material is

injected through a cannula, a balloon catheter, or a

suction device. The contrast medium is injected under

image intensifier control. The contrast medium can

accidentally be injected through the endometrium and

taken up by the interstitial lymph or veins, which outline

the uterine wall (Fig. 1).

Oily contrast materials have been used for hyster-

osalpingography for decades and a low complication

rate has been found. In fact, a therapeutic effect of the

hysterosalpingography with the use of oily contrast has

been observed and pregnancy rates of up to 30% have

been reported in infertile couples after the use of oily

contrast media. There is still debate on the most superior

contrast medium for hysterosalpingography (1, 2).
Lymphangiography

Lymphangiography is performed to visualize lymph vessels

in the upper and lower extremities, the thoracic duct, and

regional lymph nodes.

The main indication for lymphangiography using oily

contrast material is the detection of lymph nodes
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Lymphangiography in the nodal phase.
Contrast Media, Iodinated, Oily. Figure 3 The uptake of

Lipiodol in a hepatocellular carcinoma after selective

catherization and embolization.
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metastases in cases of malignant disease, e.g., malignant

lymphoma and malignant testicular tumors.

Lymphangiography is performed by demonstrating

a lymphatic vessel, dissecting it, and then cannulating it.

When the vessel is cannulated, the oily contrast medium is

injected slowly with a maximum of 7 mL/h. No more than

10 mL of oily contrast medium should be injected. Images

may be obtained in the vascular phase and in the nodular

phase (Fig. 2). Contrast medium in excess of that retained

in the nodes enters the systemic veins via the thoracic

duct or lymphatic venous communications. From the

veins, it passes into the lung capillaries. The contrast

material remains in the lymph nodes for 6 months to

2 years in pathological cases.

Apart from local complications related to the place-

ment of the needle in the lymphatic vessel, the most

common complication is embolization to the lung.

Because of the invasiveness of the procedure, the

complication rate, and the rather poor imaging impact

compared with ultrasound (US), computed tomography

(CT), magnetic resonance imaging (MRI), and positron

emission tomography (PET)/CT, lymphangiography is

no longer performed on a large scale.
Liver Imaging

Oily contrast medium injected into the hepatic artery is

taken up by tumors. Normal hepatic parenchyma also

takes up the contrast material, but this is cleared from

normal liver within a week, whereas it is retained in

tumors. Two theories for this phenomenon exist: (1)

contrast material is taken up by tumors due to some

abnormality of tumor vasculature, making the leakage of

contrast into the tumor possible, (2) contrast material is

cleaned by the Kupffer cells in normal liver parenchyma,

but because such cells do not exist in tumor tissue,
contrast material is retained. Usually, 10 mL contrast

emulsion is injected into the hepatic artery and a CT scan

is performed 7–10 days later. False-negative interpreta-

tions of Lipiodol CT may occur in cases of avascular,

necrotic, or fibrotic tumors that have not taken up the

agent. Focal nodular hyperplasia, hemangioma, cirrhosis,

and metastatic lesions may cause false-positive interpreta-

tions. However, the pattern of Lipiodol uptake within the

lesion is most often characteristic for hepatocellular

carcinoma (HCC).

Multirow detector CT and functional MRI with the

use of liver-specific contrast agents will probably replace

this invasive way of imaging the liver, without the

pulmonary side effects seen after injection of oily contrast

material.
Liver Chemoembolization

A number of embolic agents have been used to treat liver

tumors; one of them is oily contrast material (Fig. 3).

With the angiogenesis and parasitization of flow that

accompanies hepatic malignancies, no agent is truly

permanent. Lipiodol alone has no antitumor effect and

must be combined with a cytostatic substance or radio-

isotope to achieve therapeutic results.

It has been observed that oily contrast material is

shunted from arterioles to portal venules before entering

the tumor bed. Additional occlusion devices such as coils,

Gelfoam, or microspheres can be used. A synergistic effect

between embolization and chemotherapy exists. Hypoxia

will cause an increased effect of the chemotherapeutic

drug. A higher extraction of the drug occurs when passage

through the liver is reduced.

Chemoembolization should not be performed if most

of the liver is involved by tumor, in the presence of
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insufficiency of the liver, significant portal hypertension,

occlusion of the portal vein, hepatorenal syndrome, or in

significant reduced pulmonary insufficiency.

Randomized studies have shown increased survival in

patients with HCC (3). In hormone-producing liver

tumors, a reduction in hormone activity has been found

after chemoembolization. With regard to colorectal liver

metastases, the results are more controversial.
Adverse Reactions

Oily-iodinated contrast materials induce a foreign-body

reaction and this can be seen in the form of arachnoiditis

in myelography, localized peritoneal fibrosis in hyster-

osalpingography, localized fibrosis in salivary glands in

sialography, and fibrosis and scar reactions in the

marginal sinuses and fibrous encapsulation of oil droplets

in lymph nodes in lymphangiography. This will also

happen in a lymph node that has accidentally been

exposed to oily contrast medium in other examinations.

The most important side effect is pulmonary oil

embolism. When the iodized oil enters the pulmonary

capillaries, lung embolism will appear. Miliary or reticular

deposits of oily substance in the lungs are then visible even

on a conventional chest image within 24 h after injection.

Most of the patients have neither clinical symptoms nor

respiratory impairment, but lung scintigraphy reveals that

lung embolization has occurred. Twenty-four hours after

the oily contrast is injected, it is not found exclusively in

the capillary bed of the lung but is scattered in the

interstitial tissue of the lung.

The macrophages in the alveolar spaces phagocytize

parts of the agent, which is later removed by the sputum.

With an increase in the administereddose, the lungbecomes

a less efficient filter for the oily particles, and the amount

reaching other organs such as the liver, spleen, kidneys,

and bone marrow is greater. Reactive granulation tissue

within the alveolar walls and areas of focal atelectases due

to small infarctions are frequently encountered.

Cerebral oil embolism, iodine sialitis and thyroiditis,

and hypersensitivity reactions have been reported.
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Synonyms

Chemical composition of contrast media; Classification of

contrast media; Iodinated contrast media; Pharmaco-

kinetics of contrast media
Definition

Iodinated radiographic contrast media are well tolerated,

with large doses routinely administered without signifi-

cant adverse effects in the vast majority of patients. They

are used at higher doses than any other intravascular

drug (1). For example, the amount of contrast material

administered to a patient for a CT scan and the iodine

that the contrast material contains are routinely as high as

90 and 45 g, respectively.
Characteristics
Chemical Composition and Classification

Ionic Monomers: All currently utilized iodinated contrast

material is derived from a benzene ring to which have

been added three iodine atoms, at the 2-, 4-, and 6-

positions.

The earliest of these contrast agents were acids;

containing a carboxyl group at the 1-position (required

to make the molecule water soluble). These contrast

molecules dissociated into two ions in solution: an anion

consisting of the carboxylated tri-iodinated benzene ring,

and the cation usually consisting of sodium or methyl-

glucamine (or meglumine) or a combination of both (2).

Various side chains have been attached to the 3- and 5-

positions of these benzene molecules (to further facilitate

their water solubility and to minimize toxicity), with

variations in these side chains found in the different

manufactured agents.

These contrast agents are now termed high-osmolality

agents, because at standard concentrations used for CT

and angiography, their osmolality is many times that of

blood. They are also called ionic monomers, ionic because

of the previously discussed dissociation in solution into
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Properties of iodinated contrast media

Type Ratio (I to

particles)

Range in

osmolality*

(mOsm/kg)

Viscosity*

at 37˚C

(cps)

Ionic monomers 3:2 1,400–1,515 2.3–4.3

Nonionic monomers 3:1 585–672 4.7–6.3

Ionic dimer 6:2 600 7.5

Nonionic dimers 6:1 290 11.8

*Values are given for commercially available iodine concentrations at

or closest to 300 mg/mL. These are the concentrations most

commonly utilized for excretory urography and CT (but not for

angiography)
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ions, and monomers because each contrast molecule

includes only one tri-iodinated benzene ring (3).

One way to compare the properties of various contrast

media is to consider the relationship of their X-ray

attenuation characteristics to their osmolality. This is

done by calculating the ratio of the number of iodine

atoms in a contrast molecule to the number of particles

that molecule forms in solution. For high-osmolality

contrast agents, this ratio is 3:2. For every three iodine

atoms in solution, two different particles must be present,

the benzene ring analog anion and the cation with which

it is conjugated (Table 1).

Nonionic Monomers: Nonionic contrast agents were

created using an alternate way to make tri-iodinated

benzene ring molecules water soluble: removing the

ionizing carboxyl group at the 1-position and replacing it

and the side chains at 3-, and 5-positions with much

larger components each of which contained several

hydrophilic hydroxyl groups. The resulting nonionic

monomers are all similar to one another, with mild

differences in side-chain composition again accounting

for the different brands that are available. Although side-

chain modifications can be expected to produce subtle

differences in the properties of various nonionic mono-

mers, no significant differences in tolerability or safety

among these agents have been identified (1, 3).

Each nonionic monomeric molecule does not dis-

sociate in solution. Hence, one, rather than two, particles

are present for each molecule in solution. Thus, the ratio

of iodine atoms to particles is 3:1, rather than 3:2. For this

reason, the osmolality is halved for a given iodine

concentration (Table 1). In fact, the reduction in osmolality

is reduced by even more than a factor of two because of

the tendency of some of the contrast molecules to associate

with one another in solution. Since nonionic monomers

have dramatically reduced osmolality compared to ionic

monomers, they are referred to as low-osmolality contrast
agents. They produce considerably fewer adverse reactions

than do ionic monomers.

Ionic Dimers: Another way to reduce the osmolality of

contrast media is to replace one of the side chains in an

ionic monomer with a side chain containing a second tri-

iodinated benzene ring; the result is an ionic dimer. Only

one such contrast agent is currently available: ioxaglate.

Each ioxaglate molecule contains a cation, and an anion

consisting of two tri-iodinated benzene rings, connected

to one another by side chains at the 3-position of one

molecule and the 5-position of the other. One of these

benzene rings still contains an ionizing carboxyl group at

the 1-position; however, the other does not (instead

containing a nonionizing organic side chain). Ionic

dimers contain 6 iodine atoms for every 2 particles

in solution. Therefore, they have approximately half

the osmolality (at a similar iodine concentration) as

do ionic monomers (3) and they are also classified as

low-osmolality contrast agents.

The penalty for reducing contrast medium osmolality

in this way is that the contrast molecule is still ionic. If

ionicity is responsible for some adverse events after

contrast media injection, the number of reactions might

not be decreased as much when an ionic dimer is injected,

compared to a nonionic monomer. Indeed, some adverse

reactions, particularly nausea and vomiting, have been

observed more frequently after administration of iox-

aglate than after administration of nonionic monomers.

Additionally, larger molecules containing more atoms

tend to be more viscous. Increased viscosity makes

contrast material harder to inject (particularly through

long and/or thin catheters), especially when the vessels are

small (2).

Nonionic dimers:More recently, nonionic dimers have

been produced, in which the lone carboxyl group of an

ionic dimer has been replaced with a nonionizing

hydrophilic side chain, while the other side chains have

also been made increasingly hydrophilic. One nonionic

dimer molecule contains 6 iodine atoms for every 1

particle in solution. As a result, at a given iodine

concentration, nonionic dimers have the lowest osmol-

ality of all iodinated contrast agents. At traditional

concentrations of 250–300 mg I/mL, nonionic dimers

have an osmolality nearly equal to that of human blood

(290 mOsm/kg). Nonionic dimers are, therefore, termed

iso-osmolality contrast agents (Fig.1) (Table 1).

Again, the unwanted result of creating such a large

contrast molecule (with two benzene rings and many long

side chains) is increased viscosity, a feature which may be

responsible for the observation that delayed adverse

reactions (reactions beginning at least 1 h after injection),

particularly delayed dermatologic reactions, have been

reported more frequently in some series when these

agents are injected (3).



Contrast Media, Iodinated, Water Soluble. Figure 1 Chemical formulae of several contrast media: (a) Ionic monomer:

diatrizoate, (b) Nonionic monomer: iopromide—note that there are many hydroxyl groups (underlined) in the side chains,

to make this nonionizing molecule water soluble, (c) Nonionic dimer: iodixanol—note again that a large number of

hydroxyl groups (underlined) have been added to make the molecule water soluble.
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Other Contents in Administered Contrast
Material

Free iodide: Although water-soluble iodinated contrast

media contain only tiny amounts of free iodide, the

amount of administered free iodide still greatly exceeds

the recommended daily dose (of 0.15 mg) (4). The

maximal amount of free iodide in a bottle of contrast

material produced at a concentration of 300 mg I/mL

is only 0.05 mg/mL immediately after manufacture
(although it rises as shelf-life lengthens) (4). Thus, a

150 mL dose of this agent (as is often administered for

CT) would expose a patient to up to 7.5 mg of free iodide.

Some additional iodide may also accumulate due to

deiodination of contrast material molecules in vivo (4).

Additives and Contaminants: Chemical additives are

present in all bottles of contrast media. The pH of contrast

agents is often adjusted by adding hydrochloric acid or

sodium hydroxide. Other additives include tromethamine
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(a buffer) and edetate calcium disodium (a “stabilizer”).

In addition, calcium chloride dihydrate and sodium

chloride are added to iodixanol to provide a sodium/

calcium ratio equal to that of blood.

Contaminants may leach into contrast material stored

in either vials or prefilled syringes, from chemicals

originally located within rubber stoppers or silicone

coating (the latter used in prefilled syringes).
Pharmacodynamics

At similar iodine concentrations, all iodinated contrast

media produce the same degree of arterial opacification

on imaging studies. Venous opacification is slightly

diminished, although not to a clinically significant extent,

when higher osmolality agents are used, due to a

dilutional effect, because high-osmolality agents draw

more water into the vascular system.

Postinjection: Following injection of intravenous

contrast material, there is gradual equilibrium between

extracellular/interstitial and intravascular spaces (3, 5).

Contrast molecules are very small, exhibit no significant

protein binding, and easily pass outside of the vascular

spaces, although they do not enter cells to any significant

extent (1).

Vascular enhancement increases with the concentra-

tion of injected contrast material and the rate and

duration of administration (6). Physiologic parameters

that affect the degree of vascular enhancement are cardiac

output (directly related) and central blood volume

(inversely related). The dynamics of parenchymal organ

enhancement are different. The liver, in particular,

enhances in a different fashion due to its dual blood

supply. Liver enhancement is delayed and its intensity

related primarily to the total dose of contrast material

injected (6).

Excretion:More than 90% of iodinated contrast media

is cleared by renal glomerular filtration and excreted by the

kidneys (2, 3, 5). The remainder is eliminated by the liver,

bowel, and salivary glands. The normal half-life of contrast

material varies between 30 min and 1–2 h in healthy

patients (with excretion prolonged in the elderly) (3).
Physiologic Effects of Contrast Media

Aside from their effects on X-ray opacification, iodinated

contrast media have a number of normal physiological

side effects when injected into patients. Many of these are

likely due to hyperosmolality. Thus, many effects are most

pronounced when high-osmolality contrast media are

used, less so when low-osmolality agents are injected, and

absent when iso-osmolality agents are employed.

Cardiac effects: Coronary artery injection with ionic

monomers transiently decreases left ventricular contrac-

tility (3). In comparison, nonionic monomers produce
increased left ventricular contractility and left ventricular

systolic shortening (3). Intravenous contrast material

injections can lower the threshold for cardiac dysrhyth-

mias, including ventricular fibrillation (3).

Renal effects: Iodinated contrast media produce a brief

transient increase (about 1 min long) followed by a longer

decrease in renal blood flow (3). The latter is associated

with decreased glomerular filtration (3). Potential ne-

phrotoxic effects of high- and low-osmolality agents due

to these and/or other factors are usually of little

consequence in patients without preexisting renal disease.

While small clinical studies found that nonionic dimers

produce less nephrotoxicity in patients with underlying

renal disease, an in vitro study recently demonstrated that

they are equally toxic to renal tubule cells at comparable

iodine concentrations (7).

Pulmonary effects: Iodinated contrast media produces

at least subclinical bronchospasm in all patients (3).

Pulmonary vascular resistance may also increase, parti-

cularly after injection of high-osmolality agents (3).

Neurologic effects: The most commonly encountered

neurologic effects are nausea and vomiting (more often

seen with ionic monomers and ionic dimers). In some

patients, particularly those in whom the blood brain

barrier is disrupted, seizures may be induced (3, 5).

Peripheral vascular effects: Any contrast material with

osmolality exceeding that of blood increases circulating

blood volume, as it draws in water from the extravascular

tissue (3). Vasodilatation also occurs after contrast media

injection, resulting in decreased peripheral vascular

resistance. These changes may be sensed by the patient

as warmth or flushing (5). Blood pressure may transiently

decrease, with compensatory increases in cardiac output.

Effects on the thyroid gland: Administered free iodide

accumulates in the thyroid gland and can interfere with

uptake of any other administered iodide. For this reason,

it is often recommended that radioisotope imaging of the

thyroid or radioactive iodine treatment for thyroid cancer

not be performed within two months of iodinated

contrast material injection (4). Clinically apparent

adverse affects of contrast media on thyroid function

are rare in euthyroid patients, although they are

occasionally encountered, most often in the elderly (likely

because some older patients have incidental undiagnosed

thyroid disease) (4). Exacerbation of hyperthyroidism

may be encountered in patients with preexisting thyroid

dysfunction (Grave’s disease, multinodular goiter, or

thyroid autonomy) (4).

Thrombogenic effects: All iodinated contrast media

have an inhibitory effect on thrombogenesis. These effects

are more pronounced with high-osmolality agents (3, 5).

Local effects: Iodinated contrast media rarely produce

local arm pain and erythema even when properly injected

into an artery or vein. Local irritation of vascular
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endothelium may be responsible (due to chemotoxicity

and hyperosmolality). In rare instances, venous throm-

bosis can occur (3).
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Synonyms

Intravascular contrast media
Definition

Biodistribution: Blood pool agents (BPA) are defined by

their biodistribution. After intravenous administration,

such contrast media extravasate less than standard

extravascular agents do. Therefore, BPA are also referred

to as intravascular contrast media.

Characteristics and Classification: BPA are retained

within the intravascular fluid compartment because of

their larger molecular weight, their particle size, or their

binding to large intravascular molecules impeding their

extravasation, such as albumin. BPA may also be classified

with respect to their magnetic properties. Gadolinium

(Gd)-based BPA have a predominant T1 effect. Ultrasmall
particles of iron oxide (USPIO), on the other hand, are

very small coated iron particles with a diameter of

�20 nm. USPIO have a strong T1 effect and a consider-

able T2 effect. BPA are also classified according to their

terminal half-life. While low-molecular agents are elimi-

nated even faster than the extravascular agents (rapid-

clearance BPA), high-molecular agents may circulate for

several days in the vascular space (slow-clearance BPA).

Gadolinium-Based BPA: The prototype of a large

molecular weight BPA is albumin loaded with Gd-DTPA,

resulting in a large molecule of 92 kDa with strong T1/T2

relaxivities of 13.7/18.4 mM−1sec−1 and an intravascular

half-life of 90 min. This compound, however, has

unfavorable allergenic properties and clearance pathways

and thus cannot be used in humans. Medium molecular

weight BPA such as gadomelitol (6.4 kDa; r1/r2 = 27.1/56

L mM−1 sec−1; Vistarem) and SHL643A (35 kDa; 13 L

mmol−1 sec−1 gadomer-17) are currently under investiga-

tion for use in humans. Reduction of molecular weight

not only improves the allergenic properties but also allows

renal elimination.

Small molecular weight BPA such as Gadovosfeset

trisodium (Vasovist®) reside predominantly in the blood

pool because they bind reversibly to various proteins such

as albumin and other components of blood plasma. Such

binding modifies biodistribution and slows down rota-

tion of the molecule, thus enhancing T1 and T2 relaxivity.

Gadobenate dimeglumine (Multihance® Gd-BOPTA)

shows some weak protein binding with an in vivo blood

relaxivity approaching twice the aqueous solution. In

2007 Gadovosfeset trisodium (Vasovist®) gadobenate

dimeglumine (Multihance® Gd-BOPTA) is the only intra-

vascular media with intravascular properties approved for

use in patients.

Iron oxide BPA: Iron-based BPA are coated USPIO

with a strong T1 and T2 shortening effect. Such

compounds have a prolonged residence in the intravas-

cular space because of their large particle size of

approximately 20 nm and reduced reticuloendothelial

system (RES) uptake compared with the larger super-

paramagnetic particles (SPIO) used for liver imaging

(ferumoxides in Endorem®/Feridex® or ferucarbotran in

Resovist®). Examples for USPIO are NC100150 injection

(Clariscan®), ferumoxtran-10 (Combidex®, Sinerem®),

ferumoxytol (Advanced Magnetics), SHU-555C (Supra-

vist®), andvery small superparamagnetic ironoxideparticles

(VSOP). SPIO with a predominant T2 shortening effect

have also been referred to as BPA, but they have very short

vascular half-lives of less than 10 min due to endocytosis

in the liver, spleen, and other RES tissues.

On T1-weighted pulse sequences, USPIO-enhanced

angiography vessels appear bright. Sequences with short

echo times are required to minimize sensitivity to

susceptibility effects.
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Indication
General Aspects

Motivation for development of BPA includes the

following:

1. BPA with high molecular weight or binding to large

molecules provides strong T1 relaxivity because large

molecules have a low tumbling rate, resulting in more

efficient interaction with water protons.

2. The prolonged intravascular phase of BPA allows for

longer acquisition times, which may be useful for

angiography with high resolution or in various

positions (Fig. 1), double (cardiac and respiratory)-

gated coronary angiography, and perfusion imaging at

rest and during pharmacologic stimulation.

3. BPA may allow for perfusion quantification because of

their well-defined distribution in organ tissue.

4. BPA are used to probe microvascular integrity after

myocardial ischemia and infarction; to assess perme-

ability of vessels in tumors, allowing for an estimation

of their dignity; and to detect occult bleeding in the

gastrointestinal tract.
Angiography

BPA with prolonged vascular enhancement are of

particular interest for coronary artery imaging. Debiao

et al (1) used SH L 643 A-enhanced magnetic resonance

(MR) for free-breathing coronary angiography. The

acquisition time of this sequence with prospective cardiac

and retrospective respiratory gating was 6–8 min, thus

requiring strong and prolonged vascular enhancement.

Outside the heart, however, angiography during the

equilibrium phase of such BPA is limited by confounding

enhancement of both arteries and veins. Wyttenbach et al
Contrast Media, MRI, Blood Pool Agents. Figure 1 A 42-

Angiograms enhanced with single injection of (Gadovosfeset tr

Angiograms were acquired with (a) arms-up in arterial phase,

equilibrium phase. With arms-up significant stenoses are pres

with arm-down stenoses resolve. (Courtesy of Dr. Heyder, Gra
(2) compared peripheral angiography during the first pass

of standard extracellular contrast material versus GdBOP-

TA. These authors found a comparable diagnostic perfor-

mance of both compounds in the aortoiliac region. In the

distal run-off vessels, however, GdBOPTA yielded higher

specificity and a significantly smaller number of nonasses-

sable segments than extracellular contrast media did (2).
Perfusion

BPA enhance normal myocardium to a lesser degree than

extracellular agents because the fractional distribution

volume of BPA (�5%) is substantially smaller than that of

extracellular compounds (�20%). Thus, BPA enhance

normal myocardium to a lesser extent than extracellular

agents. This might indicate reduced utility of BPA for

evaluating myocardial perfusion. An advantage of BPA

might be the longer temporal window, which might be

used for perfusion imaging during the equilibrium phase.

Another advantage might be the improved quantification

of perfusion as the first-pass curves return almost to

baseline, whereas extravascular agents present an overlap

of perfusion and extravasation. Thus, intravascular

contrast agents should allow improved qualitative perfu-

sion studies outside the brain. Another potential

advantage may be the prolonged acquisition window for

imaging at various physiologic conditions. However, the

sensitivity of BPA for infarction and the potential for the

assessment of myocardial viability is unknown. Bjerner

et al (3) assessed myocardial perfusion with first-pass

USPIO-enhanced T2-weighted imaging and found a

significant signal loss in normally perfused myocardium.

Reimer et al (4) used T1-weighted USPIO-enhanced MR

for qualitative perfusion imaging. These authors found

susceptibility-induced signal loss in the right ventricle,
year-old female with thoracic outlet syndrome. 3D MR

isodium, Vasovist©, 0.03 mmol/kg @ 0.8 mL/sec) are shown.

(b) arms-up in equilibrium phase, and (c) arms-down in

ent in left subclavian artery (arrow) and vein (arrowhead),

bs, Switzerland)
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which can be explained by a high USPIO concentration,

an important limitation of USPIO-based perfusion

imaging. Susceptibility effects are most pronounced at

high regional concentrations and heterogeneous distribu-

tion of USPIO, making quantification difficult.
C

Tumor Imaging

For grading of breast tumors, Gd-based slow- and rapid-

clearance BPA have been used to probe transendothelial

permeability of blood vessels, microvascular density, and

fractional blood volume using dynamic MR data-fitted to

a bidirectional two-compartment model. Transepithelial

permeability and microvascular density correlate with

tumor grade when using slow-clearance albumin-

(GdDTPA)30 but not when using rapid-clearance BPA.

In a human breast tumor model in mice, a delayed

accumulation of gadomelitol after 30 min and 3 h

suggests a potential to improve characterization of benign

and malignant tumors. On the other hand, USPIO-

derived microvascular permeability has been shown to

correlate strongly with histopathologic tumor grade in an

animal model of breast cancer (5). Thus, BPA may allow

tumor grading in the future.
Gastrointestinal Hemorrhage

Attempts to detect and localize intestinal or peritoneal

bleedings with BPA have been performed as well, but they

lack specificity and do not fulfill all clinical requirements.
Plaque Imaging

After prolonged vascular circulation of USPIO, these are

partially taken up by intravascular monocytes or

endothelial macrophages, thereby potentially extending

pure angiographic imaging to vessel wall imaging and

plaque characterization.
Contraindication

The vendors of gadovosfeset trisodium (Vasovist®) and

gadobenate dimeglumine (Multihance Gd-BOPTA) men-

tion allergy against Gd chelates as a contraindication.

Disturbances of ironmetabolism, however, can be expected

to be relative contraindications for iron oxide particles.
Pregnancy/Lactation

Gadovosfeset trisodium (Vasovist®) and gadobenate dime-

glumine (Multihance Gd-BOPTA) are not recommended

in pregnant or lactating women. During lactation, the
vendor recommends interrupting lactation for 24 h after

contrast administration. In animal experiments, less than

0.5% of the administered dose was transferred to the

newborn. This information can be found on the drug

information sheet and seems to imply that GdBOPTA may

also be administered during lactation. But, the physician is

responsible for such administration.
Use and Dosage

Gadobenate dimeglumine (Multihance Gd-BOPTA) can

be administered as infusion or bolus injection. The

vendor recommends a dose of 0.05 mmol/kg for liver

imaging and 0.1 mmol/kg for the central nervous system.

Gadovosfeset trisodium (Vasovist®) is approved and has

been introduced clinically. Bolus administration or

infusion is allowed at a dose of 0.03 mmol/kg. Iron oxide

particles such as SHU-555C (Supravist) may be infused

or injected as a bolus; a dose of 40 mol Fe/kg seems to

be appropriate for first-pass MR angiography and cardiac

perfusion.
Adverse Reactions

As with all contrast media, there is a risk of potentially

live-threatening adverse reactions. First experiences in

controlled studies, however, indicate that the safety profile

of such BPA is similar to that for standard extracellular

contrast media. In phase III studies with gadovosfeset

trisodium (Vasovist®), the incidence of serious or severe

adverse events was low.
Interactions

The vendor of gadobenate dimeglumine (Multihance

Gd-BOPTA) indicates that no interactions are known for

this specific agent. There is a potential risk of drugs

competing with gadovosfeset trisodium (Vasovist®) at

albumin-binding sites. Caution is required with measure-

ments of iron metabolism with iron oxide particles. Such

measurements should not be performed within 15 days

after USPIO administration. Moreover, USPIO adminis-

tration is not recommended in hemosiderosis, when body

iron content is already elevated. USPIO has also been

reported to interfere with factor XI activity, resulting in

changes in thromboplastin time.
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Synonyms

Chemical formulas, trade names, and manufacturers of

commercially available open chain and cyclic gadolinium

(Gd) complexes as magnetic resonance (MR) contrast

agents: Gadopentetate dimeglumine (Gd-DTPA, Magne-

vist, Schering AG, Germany); Gadodiamide (Gd-DTPA-

BMA,Omniscan,GEAmershamHealth,UK);Gadobenate

(Gd-BOPTA, MultiHance, Altana Pharma, Germany);

Gadoteridol (Gd-HP-DO3A, Pro Hance, Altana Pharma,

Germany); Gadoterate meglumine (Gd-DOTA, Dotarem,

Guerbet, France); Gadobutrol (Gd-DO3A-butrol, Gado-

vist, Schering AG, Germany)
Definition

Water-soluble paramagnetic compounds for magnetic

resonance imaging (MRI) signal enhancement detoxified

by chelation resulted in a first patent in 1981 covering the

composition of paramagnetic complexes (1). The pre-

clinical investigations of Gries, Rosenberg, and Weinmann
from Schering AG (Berlin, Germany) included the prepara-

tion of the highly soluble T1-MR contrast agent gadopen-

tetate dimeglumine (Gd-DTPA) providing good relaxation

properties and an excellent safety profile in animals. In 1983,

the clinical development started with the first intravenous

injection in humans (phase I clinical trial) resulting in an

approval from the health authorities as the first extracellular

MR contrast agent (Magnevist) in 1988 (2).

Generally, the image contrast in MRI reflects a com-

plex interaction of intrinsic tissue properties (T1 and T2

relaxation time, proton density, and flow velocity) and

extrinsic factors (field strength, gradients, and pulse

sequences). Due to the overlap in relaxation times of

normal and abnormal tissues, para- or superparamagnetic

MR contrast agents specifically altering tissue relaxation

times might be beneficial. The paramagnetic gadolinium

derivates containing the “magnetic active” ion of Gd3+

with seven unpaired electrons shorten both T1 and T2

relaxation times, but predominantly, the longitudinal

relaxation of protons (T1) at diagnostically approved

doses resulting in a bright signal on T1-weighted images

(3, 4). The power of MR contrast agents depend on their

concentration in the respective tissue and the resulting

intrinsic relaxation times and is called relaxivity R1 and

R2 (defined as 1/T1 and 1/T2). For paramagnetic Gd

chelates a typical R2/R1 ratio of 1.3 is found, resulting in

a decrease of the relaxation time of biological fluids by

50% at a dose of 0.1 mmol/kg body weight.

To reduce the high toxicity for clinical applications,

the magnetically active gadolinium ions have to be bound

either to open chain (linear) or to cyclic chelators,

resulting in highly hydrophilic and stable Gd-chelate

complexes with a low molecular weight (MW) of <1 kDa

(Fig. 1). Presently, six different compounds with slight

differences in their physicochemical properties are

approved for clinical use in different countries (Table 1).

The similarities of these agents include a strong chelation

of the gadolinium ion, comparable effects on tissue signal

intensities, and an excellent safety profile in humans. The

main differences of these gadolinium chelates are the

electrical charge of the chelates, the chemical structure of

the ligands, the prepared concentration, and the potential

of temporary plasma protein binding (5).

Ionic gadopentetate dimeglumine, nonionic gadodia-

mide, and ionic gadobenate are open chain Gd complexes.

Gadobenate, originally designated as a liver-specific agent

with a hepatobiliary excretion rate of approx. 50% in

rabbits, is even classified predominantly as an extracellular

agent due to the rather low hepatobiliary excretion rate of

2%–4% in humans. This compound offers a temporary

serum protein binding resulting in an increased R1 with

potential advantages for contrast-enhanced MR angiogra-

phy (CE-MRA). Nonionic gadoteridol, ionic gadoterate

meglumine, and nonionic gadobutrol are macrocyclic



Contrast Media, MRI, Gadolinium Derivates. Figure 1 Chemical structures of gadolinium chelates

. Chemical structure of the (a) linear extracellular Gd chelates gadopentetate dimeglumine (Gd-DTPA, Magnevist, Schering

AG, Germany) and gadodiamide (Gd-DTPA-BMA, Omniscan, GE-Amersham Health, England), and (b) cyclic extracellular

gadoteridol (Gd-HP-DO3A, Pro Hance, Bracco), gadoterate meglumine (Gd-DOTA, Dotarem, Guerbet, France), and

gadobutrol (Gadovist, Schering AG, Germany).
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complexes with slightly higher complex stabilities of up

to 10–23 compared with linear chelators with complex

stabilities of up to 10–18. Compared to all other com-

mercially available extracellular Gd chelates (0.5 M),

gadobutrol is prepared at a 1-M concentration. At the

same injection dose, gadobutrol can therefore be applied

with half the injection volume and time, which can be

advantageous for first-pass imaging like CE-MRA and

perfusion studies.

While gadolinium is responsible for the paramagnetic

effect of these complexes, the ligand determines the

pharmacokinetic behavior. In healthy volunteers, the

pharmacokinetic profile of extracellular MR contrast

agents is similar to iodinated x-ray contrast agents,

indicating a rapid distribution in the extracellular fluid

space and a short intravascular phase due to the high

hydrophilicity and the low MW. Glomerular filtration is
the predominant elimination pathway with a plasma

half-life of about 90 min for the unmetabolized Gd

chelates. Even in patients with impaired renal function,

extracellular Gd chelates can safely be applied without

changes of the safety profile. However, the elimination

half-life may be prolonged up to more than 20 h in

patients with severe renal impairment. In patients

requiring hemodialysis treatment, no change in dialysis

schedule is required, because low-MW Gd chelates

are effectively removable within three dialysis sessions

(97–98%) (6, 7).
Indication

The diagnostic power of MRI has been significantly

improved since the first intravenously injectable MR
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Gadobutrol

[1 mol/L]

Gadoteridol

[0,5 mol/L]

Gadoterate

meglumine

[0.5 mol/L]

Gadopentetate

dimeglumine

[0.5 mol/L]

Gadodiamide

[0.5 mol/L]

Gadobenate

dimeglumine

[0.5 mol/L]

Thermodynamic com-

plex stability (log Keq)

21.8 23.8 25.8 22.1 16.9 22.6

Osmolality [osmol/kg] 1.60 0.63 1.35 1.96 0.65 1.97

Viscosity [mPa s] 4.96 1.30 2.0 2.9 1.4 5.3

T1 relaxivity [l/mmol s]

0.47 T, plasma

5.6 4.6 4.3 4.9 4.8 9.7
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contrast agent came on the market. Worldwide, more

than 25% of all MR examinations are performed with

contrast agents (8). Typical indications are the detection

of tumors and inflammatory processes, whereas degen-

erative diseases are mostly investigated without contrast

agents. Intracranially, contrast-enhanced MRI allows the

early detection of a damaged blood–brain barrier. Since

high-performance MR scanners are more and more

available, newer applications like CE-MRA and organ

perfusion studies with extracellular Gd chelates are part of

daily clinical routine MR investigations.
Pregnancy/lactation

Since there are only a few safety data available in the

literature, the Contrast Media Safety Committee of the

ESUR (European Society of Urogenital Radiology) has

reviewed the literature and drawn up the following

guidelines (9):

Pregnancy: Following the injection of gadolinium

agents to the mother, no neonatal tests are necessary.

Lactation: Breast-feeding may be continued normally

when gadolinium agents are given to the mother.

Pregnant or lactating women with renal impairment:

No additional precautions are necessary for the fetus or

neonate. Follow ESUR guidelines for contrast media

administration when renal function is impaired.
Use and dosage

The recommended application doses depend on the

clinical question and type of MR investigation on the one

hand, and the approval status regarding the patient’s age

and the approved MR indications on the other hand,

which are currently extended. However, the approved

doses for extracellular contrast agents are in the range of

0.1–0.3 mmol/kg body weight with an accepted standard

dose of 0.1 mmol/kg body weight. Compared with low

osmolar nonionic x-ray contrast agents, the total osmotic
load is much lower and without any effect on safety or

tolerability for the extracellular contrast agents used in the

approved dose range in MRI.
Adverse Reactions

Controlled clinical trials regarding safety aspects and

pre- or postmarketing surveillance studies document

an overall incidence of adverse reactions of 1–2% (e.g.,

nausea, vomiting, local warmth and pain, headache,

dizziness), which may be increased by a factor of 2–3

in patients with a history of allergic reactions. How-

ever, the incidence of anaphylactic reactions is about

six times lower compared to nonionic x-ray contrast

agents. Overall, extracellular contrast agents provide by

far the safest profile compared to all other contrast

agents without any relation to the injected dose up to

0.3 mmol/kg body weight.
Interactions

Gadodiamide and gadoversetamide may cause spurious

hypocalcemia, particularly at doses over 0.2 mmol/kg

body weight in patients suffering from renal impairment.

These contrast agents interfere with calcium measure-

ments using the ortho-cresolphthalein complexone (OOC)

method. No false measurements of serum calcium have

occurred with gadopentetate dimeglumine or gadoteridol

(10). Awareness of this effect is important in order to

avoid incorrect and potentially hazardous treatment.

In a study comparing a standard dose gadoteridol and

gadodiamide and searching for Gd in human bone tissue

by inductively coupled plasma mass spectroscopy gado-

diamide left approximately 4 times more Gd behind in

bone than did gadotridol (11).Recently, it has been

reported that a serious adverse reaction called nephro-

genic systemic fibrosis (NSF) may occur after exposure of

Gd. Development of NSF was strongly associated with

gadodiamide administration in the setting of either acute
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hepatorenal syndrome or dialysis-dependent chronic

renal insufficiency (12,13). These gadolinium chelates

should not be administered in patients with reduced renal

function and in general renal function may be considered

more closely. Only those gadolinium chelates shall be

administered which have been tested and licensed for use

in patients with decreased renal function.
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Definition

Due to the excellent soft-tissue contrast coupled with the

lack of ionizing radiation, magnetic resonance imaging

(MRI) of the bowel has emerged as the primary radiological

examination tool in many departments. Similar to experi-

ences from computed tomography (CT), the presence of

intraluminal contrast facilitates the evaluation of bowel

segments.

Contrast agents should fulfill different requirements for

oral applications in the clinical routine (1). A homogeneous
bowel distension as well as uniform opacification of the

lumen should be provided. As for image quality, high

contrast between the bowelwall and lumen is necessary, and

the presence of intraluminal contrast must not lead to

artifact formation. Furthermore, the agents should not be

absorbed, or reabsorption must at least be kept to a

minimum. Eventually, different aspects should be consid-

ered, including high safety (concerning side effects or

allergic reactions), sufficient patient acceptance (regarding

taste and volume of the agents), and cost-effectiveness.

Similar to all other tissues displayed on MR images,

the signal intensity of oral contrast agents mainly depends

on the▶longitudinal relaxation time (T1), the▶transverse

relaxation time (T2), and the ▶proton spin density. Signal

intensity can be enhanced as T1 increases, T2 decreases,

and/or proton spin density increases. Hence, contrast

compounds may modify signal characteristics according

to three mechanisms:

1. Agents affecting T1 relaxation times (e.g., paramag-

netic chelates).

2. Agents changing T2 relaxation times by disturbing the

local magnetic field (e.g., superparamagnetic particles).

3. Agents replacing protons and hydrogen molecules.

Consecutively, substances may be categorized as positive,

negative, or ▶biphasic agents (2). A positive oral contrast

compound produces high signal intensities on both T1-

weighted and T2-weighted images, whereas ▶negative

contrast agents lead to low signal on both T1-weighted and

T2-weighted sequences. The term biphasic relates to

agents with different signal characteristics on different

sequence types, such as low signal on T1-weighted images

and high signal on T2-weighted images, or vice versa.

However, this classification may be confusing because

most agents simultaneously influence T1 and T2 relaxa-

tion times as well as proton density. Thus, the actual

signal intensity may eventually depend on the agents’

concentration and the weighting of the image sequence

employed (3).

The following substances are clinically used as oral

MRI contrast agents:

1. Gadolinium

Gadolinium-containing agents reduce the T1 relaxation

times of all surrounding water molecules. In clinically

used concentrations (1 mmol/L), signal intensity of the

bowel lumen is rendered bright both on T1- and T2-

weighted images due to an only moderate T2-shortening

effect. Thus, gadolinium chelates can be considered

▶positive contrast agents. However, in higher concen-

trations an early T2-shortening effect will be predomi-

nant, leading to a signal loss on T2-weighted images.

One commercially available oral gadolinium compound

is gadopenatetate dimeglumine (Magnevist Enteral,
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Schering, Berlin). This agent contains gadolinium at a

dosage of 1 mmol/L plus mannitol (15 g/L). Mannitol

increases the osmolarity of the formula and thus reduces

reabsorption in the gastrointestinal tract.

2. Barium

Barium compounds provide low signal intensities on

T1-weighted images. However, signal characteristics

on T2-weighted images strongly depend on the concen-

tration of barium. Used in high concentrations (e.g., 1g

BaSO4/mL), these formulas lead to low signal of the bowel

lumen on T2-weighted images. However, in lower

concentrations barium compounds may act like water,

providing a higher signal on T2-weighted images. Barium

is cheap and commercially available worldwide. A minor

drawback might be the relatively long bowel transit times.

3. Superparamagnetic particles

Superparamagnetic iron-based particles may be

considered as typical negative contrast agents. They

induce local field inhomogeneities, which results in

shortening both T1 and T2 relaxation times. However,
Contrast Media, MRI, Oral Agents. Figure 1 Magnetic reso

containing superparamagnetic particles. Signal intensity is ren

(b) T2-weighted images. Therefore, this kind of agent is used

cholangiopancreatography studies (c).
T2-weighted effects are predominant. Thus, super-

paramagnetic particles lead to decreasing signal

intensity on T2-weighted sequences and on most

T1-weighted sequences. This can be considered helpful,

especially for labeling bowel fluid and for diminishing

the signal of the bowel lumen for MR cholangiopan-

creatography (MRCP) studies. One commercially avail-

able agent (Abdoscan, GE Healthcare) consists of ferrite

crystals bound to monodisperse polymer particles. The

mean particle diameter is 3.5 m, and the iron contents

amount to 20%. This compound is well tolerated when

administered orally. Another commercially available

formula is Lumirem (Guerbet, Anulay sur Bois, France).

It contains iron oxide crystals (Fe2O3 and Fe3O4) that

are coated with silicone, which prevents absorption of

the iron. The mean iron content is 175 mg/L, and the

average particle diameter is 300 nm (Fig. 1).

4. Manganese-containing agents

Manganese-containing substances are usually biphasic

contrast agents. Due to a paramagnetic effect, signal
nance (MR) images after the oral ingestion of an agent

dered dark both on (a) T1-weighted images and

to suppress the signal intensity of the duodenum in MR
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intensity of the bowel lumen is enhanced onT1-weighted

images. Furthermore, manganese has a considerable

T2-shortening effect, leading to low signal intensity on

heavily T2-weighted images. Manganese-containing

compounds are commercially available (Lumenhance,

Bracco, Milan, Italy). Furthermore, some fruit juices

such as pineapple juice and blueberry juice contain a high

manganese concentration and therefore may be used as

biphasic contrast agents as well (Fig. 2).

5. Water

Water causes signal increase on T2-weighted images,

whereas signal intensities on T1-weighted images are

intermediate to low. This biphasic agent is the safest and

least expensive oral contrast compound. However, it

provides only fair bowel distension, especially in distal

bowel segments, because of the fast reabsorption in the

small bowel. Thus, it may be used mainly to label the

stomach and duodenum and has only a moderate

potential to support imaging of the jejunum and ileum.

6. Hydro solutions

These agents provide signal properties similar to those

of water. However, in contrast to pure water, they are
Contrast Media, MRI, Oral Agents. Figure 2

Manganese-containing oral contrast agents are biphasic:

while the signal intensity is high on T1-weighted images

(a, stomach), signal is reduced on heavily T2-weighted

sequences (b, arrow).
not (or only slightly) reabsorbed in the gastrointestinal

tract. This is mainly due to additives increasing the

agents’ osmolarity and/or viscosity. Thus, bowel disten-

sion, especially of the jejunum and ileum, is significantly

increased. Mannitol, a widely used carbohydrate, mixes

well with water, and in concentrations between 1.5 and

2.5%, it has been shown to provide good bowel

distension. Sorbitol, another sugar alcohol, has been

reported to have similar effects. Another substance is

polyethylene glycol 4000 (PEG 4000), a strong hydro-

philic molecule, which has no intestinal absorption. PEG

4000 has been shown to provide high luminal distension

of small bowel loops.

Indication

Indications to use oral contrast agents for MRI can be

divided into three groups.

(1) For the morphological assessment of the stomach or

bowel, a high and uniform bowel distension is

absolutely mandatory. Collapsed bowel segments

may lead to false-positive or false-negative findings;

even relatively large lesions may be hidden, or

nondistended bowel segments may mimic bowel wall

thickening. Therefore, the use of oral MRI contrast

agents is obligatory.

(2) Similar to the morphological assessment, functional

MRI analysis of the gastrointestinal tract also

requires the use of oral contrast. This is especially

true for motility studies of the esophagus and

stomach. By marking and distending the lumen of

these organs, assessment of motility is possible.

(3) Labeling the lumenof stomach and small bowelmay be

extremely helpful for depicting and analyzing adjacent

abdominal organs. This is especially important to

image the pancreas, to suppress high bowel signal for

MRCP studies, and to facilitate the perceptibility of

retroperitoneal and mesenteric lymph nodes.
Contraindication

The consideration of contraindications must be tailored

to the specific contrast compounds:

(1) Gadolinium-containing agents must not be used in

patients with suspected ileus. Furthermore, their use

in dehydrated patients represents a relative contra-

indication.

(2) Barium-containing agents must not be administered

in cases of suspected bowel perforation or before

bowel surgery. After endoscopic polypectomy, a
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minimal time delay of 7 days should be fulfilled

before using barium-containing oral contrast agents.

(3) No contraindications are known for the oral

administration of superparamagnetic particles, man-

ganese-containing agents, or hydro solutions.
Pregnancy/Lactation

There are no restrictions on the oral use of barium or

water during pregnancy or lactation. As for the admin-

istration of all other groups of oral contrast compounds,

no definite recommendations are given. However, animal

studies have not shown these agents to imply any

embryotoxic or teratogenic potential.
Use and Dosage

For labeling of the stomach or the duodenum, relatively

low doses of contrast agents (300–600 mL) are sufficient.

However, data acquisition should be performed directly

after administration of the substances to avoid insuffi-

cient marking in patients with fast bowel transit times.

For assessing the small bowel itself, there are

technically two different methods for the application of

oral contrast agents. To assure high distension of small

bowel loops, the MR Sellink technique was developed: A

hydro solution (1,000 mL and 2,000 mL) is administered

via a fluoroscopically placed nasoduodenal or nasojejunal

tube at a flow rate of approximately 100 mL/min. Image

sets then can be collected following rapid filling of the

entire small bowel. This technique provides excellent

image quality. However, some patients may perceive the

intubation as unpleasant.

The sole oral ingestion of some hydro solutions may

also provide high small bowel distension without the need

for duodenal intubation. Doses between 1,000 mL (for

PEG) and 1,500 mL (for mannitol- or sorbitol-containing

agents) should be ingested over 45–60 min before the MR

examination.
Adverse Reactions

If applied in recommended doses, there are only mild side

effects for all oral MRI contrast compounds. Thus,

ingestion of mannitol-containing agents as well as of

superparamagnetic particles may lead to flatulence or

diarrhea. Regarding the use of barium, cases of constipa-

tion have been reported. Barium-containing products

have a well-documented safety profile, and allergic

reactions or severe side effects are not known.
Interactions

Ingestion of mannitol-containing agents may lead to

byproducts such as explosive gases. Therefore, diathermia

treatment should not be performed 48 h after the MR

examination. Furthermore, bowel surgery in conjunction

with electrocautery may not be performed. Interactions

with other oral MR contrast compounds are not known.
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A variety of MR contrast agents has been developed to

improve the sensitivity and specificity of MR imaging for

the diagnosis of disease. Readers will become familiar and

understand the indication, contraindication, interactions,

and limitations of approved MR contrast agents.

Furthermore, candidates, likely to get approval within

the near future will be covered.

Contrast agents are administered either orally or

intravenously. Oral contrast agents play a minor role and

the text will focus on intravenous contrast agents. The

mechanism of action is either to increase predominantly

(Mn, Gd, or Fe) or to decrease (Fe) signal intensity. Upon

intravenous administration, contrast agents leave the

intravascular space (unspecific) into the interstitium, are

takenup into cells (cell specific), or stay in the intravascular

space (blood pool) for some time.

The use of low molecular extracellular nonspecific

gadolinium chelates in MRI is well established and quite

a number of different contrast agents are clinically

approved. These nonspecific contrast agents enhance both

normal and diseased tissues. Therefore, contrast agents

with tissue specificity to improving the detection and
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characterization of disease were developed. Contrast

agents may either be directed to normal tissue or to

diseased tissue. It turned out that directing contrast agents

to normal tissue or to normal structures is much easier

than specifically directing contrast agents to diseased tissue

such as inflammation, degeneration, tumor, or gene

expression. At present, attempts to achieve receptor,

optical, or gene specificity propelled the development of

a new field called molecular imaging and optical imaging,

which is described elsewhere.

The principle of tissue specificity means direction of a

contrast agent toward a certain tissue-like liver tissue,

splenic tissue, pancreatic tissue, lymphnodes, bonemarrow,

blood, or inflammation.Contrast agentswith this specificity

are either superparamagnetic iron oxides (SPIOs) or

paramagnetic agents with gadolinium or manganese as

magnetic components. As for imaging reticulo-endothelial

system (RES) containing organs such as the liver, spleen,

lymph nodes, or bonemarrow iron oxides of different sizes

are used. The larger the iron oxides the higher and faster

the uptake in liver and spleen and the lower and slower

the uptake in lymph nodes and bone marrow. In

addition, ultrasmall iron oxides may also be utilized

for vascular imaging based upon their prolonged circulat-

ing time and T1-effects as compared to larger iron oxides.

Furthermore, by binding specific markers to the magnetic

components, further tissue specificity may be achieved.

This also applies to paramagnetic-based contrast agents,

which are directed to different tissues by means of a

modification of the chemical structure resulting in

specific attachment to specific tissue.

The most thoroughly investigated and approved tissue

specific contrast agents relate to hepatic MRI. A variety of

liver contrast agents has been developed for contrast-

enhanced MRI of the liver, which is designed to overcome

the limitations of unspecific tissue uptake by extracellular

low molecular gadolinium chelates. The two main classes

of liver-specific contrast agents are SPIO with uptake via

the RES mainly into the liver and spleen and hepatobiliary

contrast agents with uptake into hepatocytes followed by

variable biliary excretion. Two hepatobiliary contrast

agents, mangafodipir trisodium (Teslascan, 6E, USA) and

gadobenate dimeglumine (MultiHance, Bracco Imaging

S.p.A., Milan, Italy), are already clinically approved in

many Countires. A third hepatobiliary contrast agent,

gadoxeficacid, Gd-EOB-DTPA (Primovist, Schering AG,

Berlin, Germany), has already been approved in Europe

and several other countires. These agents exhibit different

features for the detection and characterization of liver

tumors. Enhancement during the distribution phase of

contrast agents mainly depends on tumor vascularity

(hypovascular vs. hypervascular) and its blood supply,

while enhancement on delayed images is characterized by

the cellular specificity of MR contrast agents (extracellular
vs. intracellular—hepatocyte phase or accumulation

phase). Therefore, enhancement characteristics of hepa-

tobiliary contrast agents are applicable to the diagnosis of

primary hepatocellular liver tumors.

With the advent of rapid three-dimensional imaging

sequences combinedwith existing extracellular gadolinium-

based contrast agents, MRA has shown promising signs of

becoming a time-efficient and cost-effective tool for the

complete assessment of many vascular regions or clinical

referrals like peripheral vascular. The use of intravenous

low and high molecular gadolinium chelates for contrast-

enhanced MRA is limited by the rapid equilibration of

these agents between the intravascular and extravascular–

extracellular compartments. Alternative paramagnetic

and superparamagnetic agents for enhancing MR angio-

graphic images, known as blood-pool agents, are currently

being studied. Several blood-pool contrast agents have

been designed and some are under clinical investigation.

MR contrast agents confined to the intravascular space, so-

called blood-pool agents, could change the way vessels are

currently imaged bymeans ofMRA. Furthermore, if these

agents also exhibited a prolonged plasma half-life, new

avenues could be opened to additional applications

within the field of MRA but also beyond MRA. Blood-

pool agents are particularly promising in contrasting

smaller vessel, vessels with slow flow, and vessels with

complex flow. In addition, blood-pool agents may be used

for perfusion imaging, functional imaging, or imaging of

angiogenesis. Two classes of blood-pool agents are under

development: paramagnetic gadolinium-based molecules

of different size and some ultrasmall iron oxides. Whereas

the design of iron oxides suited for blood-pool imaging is

well understood and developed, a variety of gadolinium-

based agents with different pharmacological profiles is

under development.

In the relevant entries we review those concepts of

contrast agents which are clinically approved or are in

advanced clinical trials. Each of these agents has unique

properties that offer advantages for contrast-enhanced MR

imaging. Use of these agents, however, requires an under-

standing of their current and potential clinical indications

and inherent limitations. Our purpose is to provide

information on the properties, the clinical development,

and clinical applications of MR contrast agents which have

been approved or are likely to get approval within the near

future. Furthermore, since approval is rarely a general

approval for whole body MRI and MRA, the approved

applications will be explained.
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Definition

Iron oxides possess a large magnetic moment when

brought into a magnetic field. A distinguishing feature of

superparamagnetic iron oxides (SPIO/USPIO) is that

they do not show residual magnetization after removal

from the field. Magnetic susceptibility describes the ratio

of such induced magnetization to the strength of the

applied magnetic field. Typical for all SPIO/USPIO is a

non-linear behaviour between induced magnetization

and applied field, contrary to paramagnetic agent’s which

demonstrate a linear behaviour. The effect of super-

paramagnetic iron oxides (SPIO) on proton relaxation

times is best explained by two mechanisms. The large

magnetic moment of SPIO generates local field inhomo-

geneities and promotes dephasing of proton spins and

acceleration of transverse relaxation. Second, the large

susceptibility difference between particles and the sur-

rounding medium creates magnetic field gradients at

microscopic levels. Diffusion in these field gradients leads

to an irreversible loss of phase coherence and thus

decreases transverse relaxation times of protons.

The iron crystals clustered within phagolysosomes

cause a significant superparamagnetic disturbance of the

local magnetic field resulting in a pronounced shortening

of both T2 and also T1 relaxivity. Therefore, the

fundamental principle contrast enhancement after ad-

ministration of iron oxide particles goes along with the

presence or relative absence of Kupffer cells within the

normal parenchyma and specific lesions. A significant

decrease of the signal in tissue containing Kupffer cells

such as normal tissue can be appreciated after SPIO

administration, resulting in a relative signal increase in
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tissues with a lack of Kupffer cells. Hypovascular liver

metastases and cystic lesions are the typical examples for

this contrast pattern. Nevertheless, the persistence of

Kupffer cells in some hepatocellular tumours can be

beneficial in differential diagnostic considerations. These

contrast patterns apply to the accumulation phase of SPIO

imaged >10 min following injection. Ferucarbotran may

be used imaging the perfusion phase of lesions providing

additional information especially for lesions characteriza-

tion especially in hypervascular lesions. However, also due

to the much lower dose the contrast yield is lower than

observed for low molecular gadolinium chelates.

After intravenous administration, iron oxides circu-

late in the blood stream for a variable length of time

depending on particle size and surface characteristics.

Typically, particles accumulate in macrophages of the

reticuloendothelial systems (RES; e.g. liver, spleen, lymph

nodes, bonemarrow etc.). Tissue localization also depends

on organ blood flow, opsonisation of iron oxides by

plasma proteins, receptor or target cell affinity and relative

concentration of binding sites.

Biodegradation of iron oxides is assumed to occur in

phagolysosomes within macrophages. Elemental iron

from the iron oxide core is incorporated into the body

iron pool and can be demonstrated in haemoglobin. In

cases of severe hepatic cirrhosis, the splenic signal loss

after iron oxide administration is surpassing the signal

loss in the liver by far due to the loss of functioning

hepatic Kupffer cells. This phenomenon is known as

‘colloid shift’ from nuclear medicine studies. After

ultrasmall iron oxides (USPIO) administration the spleen

presents the highest uptake (7.1%/g after 24 h) in

comparison to liver (6.3%/g), lymph nodes (3.6%/g)

and bone marrow (2.9%/g).

Two different classes of iron oxides are currently

clinically approved or have completed phase three trials:

1. SPIO with a high R2/R1 relaxivity ratio and short

blood half-life (<10 min). There are currently two

clinically approved SPIO ferumoxides (Guerbet, Paris,

France) and ferucarbotran (Schering, Berlin, Germany).

A high R2/R1 ratio of 5 to 15 is characteristic for

superparamagnetic colloids of the SPIO type (Reimer

1998, Reimer 2003, Ros 1995, and Wang 2001).

2. USPIO with a lower R2/R1 relaxivity ratio and longer

blood half-life (<3 h) (Harisinghani 2003 and

Weissleder 1990). Clinical approval of Ferumoxtran-

10 is pending (Guerbet, Paris, France).

Ferumoxides (Feridex, Guerbet, France) consists of

crystalline superparamagnetic iron oxide microparticles

stabilized as a colloid with low-molecular weight coated

with dextran. Ferucarbotran (SH U 555 A, Schering AG,

Germany) consists of superparamagnetic iron oxide

microparticles coated with carboxydextran. The R1
relaxivity of SPIO varies considerably within the range

of diagnostically applied field strengths while the R2

relaxivity is relatively stable within the range of diag-

nostically applied field strength. Thus, at lower imaging

field the T1 effect of these materials is better used. Both

contrast agents are approved for hepatic MRI (Reimer

1998, Reimer 2003, Ros 1995 and Wang 2001).

Ferumoxtran-10 [BMS 180549, SineremTM], consists

of iron-oxide particles coated with dextran (Harisinghani

2003 and Weissleder 1990). It is an ultrasmall super-

paramagnetic contrast agent that is awaiting registration

with Guerbet in Europe. The US FDA has issued an

‘approvable letter’ for use of Combidex (with Advanced

Magnetics in the USA) in the diagnosis of lymph node

disease, and the detection, diagnosis and characterisation

of benign versus malignant lesions of the liver and spleen.

Since, the US FDA has made comments about some data

and indications an additional clinical trial may be

required to settle the issues. Ferumoxtran-10 has been

licensed to Guerbet for Western Europe and Brazil. It is

awaiting registration (as SineremTM) for imaging cancer

in the pelois (uterus, prostal and rectum). Guerbet is also

conducting additional clinical trials with ferumoxtran-10

for imaging of multiple sclerosis plaques and breast

cancer. Advanced Magnetics has granted exclusive mar-

keting and distribution rights for Combidex for oncology

applications in the USA to Cytogen Corporation.
Indication

SPIO and USPIO have been developed for contrast-

enhanced MR imaging of the liver, spleen, lymph nodes,

bone marrow and other indications. The larger SPIO

agents efficiently accumulate in liver with approximately

80% of the injected dose and spleen with 5–10% of the

injected dose within minutes after intravenous adminis-

tration. The smaller USPIO exhibit a longer blood-half

life and higher accumulation in the RES within spleen,

lymph nodes, bone marrow or vascular plaques.

Both SPIO are approved for imaging of liver tumours

(Fig. 1). Benign hepatic lesions derived from hepatocytes

such as focal nodular hyperplasia, hepatocellular adenomas,

regenerative nodules and dysplastic nodules may embody

various amounts of Kupffer cells. Therefore, the relative

signal loss after SPIO administration in these lesions

may parallel the signal loss in normal hepatic paren-

chyma indicating a most likely Kupffer cell containing

benign lesion. Hemangiomas also show signal changes,

which are believed to be based upon the blood pool of

hemangiomas and uptake into sinusoidal cells within

hemangiomas. Therefore, the relative signal loss after SPIO

administration in these lesionsmay parallel the signal loss in

normal hepatic parenchyma indicating a most likely
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Particles. Figure 1 Patient with Hepatocellular

Carcinoma. Precontrast imaging (a and b) show a single

tumor in the right liver lobe (t). An additional tumor (arrow)

is visualized following ferucarbotran (c).
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Kupffer cell containing benign lesion. On mild to heavily

T2-w, images hemangiomas exhibit decreased signal

intensity. T1-w sequences may show a signal increase.

The contrast pattern in malignant liver tumours also

depends on the hepatocyte content of the lesions. All

metastases are devoid of RES cells and thus hypovascular
metastases show stable signal and thus increased

conspicuity. Hypervascular metastases may exhibit per-

fusion changes and pooling during the accumulation

phase resulting in a temporary signal decrease or increase

dependent on T1-effects. Hepatocyte derived malignant

lesions reveal more complex patterns. Poorly or moder-

ately differentiated hepatocellular carcinomas are nearly

completely devoid of Kupffer cells. Therefore, they

exhibit a contrast pattern comparable to metastases

going along with their vascularity (hypovascular vs.

hypervascular). Well-differentiated hepatocellular carci-

nomas and hyperplastic regenerative nodules may also

contain Kupffer cells. Subsequently, these tumours may

show uptake into Kupffer cells and thus proportional to

the content and activity a signal decrease on accumula-

tion phase images. This may cause a decreased con-

spicuity during the accumulation phase compared to

plain images. Furthermore, the perfusion phase may be

imaged with additional information regarding lesion

vascularity.

Ferumoxtran-10 is awaiting registration for imaging

cancer in the lymphatic system, perfusion imaging of the

brain, heart, liver and spleen, in the delineation of

reduced blood flow in damaged tissues following heart

attack or stroke, and as an adjunct to magnetic resonance

angiography.
Contraindication

Safety and effectiveness have not been established in

paediatric patients for any of the contrast agents. Specific

contraindications and precautions for the three contrast

agents are a prior hypersensitivity to the compounds,

dextran or carboxydextran. A known allergic or hyper-

sensitivity reactions to iron-containing products or

disorders associated with iron overload represent a

contraindication.

An injection should not be considered to patients with

asthma, allergies and history of allergic responses to

medications, cardiovascular disease or other abnormal-

ities that may predispose them to cardiac arrhythmias or

cardiovascular effects.

Iron oxides were not investigated in patients with

severe renal or hepatic insufficiency and are thus not

recommended in these patients.
Pregnancy/Lactation

The application during pregnancy or lactation is not

approved or recommended.



Contrast Media, MRI, RES Specific Iron Oxide Particles 521

C

Use and Dosage

Prior to contrast injection T1- and T2-weighted sequences

at least in the transverse plane should be obtained. Specific

parameters and strategies (breathheld vs. triggered) are

somewhat vendor, scanner type and software release

dependent. In order to use the information provided by

looking at lesion perfusion the weak perfusion effect

of Ferucarbotran may be studied by either T1- or

T2*-weighted sequences. For T2*-weighting, it appears

advantageous not to maximize for T2* in order maintain

sufficient signal-to-noise. Initial timing may follow

the usual time-points of the arterial-phase and portal-

venous-phase followed by delayed acquisitions up to 10

min. Accumulation phase imaging may start as early as 10

min post injection with T2-weighted sequences including

a GRE sequence with proton-density characteristics for

detection. Mild and heavily T2-weighted TSE-sequences

also provide useful information on the signal decrease

within RES-containing tumours.

The two SPIO are approved for liver imaging in adult

patients. Malignant liver tumours are typically devoid of

a substantial number of phagocytic cells so they appear

as hyperintense/bright lesions contrasted against the

hypointense/dark liver on T2-w sequences. Tumours

with a substantial number of phagocytic cells such as

focal nodular hyperplasia, hepatocellular adenoma, well-

differentiated hepatocellular carcinoma and/or a signifi-

cant blood-pool (hemangioma or hypervascular lesions)

may show sufficient uptake of SPIO with decreasing signal

intensity on T2-w sequences. The signal decrease is related

to the Kupffer cell activity or tumour vascularity.

Furthermore, SPIO show signal changes in T1-w

sequences, both during the perfusion phase (ferucarbo-

tran) and accumulation phase (ferumoxides and ferucar-

botran) providing additional information.

Ferumoxides is diluted in 100 mL of 5% dextrose

solution and drip infused over 30 min, Ferucarbotran

may be bolused for dynamic imaging during the vascular

phase, however, providing less signal than gadolinium

chelates approved at a higher dose. Post-contrast MRI

with ferumoxides may start after completion of infusion

up to a couple of hours later. For ferucarbotran

post-contrast MRI may start as early as 10 min following

injection. The post-contrast time window for both agents

is probably up to 24–36 h.

Different dosages are approved for use in the USA,

Europe and Japan. For ferumoxides, a dosage of 15 mmol

Fe/kg is approved in Europe and Japan in contrast to 10

mmol Fe/kg in USA. The different dosages result in

considerably varying T1- and T2*-effects especially when

gradient-echo sequences are applied. This phenomenon

might be even more striking in ferucarbotran, in which
dosages up to 16 mmol Fe/kg bodyweight produce

maximum contrast effects. Clinically, to simplify contrast

injections it was hypothesized that the conventional

bodyweight-based injection of iron per kg may be

replaced by fixed volumes coming in pre-filled syringes

(≤60 kg–0.9 mL and >60 kg 1.4 mL). The effective dose

administered per kg bodyweight varies between about 7

and 11 mmol Fe/kg bodyweight.

Ferumoxtran-10 has been given at a dose 0.8 to 1.7 mg

Fe/kg bodyweight for suspected hepatic lesions. MRI may

be performed as early as after completion of infusion. A

dose of 1.7 mg Fe/kg bodyweight was effective for

detection of lymph node imaging of patients with prostate

cancer, pelvic cancer and head and neck cancer. For the

detection of metastases in patients with non-small-cell

lung cancer, 2.6 mg Fe/kg bodyweight has been adminis-

tered. Post-contrast MRI may be performed as early as 24

or 36 h after completion of infusion. An infusion time of

25 to 30 min is required to minimize hypotension or acute

lumbar pain.
Adverse Reactions

Adverse reactions vary among the different iron oxides. The

two dextran-stabilized compounds show a characteristic

reaction when infused rapidly with hypotension, headache,

nausea, abdominal pain or lumbar pain (5–30%). Clinical

trials with intravenously administered Ferumoxides have

been initiated as early as 1987. Early studies were performed

with bolus injections of relatively high doses (≤50 mmol

Fe/kg bodyweight) of an initial formulation of AMI-25

causing significant hypotension. Subsequently, the agent

was reformulated to achieve iso-osmolarity and is currently

administered by drip infusion over a period of 30min since

side effects (facial flash, dyspnea, rash, lumbar pain) depend

on the dose rate. However, inmost cases the administration

can be reinitiated after reduction of the injection rate.

Dermatologic allergic reactions like urticaria, erythema,

pruritus, rash, pain at the infusion site, a sensation or

warmth during infusion, or dermatographism have been

reported. Non-significant effects are an increase in mono-

cyte counts and mild eosinophilia.

During the clinical development of ferucarbotran, a

dose dependent (5–40 mmol Fe/kg bodyweight) increase

in PTTwas observed, however, the normal range was not

exceeded. These minor changes in PTTwere attributed to

a transient decrease in clotting factor XI activity. The

transient decrease of clotting factor XI did not cause any

clinical side effects in phases I–III. Previous studies

assessing other SPIO or USPIO contrast agents did

not report detailed information on clotting parameters.

Safety data were obtained during the entire clinical
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development. A total of 162 adverse events were

documented within 1053 patients, of whom 75 were

classified as possibly, probably or definitely drug related.

The majority occurred within the first 3 h (73/75) and was

of mild intensity. The frequency of adverse events was

within the range of other approved MR contrast agents

such as gadolinium chelates or placebo medication and

no specific pattern was observed, although no direct

comparative studies are available so far. Ferucarbotran

proved to be a safe contrast agent since no significant

cardiovascular changes during close monitoring of blood

pressure and heart rate within the magnet bore. Blood

tests evaluated revealed minor changes with the increase

in iron and ferritin as well as the decrease in total iron

binding capacity as a result of the iron injection.
Interactions

The administered free iron is incorporated into the

normal iron metabolism, however, the administered

dosage of SPIO is not significantly affecting the body’s

iron pool (e.g. 15 mmol Fe/kg �840 ng Fe/body weight).

Till the degradation of the clustered iron particles the

superparamagnetic effects last for several days providing

an imaging window of several hours up to several days

after administration. Human tissues contain iron in the

form of hemosiderin, ferritin and transferrin. Normal

liver contains approximately 0.2 mg Fe/g wet weight of

liver and total iron stores amount to approximately 3.5 g.

The amount of iron oxides that is required for clinical MR

imaging (1–2 mg Fe/kg bodyweight; for a 70 kg subject

70–140 mg) is small compared to normal iron stores.
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Amplitude modulation imaging is a bubble-specific mode

whichuses alternating pulse amplitudes, that is, +1,+1/2and

so on. (see Fig. 1). This approach works in a similar manner

to phase modulation in which appropriate combination of

the echoes will result in a complete cancellation for linear

scatterers, while non-linear microbubble echoes will show

residual signals. These residual signals arise because the

microbubbles respond non-linearly to the different ampli-

tudepulses, that is, thedouble amplitudepulse doesnot elicit

an echo with twice the amplitude, whereas for tissue this

would be the case. An advantage of amplitude modulation

over phase modulation is that it is able to detect non-linear

signals at the fundamental frequency and not just the second

harmonic. However, the use of alternating lower power

pulses does reduce the sensitivity of this approach. A

combination of pulse inversion and amplitude modulation

has been shown to improve the sensitivity to microbubbles

over tissues still further (1). As with phase modulation, this

sequence canbe extended tomore that twopulses to improve

the sensitivity and to enable theuse ofDoppler processing for

motion detection.
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Synonyms

Contrast-enhanced sonography in abdominal trauma;

Contrast-enhanced ultrasound in abdominal trauma



Contrast Media, Ultrasound, Amplitude Modulation. Figure 1 This figure shows (upper panel) a simple two-pulse

amplitude modulation sequence. When the echoes of pulse 1 and pulse 2 are combined by doubling pulse 2 and

subtracting the result from pulse 1 any linear signals will be cancelled. Both non-linear signals at the fundamental

and second harmonic signals in the echoes from microbubbles are preserved by this approach. Also presented (lower

panel) is a two-pulse sequence with combined phase and amplitude modulation. Linear signals can again be removed

by appropriate combination of the echoes. Combing the two modulation approaches can improve the sensitivity to

microbubbles.

Contrast Media, Ultrasound, Applications in Blunt

Abdominal Trauma. Figure 1 Abdominal trauma in

a road crash. This patient presented with upper

abdominal pain following a car crash. The B-mode

ultrasound scan showed a wedge-shaped defect in the

right liver (arrow in a), suggestive of a tear, as well as an

echopoor region (arrowheads) that could not confidently

be assigned to liver or peritoneum. Following i.v.

SonoVue and working in the CPS mode (Sequoia,

Siemens), this could be seen to lie outside the liver, which

was compressed by it. The liver tear was confirmed, but in

addition, there was extensive devascularised liver tissue

superiorly (arrowheads in b). In this case, the contrast-

enhanced scan revealed the full extent of the liver injury

as well as the presence of intra-peritoneal bleeding.

(Images courtesy of Dr Paul Sidhu, King’s College Hospital,
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Definition

The use of ultrasound (US) microbubble contrast agents

combined with contrast-specific imaging techniques for

the detection of traumatic lesions of the abdomen (mainly

spleen, liver and kidney)
Introduction

Conventional ultrasound is poor at detecting trauma to

abdominal organs because freshly cut tissue has the same

appearances as viable tissue on grey scale imaging (1). Large

haematomas can be detected, but the extent of tissue

damage is under-estimated (2). Colour Doppler might be

expected to offer an improvement by depicting non-

perfused tissue but, though it does improve sensitivity

somewhat overall it has proveddisappointing in trauma (3).

The critical limitation of Doppler is its inability to detect

flow in small vessels where flow is slow, because Doppler

cannot distinguish tissue movement from blood flow.

Thus, the role of ultrasound as a means to triage

patients according to the severity of their injury is mostly

restricted to detecting free fluid in the peritoneum,

which in the context of abdominal trauma, is assumed

to represent blood, though fresh blood cannot be

distinguished form serous fluid using ultrasound. The

method, known as focused assessment with sonography in

trauma (FAST), examines the right and left upper

quadrants and the pelvis for free fluid as a measure of

intra-abdominal bleeding and forms a baseline for

comparisonwith subsequent scans to detect deterioration.

However, FAST has major limitations, including its

inability to pinpoint the source of bleeding and the fact

that up to 10% of parenchymal trauma does not result in

bleeding into the peritoneum (4). Therefore, in general,

contrast-enhanced CT is the preferred technique and it
Contrast Media, Ultrasound, Applications in Blunt Abdomin

abdomen. Following a road traffic crash, this patient was admit

reveal any free fluid but an ill-defined irregularity of the textu

(arrowheads in A). Following i.v. SonoVue and using the CPS m

cortex revealed a large defect in the posterior portion of the k

scanning. (Images courtesy of Dr Anders Knutsson and Dr Lars
also has the important advantage of being able to assess the

head thorax and spine, and so all stable trauma patients are

referred for CTunless the injury seems to be trivial.

While an improved ultrasound approach, such as the

use of contrast enhancement would have many advan-

tages (performed at the bedside, repeatable, no risk form

ionising radiation), CTwould always be required to detect

head, chest and skeletal injuries.
Contrast Agents and Parenchymal
Trauma

Almost all instances of soft tissue injury produce non-

perfused regions of tissue, often together with haemato-

mas. Detecting unperfused tissue requires demonstration

of the integrity of the microvasculature and this is now

possible with microbubble contrast agents (5, 6). Multi-

pulse methods with software designed to detect their

resonance signals, display the contrast image separately

from the grey-scale image, either as a side-by-side display

or as a colour-coded overlay. The ability to detect contrast

in the microcirculation sets contrast ultrasound apart

from Doppler, which can only detect flow in vessels down

to arteriolar calibre.

Operation at a low transmit power (using a mechan-

ical index of less than about 0.4) allows real time scanning

after administration of contrast. In the kidney, for

example, the high perfusion of the cortex is shown as a

rapidly developing enhancement that intensifies to a

complete colour fill, usually commencing after 15–30 sec,

depending on the patient’s cardiac output, before washing

out over the next few minutes. In the liver and spleen, the

microbubbles arrive in the arteries in the same way but

less strikingly because of their lower overall blood flow; in

the liver the portal supply dominates the wash-in phase

and in both, the microbubbles linger within the capacious
al Trauma. Figure 2 Blunt trauma to the right upper

ted with right flank pain. The grey-scale ultrasound did not

re of the lower pole of the right kidney was noted

ode (Sequoia, Siemens) complete enhancement in the renal

idney. A laceration was confirmed on contrast-enhanced CT

Thorelius, University Hospital, Linköping, Sweden)
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Abdominal Trauma. Figure 3 Twelve-year old boy

with blunt abdominal trauma. (a) Unenhanced oblique

intercostal B-mode US 1 day after blunt abdominal trauma.

The spleen shows homogeneous parenchyma and regular

contour with no focal abnormality. (b) Contrast-enhanced

coherent pulse sequencing (CPS) scan in oblique

intercostal section 1 day after BAT. Contrast enhancement

in normal perfused parenchyma is represented by the

gold-coloured overlay, whereas the haematoma appears

as a wedge-shaped enhancement defect (arrow). (c) Axial

contrast-enhanced CT in the portal-venous phase

confirming the splenic parenchymal laceration seen on

CEUS (arrow). (Images courtesy of Dr Thomas Albrecht,

Charité—Campus Benjamin Franklin, Berlin, Germany).
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microcirculation where they persist for several minutes in

the so-called ‘sinusoidal’ or ‘late’ phase.

Thus, the arterial phase is critical for demonstrating

renal trauma (and other renal abnormalities). The cortical
enhancement washes out after around a minute and this

allows time for a sweep through the entire renal volume.

A second injection is required for the contralateral kidney

and usually these can both be drawn from the same

ampoule of contrast agent. For the liver and spleen, the

sinusoidal phase is the most useful time to scan. It begins

at around 30 sec after injection and develops fully over the

next 30–60 sec. This leads to a natural protocol for

scanning these four organs in which the kidneys are

studied first using separate injections, after which the liver

and spleen are interrogated with no further injection

required in most cases. Thus, the examination can

be completed in less than 5 min. Since the microbubble

contrast agents used are not cardio- or nephrotoxic,

there are generally no contra-indications even in unstable

patients and they can be repeated as often as needed,

dictated by changes in the patient’s vital signs.

Large prospective studies of the potential for contrast-

enhanced ultrasound in trauma are underway. Pending

completion and publication of the results, only anecdotal

reports and pilot studies are available on which to form

impressions of the potential role of contrast-enhanced

ultrasound in trauma. Several case reports have been

presented (7, 8). They often show dramatic images of

arterial and sinusoidal phase defects in the kidneys, liver

or spleen that were impossible to demonstrate using

conventional modes. One report of results in abdominal

trauma presented several cases, mostly following road

traffic incidents, and demonstrated that lesions could

be clearly seen with good correspondence with CT (9)

(Fig. 1). A study of 25 patients with presumed splenic

trauma using a recently introduced contrast agent and

non-linear imaging showed good correlation with CT,

only one of 18 lesions being missed, and this was a minor

lesion (10). However, only patients with ultrasonographic

abnormalities were recruited and this probably biased

the results in favour of ultrasound; nevertheless, it is an

encouraging result (Figs. 2 and 3).
Active Bleeding

Animal studies have shown that active bleeding from the

kidney following experimental injury can be detected as

extra-parenchymal enhancement. No systematic human

studies have been reported but incidental demonstration of

active bleeding from a recently biopsied kidney (Correas

J-M, 2002, personal communication) have been reported.
Clinical Role

Clearly, the clinical role of contrast-enhanced ultrasound

for the detection of abdominal trauma has not yet been

defined but, in many trauma units in countries where
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these agents are licensed, the method is acquiring

respectability as a means for demonstrating injury to

the liver, spleen and kidneys following both blunt and

penetrating injuries. However, thus far it has found most

use as a means to follow trauma for example, to check for

stability before a patient is discharged. It is also useful in

children where there is a strong reason to minimise the

dose of ionising radiation that is inevitable with CT.

Because ultrasound cannot examine the brain and

thorax, or the skeleton, whole-body CT will remain the

definitive imaging test in polytrauma. Contrast-enhanced

ultrasound may well find a role in follow-up and where

trauma is considered to be limited to the abdomen

(especially in children).
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Applications in Echocardiography
Contrast Media, Ultrasound, Applications in

Echocardiography. Figure 1 Contrast transesophageal

echocardiography. Contrast is seen mostly in right

atrium (RA) and entering to left atrium (LA) via patent

foramen ovale.
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Synonyms

Contrast echo; Contrast echocardiography; Contrast-

enhanced echocardiography
Definition

Contrast in echocardiography is used mainly for three

purposes: detection of intracardiac and intrapulmonary

shunting, left ventricular opacification and myocardial

perfusion. The contrast effect is based on the use of gas

microbubbles as blood tracers exploiting their acoustic

behaviour during exposure to ultrasound.
Characteristics

The first agents to be used for echocardiography were

hand-agitated saline or glucose. These are still used to detect

intracardiac shunts. The more recent second generation

contrast agents consists ofdifferent typesofperfluorocarbon

gases encapsulated by modified phospholipids, albumin or

galactose crystals. These agents are used for left ventricular

opacification and myocardial perfusion imaging.

The agitated contrast media used for shunt detection

provide intensive opacification of the right heart after

intravenous injection. However, agitated agents are unable

to cross the pulmonary vasculature. Only, if there is a right

to left shunt contrast agent can be displayed in the left heart

chambers. Themost frequent application of agitated saline

is the detection of right to left shunting in atrial septal

defects and patent foramen ovale (1) (Fig. 1).

The second generation of contrast agents provide

intensive opacification of the right and left heart chambers

when administered intravenously. Two techniques for

contrast applications are introduced: infusions are pre-

ferential for assessment of myocardial perfusion and bolus

injections of agents may be satisfactory for left ventricular



Contrast Media, Ultrasound, Applications in Echocardiography. Figure 2 Transthoracic echocardiographic images of

the apical four-chamber view obtained from a patient before (left) and after (right) the administration of contrast agent.

(a) enddiastolic, (b) endsystolic frames. The endocardial border is not well seen at baseline but becomes readily

apparent with contrast enhancement. LV—left venticle, RV—right ventricle, LA—left atrium, RA—right atrium.
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opacification in many cases. The dosages of contrast

needed for LV opacification are minimal—0.1–0.3 ml—

compared to those in other imaging modalities like

X-ray. These small dosages are possible because of very

sensitive contrast specific imaging technologies, which

have been implemented in all state of the art ultrasound

systems (2).

Themajor indication for the second generation contrast

agents is left ventricular opacification and endocardial

border definition. Although image quality has been im-

proved with the introduction of harmonic imaging, there

are still a number of studies remaining of inadequate

quality, and it is here that the use of contrast agents comes

into its own. Even with high-end ultrasound equipment,

without contrast, the percentage of suboptimal images

ranges from10 to 15% (Fig. 2). The recent guidelines of the

European Association of Echocardiography (EAE) and the

American Society of Echocardiography (ASE) suggest to

use the delineation of the endocardium as a selection

criterion (3). Contrast agents should be considered when

less the 80% of the circumference of the LVendocardium is

not clearly seen. This is of major importance in stress

echocardiography where there is always the need for

optimal image quality. Clinical studies have shown the

benefit of contrast in improving image quality, percentage

of wall segments visualized, and confidence of interpreta-

tion of regional and global function both at rest and at peak

stress (4).

Less frequently contrast agents are needed for better

delineation of thrombi and masses.

In tandem with the development of contrast agents

there have been advances in imaging modalities. The first

contrast specific modality was harmonic imaging.

Second harmonic imaging enhances contrast effect

compared to fundamental imaging and has been used for

border definition using real-time imaging. However, it

also leads to bubble destruction and artefacts. Latest

developments such as power modulation and power pulse
inversion, use less transmitting power than harmonic

imaging and are almost non-destructive for bubbles and

can be performed real-time imaging without the limita-

tions of harmonic imaging and with less contrast. As

tissue returns are not displayed, unlike with harmonic

imaging, they are ideal for accurately delineating the left

ventricular borders and assessing myocardial perfusion.

Harmonic Power Doppler is another method for per-

fusion imaging. It takes advantage of the signals obtained

from bubble destructions during exposure to ultrasound.

Power Doppler provides the highest signal to noise ratio

for detecting contrast media, but has to be used with

trigged mode. That means intermitted power of scanning

to replenish the contrast in the myocardium.

Myocardial contrast echocardiography (MCE) is an

imaging tool for the assessment of the myocardial

microcirculation. Myocardial perfusion is defined as tissue

blood flow at the capillary level. The two components of

tissue blood flow—capillary blood volume and blood

velocity—can be assessed by MCE.

Contrast perfusion imaging can be used to assess

inducible myocardial ischemia and viability. The advan-

tage of using perfusion imaging in stress echocardiogra-

phy is higher accuracy in detecting coronary stenoses. In

addition shorter and simple stress protocols can be used.

MCE can be used to determine the spatial extent of

viable tissue post-infarction. It has been shown to be

superior for detection of acute coronary syndromes in the

emergency department compared with routine evaluation.

MCE, a rapid bedside method, can be used to define the

extent of collateral perfusion during coronary occlusion

and hence to predict the ultimate infarct size. It has been

performed safely in several thousand patients (5) (Fig. 3).

Current research focuses on using the microbubbles

of ultrasound contrast media as drug and gene carriers

and applying targeted ultrasound for local drug delivery.

Another promising application is the use of the micro-

bubbles to target arteriosclerotic vascular lesions.
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chamber view in systole at rest showing normal perfusion. (b) After adenosine injection a perfusion defect is displayed

in apical anterior and inferior wall (arrows) LV—left venticle.
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Synonyms

Contrast-enhanced ultrasound of the spleen; Microbubble-

enhanced ultrasound of the spleen
Definition

The use of microbubble agents and contrast-specific

ultrasound (US) imaging modes for detecting splenic
pathology. This technique also allows the further evalua-

tion and characterisation of ▶focal splenic lesions,

ranging from malignant tumours to benign entities such

as splenic infarcts, haemangiomata or abscesses based on

patterns of perfusion and splenic parenchymal contrast

uptake.
Characteristics
Introduction

The advent of ▶microbubbles has allowed more accurate

ultrasonic characterisation of focal splenic lesions to rival

that of computed tomography (CT), magnetic resonance

imaging (MRI) and nuclear medicine techniques.

Microbubbles were initially thought to be purely

vascular agents. However, three agents demonstrate

hepatosplenic-specific uptake after their disappearance

from the blood-pool phase. They are Levovist, Sonavist

(both Schering AG, Germany) and Sonazoid (NC100100;

GE Amersham, Norway), of which only Levovist is

currently in clinical use. Interestingly, the most widely

used microbubble in Europe, SonoVue (Bracco, Italy),

demonstrates splenic specificity only (1–3).

In the arterial phase, the spleen demonstrates hetero-

geneous and patchy ▶enhancement from 0 to 20 sec

with the spleen then becoming homogeneous through-

out within 50 sec. These enhancement characteristics are

similar to those reported with iodinated contrast agents

within the spleen on CTand MR imaging and are thought

to be due to variable flow rates through the cords and

sinuses of the red pulp. Therefore, it is recommended that

lesion detection and assessment of the spleen with

microbubbles should include the late phase, at least 60

sec post-intravenous injection.
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Technological advances combined with the availability

ofmore stable microbubbles (e.g. SonoVue) have facilitated

the development of real-time non-destructive (low me-

chanical index (MI)) ▶microbubble-specific imaging

modes that are widely used for focal splenic lesion

assessment. Contrast-enhanced imaging of focal splenic

lesions may be divided into arterial (20–25 sec) and portal

(45–90 sec) phases and sinusoidal (>90 sec). Real-time

imaging allows these phases to be followed successively, so

that the dynamic enhancement pattern and vascular

morphology may be assessed (1–3). The low MI means

that continuous imaging can be performed for as long as the

agent persists (5–10 min after a full dose of SonoVue). The

fundamental and enhancement characteristics of splenic

lesions are described later.
Focal Splenic Lesions
Congenital Lesions

A splenunculus is accessory splenic tissue, which is present

in 10–30% of the population. They may be single or

multiple and most commonly occur at the splenic hilum

(75%). They typically have a round contour and their echo-

genicity is identical to that of the parent spleen. Splenunculi

have identical enhancement patterns with ultrasound

microbubbles to the adjacent spleen. Splenunculi and the

parent spleen enhance simultaneously in the arterial phase

and exhibit a heterogeneous sinusoidal phase. Some agents

(Levovist, Sonovue) have a delayed splenic-specific par-

enchymal phase, which is useful in differentiating splenun-

culi from lymph nodes or pancreatic masses.
Cystic Lesions
Contrast Media, Ultrasound, Applications in Focal Splenic

Lesions. Figure 1 Splenic haemangioma: imaging in the

late splenic-specific phase with SonoVue (Bracco, Milan,

Italy) using phase inversion mode (HDI 5000, Phillips, USA)

shows partial centripetal filling-in of the lesion (arrow)

at 3 min post-injection.
Cystic splenic lesions may be subdivided into primary

cysts, which are either non-parasitic (epithelial) or

parasitic (echinococcosis infection), or secondary cysts,

which are thought to be traumatic in aetiology. They

contain blood, debris and may exhibit mural calcification.

Non-parasitic cysts show the classic ultrasound

features of anechoic contents with posterior acoustic

enhancement and smooth walls. Microbubble contrast

agents may be helpful in defining the thin wall of the cyst

and demonstrating the absence of central enhancement to

differentiate benign simple cysts from infective or

neoplastic cystic lesions.

Hydatid cysts are rare in the spleen (less than 5% of

echinococcus infections). They may be anechoic or have

heterogeneous echogenecity. The ‘water-lily sign’ is

characteristic of the condition and is caused by separation

of the membranes of the cyst. With intravenous (IV)

microbubbles, hydatid cysts show peripheral but not

internal enhancement.
Haemangiomas

Haemangiomas are the commonest benign primary

splenic neoplasm with a prevalence of 0.3–14% at

autopsy. They are tumours of the epithelium of the

vascular sinuses and are more commonly cavernous than

capillary in pattern. Cavernous haemangiomas are usually

small (<2 cm) and are incidental findings on imaging.

They are slow growing. Occasionally, haemangiomas may

be large and may present as a mass or with rupture and

bleeding.

Multiple splenic haemangiomas occur in Klippel–

Trenaunay syndrome and may be complicated by rupture,

hypersplenism and malignant change.

On ultrasound, haemangiomas typically appear as

well-defined avascular echogenic lesions. Atypical features,

which are more commonly present in large cavernous

haemangiomas, include cystic change and calcification.

Small haemangiomas uniformly enhance with micro-

bubbles whereas larger lesions exhibit centripetal filling

in on delayed imaging (Fig. 1). However, larger lesions

with cystic/necrotic/thrombotic components may show

heterogeneous enhancement rather than the centripetal

pattern (4). This is due to the fact that cystic spaces (often

central) do not possess blood-filled vascular spaces.
Hamartomas

Splenic hamartomas, also known as splenomas, splenade-

nomas andnodular hyperplasia of the spleen are rare benign

tumours occurring with an incidence of 0.024–0.13% in

autopsies.
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Splenic hamartomas are usually found incidentally,

although rupture has been described.

On ultrasound, splenic hamartomas are usually solid

homogeneous masses and hyperechoic relative to the

adjacent splenic parenchyma. However, some may be

heterogeneous with cystic changes and areas of calcifica-

tion secondary to ischaemia or haemorrhage. They are

usually hypervascular on colour Doppler. This is thought

to reflect the hypervascularity of the red pulp in the

hamartoma. Variable enhancement is seen following the

intravenous microbubble injection (4, 5).
Lymphangioma

Splenic lymphangioma is a rare slow growing benign

tumour. It is characterised by splenic cysts of varying sizes

from a fewmillimeters to several centimeters in size. Splenic

lymphangiomasmay occur in isolation or withmultisystem

organ involvement. Complications are associated with the

more extensive or larger lymphangiomas and include

bleeding, hypersplenism, consumptive coagulopathy and

portal hypertension. Malignant transformation is rare but

has been described in one case.

On ultrasound, splenic lymphangiomas appear as

cystic lesions with septation, echogenic debris and

calcification. Lymphangiomas are avascular on colour

Doppler and do not enhance with microbubbles.
Lymphoma

Malignant lymphoma is the most common cause of

splenic infiltration. The typical ultrasound appearances

are of echopoor focal lesions that may be difficult to
Contrast Media, Ultrasound, Applications in Focal Splenic Les

duration of 3 min after Levovist (Schering), imaging using a la

Siemens, USA) demonstrates two metastases as defects (arrow

(b) When the colour overlay is removed, no corresponding B-m

imaging of the late splenic-specific phase of Levovist that imp

their conspicuity.
distinguish from cysts. The borders of the lesions may

be poorly defined. ‘Target sign’ lesions and echogenic

lesions have been described. Typically, Hodgkin’s and

low-grade non-Hodgkin’s lymphoma result in diffuse

infiltration or focal lesions, which are lesser than 3 cm

in size. By comparison, high-grade non-Hodgkin’s

lymphoma causes focal lesions of greater than 3 cm in

size. With microbubbles, irregular peripheral enhance-

ment is seen with the lesions appearing as defects in the

late phase (4).
Metastases

Splenic metastases are rare; 7% of post-mortems in

patients with metastatic carcinomas and 8% of all splenic

lesions were shown to be metastases in one series. The

spleen may be involved by direct tumour invasion in

pancreatic tail, colon, stomach, bronchus and diaphrag-

matic carcinomas. The ultrasound appearances are

variable with echopoor metastases, being the most

common. Echogenic metastases are the least common

(5) and target lesions are less common than in the liver.

Serosal metastases from ovarian carcinoma result in

scalloping of the splenic margin. On Doppler, metastases

are usually avascular. Imaging with microbubbles may

show variable enhancement in the arterial phase but

essentially, all lesions appear as defects surrounded by

normally enhancing splenic parenchyma in the late phase

(Fig. 2). Metastases may be revealed that are not seen on

baseline B-mode/fundamental scanning by increasing

their conspicuity. This improves the detection and

facilitates the detection of subcentimetre metastases that

would otherwise remain occult (4).
ions. Figure 2 Splenic metastases from melanoma. (a) A

te phase destructive mode (Agent Detection Imaging (ADI),

s) surrounded by normal splenic microbubble uptake.

ode lesions could be identified. This case demonstrates the

roves the detection of occult metastases by increasing



Contrast Media, Ultrasound, Applications in Focal Splenic Lesions. Figure 3 Imaging using Vascular Recognition

Imaging (VRI, Aplio, Toshiba, Tokyo, Japan). A duration of 3 min after SonoVue administration shows a wedge-shaped

non-enhancing defect consistent with an infarct (arrow) with normal enhancement of the surrounding spleen

depicted by stationary microbubbles in green.
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Splenic Infarction

Splenic infarction may result from emboli (endocarditis),

hyperviscosity syndromes, sickle cell disease and myelo-

proliferative disorders. On B-mode, acute infarction is ill-

defined, characteristically peripheral, wedge-shaped and

echopoor. On colour Doppler absent signals confirm the

diagnosis. Chronic infarction is seen as an echogenic area

due to fibrotic change or calcification with overlying

cortical retraction secondary to scarring. Microbubbles

improve the ultrasound confidence of diagnosing early

infarction (Fig. 3) by delineating an angular geographical

hypo-enhancing area in all phases (4).
Splenic Abscesses

Splenic abscesses on ultrasound may be echopoor,

septated, irregular walled containing debris and gas. They

may have variable peripheral vascularity. Microbubbles

may show the vascular rim of the abscesses. Common

organisms include Mycobacterium tuberculosis, Pneumo-

cystis carinii and Candidiasis. The latter have been

described as showing a characteristic ‘bull’s eye’ appear-

ance with multifocal small lesion (0.5–2 cm in size)

consisting of echogenic centres surrounded by echopoor

rims. The detection of these lesions is improved by using a

high-frequency linear probe. US contrast improves the

detection of microabscesses by improving their conspi-

cuity against the normal splenic parenchyma (4).
Heterogeneous Splenic Echotexture

This is seen as multiple tiny (2–3 mm) echogenic foci or

just a heterogeneous echopattern on B-mode ultrasound.

It is a non-specific finding typically in previous

granulomatous infection such as tuberculosis, fungi as

well as sarcoidosis, Wegener’s granulomatosis, amyloido-

sis and Crohn’s disease. These foci are generally defects in

the late phase after microbubble administration.
Summary

Ultrasound is a reliable method of imaging splenic

abnormalities. The introduction of microbubbles has

further improved the diagnostic capabilities of ultra-

sound, allowing the investigation of splenic enhancement

patterns and characterisation of focal lesions. US imaging

in contrast is useful in distinguishing splenunculi from

lymph nodes, demonstrating the characteristic enhance-

ment patterns in haemangiomas, improving the visualisa-

tion of splenic infarction as well as improving the

detection of microabscesses and focal malignancies.
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Synonyms

CEUS; Contrast-enhanced ultrasound of the kidneys
Definition

Contrast-enhanced ultrasound (CEUS) of the kidneys is

mainly dependent on two things: (1) the availability of a

contrast agent that will give off strong echoes, by

reflection and resonance, and that can be injected

intravenously and insonated without significant destruc-

tion of the contrast itself, and (2) ultrasound machine

software that allows specific recognition of a signal/echo

emanating from the contrast agent at an ultrasound

output level that will not destroy the agent.

When these requirements are met, we can produce

images where the echogenicity is dependent on the

contrast agent concentration rather than on the reflectiv-

ity and absorption of the insonated tissue. Most contrast

agents in clinical use today consist of stabilized gas

bubbles, the resonance of which can be distinguished

from tissue echoes by dedicated software implemented in

the ultrasound machines. Ultrasound contrast agents are

so-called ▶blood pool agents; that is, they do not, in

contrast to X-ray contrast media, leave the blood vessels.
Characteristics
Pathology

It is important to understand that the established phases of

ultrasound contrast enhancement in the liver (1, 2) do not
apply in the kidney because they are dependent on contrast

accumulation in normal liver tissue. However, circulation

in a capillary bed such as in the kidney is, of course,

considerably slower than arterial flow. Because tumor tissue

contain pathological vessels with ▶arteriovenous shunting,

it stands to reason that differences in the contrast uptake

over time will be different in renal tumors than in normal

renal tissue. Preliminary work suggests that the perfusion

differences between tissues with a normal capillary bed and

the ▶neovascularization of tumors can be detected if the

pattern of contrast enhancement is followed over time,

either subjectively or with the aid of analyses programs,

preferably built into the ultrasound machine itself (3).

Furthermore, areas completely without blood perfu-

sion will remain dark in a contrast-based image, as no

contrast agent will reach these areas. Therefore, images

based on contrast concentration can help in the detection

of nonperfused focal lesions like cysts, abscesses, infarc-

tions, and post radio-frequency ablation necroses and in

their differentiation from tumor tissue. Normal variants,

like a▶column of Bertin, will have the same enhancement

pattern as other normal parts of the renal parenchyma,

which may help to make a more confident diagnosis.
Imaging
Normal Kidney

Different stages of renal enhancement exist but are not the

same as those described in the liver due to both lack of

contrast accumulation and the perfusion differences

between the renal cortex and the medulla. The contrast

phases must be understood in order to avoid misdiagno-

sis. The arteries enhance shortly after a bolus injection of

contrast agent andare followed closely by a complete fill-inof

the cortex. The pyramids, having less vascularity, then

gradually enhance over the next 30–40 sec to become

isoechoic or almost isoechoic with the cortex. The enhance-

ment then decreases slowly as the contrast concentration in

the general circulation falls off (Fig. 1). When this happens,

a difference may again appear between the cortex and

pyramids, the latter becoming once more hypoechoic. This

reappearance of hypoechoic areas corresponding to the

pyramids must be remembered because it has a likeness to

the enhancement pattern seen in most malignant tumors

(see below).
Cysts, Abscesses, and Infarctions

Because structures without perfusion will have no contrast

uptake, they will have no brightness in the ultrasound

contrast image; they will remain dark with an excellent

delineation against surrounding tissues. Simple cysts will

thus be unechoic during all the contrast phases even if they



Contrast Media, Ultrasound, Applications in Kidney Tumor. Figure 1 Normal renal enhancement after an intravenous

bolus of ultrasound contrast agent. The pyramids (arrows) enhance slower but show a complete fill-in after about 60 sec.

This is also shown by the quantification graph where regions-of-interest have been placed in a segmental artery, cortex

and a pyramid.
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are echoic on native ultrasound. In this manner, smaller

cysts canbedetected and,more importantly, cysts containing

echoes (e.g., after a bleeding) can be seen completely without

perfusion. The spatial resolution of ultrasound can there-

fore be used for characterizing indeterminate focal lesions

detected on computed tomography (CT), for example

(4). New software programs have an excellent sensitivity for

detecting even tiny amounts of contrast agents, whichmakes

it possible to detect thin but perfused septae indicative of

malignancy rather than simple cysts (Fig. 2).

Similarly, focal lesions that on native ultrasound

contain echoes but have no perfusion, such as abscesses

and cortical infarctions, can be detected and distinguished

from perfused, possibly malignant lesions.
Tumors, Malignant

The contrast enhancement of small hypovascular tumors

may be hard to detect on CT, making confident diagnosis

of a renal cell carcinoma difficult. It is, of course, an

important distinction that can often be made by CEUS,

due to the high sensitivity to the presence of contrast

agents, even in small quantities. Thus, tumoral vessels can

be detected, possibly with the aid of quantification

software that can prove an increase in image brightness,

assisting the subjective assessment. In addition, small

vessels may be depicted in mural nodules, septae, or

thickened cyst walls even when they are too small to be
detected by Doppler (5) (Fig. 2). Thus, CEUS may be used

for evaluating unequivocal CT or magnetic resonance

(MR) findings, atypical cysts, or cyst-like lesions with

echogenic contents, the existence of contrast within the

suspected areas being equivalent to the existence of vessels

(i.e., perfused viable tissue).

In the same way, biopsies can be guided to viable areas

of a suspected lesion, avoiding necrosis and thus

improving the diagnostic yield (6).

Renal tumors often have a contrast enhancement

pattern similar to the normal renal parenchyma in the

early stages. There may be a rim enhancement in a

pseudocapsule (7), but as there is no real accumulation of

contrast in the kidneys, the detection rate of small tumors

is unlikely to be as much improved by CEUS as is seen

with focal liver lesions. However, the vasculature of

malignant tumors differs from that of normal tissues, and

early experiences indicate that contrast will be washed out

of the neovasculature faster than from the renal

capillaries, creating a similar but weaker equivalent to

the situation in the liver, possibly helping characterization

if not detection (8). Thus, malignant tumors tend to be

hypoechoic compared with normal parenchyma in the

later phases (Fig. 3). This could be helpful in evaluating

normal variants, such as a prominent column of Bertin

(see above). The suspected area must then be followed to

the later stages of the contrast enhancement, at least for

1 min. Most often, a clear difference can be detected by



Contrast Media, Ultrasound, Applications in Kidney Tumor. Figure 2 Patient with sudden onset of pain in the right flank.

Native ultrasound shows the kidney (fat arrow) surrounded by a hematoma (a). On CEUS the hematoma is better delineated

(thin arrow) and a cyst is seen, probably haemorrhagic as it was not detected on B-mode (b). CEUS also detects small

contrast enhancing nodules (arrows) within the cyst (c, d). A cystic renal cell carcinoma was later removed.

Contrast Media, Ultrasound, Applications in Kidney Tumor. Figure 3 Small renal cell carcinoma seen both on B-mode

(a) and CEUS with a contrast enhancement typical of most malignant lesions, i.e. almost isoechoic with the normal

parenchyma in the early stages (b = 15 sec) and then increasingly hypoechoic compared to the kidney (c = 30 sec,

d = 60 sec).
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analysis software at that stage and seen subjectively shortly

thereafter. Necrotic areas of the tumor will remain dark,

but because partially necrotic tumors tend to be large,

they are easily diagnosed on native ultrasound. The

detection of necroses is, therefore, of limited importance

except as guidance for biopsies.
Tumors, Benign

Vessel anatomy may eventually help distinguish malig-

nancies from benign oncocytomas, but at present, there is

not enough scientific evidence to allow us to make that

distinction. Lesions such as angiomyolipomas have been

shown to enhance less than renal cell carcinomas in the

arterial phase (9) and tend to retain the contrast better

than a malignant tumor in the later phases, presumably

due to vessel anatomy. However, knowledge about how a

small, highly differentiated malignant tumor would

behave is limited, and differentiation in the individual

patient remains difficult.
Diagnosis

It is important to remember that even though the

accumulated experience so far indicates that malignant

tumors are hypoechoic in the later contrast stages, it

cannot be inferred that a lesion that retains contrast is

benign. There are as yet no scientific data proving an

ability to differentiate between benign and malignant

focal lesions, but with improved knowledge of contrast

enhancement patterns, this ability may be only a matter

of time.

Even though the detection rate of small renal cell

carcinomas is unlikely to be improved, CEUS can play an

important role in characterizing atypical lesions, detect-

ing small nodules in cystic tumors, and differentiating

them from normal variants.

Bibliography
1. Wilson SR, Burns PN, Muradali D et al (2000) Harmonic hepatic US

with microbubble contrast agent: initial experience showing

improved characterisation of haemangioma, hepatocellular carcinoma

and metastasis. Radiology 215:153–161

2. Albrecht T, Hoffmann CW, Schmitz SA et al (2001) Phase inversion

sonography during the liver specific late phase of contrast

enhancement: improved detection of liver metastases. Am J

Roentgenol 176:1191–1198

3. Cosgrove D, Eckersley R, Blomley M et al (2002) Quantification of

Blood Flow. Ultrasound. ECR Categorical Course Syllabus. Springer,

Berlin Heidelberg New York, pp 84–90

4. Correas JM, ClaudonM, Tranquart F et al (2003) Contrast-enhanced

ultrasonography: renal applications. J Radiol 84:2041–2054

5. Ascenti G, Zimbaro G, Mazziotti S et al (2001) Usefulness of power

Doppler and contrast-enhanced sonography in the differentiation of

hyperechoic renal masses. Abdom Imaging 26:654–660
6. Krause J, Nilsson A (2003) Targeted tumor biopsy under contrast-

enhanced ultrasound guidance. Eur Radiol 13(Suppl 4):L239–L240

7. Ascenti G, Gaeta M, Magno C et al (2004) Contrast-enhanced

second-harmonic sonography in the detection of pseudocapsule in

renal cell carcinoma. Am J Roentgenol 182(6):1525–1530

8. Quaia E, Siracusano S, Bertolotto M et al (2003) Characterization of

renal tumours with pulse inversion harmonic imaging by inter-

mittent high mechanical index technique: initial results. Eur Radiol

13(6):1402–1412

9. Siracusano S, Quaia E, Bertolotto M et al (2004) The application of

ultrasound contrast agents in the characterization of renal tumors.

World J Uro 22(5):316–322

Contrast Media, Ultrasound,
Applications in Transcranial
and Intra-Operative Brain
Ultrasound
THILO HOELSCHER

Department of Radiology
University of California, San Diego, USA
thoelscher@ucsd.edu

Synonym

Contrast-enhanced ultrasound imaging of the brain
Definition

Transcranial Doppler describes the assessment of flow

velocities of intracranial vessels by interpretation of flow

spectra while insonating through the intact skull. Other

than Doppler flow measurements alone, duplex sono-

graphy enables one to combine the visualization of

morphological structures with flow velocity assessment

using Doppler. Transcranial duplex sonography of the

adult brain was introduced in the early 1990s and has been

used since then mainly to visualize and assess the circle of

Willis. Signal absorption and phase aberration due to

insonation through the bone limit the applicability. The

introduction of ultrasound contrast agents (UCA) and

the development of contrast-specific imaging techniques

have improved vascular imaging of the brain significantly.

To date, contrast-enhanced ultrasound of the brain

includes transcranial macro- and microvascular imaging

and assessment as well as intraoperative and therapeutic

applications. In this context, the term transcranial

Doppler is established and commonly used, whereas

new technologies and applications broaden the spectrum

of brain ultrasound, exceeding the definition of transcra-

nial Doppler.
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Imaging
Macrovascular Imaging
Contrast Media, Ultrasound, Applications in Transcranial

and Intra-Operative Brain Ultrasound. Figure 1

“Blooming” artifact contrast-enhanced transcranial

ultrasound of the circle of Willis (axial scanning plane via

the temporal bone window). Vessel delineation

is diminished because of the strong contrast signal

(“blooming”) after intravenous bolus injection of the UCA.

Lighter area coding represents flow toward the transducer,

darker area coding flow away from it. MCA: middle cerebral

artery, MCA contra: middle cerebral artery contralateral,

PCA: posterior cerebral artery, PCA contra: posterior

cerebral artery contralateral, ACA: anterior cerebral artery.
The visualization and assessment of intracranial arteries

(circle of Willis) are the domain of transcranial color-

coded duplex sonography (TCCS). The main difference

compared with conventional transcranial Doppler (TCD)

is the color-coded representation of arterial blood flow to

allow the unequivocal identification of the circle of Willis

within the anatomic grayscale (B-mode) image of the

brain parenchyma. Using the Doppler mode, the blood

flow can be analyzed semiquantitatively, as in conven-

tional TCD, but with the added advantage of visual

control by tracking the target vessel using the color flow

map. The major limitation of all transcranial ultrasound

techniques has been the massive acoustic signal absorp-

tion while insonating through the intact skull. The

introduction of UCA improved transcranial vascular

imaging significantly, and the diagnostic benefits have

been proven in multiple studies (1, 2). Besides the

unequivocal advantages of UCA for transcranial ultra-

sound imaging, contrast-specific artifacts such as “bloom-

ing” may limit the diagnostic impact. Strong acoustic

signals, encoded as color pixels on the screen, may appear

“outside” the anatomical delineation of the vessel,

especially in the early phase after UCA injection. The

enhancement appears as an overamplification of the color

or power Doppler signals on the screen of the ultrasound

equipment (Fig. 1). Due to the rapidly increasing

knowledge of the acoustic properties of UCA, contrast-

specific modalities have been developed to improve

transcranial image quality. To date, UCA-specific imaging

enables one to visualize intracranial arteries in an

angiography-like pattern with higher spatial resolution,

fewer artifacts, and lower acoustic output power (Fig. 2)

(3). Clinically, contrast-enhanced transcranial ultrasound

has the highest impact on stroke diagnosis. The fast and

unequivocal assessment of vessel occlusion/patency in the

emergency room, or even in the ambulance, may help to

optimize the therapeutic strategy for the individual stroke

patient.
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and Intra-Operative Brain Ultrasound. Figure 2

Transcranial ultrasound angiography (tUSA) tUSA image

Microvascular Imaging
of the circle of Willis and its branches after UCA injection.

M1, M2, M3: middle cerebral artery segments, A1, A2:

anterior cerebral artery segments, P1, P2, P3: posterior

cerebral artery segments, BS: brain stem, Top of BA:

hyperechogenic distal part of the basilar artery.
Contrast-specific transcranial ultrasound imaging mod-

alities to assess the parenchymal brain perfusion are

mainly based on UCA destruction, due to the high

acoustic power used for insonation through the intact

skull. Most perfusion techniques applied in brain

ultrasound are based on the fact that UCA microbubbles

undergo destruction, splitting, and fusion at higher

acoustic pressures. These broadband noises partially pass

the wall filter used in color and power Doppler and, due

to the Doppler shift are interpreted as flow signals,
independent of the movement of microbubbles. Three

main principles of destructive imaging techniques to

assess parenchymal perfusion can be described: (a) bolus

kinetic, (b) depletion, and (c) replenishment methods.
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Most commonly, the bolus kinetic technique is used to

describe the wash-in/wash-out behavior of the UCA after

intravenous bolus injection. After data acquisition

over time in a predefined scanning plane and using a

low frame rate, regions of interests (ROI) are placed in
Contrast Media, Ultrasound, Applications in Transcranial and

curves of certain ROIs (a) Axial B-mode image of the dienceph

and the lateral (dashed white arrows) ventricles. Projection of

posterior parts of the thalamus (2), lentiform nucleus (3), whit

displaying the wash-in/wash-out behavior of the UCA over tim
dedicated anatomical areas (Fig. 3). The interpretation

of parameters such as signal peak intensity or time to

peak intensity is used to semiquantify perfusion pat-

terns and to differentiate between normal (4) or dis-

turbed perfusion (5). Contrast-enhanced brain perfusion
Intra-Operative Brain Ultrasound. Figure 3 Time intensity

alic scanning plane. Visualization of the third (white arrow)

the parenchymal ROIs: anterior parts of the thalamus (1),

e matter (4). (b) Corresponding time intensity curves

e in certain ROIs.

C



538 Contrast Media, Ultrasound, Applications in Transcranial and Intra-Operative Brain Ultrasound
imaging achieves clinical importance predominantly in

the acute stroke setting and for monitoring the ther-

apeutic effect of thrombolysis (6). Early as well as

subsequent information about the microvascular status

in the presence or absence of intracranial vessel occlusion

may help to optimize the individual therapeutic strategy

and extend the therapeutic window for thrombolysis.
Intraoperative Applications

The intraoperative application of ultrasound during

neurosurgical interventions has been shown in several

studies (7). Although intraoperative magnetic resonance

imaging (MRI) and computed tomography (CT) have

undoubted benefits, the techniques are costly and there-

fore not commonly available. In comparison, ultrasound

is cost-effective, easy to use, and the only true real-time

imaging method. The main goals of intraoperative

imaging with ultrasound are the localization of and the

navigation to lesions (i.e., tumor, aneurysm, arteriove-

nous malformation), the assessment of the vascular

supply of these pathologies, and the ability to immediately

monitor the success of the neurosurgical intervention.

The intraoperative use of UCA is of interest, especially in

the context of advanced transducer technologies and

contrast-specific imaging modalities. To date, vascular

structures in the submillimeter range (�100 mm) can be

displayed. Single UCA microbubbles can be visualized

and tracked, enabling the study of real-time flow

dynamics in intracranial aneurysms (Fig. 4). The use of

UCA facilitates intraoperative real-time navigation and

assessment of the intra- and peritumoral vasculature (8)

as well as of aneurysms or arteriovenous malformations.
Contrast Media, Ultrasound, Applications in Transcranial and

aneurysm On the left: Precontrast, the morphology of the aneu

mater, posterior to two gyri. The feeding artery can be seen on

On the right: After contrast injection, acoustic signals from sing

the aneurysm sac in an early systolic phase.
Moreover, the immediate monitoring of the surgical

intervention helps to optimize the neurosurgical case

management in the operating room.
Interventional Radiological Treatment
Therapeutic Applications

Ultrasound therapy is currently a challenging research

field. Therapeutic approaches are mainly based on the

well-known physics of ultrasound such as heating or

cavitation. Less well known are the biomechanical

effects of ultrasound, such as sonothrombolysis or

sonoporation.
Sonothrombolysis

Recent studies have demonstrated that ultrasound enables

temporary disaggregation of the fibrin structure of

thrombotic blood clots and improvement of the enzyme

activation of plasminogen in the presence of tissue

plasminogen activator (9, 10). Enhanced clot lysis is the

key factor for successful stroke therapy. Recombinant

tissue plasminogen activator (rt-PA) is currently the only

Food and Drug Administration (FDA)-approved drug for

acute stroke therapy. To enhance the therapeutic effect of

rt-PA in stroke patients with transcranial ultrasound is

challenging and the first clinical studies are promising

(11). Besides the increasing knowledge of the acoustic

properties of UCA microbubbles for diagnostic purposes,

their potential as targeted drug carriers for therapeutic

applications is of special interest. Specific targeting of

thrombotic emboli with UCA as well as rt-PA binding to

microbubbles is feasible and the in vivo applicability has
Intra-Operative Brain Ultrasound. Figure 4 Intraoperative

rysm is visualized in an oblique view through the intact dura

the left of the aneurysm as a hyperechogenic band (arrow).

le microbubbles can be visualized as white spots, entering
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been proven (12). The future goal of transcranial

ultrasound in stroke patients is to use clot-targeted rt-PA

carrying microbubbles and to enhance thrombolysis with

ultrasound while monitoring the therapeutic effect, using

the same device.
C

Sonoporation

Besides sonothrombolysis, ultrasound-mediated gene

transfection has opened a new therapeutic avenue.

Although the mechanisms are poorly understood, it is

evident that ultrasound has the ability to produce

nondestructive, transient pores into cell membranes

(13), thus enabling the uptake of higher-molecular-

weight substances like oligonucleotides. Ultrasound-

mediated local gene delivery in tumors (i.e., antisense

TGF-b) or tumor-associated neovascularization (i.e.,

antisense VEGF) is the focus of research (12). Further

potential applications are neointimal hyperplasia after

arterial balloon injury and gene delivery to infarcted

myocardial tissue. The impact of UCA microbubbles in

these scenarios is defined by the feasibility of tissue

targeting, their use as carriers of genetic sequences, and

the positive effect on sonoporation. The future outlook of

local drug and gene delivery to treat brain tumors or to

enhance neuronal stem cell activity (unpublished data) in

neurodegenerative diseases or stroke using acoustically

active carriers in combination with brain ultrasound is

challenging and remains experimental to date.
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Synonyms

Contrast-enhanced voiding urosonography (VUS);

Contrast-enhanced reflux sonography
Definition

▶Voiding urosonography (VUS) is an ultrasound (US)

examinationof the bladder, ureters, and kidneys (±urethra)

utilizing intravesically administered US contrast media

with the primary purpose to exclude or diagnose reflux

into the ureters and pelvi-calyces. ▶Vesicoureteral reflux

(VUR) a common pediatric problem can, particularly

in the presence of urinary tract infection (UTI), result

in renal damage and consequently renal function

impairment and hypertension. Three different imaging

modalities are currently employed for the diagnosis of

VUR. The two radiologic modalities, ▶voiding cystour-

ethrography (VCUG) and ▶radionuclide cystography

(RNC) have been in use for several decades. Since the

mid-90s the modality without radiation exposure, VUS,

has become available as a further diagnostic option for

VUR (1).



540 Contrast Media, Ultrasound, Applications in Vesico-ureteral Reflux
Indication
Evolvement of US for Diagnosis of VUR

In 1976, the first report appeared on the use of US for the

diagnosis of VUR. Further attempts to implement US for

reflux diagnosis in children have been underway in two

directions (1). The indirect methods were based on the US

of the urinary tract, without administration of any kind of

substance into the bladder. These included depicting

various sonomorphologic changes of the urinary tract as a

result of VUR, detecting newly appearing or an increase in

existing ureteral or pelvicalyceal dilatation and assessing

ureteric jet changes with duplex and color Doppler. The

direct means used to diagnose VUR involved instilling

various substances intravesically. The most frequently

administered fluid was physiological saline solution. The

ballooning of the renal pelvis during the filling of the

bladder represented the criterion for diagnosis of VUR.

Application of air bubbles, by shaking the normal saline

before administration or adding carbon dioxide, had also

been tried. US studies were also carried out, in which the

empty bladder was solely filled with air. In addition to low

diagnostic accuracy, all the above methods have major

limitations making them impractical for use in routine

imaging.
Diagnosis of VUR Using US Contrast
Media

The use of an US contrast agent consisting of sonicated

albumin (Albunex; Molecular Biosystems, San Diego,

USA) for the diagnosis of VUR in a child was reported in

1994 from Japan (1). Utilizing the same US contrast

medium, another study compared VUS with both VCUG

and RNC in a small group of patients. The sensitivity was

found to be 64% and 86% in comparison to VCUG and

RNC, respectively. In both cases, the specificity was 100%

(1). A further US contrast medium used in the past

was a galactose-based microbubbles-containing agent

(Echovist, Schering, Berlin, Germany). The comparison

of VCUG with VUS using this US contrast medium

showed high diagnostic concordance. However, its very

short imaging window of approximately 5 min hindered

its routine use (1). The “breakthrough” in the US

diagnosis of reflux in children came about in the mid-

90s with the availability of US contrast agents contain-

ing stabilized microbubbles. The US contrast medium

Levovist (Schering, Berlin, Germany) was the first of such

contrast agents that became available for clinical use in

Europe. It is a galactose-based contrast agent that contains

microbubbles stabilized with a layer of palmitic acid. The

inherent properties of the US contrast medium, resulting

in long echo enhancement duration of more than half-an-

hour and relatively dense and homogeneous echoes make
the search and detection of VUR much easier. In a large

number of studies incorporating hundreds of children, the

diagnostic accuracy of VUS with the use of Levovist has

been compared with that of VCUG (1–4). There is a

significant correlation between the two imaging modalities

with the concordance rate ranging from 89–97% and more

refluxes being detected in the VUS (approximately 10%)

(4). Moreover, up to 90% of grade I refluxes in the VCUG

are found to be grade II or higher in the VUS (3).
Selection Criteria for VUS

There are mainly two indications for performing a reflux

examination in a child: (1) UTI (pyelonephritis) and

(2) dilatation of a ureter or renal pelvis. It should be noted

that there is a wide variation in practice among all those

involved in the diagnosis and management of children

with VUR. Consequently, the criteria for the selection of

an imaging modality for reflux entail the adaptation to

local practices. Currently, the most common criteria

applied for performing a VUS or a VCUG as the primary

diagnostic modality area are as follows: (a) VUS selection

criteria: (i) follow-up examinations, (ii) first examination

for VUR in girls, (iii) screening high-risk patients;

(b) VCUG selection criteria: (i) first examination for

VUR in boys, (ii) specific request for urethral and/or

bladder imaging, (iii) inadequate visualization of the

bladder or one of the kidneys on US. The selection criteria

for RNC are usually as those for VUS.
Contraindication

There are no absolute contraindications for administering

the US contrast medium, Levovist, intravesically. Galac-

tosemia, a contraindication for the intravenous admin-

istration, is only a relative contraindication. The inability

to visualize, for whatever reason, the bladder or one of the

kidneys on US excludes the performance of a VUS.
Pregnancy/Lactation

There are no reports regarding the intravesical adminis-

tration of US contrast media for reflux examination

during pregnancy or lactation.
Use and Dosage
VUS Procedure

The VUS examination incorporates four basic steps (2, 3):

1. Precontrast examination: standard US of the urinary

tract in supine (±prone) positions.
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2. Catheterization or suprapubic puncture of the bladder

under sterile condition and administration of normal

saline and the US contrast medium.

3. Postcontrast examination: a repeat of the standard US

of the urinary tract.

4. Postcontrast voiding examination: US of the renal

pelves and terminal ureters (±urethra) during and

after micturition.

The necessity and extent of the precontrast examination

is determined by the availability of a current US examina-

tion of the urinary tract and the type of US imaging

modality being used. It is crucial that the normal saline

instilled into the bladder is not from a container sealed

under vacuum. All plastic containers are not sealed under

vacuum but almost all glass containers. The normal saline

in the latter is desaturated and the air in the microbubbles

diffuses very rapidly in the solutionwith the consequence of

fast decrease of echo-enhancement. The contrastmedium is

administered slowly into the bladder under sonographic

monitoring. Reflux is diagnosed when echogenic micro-

bubbles are detected in the ureters or pelvi-calyces. During

the postcontrast examinations, the right and left renal

pelves are scanned alternatively. The scan during voiding

can be carried out when the patient is lying or sitting on a

pan or standing and voiding into a urine bottle. The

severity of reflux is graded in a similar manner as the

international reflux grading system in VCUG from grade I

to V. Comparative studies have shown the high con-

cordance rate of over 85% between the reflux grading

system in VCUG and VUS (1, 3).
VUS Imaging Modalities

Depending on the availability, different US imaging

modalities are employed in VUS to depict the refluxing
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a multicystic dysplastic upper moiety from ventral after intrav

in (a) fundamental and (b) harmonic imaging modalities. The

more conspicuous in the harmonic imaging modality (b).
microbubbles. These imaging options not only affect the

conspicuity of the microbubbles but also the overall dia-

gnostic accuracy of the examination. The most widely em-

ployed modality for VUS is conventional (=fundamental)

US. This can be combined with color Doppler to enhance

the detection of reflux. A recent innovation in US and one

with major impact on the application of US contrast

media is harmonic imaging. When using harmonic

imaging for VUS not only do the microbubbles become

strikingly conspicuous compared to fundamental mode

but also the sensitivity is significantly increased (Fig. 1)

(5). Furthermore, it is possible to visualize intrarenal

reflux. Advanced contrast-specific imaging modalities

tuned for individual contrast medium, e.g., agent de-

tection imaging (Sequoia, Siemens, Issaquah, USA) have

brought about a profound improvement in detecting

refluxing microbubbles. The microbubbles are not only

enhanced and color-coded but it is also possible to

visualize only the refluxing microbubbles blocking out the

background gray-scale image (Figs. 2, 3).
Dosage of US Contrast Media for VUS

Currently, the US contrast medium Levovist is the most

widely used and the one approved for use in VUS. The

concentration of Levovist used for VUS is 300 mg/mL.

The dose administered depends on the imaging modality

being employed. For fundamental US, the volume of

Levovist administered is 5–10% of the filling volume of

the bladder (1–3). In case of harmonic imaging or

advanced contrast-specific imaging modalities 3–5% of

the filling volume of the bladder suffices, i.e., for one cycle

of examination just one 2.5-g flask of Levovist will be

adequate (5). Recently, a second-generation US contrast

agent, SonoVue (Bracco, Milan, Italy), has become
flux. Figure 1 Longitudinal scan of a duplex kidney with

esical administration of the US contrast medium Levovist

refluxing microbubbles in the lower moiety (arrow) are



Contrast Media, Ultrasound, Applications in Vesico-ureteral Reflux. Figure 2 Transverse section of the bladder

and dilated right terminal ureter (arrow) after intravesical administration of the US contrast medium Levovist using

an advanced contrast-specific imaging modality (agent detection imaging). Note the reflux in the right terminal

ureter without (a) and after (b) blocking the background gray-scale image.

Contrast Media, Ultrasound, Applications in Vesico-ureteral Reflux. Figure 3 Longitudinal section of a duplex kidney from

ventral after intravesical administration of the US contrast medium Levovist using an advanced contrast-specific imaging

modality (agent detection imaging). Note the reflux in both moieties (arrowhead—upper, arrow—lower) without (a) and

after (b) blocking the background gray-scale image.
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available in Europe. Preliminary comparative studies have

revealed that the dose of this contrast medium for

intravesical use is less than 1% of the bladder filling (1).

This has a huge potential in the future not only in

reducing the amount of contrast medium necessary for

an examination but also in markedly lowering the cost

for a VUS.
Adverse Reactions

There are no reports of adverse reactions with regard to

intravesical instillation of US contrast media, in particular

of Levovist.
Interactions

No interactions of intravesically administered US contrast

media have been reported.
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Synonyms

Echo enhancers; Sonographic contrast agent; Sonographic

signal enhancers; Ultrasound contrast agents; Ultrasound

contrast media; Ultrasound signal enhancers
Definition

An ultrasound contrast medium is a compound that

increases the contrast of an ultrasound image. This is

obtained by increasing (or decreasing) the echogenicity of

a particular compartment within the body. Usually, an

ultrasound contrast agent is injected into a blood vessel

resulting in an increased echogenicity of the blood and

thus in an increased contrast between blood and tissue. The

currently commercially available ultrasound contrast

agents contain ▶micro-bubbles with a diameter of a

few mm, which consist of an echogenic gas surrounded by

a shell for stabilisation. Due to the size of the micro-

bubbles, such ultrasound contrast agents are▶blood pool

agents not leaving the vascular system. Ultrasound

contrast agents of the first generation contain air inside,

whereas agents of the second generation contain a gas with

low solubility inwater (or blood) giving themicro-bubbles

a higher stability and longer persistence.
Indication

Currently, there are three major indications described for

ultrasound contrast agents:

1. Echocardiography including left ventricular opacifica-

tion (LVO) with the aim to improve endocardial border
delineation (EBD) and myocardial contrast echocardio-

graphy (MCE) with the aim to demonstrate and

quantify myocardial perfusion,

2. Vascular Doppler ▶enhancement with the aim to

overcome insufficient signal-to-noise ratio, especially

to obtain higher accuracy in low-flow, no-flow and/or

slow-flow conditions,

3. Sonography of parenchymatous organs with the aim to

detect abnormal vascularity and perfusion.

Not all agents on themarket have regulatory approval for all

the three indications. To obtain regulatory approval,

a significant clinical benefit has to be demonstrated in

addition to the sole existence of a contrast effect. In other

words, the contrast enhancement should result indiagnostic

confidence and not in confusion.

There is a significant difference in the perception of

the clinical benefit of contrast enhancement between

Europe and the United States. In the United States, the

clinical value of contrast enhancement is only recognised

for echocardiography and accordingly this is the only

indication for ultrasound contrast agents approved by the

FDA. In Europe, both echocardiography and vascular/

extra-cardiac sonography are accepted indications for

contrast enhancement and there are agents with regula-

tory approval for all the three indications mentioned

earlier.
Echocardiography

The improvement of the endocardial border delineation

of the heart cavities was the first indication for ultrasound

contrast agents. Due to a limited signal-to-noise ratio of

the non-digital ultrasound scanners in the early 1990s, the

cardiac cavities often appeared not well delineated but

obscured by noise signals and signal dropouts in the

cardiac wall. Opacification of the blood in the heart

cavities resulted in a marked improvement of the

endocardial border delineation, allowing a much more

reliable determination of cardiac volumes and wall motion.

Even with up-to-date high-end scanners, this clinical

advantage is evident (due to the elimination of obscuring

echoes from the trabecular structures), as shown in recent

controlled multicenter studies (1).

Using recent generations of ultrasound scanners with

▶contrast-specific imaging modalities (2), the blood

distribution can be demonstrated not only in the cavities

but also in the micro-vasculature of the myocardium. For

this indication called myocardial contrast echocardiogra-

phy, it is necessary to separate the signals coming from the

blood (contrast agent) and those coming from the tissue.

This is done by the contrast mode software of the scanner.

The visibility anddistribution of the contrast enhancement

in the myocardium is obvious. However, the evidence for

the clinical value of this information has still to be
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established and is evaluated in numerous clinical research

programs currently ongoing. Up to now, none of the agents

available has obtained regulatory approval for the myocar-

dial perfusion indication.
Vascular Imaging

The most sensitive method for vascular imaging is

Doppler sonography. The demonstration of blood with

Doppler sonography is based on the movement of blood

cells with a certain velocity (higher than the wall motion

velocity) towards or away from the transducer. In some

cases, only an insufficient Doppler signal can be obtained,

mainly when the blood volume is very small (e.g. in high-

grade stenoses) or the vessels are behind highly echogenic

structures (e.g. in transcranial Doppler sonography). In

such cases, the enhancement of the echogenicity of the

blood by an ultrasound contrast agent allows in nearly all

cases the demonstration of an adequate flow signal (3).
Parenchymal Vascularity and Perfusion

There is a general limitation forDoppler sonography: it does

not work in case of nearly stationary blood (e.g. in

capillaries) or indeterminate flow direction (e.g. in complex

vascular structures), as found in parenchymal structures or

focal lesions. The adequate demonstration of blood in the

micro-vasculature requires a velocity-independent separa-

tion of signals fromblood and tissue, which can be obtained

during contrast enhancement by the contrast-specific

elements in the signal. Using this principle, the micro-

vascular distribution and geometry can be demonstrated in

B-mode with high spatial resolution and without any

movement artefacts. Furthermore, when injected as bolus

injection the contrast agent can be used as tracer to evaluate

the dynamic wash-in and wash-out in the tissue, allowing

the assessment of parenchymal perfusion. For detection and

characterisation of focal liver lesions, the clinical benefit of

micro-vascular perfusion assessment has already been

demonstrated (4) and the use of contrast enhancement is

recommended in respective guidelines (5, 6). Fore some

other organs, clinical research programs are still ongoing to

establish the clinical value of perfusion assessment for

diagnosis or therapeuticmonitoring. InEurope, someof the

agents available obtained already regulatory approval for

micro-vascular imaging.
Commercial Products

Echovist is a ‘right heart’ contrast agent, i.e. an agentwhich is

not stable enough to survive the pulmonary passage after

intravenous injection. The active ingredient of Echovist

is Galactose micro-particles containing air. The agent is

available in two concentrations with 200 and 300 mg/mL
micro-particles in the final suspension. Echovist has been

approved in 1991 for the examination of the right heart and

venous systemandforhysterosalpingo-contrast-sonography

after transcervical injection. Echovist is marketed by

Schering in Germany and UK.

Levovist is an improved formulation of Echovist, also

containing Galactose micro-particles with air but coated

with palmitic acid, making the micro-particles more

stable. Levovist micro-particles survive the pulmonary

circulation and allow the enhancement of the whole

circulation. The agent can be prepared in different

concentrations (200, 300 and 400 mg/mL micro-particles

in the final suspension). In 1995, Levovist has been

approved in Germany and until now in more than 40

countries including most European countries, Canada,

China and Japan. Levovist obtained regulatory approval

for Doppler enhancement including diagnosis of cardiac,

vascular and tumour diseases and for diagnosis of

vesiculo-ureteral reflux after transurethral injection.

Levovist is marketed by Schering.

Albunex has been the first transpulmonary agent on

the market, approved 1993 in Japan and 1994 in the

United States. It consists of human albumin coated

micro-bubbles containing air. In the meantime, Albunex

has been replaced by Optison.

Optison contains also human albumin coated micro-

bubbles, but containing octafluoropropane gas (perflut-

ren), making the micro-bubbles more stable. The gas

concentration is 0.19 mg/mL solution. Optison is the first

‘second-generation’ contrast agent using gas with low

solubility in water to increase stability and persistence.

Like Albunex, Optison has been developed only for

echocardiography (left ventricular opacification) and

obtained first approval in 1998 in the United States and

later also in most European countries. Developed by

Molecular Biosystems, Optison is marketed now after

several transitions by GE Healthcare.

SonoVue consists of sulphurhexafluoridemicro-bubbles

surrounded by a flexible phospholipid shell. The final

solution contains 8 mL/mL SF6 gas, which is enough to

obtain an enhancement of several minutes in the whole

vascular system. SonoVue has been approved by the EU

medical agency in 2001 for a broad range of indications,

including echocardiography (left ventricular opacification),

(macro-)vascular Doppler enhancement and assessment of

vascularity in focal lesions in liver and breast (micro-

vascular enhancement). SonoVue is marketed by Bracco in

cooperation with several partners in Europe and China.

Definity consists of octafluoropropane (perflutren)

micro-bubbles, surrounded by a phospholipid shell. The

final solution contains 150 mL/mL C3F8 gas. Definity has

been approved by the FDA in 2001 for echocardiography

(left ventricular opacification) and in Canada also for liver

and kidney imaging. In Europe, a submission for regulatory
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approval has been filed. Definity has been developed by

ImaRx and is marketed now by Bristol-Myers Squibb.

Imagent consists of tetradecafluorohexane (perflex-

ane) micro-bubbles, surrounded by a phospholipid shell.

The final solution contains 92 mg/mL C6F14 gas. Imagent

has been developed and approved in the United States in

2003 for echocardiography (left ventricular opacifica-

tion). Developed by Alliance Pharmaceuticals, Imagent is

now marketed by IMCOR Pharmaceutical in the United

States.
Contraindication

In general, ultrasound contrast agents are pharmacologi-

cally inactive and, with the exception of known

hypersensitivity to any of the ingredients, no absolute

contraindications exist. They contain no toxic molecules

and there are no toxic effects on organs (e.g. the kidneys).

However, there may be side effects after the injection of

any contrast agent, which require a benefit/risk assess-

ment to assure the best possible safety for the patient. The

only significant adverse effects reported are hypersensi-

tivity reactions following the injection of the contrast

agent. Such reactions are rare (in about 0.01%) but can be

life-threatening. Considering this potential risk (even if the

incidence is very low), contraindications were defined for

patients having an increased risk in case of a hypersensi-

tivity reactionwhich is not balanced by a special benefit for

this particular patient group (e.g. patients during acute

coronary syndrome not having an immediate clinical need

for a contrast examination). For the detailed contra-

indications of the different agents see the respective SPCs

approved by the regulatory authorities.
Pregnancy/Lactation

Since the micro-bubbles are not leaving the vascular

compartment, there should be no transition into the foetal

blood circulation or breast milk. From pharmacological

and toxicological studies no special risks are known.

However, as for other contrast agents no special clinical

studies were performed in pregnant women. Therefore, the

experience in this patient group is limited and special care

should be taken.
Use and Dosage

Ultrasound contrast agents are usually administered by

intravenous bolus injection. Due to the low injection

volume, a saline injection for flushing directly after the

contrast injection is recommended. To avoid high
mechanical forces impairing the stability of the micro-

bubbles, injection with strong pressure should be avoided

and the needle diameter should not be too small (at least

20G).

Recommended doses for one injection are given in the

following list:

. Echovist: 3.0–10.0 mL

. Levovist: 6.5–19.5 mL (2.5 or 4.0 g micro-particles)

. Optison: 0.5–3.0 mL

. SonoVue: 2.0/2.4 mL

. Definity: 10 mL/kg BW

. Imagent: 6.25 mL/kg BW

The injection can be repeated, if required. If a longer,

continuous contrast enhancement is useful (e.g. for

prolonged leftventricularopacificationorvascularenhance-

ment), a continuous infusionof thecontrastagent ispossible.

In that case, an infusion pumpwith a rotating syringe holder

is preferable, to avoid rising of the micro-bubbles to the

superficial layer due to buoyancy.
Adverse Reactions

Themost common side-effects reported after the injection

of ultrasound contrast agents are mild and resolved within

a short time without sequelae. They include local reactions

at the injection site, headache, nausea, flush and sensations

of heat, coldness or altered taste. In rare cases (about

0.01%), hypersensitivity reactions were reported as known

fromother colloidal suspensions and contrast agents. Such

hypersensitivity reactions (anaphylactoid reactions) can

be life-threatening and require immediate treatment.

Adequately trained staff and emergency equipment should

be available for that reason.
Interactions

Since ultrasound contrast agents are administered only

for a short time during the diagnostic examination and

the elimination from the blood circulation is quite fast

(within a few minutes), possible interaction with other

medication is limited. Usually, no special interaction

studies are performed with contrast agents. From a

theoretical point of view, there may be an influence on the

bioavailability of drugs given at the same time point,

especially if these drugs are able to adhere to albumin or

lipid surfaces (depending on the shell of the micro-

bubbles). Therefore, it is recommended to use separate

intravenous lines if the contrast agent has to be

administered simultaneously with another drug (e.g. in

case of pharmacological stress echo).
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Synonyms

Contrast-enhanced sonography of the liver; Contrast-

enhanced ultrasound (US) of the liver
Definition

The use of ultrasound (US) microbubble contrast agents

combined with contrast-specific imaging techniques for

the detection and characterization of liver disease (mainly

tumors).
Contrast Media, Ultrasound, Hepatic. Figure 1 Patient

with multiple small metastases. (a) Baseline US shows three

ill-defined hypoechoic lesions in a slightly heterogeneous

liver. (b, c) In the portal venous and delayed phase after

SonoVue, multiple lesions are revealed throughout the

liver, some of them only a few millimeters in diameter.
Introduction

Although often the first-line modality for liver imaging,

conventional US without the use of contrast agents has a

limited role in the diagnosis of liver tumors. Its ability to

detect and characterize focal liver lesions is generally

inferior to that of other cross sectional imaging modalities

[computed tomography (CT) and magnetic resonance

imaging (MRI)].

The advent of microbubble contrast agents has greatly

enhanced the role of US in liver imaging. Both detection

and characterization of liver lesions can be considerably

improved by the use of US contrast agents.
US Contrast Agents for Liver Imaging

US contrast agents consist of microbubbles (cross

reference) which are less than 10 mm in diameter. They

are safe and effective echo enhancers. When given

intravenously, microbubbles produce marked augmenta-

tion of the US signal for several minutes with up to 25 dB

(greater than 100-fold increase) enhancement in echo

strength. The signal enhancement is primarily caused by

nonlinear bubble behavior (cross reference). Contrast-

specific nonlinear imaging modalities (cross reference)

such as phase modulation (cross reference) or amplitude

modulation (cross reference) or a combination of the two

exploiting the nonlinear bubble behavior (cross reference)

must be used for contrast-enhanced US of the liver, since

the signal enhancement is insufficiently visualized with

conventional fundamental US imaging.

With real-time low ▶mechanical index (MI) imaging,

the dynamic enhancement pattern and the vascular
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morphology of a lesion are assessed during the arterial

(starting 10–20 sec and ending 25–53 sec after injection)

and portal venous (starting 30–45 sec and ending 120 sec

after injection) phases. The delayed phase (>2 min after

injection) is particularly useful for detection of metastases

because they appear as nonenhancing defects. Character-

ization is also aided by delayed-phase imaging.

Some agents have a liver-specific late phase where the

bubbles accumulate in normal liver parenchyma starting

2–5 min after injection when the vascular enhancement

has faded and persisting there for many minutes to hours,

analogous to liver-specific contrast agents used in MRI.

This late phase is particularly useful for lesion detection

and differentiation of benign and malignant tumors.

Microbubbles known to exhibit liver-specific behavior

are ▶Levovist, Sonavist (both Schering AG, Germany),

▶Sonazoid (NC100100; General Electric, USA), and

▶BR14 (Bracco SPA, Italy). In the late phase, the bubbles

are stationary or extremely slowmoving. Themechanism of

hepatic accumulation is not completely understood.

Possible explanations aremediation by the reticuloendothe-

lial system or pooling and endothelial adherence in the liver
Contrast Media, Ultrasound, Hepatic. Figure 2 Typical dyna

Atypical baseline appearances: isoechoic lesion (arrow) sugge

Arterial phase with peripheral nodular enhancement (arrowhe

(45 sec p.i.). (d) Complete filling of the hemangioma in the de
sinusoids. For some agents (Sonavist and Sonazoid),

Kupffer cell uptake has been demonstrated.

Two contrast agents are currently licensed for liver

imaging in Europe: Levovist (Schering AG, Berlin,

Germany) and ▶SonoVue (Bracco SPA, Milan, Italy).

The imaging techniques with these two contrast agents

vary considerably. Contrast-specific imaging modes

exploiting nonlinear bubble behavior (cross reference)

must be used with both agents to achieve clinically useful

signal enhancement. Such imaging modes are now

available on most medium- and high-end US systems.

Levovist, which was the first agent to be commercially

available has liver-specific properties during its late phase;

this is advantageous for detection of metastases. High MI

imaging (MI>0.7) must be applied when using Levovist.

It provides signal enhancement due to strong nonlinear

signals from disrupting microbubbles. The disadvantage

of this technique is the highly transient nature of the

signals, which persist only for a few frames after insona-

tion of an individual area until the bubbles in the imaging

plane are destroyed. To exploit the enhancement for

clinical use, special scanning techniques such as rapid
mic enhancement of a hemangioma using Sonazoid. (a)

stive of metastases in a patient with colon carcinoma. (b)

ads). (c) Partial centripetal fill-in in the portal venous phase

layed phase (3, 5 min p.i.).
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sweeping through the liver to image intact bubbles with

each new frame or intermittent imaging have to be

employed. Such scanning techniques are somewhat cum-

bersome and multiple sweeps through the liver are only

possible with repeated injections. For these reasons,

Levovist is no longer used on a large scale despite some

very good results in the detection and characterization of

focal liver lesions.

SonoVue, a more recent agent, provides strong and

persistent signal enhancement due to its strong harmonic

resonance at low (≤0.2) and very low (<0.1) MI, where

minimal or no bubble destruction occurs. This allows for

continuous real-time imaging of a lesion during its

vascular phase as well as comprehensive surveying of the

liver in multiple planes during the delayed phase. Low MI

imaging with SonoVue is now preferred in most instances,

although it has weaker liver-specific properties than

Levovist.

Several experimental agents such as Sonazoid or BR14

combine the advantages of good enhancement at low MI

with strong liver-specific properties. Early clinical studies

have demonstrated the potential of such agents for

detection of metastases. Unfortunately, manufacturers

are currently hesitant to continue the clinical develop-

ment of such agents for commercial reasons.
Contrast Media, Ultrasound, Hepatic. Figure 3 Typical

focal nodular hyperplasia after SonoVue. (a) Large

feeding artery (arrow) and spoke-wheel vascular pattern

in the lesion (arrow heads) during the early arterial

phase (14 sec after injection). (b) Two seconds later

the lesion is completely filled with contrast and

appears hyperenhancing to normal liver. (c) In the

portal venous/delayed phase (2 min post injection)

the lesion is isoenhancing to normal liver with

the exception of a small hypoenhancing central scar

(arrow).
Indications and Clinical Use

According to the guidelines of the European Federation of

Societies for Ultrasound in Medicine and Biology

(EFSUMB), the use of contrast agents is indicated in the

following clinical situations:

. Detection of focal liver lesions (especially metastases)

. Characterization of focal liver lesions

. Monitoring of liver tumor ablation.

Detection: As with other imaging modalities, the use of

contrast agents improves the ability of US to detect liver

metastases substantially. As described earlier, metastases

are seen as nonenhancing defects in an otherwise

homogeneously enhancing liver in the portal venous

and particularly in the delayed phase after contrast

injection (Fig. 1). The impact on detection is most

marked for lesions smaller than 1 cm in diameter and for

lesions that are isoechoic on baseline US. Contrast-

enhanced US has a sensitivity of approximately 80%

in detecting hepatic metastases, which is similar to

contrast-enhanced CT. The detection of primary hepatic

malignancies such as hepatocellular carcinoma and

cholangiocarcinoma is also improved with the use of US

contrast agents in comparison to unenhanced US.

Characterization: All common solid liver lesions

have rather characteristic dynamic imaging features on
contrast-enhanced US (Figs. 2 and 3). Most of these

features are analogous to those on dynamic CT and MRI

scans. In addition to the vascular phases, the delayed

phase is of particular value for differentiating malignant

and benign lesions: the great majority of benign lesions

show contrast uptake similar to normal liver in this phase,

whereas most malignant lesions (especially metastases)

appear as enhancement defects. Contrast-enhanced US

is an effective tool for liver lesion characterization:

approximately 85–90% of liver lesions can accurately be

diagnosed as a specific lesion type, and classification of
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benign and malignant lesions can be achieved in over 90%

of the cases.

Monitoring of liver ablation: Treatment monitoring

during or after liver ablation (radiofrequency ablation,

laser ablation, percutaneous ethanol injection) is based on

the assessment of vascularization and tissue perfusion in the

target area to differentiate necrosis from residual viable

tumor. Unenhanced US, even when combined with color/

power Doppler, does not provide any reliable information

about the outcome of ablation treatments, which was an

important limitation of US-guided ablative procedures

before the advent ofUScontrast agents.Conversely, with the

use of US contrast agents, tissue perfusion can be visualized

and crucial information about the extent of the thermal

necrosis is thus obtained. Complete ablation is indicated by

the disappearance of any previously visualized intralesional

enhancement on contrast-enhanced images. Residual viable

tumor tissue is suspected when a portion of the original

lesion shows persistent enhancement in the arterial or portal

venous phase.
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Synonyms

Air agents; First (second) generation contrast agent
Definitions

An agent containing gas bubbles, of which the gas in

the bubble easily dissolved in the surrounding liquid

(typically water/plasma).
iameter’s change versus time for three different sizes; 1, 3,
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Characteristics

Maintaining a gas bubble at a constant size is a technical

challenge and many fluctuations in size occur with local

environment. Indeed, bubbles suspended in a liquid can

coalesce, grow or shrink in response to changes in the

environment. Outward diffusion of gases due to surface

tension, higher hydrostatic pressures or acoustic pressures

induce consequent alterations in bubble size, which can

occur very rapidly, within seconds to minutes. Smaller

bubbles are more susceptible to these influences. The

kinetics of the dissolution of a gas microbubbles is given

by the equation of Epstein and Plesset (1):

dR
dt

¼ DL
Ci
C0
� 1 2�

RP0
� pov

P0

1þ 4�
3RP0

 !
1
R
þ 1ffiffiffiffiffiffiffiffi

�Dt
p

� �
;

where, R is the radius of the bubbles, t is the time, D is the

diffusion constant, Ci/Co is the ratio of the dissolved gas

concentration to the saturation concentration, s is the

surface tension, P0 is the ambient pressure, L

is the Ostwald coefficient, pov is the overpressure.

The equation was numerically solved to extract the

size variation of a gas bubble. (Fig. 1) shows the change in

bubble size as a function of time at three different sizes: 1,

3, and 5 mm diameter. The gas contained in the bubble is

air. We can appreciate that the smallest bubble (1 mm)

disappears in less than 2 msec, whereas the predicted

lifetime of a 5mm air bubble is �93 msec. The

disappearance of these microbubbles is caused mainly

by the diffusion of the contained gas, which dissolves in

the surrounding medium.
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Synonyms

Capsule of ultrasound contrast media; Coating of

ultrasound contrast media
Definition

When microbubbles are used as ultrasound contrast

media, they usually need some coating—a shell. The shell

surrounds the microbubble, stabilises it and thus provides

transpulmonary stability. The shell influences both the

pharmacological and acoustic properties of the micro-

bubble.
Characteristics

When coated by a protective shell, microbubbles are at

least nearly spherical, but as free microbubbles (after

removal of the shell) they have an exactly spherical shape.

Furthermore the shell has one or several of the following

basic functions:

1.1 Reduction of gas exchange (outwards or inwards,

depending on type of gases involved),

1.2 Stabilisation against aggregation and fusion of

microbubbles (during storage or after administra-

tion),

1.3 Control of the surface characteristics on a molecular

level (important for immune response, or for

targeting),

1.4 Control of elastic and acoustic properties (threshold

for acoustic disruption of bubble shell).

A further function might be seen in the encapsulation of

drug substances within the bubble or within the shell, but

this shall not be considered here in detail.

1.1 together with 1.2 allows providing a sufficiently

stable population of small microbubbles. 1.3 is very

important for the pharmacology of the bubbles. Finally,

1.4 is important for the acoustic behaviour during

ultrasound imaging. These points are discussed in more

detail.

The shell material typically belongs to the following

classes:

. Fatty acids or lipids,

. Proteins—often denatured,

. Bio-degradable synthetic polymers,

. Combinations of the above,

. Surface-active components of the surrounding body

fluid may play some role after administration.

In addition, there may be important functional groups or

targeting molecules on the shell surface.

The total mass of shell material differs from agent to

agent and also depends on the imaging procedure. For

two reasons it usually is very low. First, in nearly all cases

the shell is relatively thin when compared to the bubble

diameter. Second, the injected amount of contrast agent is

typically very low, as bubbles are easily detectable.



Contrast Media, Ultrasound, Influence of Shell on Pharmacology and Acoustic Properties 551

C

1.1 Reduction of Gas Exchange

A small, uncoated microbubble of soluble gas (like air) is

not stable, even in a gas-saturated liquid. The surface tension

is creating an enhanced pressure within the bubble (up to

some atmospheres) which will enforce microbubble dis-

solution, typically within milliseconds. In a closed vial of

contrast media and in a very concentrated bolus there may

be a local overpressure oroversaturation, respectively,which

temporarily can help to stabilise a microbubble population.

But, at least after injection these stabilizing factors no longer

exist. A shell can slow down the dissolution process, thus

providing sufficient time for contrast imaging.

Several ultrasound contrastmedia contain hydrophobic

(often perfluorated) gases of very low solubility in water.

Due to their higher molecular weight compared to air, they

also have a reduced diffusivity. In this case, diffusion of

soluble lowmolecular weight gasmay lead to a net inflow of

gas and some growth of the mean diameter of bubbles

without shell. One contrast agent claims to use about the

steady-state mixture to prevent such a growth. But, even

when insoluble gases or mixtures are used, there remain

other reasons for having microbubbles coated.
1.2 Preventing Aggregation and Fusion
of Microbubbles

For several reasons, aggregation (coagulation) of micro-

bubbles has to be prevented, both during storage of

suspensions and after injection. First, aggregates might

become too large for unimpeded passage of capillaries and

—in severe cases—would even create a safety risk.

Aggregates also could lead to bubble growth by fusion of

microbubbles, in particular for hydrophobic gases. Finally,

any bubble aggregate is likely to respond acoustically similar

to one large bubble and would thus reduce the efficiency. A

shell of suitable composition helps to prevent these

undesired processes. For this purpose, the shell may contain

some (usually negatively) charged groups that lead to

repulsion of microbubbles. In addition, there may be

molecules preventing fusion for sterical reasons.

During development of a particular contrast agent, the

effects should have been studied in detail and an adequate

formulation found which guarantees stability during shelf

life and in vivo. It is therefore not advisable to mix an agent

with any other substance (unless allowed by the

manufacturer) as this may lead to reduced stability.
1.3 Shell Surface and Microbubble
Targeting

There are two relatively simple cases. One is the case of

unspecific contrast agents, which remain in the blood
pool and do not show uptake in certain organs or

attachment to any targets. In the early years of ultrasound

contrast agents, this was the intended mode of action. The

second ‘simple’ case is just the opposite, namely

purposeful targeting using one of the several techniques,

which may not be limited to ultrasound contrast agents. It

typically means to provide a bubble shell with a suitable

number of targeting molecules, often attached to a linker

on the shell surface. In recent years, in several cases the

principle could be shown to work as intended.

Unspecific uptake of coated microbubbles in liver and

spleen has been observed for several agents. It is expected

as a normal response of the immune system, which tends

to remove the coated bubbles as foreign particles. The

surface properties of the bubble shell are determining the

uptake rate, which can be controlled to some degree. This

can be important when a long duration of contrast in the

blood pool is intended, but also when rapid clearance is

desired to get a low background signal for detection of

targeted bubbles.

Delayed liver enhancement is a special case of

unspecific uptake, mainly observed for Levovist. Its

diagnostic applications in tumour imaging are described

in a separate entry. The phenomenon is not completely

understood and is still subject to research.
1.4 Influence of Shell on Elastic
and Acoustic Properties

The acoustic properties of scatterers are determined by

their density, elastic properties, shape and size. A bubble

shell may have influence on all of these factors.

In nearly all cases, the shells of contrast agent

microbubbles are very thin compared to their total

diameters. The density of the shell material is very similar

to the density of water, plasma or tissue. Therefore, a

coated microbubble is essentially a gaseous inclusion in a

medium with the density of water, with a size given by the

inner diameter of the shell. While density and size are not

much affected by the shell, the shell material has a very

important influence on the effective elastic—and thus

acoustic—properties.

A rigid, inelastic shell will prevent oscillations like

those of a ‘free’ bubble. Therefore, scattering will be weak

and about linear. On the other hand, a thin rubber-like,

highly elastic shell will allow a bubble response almost like

a ‘free’ bubble, preserving most of their highly desirable

nonlinear acoustic behaviour. The same would apply to a

shell consisting of smaller, loosely assembled pieces, which

do not impede bubble motion.

Actually, most shells have properties between these

extreme cases. Some types of thin, but almost rigid shells

can be ruptured by sufficiently strong excitation in a
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diagnostic ultrasound pulse. This allows controllable

switching from weak, linear scattering to much stronger

and non-linear scattering. A broken shell also leads to

rapid dissolution of microbubbles consisting of air or

other soluble gases (see 1.1). Disappearing bubbles can be

detected with very high sensitivity in colour Doppler

mode, even a single microbubble can be detected with a

normal diagnostic ultrasound scanner.
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Synonyms

Perfluorocarbon gas agents; Second (third) generation

contrast media
Definitions

An agent containing gas bubbles of which the gas in the

bubble hardly dissolved in the surrounding liquid (typical

water/plasma).
Contrast Media, Ultrasound, Low Solubility

Gas. Figure 1 Diameter’s change versus time for a

bubble of 3 mm diameter; solid: air bubble, dashed: SF6 gas

bubble.

Contrast Media, Ultrasound, Low Solubility Gas.

Table 1 Ostwald coefficient and disappearance time

for 3-mm diameter bubbles containing different gases

Ostwald

Coefficient

(�106)

Disappearance

Time (msec)

Air 23,168 24.4

Sulfur hexafluoride (SF6) 5,950 102.9

Perfluoropropane (C3F8) 583 1,110

Perfluorohexane (C6H14) 24 2,000
Characteristics

The first generation of ultrasound contrast agents were

based on air core, whereas the new generations are

composed of gases with higher molecular weights. For the

kinetics of the dissolution of a gas, microbubble see—

High solubility gas ultrasound contrast media. In that

equation, the Ostwald coefficient (L) represents the ratio

of the gas solubility in liquid to the gas density (1). From

the equation, it is clear that microbubbles containing

gases with lower Ostwald coefficients persist longer than

bubbles containing gases with higher values. (Fig. 1)

displays the dissolution in time of a 3 mm diameter bubble

containing two different gases: air and sulfur hexafluoride

SF6. The air gas bubble disappears in less than 25 msec

whereas the predicted lifetime of an SF6 gas bubble with

the same size is more than 100 msec. Second-generation

contrast agents designed with improved lifetime to enable

opacification of LV and myocardial microcirculation are
composed of less-diffusable gases such as perfluorocar-

bons, perfluoropropane (optison), or sulfur hexafluoride

(sonovue). These types of inert gases have a high

molecular weight. Since the diffusion of a gas is inversely

proportional to the square root of its molecular weight

(2), the higher the molecular weight, the slower the

solubility or diffusion of the gas. Table 1 summarizes, for

different gases, the Ostwald coefficient and the predicted

lifetime of a bubble of 3-m diameter. The gases chosen

here are used in commercially available contrast agents or

in those under clinical investigations. Clearly, gases with

lower solubility provide the bubbles longer persistence.

As a matter of fact, not only the Ostwald coefficient

plays an important role in the choice of the type of gas

for improved stability, but also the saturated vapor

pressure at body temperature. Lower vapor pressures will

make the bubble to condense into liquid losing therefore

the contrast.
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Multipulse Techniques
Multi-pulse techniques are used in microbubble specific

imaging for two key purposes. Firstly, a phase and/or

amplitude modulated pulse train can be used to preferen-

tially detect the non-linear response of the microbubbles to

differing acoustic stimuli against the linear tissue back-

ground. Secondly, multiple pulses can be used to provide

information on the motion of the microbubbles within

the circulation, in the same way that multiple pulses are

processed for color or power Doppler imaging.

See under Contrast Media, Ultrasound, Specific

Imaging Techniques.▶Contrast Media, Ultrasound, Phase

Modulation, for further details.
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Synonyms

Drug-delivery systems; Microbubbles; Target-specific

microbubbles; Ultrasound contrast agents; Ultrasound

contrast media
Definition

A classic ultrasound contrast medium consists of

echogenic microbubbles, which, after intravenous injec-

tion, are distributed freely within the blood compartment.

Several of these agents are already in the market and more
are under clinical development. These agents differ in the

composition of the shell and the encapsulated gas, which

has an impact on the stability and the behavior in the

sound field. However, microbubble contrast agents can

also be used in a broader sense.

One approach is to modify the shell of the micro-

bubbles to obtain an affinity to structures or tissues in the

body. Such target-specific microbubbles can adhere to cells

or specific molecular structures in the body, thereby

allowing the imaging of these targets. Since the sensitivity

of recent contrast-specific ultrasound technologies is so

high that single microbubbles can be detected, such an

agent can be used to image individual target molecules on

the surface of cells or structures in vivo (molecular

imaging).

Another approach is to incorporate drugs, genes, or

other active substances in microbubbles, with the aim of

releasing them at a specific location in the body. Such an

agent can be used as a drug-delivery system allowing local

therapy after intravenous administration of the agent. The

local release of the active substance can be obtained either

with target-specific microbubbles (distributing the en-

capsulated compound over time) or by local destruction

of free circulating microbubbles using local insonation of

the target region with high insonation power.
Indication

Standard ultrasound contrast media are used as markers

for blood distribution and perfusion. They can help to

delineate vascular structures, demonstrate the vascular

geometry separated from the tissue background, and act

as tracers for the assessment of blood distribution and

perfusion.

For some of the existing agents, a certain affinity to

endothelial structures has been described, even if they

have not been developed for that purpose. Albumin-based

contrast agents can attach to activated endothelial cells

(1) and the attached microbubbles can be detected

there after wash-out of the freely circulating agent. Other

agents are captured by the reticuloendothelial system

in the liver and spleen (2) or the microbubbles can

even be phagocytosed by cells (3), allowing the imaging

of phagocytotic active tissue. The attachment and/or

phagocytosis of microbubbles in the liver is facilitated

by the fenestration of the endothelium in the liver

sinusoids, permitting the close contact of microbubbles

and perivascular cells. An intracellular uptake of ultra-

sound contrast agents can also be obtained by using much

smaller echogenic nanoparticles, e.g., consisting of

biodegradable polymers (4). Such nanoparticles usually

have a very high stability and are stored in the tissue for

days and weeks.
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Usually, ultrasound contrast agents are delivered, after

intravenous injection, via the vascular system. However,

alternative delivery pathways are possible too. For

imaging of lymph nodes, the intravenous administration

results in the demonstration of lymph node vascularity

and perfusion. However, after subcutaneous injection, the

agent is delivered via the lymphatic pathway to the lymph

nodes (5). This allows the demarcation of sentinel nodes

without using a radiotracer. Conventional microbubble

agents as well as smaller nanoparticle agents can be used

for lymphatic delivery.

A more specific attachment of microbubbles to tissues

or structures can be achieved by coupling microbubbles to

antibodies, binding to specific molecules on the surface of

target cells/structures (6). Such agents can be used for

targeted imaging down to a molecular level. Possible

indications for targeted imaging include the detection of

thrombotic material in the vascular system, the demon-

stration and quantification of neoangiogenesis in tumors,

and the imaging of inflammation.

Beyond the diagnostic use, microbubble agents can also

be used as therapeutic agents, e.g., to initiate or enhance

local therapy. One capability of microbubbles is the local

intensification of mechanical forces induced by the ultra-

sound wave. In combination with high insonation power,

this can increase the endogenous or exogenous thrombo-

lytic activity (accelerated thrombolysis) or can result in the

transient formation of micropores in the capillary vessels

(sonoporation), facilitating the transport of substances

into the target tissue. Furthermore, the microbubble itself

can be used simultaneously for the transport and delivery

of active substances, acting as a ▶drug-delivery system.

Using such a system, the local concentration and activity

of a drug can substantially be increased, allowing local

therapy with reduced systemic effects.

For some pathologies, constant treatment over a long

period (or lifelong treatment) is required, creating the

need for continuous administration of a drug. In such

cases, gene therapy may be preferable, resulting in the

repair of pathological functions or induction of protective

mechanisms. The first preclinical studies have demon-

strated that lipid-coated microbubbles can be used as

vectors for the transportation of genes or antisense

molecules instead of using viral vectors. The combination

of ▶target-specific imaging and local therapy is a very

promising opportunity for microbubble contrast agents,

and an increasing number of research groups around the

world are currently elaborating indications for the

diagnostic and therapeutic use of such products. Many

positive and encouraging results have already been

published, coming from in vitro and animal studies.

However, before the first product can be used in clinical

studies in humans, extensive pharmacological and

toxicological studies have to be performed.
Use and Dosage

Microbubble contrast agents are usually administered

intravenously. The shell of the microbubbles ensures

stability and integrity until the target region is reached

and/or the microbubbles are destructed by a high-power

ultrasound pulse. For target-specific imaging, normal

doses of the contrast agent can be used. Due to the high

sensitivity of contrast-specific imaging modalities, single

microbubbles can be detected, so that the current doses

used for blood-pool imaging are sufficient. For ther-

apeutic purposes, the dose is mainly dependent on the

efficacy of the incorporated drug. However, the lumen in

the microbubbles is quite large, and for several drugs as

well as oligodendronucleotides (used for gene therapy) it

has been shown that effective doses can be obtained.
Adverse Reactions

Since the microbubbles do not contain any toxic

substances, no substantial side effects caused by the

microbubble carrier are known or expected. As for the

current blood-pool imaging agents, allergic reactions can

occur due to the colloidal character of the microbubbles.

However, such reactions are rare and do not seem to be

increased by labeling or loading of the microbubbles. Also

for biopolymer nanoparticles, which are accumulated and

stored for a long time in the target tissue, no particular

side effects have been observed. However, the data

available are limited and long-term effects need to be

investigated.

Adverse effects of drug-delivery systems seem to be

acceptable and are mainly related to the side effects of

the encapsulated drug. Due to the local accumulation of the

active substance, the side effects of the drug seem to be

fewer compared to the systemic administration of the same

drug. Therefore, it is expected that higher doses of the drug

can be used to increase the local therapeutic effect.
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Synonym

Adverse events to ultrasound contrast media
Definition

All existing ultrasound contrast agents consist of gas

bubbles slightly below the size of red blood cells and

are stabilised by a shell. This is to ensure their survival in

the blood circulation long enough for an ultrasound

examination to be made and, in the case of the newer

agents, to enable an examination with a reduced

▶mechanical index (MI) to be made without significant

destruction of the bubbles. They pass through capillary

beds and thus can be injected intravenously. As they can

be seen as particles, they do not leave the circulation, i.e.

they are so-called blood pool agents. The contrast effect is

caused, with increasing ultrasound intensity, by reflection,

asymmetrical oscillation and finally bursting. Ultrasound

contrast media are generally extremely well tolerated. Like

with all drugs, adverse reactions to these agents may

occur, but are very rare and seldom clinically relevant.
Indication

Ultrasound contrast media increase the reflectivity of

blood. This can be used to enhance Doppler signals,

both in spectral and colour Doppler. The asymmetrical

oscillation, without significant bubble destruction, is the

basis for so-called non-linear imaging techniques where

dedicated ultrasound machine software can recognise the

non-linear signal from a microbubble and produce an
image based on contrast agent concentration rather than

basic tissue echogenicity.

Many applications have been developed for this type

of imaging, most notably to date the detection and

characterisation of the liver and other organs. The ability

to differentiate perfused from non-perfused tissue also

has many applications in several organ systems.
Contraindications

Ultrasound contrast agents should not be used in patients

with previous allergic reactions to the same compounds.

Caution should be exercised when microbubbles are used

in patients with ischaemic heart disease. Right-to-left

ventricular shunts and pulmonary hypertension are also

stated as contraindications, see below.
Pregnancy/Lactation

There is no evidence that compounds from ultrasound

contrast agents would cause harm in pregnancy or when

breastfeeding but as their use in pregnancy and paedia-

trics is contrary to the product information in most of the

contrast agents, experience is limited and contrast used

with caution.
Dosage

As different contrast agents have different physical proper-

ties and vary in the number of microbubbles per volume

unit the dosage varies and must be adjusted with regards to

the agent used, the ultrasound machine software and the

indication for use.
Adverse Reactions

First, it should be pointed out that both ultrasound

within recommended MIs and microbubbles as contrast

agents seem to be extremely safe (1). Second, that as

ultrasound contrast agents have physical rather than

chemical properties in common (stabilised gas bubbles)

the adverse reactions may vary more between different

agents than is the norm for X-ray contrast media.

The most commonly reported adverse reactions are the

same as with other types of contrast media, i.e. headache, a

feeling of warmth and flushing. Less often reported are

nausea, dizziness, chills, altered taste and dyspnoea. Similar

findings were, however, also seen in the placebo groups.

Allergic reactions seem to be very infrequent and mild

with general flush and erythema (2). Recently, a small
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number of more severe anaphylactic reactions to the agent

SonoVue (Bracco SPA, Milano, Italy) have been reported,

though, suggesting that repeated exposure over a short

period of time should be considered with some care.

As microbubbles are particles they carry a risk of

embolisation if they aggregate (individual bubbles are

smaller than capillaries and therefore have no embolic

potential). This, however, seems extremely unlikely given

their extremely low concentration in the blood pool.

Contrast injections are given intravenously and thus any

such emboli should be filtered out by the capillary beds of

the lungs but the existence of right-to-left shunts is

usually a contra-indication for the use of microbubble-

based contrast agents.

At higher ultrasound intensities a cavitation phenom-

enon occurs, i.e. the growth and collapse by implosion of

microbubbles. This causes significant changes in pressure

and temperature and in vitro/animal studies have shown

local haemolysis, platelet aggregation and damage to

endothelial cells (3). Even though these unwanted side

effects have not been seen in clinical practise (4), it would

be prudent to perform ultrasound contrast examinations

with as low an acoustic output as possible. This is not a

problem since most modern contrast-specific software

use a low MI in order to minimise bubble disrupture.

It should be pointed out that as ultrasound contrast

agents are relatively new products, it will take many more

years of surveillance to accurately assess the possible

existence of other rare adverse reactions.
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Contrast Microbubbles
▶Microbubbles

Contrast Reactions
▶Adverse Reactions, Iodinated Contrast Media, Acute,

Non renal
Contrast Reversal
Finding of computed tomography about hepatic steatosis

gives a clear evidence of hepatic vessels on unenhanced

scans which appear relatively hyperdense compared to the

fatty liver, simulating the images obtained after contrast

administration.

▶Steatosis, Hepatic

Contrast Specific Imaging
Techniques
▶Specific Imaging Techniques, Contrast Media, Ultra-

sound

Contrast-Enhanced
Echocardiography
▶Contrast Media, Ultrasound, Applications in Echocar-

diography

Contrast-Enhanced Reflux
Sonography
▶Contrast Media, Ultrasound, Applications in Vesico-

ureteral Reflux

Contrast-Enhanced Sonography
in Abdominal Trauma
▶Contrast Media, Ultrasound, Applications in Blunt

Abdominal Trauma

Contrast-Enhanced Ultrasound
(US) of the Liver
▶Contrast Media, Ultrasound, Hepatic
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Contrast-Enhanced Ultrasound
Imaging of the Brain
C

▶Contrast Media, Ultrasound, Applications in Transcra-

nial and Intra-Operative Brain Ultrasound

Contrast-Enhanced Ultrasound
in Abdominal Trauma
▶Contrast Media, Ultrasound, Applications in Blunt

Abdominal Trauma

Contrast-Enhanced Ultrasound
of the Spleen
▶Contrast Media, Ultrasound, Applications in Focal

Splenic Lesions

Contrast-Enhanced Voiding
Urosonography (VUS)
▶Contrast Media, Ultrasound, Applications in Vesico-

ureteral Reflux

Contrast-Specific Imaging
An imaging modality that allows the selective detection

and demonstration of the contrast agent in the body. This

requires a separation of signals coming from the contrast

agent from those coming from the tissue. The separation of

bothsignals isbasedonspecific characteristics in thecontrast

agent signal, which are not present in the tissue signal.

▶Contrast Media, Ultrasound, Commercial Products

Contrast-enhanced CT or MRI
in ACKD
The gold standard in the diagnosis of acquired cystic

kidney disease (ACKD) as well as in the characterization
of renal masses (hemorrhagic cysts or solid renal tumors).

Can be performed in patients undergoing dialysis but

should be replaced by MRI in patients with contra-

indications to iodinated contrast agents (alteration of

renal function or previous allergic reaction).

▶Cystic Renal Disease, Acquired
Contusion, Breast
Reversible infiltration of the breast parenchyma by

extravasated blood and edema following trauma.

▶Trauma, Breast
Contusion, Hepatic
Hepatic contusion appears as a hypodense area due to

interstitial bleeding, with irregular margins, and is usually

associated with major hepatic injuries such as lacerations

and hematomas.

▶Trauma Hepatobiliary
Conventional Defecography -
Evacuation Proctography
▶Pelvic Floor Dysfunction, Anorectal Manifestations
Conventional Renal Carcinoma
▶Carcinoma, Renal Cell
Core Needle Biopsy
Biopsy in which a histologic specimen is taken, usually

with a 14-gauge needle (in contrast to vacuum-assisted

biopsy or fine needle aspiration biopsy, FNAB).

▶Carcinoma, Lobular, In situ, Breast
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Coronary Angiography
Diagnostic modality based on X-rays able to obtain

angiographic images of the Coronary arteries by means of

a Catheter positioned through the femoral artery.

▶Ischemic Heart Disease, CT

Coronary Angioplasty
Interventional procedure based on transcutaneous place-

ment of a Catheter inside the lumen of a Coronary artery

by which it is possible to dilate a stenosis.

▶Ischemic Heart Disease, CT

Coronary Artery Bypass Surgery
Surgical procedure used to revascularize obstructed

Coronary arteries.

▶Ischemic Heart Disease, CT

Coronary Artery Disease
Atherosclerotic disease involving the Coronary arteries.

▶Ischemic Heart Disease, CT

▶Ischemic Heart Disease, Ultrasound

Coronary Artery Steal
In patients with internal mammary artery to coronary

artery by-pass graft, the presence of a proximal subclavian

occlusion may cause coronary artery steal syndrome

presenting as angina during arm exercise.

▶Steal Syndrome Vertebral

Coronary Artery Stenosis
Corpus Cavernosum, Thrombosis. Figure 1 Peyronie’s

disease with typical penile deformity on erect penis.
Obstruction of a Coronary artery usually determined by

atherosclerosis.

▶Ischemic Heart Disease, CT
Coronary Stent
Device used after Coronary artery dilatation to keep the

lumen of the Coronary arteries open.

▶Ischemic Heart Disease, CT
Corpus Cavernosum, Thrombosis
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Synonym

Segmental/partial priapism
Definition

A partial priapism of the corpus cavernosum is an

exceedingly rare condition. Most frequently, it is char-

acterized by thrombosis within a proximal segment of one

corpus cavernosum.



CPPD 559
Clinical Presentation

Patients complain usually a painful perineal mass some

days before seeking medical attention. On physical

examination, a tender and painful mass is palpable

perineally near the base of the penis.
C

Imaging

Magnetic resonance imaging of the pelvis should be the

imaging modality of choice and reveals the underlying

pathology. Frequently, an ultrasound of the perineal

region or even a transanal ultrasound is performed

beforehand to rule out any perianal abscess. Alternatively,

a CT scan may be performed (Fig. 1).
Corpus Luteum Cysts
Corpus luteum cysts have thicker, better vascularized

walls than follicular cysts. Similar to follicular cysts,

the content varies from watery to proteinaceous to

hemorrhagic.

▶Cyst, Follicular, Ovarium
Coxa Valga
Increased angle between the femoral neck and shaft

(normal 150˚ at birth, then gradually decreasing up to

120–130˚ in adults).

▶Congenital Malformations of the Musculoskeletal

System
Coxa Vara
Decreased angle between the femoral neck and shaft

(<120˚).

▶Congenital Malformations of the Musculoskeletal

System
CPPD
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Synonyms

Calcium pyrophosphate deposition disease; Chondrocal-

cinosis; Pseudogout
Definitions

One of the most confusing aspects of calcium pyrophos-

phate dihydrate (CPPD) arthropathy is the associated

nomenclature. A variety of terms have been used. Chon-

drocalcinosis is a more general term that is reserved for

pathologically or radiologically evident cartilage calcifica-

tion. It can include CPPD, dicalcium phosphate dihydrate,

or calcium hydroxyapatite crystals, or combinations of the

three. CPPD crystal deposition disease is a specific term for a

disorder characterized by the exclusive presence CPPD

crystals in or around joints. The term “pseudogout” is not a

radiological diagnosis; rather it is reserved for a gout-like

clinical syndrome produced by CPPD crystal deposition

disease that is characterized by intermittent acute attacks of

arthritis.Pyrophosphate arthropathy is a term that describes a

particular pattern of structural joint damage that occurs in

CPPD crystal deposition disease. This arthropathy is similar

to osteoarthritis but has some separate distinct features.

Articular and periarticular calcification can occur with CPPD

crystal deposition disease; however, calcium deposits other

than CPPD crystal accumulation alsomay produce this type

of calcification.
Pathology/Histopathology

The deposition of various crystals within the articular

tissues can cause an acute inflammatory response and

acute synovitis and lead to chronic destructive arthritis.

First, deposition of CPPD crystals is observed in the

articular cartilage, around the chondrocyte lacunae. This

may alter biochemistry of cartilage, e.g., proteoglycan

concentrations. The acute synovitis of CPPD is probably

due to the rupture of preformed deposits of calcium

pyrophosphate dihydrate from cartilage into the adjacent

synovial cavity.
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Clinical Presentation

The clinical presentations of CPPD crystal deposition

disease are highly variable, ranging from asymptomatic

disease to severe pain associated with a destructive arthro-

pathy. Indeed, this disease has been called a “great

mimicker” of other arthritides. Furthermore, occasionally,

several of these clinical patterns present at different times

during the course of the arthritis.

The asymptomatic form of this arthropathy is

probably the most common; however, it is difficult to

document this because many asymptomatic patients are

never seen by a physician. Absence of symptoms occurs in

at least 10 to 20% of documented cases of CPPD crystal

deposition disease.

Many patients with CPPD crystal deposition disease

present with an arthropathy that simulates osteoarthritis. An

occasional acute inflammatory component is seen in 35 to

60% of such patients. This osteoarthritic form is a chronic

and progressive arthritis that is frequently bilateral and

symmetric, presenting in the knee, hip metacarpophalan-

geal, elbow, ankle, wrist, and glenohumeral joints. Flexion

contractures are common, especially in the knee and elbow.

Patients with CPPD crystal deposition disease also may

have inflammatory symptoms and signs. For example,

attacks of pseudogout occur in 10 to 20% of symptomatic

patients. The pseudogout syndrome is caused by shedding

of pyrophosphate crystals into the joint fluid. Although

most cases of pseudogout develop spontaneously, situa-

tions that trigger acute pseudogout include direct joint

trauma, concomitant medical illness such as stroke and

myocardial infarction, surgery (especially parathyroidect-

omy), blood transfusion, parenteral fluid administration,

institution of thyroxine replacement therapy, and joint

lavage. Hypocalcemia is present in many of these situations

and is believed to provoke some attacks of pseudogout. This

produces pain, erythema, and tenderness, which can be

mistaken forotherdisorders such as gout or septic joint. The

attacks are self-limited and can last from one day to several

weeks. They generally are less painful than those of gout and

are most common in the knee, but other sites including the

hip, glenohumeral, elbow, ankle, wrist, acromioclavicular,

talocalcaneal, and metatarsophalangeal joints also are

affected. Fever and elevation of the erythrocyte sedimenta-

tion rate may accompany pseudogout attacks.

Two to six percent of patients with CPPD crystal

deposition disease present with an arthritis that simulates

rheumatoid arthritis. These attacks are characterized by

morning stiffness, fatigue, synovial thickening, restricted

joint motion, and an elevated erythrocyte sedimentation

rate, and they persist from 4 weeks to several months.

CPPD crystal deposition disease also can have a

pseudoneurotrophic presentation in as many as 2% of
patients. Indeed, CPPD crystalline arthropathy should be

considered in the differential diagnosis of rapidly progres-

sive destruction of large joints.
Imaging
Conventional Radiography

Radiographically, chondrocalcinosis usually is apparent in

CPPD crystal deposition disease, but the arthropathy can

also precede radiographically detectable cartilage calcifi-

cation, the calcification may not always be dense enough

to be visualized on conventional radiographs, or it may be

difficult to identify such calcification if the joint is severely

deranged. In one study of 3228 patients undergoing knee

arthroscopy, a radiographic diagnosis of chondrocalcinosis

was made in only 39.2% of patients with pathologically

proven CPPD crystal deposition (1).
Computed Tomography and Magnetic
Resonance Imaging

Computed tomography (CT) can accurately demonstrate

chondrocalcinosis due to the high soft tissue contrast and

tomographic nature of this imaging method. However,

CT is rarely used to evaluate the painful joint. Magnetic

resonance imaging (MRI) is often the cross-sectional

imaging procedure performed for painful joints. It is

therefore common to encounter CPPD crystal deposition

disease in older patients who are being studied with

routine MRI. Calcification can be difficult to detect on

MRI. Correlation with conventional radiographs is often

necessary. Despite this problem, CPPD crystal deposition

disease in hyaline cartilage is occasionally detected with

standard MRI techniques. Prominent linear or punctate

hypointense areas frequently are demonstrated. A small

halo of hyperintense signal intensity surrounding the

hypointense areas is occasionally seen, probably related to

magnetic susceptibility artifact.

Although the low signal intensity calcification can be

detected in routine spin echo, fast spin echo, and short tau

inversion recovery (STIR) images, the hyaline cartilage

calcification is better seen on gradient echo images in

which the difference between the magnetic susceptibility of

hyaline cartilage and CPPD crystals is enough to create

local magnetic field inhomogeneity resulting in signal

distortion. In these types of images, foci of cartilage

calcification become larger, the so-called “blooming” effect.

Low signal intensity in the hyaline cartilage may be

overlooked on MRI if the reader does not include it in

a search pattern for chondrocalcinosis. There is also a

differential diagnosis for this pattern, which includes

hemosiderin from trauma, pigmented villonodular syno-

vitis, and hemophilia; gas related to vacuum phenomenon;
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and magnetic susceptibility artifact around postsurgical

intra-articular material such as micrometallic debris.

There are also documented cases of CPPD crystal

deposition in which the calcification in the hyaline

cartilage or menisci was not seen on MRI. This is more

common in cases of meniscal calcification in which the

short T2 relaxation times of the meniscus and calcifica-

tion are similar. Occasionally, with MRI, CPPD crystal

deposition disease in a meniscus can mimic a meniscal

tear. This has important implications and can lead to

inappropriate treatment including unnecessary surgery.

Gale et al reported areas of high signal intensity in regions

of meniscal chondrocalcinosis with T2-weighted spin

echo MR sequences (2). This finding may be attributed to

the hyperintense halo artifact seen adjacent to calcifica-

tion of low signal intensity. No reports have described

high signal intensity in areas of chondrocalcinosis in

T1-weighted images. Such a finding which would

potentially simulate a meniscal tear, is theoretically

possible given that increased signal intensity of calcium

deposits has been found in the discs of the lumbar spine.
Nuclear Medicine

Skeletal scintigraphy may show increased radiotracer

uptake in the joints, but these findings are nonspecific.
CPPD. Figure 1 Linear calcification is seen along the

hyaline cartilage of the medial and lateral facets

of the patella (arrows) on this Merchant view of the

patellofemoral joint.
Diagnosis

CPPD crystal deposition disease is characterized by

calcification in and around joints and structural joint

changes termed pyrophosphate arthropathy. This arthro-

pathy resembles osteoarthritis; however, it occurs in

articulations not usually affected by osteoarthritis, often

affecting non-weight-bearing regions such as the radio-

carpal, metacarpophalangeal joints, glenohumeral joints,

and elbow. It usually is bilateral and symmetric and is

most common in the knee, wrist, and metacarpophalan-

geal joints. Furthermore, CPPD crystal deposition disease

has an unusual intra-articular distribution in certain

joints such as the knee and wrist where patellofemoral and

radiocarpal joint space narrowing may be seen (3).

CPPD crystal deposition disease frequently presents

on routine radiography with normal mineralization,

narrowing of various articulations, and subchondral

sclerosis. Osteophytes are common, but occur with a

frequency less than that of osteoarthritis. Subchondral

cysts are one of the hallmarks of this arthropathy. The

cysts usually are larger, more numerous and widespread

than in osteoarthritis. Cysts may form before cartilage loss

is evident. Osseous fragmentation and collapse may be
related to fracture of these cystic lesions. Intra-articular

osteochondral bodies commonly are associated with

CPPD crystal deposition disease. These may be free in

the joint cavity or embedded in cartilage or synovium.
Cartilage

Chondrocalcinosis is usually caused by CPPD crystal

deposition. In 5% of cases, however, it can be related to

other crystals such as dicalcium phosphate dihydrate and

calcium hydroxyapatite (4). Both hyaline cartilage and

fibrocartilage can contain CPPD crystals. The CPPD

crystal tends to be deposited in the middle layer of

degenerated hyaline cartilage. These deposits are thin and

linear and parallel the subjacent subchondral bone

(Fig. 1). CPPD crystals are also deposited on the surface

of the hyaline cartilage, especially when there is superficial

chondral erosion. Hyaline cartilage calcification is most

common in the wrist, knee, elbow, and hip.

CPPD crystal deposition in fibrocartilage is most

commonly observed in the menisci of the knee, triangular

fibrocartilage of the wrist, labra of the acetabulum,

symphysis pubis, and annulus fibrosus of the intervertebral

disc. Other less common sites of CPPD crystal deposition

in cartilage include the articular discs of the sternoclavi-

cular and acromioclavicular joints and glenoid labra.
Synovium and Capsule

Synovial calcification is common in CPPD crystal

deposition disease. Synovial calcification can be so

widespread that it appears to fill the entire joint cavity,



CPPD. Figure 2 Synovial calcification is appreciated along

the suprapatellar bursa on this lateral knee radiograph

(arrow). Hyaline and meniscal calcification is also identified

(curved arrow). Osteochondral bodies lie posteriorly (*).

CPPD. Figure 3 Calcium pyrophosphate dihydrate (CPPD)

crystal deposition is present in the hamstring tendon

origins bilaterally on this CT image (arrows).

562 CPPD
mimicking synovial osteochondromatosis. Synovial de-

posits are more common in the wrist, knee (Fig. 2),

metacarpophalangeal, and metatarsophalangeal joints.

The synovial membrane may demonstrate acute and

chronic inflammatory changes in association with CPPD

crystal deposition disease. It is not known if the crystals

migrate into the synovium from the adjacent cartilage or

are deposited directly within the synovium. Capsular

calcification may appear as a linear peripheral density and

may be difficult to distinguish from early synovial

calcification. It is most commonly observed in the elbow,

glenohumeral, metatarsophalangeal, and metacarpopha-

langeal joints.
Tendons, Ligaments, and Bursae

Tendon calcifications are observed with high frequency in

patients with CPPD crystal deposition disease. An

incidence of 13.5% was reported in such patients in one

study (5). Those tendons more frequently involved

include the supraspinatus, triceps, quadriceps, gastro-

cnemius, and Achilles tendons. Hip adductor, rectus

femoris, and hamstring tendon calcification may also be

seen (Fig. 3). Tendon calcifications commonly are linear

or punctate and usually can be distinguished from the

more homogeneous, discrete, and nodular calcifications

of calcium hydroxyapatite crystal deposition. Calcifica-

tion often extends far from the tendon attachment. There

is a high correlation between the existence of these tendon

calcifications and the extent and intensity of calcific

deposits in other joints. Direct translocation of CPPD
crystals from the articular or bursal surfaces may be

responsible for some of the tendinous calcification.

Ligaments can also calcify. Sometimes, the calcifica-

tion is not dense enough to be visualized on conventional

radiographs. The ligamentum flavum and dura mater can

contain calcific deposits. Bursal calcification is most

common in the olecranon and subacromial bursae.
Other Extra-Articular Soft Tissues

Soft tissue and vascular calcification may be seen in CPPD

crystal deposition disease. In particular, tumor-like

masses of CPPD crystals can be seen in the extra-articular

soft tissues. This manifestation of CPPD crystal deposi-

tion disease, known as “tophaceous pseudogout,” is rare.

In one study, 7 cases of massive focal CPPD crystal

deposition disease were identified in atypical locations

(6). The patients ranged in age from 31 to 86 years and 6

of them were women. These crystalline masses have been

seen near the elbow, finger, jaw, acromioclavicular joint,

and hip. Lesions are solitary and usually occur in areas of

chondroid metaplasia without predisposing metabolic

abnormality. Although the mechanism for development

of these masses is not known, it has been postulated that

hypertrophic metaplastic chondrocytes accumulating

proteoglycans intracellularly provide a seeding site for

crystal formation. These calcified masses may initially be

mistaken for benign or malignant chondroid or other

soft-tissue tumors, tophaceous gout, and tumoral calci-

nosis.Misdiagnosis sometimes leads tounnecessary surgery.

The patterns of calcification usually can be differentiated

from the lobular pattern of calcification in tumoral
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calcinosis by their granular and more delicate appearance.

Calcified soft tissue masses related to CPPD crystal

deposition are of intermediate to low signal intensity on

MR imaging examinations. They can present as the only

manifestation of CPPD crystal deposition disease. Pressure

erosion of adjacent osseous structures may be seen. It is

important to identify the CPPD crystals, as these masses

have also been mistaken for malignant cartilaginous

tumors on histologic evaluation because of the presence

of chondroid metaplasia.
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▶Computed Radiography
Cranial Nerves
The cranial nerves (CN) consist of 12 pairs of which the

CN III–XII are genuine peripheral nerves.

▶Nerves, Cranial
Cranial Settling
Cranial settling is a characteristic deformity of the

occiput-C2 region in rheumatoid arthritis. It is also
known as vertical atlantoaxial subluxation or pseudoba-

silar invagination. Two conditions should be met: (i) the

superior aspect of the odontoid process should be even or

above the foramen magnum line of McRae and (ii) the

anterior arch of C1 should assume an abnormally low

position in relation to C2. Cranial settling is a high risk

factor for development of myelopathy.

▶Rheumatoid Arthritis
Craniopharyngioma
A tumor located inside the sella turcica, outside in the

suprasellar region, or with a sellar and suprasellar

component, but always arising from remnants of Rathke’s

pouch. The tumor often appears cystic, with calcification

and irregular peripheral enhancement.

▶Pituitary Gland
Crazy Paving
The superimposition of ground glass opacity and reticular

pattern often having the appearance of interlobular septal

thickening is described by the term crazy paving. The

term was described as being pathognomonic for alveolar

proteinosis, in fact it shows a 100% prevalence in patients

with alveolar proteinosis. However, it is not specific,

because it is also observed in diseases characterized by

filling in of the alveolar spaces with liquid or semiliquid

and cellular material combined with thickening of the

intra- and interlobular septa such as edema, ARDS,

hemorrhage, acute interstitial pneumonitis (AIP), or

pneumonia.

▶Pulmonary Opacity, Extensive Pattern
CREST
CREST (calcinosis, Raynaud’s phenomenon, esophageal

dysfunction, scleroderma, teleangiectasia)is a subset of

systemic scleroderma. It is not identical to the limited

form of systemic scleroderma, but it is thought to show a

slightly better prognosis than systemic scleroderma.

▶Connective Tissue Disorders, Musculoskeletal System
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Cretinism
▶Congenital Malformations, Thyroid, and Functional

Disorders
CRM
▶Circumferential Resection Margin
CRMO
Chronic recurrent multifocal osteomyelitis, usually not

associated with organisms and thus not true osteomye-

litis. May be a feature of SAPHO (synovitis, acne,

pustulosis, hyperostosis [CRMO], and osteitis [CRMO]).

▶Osteomyelitis, Neonates, Infants, Childhood: Including

Septic Arthritis and Other Important Soft Tissue Infec-

tions/Abscesses
Crohn Disease
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Synonyms

Crohn disease; Granulomatous enteritis; Granulomatous

enterocolitis; Regional ileitis
Definition

Crohn disease is a chronic inflammatory disorder of

the alimentary tract of unknown etiology. It is most
common in northern Europe, North America, and Japan.

The disease most frequently affects the wall of the distal

ileum and the right colon, but it may involve any gastro-

intestinal segment, from mouth to anus, with a typical

segmental spreading and a chronic course of relapse

and remission.

Generally, the disease has an early onset, around

the second to third decade of life, but is not rare in

the pediatric age group; a second peak of incidence is

observed in an older age group. It can present at virtually

any age and lasts for the patient’s entire life, with a typical

relapsing–remitting course.

Although the pathogenesis of Crohn disease remains

unknown, there is an emerging consensus that it results

from the complex interaction of multiple genetic, immu-

nologic, and environmental factors. It starts as a breach

of the mucosal barrier by a specific infectious agent or

environmental toxin, causing inflammation perpetuated by

exposure of luminal microflora to the mucosal immune

system, and it becomes chronic as a result of a genetically

determined failure of immunologic downregulation. Un-

controlled fibrogenesis may lead to stricture formation,

and microbial antigens across the mucosa determine the

extraintestinal localizations of disease.

Although unpredictable, three main Crohn disease

phenotypes (or courses) have been recently identified

according to the Vienna classification of Crohn disease

(International Working Party for the World Congress of

Gastroenterology, 1998): inflammatory (nonfibrostenos-

ing and nonperforating), perforating, and fibrostenosing,

with the perforating phenotype being more aggressive and

frequently associated with severe complications (1, 2).
Pathology/Histopathology

The disease may involve any part of the gastrointestinal

tract, but preferentially the distal ileum, with the majority

of patients having an ileitis or ileocolitis.

The small bowel is affected in approximately 80%

of cases, particularly the distal ileum, either alone (in

25–35% of cases) or associated with colon localization

(in about 30–55% of cases); in only 15–25% of patients is

the colon involved alone, frequently at multiple sites.

Involvement of the esophagus, stomach, duodenum,

or jejunum in isolation or in association with other

common sites is rare. Perianal disease is usually associated

with rectal involvement.

Macroscopically, the disease is characterized by a

thickened bowel wall and frequently also by a narrowed

bowel lumen, which is associated with edematous and

thickened mesenteric fat tissue and enlarged local lymph

nodes. On the mucosal surface, longitudinal and irregular



Crohn Disease. Figure 1 Active Crohn disease of the

distal ileum. Endoscopic image shows hyperemic

mucosa with multiple serpiginous ulcerations, covered by

fibrin exudate, at the level of the distal ileum. (Courtesy

of Dr. V. D’Ovidio, Department of Gastroenterology,

University of Rome La Sapienza.)
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ulcerations may be present. At endoscopy, in active

disease the mucosal surface is usually hyperemic and is

associated with aphthoid or more severe ulcerations—

linear, irregular, or serpiginous—usually arising on the

mesenteric border (Fig. 1).

Microscopically, the main characteristic of Crohn

disease is transmural inflammation, with inflammatory cell

infiltrates involving all wall layers. The inflammatory pro-

cess typically starts in the submucosa layer, consisting of

lymphocytes,macrophages, and plasma cells and producing

lymphoid hyperplasia and mucosal aphthoid ulcers in the

early phases. Aphthoid ulcers develop into linear ulcers and

fissures to produce an ulceronodular, so-called cobblestone

appearance. In more advanced phases, chronic inflamma-

tory cell infiltrates spread to all wall layers, occasionally

producingnoncaseating submucosal granulomas consisting

of macrophages within the lamina propria in relation to

cryptic disruption.

In advanced disease, fibrosis, deep mucosal ulcerations,

and transmural fissures are common findings. There is a

tendency to involve the serosal surface, which is usually

inflamed and hyperemic, associated with involvement of

mesenteric fat and adjacent tissues. Typically, the inflam-

matory process progressively extends outside the intestinal

wall, involving first the perivisceral fat tissue (thus pro-

ducing fibrofatty proliferation and mesenteric adenopa-

thies), and then the adjacent bowel loops, muscles,

and genitourinary structures, producing adhesions and
enteroenteric, enterocutaneous, and enterovesical fistulas,

abscesses, and phlegmons. Toxic megacolon and neo-

plasms such as lymphoma and carcinoma may also occur.
Clinical Presentation

Crohn disease is characterized by cardinal symptoms,

including diarrhea (85%) with variable daily and

nocturnal evacuation frequency (three to six times per

day), caused by bile salt malabsorption and bacterial

overgrowth; bloody diarrhea; abdominal pain (55%);

weight loss (65%); and bowel distension, reflecting the

typical ileocecal disease localization.

Clinical findings may include a fullness in the right

iliac fossa, low-grade fever, tachycardia, and elevated

laboratory inflammation findings, such as erythrocyte

sedimentation rate, C-reactive protein, and white blood

cell count. Other blood tests may be helpful in detecting

Crohn disease, such as the antiendomysial antibody test,

which is related to the differential diagnosis at initial

presentation; the anti-Saccharomyces cerevisiae antibody

(ASCA) test; and the antiperinuclear neutrophil cyto-

plasmic antibody (pANCA) test. The ASCA test is thought

to be relatively specific to Crohn disease, probably

reflecting leakage of the yeast antigen across the mucosal

barrier. Conversely, the pANCA test has shown a higher

specificity for ulcerative colitis. However, neither of the

tests is as specific as originally thought, but they can

provide useful discriminatory information when used in

combination (ASCA positive, pANCA negative in Crohn

disease, and vice versa in ulcerative colitis).

In some cases, the disease can be nonspecific in its

presentation, with little more than malaise and weight

loss; these cases are a major diagnostic challenge.

Lactose intolerance is common, with milk, cream, and

rich cheese foods particularly troublesome. Constipation

can reflect an intestinal stricture with subacute obstruc-

tion or inflammation confined to the distal colon.

Abdominal pain is often localized to the right iliac fossa

and suprapubic region, is mild to moderate in intensity

and cramping, and is exacerbated by spasm, particularly

before passing stool. In the majority of patients, the

physical signs of Crohn disease may be evident,

represented by anemia, glossitis, aphthous ulceration in

the oral cavity, and dehydration requiring prompt

medical intervention (1, 2).

The presence of a positive family history of

▶inflammatory bowel disease markedly increases the

probability of a diagnosis of Crohn disease: 10–20%

of Crohn disease patients have an affected first or

second-degree relative, compared with less than 1%

of the general population. There is also a significant
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association of Crohn disease with ankylosing spondylitis,

resulting from a shared genetic susceptibility. Major

histocompatibility complex associations observed in the

subgroup of Crohn disease patients include ankylosing

spondylitis (HLA-B27) and primary sclerosing cholangitis

(haplotype A1-B8-DR3).
Crohn Disease. Figure 2 Active Crohn disease lesions of

the distal ileum. Follow-through barium study shows a long

segment of the distal ileum characterized by multiple

stenoses and sacculated prestenotic dilations due to

the typical segmentary spreading of disease. At the level of

the stenotic segments, a cobblestone pattern is also

observed.

Crohn Disease. Figure 3 Enterocolic fistula. At the barium

study, a tight stricture of the distal ileum and irregularity of

the cecal fundus are observed, suggestive of ileocecal

Crohn disease. A spot view demonstrates a tiny fistulous

tract between the terminal ileum and the right colon

adjacent to the ileocecal valve, a common extramural

bowel complication.
Imaging

Several imaging modalities are used to detect and assess

Crohn disease, including barium studies (conventional

enteroclysis, small bowel follow-through, and barium

enema studies), colonoscopy, ultrasonography, computed

tomography (CT), and magnetic resonance imaging

(MRI). These modalities can help localize lesions, confirm

the clinical diagnosis, assess the extent of disease, and

establish inflammatory activity.

Endoscopy and barium studies are widely considered

the principal tools for diagnosing and evaluating Crohn

disease in the small and large bowel; however, they have

a limited capability to demonstrate the transmural extent

of disease or extraintestinal complications.

After more than 50 years from their clinical introduc-

tion, barium studies of the small bowel are still considered

the gold standard for evaluating the small bowel. The

contrast agent can be orally administered and its passage

followed through the entire small bowel, or it can be

administered through a nasojejunal tube. Such adminis-

tration allows the use of a double-contrast technique,

which is otherwise not possible, by adding air or

methylcellulose to the barium contrast agent. Barium

studies can detect the site and length of lesions, the

severity of strictures, and the presence of enteroenteric

fistulas with high accuracy. At barium studies, the

pathologic segment is usually well separated from the

adjacent bowel loops by the fibrofatty proliferation and by

bowel wall thickening. However, extraintestinal abscesses,

phlegmons, and nonenteric fistulas can be underesti-

mated (Figs 2 and 3).

Colonoscopy allows evaluation of the involvement of

colonic mucosa, and in most cases it can be extended to

the distal ileum (ileocolonoscopy). Moreover, at endo-

scopy multiple biopsies are routinely obtained, which is

considered extremely important for confirming the

diagnosis of Crohn disease.

Cross-sectional imaging, offering three-dimensional

visualization and vascular information, has the advantage

of identifying the presence of intraperitoneal or extra-

intestinal complications, such as abscesses and enterocu-

taneous and extraintestinal fistulas that may require

surgical planning. On the other hand, cross-sectional

imaging does not allow detection of subtle or advanced

mucosal lesions.
Ultrasound (US), thanks to its noninvasiveness, low

cost, and ready availability, is increasingly used as the

initial screening modality and as an alternative examina-

tion in patients with atypical abdominal symptoms, either



Crohn Disease. Figure 4 Active Crohn disease of the

distal ileum. Ultrasound image shows a marked concentric

thickening of the bowel wall and a narrowed lumen of the

terminal ileum. Increased color Doppler signal suggests

a high degree of inflammation of the bowel wall, as well

as initial inflammatory involvement of the adjacent

mesenteric fat.
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acute or chronic. With modern US equipment, it is

possible to make a confident US diagnosis of Crohn

disease in most cases.

US can suggest ileocecal Crohn disease quite reliably.

The sonographic hallmark is bowel wall thickening that

involves all layers of the affected intestinal tract, ranging

from5 to 20mm.Next to the terminal ileum, the cecumand

appendix are not infrequently involved. The layer archi-

tecture of the bowel wall is often locally disturbed. In most

chronic lesions, the submucosal layer is typically thickened

and hyperechoic, likely due to increased submucosal fat

either in active or nonactive disease; such submucosal

increased thickening and echogenicity produces the typical

layered pattern of Crohn disease. The affected bowel shows

decreased peristalsis and a narrowed lumen, and it is often

surrounded by noncompressible swollen fatty tissue.

Mesenteric lymph nodes may be markedly enlarged, and

in many cases an abscess, fistula formation, or prestenotic

dilatation can be diagnosed as well.

With severe inflammation, the wall may appear

diffusely hypoechoic with partial or total loss of layering

due to transmural edema, with a central hyperechoic line

that corresponds to the narrowed lumen. Peristalsis is

reduced or absent, and the diseased segment is non-

compressible and rigid, with a loss of haustra. However,

the same finding of layering loss may be observed in the

presence of diffuse wall fibrosis with nonactive disease.

The accuracy of US is further improved by the use of

color Doppler imaging, which is helpful in detecting

hyperemia of an inflamed bowel wall and adjacent fat

during active disease (Fig. 4).

In conclusion, the liberal use of US in patients with

abdominal symptoms constitutes a powerful and reliable

tool for the early detection of ileocecal Crohn disease. It

decreases the diagnostic delay and prevents unnecessary

surgical interventions.

CT is awell-established imagingmodality for detecting

Crohn disease lesions and is preferred for evaluating

the transmural extent of the disease and for diagnosing

extraintestinal and intraperitoneal complications. In

contrast to US, CT is generally not performed as an

initial screening procedure in patients with atypical and

protracted and abdominal symptoms. However, because

CT is increasingly used as an emergency imaging

modality in patients with acute abdominal symptoms,

it may undoubtedly help detect clinically unsuspected

cases of Crohn disease.

The CTscan is usually obtained in the supine position

from the dome of the liver to the level of the perineum to

get a panoramic visualization of the entire intestine, with

a 5-mm thickness. High-quality multiplanar reformatted

images, particularly coronal planes, obtained with multi-

detector CT equipment can be extremely useful for

localizing Crohn disease lesions.
To obtain diagnostic CT abdominal images or to

provide positive or negative lumen contrast and dilation,

various types of intraluminal contrast agents should be

administered. Such contrast agents can be administered

either orally (about 1–1.5 L given 90 min before the exa-

mination) or through a nasojejunal tube (CT-enteroclysis).

The contrast agent should provide a homogeneous luminal

enhancement, high contrast between the lumen and the

bowel wall, and minimal mucosal absorption, and lead to

no artifact formation or significant adverse effects.

Positive contrast agents at CT (iodinate or barium

solutions) can be helpful for distinguishing bowel loops

from enlarged lymph nodes or extramural fluid collec-

tions. However, using intraluminal positive contrast

agents for bowel wall enhancement after intravenous

administration of contrast material may obscure sub-

mucosal lesions.

Negative intraluminal contrast agents (methylcellu-

lose or water iso-osmolar solutions) can similarly help

detect normal or pathologic bowel wall segments, with the

advantage of better visualization of the wall contrast

enhancement and submucosal lesions (Fig. 5).

The use of an intravenous contrast agent is extremely

important for better visualization of the normal and

inflamed bowel wall (3, 4).

MRI is currently considered an emerging cross-

sectional modality for evaluating abdominal and intest-

inal diseases, and is the modality of choice for evaluating
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Crohn disease lesions at some institutions. In fact, recent

technological advances (increased gradient strength,

phased array coils, fast sequences, and so on) have greatly

improved the quality of abdominal MR images, allowing

acquisition of high-resolution images of the intestine

during a single breath-hold, with significant increases in

temporal and spatial resolution. In the next years, MRI

could become the modality of choice for Crohn disease

patients, first because it provides a diagnostic capability

similar to CT but without radiation exposure, a fact that

is particularly important for younger patients and

children, who will have multiple studies during their

lives. Moreover, it has an intrinsic higher tissue contrast

than CT, allowing better assessment of inflammation

in Crohn disease lesions. Finally, the multiplanar

panoramic capability of MRI allows, differently from
Crohn Disease. Figure 5 Recurrent Crohn disease in a

patient who underwent ileocecal resection. The computed

tomographic image, on axial plane, shows a marked

thickening of the wall of the ileal anastomotic loop, with

a narrowed lumen and proliferation of perivisceral fat

tissue.

Crohn Disease. Figure 6 Crohn disease of the right colon.

obtained after intravenous administration of gadolinium chela

showing marked bowel wall enhancement with concentric bo

T2-weighted image, obtained at the same level, shows bright bo
US, evaluation of the entire bowel using multiple planes,

similar to multidetector CT images, allowing better

identification of Crohn disease lesions and their compli-

cations. The lack of radiation exposure justifies and allows

the use of MRI for the periodic assessment of Crohn

disease activity, for clinical trials, and for follow-up

studies.

The MRI examination is preferably performed using

a high magnetic field (1.5 T) and phased array coil for

increased signal-to-noise ratio. The diagnostic imaging

protocol should include both T1 and T2-weighted

sequences to detect and characterize intestinal lesions,

with the acquisition of axial and coronal thin, contiguous

images. Acquisition of coronal and axial images is

obtained with a 4–6-mm section thickness and a field of

view of at least 350350 mm to cover all the bowel loops,

adding sagittal plane images if necessary for a complete

evaluation of disease.

Various kinds of intraluminal MRI contrast agents

have been clinically tested: positive (gadolinium solu-

tions), negative (superparamagnetic), and biphasic

(water-like). Negative or biphasic contrast agents are

more commonly used for evaluating small bowel diseases.

Biphasic intraluminal contrast agents may produce either

high or low signal, depending on the pulse sequence used;

the more widely used have a water-like behavior, demon-

strating low signal intensity on T1-weighted sequences and

high signal intensity on T2-weighted sequences.

To assess inflammatory lesion activity, T1-weighted

spoiled gradient imaging, after intravenous administration

of a gadolinium chelate, and T2-weighted fat-suppressed

imaging are used (Fig. 6) (3, 5). On the other hand,

to obtain morphologic information, fast T2-weighted

sequences (fast half-Fourier acquired single-shot fast

spin-echo) and fast T1 and T2-weighted sequences with

a steady precession (true-FISP or FIESTA) are preferred.

True fast imaging with a steady precession (FISP) sequence

provides high-resolution images of the intestine, mesen-

teric lymph nodes, and vessels. However, this kind of
T1-weighted magnetic resonance images on axial plane

te contrast agent and with suppression of the fat tissue,

wel wall thickening at the level of the right colon. The

wel wall signal, andwall thickening can be observed as well.
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sequence is susceptible to artifacts from intraluminal air due

to chemical shift phenomenon, obscuring subtle bowel wall

thickening.

The T2-weighted turbo spin-echo sequence provides

excellent soft-tissue contrast and is not susceptible to

black luminal artifacts; when used with fat suppression,

bowel wall edema and mesenteric inflammation can be

highlighted, which is useful for assessing the degree of

disease activity.

The gadolinium-enhanced fat-suppressed T1-weighted

sequences provide excellent visualization of hypervascular

inflamed bowel wall, being extremely useful to localize

active and complicated intestinal lesions, as well as assess

the degree of disease activity (3–5).

Usually, a variable combinationof trueFISP,T2-weighted

turbo spin-echo, and gadolinium-enhanced echo sequences,

with or without fat suppression, is used to evaluate

the extramural extent of Crohn disease lesions and

complications.
Nuclear Medicine

Nuclear medicine plays little role in the initial character-

ization of Crohn disease. Leukocytes labeled with either

technetium-99m-hexamethyl-propylene-amine-oxime

(HMPAO) or indium-111 can be used to assess

active bowel inflammation in any inflammatory bowel

disease.

Once the histological diagnosis of Crohn disease

has been established, technetium-99m-HMPAO-labeled

white blood cells, with single photon emission CT

imaging, may be used to assess disease activity and

disease length.

Compared with the indium-111 label, the Tc-99m

HMPAO label is preferred due to the better radionuclide

availability and better imaging characteristics; moreover,

it allows imaging sooner after injection. However, imaging

must be done within an hour after injection of Tc-

99m-HMPAO-labeled leukocytes because there is normal

excretion into the bowel after this time, unlike indium-

111-labeled leukocytes, not having bowel excretion.

Advantages over barium studies include the contem-

porary examination of both large and small bowel, lower

radiation exposure (particularly important in younger

patients), and higher patient tolerance.

False-positive bowel activity can be found with

gastrointestinal bleeding, swallowed leukocytes, or activ-

ity related to in-dwelling enteric tubes. In addition,

leukocyte uptake is not specific for Crohn disease and will

be seen in most infectious or inflammatory bowel

processes. As mentioned earlier, there is often normal

bowel excretion of Tc-99m-HMPAO leukocytes if ima-

ging is done more than an hour after injection.
Diagnosis

Complete evaluation of Crohn disease is usually difficult

because it should include the characterization of the

disease, differentiation from other inflammatory bowel

diseases, localization within the small and large bowel, the

extent of disease, disease severity and possible complica-

tions, and the degree of inflammatory activity.

The early phase of the disease is commonly suspected

and assessed based on clinical and laboratory findings.

Colonoscopy and barium study are the most commonly

used imaging modalities in early phases, being able to

appreciate enlarged lymphoid follicles, erosions, and

aphthoid ulcers. Because of its noninvasiveness, low cost,

and ready availability, US should be performed as a

primary imaging modality in the clinical evaluation of

Crohn disease in association with conventional imaging

and laboratory findings.

CT and MRI are preferred when evaluating more

advanced phases to assess the transmural extent of the

disease and any intraperitoneal complications. Extraintest-

inal complications are largely detected on cross-sectional

imaging. CTand MRI are also useful for characterizing the

different disease courses, thus helping with the planning of

medical treatment in cases of active inflammatory disease

and of▶surgical treatment in fistulating, fibrostenosing, or

perforating disease with abscesses.

Panoramic views and multiplanar images associated

with high soft-tissue contrast, static and dynamic imaging

capabilities, and the absence of ionizing radiation

exposure represent the advantages of the MR modality

over CT. On the other hand, CT offers other advantages

over MRI, such as shorter examination times, higher

availability, higher spatial resolution, and the possibility to

choose thickness slices and planes after data acquisition.
Treatment

The ▶medical treatment of Crohn disease varies accord-

ing to the different disease phases, in particular the acute

and the remission phases. During acute exacerbation, the

main medical management consists of intravenous

administration of glucocorticoids (hydrocortisone or

methylprednisolone) in addition to metronidazole. Ster-

oid therapy should be limited because of its various

adverse effects, including osteonecrosis, myopathy, osteo-

porosis, and growth retardation. Intravenous cyclospor-

ine may be used to inhibit cell-mediated immunity for

further immune modulation and to increase the corti-

costeroid response.

The target of chronic therapy is remission of bowel

inflammation. Local aminosalicylates have been the main

therapeutic agents because of their anti-inflammatory
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activity, each one having a different carrier molecule

directed to a specific region of the bowel. Sulfasalazine

and balsalazide are primarily released in the colon.

Dipentum and Asacol are formulations for targeted

release in the distal ileum and colon. Pentasa is released

in the duodenum to the distal colon, whereas Rowasa is

specific for the rectum and distal colon.

Azathioprine, 6-mercaptopurine, and methotrexate

are other nonsteroidal immune modulators that are used

as alternatives to glucocorticoids for inducing remission.

Adverse effects of azathioprine and 6-mercaptopurine are

uncommon (incidence of pancreatitis, allergic reactions,

infection). The main disadvantage to the use of azathiopr-

ine and 6-mercaptopurine is their slow onset of action;

response to therapy is usually noted after 3–6 months of

treatment. Methotrexate, the long-standing folic acid

antagonist, is effective in many patients with disease

refractory to azathioprine and 6-mercaptopurine. Never-

theless, it has well-known adverse effects, mainly leukope-

nia and gastrointestinal upset.

New therapies are targeting tumor necrosis factor-

alpha. Biological agents such as infliximab, a monoclonal

chimeric antitumor necrosis factor-alpha antibody, are

becoming available and showing promising results, with

an increased remission rate. Other agents such as

mycophenolate have been developed to inhibit guanine

nucleotide synthesis and thereby inhibit B and T

lymphocytes.

Most patients with Crohn disease undergo surgery

within 20 years of diagnosis. Surgical treatment is

required in cases of stricture, intractable or fulminant

disease, anorectal disease, and intraabdominal abscess.

Commonly, half of the patients who have had one surgical

treatment will require further surgery for recurrent disease

within 10 years. Recurrence occurs more frequently in

cases of younger age of onset, enterocutaneous fistulas,

multiple sites of disease, and a perianastomotic site of

recurrence in stricturoplasty. Recurrence is often defined

as detectable active disease associated with reactivation

of symptoms (1, 2).

The basic tendency in surgery for Crohn disease is to

limit small bowel resection of the involved segments.

Stricturoplasty, performed by incising a stricture long-

itudinally and then suturing it transversely to widen

the lumen, is often done when a severe stricture is present

to preserve the small bowel and prevent short-bowel

syndrome. In the majority of cases, the lack of perio-

perative deaths with stricturoplasty is a favorable feature

compared with surgical resection.

Finally, CT-guided percutaneous abscess drainage

may obviate surgery in selected cases. Recently, this has

shown great success both as a temporizing measure and as

definitive therapy, with a decreased rate of recurrence

compared with that of surgery.
Key Points

Crohn disease is a chronic inflammatory bowel disease

that commonly involves the distal ileum and the cecum

and right colon, characterized by clinical, radiological,

and histological features.

Infectious agents or environmental toxins associated

with immunological downregulation cause inflammation

of the mucosal layer that becomes chronic, until there is

uncontrolled fibrogenesis, strictures, lesions, and extra-

mural complications.

Several imaging modalities can detect and assess

Crohn disease. Each has distinct advantages and dis-

advantages, and the decision of which one to use depends

on the patient’s condition and the phase of the disease.

Medical management is used in the acute or chronic/

relapsing phases of the disease. Glucocorticoids (hydro-

cortisone or methylprednisolone) in addition to metroni-

dazole represent the main acute therapy. Aminosalicylates,

methotrexate, azathioprine, and 6-mercaptopurine are

used in the chronic phases. Infliximab (a monoclonal

antibody) is a new therapy that targets tumor necrosis

factor-alpha.

Surgical treatment is indicated in cases of strictures,

bleeding, abscesses, perforation, and carcinoma, which

are complications not amenable to medical treatment.

There is actually a tendency to conservative surgical

management; nevertheless, recurrences are common.
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Cross-sectional Imaging
Include ultrasonography (US), computed tomography

(CT) and magnetic resonance imaging (MRI).

▶Colitis, Ulcerative
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Accessory renal arteries are frequent at the lower pole of

the kidney and may have a close relationship to the

ureteropelvic junction.

▶Ureteropelvic Junction Syndrome

Crouzon Syndrome
Crouzon syndrome (acrocephalosyndactyly type II), the

most frequent craniofacial dysostosis, is characterised by

bilateral coronal synostosis with brachycephalic or

oxycephalic vault, maxillary hypoplasia, shallow orbits

with proptosis, hypertelorism, cleft palate. Concurrent

intracranial anomalies (anomalous venous drainage,

hydrocephalus, Chiari I malformation) are common.

Other non-obligatory features include calcification of the

stylohyoid ligament, cervical spine abnormalities, elbow

malformations, minor hand deformities, visceral anoma-

lies, musculoskeletal deformities and skin lesions. Limb

anomalies are non-specific.

▶Congenital Malformations, Nose and Paranasal Sinus

Cryotherapy, Hepatic Tumours
Technique for treatment of hepatic neoplasm based on

local tumour destruction in situ by freezing. The resulting

freeze process causes irreversible cellular damage and

tissue necrosis is obtained.

▶Interventional Hepatic Procedures

Cryptococcosis
Cryptococcosis is an infection caused by the saprophytic

yeast-like fungus Cryptococcus neoformans.

▶Infection, Opportunistic, Brain

Cryptorchidism
Cryptorchidism is the absence of the testis in the

ipsilateral hemiscrotum. About 90% of undescended

testes are located in the inguinal canal, with the remaining
10% located in the abdomen. Very rarely, the missing

testis is ectopic and can be found in the perineum, in the

contralateral hemiscrotum, or at the base of the penis.

▶Genital Tract

CSF
Cerebro-spinal fluid.

▶Tumors, Spine, Intradural, Extramedullary

CT
▶Computed Tomography

CT Angiogram Sign
The CTangiogram sign refers to the presence of contrast-

enhanced, well-visible vascular structures surrounded by

consolidated lung parenchyma with a much lower

contrast uptake. Originally it was described as being

pathognomonic for bronchioloalveolar carcinoma, but it

is also seen in pneumonia and lymphoma. It is not seen in

an atelectatic lung (due to the strong enhancement of

the atelectatic lung parenchyma) and always indicates a

pulmonary process.

▶Atelectasis

CT Dentascan
The CT Dentascan is a special computerized reformatting

program that has been developed to obtain true cross

section of the mandible and maxilla from CT scan.

▶Neoplasms, Odontogenic

CTA
Computed tomography angiography is based on helical or

spiral CT and provides the exploration of one volume

with each tube rotation.

Ultra rapid, non-invasive X-ray technique for visua-

lisation of the vascular tree.

▶Cerebral Aneurysms
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CTAP
Computed tomography (CT) arterioportography. This

technique CT allows a higher level of intrahepatic

enhancement to be obtained by means of catheter

injection of the contrast medium directly into the celiac

axis or hepatic artery. It was introduced to increase the

detection rate of CT for small hepatic lesions. The use of

CTAP has been largely replaced by multiphase helical

scanning and tissue-specific enhanced magnetic reso-

nance imaging.

▶Metastases, Hepatic
CTC
▶Computed Tomographic Colonography
Cubital Tunnel Syndrome
Compression of ulnar nerve in cubital tunnel of elbow

region, may be due to sports or occupational injury or

tumor.

▶Neoplasms, Soft Tissues, Benign
Cup-and-Saucer Deformity
Cup-and-saucer deformity is a characteristic aspect of

inflammatory joint mutilation in the late stage of

rheumatic arthritis or psoriatic arthritis, with typical

pointed residual bone of the proximal phalanx and

grooved destruction of the distal phalanx articulating

with each other.

▶Spondyloarthropathies, Seronegative
Cushing’s Syndrome
Corresponds to the presence of an adrenocorticotropic

hormone (ACTH)-producing tumor. Up to 70% of the
pituitary tumors will be visible on magnetic resonance

imaging (MRI). To find the source of ACTH over-

production in false-negative MRI cases, bilateral inferior

petrosal sinus sampling is recommended to measure the

ratio of central to peripheral plasma ACTH levels.

▶Pituitary Gland
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Definition

The skin of the breast can harbour a number of

dermatologic pathologies (e.g. eczema, erythema, kerati-

nization disorders, pigmentation disorders, etc.) and

manifestations of systemic disease (e.g. scleroderma,

dermatomyositis, polyarteritis nodosa, sarcoidosis, lupus

erythematosus, etc.). These abnormalities usually do not

significantly differ from similar involvement at other sites

in the body.

The breast skin may also be involved in a generalized

or focal non-skin disease process. A thickened oedema-

tous skin may be seen especially in the dependent parts of

one or both breasts due to cardiac decompensation, renal

insufficiency, hypoalbuminaemia and fluid overload.

Unilateral skin thickening can also be the result of venous

or lymphatic stasis caused by venous thrombosis or

lymphatic interruption (e.g. axillary dissection, nodal

metastases, radiation therapy, etc.). Skin changes such as

thickening, erythema and increased temperature, or

thickening, dimpling and retraction may be ancillary

findings in an underlying inflammatory (mastitis,

abscess), post-traumatic (fat necrosis, scar formation) or

malignant disease process. Special types of such reactions

are Mondor’s disease (band-like skin thickening and

erythema due to thrombosis of a superficial vein) and

▶Paget’s disease (eczematous involvement of the nipple–

areolar complex due to ductal carcinoma in situ, see

elsewhere in this Encyclopaedia).

Both benign (naevi, warts, sebaceous cysts, keloids,

fibromas, haemangiomas, lymphangiomas, etc.) andmalig-

nant tumours (melanomas, sarcomas, metastases and

cutaneous infiltration by haematologic malignancies) may

be encountered as nodular or diffuse lesions of the skin.
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Pathology/Histopathology

The skin can react to primary or secondary irritation with

only a limited number of symptoms, such as erythema,

oedema, diffuse or focal thickening, desquamation,

ulceration, etc. Because of its superficial location, it is

obvious that most reactions are readily diagnosed

clinically and that imaging techniques only play a

secondary role. On the other hand, some skin manifesta-

tions may trouble the mammographic assessment,

because they obscure the underlying tissue due to

oedema, or cause nodular densities or (pseudo) calcifica-

tions that can be mistaken for intramammary lesions.
Clinical Presentation

Inspection, clinical examination and patient history are of

utmost importance for correct diagnosis of dermatologic

pathologies, skin tumours and cutaneous manifestations

of systemic disease. A detailed description of these

pathologies is beyond the scope of this text.

In unilateral or bilateral skin oedema, in which the

skin gets swollen and dimpled, the clinical history, general

physical examination and lab results are also important

to correctly attribute cutaneous thickening to systemic

diseases such as cardiac decompensation, renal or

hepatic insufficiency. Focal inflammatory disease, post-

traumatic status and tumoral lesions underneath the skin

of the breast may elicit secondary skin reactions that are

readily explainable when the underlying disease is

identified, either clinically or with imaging techniques.

In ▶Mondor’s disease, for example, thrombosis of a

subcutaneous vein may cause a painful erythematous

cord-like skin thickening, often associated with preceding

trauma or surgery to the breast. In inflammatory

carcinoma, obstruction of the cutaneous lymphatics by
Cutaneous Lesions, Breast. Figure 1 Cutaneous nodule with a

mammographic projections.
tumour deposits causes skin thickening with accentuated

pores, resembling the skin of an orange, frequently

referred to as ▶‘peau d’orange’.
Mammography

Except for digital mammography, correctly exposed

mammograms do not usually show the skin, especially

in high-density breasts. The normal breast skin may

measure up to 3 mm in thickness and is usually

symmetric, but varies individually and thins with ageing.

Dermatologic pathologies and manifestations of

systemic disease may not be visible on the mammogram,

except when they are large enough to cause nodular or

ill-defined densities, or when they become calcified or

pseudocalcified (due to ointments, creams or balms

containing X-ray attenuating powders). In both cases,

tangential views (with or without a marker on the

cutaneous lesion) may be necessary to confirm their

dermal origin.

Pathologic skin thickening due to oedema or fibrosis

is usually associated with accentuation of the oedematous

subcutaneous trabecular framework and may be bilateral,

or localized and asymmetric. In the latter case, it can only

be well visualized in tangent.

When nodular masses of the skin are visible on the

mammogram, they can be distinguished from intra-

mammary lesions by their cutaneous location (on

tangential views) and by their characteristic radiolucent

rim or fissures caused by soft tissue to air interfaces when

the breast is compressed (Fig. 1).

Skin calcifications usually originate in sebaceous

glands of the skin. They are characteristically spherical

(Fig. 2) and have a lucent centre, but occasionally

may be more polygonal or punctate. They are peripherally

located (sometimes requiring tangential views) and
radiolucent rim along the boundaries of the lesion in both



Cutaneous Lesions, Breast. Figure 3 Skin thickening after radiotherapy for breast carcinoma, with indistinct deep margin.

Note difference with untreated side.

Cutaneous Lesions, Breast. Figure 2 Round lucent-centered calcifications. Their cutaneous origin can be demonstrated

on tangential views.
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may be scattered or clustered, but typically maintain a

fixed position to one another on different projections or

on similar projections at different times (‘tattoo sign’).
Sonography

The thickened skin is visualized as a broadened

hyperechoic rim indistinctly marginated from the under-

lying isoechoic subcutaneous fat (Fig. 3). The visibility of

this area may be improved by using an▶acoustic standoff

pad.

Although sonography can readily demonstrate skin

thickening, its role in the diagnostic work-up of

cutaneous lesions is limited, except when performed to

detect a subcutaneous lesion as the cause of a secondary

skin reaction, or to confirm a▶sebaceous cysts, especially

when the latter becomes inflamed. Sebaceous cysts are

usually round or oval cutaneous or subcutaneous lesions

with varying echogenicity, depending on their relative

amount of fluid and echogenic material. Inflamed
sebaceous cysts may cause additional skin thickening

and increased echogenicity of the surrounding fat.
Magnetic Resonance Mammography

Similar to sonography, MR only plays a minor role in the

diagnosis of cutaneous lesions. However, it may be useful

for detection or exclusion of underlying disease, especially

in mammographically dense breast tissue that could

obscure a lesion, or in the post-treatment follow-up to

differentiate cutaneous recurrence from post-treatment

changes.
Percutaneous Biopsy

Cutaneous lesions that remain indeterminate after

inspection, clinical examination, laboratory tests, patient

history or even imaging examination(s), may require

shave, punch or excisional biopsy for histological
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diagnosis. These are usually performed under clinical

guidance, although imaging may occasionally be used for

selection of the most appropriate biopsy site.
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Cutaneous Necrosis at the Finger
Tips Like Rat Bites
Cutaneous necrosis at the finger tips like rat bites is a

complication of long-standing Raynaud’s phenomenon

with consecutive ischemia and is relatively common in

scleroderma.

“Jaccoud hand” was originally described in rheumatic

fever after streptococcal infection. Typically the grave

deformities contrast the absence of destructive arthritis.

Nowadays, thanks to the rigorous antibiotic treatment of

streptococcal infection, it is more often seen in systemic

lupus erythematosus.

▶Connective Tissue Disorders, Musculoskeletal System

Cyclopia And Synophthalmia
▶Congenital Malformations, Orbit
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Definition

Cysts are local dilatations of terminal duct lobular units

filled with fluid (1, 2).
Pathology

Cysts are lined by an epithelium that consists of two

layers: an inner epithelial layer and an outer myoepithelial

layer. Occasionally they have no epithelial lining (1, 2).

The fluid shows a variety of colors, such as clear, green,

gray, brown, or almost black, and chemical substances,

including pigmented secretions, lipofuscin, hemoglobin-

derived products, and even secretory substances related to

the diet. Some cysts show apocrine metaplasia, with low

proportion of sodium and high proportion of potassium

in the fluid, indicating a more active cellular secretion and

more frequent recurrence. Other cysts have a transudate-

like fluid, with high concentration of sodium and low

concentration of potassium. Papillary tumors in the wall

of a cyst are rare. Both papilloma and ▶papillary

carcinoma may be found.
Clinical Findings

Cysts are very frequent lesions, affecting more than half of

the female perimenopausal population, although they

may be found in women under the age of 30 and also in

postmenopausal women. Most cysts are multiple and

bilateral and tend to disappear in older women, but

hormonal replacement therapy may induce cyst formation.

Usually cysts are asymptomatic lesions detected on

routine imaging techniques.However, cystsmay be palpable

and discovered by the patient, who may be concerned

about a lump in her breast. Usually these cysts are mobile,

smooth-contoured masses, although they may be hard and

indistinguishable from breast cancer. Palpationmay suggest

the presence of a cyst, but ultrasound is required because

some carcinomas can simulate benign lesions as cysts.

▶Simple cysts are benign lesions with no significative

risk to develop into breast cancer. Whether the concur-

rence of family breast cancer history and cysts increases

that risk is debatable.
Imaging
Mammography
Cysts present as round to oval well-circumscribed masses

if they are surrounded by fat. If cysts are surrounded by

fibroglandular tissue, they show obscured margins or may

not even be detected on mammography (Fig.1). Curvi-

linear calcifications in the cyst wall or calcifications inside

the cyst cavity (milk of calcium) may be found (3, 4).

Cysts usually are multiple and bilateral, but they may also

be single.
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breast cyst. An oval mass with circumscribed and obscured

margins is seen.

Cyst, Breast. Figure 2 Simple cyst on ultrasonography.

An oval, anechoic lesion with posterior acoustic

enhancement is seen. A few reverberation echoes are

visible peripherally.

576 Cyst, Breast
In some cases, a cyst is aspirated and filled with air to

evaluate the cyst wall on mammography (pneumocysto-

graphy). This technique allows a good evaluation of

the cyst wall, especially for detecting intracystic masses.

Nevertheless, the high accuracy of ultrasonography has

largely eliminated the use of pneumocystography.
Cyst, Breast. Figure 3 Complex cyst. Ultrasonography

reveals a solid lesion within the cyst. Biopsy revealed

▶intracystic papilloma.
Ultrasound

Simple cysts are thin-walled, anechoic, round to oval

lesions with posterior enhancement (Fig. 2). Acoustic

shadows are seen at the margins. Sometimes a reverbera-

tion artifact may produce internal echoes (3–5). These

lesions are soft and may be compressed with the

transducer, changing their shape. If the lesions are too

deep or small (<5 mm), the acoustic enhancement may

not be seen. New ultrasonographic techniques, such as

spatial compound imaging or tissue harmonic imaging,

may be useful for characterizing a lesion as a cyst (5).

Simple cysts are classified as BI-RADS category 2 (benign

finding). Occasionally thin septa are seen inside the cyst.

Clusters of small cysts may also be observed (Fig. 2).

▶Complicated cysts have many of the features of

simple cysts but show diffuse and mobile internal echoes

(5). These cysts may contain proteinaceous material,

blood, cellular debris, infection, or cholesterol crystals.

The positive predictive value for carcinoma in these cysts

is 0.3%, and therefore they are classified as BI-RADS

category 3 (probably benign finding).

▶Complex cysts include cysts with internal masses,

thick septations, or thick or irregular wall (5). These lesions

are suspicious and should be classified as BI-RADS category

4 (suspicious finding). Papilloma, papillary carcinoma,
necrotic tumors, abscesses, and hematomas may correlate

with these findings (Fig. 3).
Magnetic Resonance Imaging

Cysts are smooth-contoured hypointense lesions on

T1-weighted sequences and hyperintense on T2-weighted

sequences. Typically, cysts do not enhance after contrast

medium administration, except if there is wall inflamma-

tion or an intracystic mass (3).
Nuclear Medicine

Cysts are not an indication for a nuclear medicine study.
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Diagnosis

Ultrasonography is the technique of choice for diagnosing

breast cysts (5).

Asymptomatic simple cysts detected on ultrasono-

graphy do not need further diagnostic procedures. A 6-

month follow-up may be proposed for asymptomatic

complicated cysts showing diffuse and mobile internal

echoes, as an alternative to fine-needle aspiration.

Symptomatic cysts (palpable, painful) may be aspi-

rated after an ultrasound examination. If the fluid is green

or yellow, there is no need for cytologic examination.

However, if the fluid is hemorrhagic or if the cyst is

complicated, a cytologic study is recommended.

Complex cysts are suspicious lesions that need to be

carefully studied. If a negative cytology result is obtained

after aspiration of a complex cyst, a biopsy should be

performed. Cytology, and even core needle biopsy, may be

unable to differentiate between benign papilloma and

papillary carcinoma. Sometimes the cytologic examina-

tion result of the fluid of a cyst with a carcinoma may be

negative (3).
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Synonyms

Arachnoid cyst; Cystic hygroma; Branchial cleft cyst;

Leptomeningeal cyst; Lymphangioma; Neuroepithelial

cyst; Thyroglossal duct cyst
Definition

Epithelial-lined, fluid-filled, well-circumscribed, nonneo-

plastic benign lesions.
Pathology and Histopathology

Most cerebral and cervical cysts are benign disorders of

development. Cysts can also develop as complications of

surgery or trauma. Next to esthetic concerns, head and neck

cysts can be symptomatic due to compression of vital

structures. Intracranial cysts may be incidental findings on

imaging or the leading cause of focal neurological deficits.

Cysts within the neck may compress neurovascular struc-

tures as well as the upper airways. Hemorrhages within

these cysts may result in a rapid increase in size, aggravating

displacement, and compression of adjacent structures.

Finally, secondary infection may complicate the sponta-

neous course of head and neck cysts (1, 2).

Arachnoid cysts are benign, fluid-filled lesions that

are lined by a thin layer of arachnoidea. Arachnoid cysts

are believed to result from a duplication or splitting of the

arachnoidea. They are located in the space between the

dura and pia mater. These cysts are filled with a clear fluid

that resembles cerebro-spinal fluid (CSF). The protein

content may be elevated compared to CSF. Intralesional

hemorrhages are frequently complicated by the develop-

ment of fibrous membranes dividing the cyst in multiple

compartments. Cysts are isolated from and consequently

do not communicate with the subarachnoid space or

ventricular system. Arachnoid cysts may remodel the

adjacent skull (thinning and scalloping) by chronic

compression.

Leptomeningeal cysts are complications of skull

fractures due to an entrapment of lacerated meninges

within the fracture. Chronic CSF-pulsations may prevent

fracture consolidation, the fracture may even be widened

(growing fracture). Meninges and underlying brain tissue

can protrude through the growing skull defect into the

subcutaneous tissues. Surgical repair with a dural patch

covering the skull defect may be necessary (3).

Neuroepithelial cysts are benign, nonneoplastic mal-

formative fluid-filled cysts lined by a single layer of

ependymal like cells. The exact etiology is not yet fully

understood. These cysts occur at multiple locations and

are named accordingly: intraventricular ependymal cysts,

choroid plexus cysts, and choroid fissure cysts. Large

cysts may compress adjacent structures. Intraven-

tricular cysts may lead to an entrapment of parts of the

ventricular system depending on their location.

Lymphangioma or cystic hygroma is a congenital

malformation of the lymphatic channels within the neck.
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Lymphangiomas can show multiple small cystic compo-

nents (capillary lymphangioma), multiple medium-sized

cysts (cavernous lymphangioma), or large fluid-filled

compartments (cystic lymphangioma or hygroma). They

can occur in combination with hemangiomas (lymph-

hemangioma). Lymphangiomas may involve multiple

anatomical spaces within the neck simultaneously. Cysts

are lined by a thin endothelial cell layer. Connective tissue

stroma may be intermixed.

Branchial cleft anomalies include cysts, sinus tracts,

and fistula that result from an anomalous development of

the branchial apparatus. Depending on the involved

branchial component, different locations of the branchial

cleft anomalies are encountered. Anomalies of the first and

especially the second branchial apparatus are most

frequent. Anomalies of the third and fourth branchial

apparatus are rare. Because the branchial apparatus is

ectodermal in origin, the branchial cleft anomalies are lined

by stratified squamous epithelium. Occasionally, respira-

tory epithelium is incorporated. Cysts result from a failure

to obliterate parts of the branchial apparatus. In sinuses,

a residual opening exists into the deep cervical spaces or

skin while in fistulas two openings are seen connecting the

skin with the deep cervical compartments. Secondary

infection may complicate branchial cleft anomalies.

Thyroglossal duct cysts are developmental anomalies

that result from a failure of a segment of the thyroglossal

duct to obliterate. The thyroglossal duct is the “path” that

the thyroid gland follows during its descent from the

foramen cecum at the tongue base to its final position

in the infrahyoid neck. Cysts may occur at any location
Cysts, Cerebral and Cervical, Childhood. Figure 1 Axial T2

The arachnoid cyst is CSF isointense on both sequences. The a

of the orbit is displaced anteriorly.
along the thyroglossal duct and are lined by squamous

or respiratory epithelium. Cysts are usually filled with

a serous/mucinous fluid. Small, “lost” thyroid gland

components may accompany the cysts.
Clinical Presentation

Arachnoid, leptomeningeal and neuroepithelial cysts are

symptomatic due to compression or displacement of

functional center of the central nervous system (CNS).

Depending on the location, focal neurological deficits,

seizures or CSF-circulation disturbances (hydrocephalus)

are observed. In many instances however, these cysts are

clinically silent and only found incidentally on imaging

that is performed for other reasons.

Lymphangioma or cystic hygroma are primarily symp-

tomatic due to a displacement and/or compression of

adjacent neuro-vascular structures or upper respiratory

tract. In addition, large lesions may interfere with the

normal development of the viscerocranium. This may

require a more aggressive treatment. On the occasion of

viral infections, lymphangiomasmay show an intermittent

increase in size. Accompanying hemangiomas with

involvement of the skin are easily identified on visual

inspection.

Branchial cleft and thyroglossal duct cysts usually

present as a soft, compressible, painless mass in the neck.

Depending on the embryological origin, lesions are in the

median or lateral neck. Cysts may enlarge during viral

infections. In rare cases, bacterial infection complicates
-FSE and DWI of a middle cranial fossa arachnoid cyst.

djacent temporal lobe is hypoplastic. The dorsal border
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the cyst requiring incision or resection of the cyst

including fistula and/or sinus tract. Life-threatening

compression or displacement of vital structures is rare.
Cysts, Cerebral and Cervical, Childhood. Figure 2 Lateral

skull X-ray shows a widened anterior fontanel with

smooth osseous borders. Coronal T2-FSE (second row,

first image) reveals a large cystic defect within the

superior frontal gyrus that communicates across a

dural tear with an extracranial cystic component.

A T2-hypointense CSF-flow void is seen across the dural tear

and within both cystic components. High resolution

ultrasonography (second row, second image) confirms

MRI findings.

C

Imaging

Ultrasound is the first line imaging modality in the

evaluation of cystic head and neck lesions. Ultrasound

usually allows to differentiate between cystic and solid

lesions/tumors. Cystic lesions are hypoechoic on ultra-

sound and may display an accompanying dorsal signal

enhancement. Calcifications are equally well delineated

with a dorsal signal loss or shadowing. Compared to CT

and MRI, ultrasound is more sensitive in identifying

intracystic membranes or septae (e.g., in lymphangioma).

The real time imaging technique is also very helpful to

delineate the exact boundaries of lesions and their relation

to neighboring structures. This may be especially helpful

in e.g., complex branchial cleft cysts. Duplex sonography

allows to evaluate the vascularity of the lesions as well as

the relation to adjacent vascular structures. CT and MRI

may be used as second line imaging tool. The high spatial

resolution and the high tissue contrast as well as the large

field-of-view are especially helpful in complex anatomical

malformations or lesions. Intracranial cystic lesions can

also be examined by ultrasound as long as the fontanelles

are not yet closed and may serve as an acoustic window.

Transcranial sonography is usually limited because the

spatial resolution does not allow to identify accompany-

ing smaller intracerebral lesions.

Arachnoid cysts are sharply marginated extraaxial fluid

collections (Fig. 1). On computer tomography (CT) the

fluid is isodense with the CSF, on magnetic resonance

imaging (MRI) isointensewithCSFon all sequences. Acute

intralesional hemorrhages increase the density on CT and

intensity on T1-weighted imaging. Fluid-sedimentation

levels may be identified. Increased protein contents may

alter the density and signal intensity of arachnoid cysts.

This is especially obvious on FLAIR-imaging. The cyst wall

should not enhance. Adjacent brain tissue will be

compressed and displaced. The interface between cyst

and brain tissue is smooth. Occasionally, an intraparench-

ymal FLAIR and T2-hyperintense gliosis may be observed.

There is no direct communication between the arachnoid

cyst and subarachnoid space or ventricular system. The

overlying skull or adjacent skull base can be remodeled

with outpouching of the skull away from the arachnoid

cyst. The internal tabula may be thinned but remains

intact. On diffusion weighted imaging (DWI) signal

intensity parallels CSF (no restricted diffusion). DWI is

especially helpful in differentiating arachnoid cysts from

subarachnoidal epidermoids (restricted diffusion). Cister-

nography can be used to study the exact location and
possible communication with additional lesions. This is

especially helpful in complex postoperative cases in which

recurrent arachnoid cysts developed. Ultrasonography can

be helpful in neonates. Uncomplicated arachnoid cysts

rarely increase in size. Arachnoid cysts may increase in size

after an intralesional hemorrhage or postoperative due to

adhesions.

Leptomeningeal cysts may be located next to a skull

fracture or extend through a widened fracture into the

subcutaneous tissues. Fracture margins are usually

smooth. The chronic pulsations may enlarge the fracture

(growing fracture) preventing consolidation (Fig. 2). The

adjacent subarachnoid space may be widened, brain tissue

may protrude through the fracture. On ultrasonography



Cysts, Cerebral and Cervical, Childhood. Figure 3 Sagittal T2-FSE, contrast enhanced T1-SE (upper row), sagittal thin

slice strongly T2-weighted and contrast enhanced axial T1-SE MR image. A large T2-hyperintense, nonenhancing

thyroglossal duct cyst is seen within the floor of the posterior tongue, caudally to the foramen cecum. Several smaller,

additional cysts are seen along the lower border of the large cyst.
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and MRI, CSF-flow and pulsation artifacts may be seen

across the fracture (3). T2*-weighted sequences can be

helpful to identify hemorrhagic lacerations within the

adjacent cortex. CT is especially helpful to examine the

margins of the fracture line. Leptomeningeal cysts can

also occur within the skull base after skull base fractures.

Neuroepithelial cysts have similar imaging character-

istics as arachnoid cysts. Lymphangioma or cystic hygroma

appear as hypodense cystic masses on CT. On MRI the

cysts are strongly T2-hyperintense and moderately

T1-hypointense. Depending on the category of lymphan-

gioma, the lesion may be uniloculated or multiloculated.

Cyst walls are usually thin and do not enhance after

contrast medium injection unless there is associated

infection or hemorrhage. Lymphangiomas often cross the

borders of the neck compartments and may displace or

wrap neuro-vascular bundles. Fluid–fluid levels may

occur spontaneously but are more frequently seen after

trauma or punctures. Intralesional hemorrhage changes

the density (CT) and intensity (MRI) of the cyst contents.

Similar to intracranial arachnoid cysts, elevated protein

contents increase density/signal intensity on imaging.

Frequently, lymphangiomas show additional contrast
enhancing hemangiomatous components. Ultrasonogra-

phy is the primary imaging modality. The high sensitivity

for intralesional septa is especially helpful. In large

lymphangiomas the limited field-of-view and penetration

depth of ultrasound waves are however disadvantageous

to determine the exact extent of large lesions. CTandMRI

are used for preoperative planning.

All branchial cleft (1st to 4th branchial apparatus) and

thyroglossal duct cysts have similar imaging appearances.

The cysts are fluid-filled (CT-hypodense, T1-hypointense,

T2-hyperintense), well-marginated round or ovoid struc-

tures lined by thin walls. Calcifications are rare. The wall

of the cysts may show an enhancement if there has

been associated recurrent infection. The location and

relation to adjacent neck structures allow differentiation

between the different cysts. First branchial cleft cysts are

located in the area between the external auditory canal and

submandibular triangle or in the parotid area. Second

branchial cleft cysts are along the anterior border of the

sternocleidomastoid muscle, lateral to the carotid arteries

and posterior to the submandibular gland. Third branchial

cleft cysts are posterior to the carotid arteries and superior

to the superior laryngeal nerve while the fourth branchial
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cleft cysts are located between the left pyriform sinus apex

and thyroid gland, inferior to the superior laryngeal nerve.

Thyroglossal duct cysts are midline cysts located some-

where between the foramen cecum and the pyramidal lobe

of the thyroid gland (Fig. 3).
C

Nuclear Medicine

Nuclear medicine studies are used to identify ectopic

thyroid gland components.
Diagnosis

Diagnosis relies on the combination of a good clinical ex-

amination and high resolution imaging. The differentiation

between the different cystic neck masses is based on the

proper identification of the anatomical landmarks.

Ultrasonography can be especially valuable to differ-

entiate between a uniloculated and multiloculated cystic

neck lesion. Thin septa can be missed on CT or MRI.

Finally, necrotic neoplastic lesions may mimic cystic

lesions and should be considered and consequently be

out ruled.
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Cyst, Posttraumatic
Intramedullary cavity normally of one vertebral segment

extension, well marginated. On MRI images cyst shows

isointensity with the CSF in all pulse sequence and does

not grow.

▶Spinal Trauma

Cystadenoma
Cystadenoma is the most common type of cystic benign

ovarian tumor. It accounts for up to 50% of benign

ovarian tumors in the reproductive age, and for up to
80% in the postmenopausal age. Cystadenomas are thin-

walled unilocular or multilocular cystic lesions filled with

serous, mucinous, and sometimes hemorrhagic contents.

▶Masses, ovarian
Cystic Dilatation of the Renal
Tubules (1–3)
▶Medullary Sponge Kidney
Cystic Disease of the Renal
Pyramids
▶Medullary Sponge Kidney
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Synonyms

Cystic kidney disease; Renal cysts
Definition

Fluid- or urine-filled compartments/cysts replacing a

varying amount of renal parenchyma. There are a variety

of renal cystic diseases that need to be considered and often

can be classified on imaging based on their position, size

and appearance: besides the simple renal cyst and rare

acquired cystic renal diseases (e.g., in renal failure,

posttraumatic), the polycystic kidney disease (PKD, i.e.,

autosomal recessive or autosomal dominant PKD, medul-

lary cystic disease complex and juvenile nephronophthisis,

and glomerulocystic kidney disease), syndromal cystic
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kidney disease (hereditary and non-hereditary), ▶multi-

cystic dysplastic kidney (MCDK) and dysplastic cysts,

▶medullary sponge kidney, as well as complicated renal

cysts (haemorrhaged or infected cysts, multiloculated cysts

including segmentalMCD and▶cystic nephroma), as well

as cystic renal tumours have to be considered.
Embryology and Pathogenesis

Cystic renal disease is far less common in childhood than

in adults. Inherited diseases as well as a disturbed renal

embryogenesis and renal development create a wide

spectrum of manifestations that spans from diffuse severe

bilateral congenital disease to simple single renal cysts.

One of the main mechanism is a disturbance at the

junction between metanephrogenic tissue and the ureteral

bud, other mechanism in differentiation of the renal

parenchyma/genetic origin are also discussed, further-

more degenerative and hyperproliferative changes as well

as neoplasms and injuries to the renal parenchyma can

lead to cyst formation. Depending on its pathogenesis

and the individual entity more or less regular imaging

is indicated. Secondary cysts develop after trauma, after

infections, in tumours, in chronic renal insufficiency and

in inherited cystic kidney disorders.
Clinical Presentation

Presentation and symptoms vary with the underlying

condition, from completely asymptomatic in incidental

findings to haematuria, hypertension, palpable mass and

pain in cystic tumours.
Cystic Disease, Renal Childhood (MCDK, PCKD).

Figure 1 Schematic drawing of renal cyst and cystic renal

diseases. Typical cyst forms and locations in various cystic

kidney diseases, with typical features. (Adapted from

Riccabona M, Ring E (2001) In: Fotter R (ed) Pediatric

Uroradiology. Springer, Berlin-Heidelberg, p 236.) ARPKD,

multiple small cysts, situated mostly cortical or at the
Imaging

Imaging usually relies on ultrasound (US), sometimes

(for differentiation of complex cysts, e.g. suspected

caliceal diverticula, differential diagnosis against abscesses

or tumours, post-traumatic cysts) sectional imaging

(usually magnetic resonance imaging (MRI), if unavail-

able contrast-enhanced computed tomography (CT)) and

for rare indications intravenous urography (IVU, e.g.

medullary sponge kidney) may be become indicated.

cortico-medullary border, ADPKD, some big cysts, in all

parenchymal areas, GCKD (glomerulocystic kidney disease),

predominantly small cortical or subcapsular cysts, MCD

medullary cystic disease complex is the medullary

microcysts, centered close to the cortico-medullary

junction, MSK (medullary sponge kidney) medullary

cystic changes, in a radial pattern, centered towards the

papilla. Dysplastic cysts may resemble renal cysts, acquired

cysts, cysts in ADPKD and MCDK, or complicated cysts.
Imaging Strategy

Renal cysts in paediatric patients are generally detected by

US. As simple renal cysts are far less common in children

than in adults, at least follow-up exams and a detailed

family history with nephrourological workup should be

considered. If these are just simple cysts, US is sufficient as
the single imaging modality. If these cysts grow and cause

symptoms, an image-guided drainage and sclerotherapy

may become a therapeutic option. If there is a congenital

or hereditary (poly-)cystic kidney disease, additional

scintigraphy may be valuable for the assessment of (split)

renal function during the course of the disease. If the cysts

appear to be complicated and do not match any

congenital PKD, they should be studied by IVU (for DD

against calyceal cysts or detection of a medullary sponge
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kidney) and/or MRI or contrast-enhanced CT. If there

are still equivocal findings, they should be monitored

or—particularly when showing growth or atypically

shaped and vascularised areas—should undergo biopsy

or surgery.
C

Diagnosis

Diagnosis is made by imaging, with sometimes only

histology revealing the final entity (Fig. 1). Imaging

criteria for the simple uncomplicated renal cysts on US are

small, echo-free, fluid-filled defects, with a regular border

and without regional parenchymal abnormalities or solid
Cystic Disease, Renal Childhood (MCDK, PCKD). Figure 2

dysplasia. US of a hydronephrotic and dysplastic kidney with

dysplastic cortical cysts. (b) Longitudinal US view of a multicys

the cysts of varying size that have no parenchymal outer rim,

echogenic-dysplastic residual renal parenchyma, enabling a cl

junction obstruction (UPJO). (c) Contrast-enhanced CT (late ph

Riccabona M, Ring E (2001) In: Fotter R (ed) Pediatric Uroradio
components. Dysplastic cysts look similar and may occur

in any form of either primary or secondary dysplastic

kidneys, the latter potentially due to a congenital urinary

tract malformation such as high-degree vesicoureteral

reflux (VUR, reflux nephropathy) or high-grade obstruc-

tion (Fig. 2a). The cysts usually are small, may be situated

in all renal compartments, and on US the kidneys exhibit

some degree of other parenchymal changes such as

reduced cortico-medullary differentiation or increased

parenchymal echogenicity. In some cases, one can also

find a diffuse vascular rarefaction on (amplitude-coded)

colour Doppler sonography. As dysplastic cysts may not

only grow in size and number, but potentially may

undergo malignant transformation (e.g., during renal
DD of renal cysts—imaging examples. (a) Cystic renal

echogenic and undifferentiated parenchyma and multiple

tic dysplastic kidney. Note the missing connection between

the lack of a normal collecting system, but some central

ear sonographic differentiation from a severe ureteropelvic

ase) of a segmental cystic nephroma. (Adapted from

logy. Springer, Berlin-Heidelberg, p 246.)
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Figure 3 Axial view of a neonate with ARPKD. Not the

increased echogenicity, the tiny hyperechic parenchymal

dots with some shadowing causing the ‘salt and pepper’

appearance, and that the microcysts may not or hardly be

visible in spit of high-resolution US.
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insufficiency), a regular follow-up—not only of the cysts,

but also of the entire urinary tract for following the

primary condition—is recommended. For this, US is

substituted by static renal scintigraphy (Tc99m dimer-

captosuccinic acid, DMSA) for the assessment of split

renal function, which in future may be replaced by

MR-urography.

The most severe form of cystic dysplasia is theMCDK

(bilateral MCDK is called ▶Potter syndrome or Potter

sequence, incompatible with extra-uterine life due to

complete renal insufficiency and pulmonary hypoplasia),

where the renal parenchyma is nearly entirely replaced by

huge cysts, that can more or less resemble a collecting

system (Fig. 2b). There may be some (central) residual

parenchyma, usually echogenic and undifferentiated on

US; sometimes residual perfusion may be depicted on

Doppler sonography. Usually there is no renal function.

As MCDK has a tendency to regress and vanish

spontaneously, nephrectomy is usually postponed and

only indicated in those kidneys that cause compression of

adjacent structures or grow monstrously, or cause clinical

symptoms such as hypertension, infection or malignant

transformation. For initial diagnosis US is used, then

voiding cystourethrogram (VCUG), MR-urography or

DMSA-scintigraphy are performed additionally for the

confirmation of the diagnosis and complete work-up

which includes assessment of potential residual renal

function (i.e. duplex system or segmental MCDK, severe

ureteropelvic junction obstruction) and differentiation
from severe reflux-nephropathy. Further more, a thor-

ough work-up of the entire genitourinary tract is

advocated, as a higher incidence of other urinary tract

malformations and ipsilateral genital malformations is

reported. Regular US follow-ups are recommended after

establishing the initial diagnosis.

The so-called multicystic nephroma or multilocular

nephroma or multiloculated renal cyst is another rare

entity that is a cystic ‘malformation’ of (parts of) the

kidney. On US (as well as on CT or MRI), it is

characterised by a conglomeration of small cysts of

similar size, with thin membranes and straight borders,

without renal tissue involved in the tumour-like forma-

tion; usually no or only minimal contrast enhancement or

perfusion is seen in the walls of the cysts (Fig. 2c). It is

basically a benign tumour that may grow, but usually does

not cause destruction or metastasis. Therefore, once

imaging (and biopsy, as metanephric tissue making it a

potential tumour can only be detected on histology) has

established the diagnosis, a conservative approach can be

considered. However, in cases with abnormal growth or

other indecisive features such as irregular borders of the

cysts, destructive behaviour or atypical parenchyma these

need to be resected.

Polycystic kidney disease is an inherited familial

condition of either autosomal dominant (ADPKD) or

autosomal recessive promotion (ARPKD). Different types

are established and the age of manifestation varies. On

US, the recessive form usually manifests with diffuse

parenchymal changes in a diffusely enlarged kidney due to

microcysts not depictable by imaging. It may present

already neonatally with renal insufficiency (infantile

form), or in any other age (juvenile and adult forms).

The cysts can be seen unilateral or bilateral, and often they

initially are too small to be detected, creating a bilaterally

speckled appearance of the kidneys with increased

echogenicity of the renal tissue, with inhomogeneously

reduced tissue differentiation, also called the ‘pepper-salt

kidney’ (Fig. 3). During the course of the disease, the cysts

constantly increase mainly in number, but also in size,

eventually leading to an end-stage kidney and chronic

renal insufficiency. Additional imaging of the other

parenchymal abdominal organs for extra-renal mani-

festation such as liver fibrosis or pancreatic cysts is

recommended. ADPKD is one of the most common

inherited diseases that may be detected during childhood,

but usually manifests only in adulthood (adult PKD) and

exhibits some isolated, uncomplicated (macro-)cysts that

tend to grow in size and number, then gradually replacing

renal parenchyma—in childhood, this rarely needs

treatment and usually is only followed up by US, once

the diagnosis is established by family history and US



Cystic Disease, Renal Childhood (MCDK, PCKD). Figure 4 Imaging and diagnostic criterial in caliceal diverticulum A: axial

conventional to the ultrasound image, demonstrating a cystic lesion located centrally in the kidney close to the renal

pelvis. B: 3D-US of the same cyst, suggesting a connection of the cyst to the urinary collecting system (diverticula neck,

see arrows and description). C–E: dynamic MR-urography images demonstrate initially the topographic anatomic situation

of the “cyst” in a T2-weighted coronal unenhanced image (D), then the contrast enhancement dynamics with a well

contrasted collecting system and no contrast within the “cyst” (arrow) in the early phase (E), and the filling of the “cyst”

(arrow) in the delayed phase of a gadolinium enhanced T1-weighted 3D-gradient echo sequence proving the connection of

the cyst with the collecting system, enabling the diagnoses of a caliceal diverticula.
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assessment of the family. Note that ADPKD has a high

coincidence with cerebral vessel malformations (particu-

larly cerebral artery aneurysm), thus potentially indicat-

ing an active search for them. As PKD has typical US

appearances, no other imaging is needed in childhood

usually; rarely cysts may haemorrhage or get infected,

needing contrast-enhanced CTor MRI for establishing the

diagnosis. As we must consider coexisting conditions of

the spleen, the liver and the pancreas, all other abdominal

parenchymal organs should be included in the regular US

follow-up studies.

Glomerulocystic kidney disease is a rare congenital

condition with small cystic degeneration of the glomeruli.

These tiny cysts are often situated subcapsularly in the

renal cortex and—particularly in neonates—may be

missed or only be depicted by high-resolution imaging.

The kidneys usually are large, with an increased

echogenicity of a widened cortex. As diagnosis is made

by histology and family history, only US is performed.

Medullary cystic disease (complex) is an autosomal

dominant inherited disease with a late onset of chronic

renal failure. Histology shows glomerular cysts with

thickening of the multilayered membrane, accompanied

by some tubular cysts. Depending on the disease state, a

growing amount of interstitial fibrosis, chronic inflam-

mation and tubular atrophy with consecutive chronic

sclerosing tubulo-interstitial nephropathy is observed. No

specific imaging or US features are known.

Medullary sponge kidneys usually exhibit a cyst-like

dilatation of the tubules with congestive sludge and

calcification in the ectatic tubuli, which easily may be

missed during early stages on US. The imaging modality

of choice particularly in early stages of a suspected

medullary sponge kidney still is IVU.

There are a number of hereditary and non-hereditary

syndromal cysts as well as cysts in aneuploidies, with

partially autosomal recessive, partially autosomal domi-

nant transmission. They usually are part of a complex

systemic disease with disturbance of nephrogenesis,

combined with dysplastic features. They can present as

multiple renal cysts as GCKD, MCDC or ▶ARPKD and

ADPKD. The pediatric radiologist needs to consider these

entities for differential diagnosis and further diagnostic

imaging of associated malformations or abnormalities,

otherwise the presentation and imaging of syndromal

renal cysts does not differ from the imaging of the other

cystic renal entities.

(Post-)traumatic, post-surgery and (post-)inflamma-

tory cysts may be tricky. Particularly if infected or after

haemorrhage, sedimentations may be present, with a

more or less distinguished wall and local parenchymal

structural abnormalities. The may also be difficult to

differentiate from an urinoma (particularly on US). When
the suspicion is raised clinically or sonographically,

MR-urography or contrast-enhanced CT may help to

distinguish these entities or rare malformations such as a

tertiary calix or a calyceal diverticula, with delayed

excretory phase acquisition of either CT- or MR-images

being mandatory to differentiate these entities. Note that

post-infectious cysts should be considered particularly

after uncommon infections such as tuberculosis or after

renal abscesses.

Most renal tumours can exhibit cysts, either as part of

their entity (e.g. multicystic nephroma) or as regressive or

necrotic parts of the tumour (e.g. renal cell carcinoma).

Even Wilm’s tumour may present in a rare cystic form.

Therefore all unusual cysts should be monitored by US

and—at least when they grow, develop other signs, or

present with a ‘complicated’ unusual appearance—

additional sectional imaging with MRI (or—if unavail-

able—contrast-enhanced CT) should be considered.

Surgery or biopsy with histology remains the ultimate

possibility to define the entity in an unclear or equivocal

cystic lesion.
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Cystic Duct Anomalies
These anomalies include the congenital variations in the

course and site of the cystic duct.

▶Congenital Malformations, Liver and Biliary Tract
Cystic Duct Cyst
Saccular cystic dilatation of the cystic duct.

▶Congenital Malformations, Liver and Biliary Tract
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Synonym

Mucoviscidosis
Definitions

▶Cystic fibrosis is an autosomal recessive inherited

disease, caused by a defect in the gene for cystic fibrosis

transmembrane conductance regulator (CFTR) on chro-

mosome 7. The incidence in Europe is approximately

1:2500. The disease is characterised by viscous mucous

production of exocrine glands resulting in airway

plugging and obstruction, bronchiectasis and bacterial

infection.
Pathology/Histopathology

The lungs of patients with cystic fibrosis show a variety of

abnormalities such as atelectasis, ▶mucoid impactions,

acute and chronic inflammation, ▶bronchiectasis, cyst

formation, and fibrosis. Airway mucosal oedema and

inflammation, respiratory muscle weakness and fatigue,

contribute to the development of respiratory failure.

Histologically luminal neutrophils, neutrophilic and

lymphocytic mural inflammation of the bronchial

walls, squamous metaplasia of large and small airways,

peribronchial and peribronchiolar fibrosis, obliterating

fibroproliferative bronchiolitis and prominent hypertro-

phy of peribronchiolar smooth muscle are found (1). The

alveoli adjacent to the bronchi show collapse and

epithelialisation, the adjacent intra-alveolar septa are

cellular infiltrated. The terminal bronchiole is often

completely destroyed due to peripheral abscesses.
Clinical Presentation

Infants with cystic fibrosis have normal lungs at birth and

present often initially with gastrointestinal problems like

meconium ileus. With the onset of recurrent pulmonary

infection, coughing (chronic), wheezing, dyspnoea on
exertion, respiratory distress with retractions, chest pain,

pneumothorax and haemoptysis occur. The sputum may

be purulent, and on physical examination, clubbing,

cyanosis and crackles during auscultation are found.

Pulmonary infections are predominantly caused by Staphy-

lococcus aureus, Pseudomonas, Haemophilus influenza and

fungi. Other symptoms are caused by the involvement of

the nose and sinuses, the gastrointestinal system, liver,

pancreas, hepatobiliary system, urogenital tract, skin and

skeletal system. Severe intra-abdominal manifestations of

cystic fibrosis include neonatal meconium ileus, distal

intestinal obstruction syndrome (DIOS), biliary cirrhosis,

pancreatic cysts, pancreatic fibrosis and atrophy. Cor

pulmonale and pulmonary hypertension are late-stage

complications, but death is predominantly caused by

chronic respiratory failure at a mean age of 33 years (2).
Imaging

Plain chest radiography is performed routinely in almost

all patients. Several scoring tests have been established for

the assessment of the disease severity, but image findings

on chest X-rays may be subtle especially in mild disease

and in early stages. High-resolution CT (HRCT) reflects

most accurately the morphologic changes in patients with

cystic fibrosis with excellent spatial resolution. CT-scoring

systems provide a sensitive method for monitoring

disease status and progression. MRI is useful for the

assessment of mediastinal and vascular anatomy. In recent

times, new MRI techniques for functional ventilation

imaging with use of inhaled contrast aerosols, oxygen,

hyper-polarised noble gases (Helium-3, Xenon-129)

and fluorinated gases (sulphur-hexafluoride) have been

developed (3). A higher sensitivity in the detection of

ventilation defects compared to ventilation scintigraphy,

CT or standard pulmonary function tests with lack of

radiation is expected for this new MRI technique (3).

The abdominal manifestations of cystic fibrosis are

efficiently imaged by ultrasound. Routine sonographic

follow-up examinations of the liver, the biliary system, the

pancreas and the bowel tract should be performed in each

patient. In case of severe abdominal disease, such as liver

cirrhosis with ascites or DIOS, CT may be necessary for

further evaluation.
Nuclear Medicine

Ventilation perfusion scintigraphy may provide useful

information in demonstrating marked functional impair-

ment and abnormal matched ventilation and perfusion

defects (1).



588 Cystic Fibrosis
Diagnosis

In most children the diagnosis is based on clinical

findings, positive newborn screening tests and sweat tests

with measurement of sweat chloride concentrations. The

chest radiographs of newborns are normal. Early findings

on chest radiographs are hyperinflation of the lungs with

flattening of the diaphragm and bronchial wall thickening

(1). In later stages, peribronchial interstitial thicken-

ing, mucoid impactions, bronchiectasis, ring shadows

(empty cavities of bronchiectasis), atelectasis, bulla,

interstitial emphysema, pneumothorax, hilar lymphade-

nopathy and cor pulmonale occur (Fig. 1). The disease

has a predilection for the upper and middle lung zones.

In HRCT bronchiectasis, peribronchial wall thicken-

ing, mosaic perfusion pattern and mucous plugging are

the most frequently observed morphologic CT abnorm-

alities in patients with cystic fibrosis. Less frequent are

emphysema, collapse, sacculations and bullae observed

(4) (Fig. 2). The disease is often accompanied by hilar and

mediastinal lymph node enlargement (Fig. 3). The most

common morphologic CT abnormalities increase

in extent and severity with increasing patient age

and correlate significantly with worsening of non-

morphologic parameters of pulmonary status (4).

There are only a few studies using ▶functional

ventilation imaging with MRI in children with cystic
Cystic Fibrosis. Figure 1 A 17-year-old boy with cystic

fibrosis. The chest radiograph demonstrates marked

hyper-aerated lungs, bronchial wall thickening,

bronchiectasis, peribronchial fibrosis, mucoid impactions

and bilateral hilar lymphadenopathy.
fibrosis. Donelly et al. examined 4 children with cystic

fibrosis using H-1 and 3He MRI. In all subjects, areas of

absent lung ventilation were depicted on the hyper-

polarised 3He MR images. These areas of absent

ventilation ranged from wedge-shaped peripheral defects

to signal voids in entire lung zones. Ventilation was most

severely impaired in the upper posterior lung zones, and

normal in the lower lung zones (3, 5).
Interventional Radiological Treatment

In patients with long-standing cystic fibrosis, haemoptysis

may occur as a complication. Abnormal thin walled and

tortuous bronchial arteries, commonly found in areas of

bronchiectasis, are eroded secondary to chronic infection.

In case of severe haemoptysis, arteriography of the

bronchial arteries with subsequent embolisation may be
Cystic Fibrosis. Figure 2 Axial HRCT image (a) of cystic

fibrosis in a 17-year-old boy and coronal multiplanar

reconstruction (b) show emphysema, bronchiectasis,

peribronchial wall thickening, mucous plugging

and peribronchial fibrosis.



Cystic Fibrosis. Figure 3 Contrast-enhanced CT in a

21-year-old patient with cystic fibrosis. Bilateral hilar and

mediastinal lymphadenopathy are identified.
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necessary. As embolic materials, polyvinyl alcohol parti-

cles, gelatine sponge particles or coils are usually used.

Bronchial artery embolisation has shown good results in

controlling acute and chronic haemoptysis but in up to

50% of cases repeated embolisation procedures have to be

performed due to a high incidence of bleeding from non-

bronchial systemic collateral vessels. As major complica-

tions of bronchial artery embolisation transverse myelitis,

bronchial infarction, oesophago-bronchial fistula, ischae-

mic colitis and—most feared—spinal infarction and

paraplegia due to embolisation of a spinal artery have

been described.
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Cystic Fibrosis
▶Meconium Ileus
Cystic Hygroma
Multiple cystic structures in neck region, showing lack

ofcommunication between cervical lymphatics and

venous system.

▶Lymphangioma
Cystic Hygroma, Branchial Cleft
Cyst
▶Cysts, Cerebral and Cervical, Childhood
Cystic Hyperplasia
▶Fibrocystic Disease, Breast
Cystic Kidney Disease
▶Cystic Renal Disease, Childhood (MCDK, PCKD)
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Definition

Cysts and cystic-like lesions are any focal lesions that

contain fluid (liquid or semisolid) material.

True cysts are closed cavities lined by epithelium,

while cystic-like lesions do not have necessarily an epithe-

lium and are not necessarily closed cavities.
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Pathology and Histopathology

Cysts and cystic-like lesions of the liver in the adult can be

classified as developmental, inflammatory, neoplastic, and

miscellaneous. Developmental cystic lesions include

simple cyst, autosomal dominant polycystic liver disease,

▶biliary hamartoma, ▶Caroli’s disease. Inflammatory

cystic lesions include pyogenic, amoebic and tubercular

abscesses, and intrahepatic hydatid cyst. Neoplastic cystic

lesions include biliary cystadenoma and cystadenocarci-

noma, cystic subtypes of primary liver neoplasms, and

cystic metastases. Other cystic lesions are intrahepatic

haematoma and biloma (1).
Simple Cysts (Bile Duct Cysts)

Simple or true hepatic cysts are very common benign

congenital lesions that do not communicate with the

biliary tree (1, 2). They result from the obstruction of

congenitally aberrant bile ducts, with subsequent stasis and

retention of bile. They can be solitary or multiple and their

size is very variable, even though frequently is inferior to 5

cm. They tend to increase in number and size with age.

They are more common in women. Cysts are cavities lined

by epithelium, with a thinwall and a serous content. Rarely

they may present as “complicated” cysts due to the

presence of hemorrhage or inflammation (1, 2).
Polycystic Liver Disease

▶Polycystic liver disease is an autosomal dominant

disorder characterized by the presence of multiple, some-

times innumerable cysts in the liver. In some cases,

polycystic liver disease appears to occur sporadically. It is

characterized by the presence of cysts ranging in size

from less than 1 cm to more than 10–15 cm; the cysts are

lined by cuboidal or flattened biliary epithelium and

contain straw-colored fluid. They do not contain

pigmented bile and appear to be detached from the

biliary tree (1, 2–5). Polycystic liver disease is thought to

be due to a ductal plate malformation of the small

intrahepatic bile ducts, which lose communication with

the biliary tree. Spontaneous intracystic hemorrhage,

infection, and rupture may occur. Polycystic liver disease

is often found in association with adult renal polycystic

disease (1). Hepatic cysts are found in 40% of cases of

autosomal dominant polycystic disease involving the

kidneys; nevertheless, they may be seen without identifi-

able renal involvement at imaging.
Biliary Hamartoma

Bile duct hamartomas, also called von Meyenburg com-

plexes, originate from a failure in involution of embryonic
bile ducts (1, 3). They are small clusters of slightly dilated

bile ducts embedded in a fibrous, sometimes hyalinized

stroma, close to or within the portal tracts. These bile

duct microhamartomas contain bile concrements. At

pathologic analysis, they appear as grayish-white nodular

lesions 0.1–1.5 cm in diameter scattered throughout

the liver parenchyma. The nodules may coalesce into

larger masses. They do not communicate with the biliary

tree (3).
Caroli’s Disease

Caroli’s disease was described by Jacques Caroli in 1958

as a congenital communicating cavernous ectasia of

the biliary tree. It is a rare, autosomal recessive con-

dition characterized by segmental, nonobstructive sac-

cular, or fusiform dilatation of the intrahepatic bile

ducts. Other typical pathologic features are the presence

of intraluminal bulbar protrusions, bridges across the

dilated lumina, and portal radicles partially or comple-

tely surrounded by dilated bile ducts. The abnormality

may be segmental or diffuse. The pure form of the

disease is quite rare, while a various degree of congenital

hepatic fibrosis is usually associated. ▶Caroli’s syndrome

is the condition in which features of both congenital

hepatic fibrosis and Caroli’s disease are simultaneously

present (1, 4).

Both varieties may be associated with cystic renal

disease, more often autosomal recessive polycystic kid-

ney disease, but also autosomal dominant polycystic

kidney disease, medullary sponge kidney, nephronophti-

sis. There is also an association with cystic dilatation of

extrahepatic bile ducts (1, 4). Caroli’s disease is supposed

to be due to an insufficient resorption of ductal plates,

resulting in large dilated segments of the primitive bile

duct surrounding a portal vessel (4). If the large

intrahepatic bile ducts are affected, the result is the pure

form of Caroli’s disease, while abnormal development of

the small interlobular bile ducts leads to congenital

hepatic fibrosis.
Clinical Presentation
Simple Cysts

Hepatic cysts are a common finding, being found in 1% to

3% of the liver routine examinations. They are more often

discovered in women and are usually asymptomatic (1, 2);

rarely they may cause symptoms like pain, palpable

abdominal mass, hepatomegaly, jaundice. Complications

occur rarely and are mainly represented by intracystic

hemorrhage, infection, compression of adjacent struc-

tures, occasionally torsion of the cyst, and rupture.
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Usually, patients with polycystic liver disease are asymp-

tomatic and liver dysfunction is quite unlikely to occur

(5). However, advanced disease may cause hepatome-

galy, which may results in abdominal discomfort and

dyspnea. Symptoms may arise in relation to complica-

tions, such as intracystic bleeding, infection, or rupture

of a cyst, which are quite frequent due to the great number

of cysts (1, 5).
Biliary Hamartoma

Bile duct hamartomas are rather common and usually

represent an incidental finding at imaging or laparotomy

in asymptomatic patients, or at autopsy. The estimated

incidence in autopsy series is 0.69–2.8% (1, 3). Complica-

tions such as superinfection with formation of micro-

abscesses and degeneration into cholangiocarcinoma are

extremely rare (3).
Caroli’s Disease

The clinical onset of Caroli’s disease usually occurs during

childhood. In the pure form it is related to complications

including stone formation, cholangitis, and hepatic abs-

cesses. Clinical symptoms are recurrent attacks of right

upper quadrant pain, fever, and, more rarely, jaundice. In

Caroli’s syndrome the clinical scenario is dominated by

hepatic fibrosis and portal hypertension, with splenome-

galy, oesophageal varices, hemorrhage of the gastrointest-

inal tract.

Cholangiocarcinoma complicates Caroli’s disease in

7% of cases (5).
Imaging
Simple Cysts

At ultrasound (US) a cyst has the typical appearance of an

anechoic, round or ellipsoid structure, with posterior

acoustic enhancement, and sharply delineated margins,

without an ownwall. The solid–liquid interfaces appear as

highly hyperechoic lines. Sometimes, subtle lateral acous-

tic shadows can be seen. Rarely, septa or calcifications may

be present. Cysts may behave sometimes as occupying-

space masses, displacing intrahepatic vessels or biliary

branches, or causing swelling of the hepatic margin. A

complicated cyst (intracystic bleeding or infection)

presents internal echoes (1). At CT scans an hepatic cyst

appears as a round or ovoid well-defined lesion, with no

evident wall. The content is homogeneous and hypodense

with attenuation values similar to the water (<20 HU).

Both the wall and their content do not show any

enhancement after contrast media administration. In
small lesions, attenuation values can be higher due to

partial volume effect; in these cases a thin section

thickness should be used in order to avoid misdiagnosis

of solid nodule; the absence of contrast enhancement

will confirm the cystic nature of the lesion. Any

enhancement in the periphery or thickening of the wall

suggests an inflammatory or neoplastic nature, rather

than a simple cyst. Internal inhomogeneity and higher

attenuation values (>20 HU) are present in complicated

cysts, in which the differential diagnosis from meta-

stases arising from cystic carcinomas (as pancreatic

or ovarian ones) can be difficult (1). The ipointensity

on T1-weighted images and homogeneous very high

signal intensity on T2-weighted images is due to their

high water content. On heavily T2-weighted images an

increase in signal intensity is seen. This behavior allows

differentiation of these lesions from metastatic disease.

The wall is never seen and no enhancement is present

at the dynamic study. Intracystic bleeding determines

high signal intensity, sometimes with a fluid–fluid level,

on both T1- and T2-weighted images; the hemorrhage

may be dated on the basis of the different appearance of

the different phases of degradation of hemoglobin. Fat-

saturation sequences may be helpful in confirming the

blood content (1).
Polycystic Liver Disease

At ultrasound polycystic liver disease is characterized

by the presence of multiple anechoic lesions of various

size, often clustered, which causes a diffuse dishomogene-

ity of the liver parenchyma. The appearance of cystic

lesions does not differ from that of simple cysts (1, 2).

At CT the typical finding is the presence of multiple

homogeneous water-density lesions with regular borders,

without a detectable wall. The lesions do not show

peripheral neither internal enhancement after contrast

media administration. Hemorrhagic cysts, more fre-

quently encountered than in cases of simple hepatic cysts

due to the great number of lesions, have attenuation values

higher than water at unenhanced CT scans; calcification

of the cyst walls, due to previous hemorrhage, may also

be detected (1). At MR, hepatic cysts in polycystic liver

disease have a homogenous signal intensity and appear

markedly hypointense on T1-weighted images and

markedly hyperintense on T2-weighted images. Because

of their serous content they become even brighter on

heavily T2-weighted images. They do not enhance after

administration of gadolinium chelates. The intracystic

hemorrhage is characterized by signal intensity inhomo-

geneity (1). Although the diagnosis of polycystic liver

disease is easily made with both CT and MR imaging,

MR imaging is more sensitive for the detection of

complicated cysts.
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Biliary Hamartoma
Cystic-Like Lesions, Hepatic. Figure 1 Caroli’s disease.

Unenhanced CT shows multiple hypoattenuating

water-density areas.

Cystic-Like Lesions, Hepatic. Figure 2 Caroli’s disease.

Bridging septa within the cystic dilatations may be
At ultrasound biliary hamartomas have been described as

either hypoechoic or anechoic small nodules with

posterior acoustic enhancement. Hyperechoic biliary

hamartomas or a combination of hypo- and hyperechoic

lesions, however, has also been reported (3). In almost

all described cases, unenhanced CT showed hypodense

small hepatic nodules, scattered throughout the liver and

typically measuring between 0.5 and 1.0 cm in diameter.

The latter feature is the most essential one in the

differential diagnosis from multiple simple cysts. Further-

more, simple cysts are typically regularly outlined,

whereas bile duct hamartomas have a more irregular

outline. Although homogeneous enhancement of these

lesions has been noted in some cases, in most reports no

enhancement was seen after contrast media administra-

tion (1, 3). The MR appearance of bile duct hamartomas

has been reported sporadically. All lesions were hypoin-

tense compared with liver parenchyma on T1-weighted

images andmarkedly hyperintense on T2-weighted images.

On heavily T2-weighted images, the signal intensity

increases further, nearly reaching the signal intensity of

fluid. Biliary hamartomas do not exhibit a characteristic

pattern of enhancement after administration of gadoli-

nium chelates; some authors observed homogeneous

enhancement of these lesions, some others a thin rim

enhancement, whereas others did not find any enhance-

ment. At MR cholangiography, bile duct hamartomas

appear as multiple tiny cystic lesions that do not

communicate with the biliary tree, helping in the

differential diagnosis with Caroli’s disease (1, 3).
depicted (arrow). The presence of small dots showing

strong contrast enhancement during the portal-venous

phase within the dilated lumina, also known as “central dot
Caroli’s Disease
sign,” is considered very suggestive of Caroli’s disease

(dashed arrow).
US reveals localized saccular dilatations of intrahepatic

bile ducts which appear as multiple cystic lesions. Besides

these findings, peculiar features may be demonstrated

such as intraluminal bulbar protrusions, complete or

incomplete bridging across the dilated ducts, and small

portal branches within the cystic structures. The Doppler

mode should be used in order to demonstrate this typical

aspect. Inside the dilated segments stones or debris may

be present, appearing as hyperechoic deposits with or

without shadowing. CT typically shows hypoattenuating

water-density structures which communicate with the

biliary tree (Fig. 1). The presence of small dots showing

strong contrast enhancement during the portal-venous

phase within the dilated lumina, also known as “central

dot sign,” is considered very suggestive of Caroli’s disease.

Bulbar protrusions and bridge formation may also be

depicted. Intraluminal biliary calculi may be demon-

strated (Fig. 2) (1, 4).

At MR imaging, the cystic dilatations of the biliary

tree appear hypointense on T1-weighted images and
strongly hyperintense on T2-weighted images. The

intraluminal portal radicles present clear enhancement

in the portal phase at the dynamic study. MR can

demonstrate internal septa and protrusions inside the

dilated lumina. MR cholangiography can be extremely

useful in diagnosis of Caroli’s disease by demonstrating

the communication between the saccular or fusiform

dilatations of the intrahepatic bile ducts and the biliary

tree (Fig. 3). Furthermore, stones, when present, are

evident as signal voids within ducts and cystic spaces.

Sludge or debris may be also evident. The use of a

hepatobiliary contrast medium by imaging the liver in the

biliary phase can more confidently demonstrate the

biliary nature of the cystic dilatations, which show

contrast enhancement. The cholangiographic features of

Caroli’s disease are well established as saccular or fusiform
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cholangiography demonstrates the communication

between the saccular or fusiform dilatations of the

intrahepatic bile ducts and the biliary tree.
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dilatation of the intrahepatic bile ducts. Alternating areas

of stricture and dilatation are a common observation with

cholangiograms (1, 4).
Nuclear Medicine

Hepatobiliary scintigraphy with 99mTc (IDA iminodiace-

tic acid) agents reveals large, irregular, multifocal collec-

tions of the radiotracer in the liver. These collections

correspond to the segmental dilatations, and no extra-

hepatic obstruction is present, although bile stasis and

stone formation may result in atypical obstruction. On

early images, if the ducts are dilated enough, they appear

as photopenic branching areas within the liver. Overall,

scintigraphy is not helpful compared with cross-sectional

imaging techniques. Cholangitis can impair hepatic

uptake of radiotracers. Obstruction related to stones or

debris from the ducts may cause misdiagnosis.
Diagnosis

The diagnosis of a hepatic cystic lesion is based on US,

which is the most accurate technique for establishing its

cystic nature compared to solid lesions in the liver. At

contrast CTor MR, any enhancement in the periphery or

thickening of the wall suggests an inflammatory or neo-

plastic nature, rather than a simple cyst. MR is indicated

when cystic lesions have atypical appearance on US. MR

allows the distinction between complicated hepatic cysts

presenting with hemorrhage inside and other cystic

lesions such as underlying metastatic disease with target

or halo sign. In the majority of cases, imaging findings in
combination with critical clinical information allow an

adequate lesion characterization.

Bibliography
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Synonyms

Cystic pancreatic tumors; Exocrine cystic neoplasms of

the pancreas
Definitions

Cystic tumors of the pancreas are relatively uncommon,

accounting for about 10% of cystic lesions of the pancreas

and for 1% to 5% of primary pancreatic neoplasms. The

incidence is increased in patients with von Hippel–Lindau

disease.

According to the AFIP (Armed Forces Institute of

Pathology) system, the pancreatic cystic tumors represent

primary exocrine lesions and they are distinct into benign,
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borderline (with an uncertain malignant potential) and

malignant. Serous cystic tumors,mucinous cysticneoplasms

and intraductal papillary-mucinous tumors/neoplasms

(IPMTs/IMPNs) represent themajority of the cases encoun-

tered in practice, accounting for more than 90% of the

primary cystic neoplasms of the pancreas; solid pseudopa-

pillary neoplasms represent less than 10%; other cystic

neoplasms are represented by other tumors with cystic

appearance (e.g. cystic neuroendocrine tumor, acinar

cystadenocarcinoma,▶lymphangioma, cystic teratoma)(1).
Pathology and Histopathology

Serous cystic tumors were also known as microcystic

adenomas or glycogen-rich cystadenomas. They have an

extremely low potential for malignant disease: malignant

serous cystadenocarcinomas have been reported, but they

are exceedingly rare, accounting for less than 1% of cases.

Serous cystadenomas are generally well circumscribed,

lobulated tumors, consisting of single (macrocystic or

oligocystic adenoma) or multiple (microcystic adenoma)

cysts, separated by delicate fibrous septae. The cysts are

filled with clear, watery fluid and are often arranged

around a central stellate scar, which may be calcified and

that lacks in oligocystic adenomas. Cysts are lined by a

simple, glycogen-rich cuboidal epithelium. When the cyst

is large, it can be difficult to differentiate them from

mucinous cystic neoplasms.

The histopathological features of mucinous cystic

neoplasms and IPMNs are similar except for a dense

mesenchymal ovarian-like stroma which is a requisite

feature of mucinous cystic tumors. Moreover character-

istically mucinous cystic neoplasms lack a communica-

tion with the pancreatic ductal system, whereas a

communication is a key feature of IPMN (1).

Mucinous cystic tumors of the pancreas are multi-

loculated tumors. The inner surface is smooth, but

sometimes, especially in large malignant tumors, papillary

excrescences and solid nodules can be observed. Micro-

scopically 3 distinct layers can be recognized: the inner

epithelial layer producing mucin; the middle layer, which is

the densely cellular ovarian-like mesenchymal stroma; the

outermost layer, which is the hyalinized connective tissue.

The epithelial cells lining the cysts produce abundant

mucoid secretion; therefore the cysts contain viscous

material, which can also be hemorrhagic. These tumors

are classified on the basis of histology as benign, borderline

or malignant based on degree of dysplastic changes of the

epithelium. According to the model of neoplastic progres-

sion, mucinous cystic neoplasms progress through stages

of increasing dysplasia from mucinous cystadenoma to

borderline mucinous cystic neoplasm to mucinous cystic
neoplasm with in situ carcinoma, finally to reach the stage

of invasive carcinoma. Cystadenomas contain a single layer

of epithelium without significant atypia. In borderline

neoplasms the epithelium may form papillae; an in situ

carcinoma or invasive carcinoma can arise focally within a

mucinous cystic lesion. All these lesions are different from

IPMNs, because they are grossly visibile neoplasms that

do not involve the duct system of the pancreas (1).

IPMNs are papillary, villous neoplasm that arises

within the main pancreatic duct or its branches. They

are usually classified into 3 types: main duct, branch duct

and mixed, according to the site and extent of involve-

ment. The tumors hypersecrete mucin, which often

leads to duct dilatation and/or chronic obstructive

pancreatitis. Histologically the involved duct is lined by

mucin-producing columnar epithelium which forms

papillary proliferations; the tumor can shows varying

degrees of atypia and can progress from adenomas

without atypia to IPMN borderline with a moderate

amount of atypia, to IPMN with carcinoma in situ and

finally to infiltrating carcinoma. The tumors generally

show intraluminal growth, but they can invade periductal

tissues (1).
Clinical Presentation

Many patients with a pancreatic cystic tumor present with

no relevant signs or symptoms and such tumors may be

discovered incidentally at abdominal ultrasound (US) or

computed tomography (CT). Most of the remaining

patients present with a variety of non-specific symptoms

such as abdominal pain, anorexia, nausea, vomiting, also

related to recurrent pancreatitis. If the tumor is large

enough, symptoms related to mass effects may predomi-

nate, such as a palpable abdominal mass and biliary

obstruction. Patients with malignant changes may have a

history of weight loss and jaundice.
Imaging

Classically, serous cystic lesions have a lobulated external

contour and are composed of a grapelike cluster of cysts.

A central stellate scar with calcification is pathognomonic

and small septae and internal debris may be seen in

individual cysts. Approximately 10% of all serous

cystadenomas have cystic components larger than 2 cm

and can’t be distinguished from mucinous cystic neo-

plasms. Because the capsule of these tumors is poorly

developed, poor distinction of the tumor from the

surrounding pancreatic parenchyma is often observed.

However, when the cysts are small, it can be difficult to
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identify the cystic nature of the neoplasm. The central scar

and calcifications may be demonstrated on CT scans, but

are not well depicted on US. Endoscopic ultrasonography

(EUS) allows better resolution of the honeycomb

structure (2). Magnetic resonance (MR) is the modality

of choice for the depiction and characterization of cystic

pancreatic masses. Serous cystadenomas are usually

hyperintense on T2-weighted images and hypointense

on T1-weighted images. Occasionally, debris and hemor-

rhage in the cysts can alter this signal intensity pattern.

The septae are well depicted on T2-weighted images, but

the central scar is not. Magnetic resonance cholangio-

pancreatography (MRCP) is helpful in demonstrating the

relationship of the mass to the main pancreatic duct.

Usually no communication occurs with the pancreatic

duct. The main duct is almost never obstructed, but the

duct and its branches may be displaced (3,4) (Fig. 1).

Mucinous cystic neoplasms are often larger than 5 cm.

US reveals a large, cystic mass sometimes with internal

septa, excrescences, mural nodules and debris. The tumor

usually has sharply marginated walls and smooth borders.

CT shows a well-defined, unilocular or multilocular mass

with fluid attenuation. Compared with serous cystic

tumors, the cysts are larger (>20 mm in diameter) and less

numerous (usually <6). Larger cysts may demonstrate

small daughter cysts along their internal surface. Thick

internal septae separating the different cystic cavities are

typical. Visualization of nodular or papillary excrescences

with irregular borders of the septae is possible. If present,

calcifications are curvilinear or punctate and confined to

the wall or septa. After the contrast medium administra-

tion, enhancement of the cyst wall, internal septations,

mural nodules and other intracavitary projections is
Cystic Neoplasms, Pancreatic. Figure 1 Serous cystoadenom

study (a) and MR study (b). At CT is possible to appreciate a w

constituted by few microcysts. The borders are poorly defined f

not show evidence of contrast enhancement; a thin stellate cen

(a). In an axial fat-suppressed fast spin-echo T2-w, it is possible

area with no relationship with pancreatic ducts (b).
present. The presence of papillary excrescences, mural

nodules and other intracavitary projections suggests the

differentiation between benign mucinous cystadenoma

and cystadenocarcinomas; however, the absence does not

indicate that the tumor is benign. At MR, mucinous

cystadenoma and cystadenocarcinoma are hypointense

or hyperintense on T1-weighted images depending on

protein content. T2-weighted images show multiple

hyperintense cysts separated by multiple hypointense septa.

Intracystic excrescences and mural nodules also have low

signal intensity, but they enhance significantly after gadoli-

nium-based contrast agents administration (3,4) (Fig. 2).

Main ductal type of IPMNmay be focal or diffuse, the

findings of which are reflected on imaging. When there is

diffuse involvement of the pancreatic duct, dilatation is

present along its whole length. This dilatation is often

associated with diffuse and generally uniform pancreatic

atrophy. In the early stages of focal or segmental

involvement, the features may be difficult to differentiate

from focal chronic obstructive pancreatitis. Branch IPMT

is most frequently encountered in the region of the

uncinate process. It may be microcystic or macrocystic.

The microcystic variety may mimic serous cystadenomas

on imaging, but communication with the main pancreatic

duct (which is frequently dilated) is characteristic. The

macrocystic variety may mimic a peripheral mucinous

cystic tumor. IPMN can be more confidently diagnosed

when imaging reveals a filling defect in the main duct or a

branch pancreatic duct. The filling defects are hyperechoic

on US (but extremely difficult to visualize), hyperdense

on CT and hypointense on T2-weighted MR images. The

thickness of the cyst wall and septa is variable with benign

tumors; they tend to be thin and regular. In malignant
a of the head of the pancreas (arrows). Multidetector CT

ell circumscribed lesion, presenting lobulated borders,

rom the normal pancreatic parenchyma and the lesion does

tral scar is also visible but there are no signs of calcifications

to appreciate the same lesion as a lobulated hyperintense
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tumors, the walls and septa appear irregular and thick,

with solid nodules. MRCP study represents the technique

of choice for visualizing the typical communication

between the IPMN and the ductal system and to evaluate

the extent of the tumor. A main pancreatic duct with a

maximum diameter of greater than 15 mm, and diffuse

dilatation of the duct are suggestive of malignancy in

main duct type tumors. Among branch duct-type tumors,

malignant tumors tend to be larger than benign tumors

(Fig. 3). The intravenous administration of secretin

allows the improvement of the pancreatic ducts delinea-

tion and therefore the depiction of typical findings of

IPMN (5,6).

Because of the anatomical location of the pancreas

near to the gastric and duodenal loop, EUS appears to be

reliable in distinguishing between solid and cystic lesions.
Cystic Neoplasms, Pancreatic. Figure 2 Mucinous tumors of t

uniloculated, well defined benign mucinous tumor of pancrea

smooth borders of the lesion, the absence of internal septa and

the coronal plane shows a multiloculated malignant mucinous

thickness of the borders as well as the presence of contrast en

septa or intracavitary projections. The neoplasm infiltrates the

the superior mesenteric artery wall, without certain signs of v

cystadenocarcinoma of the pancreatic tail is shown by MR ima

gadolinium-enhanced fat-suppressed SPGR T1-w (d) images w

pancreatic tail. The lesion shows irregularly lobulated, thickene
However the features that can be visualized often do not

appear to be sufficiently accurate to allow a differentiation

between benign and malignant tumors.

Endoscopic retrograde cholangiopancreatography

(ERCP) may depict ductal changes in cystic tumors of

the pancreas in approximately 80% of patients, allowing

also tissue sampling and therapeutic intervention. In

particular, in IPMN the communication with the

pancreatic duct and an anomalous ampulla of Vater with

discharging mucus may be visualized.
Nuclear Medicine

Positron emission tomography (PET) imaging can depict

cystic malignant tumors, because it is sensitive to
he pancreas at multidetector CT (a,b) and MR (c,d). In (a) a

tic body/tail is depicted. It is possible to appreciate the

the smooth inner surface. Multiplanar reconstruction (b) on

tumor of the pancreatic head: the irregular profile and the

hancement are depicted. There is no presence of internal

fat tissue around the pancreatic head and it is contiguous to

ascular compression. In (c) and (d) a mucinous

ges. Axial fat-suppressed fast spin-echo T2-w (c) and

ell exhibit a prevalently cystic lesion at the level of the

d internal walls presenting marked contrast enhancement.



Cystic Neoplasms, Pancreatic. Figure 3 IPMN of the pancreas at multidetector CT (a,b) and MR (c,d). In (a) a IPMN

“branch duct-type”: a multilobulated lesion constituted by a grape-like cluster of microcysts originating from secondary

pancreatic ducts is shown in the uncinate process (a); these microcystic lesions, differently from the serous ones, do

not present a central scar. The lesion also shows thin margins and there are no internal septae. The main pancreatic duct is

not dilated. In (b) a IPMN “main duct-type”: two uniloculated macrocystic lesions, localized in the tail and in the body of

the pancreas and originating from the Wirsung duct can be appreciated; the cystic lesions appear filled with an ovarian

like stroma fluid and their growth has determined the Wirsung dilatation and the consequent glandular atrophy, due

to compression. In (c) and (d) a branch duct-type IPMN can be appreciated at MR. Axial single-shot fast spin-echo T2-w

image (c) and coronal oblique MIP reconstruction of MRCP (d) show multiple, diffuse cystic dilatations of secondary

pancreatic ducts. The main pancreatic duct appears slightly dilated at the level of the pancreatic tail. Extraepatic biliary

tree is also dilated.
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hypermetabolic processes. FDG PET is more accurate

than CT in identifying malignant lesions and could be

used, in combination with CT and tumor markers, in the

preoperative evaluation of patients with pancreatic cystic

lesions. A positive result on FDG PET strongly suggests

malignancy and, therefore, a need for resection. A

negative result shows a benign tumor that may be treated

with limited resection or follow-up. However, PET is not

yet approved for use in the workup of pancreatic lesions.
Diagnosis

With the widespread use of advanced imaging techniques,

cystic lesions of the pancreas are now diagnosed relatively
frequently. US may aid in the differentiation of solid and

cystic lesions, but a complete evaluation of the pancreas is

often difficult. CT is excellent not only for the initial

detection of the lesion but also for the characterization (by

visualization of calcifications, septa, mural nodules) and

the staging of malignant lesions (by assessing vascular

invasion, infiltration of the adjacent structures and the

presence of lymph node metastases, distant metastases or

peritoneal carcinosis). MR has the added advantage of

providing better characterization of the features of a cyst

and its relationship with the pancreatic duct by means of

MRCP sequences. Despite advances in imaging, often the

differential diagnosis of pancreatic cystic lesion remains

difficult; however an accurate diagnosis is imperative

for appropriate patient management because the most
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important determinant of the prognosis is the identification

of malignant or premalignant cysts that require resection.

Serous cystadenoma is usually benign, whereas some serous

cystadenomas show progressive growth; therefore, surgery

is indicated, because complications, such as obstructive

jaundice, can result. Surgical removal of the mucinous

cystic neoplasms and IPMNs is recommended because of

the potential malignant behaviour of these lesions. There-

fore obtaining fluid cyst or tissue for histologic confirma-

tion may be essential. A variety of tumor markers that may

be present in cyst fluid have been proposed for use in the

differentiation among the major types of cystic lesions. Ca

19.9 concentration in cyst fluid has not been confirmed as a

useful indicator for discriminating between mucinous and

non-mucinous cystic lesions but serum levels of Ca 19.9 are

slightly elevated in some patients who havemalignant cystic

lesions. Levels of cystic carcinoembryonic antigen (CEA)

can be increased in the mucin content of the cysts, and they

proportionally rises with the degree of malignancy of the

tumor. Although amylase is not a tumor marker, its

presence in cyst fluid is often used as an indicator of a

communication between a cystic lesion and the ductal

system, as in cysts that are associated with IPMNs.

The differential diagnosis includes other tumors with

cystic appearance and pancreatic lesions with a cystic

presentation (including pancreatic pseudocysts or pan-

creatic fluid collections, ▶congenital pancreatic cysts,

retention pancreatic cysts, ▶parasitic cysts, ▶lymphoe-

pithelial cysts).
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Cystic Nephroma
A basically benign, sometimes semi-malignant multicystic

renal lesion, usually comprised of multiple small, similar
sized cysts that may include some areas of nephroblas-

tomatosous cells (potential malignant transformation),

that may replace the entire or parts of the kidney.

▶Cystic Renal Disease, Childhood
Cystic Pancreatic Tumors
▶Cystic Neoplasms, Pancreatic
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Definition

Acquired cystic kidney disease (ACKD) is defined as the

development of multiple renal cysts (at least three per

kidney) in patients with end-stage renal disease, before or

after starting dialysis, without hereditary cystic disease.

It can affect the native kidneys in renal transplanted

patients, whatever the renal function and the renal graft

during chronic rejection.
Pathology/Histopathology

Pathology reveals multiple renal cysts in both atrophic

kidneys from the cortex and the medulla. They are

typically small, ranging in size from a few millimeters to

30 mm. The presence of hemorrhagic cysts or oxalate

crystal deposition in cystic walls and septations as well as

within the cysts is common. Atypical cystic walls exhibit

multilayered epithelial lining, and papillary proliferations

are not unusual (1). Multiple renal tumors are associated

with ACKD, including adenomas and carcinomas of

various types, with a strong increase in papillary tumor

incidence compared with the general population (1).

Renal cancer can be detected in approximately 5% of

ACKD patients. Tumors are typically multifocal, bilateral,

and aggressive, with a rate of metastases of 15% (2). The

mean duration of dialysis before development of renal

cancer is about 12 ± 7.9 years (2).
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compounding imaging of the native kidney in a

renal transplanted patient. Many typical cysts are

detected within the cortex and the medulla.
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Clinical Presentation

The incidence of ACKD increases with the duration of

end-stage renal failure. Before patients start dialysis, ACKD

is found in about 10% of them. This number increases to

10–20% within the first 3 years of dialysis and can reach

90% after 10 years of dialysis (3), whatever the cause of

renal failure. The kidneys regularly increase in size because

of the development of cysts in patients undergoing dialysis,

whereas they remain small in transplanted patients.

In most cases, ACKD is detected incidentally because

the disease is asymptomatic. The recovery of normal renal

function after transplantation has no demonstrated

impact on the development of ACKD.

Cyst complications, including bleeding and infection,

can also appear and reveal the disease. The presence of

hemorrhagic cysts is frequent at imaging procedures.

Rarely, the hemorrhage is symptomatic and provokes

back pain. Severe cyst bleeding can extend to the retro-

peritoneum or the collecting system and result in reduced

hemoglobin serum level, hypotension, and even shock.

Renal tumors are rarely symptomatic and are detected

in most cases by incidental imaging studies or system-

atic follow-up in hemodialyzed or transplanted patients.

The incidence of renal cell carcinomas is significantly

increased up to seven times in patients undergoing

dialysis (2). Seven percent of dialyzed patients can

develop small solid renal tumors. In transplanted patients,

the prevalence of renal cell carcinoma discovered

incidentally is 1.6%.
Imaging
Ultrasonography and Color Doppler
Ultrasound

At ▶ultrasound (US), the cysts are detected as sono-

lucent round lesions with increased posterior acoustical

energy. They are typically bilateral, localized within the

parenchyma in small kidneys with reduced corticome-

dullary differentiation. Harmonic tissue imaging is help-

ful to detect and characterize small hypoechoic lesions

(Fig. 1). Almost 50% of hemorrhagic cysts can exhibit a

pseudosolid echoic pattern on US. ▶Contrast-enhanced

computed tomography (CT) or magnetic resonance

imaging (MRI) is then required. Hemorrhagic cysts can

remain anechoic, and US can be useful to characterize

hyperattenuating cysts at CT in the case of absence of

iodinated contrast agent administration or when the

enhancement remains equivocal. On color Doppler US

(CDUS), typical cysts do not exhibit any signals.

Contrast-enhanced US might be useful for diagnosing

pseudotumors and to detect vascularity within echoic
renal lesions to confirm the presence of a solid renal mass

(Fig. 2).

However, US examination in ACKD is difficult due to

the reduced size of the kidneys and the hyperechoic

parenchyma, making identification of the kidney difficult

within the retroperitoneal fat.
CT and MRI

Contrast-enhanced CT remains the gold standard in the

diagnosis of ACKD as well as in the characterization of

renal masses. Baseline CT is mandatory to detect

hyperattenuating cysts and to provide baseline attenuat-

ing values. Contrast-enhanced CT improves the detection

of numerous small cysts located in both kidneys, pre-

dominantly in the cortex (Fig. 3). CT can also detect

calcifications in cystic walls or septations.

Hemorrhagic cysts are very common (up to 50%

of ACKD patients). They typically exhibit increased

attenuation values at baseline (above 50 HU) and no

enhancement after iodinated contrast agent administra-

tion. Delayed acquisitions during nephrographic and

excretory phases are necessary to differentiate these

lesions from solid renal tumors. In the case of acute back

pain revealing renal bleeding, CT can detect an enlarged

hemorrhagic cyst and/or a subcapsular hematoma. The

hematoma can extend to the retroperitoneal space. The

disappearance of the hematoma should be monitored

until disappearance to avoid the misdiagnosis of a

bleeding cystic carcinoma.

Solid renal masses are seen as round lesions signi-

ficantly enhanced after iodinated contrast agent injection.

The threshold varies from 15 to 20 HU. In the case of

hemorrhagic mass, the enhancement is typically poor

and remains below the threshold value. The change in

the shape of the lesion that becomes heterogeneous



Cystic Renal Disease, Acquired. Figure 2 Ultrasound (US) follow-up of a patient under hemodialysis. (a) At tissue

harmonic imaging, a heterogeneous and echogenic mass was detected at the upper pole of the right kidney (arrows).

(b) Contrast-enhanced US following the administration of SonoVue confirmed the presence of vascularity within the mass,

strongly enhancing during arterial phase (arrows). (c) Contrast-enhanced computed tomography (CT) with baseline (top

left), arterial (top right), and nephrographic (bottom left) acquisitions. CT confirmed the presence of a partially necrotic mass

with strong peripheral enhancement. At pathology, the lesion corresponded to a renal cell carcinoma.
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indicates the presence of vascularity, and thus is highly

suspicious for solid tumors. Solid renal masses should be

differentiated from focal renal parenchyma hypertrophy.

These pseudotumors exhibit a similar enhancement

compared with the normal atrophic parenchyma at all

phases of the transit of the iodinated contrast agent, and

they remain homogeneous. In the case of equivocal

diagnosis, MRI can be useful to confirm the diagnosis of

pseudomass.

The staging of a solid renal mass primarily relies on

contrast-enhanced CT to detect venous and lymph node

extension.
If contrast-enhanced CT can be performed in patients

undergoing dialysis, CT cannot be used in patients with

persistent renal function. In this case, contrast-enhanced

MRI becomes the modality of choice for the diagnosis of

ACKD and the characterization of renal masses.

MRI examination should include at least T2-weighted

spin-echo sequences with fat suppression and dynamic

breath-hold T1-weighted gradient-echo sequences with

fat suppression, before and after bolus administration of

gadolinium chelate contrast agent. Typical cysts are easily

characterized as round lesions of high signal intensity

on T2-weighted sequences, of low signal intensity on
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T1-weighted sequences at baseline, and with no enhance-

ment after injection of contrast agent (Fig. 4). Hemor-

rhagic cysts are typically hyperintense on both T1- and

T2-weighted sequences and do not exhibit any enhance-

ment. The presence of a fluid iron level indicates the

presence of a hemorrhagic cyst.
Cystic Renal Disease, Acquired. Figure 3 Computed

tomography in▶acquiredcystic kidneydisease (top: baseline

scan; bottom: nephrographic phase). Multiple bilateral

small cysts are detected within the atrophic parenchyma.

Cystic Renal Disease, Acquired. Figure 4 Typical magnetic r

disease. Top left: T2-weighted acquisition; top right: T1-weight

dynamic acquisition during nephrographic phase; bottom righ

C

In hemorrhagic cystic tumors, the enhancement can

be masked by the baseline hypersignal of the lesion.

Follow-up is then necessary to confirm the absence of

enhancement when the signal of the lesion will be changed

due to metabolism of methemoglobin.

Solid renal masses are typically slightly hyperintense

on T2-weighted sequences, and they significantly enhance

after contrast agent injection. MRI participates in the

staging of renal masses when the administration of

iodinated contrast agents is contraindicated or when CT

and sonographic findings are inconclusive, particularly

regarding tumor extension to the inferior vena cava, the

spleen, and the liver.
Angiography

Renal angiography is not done for ACKD diagnosis but

for selective embolization in patients with severe active

bleeding. To avoid the misdiagnosis of a bleeding tumor,

CT needs to be performed until the hematoma disappears.
Nuclear Medicine

Scintigraphy has no value in the diagnosis of ACKD.
Diagnosis

The most difficult ▶differential diagnosis of ACKD is the

presence of multiple simple cysts. The size of the cysts and
esonance imaging (MRI) aspects in acquired cystic kidney

ed baseline dynamic acquisition; bottom left: T1-weighted

t: T1-weighted dynamic acquisition during excretory phase.



602 Cystic Teratoma
their location are not helpful for differentiating the two

diseases. When 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, the cysts are small and

strictly located within the medulla.

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 vonHippel 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, pancrea-

tic cysts, or angiomyolipoma).

There is no definite imaging modality recommended

for screening ACKD patients. US offers a clear advantage

in terms of cost (Fig. 2). However, the examination is

often difficult due to the size and echogenicity of the

kidney. CT has the disadvantage of higher cost and

secondary effects of iodinated contrast agents (renal

toxicity and allergic reactions). However, it is an effective

imaging technique and allows comparison when repeated

examinations are performed over the years. MRI is

probably the most effective modality because it does not

have the limitations of iodinated contrast agents. How-

ever, its use is limited by restricted access to the machine,

the cost of the examination, and some contraindications.

The screening test should be repeated once a year, even

after successful transplantation.

Still under debate is the efficacy of a screening

program for elderly patients undergoing dialysis due to

numerous comorbidity factors that reduce the impact of

early treatment of renal cancer on the survival rate (4).

Minimally invasive treatment of renal tumors such as

radio frequency ablation might improve the tolerance of

treatment compared with radical nephrectomy in this

population at risk for cardiovascular complications. The

screening program can be directed at patients at high risk

of cancer (male, prolonged dialysis, enlarged kidneys)

with good clinical status after 3 years of dialysis (5, 6). The

incidence of renal tumors may have been underestimated

by imaging techniques. The screening program can also

include patients undergoing peritoneal dialysis.

In patients awaiting renal transplantation, the native

kidneys should be scanned by either US or CT before the

surgical procedure.

After renal transplantation, the native kidneys can be

studied by US at the same time as the examination of the

renal graft. Despite the lack of published data, trans-

planted patients, including children, might represent the

best population to benefit from a renal tumor screening
protocol (7). The decrease in ACKD after successful

transplantation should be balanced against the increased

aggressive behavior of renal cancers. When an echoic renal

mass is detected, contrast-enhanced CTor MRI should be

performed, depending on renal function.
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Cystic Teratoma
▶Teratoma, Ovaries, Mature, Ovalar
Cystitis
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Definition

The term cystitis indicates the presence of an inflamma-

tory disease of the urinary bladder. Such diseases are a

common clinical problem, with more than half of the

population experiencing an episode of cystitis during life.

They can have a large variety of causes and can be divided,

according to their etiology, into two broad categories:
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those due to infectious causes, and those of noninfectious

origin. In the first group, bacterial lesions are the most

frequent, but viral, fungal, and parasitic diseases can also

be encountered. Noninfectious inflammations can be

congenital, such as the chronic irritative changes of the

bladder mucosa in exstrophy of the urinary bladder, or

acquired such as lupus erithematosus cystitis, eosinophilic

cystitis, pelvic lipomatosis, involvement of the bladder

from inflammatory diseases of adjacent organs, and

iatrogenic lesions (1, 2).
Pathology/Histopathology

Pathological changes can be limited to the mucosal

surface of the bladder or extend to the deep layers of the

wall, and vary according to the etiology of the disease

process.
Infectious Cystitis

In patients with bacterial cystitis, the main finding is

edema of the mucosa, with thickening of the mucosal

folds. When severe, edema can cause decreased capacity of

the bladder. Bullous edema, that is fluid-filled cystic areas

in the lamina propria of the mucosa, can develop, and

is often more prominent at the level of the bladder base.

The inflammatory process can be focal, and presenting

as inflammatory polypoid lesions. In emphysematous

cystitis, a condition that is most commonly encountered

in patients with poorly controlled diabetes mellitus,

bacterial fermentation of excessive glucose causes devel-

opment of carbon dioxide within the bladder wall. Gas

can extend also into the bladder lumen (3). Immuno-

compromised or debilitated patients can develop, after

urologic procedures, infection from urease-producing

microorganisms, able to transform urea into ammonia.

This causes modification of pH in urine, which becomes

alkaline, leading to formation of struvite and calcium

phosphate that form stones and encrustations on the

bladder wall. The disease, called alkaline-encrustation

cystitis may also extend to the ureters and the kidneys.

Encrustations are usually thin and regular, covering the

urothelial surface, but may be irregular and thick;

thickening of the bladder wall and perivesical soft-tissue

edema can be associated (4). Mycotic infections of

the bladder can cause formation of “fungus balls” within

the bladder lumen; these are clusters of pseudomicelia,

usually mobile according to patient’s decubitus. In

diabetic patients with Candida infection, gas can be

present in the bladder given the capability of Candida to

ferment sugar. If a fungus ball is in the bladder, gas can

remain trapped within it. In patients with infestation

from schistosomiasis, the disease process is caused by eggs
deposited by the female parasite in the small veins of the

submucosal layer of the bladder wall, around which a

granulomatous reaction and embolic vasculitis develop.

The deposited eggs calcify, and this is a macroscopic

hallmark of the disease (5). Involvement of the urinary

bladder occurs in about one third of patients with urinary

tract tuberculosis, usually late in the course of the disease.

The mucosa is edematous, with tubercles that coalesce

and undergo ulceration. Calcifications can develop.
Noninfectious Cystitis

A large variety of noninfectious conditions can cause

inflammatory changes of the bladder mucosa. In lupus

erithematosus cystitis, a marked vasculitis of the bladder

develops, with immune-complex deposition along small

vessels and smooth muscle in the lamina propria of the

bladder. Biopsy of the bladder wall in cases of eosinophilic

cystitis shows pancystitis, with eosinophils, mast cells, and

lymphocytes within the mucosa and tunica propria.

Muscle necrosis and fibrosis can be found. Interstial

cystitis is a pancystitis of unknown cause, often associated

with systemic diseases. Biopsy shows transmural inflam-

mation and fibrosis, submucosal edema and vasodilata-

tion, and presence of mast cells in the submucosa and

muscular layers. Cystitis can develop in most patients

with pelvic lipomatosis, a condition characterized by

benign overgrowth of pelvic fat. The pathogenetic

relationship between cystitis and pelvic lipomatosis is

not clear; however up to 80% of these patients develop

cystitis glandularis. When the bladder is involved by

neoplastic or inflammatory disorders arising within

surrounding pelvic organs, histology shows an infiltrating

inflammatory process, most marked in the outer part of

the bladder wall. Perforation into the bladder may occur.

Iatrogenic inflammation from foreign bodies, drugs, or

radiation can develop in the bladder. The most common

one is due to indwelling urethral catheters, in which

histology shows vascular dilatation on the mucosa and

lamina propria, with bullous edema visible on the surface

of the mucosa, especially at the point where the tip of the

catheter is in contact with the wall. Such changes can

regress very quickly after catheter removal. Drug-induced

cystitis may be related to either to direct toxic effect of

drug metabolites on the urothelium or to an allergic-type

of reaction of the bladder mucosa. Cyclophosphamide

cystitis is the typical example of the first type of reaction.

Biopsy reveals fibroblastic proliferation with associated

atypia; wall fibrosis may develop after several months of

therapy. Infiltration of the tunica propria with eosinophils

and lymphoreticular cells develops in patients with the

allergic-type of induced cystitis. Inflammatory changes of

the bladder following pelvic radiotherapy are character-

ized, in the acute phase, by mucosal ulcerations and
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panvesical fibrosis; later effects produce vasculitis and

fibrosis with reduced bladder capacity.
Chronic Cystitis

Patients with chronic inflammation of the urinary bladder

undergo changes that follow a predictable pathway.

Bladder lesions start from Brunn’s nests, solid nests of

urothelial cells lying in the lamina propria of the wall.

Degeneration of the central part of these nests leads to the

development of fluid-filled cysts (cystitis cystica). Further

chronic irritation leads to the development of these

lesions into glandular structures (cystitis glandularis). At

last, squamous metaplasia may occur.
Clinical Presentation

Symptoms of cystitis include urgency, frequency, incon-

tinence and suprapubic pain, or discomfort. Hematuria

maybe theprominent symptom, and in these cases, the term

hemorrhagic cystitis is frequently used. Such symptoms,

however, are nonspecific, and do not allow to differentiate

among the different forms of the disease. Taking into

account clinical history can help in the differential.

In bacterial cystitis symptoms vary according to the age

of the patient: in neonates, failure to thrivemay be observed

as a result of poor feeding, vomiting, and diarrhea. In the

older child, fever becomes a more prominent symptom.

In the adult, the classic symptoms are present. A history of

diabetes is commonly found in patients with emphysema-

tous cystitis or in those with mycotic infections. Patients

with alkaline encrusting cystitis are usually immunocom-

promised, with previous urologic procedures. Schistoso-

miasis is encountered in subtropical Africa, Middle East

and in part of southern Europe. A history of tuberculous

infection of the upper tract is commonly found in patients

with tuberculous cystitis.

For patients with noninfectious cystitis, a history of

radiation exposure or chemotherapy, or presence of an

indwelling catheter allow to address the diagnosis when

urinary symptoms develop. Patients with eosinophilic

cystitis have predisposing factors such as asthma, bladder

trauma, food allergies, and a history of eosinophilic

gastroenteritis. Eosinophilia is associated in 50% of cases.

When a pelvic inflammatory process extends to the

bladder, symptoms are those of the primary process, with

the addition of irritative voiding complaints. If a fistula

develops, fecaluria and/or pneumaturia are associated.

Interstitial cystitis is a chronic inflammatory disease of

the urinary bladder of unknown cause, often associated

with systemic diseases such as rheumatoid arthritis,

polyarteritis and lupus erithematosus, and/or an allergic

condition, predominantly affecting middle-aged women.

The diagnosis can be made on presence of chronic
unexplained irritative bladder symptoms, sterile urine,

and cystoscopic demonstration of urothelial lesions

(Hunner’s ulcers).
Imaging

Usually, imaging is not needed for the diagnosis of

cystitis, which is commonly suspected on clinical grounds

and confirmed by urinary cultures. When requested,

radiologic studies are chiefly aimed at identifying under-

lying pathology that may predispose to the development

of infection, such as reflux and urinary outlet obstruction.

This is especially needed in patients with recurrent

episodes of cystitis. Furthermore, it must be remembered

that changes affecting the mucosa of the urinary bladder

are better analyzed by cystoscopy, and this technique

has the capabilities to provide clues for the differential

diagnosis of the different forms of the disease and, most

important, to allow for biopsy (1, 2).

Imaging is pointed at detecting changes of the wall

and content of the bladder. Plain films can show

calcifications and gas within the bladder wall, while

urography can show irregularities of the mucosal surface.

Such findings can be better evaluated when the bladder is

not completely full. CT, ultrasonography and MRI can

show thickening of the wall, as well as focal lesions.

Calcifications are easily seen at CT, but can be appreciated

also by ultrasonography.
Nuclear Medicine

Nuclear medicine studies do not offer clues for demon-

stration of cystitis. Radionuclide retrograde cystography

can be used in the pediatric age group to show reflux in

children who present with recurrent urinary infections.
Diagnosis

The imaging diagnosis of cystitis is based on demonstra-

tion of changes of the bladder wall and content. At

urography, thickening and irregularity of the mucosa can

be seen, together with decreased capacity of the inflamed,

irritated bladder. Such findings are often more prominent

at the level of the bladder base, and can be better

demonstrated when the bladder is only partially filled in

with contrast or in the postvoiding films. Ultrasonogra-

phy and CT can show diffuse thickening of the wall of the

bladder. In patients who develop bullous edema, focal

filling defects of rounded shape may be seen, especially

near the bladder base. On ultrasonography, bullous

edema has been described to cause hypoechoic regions



Cystitis 605

C

of wall thickening with smooth transition to normal

bladder wall (Fig. 1). Focal forms of cystitis can also

present with polypoid lesions that can be difficult to

differentiate from malignancies (1).

The diagnosis of emphysematous cystitis is based on

demonstration of gas within the bladder wall. Gas within

the bladder lumen can be associated. On a plain

abdominal film, this can be difficult to distinguish from

bowel gas or an adjacent abscess, but can be easily

recognized at urography, CT, or ultrasound (Fig. 2). The

bladder wall can be thickened, with an irregular outline.

Presence of gas in the bladder lumen and not within the
Cystitis. Figure 1 Bullous edema of the posterior wall of

the urinary bladder demonstrated by ultrasonography.

There is focal thickening of the wall, with smooth transition

toward the normal portions; areas of hypoechogenicity are

visible within the thickened region.

Cystitis. Figure 2 Emphysematous cystitis. CT obtained

without i.v. contrast medium shows presence of gas both

within the wall and within the bladder lumen.
bladder wall is usually described as a separate entity

(pneumocystis); intraluminal gas has to be differentiated

from gas entering from an enteric fistula or following

catheterization maneuvers (3).

In patients with alkaline encrusting cystitis, the

bladder wall is characterized by presence of encrustations;

the disease may also involve the ureters and the kidneys,

and calcifications and stones can be seen also at these

levels. Detection of wall calcifications in the proper

clinical setting on conventional radiographic studies is

diagnostic; however, calcifications may be thin, and

impossible to recognize. Ultrasonography can detect the

encrustations as a linear hyperechogenicities on the

mucosal surface of the bladder. Nonenhanced CT is

regarded as the best technique to diagnose encrustations.

Lesions are usually thin and regular, covering the

urothelial surface, but may be irregular and thick; there

is also thickening of the bladder wall, and perivesical soft

tissue stranding can be associated (4). In mycotic

infections, imaging can be normal or show only

nonspecific inflammatory changes of the bladder wall;

on sonography, echogenic urine can be shown, A “fungus

ball,” that is a cluster of pseudomicelia, can develop within

the bladder, presenting as a nonopaque mass. Such balls

are usually mobile within the bladder: on ultrasonogra-

phy, it is easy to demonstrate changes of position of the

fungus ball according to changes in patient decubitus. In

diabetic patients with Candida infection, gas can be

present in the bladder given the capability of Candida to

ferment sugar. In some cases, gas can be seen within the

“fungus ball” (1). Schistosomiasis infestation can be

imaged at urography as edema of the bladder wall in the

early stages. When eggs calcify, they can be seen on plain

films or urography; the pattern of calcifications may vary,

from thin and regular to thick and irregular, involving the

bladder wall completely or only focally (Fig. 3). In the

early stages of the disease, contraction capability of

the calcified bladder is preserved. Both ultrasonography

and CT can detect easily the calcifications in the bladder

wall. Involvement of the ureter is the rule, and is early

during the disease process. Urography can detect filling

defects and stenoses of the distal portions of the ureters,

while ultrasound can show thickening of the ureteric walls

(5). In patients with tuberculosis of the bladder, diffuse

wall thickening, ulcerations of the mucosal surface,

fibrous bands, and mural nodules have been described

at urography and ultrasound. Calcifications may develop

in the wall, and can be seen radiographically.

Patients with pelvic lipomatosis have a typical pear-

like appearance of the urinary bladder; when cystitis is

associated, imaging can show irregularities of the bladder

mucosa. In case of bladder involvement from an adjacent

inflammatory process, focal inflammatory changes such

as edema, nodularity, or thickening of the wall may be
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radiograph of pelvis shows linear calcifications involving

the whole bladder wall.
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observed on intravenous urography. CT and ultrasound

can show both the primary disease and bladder changes.

Fistulous tract may be difficult to demonstrate directly,

and can be inferred by presence of air in the bladder.

Nonspecific thickening of the bladder mucosa can be

detected by urography. Patients with drug-induced and

radiation cystitis present with bladder wall edema in the

early phases, but late effect of these diseases may cause

wall fibrosis and reduction of bladder capacity (1).
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Cystocele
Descent of the posterior bladder wall during Valsalva

maneuver below the level of the vesico-urethral junction
of more than 1 cm is called a cystocele. A cystocele

impresses the anterior vaginal wall (grade II) and may

evert it to outside the introitus (grade III). A cystocele

may persist after relaxation and need manual reposition.

▶Pelvic Floor Dysfunction, Genitourinary
Cystosarcoma Phyllodes
▶Neoplasms, Phyllodes, Breast
Cyst, Follicular, Ovarium
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Synonyms

Corpus luteum cysts; Follicle cysts; Follicular cysts; Luteal

cysts; Physiologic ovarian cysts; Simple ovarian cysts
Definitions

Physiologic cysts including follicular and luteal cysts

constitute the vast majority of cystic ovarian lesions. They

typically result from failure during folliculogenesis, most

often from rupture or regression of the ovarian follicles.

They may also result from continued hemorrhage in a

corpus luteum. Follicle cysts are usually larger than the

mature ▶graafian follicle and range from 3 to 5 cm in

size; however, they may attain a diameter of 8–12 cm.

▶Physiologic ovarian cysts are an extremely common

incidental finding during the reproductive ages. However,

they may be found in all age groups, particularly in

adolescents and in the early postmenopausal period.

Functional ovarian cysts may also develop due to

irregularities of pituitary gonadotropin hormone release

or due to external hormonal replacement therapy.
Pathology/Histopathology

In women who do not take birth control pills, numerous

small, thin-walled cystic follicles and a dominant follicle
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are seen within the ovarian peripheral stroma. At

midcycle the latter attains a size of 15–25 mm and can

be identified partially protruding from the ovarian surface

(1). After ovulation the rupture stigma is sealed by a

mass of coagulated follicular fluid, fibrin, and connective

tissue (1). The normal corpus luteum demonstrates a

convoluted yellow lining and usually measures 1.5–2 cm

in diameter. If it is larger than 3 cm, it is defined as a

corpus luteum cyst (1).

Microscopically, follicle cysts are lined by an inner layer

of granulosa cells and an outer layer of theca interna cells

(1). They may be luteinized in both layers. ▶Corpus

luteum cysts demonstrate a convoluted inner lining

consisting of large luteinized granulosa cells and an outer

lining of luteinized theca interna cells (1). Capillaries from

the theca interna penetrate the granulosa layer to reach the

central cavity (1). The contents of follicle and luteal cysts

vary from serous to serosanguinous to clotted blood.

Follicles may persist for several years after menopause

and give rise to sporadic ovulations or cyst development.

Solitary ▶follicular cysts are a different entity from

follicular cysts that occur during the reproductive age (1).

They tend to be larger and are most commonly found

during menarche and menopause, but may also be seen in

the fetus. Cysts related to anomalies in the release of

anterior pituitary hormones tend to recur and manifest as

multiple large cysts in both ovaries (1).
Clinical Presentation

Most functional cysts are asymptomatic and not hor-

monally active. Vague abdominal or pelvic pain, pelvic

pressure, and lower back pain may be caused by larger

functional cysts. Corpus luteum cysts may be hormonally

active and become clinically apparent by menstrual

disorders and prolonged hemorrhage. Complications of

functional cysts include rupture, hemorrhage, and

torsion. Intraperitoneal hemorrhage following rupture is

characterized by an acute onset of pelvic pain. Similarly,

patients with ovarian torsion most commonly experience

abrupt onset of severe lower abdominal pain. Follicle

cysts in precocious puberty are manifestation of

McCune–Albright syndrome (1).
Imaging

Ovarian cysts are a common incidental finding in ovarian

imaging.

Transabdominal in combination with endovaginal

sonography is the primary imaging modality in assessing

the ovaries. If physiological cysts do not exceed a size of
more than 3 cm they cannot be differentiated from

normal follicular derivates in women of reproductive age.

Other imaging modalities for assessing cystic ovarian

lesions include computed tomography (CT) and magnetic

resonance imaging (MRI). They are infrequently used for

further characterization of sonographically detected cystic

lesions. More often, functional cysts are incidental

findings in pelvic imaging studies for other indications.

Due to partial volume average and proteinaceous

contents, follicles are often missed in CT. Furthermore,

CT usually does not allow differentiation between

▶hemorrhagic functional cysts and hemorrhagic cysts

in endometriosis. Hemorrhagic cysts may also mimic

solid ovarian lesions in CT. This problem can be

overcome by performing a noncontrast series before

application of intravenous contrast media. This technique

and thin-slice multispiral CT also improve the detection

of smaller ovarian cysts. In cystic ovarian lesions,

contrast-enhanced images provide better detail of the

internal morphology of cystic lesions. They also assist

in the differential diagnosis between simple ovarian

cysts and other cystic ovarian lesions, for example,

cystadenomas, hydrosalpinx, and cystic ovarian cancer.

In MRI imaging, sequences for assessing cystic ovarian

lesions include T1-weighted imaging (WI), T2-WI, and

contrast-enhanced imaging. If lesions display high signal

intensity (SI) on T1-WI, fat saturation techniques are

useful to differentiate between proteinaceous or hemor-

rhagic contents and fat that is pathognomonic for

dermoid cysts.
Nuclear Medicine

Nuclear medicine usually does not contribute to the

diagnosis of functional ovarian cysts.
Diagnosis

Sonography, particularly endovaginal sonography, is the

modality of choice in monitoring follicles and ovarian

follicle cysts (Fig. 1).

Ovarian cysts larger than 3 cm in diameter are

regarded as follicular cysts (2). Follicle cysts are thin-

walled ovarian lesions most commonly filled with watery

contents. Compared with follicle cysts, corpus luteum

cysts have thicker, well-vascularized walls. The internal

echoes depend on the quality of the contents. Bleeding in

an unruptured cyst causes a spectrum of sonographic

findings related to the temporal sequence of clot

formation (3). Corpus luteum cysts often display mildly

echogenic echoes, most likely presenting partially solid
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sonography of a normal ovary at midcycle in a 25-year-

old female patient. Transvaginal sonography demonstrates

a normal ovary which is located medial of the iliac vessels.

Within the ovarian parenchyma, ovarian vessels and small

follicles are demonstrated. The graafian follicle presents

the largest cystic lesion and measures 15 mm in diameter.

(Courtesy of R. Gruber, Salzburg)

Cyst, Follicular, Ovarium. Figure 2 Hemorrhage in a

physiologic cyst. In a 29-year-old female patient with

acute pain, a 6-cm right ovarian lesion is demonstrated. It is

well delineated and is composed of a solid area with

irregular borders surrounded by liquid. The sonographic

follow-up showed continuous decrease in size and change

in morphology of the internal clot. (Courtesy of R. Gruber,

Salzburg)

Cyst, Follicular, Ovarium. Figure 3 Follicle cyst in a

31-year-old female patient. Transaxial T1-weighted

imaging (WI) (a) and T2-WI (b) show a 6-cm right

adnexal lesion. It is cystic and displays higher signal

than water on T1-WI (a) due to proteinaceous contents.

Thin walls and no evidence of mural thickening or

solid areas are demonstrated on T2-WI. Small amounts

of ascites in the cul-de-sac are a physiologic finding in

this age. The differential diagnosis from unilocular

cystoma was only possible by a follow-up.
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clots (3). They may also present as cystic lesions with

irregular walls due to an adherent clot or may contain

internal debris that is not vascularized. Recent hemor-

rhage frequently appears as an irregular echogenic mass

(3) (Fig. 2). A complex mass with internal echoes

enhanced through transmission is also a common finding

of hemorrhagic functional cysts (3).
Echogenic free fluid in the cul-de-sac is a typical

finding of cyst rupture into the peritoneal cavity.

However, in women of reproductive age, a pregnancy

test is mandatory for differentiation of hemorrhagic

functional cysts and ▶ectopic pregnancy.

The clue for establishing the diagnosis of functional

cysts with watery contents or hemorrhage and for their

differentiation from cystadenomas is the decrease in size

and change of the internal architecture during a sono-

graphic follow-up. The vast majority of functional cysts

will regress within a 2-month observation period (2).

MRI is usually performed complementary to sono-

graphy in indeterminate cases. It is particularly helpful for

differentiating functional cysts with a complex pattern

from hemorrhagic ovarian lesions of other etiologies and

teratomas.
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Simple ovarian cysts display well-defined, thin walls

(<3 mm). Most ovarian cysts have a low to intermediate

signal on T1-WI and very high SI on T2-WI due to the

presence of simple fluid (2). Cyst walls are usually clearly

identified on T2-WI, they display low SI, and enhance

mildly following contrast media application. Hemorrha-

gic and corpus luteum cysts display high to intermediate

signal on T1-WI and intermediate to high SI on T2-WI

(2). Their appearance varies according to the quantity

and age of their hemorrhagic and proteinaceous con-

tents (Fig. 3). Corpus luteum cysts tend to have thicker

walls that display smooth distinct contrast enhancement

(2). Internal debris is often present, but does not enhance.

Enhancement is a sign of solid internal contents, and is

highly suggestive of malignancy. Low-signal intensity on

T2-WI presenting shading is due to repetitive hemorrhage

and allows the diagnosis of endometriomas (2). The

diagnostic feature of benign teratomas is demonstration

of intralesional fat, which can be diagnosed by fat-

suppression techniques.

If an ovarian cyst does not decrease in size, unilocular

cystoma, which can present with the same imaging

features as functional cysts, is the most important

differential diagnosis (2). ▶Mesothelial and tubal inclu-

sion cysts occur in the same age group and can also

display similar imaging findings to simple ovarian
cysts. They can only be differentiated from physiologic

ovarian cysts when they are visualized separate from the

ipsilateral ovary.
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Cytochrome c
A major caspase activation pathway is the cytochrome

c-initiated pathway. In this pathway, a variety of stimuli

cause cytochrome c release from mitochondria, which in

turn induces a series of biochemical reactions that result

in caspase activation and subsequent cell death.

▶Apoptosis


	C
	CA-125
	Cacchi‐Ricci disease
	Caffey Disease
	Synonym
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Calcific Periarthritis
	Calcific Tendinosis or Calcific Tendinotis
	Calcification, Intracranial, Neonatal
	Synonym
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Calcifications, Breast
	Synonym
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiology
	Bibliography

	Calcifications, Coronary, Plaque, Calcium Scoring
	Development of Coronary Atherosclerosis
	Estimation of Cardiac Event Risk
	Coronary Calcium Screening
	Assessment of Patients with Acute Coronary Syndrome and Acute Chest�Pain

	Calcinosis Cutis
	Calcium Hydroxyapatite Deposition Disease
	Calcium pyrophosphate Deposition Disease
	Calcium Pyrophosphate Dihydrate Crystals Deposition Disease (CPPD)
	Cane-of-Bamboo Fragment
	Cane of Bamboo
	Capillary Telangiectasia
	Capsule of Ultrasound Contrast Media
	Caput Medusae Sign
	Carbon Monoxide
	Carcinoid Tumor
	Carcinoid Tumor, Pancreatic
	Carcinoma, Breast, Imaging Mammography, Primary Signs
	Definition
	Characteristics
	Dominant Mass
	Microcalcifications
	Distribution of suspicious �microcalcification

	Asymmetric Density
	Architectural Distortion

	Bibliography

	Carcinoma, Breast, Imaging Mammography, Secondary Signs
	Definition
	Enlarged Axillary Lymph Nodes
	Asymmetric Ducts or Duct Dilatation
	Skin and Nipple Changes
	Oedema of All or Part of the Breast
	Asymmetric Breast Tissue
	Increased Vascularity with Vascular Engorgement
	Distortion of Parenchymal Edge, Obliteration of the Subcutaneous or Retromammary Space
	Bibliography

	Carcinoma, Breast, Demography
	Definition
	Risk Factors
	Risk Associated with Family History
	Hormonal Factors
	Hormone Replacement Therapy
	Hormonal Contraceptives

	Breastfeeding
	Alcohol Consumption
	Weight
	Physical Activity
	Radiation

	Bibliography

	Carcinoma, Breast, Inflammatory
	Carcinoma, Cervix Uteri
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Bibliography

	Carcinoma, Ductal, In Situ, Breast
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Treatment
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiology
	Bibliography

	Carcinoma, Ductal, Invasive
	Synonyms
	Definition
	Pathology
	Clinical Presentation
	Imaging
	Mammography
	Ultrasound
	MR Mammography
	Bibliography

	Carcinoma, Endometrium Uteri
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Carcinoma, Gallbladder
	Carcinoma, Hypopharynx
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Diagnosis
	Imaging
	Nuclear Medicine
	Bibliography

	Carcinoma, Lobular, In situ, Breast 
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Therapy

	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Carcinoma, Lobular, Invasive
	Synonyms
	Definition
	Pathology
	Clinical
	Imaging
	Mammography
	Ultrasound
	Magnetic Resonance Mammography
	References

	Carcinoma, Male Breast
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Carcinoma, Multiple, Breast
	Definition
	Pathology
	Clinical Presentation
	Imaging
	Multifocality
	Multicentricity
	Mammography
	Ultrasound
	MR mammography

	Bibliography

	Carcinoma, Other, Invasive, Breast
	Synonyms
	Definition
	Pathology/Histopathology
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Clinical Presentation
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Imaging
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Mammography
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Ultrasound
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Magnetic Resonance Mammography
	Medullary Carcinoma
	Mucinous Carcinoma
	Tubular Carcinoma
	Papillary Carcinoma
	Inflammatory Carcinoma

	Bibliography

	Carcinoma, Ovarium
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Carcinoma, Pancreatic
	Synonyms
	Definitions
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	References

	Carcinoma, Rectal
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Local Extension
	Nodal Status
	Metastatic Disease

	Nuclear Medicine
	Diagnosis
	Treatment Implications

	Bibliography

	Carcinoma, Renal Cell
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Imaging Techniques
	Ultrasonography–Color Doppler
	Computed Tomography
	Magnetic Resonance Imaging
	Angiography

	Results
	Clear Cell Type
	Tubulopapillar Carcinoma
	Chromophobe Renal Cell Carcinoma
	Bellini Duct Carcinoma, Medullar Carcinoma

	Staging
	Description of the Extension
	Local Extension
	Regional Extension
	General Extension

	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Carcinoma, Vulva
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Carcinomatous Cirrhosis
	Carcinosarcoma
	Cardiac Enlargement
	Cardiac Radiology
	Caries
	Synonym
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Carcinoma, Prostate
	Synonym
	Definition
	Characteristics
	Epidemiology

	Bibliography

	Caroli's Disease
	Caroli's Syndrome
	Carotid and Vertebral Artery Pathology
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Atherosclerosis
	Digital Subtraction Angiography (DSA)
	Ultrasound
	CT
	MRI
	Dissection
	Non-atheromatous Vasculopathy


	Diagnosis
	References

	Carotid Artery Steal
	Carotid Endarterectomy
	Cartilage Destruction
	Cartilage T2 Relaxation Time
	Caspases
	Cationic Lipophilic Complexes
	Cauda Equina Syndrome
	Caudal Agenesis—Caudal Regression
	Caval Vein Occlusion
	Cavernous Angioma
	Cavitary Necrosis
	CCAM
	CDH
	Celiac Artery Stenosis
	Cell Cycle
	Cell Doubling
	Cell Growth
	Cell Membrane-based System
	Cellulitis
	Cemento-Ossifying Fibroma
	Central Facial Nerve Paralysis (CFNP)
	Central Neurofibromatosis
	Cephalocele
	Cerebellar Dysgenesis
	Cerebral Aneurysm
	Cerebral Herniation
	Cerebral Infarction
	Cerebral Infections
	Cerebral Neonatal Disease (Neuro�View)
	Synonyms
	Definition
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Ultrasound
	Magnetic Resonance Imaging
	Diagnosis
	Bibliography

	Cerebral Tumors in Childhood
	Cerebral Vasculature
	Cerebral Venous Thrombosis
	Definition
	Aetiology
	Clinical Features
	Diagnostic Imaging
	Cranial CT
	CT Venography
	Magnetic Resonance Imaging (MRI)
	MRV
	Cerebral Angiography
	Treatment

	Outcome
	References

	Cervical Carcinoma
	Cervicomedullary Angle
	Cervix
	CEUS
	CEUS – Contrast‐Enhanced Ultrasound of the Kidneys
	CFNP
	Charcot Neuroarthropathy
	CHARGE Association
	Chelator
	Chemoembolization
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Interventional Radiological Treatment
	Before Embolization
	Embolization Procedure
	Dose Selection
	Further Medication, Follow-Up

	References

	Chemonucleolysis
	Chemoperfusion
	Definition
	Characteristics
	Locoregional Chemoperfusion
	Clinical Background
	Technique

	Hyperthermic Perfusion Chemotherapy
	Clinical Background
	Technique


	Bibliography

	Chemotherapy
	Chest
	Signs and Patterns in Chest Radiology
	Lung Diseases
	Interstitial Lung Disease
	Alveolar Lung Disease
	Atelectasis and Airway and Obstructive Lung Disease

	Solitary and Multiple Pulmonary Nodules
	Neoplasms
	Chest Trauma
	Infection
	Congenital Lung Disease
	Pulmonary Vascular

	Diseases of the Chest Wall
	Chest Wall, Pleura, and Diaphragm

	Diseases of the Mediastinum

	Chest Pain
	Chest Trauma
	Definitions/Pathology/Histopathology
	Clinical Presentation
	Imaging and Diagnosis
	Nuclear Medicine
	Interventional Radiological Treatment
	Bibliography

	Chest, Neonatal
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Chest, Thromboembolic Diseases
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Chiari Malformation
	Child Abuse
	Children, Imaging Techniques
	Definition
	Pathology
	Imaging
	Projection Radiography (Plain Films)

	Fluoroscopy
	Computed Tomography
	Ultrasound
	Colour Doppler and Doppler Interrogation
	Magnetic Resonance Imaging

	Nuclear Medicine
	Diagnosis
	Bibliography

	Chloroma
	Cholangiocarcinoma, CC
	Cholangiocellular Carcinoma, CCC
	Cholangiography
	Cholangitis
	Synonyms
	Definition
	Pathology/Histopathology
	Cholangitis, Bacterial
	Cholangitis, Sclerosing Primary
	Cholangitis, Recurrent Pyogenic

	Clinical Presentation
	Cholangitis, Bacterial
	Cholangitis, Sclerosing Primary
	Cholangitis, Recurrent Pyogenic

	Imaging
	Cholangitis, Bacterial
	Cholangitis, Sclerosing Primary
	Cholangitis, Recurrent Pyogenic

	Nuclear Medicine
	Cholangitis, Bacterial

	Diagnosis
	Cholangitis, Bacterial
	Cholangitis, Sclerosing Primary
	Cholangitis, Recurrent Pyogenic

	Bibiliography

	Cholangitis due to Scolicidal Agents
	Cholangitis, Acute
	Cholangitis, Ascending
	Cholangitis, Bacterial
	Cholangitis, Chemotherapy-induced
	Cholangitis, Eosinophilic
	Cholangitis, Fungal Infection
	Cholangitis, Ischemic after Liver Transplantation
	Cholangitis, Recurrent Pyogenic
	Cholangitis, Sclerosing Primary
	Cholecystitis
	Synonyms
	Definition
	Pathology and Histopathology
	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Emphysematous
	Cholecystitis, Chronic
	Cholecystitis, Xanthogranulomatous

	Clinical Presentation
	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Emphysematous
	Cholecystitis, Chronic
	Cholecystitis, Xanthogranulomatous

	Imaging
	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Emphysematous
	Cholecystitis, Chronic
	Cholecystitis, Xanthogranulomatous

	Nuclear Medicine
	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Chronic

	Diagnosis
	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Emphysematous
	Cholecystitis, Chronic
	Cholecystitis, Xanthogranulomatous

	References

	Cholecystitis, Acute
	Cholecystitis, Acute, Acalculous
	Cholecystitis, Chronic
	Cholecystitis, Emphysematous
	Cholecystitis, Gangrenous
	Cholecystitis, Necrotizing
	Cholecystitis, Xanthogranulomatous
	Cholecystography
	Cholecystoses
	Synonyms
	Definition
	Pathology and Histopathology
	Adenomyomatosis, Gallbladder
	Cholesterolosis, Gallbladder
	Porcelain Gallbladder

	Clinical Presentation
	Adenomyomatosis, Gallbladder, Cholesterolosis, Gallbladder
	Porcelain Gallbladder

	Imaging
	Adenomyomatosis, Gallbladder
	Cholesterolosis, Gallbladder
	Porcelain Gallbladder

	Nuclear Medicine
	Cholesterolosis, Gallbladder
	Porcelain Gallbladder

	Diagnosis
	Adenomyomatosis, Gallbladder
	Cholesterolosis, Gallbladder
	Porcelain Gallbladder

	Bibliography

	Cholecystosis, Hyperplastic
	Choledochal Cyst Type V
	Choledochal Cysts
	Choledochocele
	Cholestasis
	Cholesterolosis, Gallbladder
	Chondroblastoma
	Chondrocalcinosis
	Chondrolysis (of Cartilage)
	Chondrosarcoma
	Chronic Bronchitis
	Chronic Cystic Mastitis
	Chronic Intestinal Pseudo Obstruction
	Chronic Liver Disease
	Chronic Lung Disease of Prematurity
	Chronic Lymphatic Thyroiditis
	Chronic Obstructive Pulmonary Disease (COPD)
	Chronic Polyarthritis
	Chronic Thromboembolic Pulmonary Hypertension (CTEPH)
	CIN
	Circumferential Resection Margin
	Circumscribed Carcinoma
	Cirrhosis, Hepatic
	Synonyms
	Definition
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Ultrasound
	Computed Tomography
	Magnetic Resonance

	Interventional Radiology
	Diagnosis
	Bibliography

	Classification of the American College of Radiology (ACR)
	Claudication Brachial
	Synonyms
	Definition
	Pathology
	Clinical Presentation
	Bibliography

	CLD
	Clear Cell Renal Carcinoma
	Cleft Lip, Palate, and Alveolus Defects
	Cloaca
	Clonorchiasis
	Closed Loop Obstruction
	Clubbed Digits
	CM
	CNS
	CNS Toxicity
	Coarse Liver
	Coating of Ultrasound Contrast Media
	Cobb Angle
	Codman's Angle
	Coiling
	Colic
	Colic, Acute, Renal
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Colitis, Ulcerative
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Endoscopy
	Conventional Radiographs
	Cross-Sectional Imaging: Ultrasonography, Computed tomography, and Magnetic Resonance Imaging

	Nuclear Medicine
	Treatment

	Bibliography

	Collateral Phenomenon
	Collimator
	Colloid Carcinoma
	Coloboma
	Colon, Postoperative
	Synonyms
	Paralytic Ileus
	Clinical Presentation
	Imaging
	Anastomotic Leak
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Tumour Recurrence
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Bowel Obstruction
	Clinical Presentation
	Imaging
	Crohn's Disease
	Clinical Presentation
	Imaging
	Bibliography

	Colonic Atresia
	Colonoscopy
	Color Doppler Ultrasound
	Colorectal Adenomas
	Colorectal Cancer
	Colovescical Fistula
	Colpocystogram
	Column of Bertin
	Columnar Lined Oesophagus
	Comedomastitis
	Communicating Dissection
	Compartment Anatomy
	Complex Cyst
	Complex Partial Epilepsy (CPE), Focal Epilepsy: Temporal lobe epilepsy (TLE): TLE accounts for approximately 70% of all chroni
	Complex Regional Pain Syndrome
	Complex Sclerosing Lesion
	Complicated Cyst
	Complication of Kidney Graft
	Compression, Extrinsic, Esophagus
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Compression, Extrinsic, Stomach and Duodenum
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Computed Radiography (CR)
	Computed Tomographic Colonography
	Computed Tomography
	Congenital (or Dysgenetic) Pancreatic Cyst
	Congenital Abnormalities, Pancreatic
	Synonyms
	Definitions
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Congenital Adrenal Hyperplasia
	Congenital Anomalies of the Pancreas
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Anomalies of the Uterus
	Congenital Anomalies or Malformations of the Urinary Tract
	Congenital Abnormalities, Splenic
	Synonyms
	Definition
	Pathology and Histopathology
	Accessory Spleen
	Shape Abnormalities
	Abnormal Location
	Spleno-Gonadal Fusion and Spleno-Renal Fusion
	Wandering Spleen
	Asplenia and Polysplenia
	Splenic Atrophy

	Clinical Presentation
	Imaging
	Accessory Spleen
	Shape Abnormalities
	Spleno-Gonadal Fusion and Spleno-Renal Fusion
	Wandering Spleen
	Polysplenia and Asplenia

	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Cystic Adenomatoid Malformation
	Congenital Diaphragmatic Hernia (CDH)
	Congenital Duplication Cyst
	Congenital Heart Disease and Great Vessel Disease, MRI
	Definition
	Pathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Management
	Bibliography

	Congenital Hepato‐Biliary Anomalies
	Congenital Lesions�of�the Adrenal�Gland
	Congenital Lobar Emphysema
	Congenital Lymphatic Malformation
	Congenital Malformations, Adrenals
	Synonyms
	Definition
	Histology/Pathology
	Abnormalities in Embryogenesis
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Congenital Malformations, Bile Ducts
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Bone
	Synonym
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Cerebellar
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Congenital Malformations, Cerebral (Neuro View)
	Synonyms
	Definition
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Posterior Fossa Malformations
	Cystic Posterior Fossa Malformations
	Callosal or Commissural Malformations
	Disorders of Diverticulation or Cleavage Disorders

	Diagnosis
	Bibliography

	Congenital Malformations, Cerebrum
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Diagnosis
	Bibliography

	Congenital Malformations, Liver and Biliary Tract
	Synonyms
	Definition
	Introduction
	Pathology and Histopathology
	Biliary Atresia
	Alagille Syndrome
	Choledochal Cysts
	Congenital Hepatic Fibrosis
	Polycystic Liver Disease
	Gallbladder Anomalies

	Clinical Presentation
	Biliary Atresia
	Alagille Syndrome
	Choledochal Cysts
	Congenital Hepatic Fibrosis
	Polycystic Liver Disease
	Gallbladder Anomalies

	Imaging
	Biliary Atresia
	Alagille Syndrome
	Choledochal Cysts
	Congenital Hepatic Fibrosis
	Polycystic Liver Disease
	Gallbladder Anomalies

	Nuclear Medicine
	Biliary Atresia
	Alagille Syndrome
	Choledochal Cysts

	Diagnosis
	Biliary Atresia
	Alagille Syndrome
	Choledochal Cysts
	Congenital Hepatic Fibrosis
	Polycystic Liver Disease
	Gallbladder Anomalies

	Bibliography

	Congenital Malformations, Musculoskeletal System
	Congenital Malformations of the Hip
	Congenital Malformations of the Limbs
	Congential Malformations of the Head and Neck
	Congenital Malformations of the Spine
	Malformations of the Chest�Wall
	Osteochondrodysplasias
	Bibliography

	Congenital Malformations, Neck
	Definitions
	Pathology/Histopathology
	Branchial Arch Anomalies
	Vascular Anomalies
	Thyroid Malformations
	Laryngeal Malformations
	Dysontogenetic Tumors or Tumor-Like Conditions

	Clinical Presentation
	Branchial Arch Anomalies
	Vascular Anomalies
	Thyroid Malformations
	Laryngeal Malformations
	Dysontogenetic Tumors or Tumor-Like Conditions

	Imaging
	Branchial Arch Anomalies
	Vascular Anomalies
	Thyroid Malformations
	Laryngeal Malformations
	Dysontogenetic Tumors or Tumor-Like Conditions

	Nuclear Medicine
	Diagnosis
	Branchial Cleft Anomalies
	Vascular Anomalies
	Thyroid Malformations
	Laryngeal Malformations
	Dysontogenetic Tumors or Tumor-Like Conditions

	Interventional Radiologic Treatment
	Bibliography

	Congenital Malformations, Nose and Paranasal Sinus
	Definition
	Pathology/Histopathology
	Anomalies Related to the Nasal Cavity
	Anomalies Related to the Nasolacrimal Apparatus
	Anomalies Related to the Nasofrontal Region
	Craniofacial Malformations

	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Oral Cavity
	Definition
	Pathology/Histopathology
	Cleft Lip, Palate, and Alveolus Defects
	Developmental Anomalies of the Tongue
	Vascular Anomalies of the Oral Cavity
	Developmental Disturbances of the Teeth
	Developmental Tooth Structure Disturbances
	Dysontogenetic Tumors or Tumorlike Conditions

	Clinical Presentation
	Cleft Lip, Palate, and Alveolus Defects
	Developmental Anomalies of the Tongue
	Vascular Anomalies
	Developmental Disturbances of the Teeth
	Developmental Tooth Structure Disturbances
	Dysontogenetic Tumors or Tumorlike Conditions

	Imaging
	Cleft Lip, Palate, and Alveolus Defects
	Developmental Anomalies of the Tongue
	Vascular Anomalies
	Developmental Disturbances of the Teeth
	Developmental Tooth Structure Disturbances
	Dysontogenetic Tumors or Tumorlike Conditions

	Nuclear Medicine
	Diagnosis
	Cleft Lip, Palate, and Alveolus Defects
	Developmental Anomalies of the Tongue
	Vascular Anomalies
	Dysontogenetic Tumors or Tumorlike Conditions

	Interventional Radiologic Treatment
	Bibliography

	Congenital Malformations, Orbit
	Synonyms
	Definition, Pathology/Histopathology
	Clinical Presentation
	Diagnosis
	References

	Congenital Malformations, Spine and Spinal Cord
	Synonyms
	Definition
	Pathology
	Myelomeningocele
	Myelocele
	Hemimyelocele and Hemimyelomeningocele
	Lipomyelocele and Lipomyelomeningocele
	Meningocele
	Myelocystocele
	Intradural and Intramedullary Lipoma
	Filar Lipoma
	Tight Filum Terminale
	Dermal Sinus
	Persistent Terminal Ventricle
	Diastematomyelia
	Caudal Agenesis Syndrome
	Segmental Spinal Dysgenesis

	Clinical Presentation
	Imaging
	Bibliography

	Congenital Malformations, Splenic
	Synonyms
	Definitions
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Temporal Bone
	Definitions
	Pathology/Histopathology
	Microtia, Stenosis, or Atresia of the External Auditory Canal
	Ossicular Abnormalities
	Oval Window Atresia
	Congenital Cholesteatoma
	Michel Aplasia
	Common Cavity Deformity
	Cochlear Aplasia and Cochlear Hypoplasia
	Mondini Deformity
	Semicircular Canal Aplasia and Dysplasia
	Large Vestibular Aqueduct Syndrome
	Aplasia and Hypoplasia of the Vestibulocochlear Nerve
	Vascular Variants

	Clinical Presentation
	Microtia, Stenosis or Atresia of the External Auditory Canal
	Ossicular Abnormalities and Oval Window Atresia
	Congenital Cholesteatoma
	Michel Aplasia, Common Cavity Deformity, and Cochlear Aplasia
	Cochlear Hypoplasia
	Semicircular Canal Aplasia and Dysplasia
	Mondini Deformity
	Large Vestibular Aqueduct Syndrome
	Aplasia and Hypoplasia of the Vestibulocochlear Nerve
	Vascular Variants

	Imaging
	Microtia, Stenosis, or Atresia of the External Auditory Canal
	Ossicular Abnormalities
	Oval Window Atresia
	Congenital Cholesteatoma
	Michel Aplasia
	Common Cavity Deformity
	Cochlear Aplasia and Cochlear Hypoplasia
	Mondini Deformity
	Semicircular Canal Aplasia and Dysplasia
	Large Vestibular Aqueduct Syndrome
	Aplasia and Hypoplasia of the Vestibulocochlear Nerve
	Vascular Variants

	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Thymus
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Congenital Malformations, Thyroid, and Functional Disorders
	Synonyms
	Definition
	Pathology and Histology
	Development and Hormonogenesis
	Congenital Abnormalities


	Clinical Presentation
	Functional Disorders

	Imaging
	X-ray
	Thyroid Ultrasound
	Thyroid Scintigraphy
	Cross Sectional Imaging

	Diagnosis
	Bibliography

	Congenital Malformations, Tracheobronchial Tree
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Congenital Malformations, Vascular, Brain
	Synonyms
	Definition
	Pathology/Histopathology
	Pathogenesis

	Clinical Presentation
	Imaging
	Cavernous Angioma
	Developmental Venous Anomaly
	Capillary Telangiectasia
	Arteriovenous Malformation

	Diagnosis
	Bibliography

	Congenital Metabolic Disorders
	Congenital Neonatal Pneumonia
	Congenital Scoliosis
	Congenitally Short Pancreas
	Congential Malformations, Genitourinary Tract; Including Ureter and Urethra
	Synonyms
	Definition
	Imaging
	Diagnosis
	Bibliography

	Congential Malformations, Mullerian Duct
	Synonyms
	Definition
	Pathology
	Clinical Presentation
	Imaging
	Diagnosis
	Class I Anomalies
	Class II Anomalies
	Class III Anomalies
	Class IV Anomalies
	Class V Anomalies
	Class VI Anomalies
	Class VII Anomalies

	Bibliography

	Congestive Cardiac Cirrhosis
	Connective Tissue Disorders, Gastrointestinal Tract
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Barium Examination
	Computed Tomography

	Diagnosis
	Bibliography

	Connective Tissue Disorders, Musculoskeletal System
	Synonyms
	Definition
	Pathology/Histopathology
	Systemic Lupus Erythematosus
	Clinical Presentation
	Imaging
	Signs and Patterns in SLE

	Diagnosis

	Systemic Scleroderma
	Clinical Presentation
	Imaging
	Diagnosis

	Overlap Syndromes, Mixed Connective Tissue Disease
	Definition
	Clinical Presentation
	Imaging
	Diagnosis

	Idiopathic Inflammatory Myopathies
	Definition
	Clinical Presentation
	Imaging
	Diagnosis

	Bibliography

	Connectivitis
	Conservative Breast Surgery
	Conservative Surgical Therapy
	Contrast Media, Ultrasound, Phase Modulation
	Bibliography

	Continuous Diaphragm Sign
	Contour Wall Alteration
	Contrast Echo
	Contrast Echocardiography
	Contrast Enhancement
	Contrast Induced Nephrotoxicity
	Contrast Induced Renal Dysfunction
	Contrast Induced Renal Failure
	Contrast Media MR, Organ�Specific
	Synonyms
	Definition
	Mangafodipir Trisodium “Teslascan”
	Gadobenate Dimeglumine “MultiHance”
	Gadoxetic Acid

	Indication
	Contraindication
	Mangafodipir
	Gadobenate Dimeglumine
	Gadoxetic Acid

	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, Barium
	Introduction
	Definitions
	Barium and Barium Salts
	General Information on Barium Sulphate Contrast Media
	Parameters and Characteristics of the Dispersed Phase
	Grain Size and Sedimentation Rate
	Grain Size and Particle Surface
	Grain Size and Viscosity


	Typology of Commercially Available Barium Sulphate Contrast Media
	Main Features of Barium Sulphate Contrast Media
	Conclusion
	Availability of Barium Contrast Media
	Use of Barium Contrast Media

	Bibliography

	Contrast Media, Extravasation
	Definition
	Characteristics
	Risk Factors
	Patient Factors
	Contrast Media Type and Volume
	Factors Due to Injection Technique

	Mechanism
	Presentation
	Treatment

	Conclusions
	Bibliography

	Contrast Media, Iodinated
	Attenuation
	Administration—Dose
	Administration—Extravasation
	Adverse Reactions
	Radiation Versus Contrast Media
	Adverse Reactions to Water&dash;Soluble Contrast Agents
	Acute Nonrenal Adverse Reactions
	Delayed Nonrenal Adverse Reactions to�Contrast Media
	Renal Adverse Reactions to�Contrast�Media

	Interactions

	Contrast Media, Iodinated, Applications in Conventional Radiography and CT
	Synonyms
	Definition
	Indication
	Contraindications
	Iodinated Contrast Media

	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, Iodinated, Dose, and Administration
	Definition
	Characteristics
	Administration

	Use and Dosage
	Uses
	Dosing

	Bibliography

	Contrast Media, Iodinated, Interactions with Drugs
	Drugs that will be Retained in the Body Because of Reduction in Renal Function Induced by Contrast Media
	Drugs that Enhance the Renal Effects of�Contrast Media
	Drugs that Enhance Allergy Like Reactions to Contrast Media
	&beta;-Blockers
	Interleukin-2
	Hydralazine

	Drugs that Interfere with the Hematological Effects of Contrast Media
	Effects of Contrast Media on Coagulation
	Effects of Contrast Media on Fibrinolysis

	Contrast Media and Drugs Acting on the Central Nervous System
	Drugs that Enhance the Effects of Contrast Media on the Heart
	Effects of Contrast Media on Isotope Studies
	Mixing Contrast Media with Other Drugs
	Effects of Contrast Media on Biochemical Assays
	Conclusion
	Bibliography

	Contrast Media, Iodinated, Oily
	Synonyms
	Definition
	Indications
	Sialography
	Myelography
	Hysterosalpingography
	Lymphangiography
	Liver Imaging
	Liver Chemoembolization


	Adverse Reactions
	Bibliography

	Contrast Media, Iodinated, Water Soluble
	Synonyms
	Definition
	Characteristics
	Chemical Composition and Classification
	Other Contents in Administered Contrast Material
	Pharmacodynamics
	Physiologic Effects of Contrast Media

	Bibliography

	Contrast Media, MRI, Blood Pool�Agents
	Synonyms
	Definition
	Indication
	General Aspects
	Angiography
	Perfusion
	Tumor Imaging
	Gastrointestinal Hemorrhage
	Plaque Imaging

	Contraindication
	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, MRI, Gadolinium Derivates
	Synonyms
	Definition
	Indication
	Pregnancy/lactation
	Use and dosage
	Adverse Reactions
	Interactions
	References

	Contrast Media, MRI, Oral Agents
	Definition
	Indication
	Contraindication
	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, MRI, Organ Specific
	Bibliography

	Contrast Media, MRI, RES Specific Iron Oxide Particles
	Definition
	Indication
	Contraindication
	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, Ultrasound, Amplitude Modulation
	Bibliography

	Contrast Media, Ultrasound, Applications in Blunt Abdominal Trauma
	Synonyms
	Definition
	Introduction
	Contrast Agents and Parenchymal Trauma
	Active Bleeding
	Clinical Role
	Bibliography

	Contrast Media, Ultrasound, Applications in Echocardiography
	Synonyms
	Definition
	Characteristics
	Bibliography

	Contrast Media, Ultrasound, Applications in Focal Splenic Lesions
	Synonyms
	Definition
	Characteristics
	Introduction

	Focal Splenic Lesions
	Congenital Lesions
	Cystic Lesions
	Haemangiomas
	Hamartomas
	Lymphangioma
	Lymphoma
	Metastases
	Splenic Infarction
	Splenic Abscesses
	Heterogeneous Splenic Echotexture

	Summary
	Bibliography

	Contrast Media, Ultrasound, Applications in Kidney Tumor
	Synonyms
	Definition
	Characteristics
	Pathology
	Imaging
	Normal Kidney
	Cysts, Abscesses, and Infarctions
	Tumors, Malignant
	Tumors, Benign

	Diagnosis

	Bibliography

	Contrast Media, Ultrasound, Applications in Transcranial and Intra-Operative Brain Ultrasound
	Synonym
	Definition
	Imaging
	Macrovascular Imaging
	Microvascular Imaging
	Intraoperative Applications

	Interventional Radiological Treatment
	Therapeutic Applications
	Sonothrombolysis
	Sonoporation


	Bibliography

	Contrast Media, Ultrasound, Applications in Vesico-ureteral Reflux
	Synonyms
	Definition
	Indication
	Evolvement of US for Diagnosis of VUR
	Diagnosis of VUR Using US Contrast Media
	Selection Criteria for VUS

	Contraindication
	Pregnancy/Lactation
	Use and Dosage
	VUS Procedure
	VUS Imaging Modalities
	Dosage of US Contrast Media for VUS

	Adverse Reactions
	Interactions
	References

	Contrast Media, Ultrasound, Commercial Products
	Synonyms
	Definition
	Indication
	Echocardiography
	Vascular Imaging

	Parenchymal Vascularity and Perfusion
	Commercial Products

	Contraindication
	Pregnancy/Lactation
	Use and Dosage
	Adverse Reactions
	Interactions
	Bibliography

	Contrast Media, Ultrasound, Hepatic
	Synonyms
	Definition
	Introduction
	US Contrast Agents for Liver Imaging
	Indications and Clinical Use
	Bibliography

	Contrast Media, Ultrasound, High Solubility Gas
	Synonyms
	Definitions
	Characteristics
	Bibliography

	Contrast Media, Ultrasound, Influence of Shell�on Pharmacology and Acoustic Properties
	Synonyms
	Definition
	Characteristics
	1.1 Reduction of Gas Exchange
	1.2 Preventing Aggregation and Fusion of Microbubbles
	1.3 Shell Surface and Microbubble Targeting
	1.4 Influence of Shell on Elastic and Acoustic Properties

	Contrast Media, Ultrasound, Low Solubility Gas
	Synonyms
	Definitions
	Characteristics
	Bibliography

	Contrast Media, Ultrasound, Multipulse Techniques
	Contrast Media, Ultrasound, New Clinical Development
	Synonyms
	Definition
	Indication
	Use and Dosage
	Adverse Reactions
	References

	Contrast Media, Ultrasound, Safety and Adverse Reactions
	Synonym
	Definition
	Indication
	Contraindications
	Pregnancy/Lactation
	Dosage
	Adverse Reactions
	Bibliography

	Contrast Microbubbles
	Contrast Reactions
	Contrast Reversal
	Contrast Specific Imaging Techniques
	Contrast‐Enhanced Echocardiography
	Contrast‐Enhanced Reflux Sonography
	Contrast‐Enhanced Sonography in Abdominal Trauma
	Contrast‐Enhanced Ultrasound (US) of the Liver
	Contrast‐Enhanced Ultrasound Imaging of the Brain
	Contrast‐Enhanced Ultrasound in Abdominal Trauma
	Contrast‐Enhanced Ultrasound of the Spleen
	Contrast‐Enhanced Voiding Urosonography (VUS)
	Contrast&dash;Specific Imaging
	Contrast&dash;enhanced CT or MRI in ACKD
	Contusion, Breast
	Contusion, Hepatic
	Conventional Defecography ‐ Evacuation Proctography
	Conventional Renal Carcinoma
	Core Needle Biopsy
	Coronary Angiography
	Coronary Angioplasty
	Coronary Artery Bypass Surgery
	Coronary Artery Disease
	Coronary Artery Steal
	Coronary Artery Stenosis
	Coronary Stent
	Corpus Cavernosum, Thrombosis
	Synonym
	Definition
	Clinical Presentation
	Imaging

	Corpus Luteum Cysts
	Coxa Valga
	Coxa Vara
	CPPD
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Conventional Radiography
	Computed Tomography and Magnetic Resonance Imaging


	Nuclear Medicine
	Diagnosis
	Cartilage
	Synovium and Capsule
	Tendons, Ligaments, and Bursae
	Other Extra-Articular Soft Tissues

	Bibliography

	CR
	Cranial Nerves
	Cranial Settling
	Craniopharyngioma
	Crazy Paving
	CREST
	Cretinism
	CRM
	CRMO
	Crohn Disease
	Synonyms
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Treatment
	Key Points
	Bibliography

	Cross-sectional Imaging
	Crossing Artery
	Crouzon Syndrome
	Cryotherapy, Hepatic Tumours
	Cryptococcosis
	Cryptorchidism
	CSF
	CT
	CT Angiogram Sign
	CT Dentascan
	CTA
	CTAP
	CTC
	Cubital Tunnel Syndrome
	Cup-and-Saucer Deformity
	Cushing's Syndrome
	Cutaneous Lesions, Breast
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Mammography
	Sonography
	Magnetic Resonance Mammography
	Percutaneous Biopsy
	Bibliography

	Cutaneous Necrosis at the Finger Tips Like Rat Bites
	Cyclopia And Synophthalmia
	Cyst, Breast
	Definition
	Pathology
	Clinical Findings
	Imaging
	Mammography

	Ultrasound
	Magnetic Resonance Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Cysts, Cerebral and Cervical, Childhood
	Synonyms
	Definition
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Cyst, Posttraumatic
	Cystadenoma
	Cystic Dilatation of the Renal Tubules (1–3)
	Cystic Disease of the Renal Pyramids
	Cystic Disease, Renal Childhood (MCDK, PCKD)
	Synonyms
	Definition
	Embryology and Pathogenesis
	Clinical Presentation
	Imaging
	Imaging Strategy
	Diagnosis
	Bibliography

	Cystic Duct Anomalies
	Cystic Duct Cyst
	Cystic Fibrosis
	Synonym
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Interventional Radiological Treatment
	Bibliography

	Cystic Fibrosis
	Cystic Hygroma
	Cystic Hygroma, Branchial Cleft Cyst
	Cystic Hyperplasia
	Cystic Kidney Disease
	Cystic-Like Lesions, Hepatic
	Definition
	Pathology and Histopathology
	Simple Cysts (Bile Duct Cysts)
	Polycystic Liver Disease
	Biliary Hamartoma
	Caroli's Disease

	Clinical Presentation
	Simple Cysts
	Polycystic Liver Disease
	Biliary Hamartoma
	Caroli's Disease

	Imaging
	Simple Cysts
	Polycystic Liver Disease
	Biliary Hamartoma
	Caroli's Disease
	Nuclear Medicine

	Diagnosis
	Bibliography

	Cystic Mastopathy
	Cystic Neoplasms, Pancreatic
	Synonyms
	Definitions
	Pathology and Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	References

	Cystic Nephroma
	Cystic Pancreatic Tumors
	Cystic Renal Disease, Acquired
	Definition
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Ultrasonography and Color Doppler Ultrasound
	CT and MRI
	Angiography

	Nuclear Medicine
	Diagnosis
	Bibliography

	Cystic Teratoma
	Cystitis
	Definition
	Pathology/Histopathology
	Infectious Cystitis
	Noninfectious Cystitis
	Chronic Cystitis

	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Cystocele
	Cystosarcoma Phyllodes
	Cyst, Follicular, Ovarium
	Synonyms
	Definitions
	Pathology/Histopathology
	Clinical Presentation
	Imaging
	Nuclear Medicine
	Diagnosis
	Bibliography

	Cytochrome c



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




