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Preface

We are proud to offer this unique textbook, the first in
its class presenting state-of-the-art radiologic images of
the entire body correlated with underlying pathology.
This book is based on a categorical course presented for
3 years at recent European Congresses of Radiology and
covers from head to toe, key aspects of human disease
lending themselves well to the correlation of modern
imaging techniques with microscopic and gross pathol-
ogy. Obviously, the most suitable candidate for radio-
logic–pathologic correlation is the study of neoplasms,
since they are resected ideally in toto and therefore offer
excellent gross–imaging comparisons.Although there is
a wealth of educational material based on radiolog-
ic–pathologic correlation, not until now has there been
a comprehensive textbook that offers in a single source
a compendium of topics such as that between these 
covers.

The concept of radiologic–pathologic correlation
was born in 1947 with the establishment of the Radio-
logic Pathology Department and Registry at the Armed
Forces Institute of Pathology in Washington, DC. This
method has become a key teaching tool to understand
the radiological manifestations of disease, initially on
plain films and later with cross-sectional techniques.
With the advent of computed tomography and magnet-
ic resonance imaging, precise correlation between im-
aging and the underlying pathology became possible
throughout the entire body. For decades now, genera-
tions of radiology residents from North America, and
more recently from many other regions of the world,
have enjoyed the quiet revolution in radiology teaching
offered by radiologic–pathologic correlation, since this
method demonstrates not only the “how” but also the
“why” of the radiologic findings.

The success of courses on radiologic–pathologic cor-
relations at venues such as the European Congress of

Radiology, The International Congress of Radiology,
The Radiological Society of North America Assembly,
among others made us believe that radiologists, as well
as pathologists and other specialists, would enjoy hav-
ing in a single source the best of class in this education-
al method. This book is indeed a global effort since it as-
sembles the leading authorities in all major organ
systems who use radiologic–pathologic correlation as a
research and teaching method. Many of the chapter au-
thors have dedicated the bulk of their professional life to
educating radiologists throughout the world using this
method. There are experts from 12 European countries
and the USA. All the United States authors and many of
the European ones have direct or indirect links with the
Armed Forces Institute of Pathology, having served
there as full-time faculty, distinguished lecturers or re-
searchers in radiologic–pathologic correlation.

This textbook is divided in the main organ systems
including neuroradiology, head and neck, chest, abdom-
inal–gastrointestinal, urogenital, musculoskeletal and
breast imaging. In each one of these organ systems the
topics most salient to radiologic–pathologic correlation
are discussed in a systematic fashion, in many cases em-
phasizing the study of benign and malignant neo-
plasms. This book is intended to be used as a working
guide to assist radiologists in their daily practice when
difficult cases are encountered. It should also help phy-
sicians in training to learn imaging findings not by
memory but through the knowledge of the pathologic
basis of disease. Finally, we hope that the readers will
enjoy the high-resolution images and the many color
prints of the specimens.

Nicholas C. Gourtsoyiannis, MD
Pablo R. Ros, MD, MPH
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viruses is classic: they cause anterior poliomyelitis but
mild systemic illness.

In most circumstances, when the patient survives, se-
rious sequelae commonly remain after resolution of the
acute phase.

Moreover, the deficiency in complex immune re-
sponses frequently induces CNS stereotyped responses
whose pattern is related to the seriousness of the inva-
sion more than to the specific agent involved.

On the other hand, different reactions to the same
agent are commonly observed, according to the
patient’s immune status.

Only a strict partnership with neurologists and in-
fectious disease specialists can clarify the clinical back-
ground, and this must be considered mandatory. Never-
theless, some pathology pictures are so typical that MRI
can make the dream of seeing into a living body come
true.

Think about MRI’s unique ability to show all phases,
the morphology, the volume, signal characteristics (the
last-named providing inestimable data on water, pro-
tein content, BBB consistence, etc.) of the infectious pro-
cess, e.g., a classic skull base tuberculosis, or a cerebritis
evolving toward a mature abscess. If the inner workings
are visible the advancement of the process can be
stopped, sometimes by simply adopting the right antibi-
otic drug.

These are the reasons why neuroradiology is a major
tool in today’s diagnostic and follow-up protocol of the
infectious patient.

Classification of Microorganisms

The agents causing CNS diseases are classified into
pathogens and opportunists. The first are able to pro-
duce illness in immunocompetent people, whereas op-
portunistic agents affect hosts with some degree of im-
munodeficiency, from a wide variety of causes, most
frequently AIDS.

Microorganisms are living agents, with a simple
structure and small size, generally under microscopic
resolution.

Introduction

The increasing sensitivity and specificity of the latest
generations of medical modalities, magnetic resonance
imaging (MRI) above all, are filling the gap between pa-
thology and in-vivo imaging. The pathological lesion is
always our gold standard, but the contemporary MRI
image appears so closely related to it that diagnosis, the
probable etiology, the lesion’s advance over time, the an-
swer (or missing answer) to medical therapy, timely
planning of surgery become possible.

The primary limit to this approach is the relative lack
of specificity, above all in terms of etiology. Often we
can handle no more than suggestions, most coming
from anamnesis, medical examination, clinical consid-
erations, and laboratory reports.

The justification of this phenomenon is a matter of
complex understanding.

Although the blood–brain barrier (BBB) protects
and serves the CNS very effectively, behind it no factual
immune system is present (only a few primitive macro-
phagic functions are accomplished by microglia). When
the BBB discontinues its remarkable action, the CNS
sancta sanctorum has almost no resistance to external
infectious agents. Invasions are extremely ruinous:
many infections can have fatal consequences if they
reach the CNS, whereas the same organisms cause banal
infections in the rest of the body. The example of polio-
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4 Cosma F. Andreula

Protozoa are unicellular agents with nucleus and cy-
toplasm (they may be low-s spirilla), frequently para-
sites of other organisms. In unfavorable conditions they
produce a defensive wall, forming a cyst effective for
their survival.

The most widely known protozoa, Entamoeba and
Trypanosoma, rarely affect the CNS, while Toxoplasma
gondii, an obligatory intracellular parasite, very fre-
quently infects people of the Western world, staying
alive and hidden in the CNS and becoming a pathogen
in the case of immunodeficiency.

Mycetes or fungi are infectious for humans and ani-
mals as molds with long filaments (hyphae) or yeasts
with spherical or ovoid morphology, reproducing by
gemmation.

The most frequent pathogenic fungi are Coccidioides
and Histoplasma. The most frequent saprophyte fungi
are Cryptococcus, Candida and Aspergillus, pathogenic
in immune deficiency.

Bacteria are generally unicellular elements, distin-
guished in Gram-positive or Gram-negative tests by
their color-reaction response. They have different
shapes: spherical (cocci are Gram-positive such as
streptococci and staphylococci or Gram-negative such
as Neisseria meningitidis), rod-shaped (such as acid–al-
cohol-resistant mycobacteria), helical (such as spirilla),
and curved (such as vibriones).

Spirochetes differ from bacteria by the presence of
flexible coiled filaments: among them are Borrelia (the
agent of Lyme disease), Treponema (the agent of syphi-
lis or lues), pathogens with CNS predilection.

Rickettsiae are visible unicellular microorganisms,
obligatoryintracellular parasites, necessarily carried by
vectors (arthropods).

Viruses are subcellular agents, with a nucleic acid
core wrapped in a proteic envelope. They lack their own
energy sources and need host cells to regenerate.

The classification of viruses is in permanent revi-
sion: grossly we divide pathogenic viruses into RNA and
DNA forms, with families, genera and types.

For example, herpes simplex, the agent of the necrot-
ic hemorrhagic meningoencephalitis, is a DNA virus of
the Herpesviridae family, genus Simplex, type 1.

Classification of unconventional agents is still not
completely understood: they should be formed only by
proteic material, such as prions (Creutzfeldt-Jakob dis-
ease, kuru) or by nucleic acid, such as viroids.

Apart from microorganisms there are the helminths,
whose infestations (the best way to describe of these in-
fections) are very frequent. Cestodes are the most fre-
quent, inducing cysticercosis (Taenia solium can con-
clude its own parasitic cycle in humans, in such a case
the definitive host) and echinococcosis (for which hu-
mans are an accidental host).

Routes of Infection

Access to the CNS by nonviral infectious agents is diffi-
cult. The skull provides an effective shield from outside
penetration. Dura mater meninges resist for a consider-
able period, while the arachnoid membranes act as a
barrier, with the outer layer of endothelial cells, and as a
cellular immunity complex, by virtue of their lympho-
cytes and reticuloendothelial cells, disseminated in sub-
arachnoid spaces and perivascular Virchow–Robin
spaces (along cerebral vessels). The pia mater covering
the cortical surface of the brain is a temporary barrier
for germs.

The blood route is the most frequent entrance path,
directly through cerebral and meningeal vessels, or in-
directly, after a choroid plexus infection.

Today the spread of infection from the paranasal si-
nuses and the ear’s pneumatized cavities, by erosion of
the thin bone layer, and the dura, ultimately reaching
the brain, is less frequent.

Interruptions of the continuity of the skull by trauma
or surgical interventions could allow microorganisms
free access to the CNS, but hygienic and aseptic meas-
ures prevent such events.

Viruses gain access to the CNS mainly via the hema-
togenous route or via the neural route through the free
terminations of the olfactory nerves in the nasal muco-
sa. Other neural paths are used by obligatory neurotrop-
ic viruses, such as rabies or herpes, traveling along the
peripheral nerve up to the ganglion.

In certain diseases (HIV infection), viruses overcome
the blood–brain barrier concealed in monocyte–mac-
rophage line cells.

Other diseases, such as immune-mediate-dissemi-
nated acute and subacute encephalomyelitis, which are
increasing in frequency, have a different pathogenesis:
they are related to self-immune reactions.

During fetal life, the access to the CNS is hematoge-
nous through the transplacental circulation and – by
continuity – through the amniotic liquid.

Classification of Lesion

Infectious diseases of the CNS are arranged in diffuse
and focal forms.

The diffuse lesions are related to the involved com-
partment: meningitis, meningoencephalitis and en-
cephalitis.

The focal lesions are immature (cerebritis) or mature
(granuloma and abscess) forms, and cysts.

Leptomeningitides are caused by many microorgan-
isms, ranging from viruses to bacteria, often producing
age-related diseases. In neonates the most common
causative agents are B streptococcus, Escherichia coli,
and Listeria monocytogenes. Between 2 months and
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10 years of age, the most frequent agent is Haemophilus
influenzae, whereas in childhood Neisseria meningitidis
causes epidemic and nonepidemic forms.

The leptomeninges offer little resistance to infection,
because the cerebrospinal fluid is an optimal culture tis-
sue for germs.

Grossly (Fig. 1A) the brain surface is congested and
the basal cisterns of the brain are filled with creamy pus,
covering the vessels passing through. The process dif-
fuses to the adventitia and tunica media of the arteries,
causing stretching, deformation, stenosis and some-
times occlusion of the vessel. The arachnoid membrane
is rarely covered with pus, whereas the fissures and sul-
ci are filled. The subpial cortex is congested, but not as
in encephalitis. Pus is on the choroid plexuses, on the
ependymal lining of the ventricular walls or in flakes
floating in the CSF.

Histologically there are many polymorphonuclear
leukocytes mixed with bacteria, with little evidence of
inflammatory reaction of the brain.

In later stages mononuclear cells appear, derived
from the histiocytes of the meninges or coming from
the blood.

In chronic infections, fibroblasts proliferate and col-
lagen fibers invade the meningeal spaces, causing diffi-

cult circulation of the CSF, and consequently unfavorable
noncommunicating, extraventricular hydrocephalus.

Invasion of the arterial walls causes thrombosis with
malacia of the tributary territories, and/or septic embo-
lism with cerebrovascular disorders at the corticome-
dullary junctions.

Neuroradiologically (Fig. 1B), acute leptomeningitis
is revealed by the obliteration of the fissures and sulci,
sometimes dilated, giving a pseudo-atrophy appear-
ance. After contrast administration there is contrast en-
hancement of the spaces to a certain degree, closely re-
lated to the inflammatory reaction.Ventricular walls are
lined by contrast enhancement and the choroid plexus-
es are engulfed, dilated and markedly enhanced.

Ventricles are dilated with periventricular suffusion
for the delayed readsorption of the fluid for an unfavor-
able gradient. Ventricular CSF is hyperproteic.

The vessel walls in the basal cisterns are altered, with
enhanced wrapping. If the inflammatory infiltrative
vessel process determines thrombosis, an arterial in-
farct occurs, and if the cortical veins – running in the
sulci of the brain surface – are contaminated, venous in-
farct appears. Cerebral embolisms cause superficial is-
chemic zones, revealed by a gyriform pattern of the
contrast enhancement at the cortex.

Fig. 1A, B. Bacterial meningitis. A Neuropathology: the cisterns at
the base are filled with exudate covering cranial nerves and ves-
sels. The cortex appears mildly congested. B MRI T1 axial weight-
ed image (w.i.) after contrast administration: leptomeninges ap-

pear mildly contrast-enhanced. Difficult CSF circulation because
the exudate filling the basal cisterns provokes extraventricular hy-
drocephalus
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A common complication of bacterial meningitis is
subdural effusion revealed by a water-like collection
around the cerebral hemispheres, frequently with fron-
tal lobes and falx location, without contrast enhance-
ment of the medial border. On the contrary, marked en-
hancement of the membrane and mass effect should
point to subdural empyema.

Viral meningitides are very mild infections, with rare
neuroradiological signs. CT and MRI studies are very
frequently negative.

Chronic meningitides are caused by mycobacteria
(tuberculosis) and fungi (coccidioidomycosis, crypto-
coccosis).

CNS involvement by Mycobacterium tuberculosis or
Koch bacillus is almost always related to a pulmonary
focus that is frequently uncovered and produces granu-
lomatous leptomeningitis and intracerebral tuberculo-
mas.

The elementary lesion is the granuloma, with a small
caseous center, surrounded by lymphocytes and plasma
cells, with an intermediate zone containing epithelioid
cells and the classic Langhans giant cells. Defensive,
adequate response of the host leads to fibrosis and
calcifications. Otherwise an unfavorable evolution of
the lesion produces an increase in the caseous center, in-
efficient control of the capsule and diffusion of the pro-
cess.

If this undesirable situation occurs in the meningeal
tubercle, caseous material invades the subarachnoid
spaces, producing leptomeningitis.

Macroscopically (Fig. 2A), a grayish, gelatinous exu-
date fills the basal cisterns (prepontine, quadrigeminal,
sylvian spaces), with wrapping of cranial nerves and
vessels running in the CSF spaces; nodules, which ap-
pear later in the meninges involvement, are very un-
usual.

Microscopically lymphocytes, plasma cells and large
histiocytes are in a matrix of fibrin, with a tendency to
form tubercles with caseous center.

The process involves the walls of arteries and veins:
necrotizing arteritis is the lesion of the small vessels,
while in the medium-sized arteries the entire wall is in-
volved, with necrosis and formation of pseudoaneu-
rysms (and consequent hemorrhage in the case of rup-
ture).Vessel repair occurs with endothelial proliferation
and reduction of the diameter of the vessel up to occlu-
sion.

The chronic progression of leptomeningitis deter-
mines fibrosis of the exudate with difficult CSF circula-
tion, ventricular dilatation, and slowly increasing extra-
ventricular hydrocephalus.

Neuroradiologically (Fig. 2B), the inflamed meninges
are revealed by intense contrast enhancement. Granulo-
mas are small ring-shaped masses, hyperintense in MRI

Fig. 2A, B. Tuberculosis: leptomeningitis and ependymitis. A Neu-
ropathology: thick exudate covering ependyma of the ventricles
with some granulomas implanted on ventricular wall. B MRI coro-
nal T1 w.i. after contrast administration: marked contrast en-

hancement of the subarachnoid spaces and sylvian fissures to the
acoustic meatus, and of the ependymal lining. Vessels appear
stretched and wrapped by the contrast enhancement
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long TR-weighted images (w.i.), iso- to hypointense in
T1 w.i., with marked enhancement; the necrotic center
is small, inhomogeneously hypo- or isointense in T2
w.i., hypointense in T1, without contrast enhancement.
The aspect of the nodules is target-like, with a very
small center.

The hematogenous spread to the brain causes intra-
cerebral granuloma, so-called tuberculoma. The most
common site for tuberculoma, usually solitary, is the
cerebellum.

Tuberculomas are rounded or oval masses, some-
times lobulated by fusion of several smaller nodules.
The capsule is gray, gelatinous with a gliotic tissue
around it.

Microscopically, the capsule is rich of collagen and
surrounds the caseous necrotic center, with a variable
number of Langhans giant cells, epithelioid cells, histio-
cytes and lymphocytes in between.

In older lesions, the proportion of collagen increases
while the tubercles almost completely disappear.

In MRI, the capsule is hyperintense in long TR imag-
es, iso-hypointense in T1 w.i., with marked enhance-
ment; the necrotic center is large enough, inhomogene-
ously hyperintense in T2 w.i., hypointense in T1, with-
out contrast enhancement. In the active lesion, around
the capsule there is a thin rim of hypointensity in T2
w.i., related to the macrophages’ energy-consuming ac-
tivity, with release of paramagnetic free radicals.

Cryptococcus neoformans is the most common fun-
gus causing chronic meningitis in man, and is almost
exclusively found in immunodepressed patients.

The portal of entry of cryptococci is the lung, from
where they spread hematogenously, with meninges the
preferred site of infection, where protected growth can
occur.

Macroscopic examination reveals that the CSF in the
leptomeningeal spaces is cloudy, yellowish, with opacity
of the meninges and flattening of the convolutions, and
the brain is slippery to the touch. Cryptococci grow
around the vessel and follow the Virchow–Robin spaces
up to the end at the basal ganglia and to the periventric-
ular areas, where they accumulate forming gelatinous
pseudocysts (soap-bubbles aspect) (Fig. 3A). They also
grow slowly but continuously in the choroid plexuses,
sometimes occluding the exit “door” and dilating local-
ly the ventricles (monoventricular hydrocephalus).

The last elementary lesion is the granuloma with the
above-described characteristics: a nodule that is hyper-
intense in long TR images, iso-hypointense in T1 w.i.
with mild enhancement; the necrotic center is small, in-
homogeneously hypo-isointense in T2 w.i., hypointense
in T1, without contrast enhancement.

Histologically, the meningeal lesions consist of an ir-
regular granulomatous thickening of the meninges,
with lymphocytes, plasma cells, and capsulated crypto-
cocci. Pseudocysts (distended perivascular spaces) are

filled with cryptococci, with less exudate, sometimes
breaking out in the surrounding brain, forming pseudo-
granulomas.

In MRI, leptomeningitis has a less intense contrast
enhancement than the tuberculosis form, providing
better definition with the use of double or triple doses
of contrast media.

The pseudocysts appear as rounded or oval lesions
that are hyperintense in long TR images, hypointense in
T1 w.i. without enhancement for the very moderately
excited inflammatory reaction, with no edema sur-
rounding it (Fig. 3B–E).

Coccidioidomycosis is a chronic fungal granuloma-
tous leptomeningitis caused by Coccidioides immitis, a
fungus widespread in South America and the desert
zone of the United States and Mexico. Inhalation of the
spores infects the lung with subsequent hematogenous
diffusion. CNS involvement is rare (1%). The neuro-
pathological aspects are quite similar to the tuberculo-
sis form, with small granulomas implanted on the me-
ninges and extension of the process into the subarach-
noid spaces, filled with a gelatinous exudate.

Microscopically, lymphocytes and plasma cells form
granulomas, with an intermediate zone containing
epithelioid and giant cells, which frequently contain or-
ganisms, such as large spherical bodies.

Neuroradiologically, meningitis is revealed by oblit-
eration of the basal cisterns and marked contrast en-
hancement. The process is diffuse and symmetrical, and
involvement of the vessels running in the spaces deter-
mines arteritis and consequent ischemia and infarcts,
but these sequelae fortunately are less common than in
tuberculosis.

Difficult CSF circulation and tendency to fibrosis of
the leptomeningitis can cause ventricular dilatation,
which can lead to hydrocephalus.

Encephalitis is a diffuse inflammatory process, with
inflammatory cells infiltrating the nervous tissues and
necrosis of neuronal populations. Although viral infec-
tions are very common, clinically evident CNS viral ill-
ness is fortunately very rare. Viruses are the most com-
mon cause of encephalitis, and although etiological di-
agnosis can be very useful, clinical, laboratory and neu-
roradiological efforts are frequently in vain.

Pathogenesis of such diffuse forms recognizes differ-
ent mechanisms:
� Acute forms such as acute viral systemic illness, with

brain localization concurrent with other organs or
localizations

� Reactivation of latent form, with an acute phenome-
non such as in herpes simplex encephalitis

� Reactivation of latent form with chronic phenomena
such as subacute sclerosing panencephalitis or pro-
gressive multifocal encephalitis

� Chronic forms caused by slow viruses or unconven-
tional viral agents such as prions
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Fig. 4A, B. Meningoencephalitis. A Neuropathology: the brain is
markedly congested and swollen. An exudate covers the medial
surface of the cerebral hemispheres. B MRI sagittal T1 w.i. after
contrast administration: marked enhancement of the venous ves-

sels (dural sinus and cortical veins), which appear dilated. Initial
dilatation of the ventricular system, beginning from the 4th ventri-
cle
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� Immune-mediated forms caused by a cross-reaction
mechanism, between some viruses and myelin.

� Teratogenic forms caused by agents attaining the fe-
tus during pregnancy

Paths of invasion more likely follow the bloodstream
and uncommonly climb along peripheral nerves
through olfactory mucosa or along postganglial fibers.
Use of cells (lymphocytes or monocyte-macrophage
cells) as carriers (the Trojan horse mechanism) is a re-
cent concept, adopted for HIV and other viruses.

Many reasons are postulated to explain the different
lesions observed in the brain such as the different sus-
ceptibility of the various cellular populations, different
effects of viruses on the cells (lysis, latency, fusion, mod-
ifications), and the need for viruses of specific receptors
on the cells.

The CNS reaction in viral encephalitis is somewhat
stereotyped, with no peculiar variations related to dif-
ferent viruses.

Macroscopically (Fig. 4A), nervous tissue involve-
ment ranges from mild edema and minimal softening to
large areas of necrosis and encephalomalacia.

Elementary tissue changes, presenting individually
or in combination, are:
1. Inflammatory infiltrates, formed by granulocytes in

the acute phase, and then by plasma cells and macro-
phages in perivascular sites

2. Microglial proliferation located around dying neu-
rons (neuronophagia) or clustered in groups in the
white matter (glial stars)

3. Astrocyte modifications with hyperplasia of the pro-
toplasmatic cells and hypertrophy of the fibrillar
cells, with an increase in fiber production (gliosis)

4. Neuronal alterations from cellular swelling to death
5. Inclusion bodies, mainly intranuclear, related to viral

particles

Fig. 3A–E. Fungal disease: cryptococcosis. A Neuropathology: dis-
tension of the perivascular spaces, filled with mucoid gelatinous
material (soap bubbles). B MRI coronal T1 w.i. after contrast ad-
ministration: small, rounded hypointense cysts in the perivascular
spaces, which appear dilated and with very mild contrast enhance-
ment, for the poor brain reaction to the yeast colonies. C MRI axial

FLAIR: multiple cysts in the perivascular Virchow–Robin spaces.
D MRI axial T2 w.i. and T1 w.i. after contrast administration: mul-
tiple periventricular medium-sized cysts with no contrast en-
hancement after contrast administration. E Neuropathology: cryp-
tococcal soap bubbles around vessels
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Neuroradiologically (Fig. 4B), MRI features vary widely.
In mild forms, some degree of edema is visible, in MRI
as initial alteration of the physiological signal of the
brain. In severe forms, large symmetrical areas of mala-
cia in the hemispheres appear as zones of hypointensity
in T1 w.i., and hyperintensity in long TR w.i.

MRI is more sensitive than CT, revealing more exten-
sive involvement of the gray and white matter. Hemor-
rhagic complications are well depicted in the acute, sub-
acute and chronic phases of the transformation of he-
moglobin, as areas of signal alterations related to the
magnetic susceptibility of the breakdown products.

It is typical to find:
� Hypointensity in T1 w.i. and hyperintensity in long

TR w.i. in the acute phase of deoxyhemoglobin
� Hyperintensity in T1 w.i. and hypointensity in long

TR w.i. in the early subacute phase of intracellular
methemoglobin

� Hyperintensity in T1 w.i. and hyperintensity in long
TR w.i. in the late subacute phase of extracellular
methemoglobin

� Hypointensity in long TR w.i. in the chronic phase of
hemosiderin

The most frequent virus responsible for acute viral en-
cephalitides in the adult today is the herpes simplex vi-
rus (HSV), type 1, a DNA virus. Despite the ubiquity of
the HSV in the population, encephalitis is very uncom-
mon (two to four cases per million every year). One-
third of the cases result from primary infection, mostly
in young patients less than 18 years old, whereas the re-
maining two-thirds are presumably related to reactiva-
tion of HSV latent in the nervous tissue (trigeminal
Gasser ganglion in 50% of cases) after the primary in-
fection. But only 10% of patients have experienced re-
current mucocutaneous infections (herpes labialis), and
herpes simplex encephalitis (HSE) is not more common
in immunocompromised patients. For these reasons
pathogenesis, initially related to situations of immune
system dysfunction, is still unclear.

Clinically the patient, generally a young adult, rapid-
ly deteriorates in few days with seizures and behavior
disturbances that may include coma.

An accurate and early etiological diagnosis suggests
adequate therapy, with a dramatic reduction in the inci-
dence of death (20% of cases) and sequelae (20%).

HSE is a necrotizing hemorrhagic meningoenceph-
alitis, involving the temporal lobe(s) and the orbital sur-
face of the frontal lobe(s), with diffusion of the infec-
tious process by contiguity to the insula (sparing the
lenticular nucleus), the cerebral convexity and along the
efferent connections of the hippocampus to the cingu-
late gyrus.

Macroscopically, the temporal lobe involved is soft
and swollen: the infective process produces meningeal
inflammation and involves asymmetrically the tempo-

ral lobes, particularly the medial part, hippocampus,
amygdala, cingulate and insular cortex, with cortical ar-
eas of edema and necrosis for neurons and astrocyte
death related to cell-to-cell spread of the viruses, and
softening of the adjacent white matter. Petechial hemor-
rhages are very common for vessel wall necrosis.

In survivors, necrosis leads to cysts and wrinkles.
Microscopically, areas of neuronophagia and inflam-

matory infiltrates with lymphocytes and macrophages,
oligodendroglial intranuclear bodies are present.

Neuroradiological aspects reflect neuropathology.
The necrotic areas are depicted as zones of hypointen-
sity in T1, hyperintensity in proton density and T2 w.i.
with fairly infrequent hemorrhagic complications, iden-
tified as fairly large areas of signal alteration, which is
related to hemoglobin breakdown. Contrast enhance-
ment takes the form of meningeal inflammation, with
gyriform patterns and ill-defined linear parenchymal
enhancement (Fig. 5A, B).

Dedicated sequences (FLAIR, and diffusion weighted
images (DWI) could show subtle tissue alterations
(Fig. 5C, D).

Visualization of the leptomeningeal and cortical in-
volvement is more difficult, sometimes disclosed by the
sulcal and gyral enhancement after contrast adminis-
tration, along temporal lobes, the subfrontal area, and
insula. This pattern could be enhanced using magnet-
ization transfer images.

In survivors, cerebral destruction is more wide-
spread than that of the initial lesions depicted by neuro-
radiological studies, with encephalomalacia and dys-
trophic calcifications of the border zones more com-
mon in children.

The imaging modality of choice is MRI, because of
its sensitivity to the initially mild degree of edema;
when CT becomes positive, in the great majority of cas-
es diagnosis is too late to allow efficient pharmacologi-
cal treatment.

Subacute sclerosing panencephalitis (SSPE or von
Bogaert disease) and progressive multifocal leukoen-
cephalopathy (PML) are classic examples of reactiva-
tion of the latent form with chronic phenomena. The
first is caused by a persistent measles viral infection.
The incidence is rare, decreased after immunization in-
itiation in 1963 (risk, 8.5/million cases of natural mea-
sles infection, and now the risk 0.7/million cases after
immunization). The age of onset is 5–15 years in 85% of
cases. It is very rare in the adults. The suggested patho-
genesis involves the accumulation of incomplete mea-
sles virus, due to defective synthesis from the guest cell
of a viral protein (M), essential to the assemblage of the
virus, that cannot be cleared by B- or T-cell mechanisms.

Clinically after a long interval of 8–12 years after the
measles or immunization, behavioral changes occur fol-
lowed by seizures, movement disorders and dementia.
Rapid clinical worsening (1–3 years) leads to death.
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The panencephalitis involves the cortical and sub-
cortical gray and white matter and blood vessels, with
an increasing number of glial cells beginning in cortical
gray matter and further diffusion to subcortical gray
and white matter and later to the brainstem. The brain
on macroscopic inspection appears normal or with in-
creased consistency. Occipital lobes, hippocampi and
medial thalami are the areas that are most severely af-
flicted.

The particular feature, spongiform encephalopathy,
is related to gliosis of the white matter with hypertroph-
ic astrocytes, prevalent on demyelination.Neuronal loss,
microglial proliferation, neuronal and oligodendroglial
intranuclear inclusion bodies are the other frequent mi-
croscopic aspects.

MRI follows neuropathological events and reveals
the pathological process with focal, periventricular,
high-T2-intensity white matter changes. Severe diffuse

Fig. 5A–D. Herpes simplex virus (type 1) encephalitis (acute stage).
A, B Axial spin-echo FLAIR. C Axial spin-echo T1-weighted MR im-
age after contrast administration. D Diffusion-weighted (DW) MR
image. Meningoencephalitis involving the left temporal lobe, with

contrast enhancement of the meninges and cortical areas. Diffu-
sion of the process to the homolateral frontal lobe, better defined
by DWI
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atrophy, predominantly in the white matter, accompa-
nies the progression of the disease. Cortical gray matter
changes are infrequent.

PML is caused by JC virus, a polyoma virus of the Pa-
pova family. It typically causes a subclinical infection,
and the majority of humans worldwide have been in-
fected. Its DNA may be detected in healthy human tis-
sues where it causes a persistent virus infection, reacti-
vated by a situation of immunosuppression. The clinical
picture is very severe with poor prognosis (3–9 months
until death). Pathologically, the virus attacks subcortical
oligodendrocytes leading to demyelination and necro-
sis. Bizarre, hypertrophic astrocytes bind areas of de-
myelination. The white matter lesions are typically bi-
lateral (although asymmetrical in their degree of in-
volvement), confluent, and multiple: MRI reveals a mul-
tifocal leukoencephalopathy. The lesions are asymmet-
rical in sites and extension, with a subcortical debut:
their external contour is frequently finger-like, and this
aspect is very suggestive for diagnosis. The most com-
mon sites are the periventricular white matter, centrum
semiovale, and subcortical white matter, with a predi-
lection for parietal lobes in AIDS patients; the posterior
location suggests PML diagnosis. Posterior fossa loca-
tions such as cerebellum and brainstem occur. Some-
times involved areas are confluent, resembling a diffuse
leukoencephalopathy.

In MRI the lesions have low signal intensity on T1-
weighted images and hyperintense signal on T2-weight-
ed images, generally attributed to demyelination. In fol-
low-up studies, the hypointensity in T1 w.i. could in-
crease because of further myelin destruction culminat-
ing in more extensive areas of necrosis, as supported
with proton MR spectroscopy in which choline, a mark-
er of cellular membrane integrity, is elevated in PML pa-
tients.

The T1 prolongation (necrosis) and the aspect of the
edges of the lesions are very useful for the differential
diagnosis with HIV encephalitis (Fig. 6A–C).Contrast
enhancement of the lesions is extremely rare for the sit-
uation of a reactivation inside an intact blood–brain
barrier. It may occur in cases of primary infection.

No MR abnormalities significantly correlated with
patient survival, with the exception of mass effect,
which was significantly associated with shorter survi-

Fig. 6A–C. PML Leukoencephalopathy. A Axial spin-echo T2-
weighted MR image. B Axial FLAIR MR image. C Axial spin-echo
T1-weighted MR image after contrast administration. Subcortical
white matter encephalopathy: low signal intensity on T1-weighted
images and high signal on FLAIR and T2-weighted images, with
no contrast enhancement. The peripheral edge of the lesion is fin-
ger-like. This aspect along with hypointensity in T1 w.i., for de-
myelination and necrosis, suggests the PML diagnosis
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val. The mass effect, however, always minimal, was infre-
quent.

CT is similarly diagnostic, revealing areas of hypo-
density in the white matter, with finger-like peripheral
edges, preferentially in the parietal and occipital lobes.

The chronic forms of PML are caused by slow virus-
es or unconventional viral agents such as prions. A par-
adigmatic example of a slow virus is HIV infection. HIV
belongs to the retrovirus family, a family of RNA virus-
es, with a reverse transcriptase that transcribes viral
RNA into provirus DNA, which is integrated into the
host-cell genome. HIV is transported to the brain by in-
fected macrophages, which, after adhesion to endothe-
lial cells, cross the blood–brain barrier.Viral replication
occurs within macrophages and microglial cells, and vi-
ruses have been detected in astrocytes, vascular endo-
thelial cells, and neurons. Production of neurotoxins
(e.g., cytokines, inflammatory mediators, viral proteins)
induces excessive calcium influx, leading to neuronal
death.

This situation causes a progressive reduction in
brain volume (cerebral atrophy) and/or a picture of
gradual myelin pallor ending in demyelination (leu-
koencephalopathy) and perivascular nodules of micro-
glia cells, monohistiocytes, and macrophages (focal en-
cephalitis). Atrophy is disclosed as the progressive ex-
pansion of the subarachnoidal spaces and of the ven-
tricular system, with the cortex mainly involved, where-
as in non-HIV seropositive older patients atrophy starts
centrally.

The brain volume reduction is a valuable predictor of
neuropsychological impairment and clinically apparent
cognitive/motor dysfunction among HIV-infected per-
sons.

Encephalitis correlated with AIDS dementia complex
(ADC) is characterized by multiple discrete foci of high
signal intensity described on T2-weighted and FLAIR
sequences, with isointensity in T1 w.i. These lesions are
in the periventricular and subcortical areas, with a
punctuate or nodular aspect, varying in size and num-
ber.

Progression of white matter focal lesions due to HIV
is seen only in a minority of HIV+ subjects over a 2-year
time period, only in those who are neurologically symp-
tomatic, and correlates with clinical deterioration,
whereas these nodules do not change in size and num-
ber in HIV+ subjects who remain neurologically
asymptomatic.

Preliminary studies suggest that the patients with
ADC who respond to potent antiretroviral regimens
present an improvement of the neurological dysfunc-
tion along with neuroimaging findings, indicating that
the disease may be at least partly reversible.

Leukoencephalopathy has MR images of T2 elonga-
tion starting from the centrum semiovale, and then in-
volving the myelinic projections to the brainstem, with

isointensity in T1 w.i. The signal alterations are sym-
metrically distributed, with edges regular and parallel
to the ventricular cast (Fig. 7A, B).

Use of the FLAIR may improve the detection of the
HIV lesions.

Creutzfeldt-Jakob disease (CJD)is the most frequent-
ly cited example of chronic encephalitides caused by
unconventional agents.

CJD occurs worldwide. It is very rare, with an inci-
dence of about one case per million population. While
most cases are sporadic, 5%–10% are familial. In the fa-
milial form, CJD is inherited as an autosomal dominant
condition.

The clinical presentation of the forms affecting hu-
mans is progressive dementia and cerebellar dysfunc-
tion. The condition is relentlessly progressive and pa-
tients usually die within 1 year of presentation.

Lesions involve cortical areas, striatum, medial thala-
mus, and cerebellum. The brain is almost normal or
slightly atrophic. Microscopic alterations are neuronal
loss, astrocyte alterations, and spongiform changes.
These differ from the spongiform degeneration because
the vacuoles are included in the cells.

Although the specificity of routine MR imaging for
sporadic CJD may be as high as 93%, the sensitivity in
detecting abnormalities is only 67%–79%. When ob-
served, the abnormalities generally appear late in the
course of the disease, thus limiting the diagnostic value
of routine MR imaging.

MRI showed increased signal intensity in all the se-
quences in the striatum, thalamus, and cerebral cortex
(Fig. 8A–D).

Although approximately 20% of patients did not
have MR imaging abnormalities, MR imaging shows
signal intensity alterations due to gliosis and spongi-
form changes early in the course of CJD in the remain-
ing 80%.

In the early stage of the disease, MRI reveals sym-
metrical or asymmetrical high signal intensity of the
basal ganglia in T2 w.i., predominantly in the caudate
nuclei and the putamina, a suggestive finding. Recent
studies have proposed the high signal in the globus pal-
lidus in T1 w.i. as a new neuroradiological sign for the
CDJ diagnosis.

In the terminal stage, the findings are diffuse in-
volvement of the gray and white matter with atrophy
and leukoencephalopathy.

Using DWI in patients with suspected CJD, the basal
ganglia and/or cortical alterations detected could sup-
port an early diagnosis, with the spongiform neuronal
degeneration altering the molecular motion of water.

The immune-mediated forms (acute disseminated
encephalomyelitis, ADEM) are diseases with many fea-
tures common to demyelinating syndromes such as
multiple sclerosis. The frequency of the disease is un-
certain, but certainly underestimated.
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Fig. 7A–C. HIV leukoencephalopathy. A Coronal spin-echo T2-
weighted MR image. B Axial spin-echo T2-weighted MR image.
C Axial spin-echo T1-weighted MR image. Leukoencephalopathy

with hyperintensity in T2-weighted MR image, isointensity in T1-
weighted MR image symmetrically distributed, with edges regular
and parallel to the ventricular cast

B

A

C
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The immune-mediated encephalitides are closely re-
lated to mild viral infections, vaccinations, but – not
rarely – they can be of unknown origin.

Pathogenesis is surely multifactorial,: it presumably
depends on the missed recognition of the myelin as its
own component (self-recognition) the liberation of seg-
regated antigens by viral cellular destruction (autoanti-
gens), or cross-reactions among viral components and
myelin constituents.

A hemorrhagic, hyperacute variant of ADEM
(AHEM/AHLE or Hurst disease) has also been de-
scribed. The course of ADEM is usually monophasic
and affects children more commonly than adults. The
process has been established 7–15 days from a viral ill-
ness, determining the appearance of neurological multi-
focal symptomatology, sometimes complicated with
stupor and coma.

The myelinoclastic effects of these infections appear
to be histologically indistinguishable from that ob-

served in experimental allergic and postvaccinal en-
cephalomyelitides. ADEM is associated with a signifi-
cant mortality of 10%–30%.About 20%–30% of patients
who survive are left with neurological sequelae. In 75%
of cases, the illness is self-extinguishing with almost al-
ways complete clinical recovery; sometimes mild neu-
rological sequelae remain, with scars that can be seen
neuroradiologically.

The neuropathological features are perivascular in-
filtrates with lymphocytes and plasma cells, demyelina-
tion areas along the veins, microglial proliferation and
astroglial hypertrophy In MR imaging, ADEM causes
multiple sclerosis (MS)-like, but more asymmetrical,
white matter lesions.

The ADEM-related changes in MR imaging scans in-
clude multiple hyperintense lesions seen in T2-weight-
ed, FLAIR, and proton density PD images, isointense
and or hypointense in PD and T2 w.i., with frequent
contrast enhancement. The lesions may be large and

Fig. 8A–D.
Creutzfeldt-Jakob disease. A Axial
spin-echo T2-weighted MR image.
B Axial spin-echo proton density-
weighted MR image. C Axial spin-
echo T1-weighted MR image.
Symmetrical high signal intensity
of the basal ganglia in PD and T2
w.i., predominantly in the stria-
tum   
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confluent, occupying almost all of the white matter, but
smaller lesions resembling those of MS are common.
The lesions seen in ADEM are often located in the rim of
the occipital and parietal regions, including the cen-
trum semiovale, in the thalami, and frequently in the
brain stem and spinal cord.

In several reports, these lesions have been docu-
mented to show up in the first MR imaging scans per-
formed shortly after the first symptoms. Disappearance
of these lesions has been suggested to be associated
with clinical recovery.

Although ADEM typically is a monophasic illness,
and the lesions would be expected to appear and mature
simultaneously; new lesions may be seen on follow-up
MR imaging scans. The lesions may or may not enhance
with contrast medium, and a mixture of enhancing and
nonenhancing lesions, depending on their age, may be
seen. They may also resolve gradually up to 18 months
after the onset of the symptoms.

In some cases the onset of the symptomatology is of
the vascular type: acute and sudden, followed in a few
days by multifocal neurological deficits. This clinical
pattern represents the vasculo-encephalomyelitis form,
sustained by an immune-mediated mechanism consist-
ing in arteritis and demyelinating lesions. MR images
reveal an area of ischemia in the territory of an artery of
medium caliber (in particular the middle cerebral ar-
tery) with multifocal white matter lesions.

In everyday neuroradiological practice, there is often
a differential diagnosis problem between these lesions
and those of multiple sclerosis, especially in teenagers.
The problem of the similarity in MRI pictures between
these two diseases is often raised, but not in presence of
a clinical picture debut with severe alteration in the
state of alertness and convulsions: MS rarely starts out
this way. ADEM diagnosis should be suggested by the
neuroradiologist considering symmetry in the distribu-
tion of the lesions, rhombencephalon and thalamic lo-
cation, rare involvement of the corpus callosum, simul-
taneous enhancement of the lesions (all in the same
phase of activity), and the clinical support of almost
complete recovery. Other elements such as the involve-
ment of the white matter underlying the gray matter
(corticomedullary junction) and centrum semiovale,
and the lesions’ signal characteristics are similar to MS
signs and are not suggestive.

On the contrary, in MS the contrast enhancement of
the lesions after contrast medium administration oc-
curs in different stages (multiphasic illness), also within
the same demyelinating lesion.

Viral infections during the ontogenesis cause con-
genital malformations of the central nervous system.
Viruses considered responsible for such diseases are cy-
tomegalovirus (CMV) and rubeolla virus.

CMV in the first trimester of pregnancy infects ger-
minal matrix cells, producing disorders of neuronal mi-

gration, ranging from the very severe forms of lissence-
phaly to the nonlissencephalic cortical dysplasias. Mi-
croencephaly, microcrania, and periventricular calcifi-
cations are the most frequent aspects. Otherwise, a late
pregnancy CMV infection determines areas of encepha-
lomalacia.

Rubeola virus effects on CNS are closely related to
the moment of infection during pregnancy. If fe-
tus–mother contagion occurs early, severe cerebral, vis-
ual and auditory system malformations appear, whereas
later infections produce meningoencephalitis and vas-
culitis with cerebrovascular disorders. Delayed, chronic
forms quite similar to SSPE are reported, although they
are rare.

Focal Lesions

These lesions are divided into immature and mature
forms, and cysts. The initial localized parenchymal area
of infection is the cerebritis, immature form. Anatomo-
pathologically it is an ill-defined zone of dense, acute
inflammatory infiltrate with rare areas of necrosis sur-
rounded by acute inflammatory cells coming from peri-
vascular cuffing.

MRI is, as always, more sensitive than CT and shows
a localized area of edema, mildly hypointense in T1 w.i.,
hyperintense in T2 w.i. In the late stage of cerebritis,
contrast enhancement appears, from faint to marked,
ill-defined to nodular or ring-like, with diffusion of con-
trast medium centrifugally and centripetally in delayed
scans.

Over time the areas of necrosis become confluent
with the border formed by dense granulation tissue.
The host becomes able to circumscribe the infection,
using fibroblasts to build the capsule. These cells come
from vessels and neovascularity plays an important role
in this type of defense.

This stage of seclusion represents the mature form:
abscess or granuloma. Macroscopically (Figs. 9A, 10A)
the mature lesion is a well-defined area of brain soften-
ing, with petechial hemorrhages surrounded by a clear-
ly visible wall.

On histological examination, the center of the lesion
is formed by necrotic material: around it are granula-
tion tissue and a network of collagen fibers, produced
by fibroblasts. Outside the macrophages ring mobilizes
the debris, and around it an area of cerebritis with neo-
vessels and gliosis is found.

The capsule increases its thickness in time up to
3 mm: it is located in the white matter at the corticome-
dullary junction and is thicker in the part facing gray
matter for greater vascularity.

Abscess differs from granulomas in the organisms
involved, the primarily participating cellular lines, and
the necrotic center. The organisms producing abscess
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are bacteria, and the types are related to the pathogenet-
ic mechanisms: we have found aerobic staphylococci
complicating trauma, anaerobic agents – such as Bacte-
roides – in mastoid and paranasal sinus infections. Oth-
er nonbacterial germs implicated are Nocardia, myco-
bacteria, and fungi such as Candida.

Daughter abscesses are related to the virulence of the
germs. They grow through the weaker part of the cap-
sule.

Polymorphonuclear neutrophils are the involved
cells, and therefore the necrotic material is purulent,
with a yellowish, creamy aspect.

Fig. 9A–J. Two cases of bacterial abscess. First case: A Neuropathol-
ogy: large bacterial abscess in the temporal lobe well defined by a
fibrous capsule, surrounding a necrotic purulent center. B MRI
coronal T1 w.i. after contrast administration: large hypointense
necrotic center surrounded by a regular marked contrast en-
hanced ring, with smooth outer and inner borders, thicker in the
part facing gray matter. C MRI axial T1 w.i.: oval lesion with hypo-
intense center, and slightly hyperintense ring related to capsule.
D MRI axial T1 w.i. after contrast administration: the center re-
mains hypointense whereas the capsule becomes ringed contrast

enhanced. E MRI axial FLAIR: hyperintense center with slightly
hypointense ring related to capsule. F MRI axial DWI: hypointense
center confirming the abscess nature of the lesion. Second case:
G MRI axial T1 w.i. after contrast administration: hypointense cen-
ter remains with ring. H MRI axial FLAIR: isointense center with
hypointense ring related to capsule. I MRI axial DWI: hyperintense
center confirming the abscess nature of the lesion. J MRI axial
ADC: hypointense center confirming the abscess nature of the le-
sion
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Fig. 9E–J.
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Fig. 10A–D. Granuloma. A Neuropathology: central caseated necro-
sis walled off by fibrosis capsule in cerebellar hemisphere. B MRI
sagittal T1 w.i. after contrast administration: oval lesion with hy-
pointense center, with a markedly contrasted enhanced thick ring,

with smooth outer border and irregular inner border. Perifocal
edema. C MRI axial T2 w.i.: hypointense center related to caseum.
D MRI axial T1 w.i. after contrast administration: the punctuate
center is hypointense, and the capsule has a thick ring enhancement
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The organisms producing granulomas are Nocardia,
mycobacteria, fungi (Aspergillus fumigatus), protozoa
(Toxoplasma gondii), and parasites (Schistosoma).

Epithelioid, giant cells, plasma cells and lymphocytes
are the cell lines involved, and consequently the necrot-
ic center is caseous, grayish and firm, with calcium dep-
osition on the capsule at the end-stage.

Neuroradiologically, such differences in the necrotic
center are appreciable only by MRI (Figs. 9B, 10B). Ne-
crosis of granulomas is of the caseous type, with an in-
homogeneous MRI signal in all sequences, especially in
T2 w.i. with prevalence of hypointensity (Fig. 10C, D),
whereas in abscess the necrosis is suppurative with a
low signal in T1, and a homogeneous high signal in
FLAIR, T2 and proton density w.i.(Fig. 9H, E).

Immediately surrounding the mature lesions there is
the capsule, which has a slightly hyperintense signal,
quite similar to the normal nervous tissue in T1 w.i., but
it is better appreciated because of the interposition
among the T1 hypointensity of the necrosis and the per-
ifocal edema (Fig. 9C).

In FLAIR and T2 w.i., the macrophage ring appears
as a hypointense line thought to stem from the presence
of free radicals, produced in the perossidative trial from
the macrophages of tissue destruction (Fig. 9H, E).

The external surface of the capsule shows ring en-
hancement after administration of contrast medium in
the T1 w.i., because of the alteration of the BBB on the
inflammatory base, with an increase in vascular perme-
ability (Figs. 8B, D, G, 10B).

The surrounding edema with a hypointense signal in
T1 w.i. and a hyperintense signal in T2 w.i. shows only
rare zones of permeability to the contrast medium.

Diffusion MRI appears to be a sensitive method for
differentiating abscesses from necrotic neoplasms in
doubtful lesions. An abscess has a high signal on diffu-
sion images and a low signal and low ADC values on
ADC maps (Fig. 9C–L). Contrary findings are usual for
necrotic cystic tumors, but these features are not pa-
thognomonic.

In the era of antibiotics, focal lesions of the brain are
rare, but the worldwide spread of AIDS with many op-
portunistic diseases has brought such lesions back to
the forefront.

The most frequent opportunistic agent during the
course of AIDS is Toxoplasma gondii, which is an oblig-
atory intracellular parasite. It is widespread in nature
and found in the excreta of domestic animals (especial-
ly cats) and in the meat of contaminated or infected
mammals.

Apart from connatal cerebral toxoplasmosis with
characteristics of encephalitis, in adults the first infec-
tion is subclinical, and the toxoplasma that survives
forms cysts in some organs, brain and muscles, where
they can live protected and latent for years. In a condi-
tion of immunodepression, the process of multiplica-

tion restarts and all the cells of the CNS, the immuno-
logically preferred site, are attacked by a cell-to-cell
mechanism. Cell death and focal necrosis are caused by
replicating tachyzoites: an intense mononuclear inflam-
matory response in any tissue or cell type infected. Once
the cyst reaches maturity, the inflammatory process can
no longer be detected, and the cysts remain immuno-
logically quiescent within the brain matrix until they
rupture.

Neuropathologically, various type of lesions are re-
ported: cerebritis, granulomas, abscesses and menin-
goencephalitis (Figs. 11A, 12A). In the AIDS population
polymorphonuclear leukocytes, monocytes, lympho-
cytes, and plasma cells can be found, whereas in non-
AIDS patients necrotizing encephalitis occurs with
small, diffuse lesions with perivascular cuffing in con-
tiguous areas.

Granulomas and abscesses are multiple, located in
favored sites (basal ganglia, corticomedullary junc-
tions), surrounded by extensive edema with a mass ef-
fect.

Meningoencephalitis occurs when the host cannot
contain infection: along with immature and mature le-
sions, quite extensive necrosis with hemorrhages ap-
pears, related to toxic invasion of the endothelial cells.

Neuroradiologically (Figs. 11B, C, 12B, C), all the le-
sions are evident with the features already described:
the contrast enhancement varies from a nodular to a
ring pattern presenting smooth or irregular margins.
Histologically, the area of enhancement corresponds to
an intense inflammatory reaction, with many intra- and
extracellular tachyzoites; in the edema around the le-
sion free tachyzoites are rare and encysted forms are
present.

Cysts

Cystic lesions of the CNS are characteristic manifesta-
tions of cestode infections produced at the larval stage
of Echinococcus and Taenia solium.

Echinococcosis is the infection of the larval form of
the cestode Echinococcus. In the Mediterranean area, E.
granulosus is the most infesting form, E. multilocularis
being a rarer form, typical of Central and South Ameri-
ca.

Dogs eat sheep offal infected by Echinococcus and
thus become the definitive host. Humans become in-
fected via foods polluted by the eggs contained in dog
feces, or by inadequate hygiene of the hands.

The cerebral location is very rare (2%) in adults, be-
cause of the efficiency of liver and pulmonary filters.

The cysts generally are single, spherical and unilocu-
lar, and they determine the appearance of focal symp-
toms only when they reach conspicuous dimensions
(>5 cm).
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Fig. 11A–C. Toxoplasmosis: cerebritis. A Neuropathology: soften-
ing and congestion of some localized areas of brain tissue, with
small petechial hemorrhage at the basal ganglia and the corticom-
edullary junctions. B MRI T1 w.i. C MRI T2 w.i. Multiple areas at the
basal ganglia and at the corticomedullary junctions hyperintense
in T2 w.i., hypointense in T1 w.i. representing areas of localized
edema related to cerebritis
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Macroscopically, the large size of the cyst flattens the
cortex, which appears bluish. The contents are a clear
colorless fluid, which usually contains small daughter
cysts and scolices. Three layers form the capsule: the in-
ner granular endocyst, the cuticular lamina, and the
outer ectocyst formed by fibrous tissue derived from

the host.Around it there is poor or no nervous tissue re-
action.

On MRI, the lesion appears spherical, large in size,
and filled with fluid. It is hyperintense in long TR se-
quences, hypointense in T1 w.i., with ventricular distor-
tion and a midline shift.

Fig. 12A–C. Toxoplasmosis: hemorrhagic abscesses. A Neuropa-
thology: in different locations central hemorrhagic necrosis with a
firm concentric capsule of fibrosis, surrounded by a zone of edem-
atous and softened zone in the white matter. B MRI T1 w.i. C MRI
T2 w.i. At the posterior corticomedullary junctions grossly round-

ed nodules with high signal in T1 w.i., and low signal in T2 w.i. re-
lated to hemorrhagic foci in phase of intracellular methemoglo-
bin, in the necrotic center of the abscesses. The capsule is defined
by a thin rim of hypointense signal in T2 w.i. slightly beyond the
necrosis. Perifocal edema surrounds the areas
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Fig. 13A–D. Neurocysticercosis. A Neuropathology: large cyst con-
taining clear fluid, with a tense gray capsule through which a mu-
ral, whitish nodule appears where the embryo lives. B MRI coronal
T1 w.i. after contrast administration: large cysts occupying both
the frontal lobes: the right one is completely surrounded by a reg-
ular ring of contrast enhancement; in the left lobe two are incom-
pletely circumscribed by the enhanced ring, and the third one has

no ring. These different patterns of contrast enhancement repre-
sent the various stages of the embryo, which when still alive pro-
vokes no brain reaction, and when dying incites acute inflammato-
ry reaction, with capsule formation. C MRI axial T2 w.i.: widely dif-
fused multiple cysts. In some of these lesions a hypointense eccen-
tric dot is revealed, corresponding to the scolex (arrow) 
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It is only in the case of partial break-ups of the cap-
sule with transudation of the hydatid liquid, an irritat-
ing substance, that a perifocal reaction occurs with ede-
ma and a thin rim of enhancement after administration
of contrast medium.

The content of the cysts is liquid, with long T1 and T2
but the presence of scolices and hooks (hydatid sand)
intensifies the signal in proton density sequences.

Taenia Solium Causes Cysticercosis

Humans are infested with Taenia solium by eating con-
taminated pig meat: the shell of the egg dissolves in the
stomach and the embryo penetrates through the intesti-
nal wall, and enters lymphatic vessels and mesenteric
venules, disseminating along the hematogenous path.

The dimensions of the cysts, smaller than those
found in Echinococcus, allow a greater incidence of loca-
tion in the CNS (up to 10%), with elevated frequency in
children (65% with a peak at age 5–10 years).At necrop-
sy the brain may weigh more than normal.

The cysts may be single or in the thousands; they are
fluid-filled and lucent with a white spot representing the
scolex or the body itself (Fig. 13A). Parenchymal cysts
are uncalcified if active or calcified if inactive. Intraven-
tricular and subarachnoid cysts are racemose and are
organized as a collection of translucent membranes in
the shape of a bunch of grapes.

The cysts – containing living embryos – do not have
antigenic action. The nervous system cohabits with
such lesions, while the cerebral microglia form only a
thin demarcation capsule made up of collagen fibers.

In the first stage of development (vesicular) the par-
asite is alive and appears as a mural nodule in a small
cyst. MRI will disclose the presence of a round lesion
with a liquid content (long T1 and long T2), with a thin
ring of demarcation, sometimes irregular with an in-
ward propjection (i.e., the nodule). The surrounding tis-
sue will not show signs of inflammatory reaction.

The progressive impairment of the larva will lead to
the parasite’s death, with liberation of antigenic sub-
stances. MRI will follow this process, revealing the vari-
ation in the proton density of cysts and the inflammato-
ry response of the surrounding nervous tissue with in-
tense neovascularization and perilesional enhancement
after contrast medium administration.

The third phase, in which the parasite is dead, will be
disclosed from the appearance of the lesion’s degenera-
tive phenomena with consequent precipitation of cal-
cium salts. MRI will show characteristic nodular calcifi-
cations.

The locations at the level of corticomedullary junc-
tions, nervous tissue, choroid plexus and subarachnoid
spaces are the result of cyst dimensions and the impos-
sibility of further progression.

The simultaneous presence of the three different
types of elementary lesions of neurocysticercosis is pa-
thognomonic in the case of repeated episodes of infec-
tion (Fig. 13B).

Location to the level of subarachnoid spaces is much
rarer, with preferential distribution at the level of basal
cisterns. The cysts are racemose and sterile; therefore
calcifications are not present. Consequently obstruction
of the outflow pathways causes slowly progressive extra-
ventricular hydrocephalus.

Conclusions

Our work constantly refers to MRI as the medical mo-
dality of choice in the study of infectious diseases of the
CNS, above all if pathology is considered. Why? Because
MRI is a more effective response to the complex ques-
tions posed by clinicians. The reason relies on a basic
concept. A computed tomogram, a plain film, or an ech-
ograph is nothing more than a map of a single physical
feature of the studied object. For example, a computed
tomogram is mainly a map of the densities in a certain
slice of the body. MRI is different: it provides three or
more maps, of three cardinal parameters, proton den-
sity, T1 and T2, and more. The total information emerg-
ing from a system (as defined in cybernetics and in
system analysis) is more than the sum of its parts.

Other specific magnetic effects (such as magnetic
susceptibility or paramagnetic contrast media actions)
contribute to MRI’s tool box, providing the neuroradiol-
ogist with great resources to act as a sort of in-vivo pa-
thologist.

Etiological specificity remains essential, but our
hope rests on new perspectives such as functional stud-
ies (i.e., diffusion w.i.) and spectroscopy, domains that
today are making substantial progress.
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Supratentorial Extra-axial Tumors 
in Adults

Adult supratentorial extra-axial neoplasms occur in sev-
eral general locations (Fig. 1): (1) The sella and parasel-
lar region; (2) skull and meninges; (3) CSF spaces (sub-
arachnoid cisterns and ventricles); and (4) the pineal re-
gion. In this chapter we focus on lesions that involve the
sellar region and the skull and its linings.

Introduction

Extra-axial neoplasms, cysts and tumor-like lesions ac-
count for approximately one-third of all intracranial
primary neoplasms in adults and about one-quarter of
brain tumors in children. The differential diagnosis of
an extra-axial mass varies significantly with both pa-
tient age and geographic location [1]. In this article we
consider the pathology and imaging appearance of
intracranial extra-axial masses, subdividing them into
supra- and infratentorial lesions by age group. Their
more specific differential diagnosis by anatomic region
is illustrated graphically. Special attention is given to
sellar and parasellar lesions.
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Fig. 1. Sagittal anatomic diagram depicts common locations of su-
pratentorial extra-axial tumors in adults, showing the most impor-
tant lesions found in each anatomic area

Extra-Axial Neoplasms,
Cysts and Tumor-Like Lesions

Anne G. Osborn

1.2



28 Anne G. Osborn

Sella and Parasellar Region

A variety of neoplasms and tumorlike lesions affect the
sella and parasellar region. The differential diagnosis of
a mass in this anatomically complex area is extensive,
with more than thirty different pathologic entities re-
ported in this area. However, just five lesions (“The Big
Five”) account for the vast majority of masses that occur
in and around the sella (Table 1).

Three neoplasms account for the vast majority of sel-
lar and parasellar tumors in adults: (1) pituitary adeno-
ma; (2) meningioma; and (3) schwannoma (in the cav-
ernous sinus). Less common lesions in adults include
craniopharyngioma and metastasis.A spectrum of non-
neoplastic cysts also can be found in this location [2].

Dividing lesions into intra-, supra-, and parasellar
masses is helpful in establishing a more limited diag-
nosis.

Intrasellar Masses

Pituitary microadenomas (by definition, these are
10 mm or less in diameter) and nonneoplastic cysts are
the most common intrasellar masses. Other lesions
(e.g., craniopharyngioma, meningioma, and metastasis)
are rare. Dynamic contrast-enhanced MR scans are the
best imaging technique for identifying intrasellar 
masses. Most microadenomas enhance more slowly
than the surrounding normal pituitary gland. They are
seen as an area of relative hypointensity compared to
the intensely enhancing pituitary gland and cavernous
sinus.

Suprasellar Masses

Overall, pituitary adenoma is the most common sellar
region mass, accounting for at least half of all tumors in
this location. As they enlarge, small pituitary adenomas
often grow upwards through the diaphragma sellae and
acquire a figure of eight appearance. On MR scans, these
pituitary macroadenomas demonstrate variable signal
intensity and strong but heterogenous enhancement fol-
lowing contrast administration. Hemorrhage and cyst
formation are not uncommon.

At surgery, microscopic dural invasion is identified
with the vast majority of macroadenomas. However,
identifying this finding preoperatively is difficult on im-
aging studies alone. Occasionally macroadenomas at-
tain striking size, extending into the anterior and mid-
dle cranial fossae. Some adenomas exhibit frank inva-
sion of the skull base. Despite their aggressive appear-
ance, nearly all of these “invasive adenomas” are histo-
logically benign; true pituitary carcinoma is exception-
ally rare [3].

Meningioma is the second most common suprasellar
tumor in adults (see below). It may arise from the dia-
phragma sellae, tuberculum, dorsum, or cavernous si-
nus and secondarily involve the sella itself.

Craniopharyngiomas are most commonly seen in
children. However, a second peak occurs in adults
between the fourth and sixth decades. Metastases in the

Table 1. Sellar/parasellar masses in adults

Intrasellar
Most common

Microadenoma
Hyperplasia (physiologic, end-organ failure)

Less common
Rathke cleft cyst
Other nonneoplastic cysts
Metastasis to pituitary gland

Rare
Craniopharyngioma

Suprasellar
Most common

Pituitary macroadenoma
Meningioma
Aneurysm

Less common
Astrocytoma
Rathke cleft cyst
Other nonneoplastic cysts (parasitic, arachnoid,

epidermoid, dermoid)
Metastasis (infundibular stalk, hypothalamus)
Lymphoma
Hypophysitis
Sarcoid
Lipoma

Rare
Craniopharyngioma
Germinoma

Parasellar (cavernous sinus)
Most common

Meningioma
Schwannoma
Metastasis

Less common
Lymphoma
Aneurysm

Rare
Chordoma
Osteocartilaginous tumor

Infrasellar (basisphenoid)
Most common

Metastasis (hematogenous)
Common

Metastasis (nasopharyngeal carcinoma)
Inflammatory disease (osteomyelitis)

Less common
Plasmacytoma
Lymphoma
Invasive adenoma

Rare
Nonfungal granuloma
Mucocele
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sellar/juxtasellar region most commonly involve the
skull base and cavernous sinus (see below). Hematoge-
nous metastases to the pituitary gland may cause an
intrasellar mass; metastases that involve the infundibu-
lar stalk or hypothalamus are an uncommon but impor-
tant cause of a suprasellar mass.

Lymphoma (almost always non-Hodgkin type) is an-
other tumor that has a predilection for the sellar region.
Any site (pituitary gland, infundibular stalk, hypothala-
mus, cavernous sinus) may be involved.

A variety of nonneoplastic cysts and tumor-like le-
sions involve the suprasellar region. These include Rath-
ke cleft cyst, dermoid cyst, epidermoid inclusion cyst and
arachnoid cyst.

Parasellar Masses

Schwannomas are comparatively rare in intracranial lo-
cations other than the cerebellopontine angle cistern
(see below). The most common supratentorial site is the
cavernous sinus; the trigeminal (cranial nerve V) nerve
is most commonly involved. Meningiomas and metasta-
ses often also involve the cavernous sinus.

Skull and Meninges

Meningioma

Meningioma is the second most common primary brain
tumor in adults, representing between 15% and 20% of
these neoplasms. Most typical meningiomas are slowly
growing neoplasms that are histologically benign al-
though their location at the skull base may make com-
plete resection difficult.

Three microscopic subtypes of typical meningioma
are recognized: (1) A meningothelial (or syncytial) type;
(2) a fibrous (fibroblastic) type; and (3) a transitional
form. Atypical and anaplastic (malignant) meningiomas
are biologically more aggressive tumors that account for
10%-15% of cases. The rare tumor formerly known as
“angioblastic meningioma” is now designated as he-
mangiopericytoma of the meninges [4].

More than three-quarters of meningiomas are supra-
tentorial; the most common locations are the convexity
and falx cerebri. Other favored sites include the sphe-
noid ridges, olfactory grooves, parasellar region (tuber-
culum, dorsum, diaphragma sellae and the cavernous si-
nus), and cerebellopontine angles (see below).

Most meningiomas arise from arachnoid cap cells
and are firmly attached to the dura. A circumferential
collar of reactive thickening accounts for the “dural tail
sign” that is seen in approximately 60% of meningio-
mas. Meningiomas typically invaginate into the brain,

displacing the cortex and creating a surrounding cleft of
cerebrospinal fluid and vessels that is easily identified
on MR imaging.

Metastases

Metastases account for between one-quarter and one-
third of all brain tumors in adults. Several varieties are
recognized: (1) direct geographic extension of local tu-
mors; (2) hematogenous metastasis; and (3) CSF dis-
semination from extra- or intracranial neoplasms.

Common regional malignant tumors that may
spread directly to the adjacent skull and dura include
squamous cell carcinoma (of the nasopharynx and par-
anasal sinuses) and adenoid cystic carcinomas (of the
salivary or mucous glands). Scalp carcinomas (e.g., basal
cell carcinoma) occasionally extend through the under-
lying calvarium and may even involve the dura.

Hematogenous metastases from extracranial pri-
mary tumors such as carcinoma of the lung or breast
most commonly involve the brain parenchyma. The cal-
varial vault, central skull base, and dura are also fre-
quently affected.

Supratentorial Extra-axial Tumors in Children

Extra-axial tumors in children are less common than
their intra-axial counterparts. The most common loca-
tion of a supratentorial extra-axial mass in a child is the
sella, followed by the pineal region and ventricles (Fig.
2) [5]. The skull and meninges are a less common but
nevertheless important site.

Sella and Parasellar Region

Pituitary adenoma, the most common sellar lesion in
adults, is very rare in children. Only two sellar lesions
commonly occur in the pediatric age group; one (crani-
opharyngioma) is truly an extra-axial mass whereas the
other (an exophytic astrocytoma of the optic chiasm or
hypothalamus) is considered an intra-axial neoplasm.

As with adults, dividing lesions into intra-, supra-,
and parasellar locations is helpful in establishing an ap-
propriate differential diagnosis (Table 2).

Intrasellar Masses

Craniopharyngiomas that are exclusively intrasellar 
are rare. Nonneoplastic cysts (such as a Rathke cleft
cyst) occur but are relatively uncommon in this age
group.
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Suprasellar Masses

Craniopharyngiomas are the most common nonglial
brain tumor in children. Approximately 80% of crani-
opharyngiomas are suprasellar, accounting for almost
half of all pediatric tumors in this location. Craniopha-
ryngiomas are derived from fetal ectodermal anlage,

probably as incomplete involution of an upward evagi-
nation of the primitive oral cavity called the stomatode-
um, also known as the craniopharyngeal duct (Rathke’s
pouch).

Between 85% and 90% of all craniopharyngiomas
are cystic or are composed of both solid and cystic com-
ponents. Two histologic types are recognized, namely,
the so-called “adamantinomatous” craniopharyngioma
(the most common type in children and usually cystic
or mixed) and the “papillary” craniopharyngioma (the
dominant variant in adults, and more often solid). Most
craniopharyngiomas are calcified; their signal intensity
on MR scan varies.

Although they are histologically benign tumors and
most are very slow-growing lesions, craniopharyngio-
mas do tend to infiltrate surrounding structures. Malig-
nant transformation is exceedingly rare.

Exophytic astrocytoma of the optic chiasm, optic
nerves, and hypothalamus is the second most common
suprasellar neoplasm in children. Other less common
tumors in children include germinoma and lymphopro-
liferative disorders. Nonneoplastic masses in this area
include the same spectrum of developmental cysts ob-
served in adults (see above) as well as uncommon le-
sions such as Langerhans’ cell histiocytosis and hypotha-
lamic (tuber cinereum) hamartoma.

Other less common tumors such as germinoma also
occur in the suprasellar region.

Skull and Meninges

In the absence of neurofibromatosis type 2 (NF-2), me-
ningioma (the most common adult neoplasm in this lo-
cation) is rare in children. In contrast to adults, metasta-
ses are also rare. The exceptions are metastatic neuro-
blastoma and lymphoproliferative disorders. Eosinophil-
ic granuloma is a common nonneoplastic calvarial or
skull base lesion that may show extensive bony destruc-
tion, occasionally mimicking infiltrating tumor.

Chordomas represent less than 1% of all intracranial
tumors. Chordomas are derived from notochordal rem-
nants. Their preferred intracranial location is the clivus;
the cavernous sinus is a less common site. Although
chordomas can occur at any age, they rarely affect indi-
viduals less than 20 years of age [3].

Infratentorial Extra-axial Tumors in Adults

Most infratentorial tumors in adults are extra-axial and
their most common site is the cerebellopontine angle
cistern (Fig. 3). The jugular foramen, foramen magnum,
and clivus are also relatively common sites, whereas the
occipital squamae are rarely involved by tumors.

Fig. 2. Sagittal anatomic diagram depicts supratentorial extra-axial
tumors in children, showing the important lesions found in the
sella/ parasellar region as well as the calvarial vault

Table 2. Supratentorial extra-axial masses in children

Sellar/parasellar
Common

Craniopharyngioma
Astrocytoma (exophytic from chiasm, hypothalamus)

Less common
Germinoma
Lymphoproliferative disorder

Rare
Langerhans’ cell histiocytosis (eosinophilic granuloma)
Hypothalamic hamartoma

Skull/meninges
Common

Eosinophilic granuloma
Less common

Metastasis (neuroblastoma)
Lymphoproliferative disorder

Rare
Chordoma
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Cerebellopontine Angle

Most cerebellopontine angle (CPA) masses arise as ex-
tensions from lesions in the temporal bone (particular-
ly the internal auditory canal). Others occur as primary
lesions of the CPA itself (Table 3).

Temporal Bone Tumors

Schwannoma is the most common posterior fossa mass
in adults. Intracranial schwannomas account for ap-
proximately 8% of all primary intracranial tumors. The
vestibulocochlear nerve (cranial nerve VIII; “acoustic
schwannoma”) is the site of origin in approximately
80%-90% of these tumors. Most arise from the vestibu-
lar portion of the nerve.

Small vestibulocochlear schwannomas are initially
intracanalicular. As they expand, they extend through
the porus acusticus into the CPA cistern. An “ice cream
on a cone” appearance on imaging studies is typical.
Most schwannomas are isointense with brain on T1-

weighted scans and hyperintense on T2-weighted scans.
Strong contrast enhancement is typical. Intratumoral
cysts and associated arachnoid cysts are common.

Metastases and endolymphatic duct tumors may in-
volve the petrous temporal bone and cause a secondary
CPA mass.

Cisternal Neoplasms

Meningioma is the second most common posterior fos-
sa mass in adults. Most arise along the petrous temporal
bone and exhibit a flat broad-based attachment to the
underlying dura. Larger lesions may invaginate into the
adjacent cerebellum and usually appear separated from
it by an identifiable CSF-vascular cleft. Meningiomas
sometimes extend into the internal auditory canal al-

Fig. 3. Sagittal ana-tomic diagram depicts common infratentorial
extra-axial tumors in adults, showing the important lesions found
in specific locations within the posterior fossa

Table 3. Infratentorial extra-axial masses in adults

Cerebellopontine angle/temporal bone

Most common
Vestibulocochlear (“acoustic”) schwannoma

Common
Meningioma
Vascular ectasia (vertebrobasilar)

Less common
Aneurysm
Other schwannomas (e.g., trigeminal)
Nonneoplastic cyst (parasitic, epidermoid, arachnoid)
Metastasis
Paraganglioma

Rare
Cholesterol granuloma
Malignant external otitis
Sarcoid
Idiopathic invasive cranial pachymeningitis

Jugular foramen
Most common

Meningioma
Common

Schwannoma
Paraganglioma
Metastasis
“Pseudotumor” (asymmetric jugular bulb;

turbulent flow)

Clivus/foramen magnum
Most common

Metastasis
Common

Meningioma
Less common

Plasmacytoma
Invasive adenoma
Paraganglioma

Rare
Chordoma
Osteocartilaginous tumors
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though nonneoplastic dural reaction also occurs in this
area.

Less common CPA cisternal masses in adults include
epidermoid, dermoid, and arachnoid cysts. Tumor mim-
ics such as malignant otitis, mastoiditis, hemangioma,
and idiopathic invasive cranial pachymeningitis may
cause bone destruction with thickening of the adjacent
dura.

Jugular Foramen

Benign Neoplasms

Several tumors may originate within the jugular fora-
men and extend intracranially.A paraganglioma (chem-
odectoma) is a benign neoplasm that arises from para-
sympathetic ganglia adjacent to the jugular bulb adven-
titia. Paragangliomas are highly vascular tumors that
enhance strongly but heterogeneously with contrast ad-
ministration.“Flow voids” caused by high velocity signal
loss often give these lesions a “salt and pepper” appear-
ance on MR scans. Paragangliomas may extend locally
into the basal cisterns and cause an extra-axial mass ef-
fect. Focal (e.g., jugular spine) as well as more striking,
diffuse bone erosion may be present.

Schwannomas of glossopharyngeal, vagus, and spinal
accessory nerves (cranial nerves IX, X, and XI) are much
less common than their counterparts in the internal au-
ditory canal. When present, schwannomas cause
smooth, scalloped expansion of the jugular foramen.
Flow voids are uncommon and contrast enhancement is
comparatively homogeneous.

Jugular foramen “pseudotumors” (e.g., asymmetric
jugular bulb) should not be confused with true masses
in this location.

Malignant Neoplasms

Hematogenous metastases to the jugular foramen are
uncommon. When they occur, irregular permeative
bone destruction with an adjacent soft tissue mass is
typical.

Clivus and Foramen Magnum

Clivus Masses

Any aggressive or slowly-growing clival tumor may
break through the overlying cortex and extend extradu-
rally. In adults, tumors that commonly affect the clivus
include chordoma, meningioma, plasmacytoma, metas-
tasis (either hematogenous or direct spread of regional

extracranial neoplasms such as nasopharyngeal squa-
mous cell carcinoma), and invasive pituitary adenoma
(see above). Because it is formed from enchondral bone,
the central skull base may also give rise to a spectrum of
osteocartilaginous tumors (e.g., enchondroma) that may
cause an extra-axial mass effect.

Foramen Magnum Masses

The differential diagnosis of a foramen magnum mass
in an adult varies with specific location. Anterior intra-
dural extramedullary masses include meningioma,
schwannoma, and glomus jugulare tumor. Less com-
monly, nonneoplastic cysts (such as epidermoid inclu-
sion cyst, arachnoid cyst, neurenteric cyst) are found in
this location. Nonneoplastic masses include craniover-
tebral junction anomalies and proliferative arthropa-
thies with associated degenerative disease (e.g., rheu-
matoid pannus).

Tumors that are located posterior to the medulla are
less common. In adults, subependymoma (extending in-
feriorly from the fourth ventricle) and metastasis are
the most common neoplasms that occur here. Overall,
tonsillar herniation (congenital or acquired) is the most
common cause of a mass behind the cervicomedullary
junction.

Infratentorial Extra-axial Masses in Children

Most posterior fossa neoplasms in children are intra-
axial, arising either from the cerebellum or brainstem
(e.g., pilocytic and fibrillary astrocytoma) or from the
fourth ventricle and its adjacent structures (e.g., medul-
loblastoma and ependymoma). Primary infratentorial
extra-axial tumors are rare in children. Occasionally an
exophytic astrocytoma or lateral extension from an
ependymoma causes a significant extra-axial mass ef-
fect (Fig. 4).

Although sporadic cases do occur, schwannoma and
meningioma are rare in the absence of neurofibromato-
sis type 2 (NF-2). Uncommon tumors such as choroid
plexus papilloma and nonneoplastic cysts such as an
arachnoid, epidermoid, neurenteric or dermoid cyst are
occasionally identified as posterior fossa extra-axial
masses in children [6].

Note: The author retains the copyright in Figs. 1–4.
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Introduction

The incidence of brain tumors has been estimated at
4.5 per 100,000 inhabitants. In autopsy series, they are
found in 2.5% of cases. In this chapter, we will analyze
supratentorial hemisphere tumors of the central ner-
vous system (CNS) in the context of the WHO criteria,
published in 2000 [1].

The WHO criteria are based on a histological evalua-
tion of the tumor cell types and tissue patterns recog-
nized by conventional optic microscopy and include the
related information gleaned from immunohistochemi-
cal studies. The importance of this classification is that
besides introducing important changes, it substantially
clarifies the degree of malignancy. The modifications
that have been made can be summarized in the follow-
ing points:
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a. Introduction of new tumoral entities described in re-
cent years such as:
– Pleomorphic xanthoastrocytoma [2]
– Central neurocytoma [3]
– Dysembryoplastic neuroepithelial tumor [4]

b. However, for selective use the term “primitive neuro-
ectodermal tumor” (PNET) is accepted for some em-
bryonal tumors in children.

c. Changes in the consideration of astrocytic tumors
and the progression of glioma to malignancy. Basi-
cally, a clear a line of separation has been drawn
between circumscribed astrocytic lesions (such as
pilocytic astrocytoma, pleomorphic xanthoastrocy-
toma and subependymal giant cell astrocytoma as-
sociated with tuberous sclerosis) and diffusely infil-
trating astrocytomas, which are typically located in
the cerebral hemispheres. This last group alone
shows an intrinsic tendency to progress to an ana-
plastic astrocytoma, and finally to multiforme glio-
blastoma.

d. Multiform glioblastoma, one of the most frequently
occurring malignant tumors in adults, has been dis-
placed from the group of embryonal tumors to group
of astrocytic tumors. Presently multiforme glioblas-
toma is considered to be the extreme of the spectrum
of loss of differentiation seen in astrocytic tumors
[1].

e. Astroblastoma and ependymoblastoma are consid-
ered by some authors as architectural patterns that
can occur in gliomas, while others believe them to be
true clinical pathological entities. To resolve this
problem, they have been included in a group termed
“uncertain histogenesis.”

f. New histological subtypes have been recognized in
the ependymomas group. The majority are not asso-
ciated with a different biological behavior, but their
description helps the pathologist in identifying and
classifying them.

g. The entity called monstrocellular sarcoma has been
eliminated.

h. Together with the indispensable element of histolog-
ical typing of central nervous system tumors, a scale
of increasing degree of malignancy (I to IV) has been
created. In general, each type of tumor corresponds
to one of these degrees. Thus, when diagnosis is es-
tablished, it is not possible to apply different degrees
of malignancy to the same tumor.

Tumors of Neuroepithelial Tissue

Low-Grade Diffuse Astrocytomas

Astrocytic tumors are characterized by a high degree of
cellular differentiation, slow growth, and diffuse infil-
tration of the neighboring brain structures. These le-

sions, corresponding to grade II in the WHO classifica-
tion, have a tendency to malignant progression [1, 6].

Low-grade fibrillary astrocytomas are neoplasms oc-
curring in children and adults from 20–40 years of age.
Fibrillary astrocytomas are found throughout the hem-
ispheres in proportion to the white matter present, and
often involve the adjacent cortex as well.

Seizures are a common presenting symptom.

Radiopathological Correlation

Because of their infiltrating nature, these low-grade as-
trocytomas usually show blurring of the gross anatomi-
cal boundaries on microscopy. This feature is due to en-
largement and distortion, but not destruction, of the in-
vaded anatomical structures [7].

On CT, low-grade astrocytoma is commonly visual-
ized as a nonenhancing, poorly defined, homogeneous,
low-grade density mass. However, calcification, cystic
change and even varying degrees of enhancement may
be present early. Surrounding edema is minimal or ab-
sent [8, 9].

MRI studies usually show hypointensity in the T1-
weighted images (T1-W), with enlargement of the areas
first affected by the tumor and hyperintensity on T2-W
[10] (Fig. 1). Gadolinium enhancement is uncommon in
low-grade diffuse astrocytoma, but it can manifest with
progression of the tumor.

Anaplastic Astrocytoma

Anaplastic astrocytoma is an infiltrating lesion with lo-
cal or dispersed anaplasia and a marked proliferative
potential. Anaplastic astrocytomas may arise from low-
grade astrocytoma, but they can also be diagnosed first,
without indication of a less malignant precursor lesion.
These tumors are classified as grade III in the WHO
system and require two histological criteria, usually nu-
clear atypia and mitotic activity, to be included in this
category [1, 6].

Anaplastic astrocytomas generally appear in a
slightly higher age group than low-grade astrocytoma
(mean, 41 years) and a predominance of males are af-
fected (2 : 1). The clinical symptoms are similar to those
of low-grade astrocytomas, but with a shorter history.

Radiopathological Correlation

Generally it is not possible to grossly distinguish
between low-grade and anaplastic astrocytomas. On the
cut surface, the high cellularity of anaplastic astrocyto-
mas produces a discernible tumor mass, which shows a
clearer distinction from the surrounding brain struc-
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tures than does low-grade diffuse astrocytoma. Macro-
scopic cysts are common, but frequently there are areas
of granularity, opacity and a soft consistency.

On CT study, anaplastic astrocytoma tends to be
nonhomogeneous and shows a mixed density. Calcifica-
tions are infrequent, except in cases of malignant trans-
formation of a low-grade astrocytoma. Contrast uptake
is heterogeneous and occasionally irregular ring en-
hancement is seen because of edema surrounding the
lesion [9] (Fig. 2).

MRI shows a heterogeneous intensity on the T1- and
T2-weighted images. On T2-W, the lesion often presents
as a hyperintense area surrounded by an isointense ring
which, in turn, is surrounded by a hyperintensity pro-
duced by vasogenic edema (Fig. 2A). Following contrast
administration, marked but irregular peripheral ring-
like enhancement is usually evident (Fig. 2B), but non-
enhancing lesions may be histologically anaplastic [11].
Anaplastic astrocytoma may also spread to the ependy-
ma, leptomeninges and cerebrospinal fluid (CSF).

Glioblastoma Multiforme

Glioblastoma multiforme, composed of poorly differen-
tiated neoplastic astrocytes with areas of vascular pro-
liferation and/or necrosis, is the most malignant astro-
cytic tumor. Glioblastoma typically affects adults and is
mainly found in the cerebral hemispheres [1]. The tu-
mors can develop from low-grade diffuse or anaplastic
astrocytoma (secondary glioblastoma) (Fig. 3), but
more frequently, they manifest after a short clinical his-
tory with no evidence of a less malignant precursor le-
sion (primary glioblastoma) [(6].

Corresponding to grade IV in the WHO system, glio-
blastoma requires three or four histological criteria for
this classification: nuclear atypia, mitotic activity, mi-
crovascular proliferation, and/or necrosis.

Fig. 1A–D. Low-grade diffuse astrocytoma. A MRI T1-W sagittal
shows hypointense frontal area. B MI T2 W axial scan with hyper-
intense lesion located on the frontal white matter. C Coronal sec-
tion of frontal lobe with a poorly defined mass and local blurring

of the neocortex with focal hemorrhages. D Histological picture of
the same section shows reduced myelin staining in white matter
while the cortex shows increased cellularity with a diffuse infiltra-
tion pattern of growth (arrow)
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Fig. 2A–C. Anaplastic astrocytoma. A Axial T2-W MRI shows left
hyperintense periventricular area with compression of occipital
horn. B Axial postcontrast T1-W with enhancement incomplete

ring. C Discernible tumor mass produces clear distinction from
surrounding brain structures. This lesion infiltrates caudate nucle-
us, corpus callosum and lateral ventricle

Fig. 3A–C. Progression of low-grade astrocytoma to glioblastoma
multiforme (GBM). A Baseline axial T2-weighted image shows hy-
perintense area without contrast enhancement. B, C After 2 years,
glioblastoma demonstrated

Fig. 4A–C. Glioblastoma. MRI: A On axial T2-W the mass shows
central high signal intensity due to necrosis. Note also surround-
ing vasogenic edema extending along the adjacent white matter
(arrows). B Coronal post contrast T1-W shows central necrosis
with thick and irregular ring-like enhancement. Significant mass
effect. C Periventricular GBM in frontal lobe shows an epicenter in
the white matter with granular surface and focal cystic necrosis
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Fig. 3A–C. Fig. 4A–C.
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Radiopathological Correlation

Glioblastomas occur most often in the cerebral hemi-
spheres, particularly the frontotemporal and parietal
regions. They are poorly delineated macroscopically, the
cut surface showing a variable color with peripheral
grayish tumor masses, yellowish necrosis from mem-
brane breakdown and red and brown stipples from re-
cent and remote hemorrhage. Central necrosis may oc-
cupy as much as 90% of the tumor mass. Macroscopic
cysts, when present, contain a turbid fluid that repre-
sents liquefied necrotic tumor tissue. The lesion is usu-
ally unilateral but those in the corpus callosum can be
found contralaterally (Fig. 4).

Most glioblastomas of the brain hemispheres are
clearly intraparenchymal with the epicenter in the white
matte (Fig. 5C); however, some are largely superficial
and in contact with the leptomeninges and dura. As
these latter neoplasms are frequently rich in collagen,
they can be interpreted as metastatic carcinoma or as an
extraaxial lesion, such a meningioma.

On CT, glioblastoma typically presents as an irregu-
larly shaped lesion with a peripheral, ring-like zone of
contrast enhancement around a dark, usually hypo-
dense central area of necrosis (Fig. 5A, B) [12]. On T1-
weighted MR images, the contrast-enhanced ring struc-
ture corresponds to the cellular and highly vascularized
peripheral area of the neoplasm. Analysis whole brain
sections of early untreated glioblastomas has shown
that this ring structure is not the outer tumor border –
infiltrating glioma cells can be easily identified within,
and occasionally beyond, a 2-cm margin. In T2-weight-
ed images, this zone is broader, less well-defined and
overlaps the surrounding vasogenic edema [13].

Glioblastoma multiforme that appears as a smooth-
walled cyst with a mural nodule is distinctly uncommon.
A potential diagnostic pitfall is glioblastoma multiforme
that manifests primarily as intraaxial hemorrhage.

Arteriovenous shunting and early filling of draining
cerebral veins are commonly seen on angiographic
study. Glioblastoma multiforme can be so highly vascu-
lar that it may resemble an arteriovenous malformation
or a cerebral infarct with luxury perfusion.

Multifocal Glioblastoma

The are three pathways that can result in multifocal gli-
oblastoma [13, 14]:
1. primary glioblastoma spread, usually through cere-

brospinal fluid pathways or through white matter
tracts (Fig. 6)

2. Multiple areas of malignant degeneration occurring
in a patient with diffuse, low-grade astrocytoma

3. Multiple areas of glioblastoma arising de novo in a
patient with a genetic abnormality and no underly-
ing low-grade lesion (Fig. 7).

Fig. 5A–C. Glioblastoma multiforme on the splenium of corpus cal-
losum (butterfly glioma). Axial postcontrast T1-W image (A) and
T1 coronal shows extension of a glioblastoma multiforme through
the splenium of the corpus callosum. C Severe enlargement of the
corpus callosum and fornices. Both structures show distorted
growth and granular surface
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Fig. 6A, B. Multifocal glioblastoma A Axial postcontrast T1 MRI
demonstrates multiple irregular ring enhancement lesions. B Axial

brain section shows multiple foci of GBM in the same hemisphere.
Gross features are similar in all lesions

Fig. 7A, B. Patterns of glioblastoma multiforme dissemination
through of the cerebrospinal fluid. A Coronal postcontrast T1-W

image shows enhanced extra-axial mass (arrow). B Macroscopic
brain section with thickened and opaque meningeal areas
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Giant-Cell Glioblastoma

Giant-cell glioblastoma is a histological variant of glio-
blastoma with a marked predominance of bizarre,
“monstrous” multinucleated giant cells and, on occa-
sion, an abundant stromal reticulin network. They are
categorized histologically as WHO grade IV and are a
rare variant (less that 1% of all brain tumors) [1, 6].

Radiopathological Correlation

Giant-cell glioblastomas are distinctive because of their
circumscription and firmness caused by production of
tumor stroma. They are often subcortically located, in
the temporal, frontal and parietal lobes. On CT and
MRI, they can mimic a metastatic tumor [6, 15] (Fig. 8).

Gliosarcoma

Gliosarcoma has a sarcomatous component and ac-
counts for approximately 2% of all glioblastomas. It is
typically located in the cerebrum, and involves the tem-
poral, frontal, parietal and occipital lobes [1, 6].

Radiopathological Correlation

The sarcomatous component produces a firm, often
superficial, rather discrete mass in a lesion that may
elsewhere have typical features of glioblastoma.

CT and MRI scans often show features of diffusely
infiltrating glioblastoma (Fig. 9A). In cases with a pre-
dominant sarcomatous component, the tumor appears
as a well-delineated hyperdense mass with homogene-
ous contrast enhancement, mimicking a meningioma
(Fig. 9B) [16, 17].At angiography, some gliosarcomas re-
veal a mixed dural and pial vascular supply [18].

Pilocytic Astrocytoma

Occurring in children and young adults, pilocytic astro-
cytoma is a generally well-circumscribed astrocytoma
composed of a variable percentage of spongy, compact
tissue [6].

These lesions are classified into WHO grade I and are
the most common glioma in children [1].

The thalamus and basal ganglia are the sites of pred-
ilection in the cerebral hemispheres. Cerebral pilocytic
astrocytomas are uncommon tumors that tend to affect
an older group of patients than do those occurring in
the cerebellum, optic chiasm or optic nerve. Cerebral
hemispheres comprise 3% of cerebral gliomas [19, 20].
The right hemisphere is more commonly affected.

Fig. 8A–C. Giant-cell glioblastoma. Axial (A) and coronal (B) post-
contrast T1-weighted MRI scans show a well-circumscribed super-
ficial located tumor in the left gyrus rectus. C Typical bizarre mon-
strous multinucleated tumor cells are the key component in this
GBM
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Radiopathological Correlation

Pilocytic astrocytoma is a relatively well-circumscribed
lesion (Fig. 10D), often showing a heterogeneous consis-
tency with firm or mucoid areas [21]. Focal calcification
may be present. Pilocytic astrocytoma sometimes forms
a mural nodule associated with cysts [22]. Invasion of
the subarachnoid spaces may be evident.

CT and MR images typically show a cystic mass with
an enhancing mural nodule (Fig. 10) [23–26]. Calcifica-
tion occurs in 10% of cases.

Subependymal Giant Cell Astrocytoma

A discrete, large cell astrocytoma arising near the fora-
men is the Monro, almost always in the setting of tuber-
ous sclerosis (TS). It is WHO grade I [1].

Clinical manifestations of SEGA usually appear dur-
ing the second decade of life, but congenital examples
have been encountered in premature infants. It is not
uncommon to document the slow progression of an
asymptomatic lesion during routine radiological
screening of patients with TS.

Radiopathological Correlation

Whether solitary or bilateral, these contrast enhancing
masses are solid and sharply demarcated from the
underlying caudate head (Fig. 11). In their obstructive
effects at the foramen, the Monro are evident on CT and
MRI. The other cerebral components of cerebral tuber-
ous sclerosis are usually evident as well [28]. These in-
clude:
1. Calcified subependymal nodules in the lateral ventri-

cles 
2. Cortical tubers with ether subjacent rarefaction or

cyst formation, evident as hyperintensity on T2-WI
3. Linear abnormalities that reflect hypomyelination of

the underlying white mater

Pleomorphic Xanthoastrocytoma

An astrocytic neoplasm with a relatively favorable prog-
nosis, pleomorphic xanthoastrocytoma is typically en-
countered in children and young adults. It typically
shows a superficial location in the cerebral hemi-
spheres, involvement of the meninges and a pleomor-
phic histological appearance [2, 6]. Classified as WHO
grade II, pleomorphic xanthoastrocytoma accounts for
less than 1% of all astrocytic neoplasms [1].

Fig. 9A, B. Gliosarcoma. A Axial postcontrast T1-W image. The tu-
mor shows intense heterogeneous ring-like enhancement. B Axial
contrast-enhanced CT in another case shows a mixed density fron-

tal mass (the hyperdense area represents sarcomatous compo-
nent). Note dural attachment (arrow) and peritumoral edema
(curved arrows)
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Radiopathological Correlation

The meningocerebral type generally has a superficial
location, particularly in the temporal lobe.

Pleomorphic xanthoastrocytomas are attached to
the meninges and are frequently accompanied by cysts;
sometime a mural nodule forms within the cyst wall. In-
vasion of the dura matter is exceptional.

CT and MRI scans usually outline the tumor mass
and/or the cyst that is present (Fig. 12). Peripheral ede-
ma is usually not pronounced. The mural nodule en-
hances strongly after contrast administration [27, 29,
30].

Oligodendroglioma

Oligodendrogliomas are diffusely infiltrating tumors
composed predominantly of cells morphologically re-
sembling oligodendroglia. Histologically, oligodendro-
glial tumors comprise a continuous spectrum ranging
from well-differentiated neoplasms to frankly malig-
nant tumors [6]. The WHO classification system recog-
nizes two malignant grades for oligodendroglial tu-
mors: grade II for well-differentiated tumors, and grade
III for anaplastic tumors [1].

Oligodendroglial tumors constitute only 5% of all ce-
rebral gliomas. Although they can occur at any age, they
predominate in adults, with a peak incidence in the fifth
and sixth decades. The most common signs are epileptic
seizures and headache.

Fig. 10A–D. Pilocytic astrocytoma. Axial T2 (A), axial (B) and coro-
nal (C) postcontrast T1 MRI of a pilocytic astrocytoma centered in
the left frontal lobe. D In other patient, well-circumscribed, largely

solid neoplasm with a cystic component is shown in the hypotha-
lamic and thalamic region. Note the mural nodule (C, D)
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Fig. 11A, B. Subependymal giant-cell astrocytoma in a patient with tuberous sclerosis. A Sagittal T1-weigthed image shows a heterogene-
ous mass in the foramen of Monro. B Axial postcontrast T1-weighted image with intense enhancement

Fig. 12A–C. Pleomorphic xanthoastrocytoma of the right temporal lobe. A Axial
T2-weighted image shows hyperintense cortical lesion (arrows) surrounded by
edema. B Coronal postcontrast T1-W image shows a cystic lesion with enhanced
peripheral nodule (arrow). C This neoplasm shows marked cytologic pleomor-
phism. Many cells have abundant cytoplasm and cytoplasmic lipid droplets
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Radiopathological Correlation

Macroscopically, they appear as well-defined soft, gray-
ish pink masses. Cyst degeneration and necrosis can oc-
cur in large lesions. Typically, oligodendrogliomas af-
fect the cerebral cortex and subcortical white matter of
the cerebral frontotemporal regions. Infiltration of the
adjacent leptomeninges is common. Anaplastic oligo-
dendrogliomas may demonstrate areas of tumor necro-
sis.

On CT, the tumors are usually hypo- or isodense in
comparison to the normal gray matter. Calcification is
common (Fig. 13). Mild contrast enhancement may be
seen in a fraction of cases. Peripheral edema is usually
mild or not seen. Calvarial erosion occurs in about 17%
of cases [31].

MRI studies typically demonstrate a hypointense le-
sion in the T1-weighted images and a hyperintense le-
sion in T2. The tumors are well-delineated and show lit-
tle perifocal edema. However, some may demonstrate
heterogeneous images of variable intensities due to
intratumoral hemorrhage and/or areas of cystic degen-
eration. Although enhancement is more frequently
identified with MR imaging than with CT, it is usually
modest. Anaplastic oligodendrogliomas may show non-
homogeneous patterns and contrast enhancement is
usual.

Mixed Gliomas

Mixed gliomas are tumors composed of a conspicuous
mixture of two or more distinct neoplasia counterparts
of the normal macroglial cell types. By far the most
common mixed gliomas are oligoastrocytomas [6].

Oligoastrocytomas are tumors composed of mixture
of two different neoplastic cell types morphologically
resembling the tumor cells in oligodendroglioma or

low-grade diffuse astrocytoma (WHO grade II). The
oligodendroglial and astroglial components may be ei-
ther diffusely intermingled or separated into distinct
areas.

Mixed gliomas correspond histologically to WHO
grade II and the anaplastic types to grade III [1].

Radiopathological Correlation

Generally, mixed gliomas cannot be differentiated from
other WHO grade II or III gliomas by their gross ap-
pearance.

On imaging studies, they demonstrate no special fea-
tures that would provide reliable clues to distinguish
them from other gliomas (Fig. 14). In the series pub-
lished by Shaw et al. [32], calcifications were demon-
strated in 14% of these tumors. About half of the oli-
goastrocytomas evaluated by CT and MRI showed con-
trast enhancement.

Ependymoma

Ependymoma is a tumor predominantly composed of
neoplastic ependymal cells, with preferential manifesta-
tion in children and young adults. Anaplastic ependy-
moma is a variant with histological evidence of ad-
vanced anaplasia, including nuclear atypia, marked mi-
totic activity, high cellular, microvascular proliferation
and necrosis [6].

Histologically, ependymoma are low-grade and cor-
respond to WHO grade II.Anaplastic ependymomas are
classified as WHO grade III [1]. Ependymomas account
for 2%–4% of supratentorial tumors. The age distribu-
tion is slightly lower for supratentorial than for infra-
tentorial location and males are affected slightly more
frequently than females.

Fig. 13A, B. Oligodendroglioma. A CECT sagittal reformation shows frontal tumor with calcification. B Classic picture with diffuse pattern
of regular round cells with clear perinuclear halo
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The white matter of the frontal and parietal lobes is
most commonly involved, some parts of the cerebral
hemispheres can be affected. Cerebrospinal fluid dis-
semination occurs frequently, especially with recur-
rence of the tumor.

Radiopathological Correlation

Supratentorial ependymomas intrude upon the ventric-
ular system, but also enlarge centrifugally into the sur-
rounding brain where they present to the surgeon as
freshly gray and, most importantly, relatively discrete
masses. Since the epicenter in the ventricular zone may
not be apparent, the diagnosis may be not suspected
when approached laterally. Ependymomas are soft, gray
masses with or without cysts, necrotic foci or hemor-
rhage.

On CT and MRI, these tumors have a variable, heter-
ogeneous appearance [33–35]. They are usually large
(>4 cm) and well-demarcated. Cyst formation or necro-
sis is typical (70%–80%), as is calcification (50%). Hem-
orrhage into the lesion occurs occasionally [36]. Moder-
ate to intense contrast enhancement is the rule (Fig. 15).
CT scan demonstrates a heterogeneously hypodense to
isodense mass. Increased density can be seen if hemor-
rhage has occurred, and anaplastic lesions often have
higher attenuation. MRI reveals a heterogeneous lesion
that is hypointense to isointense on T1-weighted images
and hyperintense on T2. Gadolinium often shows a
rather well-circumscribed lesion with varying intensity
of contrast enhancement. MRI is particularly useful in
determining the relationship to surrounding structures
and invasion along cerebrospinal spaces [35, 36].

Subependymoma

Subependymoma is a well-differentiated, nodular, and
highly fibrillar ependymal tumor generally situated
within a ventricle. It is WHO grade I.

Subependymoma are most often encountered as an
incidental finding. The lateral ventricle near the caudate
nucleus (40%–75%) and the floor of the fourth ventricle
(30%–60%) are the most common locations. Like epen-
dymomas, occasional examples occur near the surface
of the brain.. Based on critical location and size, hydro-
cephalus is the most common presentation [37].

Radiopathological Correlation

As lobulated, flat-based tumors, subependymoma are
firmly attached to their site of origin. Although basical-
ly soft than solid, the texture of long-standing lesion
may be modified by calcification, hemorrhage, or cyst

Fig. 14A–C. Oligoastrocytoma. A Axial T2-weighted MR scan shows
a frontal hyperintense well-demarcated lesion with mild perifocal
edema. B Coronal postcontrast T1-W image demonstrates a focus
of enhancement (arrow). C Gross appearance of the frontal lobe
shows an oligoastrocytoma with recent hemorrhagic component
after incomplete removal of tumor
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formation. The tumor is characterized by small group of
ependymal cells in a rather dense, delicately fibrillar
stroma. Calcifications, hemorrhage and/or microvascu-
lar proliferation may be formed.

Radiological findings show lateral ventricle subepen-
dymoma on CT [38], which vary in density, but are more
often hypodense, and usually do not enhance. Calcifica-

tions are seen in less 10% of cases. On MRI, they are typ-
ically hypointense to gray matter on T1-WI and hyper-
intense on T2-WI (Fig. 16). As with CT, they seldom
demonstrate enhancement and are thus readily distin-
guished from other lateral ventricle tumors, which typi-
cally do enhance. Subependymoma do not demonstrate
paraventricular extension.

Fig. 15A, B. Ependymoma supratentorial. A Axial contrast-en-
hanced CT demonstrates homogeneous enhancing mass in the
atrium of the right lateral ventricle. B In this axial section of the

brain, the right temporal horn is occupied by a well-defined he-
morrhagic granular tumor

Fig. 16A, B. Lateral ventricle subependymoma. A Coronal postgad-
olinium T1-weighted image. Lack of contrast enhancement dis-

cerns this neoplasm from others in the same location. B Macro-
scopic appearance after surgical removal shows nodular surface
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Choroid Plexus Tumors

Choroid tumors are papillary neoplasms of the cerebral
ventricles derived from choroid plexus epithelium.
Choroid plexus papilloma is classified as WHO grade I,
whereas choroid plexus carcinoma is histologically ma-
lignant (WHO grade III) [1, 6].

Although choroid plexus tumors account for only
0.4%–0.6% of all brain tumors, they represent 2%–4%
of those that occur in children and 10%–20% of those
manifesting in the 1st year of life. Around 80% of lateral
ventricle tumors present in patients under 20 years old.
Choroid plexus tumors tend to block cerebrospinal
pathways.

Radiopathological Correlation

Choroid plexus papillomas are circumscribed, cauli-
flower-like masses that adhere to the ventricular wall,
but are usually well-delineated in relation to the brain
tissue. Choroid plexus carcinomas are invasive tumors
that may appear solid, hemorrhagic and necrotic [36].

Choroid plexus papillomas are well-circumscribed,
lobulated intraventricular masses. Ventriculomegaly or
effacement of the lateral ventricles is often present. The
majority are isodense to hyperdense, with about a quar-
ter of the lesion being hypodense, on CT images. They
are brightly enhancing tumors that may have calcifica-
tions [39].

Fig. 17A–D. Choroid plexus papilloma. A Sagittal T1-weighted im-
age shows a large, almost isointense intraventricular mass. B Axial
T2-weighted image shows heterogeneous, high signal intensity
mass, causing hydrocephalus. C Coronal T2 postcontrast image

shows a markedly enhanced intraventricular mass. D Obvious pap-
illary architecture is found. The layer of cuboidal cells without aty-
pia is characteristic
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On MRI (Fig. 17), choroid plexus papillomas are iso-
intense to hypointense to the brain tissue and hyperin-
tense to the cerebrospinal fluid in T1-weighted images.
There are areas of signal void, suggesting increased re-
gional blood flow or calcifications. On T2-weighted im-
ages, 60% are hyperintense to the parenchyma. Gadolin-
ium enhancement is uniform [40, 41].

Angiography may demonstrate tumor blush. Lateral
ventricular lesions are associated with enlarged choroid
arteries [41].

Choroid plexus carcinomas often grow through the
ventricular wall and invade the surrounding brain. They
are of varied density on precontrast scan and enhance
nonhomogeneously on postcontrast CT. Cysts, calcifica-
tions and hemorrhages are frequent.

On MRI they show mixed signal intensities on T1-
weighted images because of the presence of cysts and
hemorrhage. Irregular enhancement is noted after gad-
olinium.

Choroid plexus carcinomas have a marked propen-
sity to metastasize through the cerebrospinal pathways,
sometimes forming large subarachnoid masses [42]
(Fig. 18).

Neuroepithelial Tumors of Uncertain Origin

Astroblastoma

Astroblastoma is a glial neoplasm characterized by a
typical perivascular pattern of GFAP-positive astrocytic
cells with broad, nontapering processes radiating to-
wards central blood vessels [6]. Astroblastoma occurs
most frequently in young adults, occasionally in chil-
dren and rarely in infants. A case of congenital astro-
blastoma has been reported [43].

Radiopathological Correlation

The cerebral hemispheres are most often affected. Mac-
roscopically, they are usually well-circumscribed solid
masses with a homogeneous cut surface, although large
examples may show both cyst formation and necrosis
[36].

On CT and MRI, they are often enhancing, well-de-
fined lesions (Fig. 19).

Fig. 18A, B. Congenital choroid plexus carcinoma.Axial T2-weight-
ed (A) and coronal T1 postgadolinium images (B) of a choroid
plexus carcinoma involves the trigone and right lateral ventricle.
Note the hydrocephalus, a frequent finding among patients with

choroid plexus tumors. This tumor tends to invade adjacent brain
(arrowheads) and subarachnoid space (arrow) more readily, as
seen in this case (B)
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Gliomatosis Cerebri

Diffuse glial tumors infiltrating the brain extensively so
as to involve more than one lobe, gliomatosis cerebri are
frequently bilateral and often extend to infratentorial
structures and even the spinal cord [6].

Gliomatosis cerebri are malignant lesions, corre-
sponding to grade III or IV in the WHO classification
[1]. The term “gliomatosis cerebri” was originally
coined by Nevin in 1938 [44] to describe infiltration by
glial cells of extensive areas of the brain without forma-
tion of an obvious tumor mass.

Radiopathological Correlation

The most commonly affected areas, as defined by post-
mortem studies and images are: cerebrum (76%), me-
sencephalon (52%), pons (52%), and thalamus (43%).
When the lesion involves the cerebral hemispheres, the
centrum semioval is always affected, whereas the cortex
is infiltrated in only 19% of such cases.

Macroscopically, two types of gliomatosis cerebri
have been distinguished. Type I is the classic lesion, in
which there is diffuse neoplastic growth and enlarge-
ment of involved existing structures, without the forma-
tion of a circumscribed mass. Type II gliomatosis, which
may develop from type I, is associated with the presence
of an obvious neoplastic mass, usually a malignant glio-
ma [45].

On both on CT and MRI [46, 47], the pattern is infil-
trative, with enlargement but not destruction of the in-
volved structure. The gyri are swollen and flattened and
the sulci are obliterated. On CT study, the lesion appears
as poorly defined areas of low density [45]. In the T1-
weighted images, MRI shows hypointense areas, where-
as proton-density images and T2 reveal the full exten-
sion of the tumor with hyperintensity (Fig. 20). En-
hancement is rare but has been seen in type II gliomat-
osis. We believe that ante-mortem diagnosis is possible
by means of the correlation between the radiological
findings and brain biopsy

Hemangioblastoma Supratentorial

Supratentorial hemangioblastomas are rare, although
less than originally believed, owing to their earlier con-
fusion with vascular meningiomas [1]. They probably
represent about 5% of all cases and occur in a variety of
locations, including the pituitary stalk, optic nerve and
third and fourth ventricles. Proportions are hemispher-
ic and superficial, and may show dural attachment or lie
entirely within the leptomeninges. Both posterior fossa
and supratentorial hemangioblastomas may be multiple
at the time of presentation, especially in the context of
von Hippel–Lindau disease (VHL).

Fig. 19A, B. Astroblastoma. A Coronal T2-weighted MRI shows a
large mixed-intensity tumoral mass with necrotic focus. B Exten-
sive, well-circumscribed extensive hemispheric tumor with he-

morrhagic component is a rare case of congenital tumor in a 35-
weeksgestation newborn
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Radiopathological Correlation

Macroscopic features are hemangioblastomas that are
well-circumscribed red-brown tumors that may be to-
tally intraparenchymal, partly extraparenchymal or en-
tirely extra-axial. The intraparenchymal tumors usually
have a superficial margin at the pial surface, and this is
often covered by ecstatic and tortuous superficial blood
vessels. Supratentorial hemangioblastomas sometimes
have a dural attachment and grossly recable margins,
especially when they are predominantly extraparenchy-

mal. Intraventricular examples may appear macroscop-
ically similar to ependymomas. Something over two-
thirds of hemangioblastomas at any site take the form of
a large cystic lesion with a well-defined, often quite
small mural nodule. The cyst usually contains yellow or
brown proteinaceous fluid, which coagulates at room
temperature. Angiography has been the traditional ra-
diological investigation of choice for intracranial he-
mangioblastoma (Fig. 21C) and remains an important
diagnostic procedure despite the advent of CT and MRI
[48]. In addition to establishing the blood supply and

Fig. 20A–C. Gliomatosis cerebri. A Axial T2-weighted MRI scan
shows extensive infiltration of the white and gray matter in both
hemispheres and corpus callosum with obliterated sulci. B Axial
section of the brain shows diffuse enlargement in the greater part

of both centra semiovales. Note widened flattened circumvolu-
tions and obliterated sulci in the left frontal lobe. C White matter,
in centrum semiovale, shows diffuse infiltration by neoplastic
spindle-shape astrocytes



Chapter 1.3 Hemispheric Brain Tumors 53

Fig. 21A–E. Supratentorial hemangioblastoma. Coronal T1-weight-
ed image (A) and sagittal T1 image after contrast administration
show a cystic lesion and an isointense mural nodule (curved ar-
row). Strong enhancement of the mural nodule (B). Carotid angio-

graphy (C) shows a vascular mural nodule. D The removed nodule
shows in the cutting a cystic and hemorrhagic surface while it is
nodular externally. E A network of capillary channels with intersti-
tial clear cells are characteristic features
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vascular drainage of the tumor, angiography is a sensi-
tive method of locating noncystic examples and allows
detection of other unsuspected tumors overlooked by
localized scans. For cystic tumors, CT allows precise
definition at the cystic cavity and is often used in com-
bination with angiography. Solid tumors and mural
nodules are isodense with brain and not well seen in
nonenhancement scans, but they show uniform, intense
enhancement with intravenous contrast media. MRI
again provides a good definition of cystic tumors, which
are visible as well-defined low-signal areas, slightly hy-
perintense to CSF on T2-W. However, gadolinium ad-
ministration is essential to identify to mural nodules of
cystic lesions and to define the extent of solid tumors
(Fig. 19). MRI also allow visualization of the large ab-
normal vessels feeding and draining the tumors, which
show as flow void on T2-W [49].

Chordoid Glioma of the Third Ventricle

The lesion presents in adults with the generic symp-
toms attributable to the obstructing third ventricle
mass. Females are more frequently affected.

Radiopathological Correlation

Macroscopic features are the solid lobulated lesion that
often distends the third ventricle and adheres to the
wall. The lesion has a sharp interface with surrounding
brain parenchyma. Its substance consists of ribbons,
cords, and lobule of uniform, epithelial-like cells in a
faintly basophilic, mucinous matrix [50]

Radiological Features

The lesions are remarkably similar from case to case, all
are discrete, smooth-contoured, contrast-enhancing,
third-ventricle masses that obstruct CSF flow and pro-
duce hydrocephalus [51].

Neuronal and Mixed Neural-Glial Tumors

Gangliocytoma and Ganglioglioma

Tumors are composed of neoplastic, mature ganglion
cells, either alone (gangliocytoma) or in combination
with neoplastic glial cells (ganglioglioma) [6]. Ganglio-
cytoma is classified into WHO grade I, while gangliogli-
oma may be grade I or II [1]. These two types represent
1.3% of all brain tumors. Any age can be affected, but
80% occur in individuals under 30 years old.

Patients typically present with seizures or focal neu-
rological signs. These tumors preferentially occur in the

temporal lobe, followed by the frontal and parietal
lobes.

Radiopathological Correlation

Macroscopically, gangliocytomas and gangliogliomas
are solid or cystic tumors that are not usually accompa-
nied by mass effects. Calcification may be present. Hem-
orrhage and necrosis are rare.

CT shows a well-circumscribed mass, often periph-
erally located in the cerebral hemispheres. The lesion
may be solid or cystic. The tumor is isodense or hypo-
dense and may show calcifications. Surrounding edema
is only occasionally noted, and hemorrhage is rarely
identified. Contrast is variable and usually of moderate
intensity. Scalloping of the calvaria may be seen adja-
cent to superficially located tumors [52, 53].

On MRI the most common appearance is a well-de-
lineated temporal or frontal lobe mass that is hypoin-
tense in T1- and hyperintense in T2-weighted images
(Fig. 22). Enhancement varies in intensity from weak to
marked, and may be solid, at the rim or nodular [54].

Desmoplastic Infantile Ganglioglioma

Desmoplastic astrocytoma is a clinicopathological en-
tity (WHO grade I), characterized by large tumors that
involve the superficial cortex and occur in infants, with
a generally good prognosis following surgery [5].

Desmoplastic gangliogliomas are rare supratentorial
neuroepithelial neoplasms that present in early infancy,
between 1 and 24 months of age (mean, 6.3 months).
They invariably arise in the supratentorial region and
affect more than one lobe, preferentially the frontal and
parietal, followed by the temporal.

The symptoms and signs are of short duration and
include increasing head circumference and tense, bulg-
ing fontanelles.

Radiopathological Correlation

Macroscopically these tumors are large, measuring up
to 13 cm in diameter, and have deep uni- or multilocu-
lated cysts filled with clear or xanthochromic fluid. The
solid superficial portion is primarily extracerebral, in-
volving the leptomeninges; the superficial cortex is
commonly attached to the dura [55].

Plain skull films show sutural diastasis with or with-
out erosion of the internal table adjacent to the tumor.
On CT, the lesion is a large, well-defined cystic region,
similar to cerebrospinal fluid, with a solid isodense or
slightly hyperdense superficial portion, which shows
contrast enhancement (Fig. 23). T1-weighted MR imag-
es characteristically show a hypointense cystic mass
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Fig. 22A, B. Ganglioglioma. A Axial T2-weighted image demonstrates hyperintense left temporal lobe mass. B Coronal T1-weghted image
shows low-intensity area

Fig. 23A, B. Dysembryoplastic neuroepithelial tumor. A Axial T2-
weighted MR image shows a well-demarcated hypersignal. The
cortical topography of the lesion, which looks like microgyri, can

be seen. B CT in the same patient demonstrates gyral calcifications
and involvement of the overlying calvaria
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with a peripheral solid component that enhances with
gadolinium. The solid portion is heterogeneous in T2-
weighted images.

Dysembryoplastic Neuroepithelial Tumor

Dysembryoplastic neuroepithelial tumors (WHO grade
I) are benign, usually supratentorial mixed glial neuro-
nal neoplasms, characterized by multinodular architec-
ture and a predominantly intracortical location. They
may be associated with cortical dysplasia [4, 56].

A large majority of dysembryoplastic neuroepithelial
tumors that are identified during surgery for epilepsy
are located in the temporal lobe and preferentially in-
volve the mesial structure [57]. However, they may de-
velop in any part of the supratentorial cortex.

Radiopathological Correlation

The gross appearance may reflect the complex histolog-
ical architecture of the lesion. The most typical feature
is the viscous consistency of the ganglioneural compo-
nent. The affected cortex is often expanded and, al-
though the tumor is predominantly intracortical, the
subcortical white matter may also be affected.

On imaging, the cortical topography of the lesion is
an important criterion for differentiating between these
tumors and gliosis. On CT, definition of the overlying
calvaria is often seen, and this finding supports the di-
agnosis of dysembryoplastic neuroepithelial tumors.
Calcifications are often present (Fig. 24B).

Hypointense on the T1-weighted and hyperintense
on the T2-weighted MR images, these tumors can re-
semble macrogyria (Fig. 24A). True cyst formation is
seen in a minority of cases. About one-third show con-
trast enhancement on CT or MRI, which often appears
as multiple rings [58, 59].

Central Neurocytoma

A WHO grade I neoplasm composed of uniform round
cells with neuronal differentiation, central neurocyto-
ma is typically located in the lateral ventricles, in the re-
gion of the foramen of Monro [3, 60]. These tumors af-
fect mainly young adults, and have a favorable progno-
sis. The incidence of central neurocytoma is estimated
at 0.2%–0.5% of all intracranial tumors.

The clinical history is short and the majority of pa-
tients present with symptoms of intracranial hyperten-
sion.

Radiopathological Correlation

Macroscopically, central neurocytoma is a soft, well-cir-
cumscribed neoplasm that often contains flecks of cal-
cification and occasional hemorrhage.

On CT, the majority are visualized as well-circum-
scribed nonhomogeneous masses, which are isodense
or slightly hyperdense to the parenchyma. Calcifica-
tions (52%) and cystic areas (67%) are often seen
(Fig. 25A). Contrast enhancement and associated hy-
drocephalus are present [61, 62].

On MRI, the T1- and T2-weighted images show an
essentially isointense lesion with nonhomogeneous re-
gions reflecting areas of calcification and cyst forma-
tion. Areas of hypointensity in T1-W images are prob-
ably related to focal calcification, and areas of hyperin-
tensity on T2-W to areas of cystic necrosis. Tumor en-
hancement is moderate to strong after gadolinium ad-
ministration [61, 62] (Fig. 25B).

Cerebral angiography demonstrates a faint tumor
blush persisting into the late venous phase [63].

Cerebral Neuroblastoma

The neuroblastoma is a another small blue cell tumor of
presumed neuronal linage that occurs as a tumor of
children and young adults: approximately half are diag-
nosed in the first 5 years of life.

Fig. 24. Desmoplastic infantile ganglioglioma. CT after contrast
administration. Cystic and solid (arrow) components
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Radiopathological Correlation

The macroscopic appearance shows the neuroblastoma
growing as expansile masses, within the brain, typically
with gross circumscribed, pushing borders and often
has attained a large size (several centimeters in diame-
ter) by time of diagnosis. The tumors tend to be firm
and are particularly superficial and desmoplastic. Mul-
tilobulation and cyst formation are common, the cyst
often as large than the tumor itself. Widespread dissem-
ination along the CSF pathways is a common finding at
autopsy.

The unenhanced CT appearance is that of an inho-
mogeneous mass with hypodense regions due to necro-
sis and cyst formation and hyperdense regions due to
calcification. A large amount of mass effect and edema
is commonly present. Inhomogeneous contrast en-
hancement is typically seen. Dissemination through the
subarachnoid space and ventricular system can be seen
as foci of abnormal contrast enhancement within such
spaces.

The lesions are inhomogeneous on T2-W MRI due to
the presence of necrosis and hypointense regions of
hemorrhage and calcification. Contrast enhanced MRI

Fig. 25A–D. Central neurocytoma. A CT shows mixed calcified (ar-
row) and isodense (curved arrow) intraventricular mass. No sym-
metrical hydrocephalus. Coronal (B) and axial (C) postcontrast T1-
weighted MR image shows a large enhancing tumor occupying the

frontal horns of both lateral ventricles with obstruction of the fo-
ramen of Monro. D A sheet of cells with uniform, round nuclei
which have fibrillary cytoplasm
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is more sensitive than CT for determining tumor extent,
including subarachnoid and meningeal spread.

Supratentorial Primitive Neuroectodermal Tumor

Supratentorial primitive neuroectodermal tumor
(WHO grade IV) is an embryonal tumor composed of
undifferentiated or poorly differentiated neuroepithe-
lial cells, which have a capacity for divergent differenti-
ation along neuronal astrocytic, ependymal, vascular or
melanotic lines. Primitive neuroectodermal tumors are
uncommon in the supratentorial compartment [64].

Radiopathological Correlation

The parenchymal tumors are massive growths with or
without cysts or hemorrhage. The demarcation
between tumor and brain may range from indistinct to
clear-cut. They are soft, unless they contain a prominent
desmoplastic component.

Imaging typically reveals a large mass deep in the ce-
rebral white matter. Necrosis or cyst formation is seen
in 30%–60%, with calcifications in 50%–70%. Hemor-
rhage is always noted and may be solid, heterogeneous
or ring-like, depending on the degree of cystic or ne-
crotic changes (Fig. 26). The lesions are iso- to hyper-
dense on CT. Surrounding edema is not usually exten-
sive [65, 66].

Lymphomas

Malignant lymphomas of the CNS include: 1) primary
CNS lymphomas (PCNSL), defined as extranodal ma-
lignant lymphomas arising in the CNS in the absence of
obvious lymphoma outside the CNS at the time of diag-
nosis, 2) secondary involvement of the CNS in systemic
lymphoma.

The current annual incidence [61] in immunocom-
petent patients is 0.3 new cases per 100,000 person–
years. In AIDS patients, the incidence of 4.7 per 1000
person–years is about 3,600-fold higher than in the gen-
eral population. Primary CNS lymphoma is the second
most common (following toxoplasmosis) CNS mass le-
sion in adult AIDS patients and is the most common
mass lesion in pediatric AIDS patients. Secondary CNS
involvement by systemic lymphoma occurred in ap-
proximately 25% of cases before the advent of effective
chemotherapy.

Epstein-Barr virus is implicated in the pathogenesis
of PCNSL in all immunocompromised patients and
15%–20% of immunocompetent patients.

About 60% of primary CNS lymphoma involve the
supratentorial space. The cerebral white matter of the
frontal lobes is the most common site for CNS lympho-
ma, and in the temporal, parietal and occipital lobes in
decreasing order of frequency. Approximately 2%–50%
are multiple. Secondary meningeal spread is seen in
30%–40% of primary lymphomas. One of the most
characteristic features of CNSL is its tendency to spread
through the ependyma, the meninges, or both.

Peak incidence is seen in the sixth and seventh
decades in immunocompetent patients and in the
fourth decade in immunocompromised patients.

Fig. 26A, B. Primitive neuroectodermal tumor. A Axial T2-weighted
image MR scan shows heterogeneous left frontal mass with hem-
orrhage (low-signal areas). B A sharply circumscribed and soft tu-

mor in the left frontal lobe occurred in a 6-year-old girl. Terminal
intratumoral hemorrhage can be seen
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PCNSL present as space-occupying lesions causing
raised intracranial pressure, focal neurological deficit or
epilepsy.

Radiopathological Correlation

Macroscopically, primary lymphomas appear as simple
or multiple masses in the cerebral hemispheres. While
they are often deep-seated and adjacent to the ventricu-
lar system, superficial tumors are also encountered. The
tumors manifest as grayish-tan to pink homogeneous,
circumscribed nodular masses with a firm to friable
consistency and a granular surface. The lesion is fre-
quently surrounded by edema. Demarcation from the
surrounding parenchyma is variable. Some tumors ap-
pear well-delineated, as in metastasis. When a diffuse
border and architectural effacement is present, the le-
sions resemble gliomas. It is impossible to grossly deter-
mine the extent of the tumor. Focal necrosis is present
in AIDS patients.

The infiltrated meninges appear thick, and subepen-
dymal intraventricular spread may manifest as areas of
irregularity and softening.

Non-AIDS lymphomas appear as hyperdense masses
on nonenhanced CT examination because of the cellu-
larity of the lesion, with little associated edema. In

AIDS-related CNS lymphoma, the lesion may be hyper-
dense or hypodense on noncontrast CT. Hypodensity is
often related to the high degree of necrosis present in
AIDS-related lymphomas. The hypodense lesions often
have hyperdense rims where there is less necrosis. Hem-
orrhage in this lesion is uncommonly seen on CT. Cal-
cification is rare. There is usually a variable degree of
mass effect and edema.

Postcontrast CT demonstrates dense enhancement,
which is homogeneous in non-AIDS lymphoma but
may be homogeneous (Fig. 27), heterogeneous, or show
ring enhancement in AIDS-related lymphoma. This
again may be related to the greater frequency of necro-
sis in the latter. Periventricular enhancement suggests
subependymal spread and is often a valuable clue in the
radiographic diagnosis of CNS lymphoma [67, 68].

The dense cellularity of lymphoma renders these le-
sions isointense or hypointense to the parenchyma in all
MRI sequences. These signal characteristics strongly
suggest the diagnosis in the appropriate clinical setting.
Administration of gadolinium results in solid or ring-
like enhancement. Ring enhancement is more frequent-
ly associated with necrotic lesions. Nonenhancing
PCNSL has been thought to be extremely rare (Fig. 28)
[69, 70].

The recent use of T1 brain SPECT has made it pos-
sible to differentiate between these tumors and infec-

Fig. 27A, B. Primary CNS lymphoma in AIDS patient. A Axial con-
trast-enhanced CECT shows multiples homogeneous enhancing
lesions in the right caudate nucleus, left thalamus and left sylvian

fissure. B Right caudate and thalamus nuclei show a definite pale
homogeneous space-occupying mass with ill-defined outlines.
Left claustrum is blurred (arrows)
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tion (commonly toxoplasma) in AIDS patients. Neo-
plasms demonstrate increased uptake of thallium, due
to their metabolic activity, whereas infection does not.A
positive T1 brain SPECT study strongly suggests lym-
phoma in a patient with AIDS, and biopsy is obtained
for confirmation [63].

Radiological studies revealed multiple lesions in 16%
of cases, but the true prevalence of multiple lesions
proved at pathological examination is 20%–44% [6]).

Metastasis

In the context of this study, metastasis refers to tumors
involving the CNS that originate from, but are discon-
tinuous with, primary systemic neoplasms. Solitary or
multiple deposits of secondary neoplasms may occur in
the CNS parenchyma and cause symptoms of increased
intracranial pressure, focal neurological deficit, and epi-
lepsy.

Intracranial spread of tumor is a relatively common
occurrence, and metastases are found in approximately
25% of all patients who die from cancer. The initial
sources of CNS metastasis are lung, breast, gastrointes-
tinal tract and malignant melanoma. The supratentorial
compartment is the most common site, accounting for
80%–85% of metastatic foci. Eighty percent of brain
metastases are located in the arterial border zones of
the cerebral hemispheres.

Radiopathological Correlation

Metastatic neoplasms form spherical masses in the
brain and surrounding edema is evident. The deposit
may be firm or have a soft, mucoid or necrotic center.
Hemorrhagic deposits are characteristic of melanoma,
choriocarcinoma, lung and adenocarcinoma. Malignant
melanoma may show obvious pigmentation.

On CT study, the majority of metastases are isodense
in comparison to the adjacent brain. Hyperdense metas-
tases are seen with small round cell tumors or hemor-
rhage (Fig. 29A, B). Cystic metastases are uncommon
(Fig. 29E, F). Edema associated with metastasis can be
striking and, in some cases, it is the only abnormality
seen. After contrast administration, parenchymal me-
tastasis enhances strongly and solid (Fig. 29C, D, G, K)
and ring-like patterns are common [71].

On MRI the signal characteristics of metastatic tu-
mors are also variable. Nonhemorrhagic metastases are
slightly hypointense in relation to the normal brain tis-
sue on the T1-weighted images. Certain nonhemor-
rhagic metastatic tumors such as malignant melanoma

Fig. 28A, B. Nonenhancing primary CNS lymphoma. A Axial T2-
weighted image shows multiple high-intensity areas in both hemi-
spheres (caudate nucleus, putamen, internal capsula). B A rare case

of extensive diffuse lymphoma in which the brain appears virtual-
ly normal grossly. Left nuclei and deep regions show a darker
brownish appearance (arrow)

Fig. 29A–H. Metastasis. A, B Acute hemorrhagic metastasis. C, D
Melanoma metastasis. E, F Intestinal adenocarcinoma metastasis
with a cystic mucinous component. G, H Miliary bronchial carcino-
ma metastasis
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are often hyperintense on T1-W. Generally metastases
appear as hypointense on T1- and hyperintense on T2-
weighted images, with markedly enhanced adjacent pa-
renchymal edema. Solid, rim and mixed patterns occur.

Emerging CNS Neoplasms

Since the appearance in 2000 of the WHO classification
for central nervous system neoplasms, numerous de-
scriptions of new entities or variants have appeared in
the literature. In the group of neuronal and mixed glio-
neuronal tumors are lesions with distinctive morpho-
logical features that are still not included in a precise
classification, including extraventricular neurocytoma,
papillary glioneural tumors ad dysembryoplastic-like
tumor of the septum pellucidum [72].

Extraventricular Neurocytomas

Extraventricular neurocytomas (EVNS) are mentioned
but not formally listed in 2000 WHO classification of tu-
mors of the CNS. Nonetheless, reports of such lesions
are increasing and recent studies have better delineated
their clinicopathological features [73, 74].

Extraventricular neurocytic neoplasms (Fig. 30) that
arise within central nervous system parenchyma share

histological features with the most common central
neurocytoma, but exhibit a wider morphological spec-
trum. Neurocytes most often demonstrate finely granu-
lar, slight eosinophilic cytoplasm. Less often than their
intraventricular counterpart, they exhibit cytoplasmic
clearing, which in combination with round nuclei sug-
gest a diagnosis of oligodendroglioma. With regard to
biological behavior, like central neurocytoma, most
EVNSs are well differentiated and do not recur, especial-
ly after complete resection.

Papillary Glioneural Tumors

This uncommon lesion is uniquely characterized by
pseudopapillary structures of hyalinized blood vessels
surrounded by astrocytic cells.

This tumor occurs in patients of various ages and
there is no gender predilection. Occurrence in young
children as well as in elderly persons has been observed
[13, 14]. The tumors present radiographically as con-
trast-enhancing cystic masses of variable size, affecting
the cerebral hemispheres with no specific location [75].

Follow-up data indicate no evidences of recurrence
in tumor totally resected grossly during intervals rang-
ing from 6 months to 7 years [75–77].

Fig. 30A, B. Extraventricular neurocytoma. Coronal and axial T1-weighted MRI after contrast administration shows enhancing mass aris-
ing in the sylvian fissure (arrow)
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DNT-Like Tumor of the Septum Pellucidum 
and Caudate Nucleus Area

The DNT tumor is now a well-known, seizure-produc-
ing entity that occurs characteristically in the cerebral
cortex of children and young adults.

Most recently, DNT-like lesions have been reported
to occur in the extracortical locations [78]. The better-
characterized location of such DNT-like lesions is the
caudate nuclei/septum pellucidum area [79, 80]. As a
consequence of this location, the presenting symptoms
are those increasing intracranial pressure, in contrast to

Fig. 31. A–D
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the seizures observed in the classic intracortical coun-
terpart.

Radiopathological Correlation

Radiographically, the tumors extend in the lateral ven-
tricle from the septal region and obstruct the foramen
of Monro, causing varying degrees of hydrocephalus.
The lesions are lobular, well-delineated, hypointense on
T1-weighted images and hyperintense on T2-weighted
images and no enhancing. The histological features in-
clude a mucin-rich background, oligodendrocyte-like
cells, so-called floating neurons, specific glioneural ele-
ments. Distinction from more aggressive neoplasms
such as oligodendrogliomas or well-differentiated, dif-
fuse astrocytoma is mandatory because these tumors
appear to behave in the benign fashion, similar to that of
cortical DNTs [80].

Meningioangiomatosis

Meningioangiomatosis (MA) is a focal lesion of the lep-
tomeninges and underlying cortex, was originally de-
scribed in association with von Recklinghausen’s dis-
ease (neurofibromatosis, NF) and has since been known
to also occur sporadically [81]. Sporadically MA is fours
times more common than MA with NF. MA presents
clinically as partial seizures that are difficult to control
or as an incidental finding in individuals who are
asymptomatic.

Radiopathological Correlation

All patients’ MA lesions were confined to the cortex,
with variable involvement of the overlying leptome-
ninges characterized by leptomeningeal and meningo-
vascular proliferation. Cases were classified into those

with predominantly cellular and those with predomi-
nantly vascular lesions.

Patients with and without NF had similar findings on
the various imaging modalities. The commonest find-
ing on CT scan was a calcified enhancing lesion with
surrounding low density (Fig. 31) [82]. MRI showed low
or mixed central signal on T1 and T2-W in 84% of cas-
es. Gadolinium enhancement is frequently. MA resem-
bled various diseases on MRI, including meningioma,
acute hemorrhage, and calcified arteriovenous malfor-
mation [81, 83].

Proton MR Spectroscopy (1H MRS) 
in the Diagnosis of Brain Tumors

Astrocytic Tumors (Low-Grade Astrocytoma,
Anaplastic Astrocytoma and Glioblastoma)

In this group, glioblastomas are characterized by the
presence of lipids at 0.90 ppm and 1.30 ppm, due to the
presence of necrosis [84–87] (Fig. 32). Although a cer-
tain amount of lipids can be found in anaplastic astro-
cytomas, the level of lipids in this group uses to be low-
er than in glioblastoma. An increase in Cho has been
considered to correlate with malignancy in astrocytic
tumors. This rule is prevalent for the comparison
between anaplastic and low-grade astrocytomas
(Figs. 33, 34). Different results are found in the compar-
ison between anaplastic astrocytoma and glioblastoma.
Although, in theory, Cho should be higher in glioblasto-
mas, some authors have found lower levels in this group
than in anaplastic astrocytomas. A suggested explana-
tion has been a preponderance of necrotic areas over vi-
able proliferative cellular areas in glioblastoma. Lactate
has also been considered to correlate with malignancy
by some groups; nevertheless values of lactate show a
high variability between tumors and cannot be used to
differentiate between groups.

Fig. 31. A–E CT. Gyral calcifications located in frontal cortex of
interhemispheric fissure. Hypodense area. B Contrast-enhanced
CT shows enhancing surrounding area of calcification with inva-
sion of the left frontal lobe. C Coronal T1-weighted MRI demon-
strates cystic component and areas of flow void. D Frontal lobe
shows large cortical calcifications (white arrowheads). E Diffuse
cortical meningioangiomatosis. Predominance of meningothelial
cells is seen (green in trichrome staining)
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Metastasis

Metastases are high-grade brain lesions in which pres-
ence of necrosis, represented in the spectrum by broad
resonances centered at 0.90 ppm (Lip 0.9) and 1.30 ppm
(Lip 1.3) can be found [88]. High values of Cho and low

levels of Cr and NACC are also found in this group of tu-
mors (Fig. 35). Differentiation between this group and
glioblastoma cannot be confidently made by 1H MRS to
date. The origin of metastasis can not be satisfactorily
differentiated by 1H MRS either.

Fig. 32. Mean spectrum of glioblastoma at TE, 136 ms. Lipid resonances correspond to presence of necrosis, characteristic of this tumor

Fig. 33. Mean spectrum of anaplastic astrocytoma at TE, 136 ms. The Cho/Cr ratio is significantly increased. There is also some amount
of lactate
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Introduction

Neoplasms of the posterior fossa form a heterogeneous
group of tumors that manifest either within the cerebel-
lum, the fourth ventricle, or the cisternal spaces. Using
the predominant age group in which each occurs is a
convenient method to analyze this group.

Within the pediatric population, medulloblastoma
and pilocytic astrocytoma arise within the cerebellum
while ependymoma and choroid plexus papilloma oc-
cur within the ventricular system. In the adult popula-
tion, hemangioblastoma is the most common cerebellar
tumor, followed by dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos disease) and cerebellar liponeuro-
cytoma while the fourth ventricle is the most common
location for the subependymoma. In the extra-axial
cerebellopontine angle, the vestibular schwannoma is
the most common tumor, followed by meningioma.

Pediatric Neoplasms

Medulloblastoma

Incidence and Clinical Presentation

Medulloblastoma is the most common pediatric central
nervous system malignancy and the most common
(38%) primary tumor of the posterior fossa in children.
Following only astrocytoma, it is the second most com-
mon pediatric brain neoplasm overall (6–8%) with an
incidence of about 1 in 200,000 [1–7]. Males (60%) are
slightly more commonly affected [5]. Among children,
the mean age is about 7 years with small peaks at 3 years
and 7 years [3]. Other cases may manifest between the
ages of 20 and 40 years [8, 9].

Nearly all cases occur in the cerebellum (94.4%) and
most (>75%) of these arise in the midline cerebellar
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vermis [3, 10]. A more lateral location within the cere-
bellar hemisphere is typical when these tumors mani-
fest in older children, adolescents, and adults, and is
likely related to the lateral migration of undifferentiated
cells, the putative cell of origin, away from the midline
in older children and adolescents [3, 6, 11]. Brain stem
infiltration is a common (33%) manifestation [12]. Less
common locations include the fourth ventricle (3%),
other areas of the brain (2.1%), and spinal cord (0.6%)
[3].

The clinical presentation is usually less than 3 months
in duration, reflecting the tumor’s aggressive biologic
behavior [12, 13]. Headache (generalized or localized to
the suboccipital region) and persistent vomiting (with-
out or with nausea) are common symptoms [12, 13]. Sei-
zure activity is uncommon and may herald metastatic
spread [13]. Truncal ataxia, secondary to destruction of
the cerebellar vermis, is the most common objective
clinical sign. and is frequently accompanied by spastic-
ity [12, 13]. Other common clinical signs include papil-
ledema (related to hydrocephalus), nystagmus, limb
ataxia, and dysdiadochokinesis, the last two findings re-
flecting a more laterally located mass within the cere-
bellar hemisphere [12, 13].Abducens nerve palsy, result-
ing from compression of the relatively exposed sixth
nerve nucleus along the anterior margin of the fourth
ventricle, may indicate extraventricular tumor exten-
sion [13].

Most patients with medulloblastoma have 5-year
survival rates between 50% and 80% [13–19]. Patients
with gross total resection of the tumor have improved
survival rates compared to those with subtotal resection
[12, 18, 20]. Recurrence of medulloblastoma is very
common with most occurring within 2 years of initial
treatment [21, 22]. Long-term recurrences may also oc-
cur in children but are less common with the imple-
mentation of chemotherapy in combination with radia-
tion therapy [21–23].

Pathologic Findings

The gross appearance of a medulloblastoma is variable.
Some are firm and discrete masses while others may be
soft and less well-defined [10]. Four major subtypes of
the tumor are recognized in the World Health Organiza-
tion (WHO) classification of central nervous system
(CNS) neoplasms [10]. The most common subtype is
the classic subtype, defined by dense, sheet-like growth
of cells with hyperchromatic round-to-oval nuclei ac-
companied by increased mitotic activity and conspicu-
ous apoptosis [10]. Neuroblastic or Homer-Wright ro-
settes, consisting of neoplastic cell nuclei disposed in a
radial arrangement around fibrillary processes, are
common features while areas of necrosis are less com-
mon [10]. Other less common subtypes include the des-

moplastic subtype, characterized by nodular reticulin-
free “pale islands” that are surrounded by reticulin-
staining collagen fibers, the “medulloblastoma with
extensive nodularity and advanced neuronal differen-
tiation” subtype, occurring primarily in children less
than 3 years of age and associated with a “grape-like”
nodularity seen on imaging studies, and the large cell
medulloblastoma subtype [10]. The loss of genetic
material from chromosomal arm 17p, site of a suppres-
sor gene, is the most common (35–40%) of many chro-
mosomal abnormalities associated with this disease
[24]. Medulloblastoma, a WHO grade IV tumor, is
regarded as a distinct entity from primitive neuro-
ectodermal tumor (PNET) in the WHO classification
scheme [10].

Imaging Findings

The classic computed tomography (CT) appearance of a
medulloblastoma is a hyperattenuated well-defined ver-
mian cerebellar mass with surrounding vasogenic ede-
ma, evidence of hydrocephalus, and fairly uniform con-
trast enhancement on post-contrast images in a child
less than 10 years of age [13, 25, 26] (Fig. 1). Most
(89–95%) of all medulloblastomas demonstrate at least
some hyperattenuation compared to normal cerebellar
attenuation on nonenhanced CT and have marginal vas-
ogenic edema [13, 25, 27] Heterogeneity, with cyst for-
mation (59%) and calcification (22%), are commonly

Fig. 1. Medulloblastoma, CT appearance. Axial nonenhanced CT
image demonstrates heterogeneous hyperattenuation of a vermian
cerebellar mass with surrounding vasogenic edema
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seen [27]. Atypical features include ill-defined margins,
absence of vasogenic edema or hydrocephalus, hypoat-
tenuation, hemorrhage, absence of enhancement on
post-contrast images, and the appearance of “primary”
leptomeningeal dissemination [13, 25, 27–29]. The pres-
ence of falcine calcification in children with medullo-
blastoma may be a marker for nevoid basal cell carcino-
ma [30].

On magnetic resonance (MR) imaging, an even
greater degree of heterogeneity among these lesions is
noted on MR imaging than on CT [31]. Iso- to hypoin-
tensity compared to white matter on T1-weighted imag-
es and variable signal intensity compared to white mat-
ter on T2-weighted images is typical [31]. Virtually all
(97%) show at least some enhancement on post-con-
trast imaging studies [27] (Fig. 2). MR spectroscopy
typically shows a characteristic, albeit not specific, spec-
trographic signature for a neuroectodermal tumor with
elevated choline, reduced N-acetyl aspartate (NAA), and
reduced creatine peaks, and occasionally elevated lipid
and lactic acid peaks [32]. Striking grape-like nodular-
ity characterizes the CT and MR imaging appearance of
the medulloblastoma with extensive nodularity subtype
[33].

Subarachnoid seeding is common in medulloblasto-
mas, present in 33% of cases at the time of initial diag-
nosis and is best assessed before surgical resection takes
place [18, 32]. Post-operative evaluation of such spread
is hampered by the presence of hemorrhage within the
cerebrospinal fluid (CSF) and may lead to false-positive

results in the first 2 post-operative weeks, either from
the presence of methemoglobin or from leptomeningeal
irritation caused by subarachnoid blood [34] Corrobo-
ration with clinical and cytopathologic CSF findings is
crucial to substantiate the diagnosis of CSF dissemina-
tion [35]. In contrast to ependymoma and choroid plex-
us tumors, foraminal extension by a medulloblastoma
from the fourth ventricle to involve the cerebellopon-
tine angle (CPA), cisterna magna, and other cisternal
compartments is not common [27, 36].

Recurrence of medulloblastoma most commonly
manifests as leptomeningeal enhancement or focal pa-
renchymal nodular enhancement within the brain [22].
Extraneural metastasis is uncommon (7.1%) with the
skeletal system as the most common (77%) site of in-
volvement [37].

Medulloblastomas occurring in the adult population
tend to manifest as hyperattenuated poorly defined
masses located in the cerebellar hemisphere. Cyst-like
regions, from either cystic degeneration or necrosis, are
more commonly noted (82%) than in those that occur
in children [11]. Medulloblastomas in adult patients are
also commonly of the desmoplastic histologic type,
which is prone to late recurrence and demonstrates an
imaging appearance that may mimic that of a menin-
gioma with abnormal intense leptomeningeal enhance-
ment secondary to the desmoplastic reaction [7, 11, 38,
39].

Pilocytic Astrocytoma

Incidence and Clinical Presentation

Pilocytic astrocytoma accounts for 5–10% of all cere-
bral gliomas and 85% of all cerebellar astrocytomas [40,
41]. It is the most common (30%) glial neoplasm to oc-
cur in the pediatric population. About half arise within
the hypothalamus or optic chiasm and a third originate
within the cerebellum [41–44]. Other locations include
the brain stem, cerebral hemisphere and spinal cord
[41]. Unlike those arising in the optic nerve or chiasm,
there is no association with neurofibromatosis for these
tumors arising in the posterior fossa [42]. Most cases
manifest before the age of 20 years [41] with the peak
being between birth and 9 years of age [45]. There is no
gender predilection [41].

Truncal ataxia, headache, nausea, and vomiting are
common symptoms for those that arise in the cerebel-
lum while brainstem dysfunction heralds a tumor in
that location. Seizure activity is infrequent [41]. A pro-
longed clinical course is typical and correlates with the
slow growth of the tumor [41]. The vast majority of pa-
tients have an excellent prognosis with 5-year survival
rate of 86–100% and some studies report a 25-year-sur-
vival rate as high as 90% [46, 47]. Gross surgical resec-

Fig. 2. Medulloblastoma, MR appearance. Axial post-contrast T1-
weighted image shows diffuse enhancement of midline posterior
fossa mass
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tion is generally considered curative, with the extent of
resection directly correlating with the prognosis [48,
49].

Pathologic Findings

Cerebellar pilocytic astrocytoma is typically a discrete-
ly circumscribed astrocytoma characterized by slow
growth and an often cystic morphology [41]. While
most arise in the cerebellar vermis, about 30% extend
into a cerebellar hemisphere and 15% are located exclu-
sively in the hemisphere [50]. Histologically, the tumor
is characterized by a biphasic pattern of compacted el-
ongated cells with hair-like processes, usually with Ro-
senthal fibers, and loosely textured astrocytic cells that
contain globular aggregates, called eosinophilic granu-
lar bodies, and microcystic changes [41]. Prominent
glomeruloid vascularity and endothelial proliferation
are also commonly noted but are not associated with
aggressive biologic behavior [41, 43].“Open” tight junc-
tions and fenestrations within the endothelial lining of
these tumors correlate with prominent enhancement
noted on post-contrast imaging studies [51]. Spontane-
ous regression is possible and malignant transforma-
tion is rare [41]. Because of these features and its low
mitotic activity, the tumor is considered grade I in the
WHO classification scheme [41] Recurrence is uncom-
monly seen [52].

Imaging Findings

The classic and most common cross-sectional imaging
appearance of a cerebellar pilocytic astrocytoma is a
well-circumscribed, predominantly cystic mass in a
periventricular location [43]. Surrounding vasogenic
edema (5–37%) and calcification (11–21%) are occa-
sionally noted [42, 43]. A mural nodule is frequently
present and has soft tissue characteristics with iso- to
hypoattenuation compared to the cerebellar parenchy-
ma on CT [42] (Fig. 3). On MR, it is hypo- to isointense
on T1-weighted images and hyperintense on T2-weight-
ed images compared to the cerebellar parenchyma, re-
flecting the increased amounts of free water contained
within the neoplasm [43]. The nodule is round, oval, or
plaque-like in morphology and demonstrates intense
homogeneous enhancement on post-contrast CT or MR
imaging [42, 50] (Fig. 4). The cyst wall usually does not
enhance. When wall enhancement does occur, it sug-
gests but is not definitive for neoplastic involvement
[53]. Less commonly, the appearance of a pilocytic as-
trocytoma may manifest as a solid mass, generally with
homogeneous enhancement [54]. Despite the well-de-
marcated radiologic appearance, histologic evidence of
infiltration into the surrounding cerebellum is common
[43]. Leptomeningeal dissemination is rare and does
not necessarily indicate malignant spread [52].

Fig. 3. Pilocytic astrocytoma, CT appearance. Axial nonenhanced
CT image reveals cyst-like mass with nodule that is slightly hypo-
attenuated to the cerebellum

Fig. 4. Pilocytic astrocytoma, MR appearance. Axial post-contrast
T1-weighted image demonstrates intense enhancement of soft tis-
sue nodule seen in Fig. 3
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Ependymoma

Incidence and Clinical Presentation

Ependymoma comprises 3–9% of all neuroepithelial
neoplasms, 6–12% of all pediatric brain tumors, and al-
most one-third of all brain tumors in patients younger
than 3 years [55]. Of those that occur intraventricularly,
58% originate in the fourth ventricle, while the remain-
ing 42% are located in the lateral and third ventricles
[56]. When it occurs in the posterior fossa, the tumor
typically manifests in children, with a mean age of pres-
entation of about 6 years [55].

Clinical signs and symptoms are largely secondary to
the effects of increased intracranial pressure and hydro-
cephalus [55]. Cerebellar ataxia and paresis are com-
monly noted [55, 57]. In general, children with ependy-
momas have a less favorable prognosis than adults, in
part from the increased incidence of a fourth ventricle
location and the predilection of this group for more an-
aplastic forms of the disease [55]. The treatment of choice
is gross total resection and the degree of resection direct-
ly correlates with improved prognosis [58]. Recurrence
is common [59, 60]. Post-operative radiation therapy is
advocated for partially resected ependymomas [60].

Pathologic Findings

Ependymomas are common neoplasms that arise from
differentiated ependymal cells that line the cerebral
ventricles and the central canal of the spinal cord [55].
Fourth ventricular ependymomas are well-circum-
scribed, soft, pliable, grayish-red masses that arise from
the floor or roof of the ventricle, usually fill the ventric-
ular lumen, and frequently extend through the foramen
of Luschka into the cerebellopontine angle and even the
foramen magnum. Occasionally, they may invade into
the adjacent brain parenchyma [55].

Histologically, ependymomas are moderately cellu-
lar tumors characterized by perivascular pseudoro-
settes and, less commonly, ependymal rosettes. Mitotic
figures are rare.With the exception of some rare variant
forms, they are considered WHO grade II lesions [55].

Imaging Findings

On CT, ependymoma is often a heterogeneous mass
with a predominant soft tissue component frequently
mixed with calcification (40–80%), occasional cystic
formation, and hemorrhage [59, 61] (Fig. 5). The soft
tissue portion of the tumor is usually hypo- to isoatten-
uated on unenhanced CT [62]. Contrast enhancement is
variable, usually intense within the soft tissue portions
but sparing the cyst-like regions [59, 61].

On MR imaging, intraventricular ependymomas typ-
ically show isointensity on T1-weighted images and hy-
perintensity on T2-weighted images compared to gray
matter. Heterogeneity is even more conspicuous than on
CT and reflects the presence of calcification, hemor-

Fig. 5. Ependymoma, CT appearance. Axial nonenhanced CT im-
age shows mild hyperattenuation of fourth ventricular mass

Fig. 6. Ependymoma, MR appearance. Sagittal post-contrast T1-
weighted image reveals heterogeneous enhancement of a fourth
ventricular mass with inferior extension
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rhage, and cystic changes that are often present. There is
variable enhancement on post-contrast images (Fig. 6).
MR imaging is considered the imaging modality of
choice to evaluate these lesions, although CT is superior
in the detection of calcification [59]. Post-operative im-
aging is considered essential in documenting the pres-
ence of post-operative residual disease, which has a sub-
stantial negative impact on survival [63].

Choroid Plexus Papilloma and Carcinoma

Incidence and Clinical Presentation

Neoplasms of the choroid plexus account for 0.4–0.6%
of all intracranial tumors, 2–4% of pediatric brain tu-
mors, and 10–20% of brain tumors before the age of one
year [64]. The overall incidence is about 0.3 per 1 mil-
lion [64]. Most (~80%) choroid plexus tumors occur as
the benign slowly growing choroid plexus papilloma, a
WHO grade I tumor with a favorable overall prognosis
[64]. The other 20% manifest as a much more biologi-
cally aggressive WHO grade III tumor, the choroid plex-
us carcinoma, which is far more common in children
than adults [64]. For choroid plexus tumors that arise in
the fourth ventricle (the second most common site, fol-
lowing the lateral ventricle), the incidence is fairly even-
ly distributed through the first five decades and males
are more commonly affected [64]. About 5% are multi-
ple [64]. Rarely, they may occur within the cerebello-
pontine angle and the cerebellum [65]. An embryonic
rest of choroid plexus is speculated as the cause of these
extraventricular lesions [66].

Symptoms are usually related to hydrocephalus
which results from a combination of overproduction of
CSF, impaired resorption of CSF secondary to hemor-
rhage, and obstruction of normal CSF flow by the pres-
ence of an intraventricular mass [67–70]. Focal neuro-
logic deficits, cranial nerve palsies, seizures, coma, and
even psychosis may also occur [67, 71]. While the prog-
nosis for patients with a choroid plexus papilloma is ex-
cellent with 100% 5-year-survival reported in one large
series, it is less promising in the presence of a choroid
plexus carcinoma [67, 69, 72, 73]. The presence of resid-
ual disease on post-operative imaging studies is an es-
pecially poor prognostic factor [73].

Pathologic Findings

Grossly, choroid plexus tumors are soft, well-circum-
scribed, cauliflower-like masses with prominent periph-
eral lobulations, frequent hemorrhage, and cyst forma-
tion [64, 72]. Necrosis and parenchymal invasion are
characteristic features for the choroid plexus carcinoma
[64]. Fourth ventricle choroid plexus tumors are at-

tached to the posterior medullary velum by a vascular
pedicle [70].

Histologic examination of choroid plexus papillo-
mas reveals an appearance quite similar to normal non-
neoplastic choroid plexus tissue [64]. Prominent fronds
of fibrovascular connective tissue surrounded by co-
lumnar or cuboidal cells without significant mitotic ac-
tivity is typical [64]. In contrast, the choroid plexus car-
cinoma demonstrates clear signs of malignancy with
hypercellularity, nuclear pleomorphism, high nucleus-
cytoplasm ratio, conspicuous mitotic activity, and inva-
sion into the adjacent brain parenchyma [64]. Transfor-
mation from a choroid plexus papilloma to a choroid
plexus carcinoma occurs uncommonly [74]. Rarely, a
choroid plexus tumor may be pigmented from either
melanin or lipofuscin [75, 76] While CSF seeding may
occur in both choroid plexus papilloma and carcinoma,
clinically significant seeding leading to frank metastatic
spread is much more common in patients with a carci-
noma [64, 77, 78].

Imaging Findings

Choroid plexus tumors are generally iso- to hyperatten-
uated intraventricular masses without brain invasion
on nonenhanced CT studies [69, 70]. Hydrocephalus is
very common [69]. Calcification is noted in 4–10% of
choroid plexus tumors on plain skull x-rays and 24% on
CT studies [69, 79, 80] (Fig. 7). The degree of calcifica-
tion varies widely, from scattered punctate foci to cal-

Fig. 7. Choroid plexus papilloma, CT appearance. Axial nonen-
hanced CT image demonstrates calcified fourth ventricular mass
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cification involving the entire mass [81]. Cerebellopon-
tine angle extension is a characteristic feature of a
fourth ventricle choroid plexus tumors [82].

On MR imaging, choroid plexus papillomas appear
as iso- to hypointense intraventricular masses on T1-
weighted images compared to normal brain parenchy-
ma and variable single intensity masses on T2-weighted
images [70, 81]. The tumors show intense enhancement
on post-contrast imaging studies [69, 70] (Fig. 8). Flow
voids, consistent with increased vascularity, are com-
mon [70]. Post-contrast MR imaging of the spine is rec-
ommended to exclude the possibility of seeding from
choroid plexus papillomas on follow-up post-operative
studies [83].

Choroid plexus papillomas appear as lobulated uni-
formly echogenic masses on ultrasonography and dem-
onstrate bi-directional flow continuing throughout di-
astole and a ragged outline consistent with flow in a
chaotic arrangement of many small vessels [84, 85]. En-
largement of a choroidal artery is a common imaging
feature on both cross-sectional and angiographic stud-
ies [69].

Choroid plexus carcinomas tend to be more hetero-
geneous on CT and MR than choroid plexus papillomas,
reflecting the presence of more necrosis and parenchy-
mal invasion. The findings of extraventricular extension
of a choroid plexus tumor into the brain parenchyma,
heterogeneity of signal intensity, and the presence of
vasogenic edema in the cerebral white matter all favor
the imaging diagnosis of a choroid plexus carcinoma
[70]. There is often considerable overlap in the imaging

appearance between papillomas and carcinomas and
the distinction between the two neoplasms is not always
possible on imaging studies [81, 86]. Fourth ventricular
choroid plexus tumors are usually supplied by choroid-
al branches of the posterior inferior cerebellar artery
and may be amenable to pre-operative embolization
[69, 70, 87, 88].

Atypical Teratoid / Rhabdoid Tumor

First described in 1978, the atypical teratoid / rhabdoid
tumor (ATRT) has a biologic behavior and some histo-
logic features that mimic that of malignant rhabdoid
tumor of the kidney. Various names have also been ap-
plied to define this lesion, including rhabdomyosar-
comatoid variant of Wilms tumor, embryonal small cell
tumor, and, simply, rhabdoid tumor [89].

ATRT accounts for about 2% of all pediatric CNS tu-
mors [89]. The overwhelming majority of patients are
less than 5 years of age at the time of presentation.
Males are more commonly affected. Clinical symptoma-
tology is non-specific with lethargy and failure to thrive
common when it manifests in infants. Head tilt and cra-
nial nerve palsies may be noted in young children [89].

ATRT is a highly malignant neoplasm and is classi-
fied as a WHO grade IV tumor. Grossly, the tumor usu-
ally manifests as a soft lobulated mass with necrosis and
hemorrhage common. Histologically, the tumor is char-
acterized by rhabdoid cells variably mixed with primi-
tive neuroepithelial, epithelial, and mesenchymal ele-

Fig. 8. Choroid plexus papilloma, MR appearance. Sagittal post-
contrast T1-weighted image reveals intense enhancement of a
small well-defined mass within the fourth ventricle

Fig. 9. Atypical teratoid / rhabdoid tumor, CT appearance. Axial
nonenhanced CT image shows heterogeneous hyperattenuated
mass with surrounding vasogenic edema
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ments.Accordingly, it is not a germ-cell tumor. Most pa-
tients die from the disease within one year of presenta-
tion [89].

About half of ATRT occur in the posterior fossa and
commonly extend into the cerebellopontine angle.
Nearly 40% are supratentorial in location and may be
intraventricular. The pineal region and spinal axis com-
prise the remaining locations [89]. The combination of
a posterior fossa location and characteristic hyperden-
sity on CT often produces an imaging appearance that
mimics a medulloblastoma (Fig. 9). Surrounding vaso-
genic edema and heterogeneity on both CT and MR are
very common, secondary to necrosis and hemorrhage.
Heterogeneous enhancement is typical and about 33%
of all patients with the disease have subarachnoid seed-
ing at the time of presentation [90].

Adult Tumors

Hemangioblastoma

Incidence and Clinical Presentation

Capillary hemangioblastoma constitutes about 1 to
2.5% of all CNS tumors and 7.3% of those arising with-
in the posterior fossa [91, 92]. The vast majority (75%)
of capillary hemangioblastomas arise in the cerebellum,
with the spinal cord (20%) and medulla (4%) other
common locations [93]. Rarely, they may occur within
the cerebral hemispheres (1%), suprasellar region, me-
ninges, and numerous other locations [93–95]. The cer-
ebellar lesions are more commonly found in the hemi-
spheres rather than the vermis and are virtually always
located peripherally, near the cerebellar pial surface [93,
96]. Males are slightly more commonly affected [97].

Clinical manifestations of a hemangioblastoma typi-
cally reflect increased intracranial pressure and restric-
tion of CSF flow caused by a mass within the cerebellum
or spinal cord [98]. Headache, nausea, vomiting, ataxia,
and dizziness are common symptoms and a long clini-
cal course (average, 25 weeks) is typical [93, 99]. Pain
and sensory deficits are more common in patients with
a spinal cord lesion [93]. Polycythemia occurs in about
20% of cases of cerebellar hemangioblastoma, especial-
ly those of solid morphology, secondary to increased
amounts of erythropoietin secreted by the tumor [93,
100]. Pregnancy appears to exacerbate the clinical
course of patients with a cerebellar hemangioblastoma
[101].

Capillary hemangioblastoma is the most frequent
manifestation of von Hippel-Lindau (VHL) disease, an
autosomal dominant phakomatosis with variable pene-
trance [93]. About one-third of all patients with a capil-
lary hemangioblastoma have other clinical stigmata
that establish the diagnosis of VHL disease and up to

80% of all VHL patients will have a CNS hemangioblas-
toma [93]. The predilection for VHL in a patient with a
hemangioblastoma is even stronger (50%) when the tu-
mor is located in the spinal cord [93, 98]. Those that oc-
cur in association with VHL disease tend to manifest in
younger patients (mean age, 29–32 years) compared to
those that occur sporadically (mean age, 44–47 years)
[93, 98, 99, 102].

The diagnosis of VHL disease is established when a
patient has a hemangioblastoma of either the CNS or
the retina and at least one other VHL-associated tumor
or a family history of VHL disease [98]. Numerous oth-
er manifestations of VHL disease are common and in-
clude retinal hemangioblastoma (the von Hippel tu-
mor), benign cysts (renal, pancreatic, and epididymal),
benign or low-grade tumors (pheochromocytoma and
endolymphatic sac tumor), and malignant tumors (re-
nal cell carcinoma, pancreatic islet cell tumor) [98, 103].
The occurrence of multiple hemangioblastomas is al-
most always indicative of VHL disease [98].

VHL is classified into two types with Type I patients
also having a pheochromocytoma, while type II pa-
tients do not [93]. The overall prevalence of VHL dis-
ease is estimated at approximately 1:40,000 [98]. A sup-
pressor gene for VHL has been identified on chromo-
some 3p [104]. The overall prognosis for patients with a
capillary hemangioblastoma is good with approximate-
ly 85% surviving for at least 5 years, although patients
with VHL disease may not fare as well, because of the
added burden of renal cell carcinoma [100].

Pathologic Findings

The slowly growing hemangioblastoma is regarded as a
grade I tumor in the WHO classification scheme [98].
Grossly, the tumor is typically a well-circumscribed
mass but lacks a true capsule [105]. Most lesions are
complex masses with a larger cystic component com-
bined with a smaller highly vascular nodule that abuts
the pial cerebellar surface [91]. Simple diffusion of the
vascular element within the mural nodule likely ac-
counts for the cyst fluid, which is frequently xanthoch-
romic and contains erythropoietin [100, 106]. Occasion-
al yellowish lipid-containing regions may also be noted
[98]. The cyst wall is composed of compressed brain pa-
renchyma or reactive neuroglial cells and is not consid-
ered part of the neoplasm [100].

On histologic examination, the neoplasm demon-
strates both large lipid-filled vacuolated stromal cells,
representing the neoplastic component of the lesion
that produces a “clear cell” appearance (similar to that
of renal cell carcinoma), and an abundant capillary net-
work, accounting for the propensity of these tumors to
hemorrhage [98]. Cystic degeneration, low mitotic rate,
hyperchromatic nuclei, and nuclear atypia are common
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features [93, 98]. Despite intense investigation, the his-
togenesis of capillary hemangioblastoma remains un-
certain, with both mesenchymal and angioblastic ori-
gins supported [93, 98].

Imaging Findings

Most (60%) capillary hemangioblastomas manifest as a
cystic mass with a mural nodule, which is usually small
in size (<1.5 cm diameter) and near the pial surface [96,
107, 108]. This nodule represents the neoplasm itself
while a proteinaceous, gelatinous material secreted by
the nodule results in the cystic component [107]. The
remaining 40% of capillary hemangioblastoma are sol-
id without or with a central “cyst-like” component [96,
107]. Solid lesions have a nonspecific appearance and
are more commonly noted in the brain stem and spinal
cord [93, 107].

The CT appearance of capillary hemangioblastoma
is straight-forward when it is in the cystic form. The pe-
ripheral nodule is isodense compared to the surround-
ing brain and easy to visualize in comparison to the hy-
podense cystic component [108]. However, when the tu-
mor is in its solid form, it may be difficult to detect on
unenhanced studies and, even when it is seen, its ap-
pearance is nonspecific [107, 108]. Calcification is not
seen in capillary hemangioblastomas [108]. When
present, the nodule enhances intensely on post-contrast
CT images [107, 108]. Mild enhancement of the cyst wall
is also seen on occasion [108].

MR imaging is considered the imaging study of
choice for the evaluation of capillary hemangioblasto-
mas [93]. The tumor usually demonstrates hypointen-
sity on T1-weighted images and hyperintensity on T2-
weighted images regardless of its morphology [96]. In
the classic “cyst with a mural nodule” form, the cystic
portion is iso- to hyperintense on T1-weighted imaging
and hyperintense on T2-weighted imaging compared to
CSF, reflective of its elevated protein content [96]. The
nodule is isointense on T1-weighted imaging and hy-
perintense on T2-weighted imaging compared to gray
matter and usually easy to identify contrasted to the hy-
perintense signal of the cyst fluid [96, 107]. Inherent T1
hyperintensity is occasionally noted and represents ei-
ther an abundance of lipid within the tumor or the pres-
ence of methemoglobin [100]. Prominent vascularity in
the form of serpentine flow-voids and hemorrhage are
common features [96, 107]. MR enhancement patterns
are similar to that seen with CT [96, 107] (Fig. 10).

Angiography of capillary hemangioblastoma dem-
onstrates the nodule as either an intense vascular blush
or a grouping of disordered vessels [100]. While it is
considered superior to contrast-enhanced CT, angio-
graphy has been largely supplanted by non-invasive,
multi-planar, contrast-enhanced MR imaging [93, 109].

Dysplastic Cerebellar Gangliocytoma 
(Lhermitte-Duclos Disease)

Incidence and Clinical Presentation

Originally described in 1920, the entity of dysplastic
cerebellar gangliocytoma (Lhermitte-Duclos disease)
was not firmly established until many decades later
when refinements in histological analysis permitted a
more accurate evaluation. While some evidence has
supported a neoplastic histogenesis, recent investiga-
tions strongly favor a hamartomatous origin [110]
Lhermitte-Duclos disease manifests in young adults
(average age of presentation: 34 years) in the vast ma-
jority of cases with only a few cases reported in children
[111, 112]. There is no gender predilection.

Most patients have clinical symptoms related to in-
creased intracranial pressure and hydrocephalus. Less
commonly, about 40% of patients present with a slowly
progressive cerebellar syndrome. Megalencephaly (seen
in 50% of cases) and mental retardation are other com-
mon features [112–114]. The natural history of the dis-
ease is ill-defined. There is considerable variability in
the duration of symptoms (3 to 29 years) and some pa-
tients with the disease may be asymptomatic [115, 116].

Decompression of the ventricular system is the im-
mediate goal of therapy in symptomatic cases. The
gradual change from normal cerebellar tissue to the ab-
normal tissue makes visualization of a tissue plane dif-

Fig. 10. Hemangioblastoma, MR appearance. Axial post-contrast
T1-weighted image demonstrates the classic “cyst-like mass with
enhancing mural nodule” form
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ficult and impairs a complete resection [112, 117].While
most patients do well following surgical resection, some
have recurrence of their disease even after a prolonged
disease-free interval [110, 115]. Accordingly, long-term
follow-up is recommended [115].

There is a strong association of Lhermitte-Duclos
disease with Cowden disease, an autosomal dominant
hamartoma syndrome characterized by a variety of mu-
cocutaneous lesions, macrocephaly, and increased fre-
quency of hamartomas and neoplasia in the multiple
organ systems (breast, thyroid, colon, genitourinary,
and the CNS) [110, 118]. Recent investigations have es-
tablished a molecular basis for Cowden disease with
identification of a susceptibility gene on the long arm of
chromosome 10 (10q23) [119]. The combination of
Lhermitte-Duclos disease and either breast cancer, thy-
roid cancer, or macrocephaly is one of the criteria that
establishes the diagnosis of Cowden disease [119].
Patients with Cowden disease and family members of
patients with Lhermitte-Duclos disease should be
screened with brain MR studies [115]. There is a grow-
ing body of evidence that perhaps all patients with
Lhermitte-Duclos disease also have Cowden disease
with identification of Cowden disease made only after
the diagnosis of Lhermitte-Duclos disease is established
[110, 113].

Pathologic Findings

Histologic analysis of Lhermitte-Duclos disease reveals
disruption of the normal cerebellar laminar structure
with hypertrophic ganglion cells expanding the granu-
lar and molecular layers of the cerebellar cortex and ab-
normally increased myelination in the molecular layer
[120]. A marked reduction in myelination of the central
white matter of the cerebellar folia is also common
[117]. Mitotic activity, necrosis, and endothelial prolife-
ration – all associated with high-grade brain neoplasms
– are not characteristically seen in these lesions. Malig-
nant transformation has not been observed [110].

Imaging Findings

Lhermitte-Duclos disease is usually hypoattenuated on
nonenhanced CT studies but may be isoattenuated,
making detection difficult [111, 113, 117]. Calcification
is uncommon [111–113, 116]. Thinning of the skull may
be noted on plain x-rays and on CT [117]. Vertebral an-
giography reveals an avascular mass [117].

MR is considered the imaging modality of choice for
Lhermitte-Duclos [115]. The presence of a “striated”
cerebellar mass involving one hemisphere with alter-
nating bands of hyperintensity and isointensity com-
pared to gray matter on T2-weighted images is highly

characteristic [112, 113] (Fig. 11). These same bands are
isointense and hypointense on T1-weighted images
[113, 115, 121]. The hyperintense signal seen on T2-
weighted images corresponds to the inner molecular
layer, granular cell layer, and loss of central white matter
within the folia [115]. The overwhelming majority of
these lesions do not enhance [110, 113, 115].

Cerebellar Liponeurocytoma

The entity previously known as “lipomatous medullo-
blastoma” is now designated “cerebellar liponeurocyto-
ma” [122]. It is considered a distinct clinico-pathologi-
cal entity with a good overall prognosis. In contrast to
medulloblastoma, this low-grade neuronal tumor usual-
ly occurs in much older patients (range: 36–67 years)
and does not require adjuvant post-operative therapy in
most, if not all, cases [123]. This lesion has a distinctive
imaging appearance with areas of fat attenuation or sig-
nal intensity seen within a cerebellar mass on cross-sec-
tional imaging [124].

Subependymoma

Incidence and Clinical Presentation

Subependymoma is a distinct pathologic entity from
ependymoma and is so named because it arises from

Fig. 11. Dysplastic cerebellar gangliocytoma, MR appearance. Ax-
ial T2-weighted image reveals “striated appearance”, characteristic
for Lhermitte-Duclos disease
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the subependymal glial layer located immediately adja-
cent to the ependymal lining of the ventricular system
[125]. The true incidence of the tumor is difficult to
ascertain as many of the cases occur in asymptomatic
patients, being detected only incidentally at autopsy.
In one series of 1000 necropsies in asymptomatic pa-
tients, the incidence was 0.4% [126]. Males are more
commonly affected and most reported cases (82%) have
occurred in patients older than 15 years of age [127,
128]. Almost all of these tumors occur within the fourth
and lateral ventricles with at least half of the reported
cases located in the fourth ventricle and 40–45% arising
in the lateral ventricle [65]. It may also rarely occur in
the septum pellucidum, the third ventricle, and in the
cervical or cervico-thoracic spinal cord [128, 129].
Gross total surgical resection is the goal of therapy
[128]. Recurrence following surgical resection is rare
[59, 130].

The clinical presentation is usually non-specific.
Symptoms are most commonly dependent on its loca-
tion, size, and the presence of intratumoral hemorrhage
[57]. Most symptomatic patients (80%) present with
symptoms related to hydrocephalus as a consequence of
ventricular obstruction [127, 128]. Less commonly, focal
neurologic deficits (27%), seizures (9%), and subarach-
noid hemorrhage (4.5%) have been reported [128]. The
vast majority of patients have a good prognosis follow-
ing surgical resection [131].

Pathologic Findings

Grossly, subependymoma is a well-circumscribed mass
with a firm texture and a white to grayish color [128].
Attached to the ventricular wall by a narrow pedicle, the
tumor grows in a slow deliberate fashion, and is usually
avascular [128]. Most of those that arise in asymptomat-
ic patients are smaller than 2 cm in diameter while they
tend to be slightly larger when they manifest in sympto-
matic patients [57, 130, 131].

On histologic examination, the tumor manifests as a
dense fibrillary matrix interrupted by numerous small
cysts and nests of isomorphic nuclei that resemble sub-
ependymal glia [127]. Mitotic activity is usually low or
absent [127]. Accordingly, subependymoma corre-
sponds histologically to WHO grade I [127]. About 10%
may manifest as an admixture with an ependymoma or
other tumor types [57, 127, 128].

Imaging Findings

The typical CT appearance of a subependymoma is a
well-circumscribed lobulated intraventricular mass that
produces hydrocephalus (85% of cases) and is predom-
inantly iso- to slightly hypoattenuated compared to the

brain parenchyma [128, 130] (Fig. 12). Calcification
(32%) and cystic degeneration (18%) are common fea-
tures [128, 130]. Surrounding vasogenic edema is occa-
sionally seen [59, 128]. Hyperattenuation may be an in-
dication of hemorrhage [126, 132]. On post-contrast im-
aging, most (84%) show at least some enhancement,
which is usually focal in nature [128].

On MR imaging, subependymoma is heterogeneous
partially cyst-like masses, generally hypointense on 
T1-weighted images and hyperintense on T2-weighted
images compared to white matter [129, 130, 133]. Intra-
tumoral hemorrhage occurs occasionally and produces
even more heterogeneity [129]. Enhancement is quite
variable on post-contrast images. They may not en-
hance, enhance minimally, or show intense enhance-
ment following the intravenous administration of a
contrast agent [129, 130, 133]. In contrast to ependymo-
mas, intense enhancement is usually heterogeneous and
extraventricular extension is rare [59, 129, 133, 134].
Most are avascular on angiographic studies [126].

Cerebellopontine Angle Tumors

Vestibular schwannoma

Incidence and Clinical Presentation

Schwannoma accounts for 8% of all intracranial neo-
plasms and those that involve the eighth cranial nerve

Fig. 12. Subependymoma, CT appearance. Axial nonenhanced CT
image reveals heterogeneous midline mass in the posterior fossa
with multiple foci of calcification
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account for 60–90% of all cerebellopontine angle (CPA)
masses [135]. It is especially common in patients with
neurofibromatosis type 2, in which 96% of patients will
have bilateral tumors [136]. The presence of bilateral
vestibular schwannomas is pathognomonic for NF2
[137]. Most cases manifest between the ages of 30 and 70
years of age with the peak age of presentation between
40 and 60 years of age [138]. A variety of names have
been employed to describe this lesion. To emphasize its
origin from the eighth cranial nerve, the term vestibular
schwannoma is preferred.

Symptoms typically progress slowly over several
months to years and are directly related to pressure ef-
fects on the cochlear and vestibular divisions of the
eighth cranial nerve within the internal auditory canal
(IAC) [138]. Sensorineural hearing loss is the most com-
mon presentation and is frequently accompanied by
tinnitus and dysequilibrium [139]. Loss of speech dis-
crimination is a classic manifestation often noticed by
the patient while using the telephone with the affected
ear [140]. As the tumor enlarges, symptoms related to
other cranial nerve or brain stem involvement may oc-
cur. Decreased sensation in the external auditory canal
of the involved ear (Hitselberger’s sign) manifests be-
cause of pressure on the sensory branch of the facial
nerve [140].

Pathologic Findings

Schwannoma is a benign WHO grade I tumor that typi-
cally manifests as an encapsulated globoid mass of var-
iable size, ranging from less than 1 centimeter to sever-
al centimeters in diameter [137]. Histologically, the neo-
plasm is composed of spindle-shaped neoplastic
Schwann cells in a mixture of either compact areas with
elongated cells (Antoni A type) or less cellular, loosely
textured areas (Antoni B type) [137]. The Antoni A re-
gions frequently contain nuclear palisading and an-
other histologic hallmark of schwannoma, the Verocay
body [137]. CT correlation of these different regions has
been noted with the Antoni A regions producing hyper-
attenuation while the Antoni B regions remain hypoat-
tenuated. Hypercellular, melanotic, and plexiform vari-
ants of schwannoma have been documented [137]. Ves-
tibular schwannoma is known for its relative absence of
Verocay bodies, the predominance of Antoni B areas,
and the presence of lipidized cells [137].

Imaging Findings

The shape of a vestibular schwannoma varies with its
location. It tends to be cylindrical in shape and has a
convex medial margin when it is confined to the IAC,
while it is usually spherical in shape when larger and ex-

tends into the cisternal space as it expands the IAC
[141]. This second morphology produces the classic
“ice-cream cone” or “mushroom” appearance, best ap-
preciated on contrast-enhanced MR. The so-called
“giant” schwannoma may be confined to the cisternal
space without any extension from the IAC. Most (85%)
vestibular schwannomas have acute angles at the bone-
tumor interface.

On CT, most (64%) vestibular schwannomas are iso-
attenuated compared to the cerebellar parenchyma,
making detection on nonenhanced studies difficult
[142]. Calcification and hemorrhage are rare [143]. The
vast majority (90%) enhance on post-contrast imaging
[143, 144].

On MR imaging, the tumor is usually iso- to mildly
hypointense on T1-weighted images and hyperintense
on T2-weighted images compared to white matter [145].
Virtually all vestibular schwannomas demonstrate in-
tense enhancement following intravenous gadolinium
contrast administration, although the pattern of en-
hancement may be heterogeneous in the presence of
cystic degeneration, a common feature in larger
schwannomas [146] (Fig. 13). Fast-spin echo T2-weight-
ed imaging is also useful to identify small intracanicular
tumors [147].

Fig. 13. Vestibular schwannoma, MR appearance. Axial post-con-
trast T1-weighted image demonstrates intense enhancement of bi-
lateral vestibular schwannomas extending from the internal audi-
tory canals in a patient with neurofibromatosis type 2
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Meningioma

Incidence and Clinical Presentation

Meningioma is the second most common (3%) mass of
the cerebellopontine angle [135]. It usually arises from
the posterior surface of the petrous bone, is larger com-
pared to the vestibular schwannoma, and rarely directly
involves the internal auditory canal [142, 148]. Exten-
sion into the middle cranial fossa is common [149].
Symptoms are nonspecific and reflect the presence of
mass effect on adjacent structures, such as the brain
stem and cranial nerves.

Pathologic Findings

Meningioma arises anywhere arachnoidal cap cells are
found, including the jugular foramen and skull base for-
amina [150]. Dural invasion is very common, as is hy-
perostosis [150]. Many different subtypes of meningio-
ma have been identified. General histologic features in-
clude lobular collections of tumor cells surrounded by
thin collagenous septa. Most are classified as WHO
grade I tumors [150].

Imaging Findings

As with meningiomas located elsewhere in the CNS,
those that arise in the cerebellopontine angle are usual-
ly hyperattenuated on CT with a broad dural base. In
contrast to the appearance of most vestibular schwan-
nomas, most (75%) CPA meningiomas show an obtuse
angle at the bone-tumor interface [149]. Intense homo-
geneous enhancement is typical on post-contrast studies.

On MR imaging, the tumor is usually isointense
compared to the cerebellum on both T1-weighted and
T2-weighted images with intense enhancement follow-
ing intravenous contrast administration (Fig. 14).A “du-
ral tail” is seen in 50–70% of cases and represents simply
a reaction of the dura to the presence of the tumor
[151]. Prominent flow voids are often noted [152].

Other Tumors

Virtually any type of neuroepithelial tumor may arise
within the cerebellum. Diffuse astrocytoma, mixed glial
tumor, oligodendroglioma, ganglioglioma, and glioblas-
toma multiforme are just a few of the many such tumors
in this location. While not a true neoplasm, epidermoid
accounts for about 5% of such masses in the cerebello-
pontine angle.Although it frequently has an appearance
similar to CSF fluid on CT and MR, it is a soft-tissue
mass and rarely contains fluid. Diffusion-weighted im-

aging is ideal for the detection of this lesion, with its
characteristic hyperintensity compared to normal CSF.
Other schwannomas arising from the facial nerve and
other cranial nerves in the cisternal space may also arise
in this location.

Conclusion

By combining the imaging appearance with the location
of the mass and the patient’s age, it is frequently pos-
sible to limit the differential diagnosis of neoplasms
that arise in the posterior fossa to only a few likely dis-
eases and occasionally one most likely entity. The imag-
ing appearance of many of these lesions is directly relat-
ed to their gross pathologic and histologic manifesta-
tions.
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Introduction

The term “infrahyoid neck” refers to the anatomical re-
gion that extends longitudinally from the hyoid bone to
the thoracic inlet. The hyoid bone has been chosen as
the landmark structure between the suprahyoid and in-
frahyoid neck because several fasciae that act as a natu-
ral cleavage plane are attached to the hyoid bone. In the
transverse plane, the infrahyoid neck contains five dis-
tinct spaces that are defined by the deep cervical fascia,
namely the visceral space, the carotid space, the retro-
pharyngeal space, the posterior cervical space and the
perivertebral space [13, 29, 30, 41] (Fig. 1). These spaces
play an important role for the pathways of spread of in-
flammatory and neoplastic disease in the infrahyoid
neck. The relationship between the major anatomical
structures and the different spaces is given in Ta-
bles 1–5.

Cross-sectional imaging techniques, especially com-
puted tomography (CT) and magnetic resonance (MR)
imaging, play an important role for the diagnosis of
pathologic conditions affecting the infrahyoid neck.
The purpose of the present chapter is to provide an
overview of the diagnostic features of a variety of be-
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2.1

Fig. 1. Schematic representation of the infra-
hyoid neck spaces at the level of the true vo-
cal cords. 1 visceral space; 2 carotid space, 3
retropharyngeal space; 4 posterior cervical
space; 5 perivertebral space; Reproduced
with permission from [13]
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nign and malignant diseases occurring in the infra-
hyoid neck as seen on CT and MR images and to corre-
late the radiologic findings with the underlying patho-

logic–anatomical changes. An overview of the most
common pathologic conditions affecting the different
spaces of the infrahyoid neck is given in Tables 1–5.

Table 1. Visceral space: extent, contents and differential diagnosis of the most common pathologic conditions

Extent Contents Key pathologies

Hyoid bone to mediastinum Larynx Squamous cell carcinoma
Chondrosarcoma

Hypopharynx and cervical esophagus Squamous cell carcinoma
Zenker’s diverticulum

Trachea Carcinoma (squamous cell and adenoid cystic)
Benign stenosis

Thyroid gland Goiter
Colloid cyst
Carcinoma (papillary, follicular, anaplastic)
Hashimoto’s thyroiditis

Parathyroid glands Adenoma
Remnants of the thyroid/parathyroid anlage Thyroglossal duct cyst
Paratracheal lymph nodes Metastases (squamous cell carcinoma, thyroid

carcinoma, lymphoma)
Recurrent laryngeal nerves Paralysis (after surgery, lymph node metastases)

Table 2. Carotid space: extent, contents and differential diagnosis of the most common pathologic conditions

Extent Contents Key pathologies

Jugular foramen to aortic archa Common and internal carotid artery Thrombosis, aneurysm or pseudoaneurysm
Dissection

Internal jugular vein Thrombosis/thrombophlebitis
Vagus nerve (cranial nerve X) Schwannoma, neurofibroma
Carotid body Paraganglioma
Glomus jugulare and vagale Paraganglioma
Deep cervical lymph nodes Metastases (squamous cell carcinoma of the  upper

aerodigestive tract, lymphoma, thyroid cancer)
Suppurative adenopathy, abscess

Remnants of the second branchial Second branchial cleft cyst
cleft apparatus

a Note that the superior portion of the carotid space is situated in the suprahyoid neck, while the inferior portion is situated in the infra-
hyoid neck

Table 3. Retropharyngeal space: extent, contents and differential diagnosis of the most common pathologic conditions

Extent Contents Key pathologies

Skull base to mediastinuma Fat Channel for infection and tumor to travel from the neck into the mediastinum:
Inflammatory conditions (cellulitis, abscess, necrotizing fasciitis)
Direct invasion from primary squamous cell carcinoma

Lipoma

Lymph nodesb Metastases (squamous cell carcinoma of the upper aerodigestive tract,
lymphoma, thyroid cancer)
Reactive adenopathy, tuberculous adenitis, suppurative adenopathy and abscess

a Note that the superior portion of the retropharyngeal space is situated in the suprahyoid neck, while the inferior portion is situated in
the infrahyoid neck

b Note that lymph nodes are found only in the suprahyoid retropharyngeal space
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Congenital and Developmental Lesions

The most common congenital masses found in the in-
frahyoid neck include the following entities: branchial
cleft cyst, thyroglossal duct cyst, venous malformations
and lymphangioma. All masses in this group arise from
a rest of tissue left behind after formation of the struc-
tures in the neck.

Branchial Cleft Cyst

Of all branchial cleft anomalies, 95% arise from the
remnant of the second branchial apparatus. Normally,
the second branchial cleft apparatus involutes by the 9th
fetal week [29, 30, 33, 38]. When the involution phase is
incomplete, the remnant tissue has the potential to grow
into a branchial cleft anomaly. The most common form

of second branchial cleft anomaly is a cystic mass with-
out sinus or fistula. However, any permutation of cyst,
sinus or fistula may be possible. Second branchial cleft
cysts occur either in infants or in the young adult. Typi-
cally, patients with a second branchial cleft cyst present
with a painless neck mass. A history of a change in the
size of the cyst, usually after an upper respiratory tract
infection, is common. The most common location of a
second branchial cleft cyst is at the angle of the man-
dible posterolateral to the submandibular gland, lateral
to the carotid artery and anteromedial to the sternoclei-
domastoid muscle (Fig. 2). When present on the cyst, a
beak that points medially between the internal and ex-
ternal carotid artery is pathognomonic of a second
branchial cleft cyst. CT typically reveals a unilocular
cystic mass essentially isoattenuating with cerebrospi-
nal fluid (CSF). A uniformly thin peripheral capsular
enhancement is characteristic. Infection of the cyst may,

Table 4. Posterior cervical space: extent, contents and differential diagnosis of the most common pathologic conditions

Extent Contents Key pathologies

Skull base to claviclea Fat Lipoma/liposarcoma

Spinal accessory nerve (cranial nerve XI) Schwannoma, neurofibroma

Brachial plexus (preaxillary portion) Direct invasion (apical lung carcinoma, breast carcinoma)
Schwannoma, neurofibroma

Spinal accessory lymph nodes Metastases (squamous cell carcinoma of the nasopharynx,
lymphoma)
Reactive adenopathy, tuberculous adenitis, suppurative 
adenopathy and abscess

Sequestrations of primitive embryonic Congenital lesions (cystic hygroma-lymphangioma spectrum)
lymph sacs

a Note that the superior portion of the posterior cervical space is situated in the suprahyoid neck, while the inferior portion is situated
in the infrahyoid neck

Table 5. Perivertebral space: extent, contents and differential diagnosis of the most common pathologic conditions

Extent Contents Key pathologies

Skull base to mediastinuma Prevertebral, scalene and paraspinal muscles Abscess

Vertebral body and pedicle Osteomyelitis (pyogenic, tuberculous)
Metastases
Direct invasion of squamous cell carcinoma
Chordoma
Vertebral body primary tumors

Brachial plexus roots

Phrenic nerve Schwannoma, neurofibroma

Vertebral artery and vein Aneurysm or pseudoaneurysm
Dissection
Thrombosis

a Note that the superior portion of the posterior cervical space is situated in the suprahyoid neck, while the inferior portion is situated
in the infrahyoid neck
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however, result in thickening and irregular capsular en-
hancement (Fig. 2) [13]. Depending on the relative pro-
tein concentration within the cyst, second branchial
cleft cysts are typically isointense to CSF on T2-weight-
ed images, while they have a variable appearance on T1-
weighted images. The characteristic histologic features
of the branchial cleft cyst are shown in Fig. 2. The diffe-
rential diagnosis includes necrotic lymph nodes (see
“Involvement of Cervical Lymph Nodes by Squamous
Cell Carcinoma”).

Thyroglossal Duct Cyst

During embryogenesis, the anlage of the thyroid and
parathyroid glands descends from the foramen cecum

at the tongue base to its final position in the anterior
visceral space. During this caudal migration, the anlage
passes just anterior to the precursor tissue of the hyoid
bone, leaving a tract of epithelial tissue called the thyro-
glossal duct [13, 29]. The normal thyroglossal duct invo-
lutes by the 8th fetal week. Thyroglossal duct remnants
may give rise to cysts, fistulae or solid nodules of thy-
roid tissue. Thyroglossal duct cysts most commonly oc-
cur in the region of the hyoid bone; 15% of all cysts are
located at the level of the hyoid bone, 65% are located
just below the hyoid bone and only 20% are located in
the suprahyoid neck. Most patients with a thyroglossal
duct cyst present with an asymptomatic mass. CT or
MRI typically show a midline or paramedian cystic
mass located in the infrahyoid strap muscles at or below
the level of the hyoid bone (Fig. 3). The capsule of the

Fig. 2A, B. Classic second branchial cleft cyst.
CT scan appearance and microscopic find-
ings. A Axial contrast-enhanced CT image at
the level of the hyoid bone demonstrates a
cystic lesion with significant capsular en-
hancement. Thickening of the wall of the
cyst is caused by inflammation. Note the em-
bryologically defined location of the cyst.
Submandibular gland (large arrowhead),
internal carotid artery (small arrowhead),
sternocleidomastoid muscle (arrow). B Pho-
tomicrograph demonstrates the characteris-
tic components of the branchial cleft cyst
wall: squamous epithelium (arrowheads)
surrounded by an inflammatory and fibrotic
stroma (asterisks) and lymphoid tissue with
germinal centers (arrows). Reproduced with
permission from [13]
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cyst shows a uniformly thin enhancement. The location
of the thyroglossal duct cyst within the strap muscles is
the key feature that allows differentiation from other
adult neck masses that may have a similar CT or MR ap-
pearance, i.e., necrotic anterior cervical nodes and

thrombosed anterior jugular veins. The latter are, how-
ever, located superficial to the strap muscles [13, 29].
Histologic examination reveals that the wall of the thy-
roglossal duct cyst is composed of squamous cell muco-
sa, and thyroid tissue is often present (Fig. 3). Inflamma-

Fig. 3A, B. Thyroglossal duct cyst. Character-
istic CT and histologic appearance. A Axial
contrast-enhanced CT image immediately
below the level of the hyoid bone. Key fea-
tures include midline location and beaking
of the strap muscles over the surface of the
cyst (arrows). Infection of the cyst has result-
ed in thickening of the cyst wall and signifi-
cant capsular enhancement. Associated in-
flammatory changes within the strap mus-
cles have resulted in muscular and fascial en-
hancement (arrowheads). B Photomicro-
graph demonstrates the characteristic com-
ponents of the thyroglossal duct cyst wall:
squamous epithelium (arrowheads) sur-
rounded by an inflammatory and fibrotic
stroma (asterisks) and thyroid follicles
(arrows). Reproduced with permission from
[13]
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tory changes may obliterate the mucosa of the thyro-
glossal duct wall, making the pathologic diagnosis diffi-
cult.

Vascular Malformations

According to Mulliken and Glowaki, vascular lesions of
the head and neck are divided into hemangiomas and
vascular malformations [32, 39]. Hemangiomas are neo-
plastic conditions characterized by an increased prolife-
ration and turnover of endothelial cells [4, 32, 39]. They
are the most common tumors of the head and neck in
infancy and childhood. Hemangiomas typically display
a rapid proliferation phase during the 1st year of life fol-
lowed by an involution phase.

As opposed to hemangiomas, vascular malforma-
tions are not tumors but true congenital vascular anom-
alies with a normal proliferation rate of endothelial
cells. Typically, they do not regress and may rapidly en-
large in association with trauma or endocrine changes.
Vascular malformations are further subdivided into
capillary, venous, arterial, and lymphatic malformations
[32, 39]. Arterial malformations are high-flow malfor-
mations characterized by enlarged, tortuous arteries
and draining veins. Capillary and venous malformations
are low-flow lesions. The characteristic CT appearance
is shown in Fig. 4. On MRI, venous malformations are
isointense or hyperintense to muscle on T1-weighted
images, become very hyperintense on T2-weighted im-
ages, and typically enhance significantly following ad-
ministration of contrast material [13].

Lymphangiomas are benign, nonencapsulated le-
sions that are believed to arise from sequestrations of

primitive embryonic lymph sacs. At approximately the
6th gestational week, the jugular lymphatic sacs open
and begin to drain into the adjacent jugular veins. If a
communication between the jugular sac and the jugular
vein fails to develop, the lymph-filled jugular sac dilates.
Ninety per cent of lymphangiomas become clinically
apparent by 2 years of age, while the remaining 10%
present as neck masses in the young adult. Lymphangio-
mas are classified into three histologic types on the ba-
sis of the size of the abnormal lymphatic spaces. Capil-
lary lymphangioma is composed of small, capillary-
sized, thin-walled lymphatic channels. Cavernous lym-
phangioma is composed of medium-sized dilated lym-
phatics with a fibrous adventitia, and cystic lymphan-
gioma (cystic hygroma) is composed of large dilated
lymphatic vessels that range in diameter from a few mil-
limeters to several centimeters [7, 8] (Fig. 5). Most cystic
hygromas arise in the posterior cervical space (Fig. 5)
and up to 10% of all cervical cystic hygromas extend
into the mediastinum. The characteristic CT and MR
appearance includes a multiseptate cystic mass that
may insinuate in and around normal structures, making
surgical resection very difficult (Fig. 5). On T2-weighted
MR images, cystic hygromas are typically isointense to
CSF, while they have a variable signal intensity on T1-
weighted images because of the variable protein content
(Fig. 5). Rapid enlargement of a cervical cystic hygroma
is usually caused by hemorrhage into the cystic spaces
of the mass. Multiple fluid–fluid levels, representing
layering of blood and lymph are characteristic in this
clinical setting. Fluid–fluid levels may be identified at
CT; however, the conspicuity of this finding is more ap-
parent on MR images [13, 40].

Fig. 4A, B. Venous malformation. Characteristic CT appearance.
Axial contrast-enhanced CT images at the suprahyoid (A) and in-
frahyoid (B) level demonstrate an extensive cervical venous mal-
formation (large arrowheads) with phleboliths (small arrow-

heads). Note also extensive involvement of both vocal cords (aste-
risks) and strap muscles (arrow). Reproduced with permission
from [14]
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Fig. 5A–C. Cystic hygroma. MR appearance
and microscopic findings. A Axial T2-weight-
ed FSE image at the level of the cricoid car-
tilage demonstrates a multiseptate, cystic le-
sion originating from the right posterior
cervical space. B Coronal T1-weighted spin-
echo (SE) image obtained after injection of
Gd-DTPA shows enhancement of the thin
septa (arrowheads). The cystic spaces have a
variable signal intensity (asterisks) due to
the variable protein content. Note that the
cystic hygroma extends into the mediasti-
num (curved arrow) and it insinuates around
the common carotid and subclavian arteries
(arrows). C Photomicrograph demonstrates
large cystic spaces surrounded by lymphatic
channels lined by prominent endothelial
cells (arrowheads). The lymphatic channels
are surrounded by a fibrous stroma contain-
ing scattered lymph follicles (arrow). Repro-
duced with permission from [13]
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Neoplastic Lesions

This section covers the major neoplastic lesions of the
infrahyoid neck that have significant CT and MR imag-
ing findings. Emphasis is placed on radiologic–patho-
logic correlation discussing gross and microscopic fea-
tures that are responsible for the imaging findings. The
tumors discussed in this section are squamous cell car-
cinoma and non-squamous cell tumors of the larynx
and hypopharynx, nodal and non-nodal neck neo-
plasms and thyroid gland tumors.

Larynx and Hypopharynx

Squamous Cell Carcinoma

Approximately 95% of laryngeal and hypopharyngeal
tumors are squamous cell carcinomas [5–12]. Etiologi-
cally, these tumors are related to tobacco and alcohol
abuse. With very few exceptions, squamous cell tumors
are located at the mucosal surface, and the clinical diag-
nosis is readily confirmed by endoscopic biopsy. How-
ever, submucosal tumor extension cannot be assessed
reliably with endoscopy alone. Because the degree of in-
filtration into the surrounding deep anatomic struc-
tures, as well as the presence or absence of lymph node
metastases has implications for treatment and progno-
sis, cross-sectional imaging is required for the diagnos-
tic workup of these tumors. Non-squamous cell tumors
of the larynx and hypopharynx, however, are often en-
tirely located submucosally. The origin and extension of
these tumors are difficult to diagnose with endoscopy
alone, and planning of biopsy and treatment usually de-
pends on imaging findings [9–12].

Imaging Characteristics and Patterns of Tumor Spread

Interpretation of CT and MR imaging studies of pa-
tients with laryngeal and hypopharyngeal cancer re-
quires a thorough understanding of the typical path-
ways of tumor spread from the different primary sites
and subsites and knowledge of the criteria for neo-
plastic invasion of the adjacent structures and spaces,
particularly the preepiglottic space, the paraglottic
space and the cartilaginous framework of the larynx.
Squamous cell carcinoma typically displays a low 
signal intensity on T1-weighted images and an inter-
mediate signal intensity on T2-weighted images. After
intravenous injection of contrast material, moderate
enhancement is seen on both CT and MR images. Be-
cause of the similar imaging characteristics of tumor
and mucosa on both unenhanced and enhanced 
images, both CT and MR imaging cannot compete with
endoscopy for the detection of early cancer. Correla-

tion with endoscopic biopsy is, therefore, indispens-
able.

Depending on its origin, carcinoma of the larynx
may be divided into supraglottic cancer, glottic cancer
and subglottic cancer [5, 6, 9–11]. Supraglottic tumors
originating from the epiglottis primarily invade the pre-
epiglottic space, either through the preexisting natural
perforations of the epiglottic cartilage or along its later-
al border. The preepiglottic space is a triangular space
situated anterior to the epiglottis. It mainly contains fat.
According to the TNM classification [42], invasion of
the preepiglottic space – which cannot be detected en-
doscopically – upstages a tumor, which is then classified
as T3. Tumors that originate in the region of the caudal
portion of the epiglottis (petiole) often invade the low
preepiglottic space and tend to spread inferiorly into
the glottis or subglottis, thus becoming transglottic tu-
mors. This has major implications for therapy because
certain voice-preserving laryngectomy procedures can-
not be performed and total laryngectomy – a very muti-
lating procedure – may become necessary [5, 6, 11].
Both CT and MRI are well suited to demonstrating re-
placement of fatty tissue normally found within the pre-
epiglottic space by tumor tissue (Fig. 6). The reported
sensitivity of CT and MRI to detect invasion of the pre-
epiglottic space is 100%, and the corresponding speci-
ficities 93% and 84%–90%, respectively [5, 6, 11, 55, 57].
Supraglottic tumors originating primarily from the la-
ryngeal ventricle typically infiltrate the paraglottic
space (Fig. 7). The paraglottic space lies between the
mucosa and the laryngeal framework and is paired and
symmetrical. In the supraglottic region, it surrounds the
laryngeal ventricle and mainly contains fat, whereas at
the glottic level the thyroarytenoid muscle, which forms
the bulk and shape of the vocal cord, occupies most of
the volume of the paraglottic space. Within the para-
glottic space, tumors may easily spread in a cephalad or
caudad direction to areas that are remote from the site
of the primary mucosal lesion. Therefore, these tumors
are often diagnosed in an advanced stage. The primary
sign of tumor spread to the paraglottic space on both
CT and MR images is replacement of fatty tissue by tu-
mor tissue (Fig. 7). Based on radiologic–pathologic cor-
relation studies, neoplastic invasion of the paraglottic
space can be equally well detected with both techniques
[5, 6, 11, 55, 57]. The reported sensitivities of CT and
MRI are 93% and 97%, respectively. The specificity of
both CT and MRI is, however, limited because peritu-
moral inflammatory changes may lead to overestima-
tion of tumor spread with either methods.

Glottic carcinoma typically arises from the anterior
half of the vocal cord and primarily spreads into the an-
terior commissure. Invasion of the anterior commissure
is seen on CT and MR images as a soft tissue thickening
of more than 1–2 mm (Fig. 8). Once the tumor has
reached the anterior commissure, it may easily spread
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into the contralateral cord, supraglottis or subglottis. In-
vasion of the subglottis precludes various types of
voice-sparing laryngectomy procedures and total laryn-
gectomy may be required. When the glottic tumor
spreads laterally, it may invade the paraglottic space
(Fig. 8). Paraglottic tumor spread may be entirely occult
clinically and detectable only by means of CT or MR im-
aging.

Primary subglottic cancers are uncommon and tend
to spread to the trachea or invade the thyroid gland and
the cervical esophagus. Their diagnosis is straightfor-
ward on both CT and MR images.

Depending on its origin, carcinoma of the hypophar-
ynx may be divided into piriform sinus carcinoma,
postcricoid carcinoma and posterior pharyngeal wall
carcinoma [42]. Carcinoma of the piriform sinus is read-

Fig. 6A–D. Neoplastic invasion of the preepiglottic space due to an-
terior supraglottic cancer. A Axial, contrast-enhanced CT image at
the supraglottic level shows an enhancing tumor mass as it invades
the preepiglottic space (arrows). B Axial, unenhanced T1-weighted
SE image obtained in the same patient at the same level shows a tu-
mor mass with an intermediate signal intensity as it extends into
the preepiglottic space (thick arrows). Note the high signal inten-

sity of the noninvaded paraglottic space due to the high content of
fatty tissue (thin arrows). C Axial Gd-enhanced T1-weighted SE
image at the same level shows enhancement of the tumor mass in-
vading the preepiglottic space. D Whole organ, axial histologic
slice from supraglottic horizontal laryngectomy specimen con-
firms tumor invasion of the preepiglottic space (arrows). Epiglot-
tis (e), thyroid cartilage (t). Reproduced with permission from [9]
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Fig. 7A–C. Neoplastic invasion of the left paraglottic space due to
ventricular cancer. Endoscopically only a very small mucosal le-
sion was present within the left laryngeal ventricle. A Axial con-
trast-enhanced CT image at the supraglottic level shows an en-
hancing tumor mass (T) obliterating the left paraglottic fat. Note
for comparison the normal aspect of the right paraglottic space
(arrowhead). B Axial contrast-enhanced T1-weighted SE image
obtained in the same patient at the same level shows an enhancing
tumor mass (arrows) invading the left paraglottic fat. C Whole-or-
gan axial slice from specimen confirms extensive paraglottic space
invasion by a predominantly submucosal tumor mass (T). The tu-
mor mass originates from the left laryngeal ventricle (arrowhead).
Curved arrow points to the right laryngeal ventricle. Note the nor-
mal aspect of the laryngeal mucosa overlying the tumor mass
(thin arrows). Reproduced with permission from [9]

Fig. 8. Glottic cancer with invasion of the an-
terior commissure. Characteristic CT ap-
pearance. Axial, contrast-enhanced CT im-
age obtained at the glottic level shows a tu-
mor mass arising from the right vocal cord
invading the anterior commissure (thin ar-
row) and the contralateral vocal cord (thick
arrow). Note also invasion of the right thy-
roarytenoid muscle (arrowhead), which oc-
cupies most of the paraglottic space at this
level. Reproduced with permission from [6]
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ily detected with endoscopy, while early superficial
spreading tumors may be invisible on CT and MR imag-
es. In many cases, however, patients with piriform sinus
tumors initially present with advanced lesions and diag-
nosis with CT or MRI is straightforward (Fig. 9). Tu-
mors originating from the lateral wall of the piriform si-
nus have a tendency to infiltrate the soft tissues of the

neck very early. Tumors originating from the medial
wall of the piriform sinus may infiltrate the larynx by
growing anteriorly into the paraglottic space or they
may spread to the postcricoid region and cervical
esophagus (Fig. 10). Piriform sinus carcinoma frequent-
ly invades the laryngeal framework (see “Neoplastic
Cartilage Invasion).

Fig. 9A–D. Invasion of the paraglottic space and lateral neck by pir-
iform sinus cancer. A Axial, contrast-enhanced CT image at the su-
praglottic level shows a hypopharyngeal tumor mass involving the
medial wall (arrow) and the lateral wall (open arrow) of the piri-
form sinus, and the entire right aryepiglottic fold (ae). Invasion of
the paraglottic space (thick arrow), destruction of the posterior
thyroid lamina (asterisk) and invasion of the prelaryngeal mus-
cles. A large lymph node metastasis with central nodal necrosis
(stealth arrow) is seen on the right. B Axial, unenhanced T1-
weighted SE image obtained in the same patient at the same level
shows a tumor mass with an intermediate signal intensity as it ex-
tends into the right paraglottic space (thick arrow) and into the
soft tissues of the neck (stealth arrow). Note the high signal inten-

sity of the noninvaded left paraglottic space due to the high con-
tent of fatty tissue (thin arrow). C Axial Gd-enhanced T1-weighted
SE image at the same level shows enhancement of the tumor mass
invading the right paraglottic space, the thyroid cartilage and the
soft tissues of the neck. D Whole organ, axial histologic slice from
specimen confirms tumor invasion of the right paraglottic space
(thick arrow) and of the soft tissues of the neck (stealth arrows).
Thyroid cartilage (t), normal left paraglottic space (asterisks). The
right and left thyroglottic ligaments, which separate the paraglot-
tic from the preepiglottic space, are indicated by dots. Note mas-
sive anterior displacement of the right thyroglottic ligament by the
tumor mass. Reproduced with permission from [19]
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Postcricoid carcinoma is uncommon in general but
observed in certain groups at risk such as patients with
the Plummer-Vinson syndrome. These tumors spread
submucosally most often toward the cervical esopha-
gus. The key diagnostic features on axial CT and MR im-
ages include thickening of the postcricoid region and
anterior displacement of the arytenoid and cricoid car-
tilages (Fig. 11).

Carcinoma of the posterior pharyngeal wall com-
monly involves both the oropharynx and hypopharynx.
On axial CT and MR images, these tumors appear as
asymmetrical thickening of the posterior pharyngeal

wall. Invasion of the retropharyngeal space is common.
However, invasion of the prevertebral muscles is unusu-
al at initial presentation (see Tables 3 and 5).

Neoplastic Cartilage Invasion

Invasion of the hyaline laryngeal cartilage by squamous
cell carcinoma alters tumor stage (leading automatical-
ly to a T4 classification), prognosis and, in most centers,
the therapeutic approach [17, 19, 22, 24, 25, 42]. Neoplas-
tic invasion of cartilage is associated with a lower re-

Fig. 10A, B. Invasion of the esophageal verge
in a piriform sinus cancer. A Axial, contrast-
enhanced CT image at the subglottic level
shows a piriform sinus tumor invading the
posterior thyroid lamina (arrow), the soft
tissues of the neck (stealth arrow) and the
esophageal verge submucosally (thin ar-
rows). Cricoid cartilage (c). B Whole-organ,
axial histologic slice from specimen con-
firms submucosal tumor invasion of the
esophageal verge (white arrows) and inva-
sion of the thyroid cartilage and of the soft
tissues of the neck (black arrows). Thyroid
cartilage (t), cricoid cartilage (c). Repro-
duced with permission from [13]
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sponse rate to radiation therapy and a higher risk of tu-
mor recurrence than involvement of soft tissue, and
may also result in radiation-induced necrosis [16]. Inva-
sion of the cartilaginous framework of the larynx by tu-
mor tissue also precludes various voice-sparing laryn-
gectomy procedures and total laryngectomy is eventual-
ly required.

The normal thyroid, cricoid and arytenoid cartilages
of adults consist of three tissue components: nonossi-
fied hyaline cartilage, cortical bone, and a marrow cav-
ity containing fatty tissue and scattered bone trabecu-
lae. On CT, ossified cartilage shows a high-attenuating

outer and inner cortex and a central low-attenuating
medullary space while nonossified hyaline cartilage has
the attenuation value of soft tissue. Normal nonossified
hyaline cartilage has a low signal intensity on both T1-
and T2-weighted images. Cortical bone has a very low
signal intensity on T1- and T2-weighted images, where-
as the medullary cavity of ossified cartilage has a high
signal intensity on T1-weighted images and an interme-
diate signal intensity on T2-weighted images because of
the high content of fatty tissue [19, 22]. Cortical bone,
fatty marrow and nonossified hyaline cartilage show no
contrast material enhancement.

Fig. 11A, B. Postcricoid carcinoma of the hy-
popharynx. A Axial, contrast-enhanced CT
scan at the glottic level demonstrates a large
tumor arising from the postcricoid region
and extending into the right piriform sinus.
The lumen of the hypopharynx is collapsed
(arrows). Note strong enhancement of the
normal mucosa over the posterior pharyn-
geal wall (open arrows). c Cricoid cartilage, a
arytenoid cartilage. B Whole-organ, axial
histologic slice from specimen confirms
postcricoid tumor (T) with invasion of the
medial wall of the piriform sinus (arrows).
Thyroid cartilage (t), arytenoid cartilage (a).
Reproduced with permission from [5]
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The suggested mechanism of laryngeal cartilage in-
vasion by neoplastic tissue involves an osteoblastic
phase in which hyaline cartilage is transformed into
metaplastic bone followed by an osteoclastic phase in
which the newly formed bone is eroded [5, 17, 28]. Oste-
oclasts are stimulated by prostaglandins and interleu-
kin-1 released by tumor cells. This process is not bound
to the direct presence of tumor cells within cartilage but
occurs also as a reaction within cartilage in the vicinity
of tumor. Therefore, increased osteoblastic activity and
new bone formation are seen prior to actual tumor in-
vasion. The process of neoplastic invasion of laryngeal
cartilage thus involves three distinct phases, namely (a)
inflammatory changes and new bone formation within
cartilage prior to actual tumor invasion, (b) osteolysis
of bone trabeculae and (c) frank invasion by tumor cells
[11, 19].

Until recently, the presence of tumor on both sides of
a laryngeal cartilage was the only accepted diagnostic
sign for tumor invasion on CT [17]. Because this sign is
positive only in an advanced stage, CT was long consid-
ered to be insensitive to cartilage invasion. Results of
our recent radiologic–pathologic correlation study in-
dicate, however, that four different diagnostic signs and
their combinations can be recommended to detect neo-
plastic invasion of laryngeal cartilage on CT, namely ex-

tralaryngeal tumor spread, sclerosis, erosion and lysis
[11, 17] (Fig. 12). Each of these CT signs corresponds to
distinct histologic findings [17]. Sclerosis corresponds
histologically to tumor-induced inflammation and new
bone formation. New bone formation is the first step in
the process of neoplastic cartilage invasion and is asso-
ciated with invasion of cartilage in approximately 50%
of cases (Figs. 12, 13). Therefore, sclerosis enables diag-
nosis of early intracartilaginous tumor spread. Howev-
er, the overall specificity of this sign is relatively low
(65%) [19]. As a consequence, if a tumor mass is seen
adjacent to a sclerotic cartilage, this does not automati-
cally imply that tumor cells are found within the remod-
eled marrow cavity (Fig. 14). As the process of cartilage
invasion progresses, minor and major osteolysis is seen
within the areas of newly formed (metaplastic) bone.
Minor areas of osteolysis correspond to the CT criterion
of erosion, while major areas of osteolysis correspond to
the CT criterion of lysis (Figs. 12, 15). Histologically,
erosion and lysis correspond to destruction of bone tra-
beculae. Therefore, erosion and lysis can be considered
specific criteria for the detection of neoplastic cartilage
invasion. The overall specificity of erosion and lysis is
93% [17]. However, both of these criteria are not very
sensitive as they are bound to the presence of more ad-
vanced invasion of laryngeal cartilage [11, 17]. Extrala-

Fig. 12A–D. Criteria for CT diagnosis of neoplastic cartilage inva-
sion. A Schematic representation of normal ossified and nonossi-
fied laryngeal cartilages as seen at the glottic level on contrast-en-
hanced CT. Cortical bone is represented as solid black lines, fatty
marrow cavity as white areas, and nonossified cartilage as hori-
zontal black lines. The diagnostic criteria of tumor invasion are il-
lustrated using the thyroid cartilage as an example (B–D). In anal-
ogy, these criteria can be applied to the cricoid and arytenoid car-
tilage. Tumor is represented throughout by vertical black hatches

to suggest an attenuation value similar to that of nonossified car-
tilage. B Extralaryngeal tumor spread: tumor is seen on the inner
and outer aspect of a cartilage, including extralaryngeal soft tis-
sues. C Sclerosis: thickening of cortical layers (arrow) or increased
ossification of marrow cavity (arrowhead). D Lysis: punched-out
lesion or focal lytic defect within sclerotic marrow comparable to
osteolysis in a bone structure (arrow). Erosion: localized form of
lysis limited to a sclerotic cortex (arrowhead). Modified with per-
mission from [17]
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ryngeal spread occurs due to tumor invasion through a
cartilage into the extralaryngeal soft tissues (Figs. 9, 10).
This CT criteria is highly specific (overall specificity,
95%), but because it is only seen very late in the disease
process its sensitivity is as low as 44%. Using the combi-
nation of extralaryngeal tumor, sclerosis, and ero-
sion/lysis applied to all cartilages an overall sensitivity
as high as 91% may be obtained. Because the negative
predictive value of this combination is 95%, CT may be
considered as an excellent test to exclude cartilage inva-

sion prior to treatment. However, the associated overall
specificity of only 68% appears quite low because it is
very difficult and impractical to confirm cartilage inva-
sion by means of biopsy.

The reported sensitivity of MRI for the detection of
neoplastic cartilage invasion is 89%–94%, the specificity
74%–88%, and the negative predictive value 92%–96%
[19, 22]. Extensive tumor invasion involving both inner
and outer aspects of the cartilage (extralaryngeal
spread) can be diagnosed with a high accuracy with

Fig. 13A–D. Neoplastic invasion of the cricoid cartilage detected by
both CT and MRI. Glottosubglottic carcinoma of the larynx in a
46-year-old male patient. A Axial, contrast enhanced CT scan at the
subglottic level. A mass with homogeneous contrast enhancement
is infiltrating the right subglottic region. The cricoid cartilage
shows asymmetric sclerosis (arrowhead), indicating cartilage in-
vasion. Note preservation of the inner margin of the cricoid cartil-
age. B Axial T1-weighted SE image. A mass with intermediate sig-
nal intensity infiltrates the right subglottic region. The right cri-

coid cartilage shows a decreased signal intensity (arrowhead).
C Contrast-enhanced axial T1-weighted SE image shows extensive
contrast enhancement of the right subglottic tumor mass, as well
as of the adjacent cricoid cartilage. The extensive enhancement of
the right cricoid cartilage (arrowhead) suggests tumor invasion.
D Axial slice from specimen at the same level shows a large sub-
glottic tumor mass invading the right cricoid cartilage (arrow-
heads). C cricoid cartilage. Hematoxylin-eosin stain. Reproduced
with permission from [19]
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MRI. If tumor is present only adjacent to the inner as-
pect of a cartilage, the radiologist can differentiate
between tumor and noninvaded cartilage by comparing
the different MR pulse sequences. Cartilage invaded by
tumor displays a low signal intensity on T1-weighted
images, an intermediate signal intensity on T2-weighted
images and enhancement within the cartilage adjacent
to the tumor after injection of gadolinium chelates
(Fig. 13). If these signs are absent, cartilage infiltration
can be ruled out with a high level of confidence, since
the negative predictive value of MR imaging is very high
[11, 17] (Fig. 16). Unfortunately, the MR findings sug-
gesting neoplastic cartilage invasion are not as specific

as expected initially, but may be false positive in a con-
siderable number of instances [19]. This is because re-
active inflammation in the vicinity of the tumor may
display similar diagnostic features as cartilage infiltrat-
ed by tumor (Fig. 14).

In summary, due to their high negative predictive
value, both CT and MRI may be used to exclude cartil-
age invasion quite reliably. However, false positive re-
sults are inevitable with both imaging modalities. This
may be explained by the fact that the underlying patho-
logic process leading to overestimation of neoplastic
cartilage invasion is the same, namely reactive inflam-
mation.

Fig. 14A–D. CT and MRI false positive for neoplastic cartilage inva-
sion due to inflammatory changes in the noninvaded cricoid car-
tilage. Glottosubglottic carcinoma of the larynx in a 71-year-old
female patient. A Axial contrast enhanced CT scan at the subglottic
level.A mass with homogeneous contrast enhancement is infiltrat-
ing the left subglottic region. The left cricoid cartilage shows ex-
tensive sclerosis in tumor vicinity (arrowhead) suggestive of car-
tilage invasion. B T1-weighted axial SE image.A mass with low sig-
nal intensity infiltrates the left subglottic region. The adjacent left

cricoid cartilage shows a decreased signal intensity (arrowhead).
C Contrast-enhanced T1-weighted SE image. Contrast enhance-
ment is seen within the left cricoid cartilage (arrowhead) as well as
within the subglottic tumor mass. D Axial slice from specimen
shows a large, left-sided subglottic tumor mass (T) but no evi-
dence of cartilage invasion. The cricoid cartilage shows extensive
inflammatory changes with lymph follicles (black arrow), fibrosis
(asterisks), bone resorption (open arrows) but with an intact peri-
chondrium (white arrows). Reproduced with permission from [19]
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TNM Classification of Laryngeal 
and Hypopharyngeal Carcinoma

Laryngeal and hypopharyngeal carcinoma is staged ac-
cording to the criteria recommended by the Interna-
tional Union Against Cancer UICC [11, 35, 42]. The de-
gree of invasion of the primary tumor is most accurate-
ly reflected in the postsurgical (pT) classification, which
is based on histopathologic analysis of the resected
specimen. The clinical or pretherapeutic (T) classifica-
tion is based on all information available prior to treat-
ment (i.e., physical examination, endoscopy, biopsy and

cross-sectional imaging). The guidelines of the UICC
recommend the use of cross-sectional imaging and sev-
eral studies, as well as the experience at our institution,
have shown that the use of CT or MRI greatly improves
the accuracy of the pretherapeutic T-classification of la-
ryngeal and hypopharyngeal tumors. Using the pT clas-
sification as gold standard, the staging accuracy of clin-
ical examination combined with endoscopic biopsy is
only 58%; however, it is increased significantly when
combined with either CT (accuracy, 80%) or with MR
imaging (accuracy, 85%) [5, 11, 55, 57].

Fig. 15A, B. Lysis and sclerosis of the cricoid
cartilage in a glottic-subglottic cancer.
A Contrast-enhanced CT scan obtained at
the subglottic level shows a tumor mass that
abuts the cricoid cartilage. The left cricoid
lamina demonstrates an area of lysis (arrow-
head) surrounded by extensive sclerosis.
B Corresponding axial slice from surgical
specimen at the same level confirms major
intracartilaginous tumor spread (arrow) cor-
responding to lysis seen on CT. Reproduced
with permission from [5]
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Non-squamous Cell Neoplasms of the Larynx 
and Hypopharynx

Non-squamous cell neoplasms of the larynx and hypo-
pharynx constitute less than 5% of all tumors of this re-
gion. They are typically located extramucosally, and the
endoscopist may see nothing but an asymmetry or a
bulge beneath an intact mucosa. Therefore, the diagno-
sis of these submucosal tumors is difficult with endos-
copy alone, and sampling errors may occur if only tradi-
tional superficial biopsies are performed [14, 15]. The
discrepancy between an intact mucosa at endoscopic
examination and an obvious mass at CT or MRI should,
therefore, raise the suspicion of a tumor with an unusu-
al histology. In such cases, both CT and MR imaging
may serve not only to assess the degree of tumor spread,
but also to direct the endoscopist to the appropriate site

where deep, aggressive biopsies are to be done, which
are necessary to establish the correct histologic diagno-
sis [14, 15].

The following submucosal neoplasms can be further
characterized with regard to their etiology: chondrosar-
coma, lipoma, hypervascular tumors and metastases
from malignant melanoma. Chondrosarcoma is the
most frequent sarcoma of the larynx (Fig. 17). It pre-
dominantly affects males in their 6th or 7th decade and
more commonly originates from the cricoid than from
the thyroid cartilage.As in chondrogenic tumors of oth-
er locations, the tumor matrix has a very high signal in-
tensity on T2-weighted images, corresponding to hya-
line cartilage with its low cellularity and high water con-
tent. Small areas of low signal intensity correspond to
stippled calcifications; these changes are, however, not
as well demonstrated as with CT. Although the injection

Fig. 16A–C. MRI findings true negative for neoplastic invasion of
the thyroid cartilage. A T1-weighted SE image obtained at the su-
praglottic level shows a right-sided piriform sinus tumor with
intermediate to low signal intensity (T). The adjacent right thyroid
lamina shows an intermediate to low signal intensity as well (ar-
row). B T1-weighted SE image obtained after intravenous adminis-
tration of contrast material shows contrast enhancement of the tu-
mor mass (T), however, no enhancement of the adjacent thyroid

lamina (arrow). This suggests that the thyroid cartilage is com-
posed of nonossified hyaline cartilage and that no intracartilagi-
nous tumor spread is present. C Corresponding axial slice from
surgical specimen at the same level confirms that the right thyroid
lamina is composed of nonossified hyaline cartilage (arrows). No
cartilage invasion was found at histology. The tumor (T) arises
from the lateral wall of the right piriform sinus. Hematoxylin-
eosin stain. Reproduced with permission from [5]
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of gadolinium chelates may lead to a diffuse central or
peripheral enhancement, these findings are nonspecific
and do not help in differentiating low-grade chondro-
sarcomas from benign chondroma. The characteristic
gross and microscopic features of laryngeal chondro-
sarcoma are shown in Fig. 17.

The radiologic diagnosis of laryngeal and hypopha-
ryngeal lipoma is straightforward. The typical CT fea-

tures are those of a homogeneous, nonenhancing lesion
with attenuation values from –65 to –125 HU [14, 58]
(Fig. 18). On MRI, lipoma has the same signal intensity
as subcutaneous fat and shows no significant enhance-
ment after administration of intravenous contrast ma-
terial.

The differential diagnosis of strongly vascularized
laryngeal tumors includes hemangioma, paraganglio-

Fig. 17A–C. Chondrosarcoma of the cricoid cartilage. Characteris-
tic endoscopic, CT and histologic appearance. A 70-year-old male
patient presenting with dyspnea and dysphagia. A Endoscopic
view shows a large tumor mass (arrowheads) covered by intact
mucosa. E epiglottis. F false cord. Note significant airway obstruc-
tion (arrow). B Axial contrast-enhanced CT scan shows a large, hy-
podense mass with coarse calcifications characteristic of chondro-

sarcoma. The mass arises from the cricoid cartilage and leads to
significant airway obstruction (arrow). C Photomicrograph shows
the characteristic features of low-grade chondrosarcoma. Lobular
growth pattern with multinucleated chondrocytes (arrowhead)
surrounded by chondroid intercellular substance (asterisks). Fig-
ure 17a and 17b reproduced with permission from [14]
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ma and metastases from hypervascular tumors, such as
renal cell carcinoma. On CT, hemangioma, paraganglio-
ma and metastases from hypervascular tumors appear
as well-circumscribed soft tissue masses that display
uniform, intense contrast enhancement [9]. On MRI, la-
ryngeal hemangiomas display a very high signal inten-
sity on T2-weighted sequences and strong contrast ma-
terial enhancement on T1-weighted images [8]. Laryn-
geal paragangliomas and laryngeal metastases from re-
nal cell carcinoma may display multiple curvilinear sig-

nal voids on both T1- and T2-weighted images (see
“Paraganglioma”). Laryngeal metastases from melanot-
ic melanoma display the signal characteristics of mela-
notic melanoma elsewhere in the body, namely a high
signal intensity on T1-weighted images and an interme-
diate to low signal intensity on T2-weighted images due
to the paramagnetic properties of melanin [14].

Fig. 18A–C. Lipoma.A 77-year-old male patient with a foreign body
sensation, episodes of suffocation and change in quality of voice.
A Axial, contrast-enhanced CT scan at the supraglottic level. A ho-
mogeneous, nonenhancing lesion with the density of fat is seen at
the level of the right aryepiglottic fold (arrowhead). B Endoscopic
view: a pedunculated mass covered by intact laryngeal mucosa

arises from the right aryepiglottic fold (arrowhead). C Low-power
micrograph showing intact overlying squamous epithelium (ar-
rows). Lobulated laryngeal lipoma composed of mature adipocy-
tes (asterisks) and fibrous pseudocapsule (arrowheads). The pa-
tient underwent endoscopic resection and is free of recurrence 5 -
years later. Reproduced with permission from [14]
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Nodal Masses

The most common neoplasms involving the cervical
lymph node groups are metastases from head and neck
squamous cell carcinoma, thyroid gland cancer, and
lymphoma.

Involvement of Cervical Lymph Nodes 
by Squamous Cell Carcinoma

The incidence of nodal disease in squamous cell carci-
noma of the head and neck depends on the primary tu-
mor site. The incidence of metastatic adenopathy at in-
itial presentation varies between less than 10% in glottic
cancer and up to 75% in hypopharyngeal cancer [3, 10,
44, 47, 48]. Although there is some variation with tumor
site and with the various reports in the literature, the
presence of lymph node metastases in patients with
squamous cell carcinoma of the head and neck is asso-
ciated with a 50% reduction in the long-term survival if
there is a solitary ipsilateral cervical node, a solitary
contralateral node or extracapsular neoplastic spread in
either of these lymph nodes [44, 47, 48]. Initially, the as-
sessment of cervical lymph nodes was based purely on
clinical evaluation. However, when considering clinical-
ly negative (N0) necks, histologically positive lymph
nodes have been reported in 20%–40% of cases. There-
fore, cross-sectional imaging techniques (CT, MRI and
US) are used widely to search for lymph node metasta-
ses. Anatomically, all lymph nodes in the neck are locat-
ed within fatty tissue. This fact accounts for the excel-
lent ability of CT to depict lymph nodes as small as a few
millimeters.

Anatomic Considerations

Infrahyoid nodal groups of importance in the staging of
squamous cell carcinoma of the head and neck include
the deep lateral cervical group and the anterior cervical
group [10, 41, 47, 48]. The deep lateral cervical group is
divided into three subgroups: (a) deep cervical chain or
internal jugular chain (found along the internal jugular
vein within the carotid space, Fig. 1, Table 2), (b) spinal
accessory chain (found along the cranial nerve XI in the
posterior cervical space, Fig. 1, Table 4) and (c) trans-
verse cervical or supraclavicular chain (running par-
allel to the clavicle).When deciding whether a node is in
the internal jugular chain or the spinal accessory chain,
one has to decide whether the node is located beneath
(medial) or dorsal to the sternocleidomastoid muscle. If
a node is dorsal to the posterior border of the sterno-
cleidomastoid muscle, it can be classified as a spinal ac-
cessory node, whereas if a node is located anteriorly or
lateroposteriorly to the internal jugular (i.e., anterior or

deep to the sternocleidomastoid muscle), it can be clas-
sified as an internal jugular node. Important nodes
found within the internal jugular chain include the ju-
gulodigastric node (i.e., highest node found at the angle
of the mandible) and Virchow’s node (i.e., lowest node
among the inferior internal jugular nodes).

The anterior cervical group is divided into three sub-
groups: (a) the pretracheal chain (found along the ex-
ternal jugular vein and lying external to the strap mus-
cles), (b) the prelaryngeal or delphian node chain
(found in immediate proximity of the anterior portion
of the thyroid cartilage) and (c) the paratracheal chain
(found in the tracheoesophageal groove within the vis-
ceral space).

The most commonly used classifications for lymph
nodes are the ones of the International Union Against
Cancer (UICC) and the American Joint Committee on
Cancer (AJCC) [42]. Recently, a new imaging-based no-
dal classification [47, 48] has been proposed in an effort
to standardize descriptions of node location between
imaging and physical examination (Fig. 19). Level I
nodes are located above the hyoid bone, below the my-
lohyoid muscle and anterior to a transverse line drawn
through the posterior edge of the submandibular
glands. Level IA nodes (previously classified as submen-

Fig. 19. The imaging based nodal classification. The neck as seen
from the left anterior view outlines the levels of the classification.
Reproduced with permission from [47]
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tal nodes) are located between the medial margins of
the anterior bellies of the digastric muscles. Level IB
nodes (former submandibular nodes) represent the
nodes that lie lateral to the medial edge of the anterior
belly of the digastric muscle. Level II (upper jugular)
nodes extend from the skull base to the lower body of
the hyoid bone. Level II nodes lie anterior to a trans-
verse line drawn on each axial image through the poste-
rior edge of the sternocleidomastoid muscle and poste-
rior to a transverse line through the posterior edge of
the submandibular gland. Level IIA nodes are insepara-
ble from the internal jugular vein or they lie anterior,
lateral or medial to the internal jugular vein. Level IIB
nodes (previously classified as upper spinal accessory
nodes) lie posterior to the internal jugular vein with a
fat plane separating the nodes and the vein. Retropha-
ryngeal nodes lie medial to the internal carotid artery.
Level III (middle jugular) nodes lie between the lower
body of the hyoid and the lower margin of the cricoid
cartilage. These nodes lie anterior to the transverse line
drawn on each axial image through the posterior edge
of the sternocleidomastoid muscle. Level IV (lower jug-
ular) nodes lie between the lower margin of the cricoid
cartilage and the clavicle. Level V (posterior triangle)
nodes extend from the skull base to the level of the clav-
icle. All level V nodes lie anterior to a transverse line
drawn on each axial image through the anterior edge of
the trapezius muscle.Above the lower margin of the cri-
coid ring, level V nodes (also named upper level V nodes
or VA nodes) lie posterior to a transverse line drawn on
each axial image through the posterior edge of the ster-
nocleidomastoid muscle. Below the lower margin of the
cricoid ring, level V nodes (also named lower level V
nodes or VB nodes) lie posterior and lateral to an
oblique line through the posterior edge of the sterno-
cleidomastoid muscle and the lateral edge of the anteri-
or scalene muscle. Level VI (anterior compartment)
nodes are located between the hyoid bone and the top of
the manubrium, and between the medial margins of the
carotid arteries. They include the juxtavisceral, anterior
cervical, and external jugular nodes. Level VII nodes are
located between the top of the manubrium and the in-
nominate vein. Level VII nodes are superior mediastinal
nodes. Supraclavicular nodes are the low level IV or V
nodes that are seen on the images that contain a portion
of the clavicle. For all levels, if the transverse or oblique
lines drawn on the axial images for dividing the levels
transect a node, the node is classified into the level in
which most of its cross-sectional area is located [47, 48].

Normal lymph nodes enhance slightly more than
muscle on both CT and MR imaging. Normal lymph
nodes have well-defined borders and are usually oval.
The ratio of the maximum longitudinal length to the
maximum transverse length should be greater than 2
[49]. They have a fatty hilum, which can often be visual-
ized on CT.

Imaging Issues and Pathologic Considerations

When imaging the neck, size-based criteria, nodal
shape criteria and internal nodal architecture criteria
are applied to both CT and MR imaging. Regardless of
which criteria are used, the overall error rates for both
false-positive and false-negative diagnoses are in the
range of 10%–20%. The currently applied size criteria
include a minimal axial diameter of 11 mm in the jugu-
lodigastric region and 10 mm elsewhere in the neck [10,
43, 44, 50–52] (Fig. 20). More recently, it has been sug-

Fig. 20A, B. Metastatic lymph nodes detected using the size-criter-
ion on both CT and MRI. A Patient presenting with a small left-sid-
ed piriform sinus squamous cell carcinoma and with a 17-mm
large upper jugular lymph node metastasis (level II). B Homoge-
nously enhancing enlarged lymph nodes (arrows) as seen on a fat
suppressed T2-weighted MR image of a patient with a base of the
tongue squamous cell carcinoma. The minimal axial diameter was
17 mm on the left (upper jugular or level II) and 13 mm on the
right (upper jugular or level II). Histology confirmed the radiolog-
ic findings in both patients
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gested that the ratio of the maximal longitudinal nodal
length to the nodal width should be greater than 2 for
normal hyperplastic nodes and less than 2 for metastat-
ic lymph nodes. This approach is based on the concept
that a normal lymph node tends to be oblong, whereas a
metastatic lymph node is often spherical in shape
(Fig. 21). Groups of three or more lymph nodes with a
minimal axial diameter of 9–10 mm in the jugulodigas-
tric region and 8–9 mm in the remaining neck are sug-
gestive of metastatic lymph nodes, provided that they
are in the drainage chains of the primary tumor site. All
of these criteria apply to homogenous, sharply delineat-
ed nodes. Regardless of the lymph node size, the most
reliable imaging finding of metastatic disease is the
presence of central nodal necrosis. Central nodal necro-
sis is seen as an area of low density on contrast-en-
hanced CT images or low intensity on contrast-en-
hanced fat-suppressed T1-weighted images (Fig. 22). On
T2-weighted images, central nodal necrosis appears as
an area of high signal intensity. When comparing CT
and MR images in the same patient, the areas of central
nodal necrosis appear larger at CT than at MRI. This
discrepancy may be explained by the underlying patho-
logic process [43, 44]. Invasion of lymph nodes by can-

cer cells first occurs within the marginal sinuses of the
nodal cortex. Proliferation of the tumor cells then leads
to invasion of the nodal medulla, resulting in blockage
of the flow of lymph through the node. While the me-
dulla undergoes necrosis, spread of tumor cells to other
nodes may occur either via lymphatico-lymphatic or
lymphatico-venous pathways. Although it is common
practice to refer to such a lymph node as being necrotic,
pathologically the nodal medulla contains both tumor
cells and interstitial fluid. The necrotic appearance at
CT contains both tumor cells and interstitial fluid,
whereas at MR only the truly necrotic zones will have
signal intensities similar to water. Central nodal necro-
sis has to be differentiated radiologically from fatty hi-
lar metaplasia, which occurs almost exclusively at the
periphery of the node. Extranodal tumor spread is
found histologically in 40% of lymph nodes smaller
than 2 cm and in 23% of lymph nodes smaller than 1 cm
in diameter [43, 44]. On contrast-enhanced CT and MR
images, extranodal tumor spread is seen as an enhanc-
ing nodal rim with infiltration of the adjacent fatty tis-
sue or of the adjacent sternocleidomastoid muscle
(Fig. 23).

Fig. 21A, B. Nodal size and shape as an indicator of metastatic
lymph node involvement as seen on contrast-enhanced CT. A Pa-
tient with left-sided enlarged lymph nodes (level II–IV). Note the
oblong shape (arrows) characteristic for benign, reactive nodes.
B Different patient with a squamous cell carcinoma of the ethmoid
sinuses and with left-sided level II–IV lymph node metastases.

Note an enlarged node (long arrow), as well as nodes with a spher-
ical shape rather than elliptical shape (short arrows). In addition,
there is inhomogeneous lymph node enhancement of all nodes.
Neck dissection confirmed metastatic involvement of all described
lymph nodes. Figure 21b reproduced with permission from [10]
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Fig. 22A–E. Central nodal necrosis as seen on
CT. Contrast-enhanced CT images obtained
in a patient with a floor of the mouth squa-
mous cell carcinoma. A Axial image and 
B sagittal 2D reconstruction show a level II
lymph node metastasis with central nodal
necrosis (arrows). C Macroscopic cross-sec-
tion of the lymph node specimen shows a
circumscribed necrotic mass. D Photomicro-
graph shows poorly differentiated metastatic
squamous cell carcinoma. The cells grow in
the form of nests with central necrosis co-
medo pattern (arrow). There is still some
squamous differentiation, the arrowhead in-
dicates keratin pearl formation. E Photomi-
crograph showing that the tumor cells are
large with a high nuclear-cytoplasmic ratio,
and have prominent nuclei
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Fig. 23A–C. Extranodal spread as seen on CT
and histology. A Middle jugular (level III)
lymph node metastasis with central nodal
necrosis, invasion of the sternocleidomas-
toid muscle (arrow) and enhancement of the
surrounding perinodal fat, which has a
streaky appearance, suggesting extranodal
spread. The patient underwent neck dissec-
tion, which confirmed the findings. Photo-
micrographs show squamous cell carcinoma
with sinusoidal invasion (asterisk in B) and
capsular invasion of the lymph node (arrow-
heads in B and C). A few residual lymphoid
follicles are still present in the lymph node
(C)
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Lymphoma

Both Hodgkin’s and non-Hodgkin’s lymphoma com-
monly involve the cervical lymph node groups. The
characteristic CT appearance includes fairly large nodal
neck masses with a homogenous low density and with a
thin nodal capsule (Fig. 24). Nodal necrosis may occur;
however, it is much less frequent than with metastatic
squamous cell carcinoma or metastatic thyroid cancer
(Fig. 25). Extranodal involvement – most often at the
level of Waldeyer’s ring – may be seen in up to 23% of
patients with non-Hodgkin’s lymphoma; it is, however,

unusual in patients with Hodgkin’s lymphoma (only
4%) [10, 40, 41]. Intranodal calcification may be seen af-
ter radiation therapy or chemotherapy of both
Hodgkin’s and non-Hodgkin’s lymphoma. Rarely it may
be seen prior to therapy.

Non-nodal Masses

The most common non-nodal neck masses include
neurogenic tumors, lipomas and paragangliomas.

Fig. 24A, B. Characteristic CT appearance of
lymph node involvement by lymphoma.
A Axial, contrast-enhanced CT scan shows
bilateral huge nodal masses (arrowheads)
with a homogenous low density and with a
thin, enhancing nodal capsule. Typically, the
attenuation value of the involved lymph
nodes is higher than that of fat and lower
than that of muscle. Histology revealed dif-
fuse large B cell lymphoma. B Photomicro-
graph shows that the lymph node is diffusely
infiltrated by medium-sized to large cells
with irregular nuclei, dense chromatin and
small nucleoli. Small lymphocytes are seen
intermingling with the large lymphoma cells
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Neurogenic Tumors

Neurogenic tumors include schwannoma, neurofibro-
ma, ganglioneuroma, granular cell tumors and malig-
nant peripheral nerve sheath tumors. Schwannomas
and neurofibromas are the most common types of neu-
rogenic tumors found in the infrahyoid neck [10, 26, 31,
53, 56]. They typically involve the vagus nerve (Fig. 26),
the cervical nerve roots or the brachial plexus. Clinical
findings are inconstant and include motor dysfunction
or pain in the distribution of a sensory nerve. Without a
clinical history of neurofibromatosis it is impossible to
distinguish between schwannomas and neurofibromas
with cross-sectional imaging. Schwannomas and neuro-
fibromas display typical features on MRI (Fig. 27). Near-
ly 75% of all nerve sheath tumors have the same signal
intensity as the spinal cord on T1-weighted sequences,
more than 95% have a high signal intensity on T2-
weighted sequences, and nearly all nerve sheath tumors
enhance following intravenous administration of con-
trast material [10, 31]. The enhancement pattern of neu-
rogenic tumors is highly variable. A target appearance
(hyperintense rim and hypointense center) may be seen
on contrast-enhanced MR images or contrast-enhanced
CT images, and is caused by central areas of cystic or ne-
crotic degeneration. Most schwannomas are a mixture
of two histologic types of tissue: the cell-rich Antoni
type A tissue with chromatin-rich cells arranged in
characteristic palisades and in onion rings (Verocay

Fig. 25. Nodal necrosis seen in non-Hodgkin lymphoma. Sagittal
2D reconstruction from a volumetric, contrast-enhanced CT data
set shows a level III lymph node with nodal necrosis (arrow), as
well as several enlarged level III and IV lymph nodes (dashed ar-
rows). Histology revealed anaplastic-large cell lymphoma (Ki-1
lymphoma)

Fig. 26. Schwannoma of the vagus nerve:
Characteristic CT appearance. Axial, con-
trast-enhanced CT image demonstrates a
mass with inhomogeneous enhancement sit-
uated within the carotid space. It displaces
the internal and external carotid artery and
the internal jugular vein anteriorly (arrow-
heads). CT images obtained at multiple lev-
els showed that the mass was located along
the vagus nerve. Reproduced with permis-
sion from [13]
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Fig. 27A–E. Schwannoma of the sympathetic chain: characteristic
MRI and histologic appearance. A Axial T2-weighted MR image
obtained in a young female with dysphagia shows a well-delineat-
ed mass (arrow) located in the parapharyngeal space and with in-
homogeneous signal intensity. B Coronal, contrast-enhanced T1-
weighted image shows a characteristic target appearance (arrow)
with peripheral enhancement and central areas of necrosis. The
mass displaces the epiglottis towards the left. C Macroscopic view

of the resected specimen shows a well-circumscribed tumor. The
cut surface shows cyst formation and areas of hemorrhage. D Pho-
tomicrograph showing Antoni type A areas of the schwannoma
with prominent spindle cells palisading and with formation of
Verocay bodies. E Photomicrograph showing Antoni type B areas
of the schwannoma which are characterized by loose, less cellular
myxoid areas where the spindle cells are arranged in a haphazard-
ly fashion
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bodies) and the relatively acellular cystic Antoni type B
tissue (Fig. 27). The Antoni type B pattern is commonly
intermixed with the Antoni type A, but an entire tumor
may have this arrangement. Regressive changes, includ-
ing necrosis, cystic degeneration and lipidization may

be prominent and do not bear relation to the size or lo-
cation of the tumor.

Malignant peripheral nerve sheath tumors (MPNST)
is the new name adopted by the World Health Organiza-
tion to unify the previously designated entities of ma-

Fig. 28A–C. MPNST in a young male without NF1. The patient was
complaining of pain as well as motor and sensory deficits at the
level of C7. A Coronal contrast-enhanced, fat-saturated T1-weight-
ed image shows a small, poorly delineated, homogenously enhanc-
ing tumor (arrows) involving the C6 and C7 nerve roots on the
right. MR imaging suggested the diagnosis of a neurogenic tumor
of the brachial plexus. Surgery revealed a MPNST. B Photomicro-
graph shows a hypercellular tumor which is composed of spindle
cells in form of fascicles. C The tumor cells are spindle-shaped,
with hyperchromatic nuclei, prominent nucleoli and eosinophilic
abundant cytoplasm. Numerous mitoses are present
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lignant schwannoma, neurofibrosarcoma and neuro-
genic sarcoma [53]. These tumors arise de novo (Fig. 28)
or from malignant transformation of a plexiform neu-
rofibroma.As many as 11% of MPSTs are induced by ra-
diation therapy. Most tumors are seen between 30 and
50 years of age, but in a younger age group in patients
with NF1 [53]. The imaging findings in MPNST (are
nonspecific and include a large fusiform and invasive
tumor, which spreads along nerve trunks and some-
times presents with areas of necrosis and hemorrhage.

Paraganglioma

Paragangliomas arise from neural crest cell derivates
within vessel walls. In the infrahyoid neck, paraganglio-
mas occur in the carotid body, which is situated in the
carotid bifurcation (carotid body tumor, Table 2). Occa-
sionally, a large glomus vagale tumor may extend into
the infrahyoid neck and present as a carotid space le-
sion. Carotid body tumors typically present in women,
in the 4th decade of life, and may be multiple in as many
as 30% of patients with a family history of paraganglio-
ma [10, 13, 34]. On contrast-enhanced CT images, para-
gangliomas appear as highly enhancing lesions found

medial to the sternocleidomastoid muscle (Fig. 29).
They typically display multiple curvilinear signal voids
on both T1- and T2-weighted images (Fig. 30). The con-
spicuity of these signal void areas increases with tumor
size and increasing vessel diameter. This MR appear-
ance is not pathognomonic for paragangliomas and it
has been reported in other hypervascular lesions, i.e.,
vascular malformations, hemangiomas and metastases
from renal cell carcinoma [3, 8]. The key to the radiolog-
ic diagnosis of carotid body paraganglioma is splaying
of the proximal internal and external carotid arteries
around the mass at the carotid bifurcation (Figs. 29, 30).
Histologic analysis of paragangliomas reveals non-en-
capsulated lesions with ill-defined margins. Chief cells
arranged in clusters and round cell nests (Zellballen)
are surrounded by a delicate stroma containing numer-
ous vascular channels. Invasion of the adventitia of the
carotid wall is common.

Lipomatous Tumors

Although lipomas are the most common tumors of me-
senchymal origin in the body, only 13% arise in the ex-
tracranial head and neck. Most head and neck lipomas
are located subcutaneously or in the posterior cervical
triangle. In rare instances, they may arise in the retro-
pharyngeal space or they may insinuate around the
common carotid artery and internal jugular vein. Sub-
cutaneous tumors are most often asymptomatic. Lipo-
mas arising in the deep spaces of the neck may present
with symptoms related to mass effect on the pharynx,
larynx or esophagus, such as dysphagia, sleep apnea
syndrome and dyspnea. Histologically, lipoma is com-
posed of mature adipose tissue arranged in lobules,
separated by fibrous tissue septa (Fig. 31). Most tumors
are well circumscribed and encapsulated, although in-
filtrating non-encapsulated lipomas have been report-
ed.

The radiologic diagnosis of lipoma is straightfor-
ward. Both CT and MRI provide a definitive diagnosis
in virtually all cases (Figs. 31, 32). The typical CT char-
acteristics are a homogeneous and nonenhancing lesion
with attenuation values from –65 to –125 HU (Fig. 31)
On MRI, lipoma has the same signal intensity as subcu-
taneous fat on all pulse sequences (hyperintense on T1-
weighted images, decrease in intensity on T2-weighted
images and very low intensity on fat-suppressed T1-
weighted images (Fig. 32). As in other parts of the body,
if portions of the lipoma have the attenuation value or
signal intensity characteristics of soft tissue on CT or
MRI, and if contrast enhancement is observed within
these strands of connective tissue, the diagnosis of a lip-
osarcoma should be considered [27].

Fig. 29. Carotid body paraganglioma: characteristic CT appear-
ance. Contrast-enhanced 2D parasagittal reconstruction at the lev-
el of the carotid bifurcation from a multislice volumetric data set
shows a hypervascular mass that displaces the external carotid ar-
tery anteriorly and the internal carotid artery posteriorly. Note the
characteristic splaying of the carotid bifurcation
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Fig. 30A–F. Carotid body paraganglioma: characteristic MR and
histologic findings. A Axial, nonenhanced and B axial contrast-en-
hanced T1-weighted MR images demonstrate an enhancing lesion
containing signal voids (black arrows). The mass displaces the
internal carotid artery (ICA) and the internal jugular vein (IJV)
posterolaterally and the proximal external carotid artery (ECA)
anteriorly. C Characteristic histologic aspect of paraganglioma: or-

ganoid nesting pattern – Zellballen – of neoplastic cells. D These
cells are medium to large in size. They have round nuclei, small in-
conspicuous nucleoli and ample eosinophilic cytoplasm. Mild nu-
clear pleomorphism can be seen. E and F Paragangliomas are neu-
roendocrine tumors where the neoplastic cells are positive for
neuroendocrine markers such as chromogranin and synaptophy-
sin
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Fig. 31A–C. Lipoma: characteristic CT and histologic appearance.
A Axial, contrast-enhanced image below the hyoid bone shows a
subcutaneous mass with attenuation values, suggesting a lipoma
(arrow). B Photomicrograph of the resected specimen reveals an
encapsulated lesion. C The tumor is composed of mature adipose
tissue with no cellular atypia nor necrosis

Fig. 32A, B. Lipoma: characteristic MRI appearance. A T1-weighted
axial image shows a hyperintense mass located within the prever-
tebral space (arrow). B Contrast-enhanced, fat-suppressed axial
MR image shows that the mass is composed of adipose tissue and
that it does not enhance (arrow), therefore suggesting the diagno-
sis of a lipoma. Surgery confirmed the findings
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Thyroid Gland Nodules

Thyroid nodules are common and comprise adenomas,
cysts, multinodular goiter and malignant tumors [1, 2,
36]. Thyroid nodules are estimated to occur in 4%–8%
of the adult population when palpable nodules are in-
volved. Thyroid nodules may be either single (one-
third) or multiple (two-thirds). The differentiation
between a gland with a single nodule from a gland with
multiple nodules is essential because the incidence of
malignancy in a single nodule is 10%–15%, and the in-
cidence of malignancy in a multinodular goiter is
4%–7.5% [36]. It is generally accepted that a 99mTc-per-
technetate visualized “hot” thyroid nodule is almost in-
variably a benign lesion, while the probability of malig-
nancy varies from 10%–25% in 99mTc-pertechnetate
visualized “cold” nodules. Therefore, fine-needle aspira-
tion biopsy (FNAB) with or without US guidance, is al-
ways required to rule out malignancy. FNAB has been
found to be a safe and inexpensive procedure, and in
several clinical studies this technique has shown a high
diagnostic accuracy [36].

Adenomas are benign thyroid neoplasms that may
occur in all age groups. They are more common in
women than men. Adenomas are usually solitary and
are smaller than 3 cm in diameter. They often display
degenerative changes, such as cyst formation, hemor-
rhage, fibrosis or calcification. On CT and MRI, adeno-
mas are either solid and enhancing or they reveal cystic
degeneration and calcification. Thyroid adenomas are
either functioning (hot nodule) or nonfunctioning
(cold nodule) on radionuclide scans.

Multinodular goiter has an incidence of 3%–5% in
the general population with a higher incidence in en-
demic goiter regions. Patients usually present with ei-
ther palpable neck masses or tracheoesophageal com-
pression and displacement. Goiters may be seen with
hyperthyroidism, euthyroidism or hypothyroidism.
Histologically, multinodular goiters are composed of ei-
ther colloid nodules or true adenomas. These nodules
are multiple, their size is variable and they are partly en-
capsulated. Areas of fibrosis, necrosis and calcifications
are common at histopathology. Therefore, on CT and
MRI, the findings are variable depending on the under-
lying histology. Calcifications, which are commonly
seen in multinodular goiters, are optimally visualized
on CT. On 99mTc-pertechnetate scans, a multinodular
goiter appears enlarged and heterogeneous with hot,
cold, and spared areas. This characteristic aspect will
usually obviate the need for biopsy of a palpable nodule.
However, a large, dominant, or growing mass amidst a
goiter will most probably be biopsied.

Thyroid cancer is uncommon, accounting for around
1.6% of all cancers. The role of imaging in thyroid can-
cer depends to a large extent on the histology of the tu-

mor. Because the vast majority of thyroid nodules are
benign, a major role of imaging is to try to differentiate
between benign and malignant lesions. Most thyroid
cancers present as cold nodules on radionuclide scans.
Nuclear medicine thyroid scans performed with 99mTc-
pertechnetate or radioactive iodine and ultrasound
combined with fine-needle aspiration biopsy are used
as a first-line approach, whereas CT and MRI are used
only in selected cases to determine the extent of the tu-
mor preoperatively, as well as the presence or absence of
metastases [36, 46]. One must be cautious regarding CT
scanning and the administration of contrast-enhanced
iodinated compounds, since these agents will interfere
with thyroid function tests for up to 6 weeks.

Follicular carcinoma typically occurs in females in
their 5th decade. Although macroscopically, they may
resemble an adenoma; microscopic evaluation clearly
shows that these tumors have features of vascular and
capsular invasion. These aggressive tumors typically in-
vade the surrounding tissue, including the airway.
Lymph node metastases are rare; however, hematoge-
nous metastases to lung, liver, bone and brain are com-
mon. Differentiated tumor forms and their metastases
may take up radioiodine, which can be used to detect
and treat metastases. The CT and MR imaging findings
are variable, ranging from a well-delineated nodule to
an ill-defined tumor with necrosis and calcification
(Fig. 33).

Papillary carcinoma has a peak incidence in the 3rd
and 4th decades. Females are affected more often than
males. The prognosis is usually excellent (>90% at 20 -
years), provided that the size of the lesion does not ex-
ceed 5 cm and that the capsule of the thyroid gland is
preserved [36].As many as 20% of papillary carcinomas
are multifocal. Most often the tumor is smaller than
1.5 cm in size. However, aggressive forms may invade
the larynx and trachea or the cervical esophagus [4, 10,
36] (Fig. 34). Histology reveals papillae with a fibrovas-
cular core with epithelial lining, nuclear atypia, and
psammoma bodies (laminated calcific spherules) in
50% of cases. Follicular elements in a papillary carcino-
ma are common, and this has led to the histologic clas-
sification of a follicular variant or mixed papillary-fol-
licular carcinoma. However, this mixed cancer ultimate-
ly behaves like a papillary carcinoma. Psammomatous
calcifications are easily seen on CT. They are punctate
and in some instances appear as cloudy calcifications.
Amorphous calcifications may also be observed in pap-
illary thyroid carcinoma (Fig. 34). On CT and MR imag-
ing, a malignant lesion should be expected when the
margins are ill defined, when there is extraglandular tu-
mor spread, lymph node involvement, or invasion of the
larynx or trachea. In up to 50% of papillary carcinoma
cases, lymph node metastases in the neck may precede
the clinical recognition of a tumor in the thyroid gland.
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However, as opposed to squamous cell cancer where the
prognosis is tremendously influenced by the presence
or absence of lymph node metastases, cervical lymph
node metastases do not significantly affect prognosis of
patients with papillary carcinoma. Lymph node metas-
tases from papillary carcinoma may have a variable as-
pect on imaging: solid and hypervascular, solid and cys-
tic, cystic, and cystic and calcified. In general, any lymph
node seen in a patient with papillary carcinoma should
be suspected of being malignant, no matter what the
size, because of the relatively high rate of lymphatic
spread.

Anaplastic carcinoma is the most aggressive neo-
plasm in the thyroid gland. It is seen in patients over
50 years of age and the mean survival is 6–12 months. In
almost 50% of cases, the anaplastic carcinoma develops
within a goiter or it may arise from papillary and follic-
ular thyroid cancers. At diagnosis, the tumor usually

demonstrates invasion into the neighboring soft tissue
structures, larynx, trachea, esophagus, carotid arteries
and internal jugular vein. Lymph node metastases, ex-
tension into the mediastinum and distant hematoge-
nous metastases are common. The imaging features on
CT and MRI do not allow differentiation from other ad-
vanced thyroid carcinomas.

Medullary carcinoma arises from the parafollicular,
or C cells of the thyroid. The C cells appear to be derived
from neural crest tissue in the ultimobranchial bodies
of the branchial pouch system. These cells secrete thyro-
calcitonin, which decreases serum calcium. Most pa-
tients with a medullary carcinoma present with a well-
circumscribed solid nodule that is usually nonencapsu-
lated. Histologically, a highly vascularized stroma may
be seen, as well as amyloid deposition, hemorrhage and
hyalinized collagen. Seventy per cent of medullary car-
cinomas arise sporadically; the remaining 30% are seen

Fig. 33A–D. Follicular carcinoma: CT and histologic aspect. A Con-
trast-enhanced CT image obtained in an elderly female with a pal-
pable neck mass demonstrates a single, well-delineated thyroid
nodule on the right. No metastatic lymph nodes were seen on the
CT examination. B Photomicrograph of the surgical specimen re-

vealed a tumor that is composed of small, round, closely packed
follicles. The inset shows tumor cells with hyperchromatic nuclei
and prominent nucleoli. C The same tumor shows infiltration of
the capsule. D Also there is blood vessel invasion by tumor cells
(arrow). Fig. 33a reproduced with permission from [10]
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Fig. 34A–F. Advanced papillary carcinoma with extraglandular
spread and metastatic lymph nodes. Axial contrast-enhanced CT
images at the level of the supraglottic larynx (A), subglottis (B) and
cervical trachea (C) show a thyroid tumor extending beyond the
thyroid gland. Invasion of the prelaryngeal strap muscles (arrows),
trachea (thin arrow) and both tracheoesophageal groves (dashed
arrows). Bilateral level III lymph node metastases (short arrows).
Note a paramedian position of the left false cord, suggesting recur-
rent laryngeal nerve paralysis caused by invasion of the left trach-
eoesophageal grove.A large amorphous calcification (black arrow)

is present within the tumor. The level of the cricoid is indicated by
C. D Photomicrograph shows the typical appearance of papillary
carcinoma at low magnification with complex branching papillae.
E The papillae have a central fibrovascular core. They are lined by
cuboidal cells showing the typical features of a papillary carcino-
ma. Inset, two nuclei present longitudinal nuclear grooves, coffee
bean, and two others a ground glass egg-basket appearance. F A
level III lymph node metastasis with tumor cells replacing the nor-
mal lymph node architecture
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in the familial form without MEN (multiple endocrine
neoplasia) and in the familial form associated with
MEN. Patients with MEN syndrome may have elevated
serum levels of calcitonin, which can be used as a
screening test in families with the genetic trait. On CT
and MRI, the tumor may be solid, it may demonstrate
psammomatous or coarse calcifications, extraglandular
spread, lymph node and distant metastases to the lungs,
liver, and bone.

Infectious and Inflammatory Conditions

Inflammatory and infectious lesions of the infrahyoid
neck may be classified into two groups: (a) cervical
chain nodal inflammation and (b) soft tissue infections.
For practical reasons (quick availability, high diagnostic
performance), CT is still the modality of choice in eval-
uating inflammatory and infectious diseases of the in-
frahyoid neck.

Fig. 35A–D. Reactive lymph nodes as seen on CT, MRI and histolo-
gy. Two different patients with enlarged cervical nodes. A Axial,
contrast-enhanced CT in a 23-year-old male shows marked en-
largement of the left superior internal jugular nodes (level II). The
enlarged nodes are homogenously enhancing (arrows). B Axial
fat6suppressed T1-weighted image obtained after injection of con-
trast material in a 9-year-old girl shows bilateral enlargement of
the upper jugular nodes (level II). The nodes are homogenously

enhancing (arrows) and have an elliptical shape. C Photomicro-
graph obtained from a resected node in patient A shows follicular
lymphoid hyperplasia (reactive lymph node). The lymphoid folli-
cles are increased in number and in size with wide variation in size
and shape. D The hyperplastic follicular center (asterisk) present
numerous tangible body macrophages. The marginal zone (mono-
cytoid cells) is preserved (arrowhead)
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Fig. 36A–C. Persistent generalized lymphade-
nopathy in HIV-positive patients. A Axial
contrast-enhanced CT image at the level of
the hyoid bone in an HIV-positive patient
shows multiple, slightly enlarged lymph
nodes involving level I and II on both sides
(arrows). B Photomicrograph of a cervical
node shows large and irregular follicles with
a map-like configuration (asterisk). C Persis-
tent generalized lymphadenopathy showing
folliculosis where the follicular center (aste-
risk) is invaded by small mantle-cell lym-
phocytes (arrowhead)
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Cervical Chain Nodal Inflammation

When cervical lymph nodes react to inflammation, they
enlarge and are referred to as reactive adenopathy [4, 10,
13, 43, 44]. This term is used for nodes less than 1.5 cm
in maximum dimension, oval, with homogenous inter-
nal architecture and with variable enhancement (Fig.
35). Nodal enhancement may also be seen in a variety of
inflammatory diseases [37, 45] (i.e., any type of acute in-
fection, Castleman disease, Kikuchi disease).

In HIV infection, bilateral diffuse lymph node en-
largement may be seen on either CT or MRI (Fig. 36).
This imaging finding is non-specific and may be ob-
served in a variety of viral infections, such as Epstein-

Barr virus and cytomegalovirus. However, in the pres-
ence of lymphoepithelial cysts within the parotid
glands, large adenoid tissue and diffuse lymph node en-
largement, HIV infection should be strongly suggested.

If there is an acute virulent infection (i.e., staphylo-
coccus), nodal necrosis may be seen at both CT or MR
imaging. In this context, nodal necrosis corresponds
histologically to an intranodal abscess, and the term
“suppurative adenopathy” is used (Fig. 37). Suppurative
adenopathy and malignant adenopathy can be radiolog-
ically indistinguishable (see also “Imaging Issues and
Pathologic Considerations”). Extracapsular spread of
infection from the suppurative lymph nodes results in
abscess formation (Fig. 38). If the internal jugular chain

Fig. 37A, B. CT and US appearance of suppu-
rative lymphadenitis in an 19-year-old girl.
A Axial, contrast-enhanced CT image ob-
tained at the level of the hyoid bone shows
an enlarged level II lymph node with a cen-
tral area of necrosis (arrow). B US performed
in the same patient shows a lymph node
with an anechoic central area. Fine-needle
aspiration cytology performed under US
guidance revealed suppurative lymphade-
nitis caused by staphylococcus aureus
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is primarily affected the resulting abscess is located
within the carotid space, whereas if the spinal accessory
chain is primarily involved the abscess is located within
the posterior cervical space.An abscess appears as a sin-
gle or multiloculated area of fluid density with or with-
out gas collections, usually expands the compartment
that is involved, and typically demonstrates a peripher-
al rim enhancement. The abscess wall is usually thick
(Fig. 38).

Tuberculous adenitis occurs when mycobacteria in-
volve the nodes of the infrahyoid neck chains [37]. Tu-
berculous nodes have a characteristic CT appearance:
they are multiple in presentation, with variable en-
hancement, areas of central nodal necrosis and globular
calcifications (Fig. 39).Although nodal calcifications are
most commonly seen in cervical tuberculous adenitis,
metastatic papillary thyroid carcinoma, healed irradiat-
ed carcinomatous and lymphomatous nodes and healed
necrotic abscessed nodes may also calcify. Egg-shell
type calcifications are typically seen in silicosis, sarcoi-
dosis, tuberculosis and amyloidosis.

Soft Tissue Infections

Bacterial soft-tissue infections may be classified, ac-
cording to their invasive behavior, as (a) erysipelas (af-
fecting the more superficial layers of the skin and cuta-

neous lymphatics), (b) cellulitis (extending more deeply
into the subcutaneous tissue but sparing fascias), (c) ne-
crotizing fasciitis (destruction of fasciae and fat, with or
without skin necrosis, and with or without myonecro-
sis), and (d) myositis and myonecrosis [18, 20, 21]. The
different above-defined forms of infectious soft-tissue
inflammation have particular features on CT. The char-
acteristic CT aspect of cellulitis includes thickening of
the cutis and subcutis and increased density of fatty tis-
sue with streaky, irregular enhancement. Fasciitis ap-
pears as thickening or enhancement of fasciae. Myositis
appears as thickening and enhancement of cervical
muscles, and myonecrosis may become visible as a hy-
podense area within enhancing portions of a muscle or
as frank muscle disruption.

Necrotizing fasciitis of the head and neck is a severe,
acute, and potentially life-threatening streptococcal or
mixed bacterial soft tissue infection with a very rapid
clinical evolution [3, 18, 20, 21]. It affects both immuno-
competent and immunocompromised patients and, un-
less immediate surgical treatment is given, leads invari-
ably to mediastinitis and fatal sepsis [30]. Radiolog-
ic–pathologic correlation studies have shown that four
constant features are identified at CT [18, 20]. These ra-
diographic features include: (a) cellulitis, (b) multiple
fluid collections with or without gas in various neck
compartments, (c) fasciitis (diffuse enhancement of
neck fasciae) and (d) myositis (enhancement and thick-
ening of cervical musculature) (Figs. 40, 41). Three ad-
ditional features are found in two-thirds or less of pa-
tients with cervical necrotizing fasciitis at initial CT,
namely gas collections, streaky enhancement of medi-
astinal fat and mediastinal fluid collections, and pleural
and pericardial effusions. Because necrotizing fasciitis
is often complicated by mediastinitis, which may be
very difficult to detect on clinical grounds alone, CT of
the chest as well as the neck should be performed when
assessing cervical necrotizing fasciitis. The postopera-
tive use of CT also has tremendous value. The identifi-
cation of persistent fluid collections or progressing in-
fection may only be possible with this modality, and
findings on cervicothoracic CT often guide further
treatment [18]. The characteristic histologic features of
cervical necrotizing fasciitis include infiltration of the
deep dermis, fasciae and muscular planes with bacteria
and polymorphonuclear cells, and necrosis of fatty and
muscular tissue with fragmentation and secondary de-
generation of muscle fibers. Necrosis of fasciae is a
characteristic feature. Correlation between histologic
findings and CT scans reveals that most of the fluid col-
lections seen in the cervical compartments correspond
with liquefied necrotic tissue rather than with true ab-
scesses [18]. Vasculitis and thrombosis of small vessels
are seen histologically not only in areas that are obvi-
ously involved macroscopically on CT, but also in appar-
ently healthy tissue adjacent to inflammatory lesions.

Fig. 38. Neck abscess: characteristic CT appearance. A multilocu-
lated area of fluid density without gas collections and with thick,
peripheral rim enhancement (arrow) displaces the neck vessels
medially. Note compression of the internal jugular vein
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Fig. 39A, B. Tuberculous lymphadenitis:
characteristic CT and histologic appearance.
A Axial, contrast-enhanced CT image dem-
onstrates multiple lymph nodes with inho-
mogeneous contrast enhancement, areas of
nodal necrosis (arrowheads) and calcifica-
tions (arrows). Extracapsular spread of in-
fection from the suppurative lymph nodes
has resulted in abscess formation (curved ar-
row). B Photomicrograph of a tuberculous
lymph node obtained by excisional biopsy
demonstrates caseous necrosis (asterisks)
surrounded by an inflammatory stroma con-
taining fibrous tissue, epithelioid cells and
Langhans giant cells (arrowheads)



Chapter 2.1 The Infrahyoid Neck: CT and MR Imaging Versus Histopathology 129

Fig. 40A–D. Necrotizing fasciitis of the neck caused by anaerobes:
characteristic CT appearance. 58-year-old male with a history of
dental treatment 7 days earlier presenting with fever, bilateral ery-
thema of the neck with swelling and induration. Dyspnea necessi-
tated intubation and mechanical ventilation at admission. Photo-
graph of the neck at admission obtained prior to intubation (A)
shows diffuse neck erythema and edema indicated by thumb
prints (arrowheads). Contrast-enhanced CT images at the level of
the oropharynx (B), supraglottic larynx (C), and tracheal bifurca-
tion (D) in intubated patient show diffuse thickening of the cutis
and subcutaneous fat, which has an increased density (short ar-
rows). There is enhancement of the superficial layer of the deep
cervical fascia along the left masticatory space and left sternoclei-

domastoid muscle (thin short arrows). Enhancement and inflam-
matory swelling of the left masseter muscle (in B) and left sterno-
cleidomastoid muscle (in C), indicate myositis. Extensive fluid col-
lections with gas within the strap muscles correspond with myo-
necrosis (C). Multiple fluid collections with gas are seen in both
parapharyngeal spaces (long arrows in B), left masticator space
(dashed arrow in B) and both carotid spaces (long thick arrows in
B and C). A large fluid collection is seen in the anterior mediasti-
num (thick arrows in D) and there are bilateral pleural effusions
(thin arrows). Cervicotomy and thoracotomy performed immedi-
ately after CT revealed necrotizing fasciitis and necrotizing medi-
astinitis. Reproduced with permission from [18]
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Fig. 41A–D. Necrotizing fasciitis of the neck: characteristic CT, sur-
gical and histologic findings. 54-year-old male treated for tonsil-
litis 3 days earlier, presenting with dysphagia and diffuse, noncrep-
itant neck swelling without erythema or fever. Contrast-enhanced
CT images at the level of the supraglottis (A) and subglottis (B)
show diffuse, massive thickening of the skin (short arrows) and
there is marked edema and a dirty appearance of the subcutane-
ous fat and platysma. Note enhancement of the investing fascia
along the sternocleidomastoid muscles (long white arrows) and
strap muscles (short thin white arrows), enhancement of visceral
fascia (short, thin dashed arrows) and of the prevertebral fascia
(black dashed arrows). Multiple fluid collections are seen along the
inner border of the left sternocleidomastoid muscle, within the
retropharyngeal space and along the strap muscles (asterisks).

Note also inflammatory involvement of the left and right carotid
space (long, white dashed arrows) and marked myositis of the left
sternocleidomastoid muscle with diffuse swelling and irregular
contrast enhancement. There is extensive inflammatory edema of
the aryepiglottic folds. Photograph of the neck as seen during sur-
gery (C) shows pus covering all fascia and neck muscles, which
show diffuse swelling and diminished perfusion. Microscopic eval-
uation of surgical biopsy specimen of various muscles, subcutane-
ous fat and fascial layers revealed cervical necrotizing fasciitis. Mi-
crophotograph of a biopsy specimen from the strap muscles (D)
shows fragmentation of muscle fibers (arrows) and severe inflam-
matory infiltrates with polymorphonuclear leukocytes and plas-
ma cells between necrotic muscle fibers (asterisks). Reproduced
with permission from [18]
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Septic Thrombosis of the Internal Jugular Vein

Septic thrombosis of the internal jugular vein is the
most common complication of deep neck infection. Pa-
tients typically present with fever, tenderness and swell-
ing along the course of the internal jugular vein. Septic
emboli may settle at distant sites, resulting in thrombo-
sis of the lateral sinus, meningitis and pulmonary in-
farcts. Lemierre syndrome is a form of septic internal
jugular vein thrombosis that occurs after tonsillitis.
This disease was common in the preantibiotic era, lead-
ing often to sepsis and death. On CT, septic thrombosis
of the internal jugular vein has a characteristic appear-
ance: the low attenuation luminal thrombus is sur-
rounded by an enhancing wall (Fig. 41). The perivascu-
lar soft tissues of the neck show an inflammatory reac-
tion (cellulitis and myositis) of various intensity.
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of the pathological alterations in normal lung that oc-
cur in the presence of disease. Over the last 10 years,
this technique has enabled precise analysis of the mor-
phological changes occurring at the level of the lung
parenchyma as well as better understanding of the dis-
tribution of abnormalities. On the basis of close corre-
lations between HRCT findings and pathological lung
abnormalities, it has been possible to clarify the termi-
nology used to describe abnormal CT findings and
thus to avoid nonspecific terms. In addition to the
main categories of HRCT findings in DILD, the distri-
bution of parenchymal abnormalities must be inte-
grated when attempting to reach a diagnosis or diffe-
rential diagnosis of diffuse lung disease using CT.

Among the predominant patterns of lung infiltra-
tion, ground glass opacity is one of the most difficult to
diagnose and is particularly influenced by the CT tech-
nique used. The goals of this chapter are to review the
CT criteria for accurate recognition of ground glass
opacity, to describe the potential pitfalls in the recogni-
tion of this CT sign, and to clarify the significance of in-
creased lung attenuation in DILD.

Patterns of Lung Infiltration in DILD

A number of HRCT findings may indicate the presence
of DILD and they are usually divided into six main cat-
egories [1–10].

Abnormal Interfaces

This is a common manifestation of DILD. Abnormal
interfaces between vessels, bronchi and visceral pleura
with the surrounding parenchyma can be detected
along the bronchovascular structures and in the sub-
pleural areas. The subpleural areas are represented by
the lung parenchyma immediately beneath the visceral
pleura along the concavity of the chest wall and along
the fissures and mediastinum.

Abnormal interfaces include regular thickening but
also nodular and linear irregularity of the interfaces.

Introduction

The introduction of high-resolution computed tomog-
raphy (HRCT) has revolutionized the radiologic ap-
proach to patients with suspected diffuse infiltrative
lung disease (DILD). The requirements for performing
HRCT include a current technology scanner, thin slices
(1–2 mm), and reconstruction using a high spatial fre-
quency algorithm. The scans are performed during
breath holding at end-inspiration, and images are re-
constructed using a matrix of 512 pixels with a 35–40
cm field of view.When necessary, a smaller field of view
(12–24 cm) is used to further improve spatial resolu-
tion and expiratory scans may be indicated in order to
identify air trapping.

An accurate interpretation of HRCT scans requires
a detailed understanding of normal lung anatomy and
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This CT sign reflects involvement of the axial and pe-
ripheral interstitium by the disease process.

Ground Glass Opacity

Areas of ground glass attenuation are defined as areas
(a) of hazy and amorphous increased lung attenua-
tion, (b) without obscuration of the underlying vas-
cular markings and bronchial walls, (c) identified on
thin HRCT sections, (d) taken at deep inspiration,
and (e) photographed with wide window settings [11].
They can be diffuse, disseminated, or focalized in dis-
tribution, and of low or high attenuation values, leading
to various difficulties in their CT identification. As
underlined in the above definition, areas of ground
glass attenuation are differentiated from airspace con-
solidation in that vessels and bronchi remain distin-
guishable throughout the areas of increased attenua-
tion.

Linear Pattern

Two main categories of linear opacities can be isolated,
namely septal and nonseptal lines. Septal thickening is
best appreciated in the subpleural and juxtadiaphrag-
matic regions where septa are anatomically well devel-
opped. Thickened interlobular septa are identified as
fine linear opacities or as a pattern of multiple polygo-
nal lines when several secondary pulmonary lobules are
involved. These linear or polygonal patterns must be in
close contact with the centrilobular pulmonary artery,
the distance from the vessel to the corresponding lobu-
lar border ranging from 3 to 5 mm. In lymphangitic car-
cinomatosis, the septa have a nodular or beaded appear-
ance, whereas interstitial infiltration may also lead to
regular septal thickening.

Nonseptal lines and numerous linear opacities can
be identified in a large number of cases of DILD, accord-
ing to their width, length, and location. The most fre-
quently described are the so-called “subpleural curvi-
linear opacities,” which are thin curvilinear lines ob-
served within 1 cm of the pleural surface, paralleling the
chest wall. Initially described in patients with asbesto-
sis, they can also occur in idiopathic pulmonary fibrosis
and many fibrotic forms of DILD.

Nodular Pattern

According to the size of these rounded opacities, they
are usually described as micronodules (≤3 mm), nod-
ules (3–20 mm), or masses (≥20 mm). Although CT rec-
ognition of nodules and masses is similarly obtained by
conventional and HRCT scans, the identification of mi-

cronodules requires HRCT scans. It should be under-
lined that spiral CT may help solve interpretive difficul-
ties with regard to the identification of ill-defined mi-
cronodules for low attenuation. This is a unique indica-
tion for a recently introduced technique called STS-MIP,
i.e., sliding thin slice maximum intensity projection
[12].

Among the various potential locations of microno-
dules, their predominant distribution in the subpleural
regions on transverse CT scans is worth considering.
Three main diagnoses are usually suggested by such a
distribution: pneumoconiosis (silicosis and coal
worker’s pneumoconiosis), sarcoidosis, and pulmo-
nary lymphangitic carcinomatosis [12]. This sign has
no diagnostic value when observed as an isolated find-
ing in the upper lung zones as it can be observed in
14% of healthy young adults. It should be emphasised
that it is a common feature in smoker’s lung due to the
accumulation of anthracotic pigment at the base of
interlobular septa [13].

Honeycombing

The HRCT findings consist of numerous thin or thick
walled, cystic airspaces of various sizes. These lesions
are related to parenchymal destruction by fibrosis of
various etiologies. The cystic lesions can be surrounded
either by normal lung parenchyma, such as in pulmo-
nary lymphangioleiomyomatosis, or by abnormal lung
infiltration, as usually observed in idiopathic pulmo-
nary fibrosis.

From time to time, honeycomb cysts are too small to
be identified on thin CT scans. In such circumstances,
parenchymal fibrosis can only be suspected by indirect
signs such as traction bronchiectases and/or bronchio-
lectases.

HRCT Features of Small Airway Disease

Inflammation of the bronchioles, also called bronchio-
litis, results in two main categories of HRCT abnormal-
ities: those resulting from thickening of the bronchiolar
wall by inflammation and fibrosis and those resulting
from obstruction of the bronchiolar lumen. Thickening
of the bronchiolar wall may be identified on HRCT as
centrilobular linear or branching opacities when seen
along their long axis or as centrilobular nodular opac-
ities when seen in cross-section. Obstruction of the
bronchiolar lumen leads to reflex vasoconstriction, de-
creased attenuation, and air trapping. Blood flow redis-
tribution to uninvolved lung leads to a pattern of mosa-
ic attenuation and mosaic perfusion. The HRCT find-
ings in any individual case depend on the relative de-
gree of bronchial wall thickening and narrowing of the
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bronchial lumen, and on the presence of other associat-
ed abnormalities.

Optimal assessment of bronchiolar abnormalities re-
quires the use of HRCT technique. It may be recom-
mended to select narrow window settings (window
width, 1000 HU; window level: –800 HU) to facilitate the
detection of focal areas of air trapping. Whenever the
inspiratory scans do not provide sufficient morphologi-
cal information, care should be taken to complete the
inspiratory CT examination by additional expiratory
scans, which can be obtained every 30 mm.An addition-
al technical option is to perform STS-MinIP, which en-
ables confident assessment of mild heterogeneity in
lung attenuation whenever the latter finding is only sus-
pected on HRCT scans [14].

Pathological Basis for Ground Glass Opacities

Several diseases may produce ground glass opacity or
airspace consolidation as primary HRCT abnormalities,
including interstitial pneumonias associated with active
alveolitis, pulmonary edema, adult respiratory distress
syndrome, viral, bacterial, tuberculous, fungal, and
Pneumocystis carinii pneumonia, radiation pneumo-
nitis, infarction and bronchoalveolar cell carcinoma. As
pointed out by Webb et al. [15], the clinical findings and
plain chest radiographic appearances of many of these
diseases are often sufficient for diagnosis. However, in
select cases, HRCT may contribute to patient manage-
ment by detecting abnormalities when the chest radio-
graphs are normal, or by clarifying confusing or equiv-
ocal radiographic findings, or by delineating the true
extent of disease.

Assessment of Lung Density

The attenuation coefficient for a CT lung scan is a blend-
ed value that results from the complex interplay between
tissues with highly differing densities including the air-
ways and alveoli, soft tissues (bronchi, vessels, blood, and
interstitium), and interstitial fluid. CT lung density
measurements are also markedly influenced by physio-
logic patient-related and machine-related factors. The
two most important physiologic patient-related parame-
ters influencing lung density are the amount of air in the
lung and the blood volume (Fig. 1).

Moreover, the CT technique used for parenchymal
analysis may also influence recognition of abnormal
lung density, as underlined by Zwirevich et al. who ob-
served that low dose HRCT technique failed to identify
ground glass opacities that were evident but subtle on
the high dose scans [16].

Pitfalls in ground glass pattern recognition

A false interpretation of ground glass appearance may
result from inadequate CT technique, incorrect interpre-
tation of HRCT images, and/or physiologic variations.

Pitfalls Related to Technique

A ground glass pattern is a CT sign that can only be con-
fidently diagnosed on HRCT images. Although abnor-
mal lung density can be suspected on 5–10 mm collima-
tion scans, only thin sections (1–2 mm) allow distinc-
tion of ground glass opacity from haziness, due to vol-
ume averaging of fine parenchymal abnormalities such
as linear or micronodular opacities. Optimal assess-
ment of ground glass opacities also requires the use of a
large window width (range, 1500–2000 HU) and a high
window level (range, –500 to –700 HU) for analysis of
the lung parenchyma on HRCT images. By reducing
window level and width, higher contrast is achieved

Fig. 1A, B. Target reconstructions of 1-mm HRCT sections through
the right lower lobe in a normal patient. A The section is taken at
deep inspiration and illustrates the HRCT appearance of normal
lung parenchyma. B A diffuse ground glass opacity is a constant
finding on normal HRCT scans at expiration, more pronounced in
the gravity-dependent portion of the lung



138 Martine Rémy-Jardin, Jacques Rémy, Dominique Artaud, Marc Fribourg, François Bonnel, Marie-Christine Copin, Bernard Gosselin

with subsequent magnification of vascular sections,
bronchial walls (whether normal or not), and fissural
thickening. The preferential magnification of small
structures that is observed when using low window set-
tings can create a pseudo-ground glass appearance that
may lead the unwary observer to overdiagnose abnor-
mal lung density.

Pitfalls Related to Interpretation

Micronodular pattern. Poorly marginated, small
rounded opacities are readily recognized on cross-sec-
tional images and should be differentiated from ground
glass opacities by their nodular shape. Nevertheless, the
distinction between diffusely distributed micronodules
with poor margination and ground glass opacity may
sometimes be difficult.

Airspace consolidation. Airspace consolidation is
characterized by increased lung density with obscura-
tion of the surrounding vascular markings and the pres-
ence of air bronchogram. Consolidation is observed
when the pulmonary parenchyma is completely or
almost completely airless as a result of complete filling of
the alveolar spaces with liquid, cells, or tissue or secon-
dary to atelectasis.

Parenchymal density analysis. In cases of mild and
heterogenously distributed gradients of density in the
lung parenchyma, it may be difficult or impossible to
distinguish a pattern of normal lung intermingled with
areas of ground glass attenuation from a pattern of
areas of abnormally low attenuation against normal
lung. To provide optimal assessment, the HRCT images
must be interpreted in the context of clinical history,
physical data, and pulmonary function tests. It should
be noted that this interpretive difficulty may be solved
by expiratory scans on which a homogeneous increase
in lung attenuation is expected in normal lung.

Pitfalls Due to Physiologic Variations

Ground glass opacity and expiratory scans. Several
investigators have demonstrated an attenuation coeffi-
cient gradient, related primarily to the influence of
gravity on blood flow, that is normally present between
the nondependent and dependent portions of the lung
in the supine, prone, and lateral decubitus positions.
Since a diffuse ground glass opacity is a constant CT
finding on normal scans taken at or near end-expirato-
ry volumes, any mild parenchymal abnormality can be
easily overlooked or obscured by this physiological fea-
ture; therefore, CT scans must be performed during
breath holding at end-inspiration.

Dependent ground glass pattern. Aberle et al. dem-
onstrated subpleural dependent density on inspiratory
scans in 17% of cases of a control group [17]. These
abnormalities result from an increased amount of
blood flow in dependent lung and from a gravity-
dependent variation in the size of alveoli, which
accounts for the decreased amount of air in the posteri-
or lung.

Significance of Ground Glass Pattern

Because lung density results from the relative propor-
tions of blood, gas, extravascular water, and pulmonary
tissue, increased lung density may result from changes
in the airspaces or the extravascular interstitial tissue
(as in DILD) or from an increase in capillary blood vol-
ume.

Fig. 2A, B. CT-pathology correlation in a patient with idiopathic
pulmonary fibrosis and active alveolitis. (From [11], with permis-
sion.) A HRCT scan obtained through the lower lobes shows exten-
sive ground glass pattern that preferentially involves the left lower
lobe and the right middle lobe. Also note irregular linear opacities
demonstrating the presence of fibrosis. An open lung biopsy sam-
ple was obtained in the lateral segment of the left lower lobe.
B Photomicrograph of the corresponding histological section
shows interstitial fibrosis and chronic inflammation, alveolar lin-
ing cell hypertrophy, and hyperplasia in association with enlarged
macrophages filling alveolar spaces in a desquamative pattern.
(Hematoxylin-eosin stain, original magnification × 400)
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Pathological Basis

The infiltrative lung diseases are a heterogenous group
of disorders of varied etiologies sharing similar histo-
logical features. These diseases usually involve the lung,
in a multifocal rather than diffuse manner, beginning
with an accumulation of inflammatory cells in the al-
veolar septa and airspaces and often culminating in se-
vere fibrosis of the interstitium, the supporting struc-
ture of the lung [18]. Although the ground glass pattern
is not a specific sign of DILD as further developed, there
is considerable interest in demonstrating its presence
on HRCT images in patients with suspected or known
DILD because it often reflects mild parenchymal altera-
tions, unsuspected on the radiographs, and it may pro-
vide information about disease activity and prognosis.

The best known significance of ground glass opacity
is as a reflection of an active inflammatory process, rep-

resenting the acute phase of lung injury often related to
alveolitis. During this phase, two main pathological fea-
tures are observed, involving both the interstitium and
the airspaces in the majority of chronic DILD: abnormal
thickening of the alveolar wall interstitium and incom-
plete filling of the alveolar spaces with inflammatory
cells, cellular debris, and edema. Changes occurring dur-
ing this phase of injury reduce the amount of air in affect-
ed areas without any architectural destruction, thus re-
sulting in areas of increased lung density or “ground glass
pattern” (Fig. 2). This CT pattern may sometimes reflect
isolated mural inflammation without airspace filling
(Fig. 3).

Ground glass opacity may also result from the chron-
ic changes that are known to occur following the acute
phase of lung injury in the absence of complete healing
corresponding to lung fibrosis with or without lung dis-
tortion (Fig. 4). This CT interpretation is based on the

Fig. 3A, B. CT-pathology correlation in a 17-year-old patient with id-
iopathic pulmonary fibrosis and severe dyspnea (From [11], with
permission.) A HRCT scan through the upper lobes demonstrates
bilateral multifocal distribution of ground glass opacity and areas of
airspace consolidation, posteriorly situated. Open lung biopsy sam-
ple was obtained in the anterior segment of the right upper lobe.
B Photomicrograph of the corresponding histological section shows
interstitial fibrosis associated with an intense infiltrate of lympho-
cytes and plasma cells. Ground glass opacities in this patient were
due to purely interstitial changes. (Original magnification × 400)

Fig. 4A, B. CT-pathology correlation in a patient with idiopathic
pulmonary fibrosis (From [11], with permission.) A HRCT scan
obtained in the prone position through the lower lobes shows dif-
fuse and uniform ground glass opacity associated with a few ill-
defined micronodules. Open lung biopsy sample was obtained in
the posterior segment of the left lower lobe. B Photomicrograph of
the corresponding histological section demonstrates parenchymal
collapse in association with intense smooth muscle proliferation
and cellular infiltration by multinucleate giant cells with choleste-
rol deposits and numerous macrophages. Ground glass opacities
in this patient were mainly due to chronic changes. (Original mag-
nification × 400)
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knowledge of pathological changes observed during the
chronic forms of DILD [18–20]. The fibroblastic reac-
tion associated with residual alveolar infiltrates and de-
bris leads to reduction of the amount of air. By similar
mechanisms as previously described in the acute phase
of lung injury, these changes can be responsible for
ground glass opacity. In the latest stages of lung re-
sponse to injury, the alveolar structure is destroyed and
the interstitium is no longer recognizable as a distinct
entity. Healing by fibrosis leads to formation of dense
areas of collagen interspersed with regions of parenchy-
mal destruction; the resultant cystic and destructive
changes constitute the hallmarks of late-phase lung dis-
ease. When cystic changes are within the resolution ca-
pabilities of HRCT, a classic honeycomb pattern appears
in which cystic airspaces and traction bronchiectasis
are identified. When cystic changes are too small to be
detected by thin HRCT images, volume averaging of the
tiny parenchymal cysts that characterize the microcys-
tic honeycomb pattern may lead to ground glass opac-

ity. Bronchi in areas of lung distortion appear dilated
and deformed secondary to this underlying destructive
process, which involves the peribronchial connective
tissue sheaths [20].

The presence of so-called traction bronchiectasis and
bronchiolectasis is a reliable indirect sign of lung de-
struction on CT images even in the absence of typical
honeycombing. In the absence of open lung biopsy and
subsequent CT-pathology correlation, the only possibil-
ity that allows the radiologist to assess lung fibrosis is to
identify traction bronchiectasis within areas of ground
glass attenuation, a direct result of the fibrotic process
(Fig. 5).

Clinical Impact

Ground glass opacity, as an isolated CT finding or in as-
sociation with other parenchymal abnormalities, has
been reported in various chronic DILDs, including al-
veolar proteinosis, sarcoidosis, fibrosing alveolitis, bron-
chiolitis obliterans with organizing pneumonia (BOOP),
chronic eosinophilic pneumonia, and radiation pneu-
monitis. Grenier et al. demonstrated that ground glass
opacity was among the discriminant radiographic and
CT findings for the correct diagnosis in five groups of
DILDs, including sarcoidosis, histiocytosis X, silicosis,
and a fifth group of miscellaneous diseases [21]. Howev-
er, ground glass appearance has only a moderate dis-
criminant value in differentiating among the five groups
when considering radiographic and CT findings ranked
by stepwise discriminant analysis.

The most important clinical application of ground
glass identification in chronic DILD is the assessment of
disease activity. Evaluating the cellularity and degree of
fibrosis of the pulmonary parenchyma pathologically is
the foundation on which the prognosis and response to
treatment are based. The cellular alveolar reaction is not
only the earliest finding in many DILDs but it is also the
“active” inflammatory lesion. Information about the
presence of alveolitis helps stage disease activity and
predict the likelihood of reversal of functional impair-
ment and response to therapy. A patient with extensive
interstitial lung disease composed of active alveolitis
and mild fibrosis has a better chance of benefiting from
therapy than a patient with disease of similar radio-
graphic extent but composed of extensive fibrosis and
little residual alveolitis.

Open lung biopsy is an invasive procedure not rou-
tinely indicated in chronic DILD. In most cases, a nonin-
vasive approach is used to evaluate disease activity, such
as bronchoalveolar lavage (BAL), gallium scanning,
and/or CT scanning [22–24]. Although gallium scanning
is of limited use in fibrosing alveolitis, BAL has been re-
ported to be useful in characterizing this finding. Howev-
er, discrepancies between BAL results and open lung bi-

Fig. 5. Target reconstruction of 1-mm HRCT section through the
lingula in a patient with systemic sclerosis. Note the presence of a
homogeneous increase in lung attenuation in the left lung, more
pronounced in the lingula, with the concurrent presence of bron-
chiolectasis. Ground glass opacities in this patient result from a fi-
brotic process
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opsies suggest that the cellular sampling obtained by BAL
does not systematically reveal what happens in the alveo-
lar spaces but may reflect the inflammatory reaction oc-
curring in the bronchiolar and peribronchiolar areas
[25]. In patients with interstitial lung disease of unknown
etiology, there are insufficient data to suggest that BAL
provides information that can be used to determine the
need for therapy, to predict response to therapy, and to
determine when therapy can be discontinued [26].

Since disease activity is reflected by interstitial and
intra-alveolar cellularity, it was postulated that such ac-
tivity might result in opacification of airspaces on CT
scans and that the degree of increased density com-
pared with the surrounding parenchyma might indicate
the degree of inflammatory disease activity [27]. The
role of CT as predictor of disease activity has been re-
ported mainly with reference to fibrosing alveolitis and
sarcoidosis [27–29]. Muller et al. demonstrated among
patients with fibrosing alveolitis that when there was
marked disease activity seen pathologically, there was
patchy, predominantly peripheral, opacification of air-
spaces; all patients evaluated by HRCT with marked or
mild disease activity pathologically were correctly cate-
gorized by these observers [28]. In sarcoidosis, the path-
ological correlate of focal increase in lung density on
HRCT is not clear, possibly due to widespread intersti-
tial granulomata of a size below the limits of resolution
of the HRCT technique or to interstitial and alveolar in-
flammation. Because ground glass opacity may also re-
flect the presence of extensive parenchymal fibrosis
with minimal alveolitis, this sign has limited specificity.
As CT accurately reflects the changes seen macroscopi-
cally on the lung specimen, identification of areas of
ground glass attenuation is potentially useful in guiding
the surgeon to the biopsy site.

Retrospective assessment of disease activity remains
possible on follow-up CT scans when decrease or com-
plete resolution of ground glass opacity is observed
spontaneously or after treatment [29, 30]. Conversely,
stability of ground glass opacity after steroid treatment
allows retrospective assessment of fibrosis.When follow-
up CT scans demonstrate sequential replacement of
ground glass opacity by typical honeycombing, the initial
CT finding may correspond to pathological changes ob-
served in the acute phase of lung injury, or it may be due
to partial volume averaging with thickened interstitial
tissue or a microcystic honeycomb pattern on HRCT im-
ages.

Because macrophage alveolitis is a constant finding
in the smoker’s lung, it is not surprising to identify are-
as of ground glass attenuation on CT scans of smokers.
In a study designed to assess lung changes in apparent-
ly healthy smokers on CT scans, Remy-Jardin et al. ob-
served areas of ground glass attenuation in 21% of
smokers but failed to identify this CT sign in nonsmok-
ers [31] (Fig. 6). Although increased lung attenuation is

related to increased cellularity within alveoli in smokers
[32] (Fig. 7), its pattern also reflect areas of disparate
lung perfusion resulting from air trapping in patients
with bronchiolitis, especially when disseminated. In-
creased regional differences in lung attenuation on ex-
piratory CT scans help demonstrate this interpretaion
of heterogenous lung attenuation in smokers.

Differential Diagnosis of Ground Glass Pattern

Ground Glass Pattern in Acute Lung Infiltration

Ground glass opacity may be observed in all situations
characterized by acute lung infiltration in acutely or
subacutely ill patients. This CT sign is thus considered
to represent mild to moderate alveolar filling, preceding
the stage of completely airless alveoli that leads to air-
space consolidation. HRCT can detect a ground glass
pattern (i.e., airspace processes) before it becomes ap-

Fig. 6. HRCT scan at the level of the right upper lobe in a 25-year-
old smoker shows areas of ground glass attenuation diffusely dis-
tributed through the lung and responsible for the darker air bron-
chogram. Note the small emphysematous areas in the subpleural
axillary region and the central part of the lung. (From [31], with
permission)
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parent on plain films, providing extra time compared to
eventual detection by plain films and accurately pin-
pointing abnormal areas for possible bronchoscopic
sampling.

In immunocompromised patients, various infectious
processes may cause increased lung attenuation from
mild ground glass pattern to dense consolidation accord-
ing to the level of lung infiltration. The greater sensitivity
of CT compared to chest radiography in detecting paren-
chymal changes at a time when the patient has significant
respiratory dysfunction and a normal chest radiograph
may lead to consideration of CT as an effective monitor-
ing tool to guide diagnostic and therapeutic decisions.

Pulmonary hemorrhage may also be a cause of
ground glass opacity on HRCT images, demonstrated
either clinically by means of bronchoalveolar lavage-CT
correlation or experimentally. In the early CT evalua-
tion of patients with hemoptysis, detection of ground
glass opacity may help localize the bleeding site, which
may be of value when fiberoptic bronchoscopy is non-
contributory.

A segmental or lobar distribution of ground glass at-
tenuation should suggest the possibility of recent bron-
choalveolar lavage, especially if it is observed in the
right middle lobe.

Ground Glass Pattern of Hemodynamic Origin

Regional alterations in pulmonary blood flow and sub-
sequent changes in regional blood volume are common
hemodynamic factors shared by various clinical situa-
tions in which ground glass opacity can be seen on
HRCT images. In most cases, adjacent areas of hyper- or
hypoperfused lung have great differences in attenua-
tion, and the presence of increased vascular diameters
through the abnormal lung density will help identify
ground glass opacity of hemodynamic origin.

Redistribution of blood flow in pulmonary diseases.
Ground glass opacity identified in patients with chron-
ic obstructive lung disease (COPD) may be the result of
regional increased blood flow secondary to widespread
narrowing of vessel lumina in the pulmonary arterial
bed due to vascular smooth muscle contraction and/or
structural changes in vessel walls [32]. Alterations in
regional blood flow affect lung attenuation by increas-
ing and decreasing blood volume in the capillary bed, a
phenomenon previously described as mosaic oligemia
[33]. Moreover, the denser areas representing hyperper-
fused lung may appear with even higher contrast than
the surrounding lung when destructive changes, air
trapping and oligemic changes act as cofactors respon-
sible for areas of abnormally low attenuation. These
regional differences in lung attenuation in patients with
COPD are increased on expiratory scans.

Fig. 7A–C. Areas of ground glass attenuation: CT-pathologic corre-
lation in a 48-year-old male smoker (45 pack-years) in whom sur-
gery was indicated for lung carcinoma (From [31], with permis-
sion). A Targeted CT scan at the level of the right upper lobe dem-
onstrates minimal diffuse attenuation alterations, interpreted as
mild and homogeneous increase in lung density, diffusely distrib-
uted through the lung, with adjacent emphysematous changes.
Note axillary infiltrate corresponding to the upper part of the tu-
mor (arrows indicate subsegmental bronchovascular sections in
the apical and posterior segments). B Targeted CT scan of the in-
flated right upper lobe obtained at the same level as in a confirms
the presence of diffuse ground glass lesions and emphysema, the
latter observed to a higher extent throughout the entire section
(arrows indicate subsegmental bronchovascular sections in the ap-
ical and posterior segments). C Photomicrograph of the corre-
sponding histological section shows bronchiolar and alveolar ab-
normal filling, with brown pigmented macrophages. (Hematoxy-
lin-eosin stain; original magnification × 80)
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Chronic thromboembolic disease. Ground glass
opacity in patients with chronic thromboembolic dis-
ease is often sharply demarcated with lobular borders;
increased vascular sections through the abnormal lung
density have been a constant feature. When branches of
the arterial bed are occluded, there is a constant
increase in blood flow in the remaining patent areas in
order to maintain the cardiac output. There are two
additional but usually transient factors that explain the
regional increase in lung attenuation immediately after
pulmonary arterial occlusion: edema and pulmonary
hemorrhage. These are known to occur in the occluded
area with subsequent resolution, except when pulmo-
nary embolism is followed by parenchymal infarction.
A third element potentially responsible for increased
lung density in occluded areas is the development of
systemic collateral supply in the occluded area that
enters the pulmonary circulation distal to the site of
obstruction, angiographically observed as antegrade
systemic-to-pulmonary arterial shunts [34].

Postcapillary pulmonary hypertension. In addition
to the enlargement of proximal pulmonary arterial
branches, CT may help identify morphological changes
suggestive of postcapillary pulmonary hypertension.
This is usually suggested by the identification of CT fea-
tures of interstitial and/or alveolar edema, including
septal lines and abnormal lung attenuation varying
from ground glass opacities to consolidation. These
parenchymal abnormalities are observed with the con-
current presence of enlarged pulmonary veins, some-
times associated with pleural effusion.

Over the last few years, several studies have shown
that a mosaic pattern of lung attenuation can be seen in
patients with pulmonary hypertension of various causes
[35]. In attempting to determine whether infiltrative, air-
way, or vascular lung disease is the cause of mosaic atten-
uation on thin-section CT scans of the lung, one may pay
attention to the size of the pulmonary vascular sections
within the areas of ground glass attenuation and search
for air trapping. The areas of increased lung attenuation
can be attributed to blood flow redistribution when the
size and number of vessels in the areas of increased at-
tenuation are increased compared with those in the areas
with normal or decreased attenuation in the absence of
air trapping [11, 36-38]. As recently demonstrated by
Worthy et al. [38], it should be emphasized that, while the
diagnoses of infiltrative lung disease and airway disease
are frequently correct and confident, vascular disease is
more difficult to suggest on thin-section CT scans as the
cause of areas of ground glass attenuation.

Pulmonary edema. Detection of subclinical forms 
of pulmonary edema has been aided by understanding
the findings on CT of the chest in experimental pul-
monary edema [39]. In patients with raised pulmonary

venous pressure due to left heart failure but no aus-
cultatory signs, CT may detect pulmonary edema by
demonstrating pulmonary extravascular lung water
either in the interstitial tissue (i.e., interlobular septal
thickening) or in the alveoli (i.e., featureless or sharply
demarcated areas of ground glass opacity); there may
also be dilated vessels through the abnormal lung den-
sity due to hemodynamic changes. The distribution is
usually bilateral and almost symmetrical, but distribu-
tion of parenchymal abnormalities must be interpreted
in the context of the presence or absence of capillary
hypertension, since obstructive arterial changes are
known to interfere with regional distribution of blood
flow.

Identical CT findings are expected to be found in
pulmonary edema of any etiology, that is, in all situa-
tions where the capacity of the lung lymphatics to drain
capillary transudate is exceeded, including venous and
lymphatic obstruction, increased capillary permeabil-
ity, and hypoproteinemia.

In patients with acquired left heart disorders, CT can
demonstrate several parenchymal abnormalities re-
flecting an abnormal accumulation of extravascular
lung water secondary to elevated pressure in the pulmo-
nary circulation, i.e., hydrostatic pulmonary edema. Ab-
normalities related to interstitial edema visible on
HRCT scans include interlobular septal thickening and
peribronchovascular interstitial thickening, whereas
centrilobular areas of ground glass attenuation or con-
solidation reflect underlying pulmonary edema, both
categories of lung changes variably associated with in-
creased pulmonary vascular caliber, pleural effusions,
or thickening of fissures [11, 40]. Although hydrostatic
pulmonary edema can have a predominantly central
and gravitational distribution, this is not always the case
as lung infiltration is influenced by preexisting pleural
and/or parenchymal disorders [41, 42].

As recently underlined by Storto et al. [40], the diag-
nosis of hydrostatic pulmonary edema is usually based
on clinical information, conventional chest radiograph-
ic findings, and response to treatment and does not re-
quire HRCT. However, recognizing the appearance of
hydrostatic pulmonary edema on HRCT can be impor-
tant as the edema can mimic other diseases or can occur
as an unsuspected finding in patients undergoing
HRCT for other indications [43, 44].

Conclusion

The accurate evaluation of DILD requires interpretation
of the radiological features in the light not only of the
clinical, functional, biological, but also of pathological
data, whether these derive from routine light microsco-
py, bronchoalveolar lavage material, or ultrastructural
or immunological studies.
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The radiologist must be aware of the pathological
changes commonly encountered, and only close cooper-
ation between radiologists and pathologists can ensure
improvement in HRCT descriptions.
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undergone a renaissance as a result of increased under-
standing of the high-resolution computed tomographic
(HRCT) appearance of the various pathologic types of
small airways disease. In contrast to the numerous stud-
ies on HRCT-pathologic correlations in interstitial lung
disease, there is relatively little similar literature on
small airways diseases, probably because of the relative
rarity of the individual conditions that make up this
heterogeneous group, and the reluctance of clinicians to
submit patients with suspected small airways disease to
lung biopsy.

The greatest difficulty in reaching an understanding
of diseases of the small airways is the problem of clas-
sification. The apparently simple term small airways
disease is defined differently by pathologists, physiolo-
gists and physicians. Each of these groups has its own
understanding of the term and use it variously in a mor-
phological or functional sense. Further confusion arises
when the term is used synonymously with inflamma-
tion of the distal bronchioles, that is, “bronchiolitis” [1]
The generic terms bronchiolitis and the more specific
obliterative bronchiolitis (alternatively bronchiolitis
obliterans) have been used to describe a variety of clin-
ico-pathological conditions [2]. The increasing array of
reported causes and associations prohibits a manage-
able clinical classification. Although pathologists categ-
orise small airways diseases according to their histo-
pathologic subtypes, the difficulty with this classical ap-
proach is that there are not always obvious clinical or
imaging (HRCT) correlates. One of the more compre-
hensive histopathologic schemes, described by Myers
and Colby, is shown in Table 1 [3]. Many other schemes
are loosely based on the classification of Myers and Col-
by, for example an abbreviated version by Worthy and
Muller [4] includes the following five histopathological
entities: 1) cellular bronchiolitis, 2) panbronchiolitis, 3)
respiratory bronchiolitis, 4) constrictive bronchiolitis
and 5) bronchiolitis obliterans with intraluminal
polyps. A simpler approach is to divide small airways
disease into “exudative” and “constrictive” types based
on the fundamental difference between the indirect
HRCT signs of constrictive bronchiolitis and the direct
visualisation on HRCT of exudative forms of bronchio-

Introduction

Abnormalities of the small airways are found in a wide
variety of disorders. The pathologic type of inflamma-
tion, extent of involvement, and underlying cause all
contribute to the final clinical presentation. Identifica-
tion of small airways disease has been hampered by the
non-specificity and insensitivity of plain chest radiog-
raphy and conventional pulmonary function tests. Fur-
thermore, because the small airways are a “silent zone”
of the lungs, clinical presentation is often late so that
lung biopsy may not be feasible because of severe air-
flow obstruction. The detection of small airways has
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litis (typified by diffuse panbronchiolitis). These two
patterns of small airways disease account for most that
are encountered in clinical practice.

The confusion surrounding the concept of bronchio-
litis obliterans organising pneumonia (BOOP) is dimin-
ishing with the realisation that this distinctive clinico-
pathological entity is primarily a disease of the air spac-
es (Fig. 1) [5–7], and the term ‘organising pneumonia’
without the bronchiolitis obliterans prefix, is therefore
more appropriate. Although the terms BOOP/ prolifera-
tive bronchiolitis/bronchiolitis obliterans with intralu-
minal polyps /organising pneumonia are encountered
in the pathological literature on small airways disease,
BOOP/COP will not be further considered in this re-
view.

This review will explore some of the radiologic and
pathologic features relevant to the two main types of
small airways disease: ‘constrictive’ and ‘exudative’. In-
dividual conditions characterised by small airways dis-
ease, including those which have components of both
interstitial and small airways disease will then be dis-
cussed.

Anatomic Definition of the Bronchioles

The branching pattern of airways is one of asymmetric
dichotomy so that each bronchus gives rise to two
daughter bronchi of differing lengths. There is a thirty-
fold difference in diameter between the trachea and the
terminal bronchiole (approximate diameter of 0.5 mm).
The distal airways are generically called bronchioles,
one morphologic definition being all those airways that
do not contain cartilage; this occurs after between six to
twenty divisions. However, there is no precise distinc-
tion between bronchi and bronchioles because cartilage

may be found in some peripheral airways less than
1 mm in diameter [8]. Although there cannot be an ex-
act division between “small airways” (those with an
internal diameter of less than 2 mm) and the remainder
of the bronchial tree, it may be useful to consider condi-
tions as affecting “large” or “small” airways because of
their distinctive clinical and physiological abnormal-
ities (provided the reality of anatomical and physiolog-
ical continuity of the bronchial tree is remembered) [9].

The bronchioles are classified as terminal (membra-
nous) bronchioles or respiratory bronchioles [10]. The
terminal or membranous bronchioles are considered to
be the furthest reaches of the conducting airways since
they are defined by a complete fibromuscular wall (that
is, no alveoli arise directly from them). In man, the ter-
minal bronchioles are found between the sixth and
twenty third generations of branching [11] and have
been variously estimated to number between 25,000
and 65,000 [12, 13]. The terminal bronchioles vary in
length from 0.8 to 2.5 mm and have an internal luminal
diameter of 0.6 mm which appears to be relatively con-
stant along the length of the bronchiole [14]. Down-
stream from these airways is the transitional zone that
denotes a change in functional characteristics from gas

Table 1. Classification of small airways disease by pathological fea-
tures

Constrictive bronchiolitis
Obliterative bronchiolitis
Bronchiolitis obliterans

Cryptogenic organising pneumonia
Bronchiolitis obliterans organising pneumonia

Proliferative bronchiolitis
Acute bronchiolitis

Infectious bronchiolitis
Small airways disease

Adult bronchiolitis
Respiratory bronchiolitis

Smoker’s bronchiolitis
Respiratory bronchiolitis-associated interstitial lung disease

Mineral dust airways disease
Early pneumoconiosis

Follicular bronchiolitis
Diffuse panbronchiolitis

Fig. 1 A CT through the mid-zones of a patient with organising
pneumonia. There is ground glass opacification and areas of pa-
renchymal consolidation in a predominantly peripheral distribu-
tion. B At a pathological level there are buds of granulation tissue
(immature, potentially reversible, fibrosis) occupying the air spac-
es
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conduction to gas exchange. The respiratory bronchi-
oles which appear in this transitional zone have alveoli
arising directly from their walls. The distinction
between terminal and respiratory bronchioles at a mi-
croscopic level on the basis of diameter alone is not al-
ways straightforward, because of variations in inflation
pressure at the time of specimen fixation. A single ter-
minal bronchiole supplies a gas-exchange unit – the
pulmonary acinus (Fig. 2). The acinus comprises nu-
merous alveolar sacs which communicate through al-
veolar ducts with the respiratory bronchioles [11].

The secondary pulmonary lobule consists of approx-
imately ten (range 3–24) acini and is defined as the
smallest portion of lung that is surrounded by a connec-
tive tissue septum [15]. An important feature of the sec-
ondary pulmonary lobule is the “core structure” com-
prising the supplying bronchiole and homologous pul-
monary artery. At the level at which the centrilobular
bronchiole enters the lobule, the bronchiole is approxi-

mately 1 mm in diameter and has a wall thickness of less
than 100 µ [16], below the limits of HRCT spatial resolu-
tion.

Pathologic Considerations in Constrictive 
(Obliterative) Bronchiolitis

Constrictive (obliterative) bronchiolitis represents an
attempt to repair bronchiolar damage caused by a wide
variety of agents [8] and the most frequently encoun-
tered are shown in Table 2. The term constrictive bron-
chiolitis is specific in a pathologic sense because it re-
fers to lesions characterised by scarring leading to oblit-
eration of the bronchiolar lumen; it has the secondary
advantage of implying a functional effect, namely limi-
tation of air flow through the bronchioles. The histo-
pathologic findings in constrictive obliterative bronchi-
olitis may be patchy and in established cases only short

Fig. 2. Normal bronchial and bronchiolar anatomy and schematic representation of an acinus. Note the level (*) at which normal airways
are no longer visible on HRCT
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segments of the bronchioles may be affected, necessitat-
ing careful step-sectioning to ensure the obliteration is
fully demonstrated [17]. Patients with obliterative bron-
chiolitis caused by a known insult, such as a viral infec-
tion, seem to have widely spaced or “skip” lesions with
eccentric or focal damage to bronchiolar epithelium
whereas in immunopathological forms of bronchiolitis,
for example chronic rejection post-lung transplant,
widespread circumferential epithelial damage is more
usual. The cardinal feature of constrictive obliterative
bronchiolitis is submucosal and peribronchiolar fibro-
sis, resulting in narrowing and obliteration of the bron-
chiolar lumen (Fig. 3).

The inflammatory process that leads to fibrosis and
cicatrisation is centred mainly on the terminal and res-
piratory bronchioles. The initial inflammatory infiltrate
is composed of polymorph neutrophils, lymphocytes
and plasma cells. The polymorphs tend to traffic into
the bronchiolar lumen, while the mononuclear cells re-
side in the peribronchiolar interstitium [3]. In some
cases, there may be necrosis and sloughing of the bron-
chiolar epithelium which ultimately results in mucosal
scarring. There is disagreement about the degree of in-
volvement of the epithelial lining in bronchiolitis: one
authority states that fibrosis is laid down between the
muscularis mucosa and an intact epithelium [18]; how-
ever, epithelial denuding is probably the rule in most
cases of obliterative bronchiolitis [19]. Smooth muscle
hyperplasia occurs in the bronchiolar walls and where
there is submucosal fibrosis, the bronchiolar lumen nar-
rows in either a concentric or irregular manner. The lu-
men is progressively reduced, becoming slit-like and fi-
nally totally obliterated [10]; van Gieson staining of the
durable mural elastin fibres may be the only evidence of
the bronchiolar remnant [17]. Elsewhere bronchioles
appear distorted and ectatic and may contain mucus
plugs and cellular debris. The natural history of the in-
flammatory process within the bronchiolar walls is un-
known but persistent inflammation may be found in the
specific circumstance of post-viral bronchiolitis oblite-
rans in children [20, 21]. Because of the relative lack of
pathological studies in adult constrictive bronchiolitis
[22] (and because longitudinal pathologic studies are
impossible), the evolution of obliterative bronchiolitis
remains relatively uncharted. In adults however there
appears to be temporal compartmentalisation between
the inflammatory and fibrotic bronchiolar changes; the
subepithelial bronchiolar lesions being either primarily
fibrotic or inflammatory. It is suggested that inflamma-
tion and fibrosis occur at different time points in the
course of the disease, or alternatively, that patients with

Table 2. Some causes and associations of constrictive (obliterative)
bronchiolitis

Postinfectious (usually viral)
Adenovirus
Respiratory syncytial virus
Influenza
Mycoplasma pneumoniae

Inhalational injury
Nitrogen dioxide (silo-filler’s disease)
Sulfur dioxide
Ammonia
Phosgene
Hot gases

Connective tissue disorders
Rheumatoid arthritis
Sjögren’s syndrome

Transplant recipients
Bone marrow transplant
Heart-lung or lung transplant

Drugs
Penicillamine
Lomustine

Other conditions
Inflammatory bowel diseases
Bronchiectasis including cystic fibrosis
Hypersensitivity pneumonitis
Microcarcinoid tumourlets
Paraneoplastic pemphigus

Fig. 3. The end stage of constrictive oblitera-
tive bronchiolitis with complete loss of the
bronchiolar lumen by circumferential fibro-
sis. In the normal state, the lumen of the air-
way is approximately the same as that of the
accompanying pulmonary artery (courtesy
of Prof. B Corrin)
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one type of presentation usually do not show transition
to another type of bronchiolar pathology [23]. The lack
of clinical response by patients with constrictive bron-
chiolitis to immunosuppressive treatment suggests that
on-going bronchiolar mural inflammation is, at most, a
minor feature.

Whether there is a temporal relationship between
constrictive bronchiolitis and the so-called proliferative
(organising pneumonia end of the spectrum) bronchio-
litis is unclear. There is little in the literature to suggest
that immature intraluminal fibrosis, or granulation tis-
sue in the membranous bronchioles is transfigured to
produce the lesion of established constrictive bronchio-
litis [3]. Nevertheless, in particular situations such as
heart-lung transplantation [24] and silo filler’s disease
[25] it is possible that intraluminal granulation tissue in
the terminal bronchioles progresses over time to a path-
ological picture indistinguishable from constrictive
bronchiolitis. This sequence should be regarded as ex-
ceptional and it seems that constrictive bronchiolitis is
not necessarily preceded by a proliferative phase.

In pathologic studies of constrictive bronchiolitis,
reference is rarely made to the state of the larger air-
ways. In vivo studies using high-resolution computed
tomography suggest that there is often abnormality of
the larger airways and sometimes frank bronchiectatic
change, particularly in conditions in which a pure con-
strictive bronchiolitis is the dominant feature, for exam-
ple, lung allograft rejection [26–28] and MacLeod’s
(Swyer-James) syndrome [29]. A recent histological
study of childhood constrictive obliterative bronchio-
litis [20] describes bronchiectasis in 30% of open lung
biopsy specimens and in a 100% of lobectomy and au-
topsy specimens. Other exceedingly rare cases of coex-
isting inflammatory obliteration of the bronchioles and
the larger cartilaginous bronchi have been reported in
association with Stevens-Johnson syndrome [30] and
Castleman’s disease [31]. In diffuse panbronchiolitis, ec-
tatic dilatation of both the bronchioles and bronchi oc-
curs, the former being filled with a combination of in-
flammatory exudate and foamy macrophages [3, 32, 33].
Apart from this singular entity, the relationship
between large and small airways involvement is uncer-
tain; specifically, whether obliterative bronchiolitis ulti-
mately leads to damage of the larger airways, or vice
versa, remains contentious.

High-Resolution Computed Tomography 
of Constrictive Obliterative Bronchiolitis

The signs of small airways disease on chest radiography
are indirect [34]: widespread bronchiolar obstruction
that characterises constrictive obliterative bronchiolitis
results in areas of lung that are under-ventilated with at-

tenuation of the pulmonary vasculature and increased
transradiancy. The sensitivity of chest radiography in
detecting anything other than very severe small airways
disease is low and is further diminished if there is coex-
isting interstitial lung disease: the visual “noise” of addi-
tional parenchymal disease obscures these relatively
subtle indirect signs of small airways disease. The ra-
diographic features of cryptogenic constrictive obliter-
ative bronchiolitis described by Breatnach and Kerr can
be summarised as diminished pulmonary vasculature
and mild over-inflation of the lungs [35]. However, even
these non-specific abnormalities are not present in all
patients finally diagnosed as having obliterative bron-
chiolitis [34, 36, 37].

In one of the first CT studies of constrictive bronchi-
olitis, 15 patients who fulfilled the criteria of Turton et
al. [38] were examined with conventional and thin sec-
tion computed tomography (contiguous 10 mm sec-
tions and interspaced 3 mm sections) [39]. Chest radio-
graphs were regarded as normal in five out of the fifteen
patients; the remaining ten patients showed “limited
vascular attenuation and hyperinflation”. In thirteen
out of fifteen patients (87%) a pattern of “patchy irregu-
lar areas of high and low attenuation in variable propor-
tions, accentuated in expiration” was noted. This, and a
report of two cases by Eber et al. [40] were the first re-
ports to identify regional inhomogeneity of the density
of the lung parenchyma as the key CT feature of con-
strictive bronchiolitis.

Subsequent descriptions have confirmed and refined
the HRCT signs of constrictive obliterative bronchiolitis
[41–44]. The HRCT features comprise areas of reduced
density of the lungs (the patchy density differences giv-
ing rise to the term “mosaic attenuation pattern”), con-
striction of the pulmonary vessels within areas of de-
creased lung density, bronchial abnormalities and lack
of change of cross-sectional area of affected parts of the
lung on scans obtained at end-expiration [45–47]. These
individual CT signs of constrictive obliterative bronchi-
olitis are now considered on more detail.

Areas of Decreased Density of the Lung Parenchyma

Regions of decreased attenuation (“black lung”) usually
have poorly defined margins (Fig. 4a), but sometimes
have a sharp geographical outline (representing a col-
lection of affected secondary pulmonary lobules)
(Fig. 4b). The relatively higher attenuation regions of
lung represent relatively increased perfusion of the nor-
mally ventilated lung. When severe, the lung may be of
homogeneously decreased attenuation (so that the
patchy density difference, or mosaic pattern, is lost)
(Fig. 5).
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Reduction in Calibre 
of the Macroscopic Pulmonary Vessels

In the areas of decreased attenuation, pulmonary perfu-
sion is reduced. In acute bronchiolar obstruction this
represents physiologic reflex of hypoxic vasoconstric-
tion [48] but in the chronic state there is vascular re-
modelling and the reduced perfusion becomes irrever-
sible. In some instances the inflammatory process that
causes bronchiolar scarring may synchronously affect
the adjacent pulmonary artery, thus leading to vascular
obliteration (Fig. 6).Although the vessels within areas of
decreased attenuation on HRCT may be of markedly re-
duced calibre they are not distorted.

Abnormalities of the Macroscopic Airways

The severity of bronchial dilatation and wall thickening
is highly variable from one case to another: in immuno-
logically mediated constrictive bronchiolitis (e.g. post-
transplant or rheumatoid arthritis associated), marked
dilatation of the bronchi is a frequent finding [49, 50].
Some degree of bronchial thickening and dilatation ab-
normality is the rule in most patients with constrictive
bronchiolitis [43].

Air Trapping at Expiratory CT

The regional inhomogeneity of the lung density is ac-
centuated and small or subtle areas of air trapping may
be revealed on CT performed at end-expiration [51–54].
The cross-sectional area of the affected parts of the lung
does not decrease in size on expiratory CT [47]. Expira-
tory CT may be helpful in differentiating between the
three main causes of a mosaic pattern (infiltrative lung
disease, small airways disease, and occlusive pulmonary
vascular disease) which may be problematic on inspira-
tory CT [55, 56]. An important caveat is that in patients
with widespread small airways disease, end-expiratory
CT sections may appear virtually identical to the stan-
dard inspiratory CT sections, simply because of the se-
verity of the air trapping (i.e. there is no mosaic pattern
or change in cross-sectional area of the lungs).

The individual HRCT signs listed above may be en-
countered in other conditions characterised by chronic
obstructive pulmonary disease. Patients with asthma
show widespread, usually minor, bronchial abnormal-
ities and the HRCT appearances may be confused with
those of obliterative bronchiolitis [57].A mosaic attenu-
ation pattern is also seen commonly in severe asthma,
but the inspiratory and expiratory decreased attenua-
tion demonstrated tends to be more extensive in oblit-
erative bronchiolitis than in asthma [58]. In patients
with centrilobular emphysema, the HRCT features of
permeative destruction of the lung parenchyma and

Fig. 4 A HRCT of patient with post-viral constrictive obliterative
bronchiolitis, predominantly affecting the right lung, showing are-
as of decreased attenuation with poorly defined margins. Within
the areas of decreased attenuation the vessels are or reduced cali-
bre. B HRCT of another patient with post-viral constrictive obliter-
ative bronchiolitis. In this case the areas of decreased attenuation
have a more geographical margin, representing individually af-
fected secondary pulmonary lobules

Fig. 5. Patient with severe “end stage” constrictive obliterative
bronchiolitis. The lungs are of uniformly decreased attenuation
and the mosaic pattern is absent because of the widespread in-
volvement of the small airways. The main features are decreased
calibre of the pulmonary vessels and bronchiectatic changes
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distortion of the pulmonary vasculature within areas of
decreased attenuation are usually sufficiently distinc-
tive to prevent confusion with constrictive obliterative
bronchiolitis. The differentiation between panacinar
emphysema and advanced constrictive obliterative
bronchiolitis may be less straightforward, but a recent
study evaluating the use of thin-section CT in distin-
guishing between causes of obstructive pulmonary dis-
ease revealed surprisingly few misdiagnoses between
these two groups [57].An explanation for this being that
the degree of parenchymal destruction is usually great-
er in patients with panlobular emphysema.

The mosaic pattern is a non-specific HRCT sign and
can reflect the presence of small airways disease, occlu-
sive vascular disease, or infiltrative lung disease [55, 56,
59, 60]. In a study of 70 patients with a mosaic pattern as
the dominant HRCT abnormality, Worthy et al. showed
that infiltrative lung disease and small airways disease
were readily identified but the mosaic pattern caused by
occlusive vascular disease was frequently misinterpret-
ed [61]. A recent study by Arakawa [62] has shown that
air trapping is common (seen in 60%) on expiratory
scans in acute pulmonary embolism, highlighting that
expiratory air trapping may not be as helpful as previ-
ously thought in distinguishing a mosaic pattern caused
by small airways disease and occlusive vascular disease.
In practice the differentiation between the various caus-
es of a mosaic pattern is less problematic if the clinical
and functional picture, particularly the gas diffusing ca-
pacity, are taken into account.

The density differences that make up the mosaic pat-
tern may be extremely subtle on inspiratory CT and
simple image processing of adjacent thin sections may
improve detection. Spiral CT can be used to acquire a
“slab” of anatomically contiguous thin-sections (for ex-
ample, a 5 mm slab consisting of five adjacent 1 mm sec-

tions); a simple image processing algorithm is applied
whereby only the lowest attenuation value of the five ad-
jacent pixels is projected on the final image, producing a
so-called “minimum intensity projection (MinIP) im-
age”. This technique improves the detection of subtle
areas of low attenuation, encountered in small airways
disease and emphysema [63, 64].

Specific Forms of Small Airways Disease

It has been suggested that inflammation of the bronchi-
oles with or without subsequent obliteration is the most
common lesion within the lungs [65], so that while clin-
ically identifiable “pure” obliterative bronchiolitis may
be rare in practice, milder obliterative bronchiolitis,
sometimes masked by a more familiar disease, is often
overlooked. Over the years pathological studies have
drawn attention to frequent involvement of the small
airways in a wide variety of diffuse interstitial and air-
way diseases [66–70]. What follows is a consideration of
specific types of bronchiolitis that have been classified
as clinically recognisable entities [71].

Cryptogenic Obliterative Bronchiolitis

Cryptogenic obliterative bronchiolitis (idiopathic bron-
chiolitis obliterans) is, by definition, applied to those
patients with evidence of obliteration of the small air-
ways, with no identifiable cause or disease known to be
associated with obliterative bronchiolitis. The clinical
diagnosis is thus therefore largely one of exclusion. In
an early pathological study of 42,038 consecutive post
mortems over forty two years, LaDue identified only
one patient as having bronchiolitis obliterans of no

Fig. 6. Adjacent to the two scarred bronchi-
oles the pulmonary artery shows mural fi-
brosis and intimal hyperplasia suggesting
involvement with the initial inflammatory
process that resulted in the obliterative bron-
chiolitis (Courtesy of Prof. T Colby)
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known cause [72]. Later, Turton et al. identified ten pa-
tients out of 2,094 individuals with chronic flow ob-
struction and an FEV1 of less than 60% in whom the ob-
structive deficit was irreversible and no cause could be
isolated. The rigorous exclusion criteria applied by
these authors are detailed below; such patients were
considered to have a distinct disease entity and were la-
belled as having “cryptogenic obliterative bronchiolitis”
[38].

Exclusion Criteria for the Diagnosis 
of Cryptogenic Obliterative Bronchiolitis [38]

� Diurnal peak respiratory flow rate (PEFR) variability
>50L/min

� Increase in PEFR of >50L/min or 20% after oral 
corticosteroid therapy

� Rise in FEV1 or FVC of <15% after inhaled beta2-
agonist therapy

� History of episodic wheezing
� Personal/family history of atopy
� Chronic bronchitis (Medical Research Council crite-

ria)
� Emphysema
� Known cause of chronic airflow obstruction

Five of the ten patients reported by Turton et al. had as-
sociated rheumatoid arthritis and two had had a pre-
ceding chest infection (viral?), leaving a total of three
patients. Thus, using the most stringent criteria, less
than 1% of cases in this series can be considered truly
idiopathic, highlighting the extreme rarity of crypto-
genic obliterative bronchiolitis. Nevertheless, the oblig-
atory inclusion criterion of an FEV1 of less than 60%
undoubtedly reduces the apparent prevalence of the
disease because pathologically bona fide but less severe
cases are excluded.

In a remarkable descriptive study of seventy “unse-
lected” hospital patients, McLean examined 20,000 sec-
tions from blocks of lung tissue from seventy patients.
McLean found, through his painstaking analysis, that
pathological evidence of bronchiolitis obliterans, al-
though relatively slight, was extensive and increased
with age; quantitative data on the profusion and sever-
ity of small airway lesions is not given but McLean
states: “in all such patients aged over forty years (howev-
er normal their lungs appeared to be on superficial in-
spection) diffuse damage to the smaller bronchioles was
regularly found” [73].

The clinical course of patients thought to have cryp-
togenic obliterative bronchiolitis is variable: in the se-
ries reported by Turton et al., half the patients survived
for more than ten years [38] and in a smaller series of
four patients there did not appear to be any disease pro-
gression over a five year follow-up period [22]. Al-
though it is convenient to exclude smokers when de-
scribing patients with cryptogenic obliterative bronchi-
olitis for study, this may is a potential source of selection
bias: Kindt et al. studied sixteen patients, nine of whom
were smokers, with mild chronic airflow obstruction
and found that five of these individuals had an oblitera-
tive bronchiolitis [74]. The authors considered the
smoking history in these patients insufficient to account
for the severity of these bronchiolar lesions, suggesting
that bronchiolitis in smokers may not always be due to
tobacco smoke.

Post-viral Obliterative Bronchiolitis

The epidemiological and pathological consequences of
lower respiratory tract viral infections are difficult to
study because of the wide range of potential infective
agents, the extreme variability of lung injury, and the
lack of satisfactory pathological data. Given that most

Fig. 7. Natural history of viral lower respiratory tract infections: potential outcomes (modified from [9])
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individuals are likely to suffer repeated viral respiratory
tract infections in a lifetime, in numerical terms post-
viral bronchiolitis is by far the commonest cause of
obliterative bronchiolitis. However, the severity or ex-
tent of post-viral obliterative bronchiolitis is highly var-
iable and in the vast majority, the resulting functional
deficit is slight or non-existent. Although exact figures
are not available, the scheme shown in (Fig. 7) provides
some idea of the likely outcome of viral infection of the
airways [9].

Infectious agents known to be capable of causing an
obliterative bronchiolitis are the DNA viruses such as
adenovirus, cytomegalovirus and varicella; of the RNA
viruses the most commonly recognised are influenza A
and B, parainfluenza 2 and 3 and the respiratory syncy-
tial virus. Occasionally a severe viral lower respiratory
tract infection in childhood results in Swyer-James’ (or
MacLeod’s) syndrome in which, in addition to an oblit-
erative bronchiolitis, there is arrest of the normal in-
crease in number of alveoli in the developing lung; in-
volvement is often asymmetrical resulting in the char-
acteristic “hyperlucent lung” [29] (Fig. 8). Mycoplasma
pneumoniae, which has a particular predilection for cil-
iated cells, is a potent cause of obliterative bronchiolitis
[75]. In the developing world pertussis and measles re-
main common causes of obliterative bronchiolitis.

Many factors determine the differences in type of
micro-organism responsible for lower respiratory tract
infections in adults and children – most obviously pre-
existing immunity to specific viral agents. In children,
acute viral lower respiratory tract infections may result
in a lymphocytic infiltrate around the airways, so called
follicular bronchiolitis (see section on small airways
disease associated with connective tissue diseases)
(Fig. 9). By adulthood, most lower respiratory tract in-
fections are bacterial. However, no bacterium has defi-
nitely been incriminated as a cause of obliterative bron-

chiolitis. Although some authors have listed bacteria
such as Haemophilus influenzae and Nocardia aste-
roides as causes of obliterative bronchiolitis [76], firm
evidence for these, or other bacteria, as causative agents
is scant. Nocardia asteroides and Legionella pneumophi-
la have both been reported as causes of obliterative
bronchiolitis [77, 78]. However, the pathology described
in both reports is clearly of an organising pneumonia,
rather than a constrictive obliterative bronchiolitis.

In a study of patients with bronchiectasis, Miszkiel et
al. showed that patients colonised with Pseudomonas
aeruginosa had features consistent with obliterative
bronchiolitis on computed tomography significantly
more often than non-colonised control patients [79].
However, this link does not necessarily imply that Pseu-

Fig. 8. HRCT of a patient with Swyer-James’ (MacLeod’s) syn-
drome. The asymmetrical (if not unilateral) lung involvement is
characteristic. In addition to the features of constrictive oblitera-
tive bronchiolitis, the left lung is of small volume (partly due to the
collapsed bronchiectatic left lower lobe) and on higher sections
the main pulmonary artery was small

Fig. 9. Low power photomicrograph of a lung
biopsy taken from a child with a slow to re-
solve lower respiratory tract infection. Note
the inflammation and follicles of lympho-
cytes centred on the airways (Courtesy of Dr
A Nicholson)
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domonas aeruginosa is the causative agent of oblitera-
tive bronchiolitis; the relationship may merely reflect
the fact that patients with severe bronchiectasis and as-
sociated obliterative bronchiolitis are more likely to
have their airways colonised by Pseudomonas aerugino-
sa. A similar relationship between Mycobacterium avi-
um intracellulare and small airways disease has been
described. Kubo et al. [80] found both radiological and
physiological evidence of small airways disease in pa-
tients with MAI infection who were not known to have
preexisting lung disease which suggests that infection
by MAI may directly cause small airway pathology.

Although it is recognised that a variety of infective
agents may result in both bronchiectasis and oblitera-
tive bronchiolitis, the relationship between the two has
not been fully elucidated. In a study of the sequel of
childhood infection by adenovirus type 21, Becroft
showed that in addition to an obliterative bronchiolitis,
bronchiectasis also occurred [81]. Whether this was the
result of synchronous damage to the large and small air-
ways, or bronchiectasis developing as a consequence of
the obliterative bronchiolitis is not clear (Fig. 10). The
converse idea that bronchiectasis may ultimately lead to
obstruction of the small airways is sometimes implied:
“...bronchiolitis obliterans is often found beyond chron-
ic suppurative bronchial disease, such as bronchiectasis
or cystic fibrosis” [8] and “Longstanding obstruction
may lead to deletion of small airways, which are re-
placed by relatively acellular fibrotic strands” [82].

Small Airways Disease Associated 
with Connective Tissue Diseases

The connective tissue diseases are collectively charac-
terised by immunologically mediated chronic inflam-
matory damage to a variety of tissues. Obliterative

bronchiolitis associated with rheumatoid arthritis was
first reported in 1956 [83], but attention became sharp-
ly focussed on small airways involvement in connective
tissue diseases following the report by Geddes et al.
[17]. The pathogenesis of obliterative bronchiolitis in
the connective tissue diseases remains uncertain [84];
there is no clear autoimmune basis and other possibil-
ities such as an increased susceptibility to airways in-
fections or complications of therapy have been postu-
lated, but these remain unproven.

Small airways involvement in connective tissue dis-
eases may be cryptic because of the panoply of other
possible pathologies which have the potential to mask
the functional effects of small airways disease. Despite
the recognition that the multi-system connective tissue
diseases are associated with various lung complications,
there is little quantitative data on their prevalence, se-
verity and natural history. Knowledge of bronchiolar in-
volvement is largely based on anecdotal clinical descrip-
tions of severe cases [85]. A pathological study that re-
viewed forty one open lung biopsies of patients with
rheumatoid arthritis [86] did not include any cases of
“pure” obliterative bronchiolitis, highlighting the vari-
able recognition of bronchiolar involvement in rheuma-
toid arthritis.

A histopathological diagnosis of obliterative bron-
chiolitis may not be readily established even when an
open lung biopsy is undertaken: small airways involve-
ment needs to be distinguished from involvement of the
airways by a background fibrosing process – this phe-
nomenon is described in lone cryptogenic fibrosing al-
veolitis [87] and in fibrosing alveolitis associated with
systemic sclerosis [88]. In one CT study of eighty four
patients with rheumatoid arthritis, twenty three indi-
viduals (30%) showed features of bronchiectasis and/or
bronchiolectasis [50]; again, whether these abnormal-
ities reflect small airways disease is uncertain.

The role of penicillamine in inducing obliterative
bronchiolitis in patients with rheumatoid arthritis has
been widely debated. In one large study which exam-
ined this specific question, rheumatoid arthritis pa-
tients treated with penicillamine had a significantly
higher prevalence of obliterative bronchiolitis (3 out of
133) than untreated patients (0 out of 380) [89]. Fur-
thermore, there was a close temporal relationship
between the onset of small airways disease and starting
penicillamine treatment, suggesting an underlying pre-
disposition to obliterative bronchiolitis, triggered by
penicillamine treatment. Nevertheless, these observa-
tions do not exclude the possibility of a spurious link
between penicillamine and obliterative bronchiolitis:
the use of one and the development of the other both re-
flecting more progressive and severe rheumatoid ar-
thritis.

A separate pathological entity termed follicular
bronchiolitis is more commonly associated with rheu-

Fig. 10. HRCT of a patient who had had a severe viral lower respir-
atory infection nine years earlier. In the middle lobe and both low-
er lobes there are features of bronchiectasis and coexisting obliter-
ative bronchiolitis
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matoid arthritis, often accompanied by Sjögren’s syn-
drome, than with the other connective tissue diseases
[90, 91]. Follicular bronchiolitis refers to a form of bron-
chiolar disease characterised histologically by the pres-
ence of abundant lymphoid tissue, frequently with
prominent germinal centres, situated in the walls of
bronchioles, and to some extent, bronchi. The charac-
teristic lesion is external compression of the bronchi-
oles by hyperplastic lymphoid follicles (Fig. 11); this ex-
ternal compression may be accompanied by lympho-
cytic infiltration of the adjacent bronchiolar wall. The
most common HRCT finding in follicular bronchiolitis
are small (1 to 12 mm) nodules located predominantly
in a centrilobular distribution (Fig. 12). Peribronchial
nodules and patchy non-segmental areas of ground
glass have also been described [92]. The CT pattern of

nodular attenuation is not surprising considering the
predominant histological findings of peribronchiolar
inflammation with coalescent germinal centres [92]. Al-
though coexisting follicular and obliterative bronchio-
litis have been reported [93, 94], the link between the
two is unclear. More diffuse lymphocytic infiltration of
the bronchiolar walls has been reported in patients with
Sjögren’s syndrome [95]. It seems likely that these spe-
cific forms of lymphocytic bronchiolitis are rare except
in connective tissue diseases and thus should not be re-
garded as a precursor to constrictive obliterative bron-
chiolitis.

Interstitial fibrosis is an extremely common associa-
tion of systemic sclerosis and the occurrence of inde-
pendent small airways disease in systemic sclerosis is
thus difficult to define.Although standard lung function
tests have suggested the presence of small airways dis-
ease in up to 42% of patients with systemic sclerosis
[85], this high prevalence is questionable. In another
study which used sophisticated lung function tests, no
evidence of small airways disease was found in non-
smoking patients with systemic sclerosis [96].

Post-transplant Obliterative Bronchiolitis

Obliterative bronchiolitis is a well-recognised and seri-
ous complication in patients who have received a heart-
lung or lung transplant. Burke et al. first reported the
frequent occurrence and grave consequences of obliter-
ative bronchiolitis in heart-lung recipients in 1984 [97].
The pathogenesis of this specific form of obliterative
bronchiolitis has been the subject of much study [24]
[98, 99]. The general consensus is that obliterative bron-
chiolitis reflects chronic rejection and is due to immu-
nologically mediated injury to the pulmonary endothe-
lium and bronchial epithelium with possible contribu-

Fig. 11. Lung biopsy from a patient with
Sjögren’s syndrome showing hyperplastic
lymphoid follicles ranged along a bronchiole
causing compression of the lumen. The sur-
rounding lung parenchyma is normal

Fig. 12. HRCT of a patient with rheumatoid arthritis and biopsy
proven follicular bronchiolitis. The unusual irregular opacities ap-
pear to be centred on the airways, as would be expected from the
pathology (see Fig. 11). There are also focal areas of lung destruc-
tion (pathogenesis unknown) resembling emphysema
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tions from intercurrent infection and vascular insuffi-
ciency. However, there are reports suggesting that the
number of early or “acute” rejection episodes correlates
with the later development of obliterative bronchiolitis
[100, 101].

Bronchiolitis obliterans in the post-transplant pa-
tient progresses through a sequence of lymphohistio-
cytic-mediated cytotoxicity directed at the respiratory
epithelium. The initial process is a lymphocytic infil-
trate of the sub-mucosa of the airways with migration of
lymphocytes through the basement membrane into the
epithelium [102]. At this site, epithelial cell necrosis oc-
curs with denudation of the mucosa. The subsequent
secondary cascade of inflammatory mediators eventu-
ally leads to the migration of fibroblasts and myofibro-
blasts into the luminal exudate. Intraluminal plugs of fi-
brous tissue may occur and it has been postulated that
this latter feature is more likely to reflect a response to
infection or aspiration [24].

The diagnostic fibrous scarring can be eccentric with
formation of a fibrous plaque in the wall of the airway,
concentric with the interposition of a ‘donut’ of collagen
tissue, or the granulation tissue may completely obliter-
ate the lumen of the airway, reducing the air passages to
stenotic cords of scar tissue [103]. Generally the devel-
opment of obliterative bronchiolitis is thought to mirror
the progression of chronic lung transplant rejection
[104]. It has been estimated using a variety of diagnos-
tic criteria, that obliterative bronchiolitis occurs in at
least 40% of individuals surviving at least three months
following transplantation [105]. The reported incidence
of obliterative bronchiolitis after lung transplantation
reflects the mean follow-up periods of the different
groups of survivors, those with longer follow-up having
higher rates of obliterative bronchiolitis. For example,
in one large series of patients who had heart-lung trans-
plantation for cystic fibrosis, the incidence of oblitera-
tive bronchiolitis at one, two and three years was 17%,
28% and 48% respectively [106]. Most cases are identi-
fied clinically between six and eighteen months post-
transplantation.

The reported sensitivity and specificity of HRCT for
the diagnosis of established constrictive bronchiolitis in
post-lung transplant patients has been variable, largely
due to patient selection and the HRCT feature evaluated
[26, 49, 107–111]. Early studies concentrated on bron-
chiectasis [26, 27], but more recently attention has
turned to the mosaic attenuation pattern on inspiratory
CT and, more particularly, on expiratory CT. In a study
by Leung et al. [108], air trapping on expiratory CT was
the most sensitive sign (sensitivity 91%) of obliterative
bronchiolitis in 11 patients with transbronchial biopsy
confirmation. In a recent prospective study that includ-
ed 111expiratory CT scans in 38 heart-lung transplant
recipients, the presence of air trapping occupying more
than 32% of lung parenchyma had a sensitivity of 83%

and a specificity of 89% for the diagnosis of bronchio-
litis obliterans syndrome, and in some patients this pre-
ceded the spirometric criteria for BOS [111]. However
Lee et al. have questioned the sensitivity and specificity
of expiratory CT. In their study [109], the air trapping
score in patients with biopsy proven bronchiolitis oblit-
erans was not significantly different to biopsy negative
patients with airflow limitation.

Obliterative bronchiolitis also occurs following au-
tologous bone marrow transplantation [112]. In this set-
ting, other complications (including a variety of infec-
tions, pulmonary oedema and drug toxicity) are equally
problematic in these patients [106]. In general, the oblit-
erative bronchiolitis which is a presumed manifestation
of graft-versus-host disease occurs in only a small pro-
portion of patients following allogenic bone marrow
transplant (probably less than 10%) and is usually less
severe than that seen following lung transplantation
[113].

Diffuse Panbronchiolitis

Exudative bronchiolitis is responsible for the other ba-
sic HRCT pattern of small airways disease and is typi-
fied by diffuse panbronchiolitis. Diffuse (Japanese)
panbronchiolitis is a sinobronchial disease and was in-
itially thought to be confined to Asian countries, but
sporadic cases have been reported in every continent
[114]. Nevertheless, most of the definitive pathological
and imaging studies originate from Japan [32, 33, 115].
The pathology is characterised by thickening of the
walls of the respiratory bronchioles with infiltration by
lymphocytes, plasma cells and histiocytes and bronchi-
olectasis, with secretions and foamy macrophages fill-
ing the chronically inflamed airways and immediately
adjacent alveoli (Fig. 13). The inflammatory process
may extend from the centrilobular airways to involve
the adjacent interstitium, but the air-spaces are not af-
fected. The bronchiolocentric lesions are visible macro-
scopically as yellow nodules. As the disease progresses,
an element of fibrotic bronchiolar constriction super-
venes.

In the absence of longitudinal histopathological
studies, it is not clear the extent to which the basic “ex-
udative” pathology progresses to constrictive bronchio-
lar obliteration.

HRCT appearances reflect the pathologic process.
There is a nodular pattern and small branching opac-
ities (tree-in-bud pattern) can be identified in a pre-
dominantly centrilobular distribution, corresponding
to the plugged small airways (Figs. 14, 15]. These fea-
tures are reversible and most patients respond to eryth-
romycin (although the mechanism for this response is
unclear: there is no obvious bacterial cause). Mild cylin-
drical bronchiectasis is an almost invariable accompa-
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niment and progression of bronchiectasis occurs in se-
vere cases. Even in those who respond to treatment with
erythromycin, follow-up CT scans do not demonstrate
any appreciable change in the severity of bronchiectasis
[115]. Interestingly, although mosaic attenuation may
be identified in some cases, it is not usually a major fea-
ture; furthermore, regional inhomogeneity of the den-
sity of the lung parenchyma on expiratory CT, reflecting
air trapping, maybe surprisingly unimpressive. The
HRCT features, in the appropriate clinical setting, are
virtually pathognomonic. However, other conditions
may rarely cause an identical pattern on HRCT and
these include invasive aspergillosis centred on the air-
ways [116] and primary pulmonary lymphoma [117].
Other conditions characterised by a tree-in-bud pattern
are listed in Table 3.

Fig. 13. Pathology of diffuse panbronchio-
litis: the bronchiolar wall is thickened by a
chronic inflammatory infiltrate and the sur-
rounding alveoli are filled with foamy mac-
rophages (Courtesy of Prof M. Kitaichi)

Fig. 14. HRCT of a patient with diffuse panbronchiolitis showing a
combination of mild cylindrical bronchiectasis and peripheral
branching structures; the latter represent thickened and plugged
bronchioles

Fig. 15. A patient with diffuse panbronchiolitis showing a predom-
inantly nodular pattern in association with the tree-in-bud pat-
tern

Table 3. Conditions characterised by tree-in-bud pattern on high-
resolution computed tomography

Major feature
Diffuse panbronchiolitis
Bronchiectasis (idiopathic and known cause 

e.g. cystic fibrosis)
Mycobacterial infection
Aspiration and bronchopneumonia

Acute infectious bronchiolitis (e.g. Mycoplasma pneumoniae)

Invasive aspergillosis centred on the airways

Occasional or rare feature
Sjögren’s syndrome (follicular bronchiolitis)

Allergic bronchopulmonary aspergillosis

Pneumocystis carinii pneumonia

Leukaemia
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Interstitial Lung Diseases with a Component 
of Small Airways Disease

In contrast to the occurrence of small airways involve-
ment in chronic obstructive airways disease [118], dis-
ease of the small airways was not considered part of the
concept of “interstitial” lung disease until more recently
[119]. One explanation is the stereotyping of interstitial
lung disease as functionally restrictive: the heterogene-
ous group of conditions classically regarded as intersti-
tial are typified by reduced lung volume and compliance
(restriction) with no evidence of airflow obstruction. In
contradistinction, chronic obstructive pulmonary dis-
ease is characterised by an obstructive defect with nor-
mal or increased lung volume. It is now widely recog-
nised that diffuse lung pathology cannot always be com-
partmentalised into processes that affect the small air-
ways or alveolar interstitium exclusively.

Perhaps the earliest acknowledgement of small air-
ways involvement as a constituent of an interstitial lung
disease was by Hamman and Rich in their description
of fulminant pulmonary fibrosis [66] The pathological
features of the condition documented by Hamman and
Rich are now thought to resemble an acute interstitial
pneumonia with diffuse alveolar damage and hyaline
membrane formation, rather than an accelerated usual
interstitial pneumonia [120].

An early suggestion that small airways were func-
tionally involved in interstitial pulmonary disease was
made by Ostrow and Cherniack in 1973 [121]. Further
morphological and physiological studies confirmed
that peribronchiolar fibrosis can cause narrowing of the
small airways in fibrosing alveolitis and have a measur-
able effect on physiological indices of small airways
function [87, 122]. These studies used dynamic compli-
ance and maximum expiratory flow-volume curves to
detect small airways obstruction; the validity of these
and other esoteric tests when there is coexisting inter-
stitial lung disease is controversial. In one study which
used closing volume and upstream conductance to
identify small airways obstruction in a nine patients
with fibrosing alveolitis, the authors concluded that
there was no evidence of narrowing of (functional)
small airways in ventilated parts of the lung [123]. This
study highlights the difficulty in functional evaluation
of what is likely to be patchy and variable bronchiolar
involvement. The prevalence of small airways disease in
patients with fibrosing lung disease depends heavily
whether it is sought in terms of pathological, functional
or clinical terms. In summary, although bronchiolar
involvement by interstitial fibrosis can occur, its preval-
ence and significance remain a source of debate [119].

Respiratory Bronchiolitis – Interstitial Lung Disease

Respiratory bronchiolitis is a common incidental histo-
logic finding in heavy smokers [124] but such cases
were thought to be asymptomatic until Myers et al. de-
scribed 6 patients, all heavy smokers, who had clinical,
radiological and physiologic evidence of chronic inter-
stitial lung disease but only respiratory bronchiolitis on
open lung biopsy [125]. The term “Respiratory bronchi-
olitis – interstitial lung disease (RB-ILD)” was later
coined in a further series that described the histologic
differences between the incidental changes of smoking,
RB-ILD and DIP [126]. Almost all patients with RB-ILD
are cigarette smokers [127–129], although occasional
patients have occupational exposure to irritant fumes
[129] and a few patients are described as never smokers
[128].

Histologically, respiratory bronchiolitis is character-
ised by an accumulation of alveolar macrophages with-
in the respiratory bronchioles spilling into neighbour-
ing alveoli. These macrophages typically have glassy eo-
sinophilic cytoplasm with variably intense light brown
pigmentation that most likely represent metabolites of
cigarette smoke, (hence the term ‘smokers macro-
phages’) given that the degree of cytoplasmic pigmenta-
tion of macrophages has been shown to correlate with
the number of pack-years smoked [128]. Their accumu-
lation may be associated with peribronchiolar alveolar
septal thickening by fibroblasts and collagen deposi-
tion, characteristically radiating from the bronchiole
and there is usually an accompanying chronic inflam-
matory cell infiltrate in the wall of the bronchiole and
the surrounding alveolar walls (Fig. 16).Again, the pres-
ence of peribronchiolar fibrosis has been shown to cor-
relate with the number of pack-years smoked, but no
correlation was found between pulmonary function
tests and pathologic findings [128]. The interstitial fi-
brosis is of variable severity but is usually a minor com-
ponent.

The typical HRCT features include: patchy ground-
glass opacification (Fig. 17) [130] [131], poorly defined
centrilobular nodules (upper zone predominant) [131]
and a limited reticular pattern with some thickening of
the interlobular septa (probably due to interstitial fibro-
sis). A recent study of 21 patients with pathologically
proven RB-ILD also documented patchy areas of de-
creased attenuation, a mosaic attenuation pattern (most
probably reflecting small airways dysfunction) in 38%
[127] (Fig. 18). Associated emphysematous changes are
often present (57%) (Fig. 19) and interestingly, the ma-
jority of patients showed wall thickening of both proxi-
mal and distal airways, presumably analogous to chron-
ic bronchitis. The extent of centrilobular nodules has
been found to correlate with the extent of macrophages
in respiratory bronchioles and with the extent of chron-
ic inflammation of respiratory bronchioles. Ground
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glass opacity correlates with macrophage accumulation
in the alveolar space and alveolar ducts [127].

The features on HRCT of an infiltrative process in
combination with small airways disease are remarkably
reminiscent of the HRCT appearances of subacute hy-
persensitivity pneumonitis, and the differential diagno-
sis between these two conditions is an important one for
radiologists. The constellation of HRCT features seen in
RB-ILD in approximate order of frequency are sum-
marised below:
� Poorly defined centrilobular nodules
� Areas of ground-glass opacity
� Bronchial wall thickening
� Areas of decreased attenuation reflecting small air-

ways disease
� Emphysema (paraseptal and centrilobular) – limited
� Thickened interlobular septa
� Features of established interstitial fibrosis

Fig. 16. Pathology of respiratory bronchio-
litis–interstitial lung disease (RB-ILD). The
lumen of the bronchiole in the centre of the
field is full of pigmented macrophages. The
bronchiolar wall is disrupted and there is
some peribronchiolar fibrosis (Courtesy of
Dr A Nicholson)

Fig. 17. Areas of ground glass opacification in a patient with RB-
ILD

Fig. 18. Patient with RB-ILD showing a subtle mosaic attenuation
pattern on HRCT

Fig. 19. HRCT of a patient with RB-ILD showing patchy areas of
ground glass on a background of emphysema
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Extrinsic Allergic Alveolitis 
(Hypersensitivity Pneumonitis)

In extrinsic allergic alveolitis, deposition of organic
dusts in the terminal and respiratory bronchioles may
cause an inflammatory bronchiolitis of variable patho-
logical [132], clinical [133] and functional [134] sever-
ity. The potential for varying degrees of involvement of
the airways and interstitium, and the coexistence of
more than one phase of the disease explains the com-
plex abnormalities found on pulmonary function test-
ing [135]. The HRCT features of subacute extrinsic al-
lergic alveolitis consist of varying proportions of
ground glass opacification, poorly defined centrilobular
nodules, and areas of decreased attenuation [136–138]
(Fig. 20A, B). There is a strong correlation between the
CT feature of decreased attenuation (mosaic pattern)
and lung function indices of air trapping. The airflow
obstruction has been ascribed to the coexisting bron-
chiolitis which is readily apparent in lung biopsy speci-
mens of some patients with extrinsic allergic alveolitis
[138] (Fig. 21).

Sarcoidosis

Granulomatous interstitial lung disease, notably sarcoi-
dosis, by virtue of its peri-lymphatic distribution is con-
centrated around both large and small airways (Fig. 22).
The combination of airways and interstitial involve-
ment may result in complex pulmonary function abnor-
malities which do not correlate consistently with radio-
graphic, CT or histological indices [68, 139–141]. Stud-
ies using sophisticated lung function tests have suggest-
ed that airflow limitation ascribable to the small airways
dysfunction may be a feature of early pulmonary sarcoi-

Fig. 21. Lung biopsy of a patient with sub-
acute extrinsic allergic alveolitis highlight-
ing the intense inflammation centred on the
airways (cellular bronchiolitis)

Fig. 20A, B. Patient with suspected extrinsic allergic alveolitis.
A On a conventional CT performed at end there is regional inho-
mogeneity of the density of the lung parenchyma in addition to
centrilobular nodules. B A section taken at approximately the same
level, performed at end expiration, reveals extensive air trapping in
numerous secondary pulmonary lobules



Chapter 3.2 HRCT – Pathologic Correlations in Small Airways Diseases 161

dosis [142, 143]. In support of this, is a report of three
cases in which expiratory CT demonstrated areas of de-
creased attenuation, thought to represent small airways
involvement [144] (Fig. 23).
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Neoplasms of the Lung

Lung Cancer

Lung cancer is the leading cause of cancer mortality in
the United States (US) for both men and women [1].
While lung cancer deaths in men had steadily declined
after the mid 1990s, the recorded number of lung cancer
deaths increased in the year 2000 in both men and wom-
en. It is expected that in 2003 there will be 171,900 new
cases of lung cancer and 157,200 deaths from lung can-
cer in the US alone [1]. Because of its high frequency
and case fatality rate, lung cancer represents the princi-
pal cancer worldwide based on number of cases and
deaths [2]. Cigarette smoking is a major risk factor and
is responsible for approximately 87% of all cases of lung
cancer (90% in men; 79% in women) [3]. However, the
etiology of lung cancer is probably multifactorial with
evidence of an association with occupational and envi-
ronmental exposures, underlying diseases and genetic
susceptibility [4]. The prognosis of patients with lung
cancer is poor; the five-year survival rate is 15% [5].

The vast majority (over 90%) of patients with lung
cancer are symptomatic. Presenting symptoms may re-
late to central obstruction by the primary tumor, inva-
sion of adjacent extrapulmonary structures, distant me-
tastases or paraneoplastic syndromes. Approximately
6% of affected patients have no symptoms and are diag-
nosed incidentally because of an abnormal chest radio-
graph [6]. Symptoms and signs related to bronchial ob-
struction include cough, dyspnea and hemoptysis. Local
invasion of the pleura, chest wall and mediastinum may
manifest with pleuritic chest pain, Pancoast syndrome,
superior vena cava obstruction, and neurologic dys-
function secondary to recurrent laryngeal nerve, phren-
ic nerve, sympathetic chain and/or stellate ganglion in-
volvement. Symptoms may also relate to extrathoracic
metastases, which may affect the lymph nodes, adrenal
glands, central nervous system, liver, bones and skin.
Paraneoplastic syndromes are systemic disorders asso-
ciated with malignancy but not directly related to the
primary neoplasm or its metastases and occur in up to

Introduction

Benign and malignant neoplasms may affect the lung,
the pleura and the chest wall. Malignant neoplasms in
these anatomic locations may represent primary or sec-
ondary lesions. Radiologists play an important role in
the diagnosis and staging of these tumors. Imaging al-
lows correct prospective localization of a mass in one of
the anatomic compartments of the thorax, a crucial first
step in the formulation of an appropriate differential di-
agnosis. Common neoplasms of the lung, pleura and
chest wall will be discussed with emphasis on radiolog-
ic-pathologic correlation.
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10% of patients with lung cancer. They include: hyper-
calcemia, inappropriate secretion of antidiuretic hor-
mone, Cushing syndrome, digital clubbing and osteoar-
thropathy, and neurologic syndromes [6].

According to the most recent (1999) World Health
Organization (WHO) classification, there are four ma-
jor cell types of lung cancer: adenocarcinoma, squa-
mous cell carcinoma, small cell carcinoma, and large
cell carcinoma [7]. Lung cancers are classified based on
their most differentiated components and are graded
based on their least differentiated elements. However, it
is recognized that lung cancers commonly demonstrate
histologic heterogeneity with almost 50% of neoplasms
exhibiting more than one cell type. Some primary pul-
monary malignancies are considered neuroendocrine
neoplasms based on light microscopy features of organ-
oid nesting, palisading, and rosette and trabeculae for-
mation. These neoplasms include: small cell carcinoma,
carcinoid tumor and large cell neuroendocrine carcino-
ma [7]. Pre-invasive pulmonary lesions which may
progress to invasive pulmonary malignancy are cur-
rently recognized [8].

Adenocarcinoma

Adenocarcinoma is the most frequently diagnosed cell
type of lung cancer and is characterized by its slow local
growth and its propensity for early metastases. It has a
weak association with cigarette smoking and is the
most common cell type of lung cancer that affects wom-
en and non-smokers [9]. Grossly, adenocarcinoma man-
ifests as a peripheral subpleural nodule or mass that
preferentially affects the upper lobes (Fig. 1A) and often
exhibits central fibrosis and spiculated borders. Periph-
eral adenocarcinomas may invade and diffusely involve
the pleura [10, 11].Atypical adenomatous hyperplasia is
an incidental microscopic finding that is often seen ad-
jacent to resected lung cancers and probably represents
a pre-invasive lesion that may progress to bronchioloal-
veolar carcinoma and ultimately to invasive adenocar-
cinoma [8]. Adenocarcinoma is characterized micro-
scopically by glandular differentiation (Fig. 1B) and mu-
cin production and may display acinar, papillary (Fig
1B), bronchioloalveolar, and solid with mucin forma-
tion growth patterns or a mixture of these [7]. Adeno-
carcinomas are associated with focal and diffuse pul-
monary fibrosis. While fibrosis may antedate the devel-
opment of neoplasia, as in cases of progressive systemic

Fig. 1A, B. Adenocarcinoma, pathologic features. A Cut surface of a
resected right upper lobe demonstrates a well-defined lobular sub-
pleural mass with foci of internal hemorrhage and necrosis.
B High power photomicrograph [hematoxylin and eosin (H-E)

stain] shows a well-differentiated adenocarcinoma forming glands
and papillary structures. Note fibrosis (*) surrounding the glandu-
lar elements of the tumor
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sclerosis and idiopathic pulmonary fibrosis, it more
commonly represents a desmoplastic reaction to the tu-
mor (Fig. 1B) [8, 9]. Adenocarcinoma typically mani-
fests radiologically as a peripheral solitary pulmonary
nodule (Fig. 2) or mass (Fig. 3). The tumor borders may
be lobular (Fig. 2) and well-defined or spiculated (Fig. 3)
and ill-defined. Peripheral adenocarcinomas may in-
vade the adjacent pleura and chest wall. Rarely, pleural
involvement progresses to diffuse and circumferential
thickening that may mimic malignant pleural mesothe-
lioma (Fig. 4) [4]. Adenocarcinoma often metastasizes
to regional lymph nodes and/or distant sites.

Bronchioloalveolar carcinoma is a well-differentiated
subtype of adenocarcinoma that arises beyond a recog-
nizable bronchus. Grossly, it may manifest as a periph-
eral solitary nodule or consolidation (Fig. 5A), but may
also exhibit bronchial dissemination resulting in multi-
focal pulmonary nodules, masses and/or consolidations
[12]. Bronchioloalveolar carcinoma exhibits a charac-
teristic growth pattern in which neoplastic cells line the
air spaces without destroying the underlying pulmo-
nary interstitium and use it as “scaffolding” for their
growth (Fig. 5B) [9]. The histologic diagnosis requires
absence of stromal, vascular or pleural invasion. As a
result, the diagnosis cannot be established on small
biopsy samples, and complete surgical excision and
thorough tumor sampling is required as invasive aden-
ocarcinomas may exhibit a bronchioloalveolar growth
pattern [7, 13]. Bronchioloalveolar carcinoma, like other
adenocarcinomas manifests radiologically as a periph-
eral solitary nodule (Fig. 6) or mass. It may also mani-
fest as a parenchymal consolidation (Fig. 7) or as multi-
focal lung nodules, masses or consolidations [9]. Com-
puted tomography (CT) and high-resolution computed
tomography (HRCT) demonstrate focal ground glass at-

Fig. 2. Adenocarcinoma in an asymptomatic 64-year-old man. Un-
enhanced chest CT (lung window) demonstrates a 1 cm lobular
right upper lobe solitary nodule and mild centrilobular emphyse-
ma

Fig. 3A, B. Adenocarcinoma in an asymptomatic 48-year-old wom-
an. A Posteroanterior (PA) chest radiograph demonstrates a spicu-
lated right upper lobe mass. B Chest CT (lung window) demon-
strates a peripheral mass with spiculated borders and a pleural tag
with adjacent focal pleural thickening

Fig. 4. Adenocarcinoma in a 43-year-old woman with advanced
lung cancer. Unenhanced chest CT (lung window) demonstrates a
peripheral lobular right upper lobe mass with associated ipsilater-
al circumferential nodular pleural thickening
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Fig. 5A, B. Bronchioloalveolar carcinoma, pathologic features.
A Cut specimen of a resected left lower lobe demonstrates diffuse
bronchioloalveolar carcinoma manifesting as homogeneous con-
solidation. B High-power photomicrograph (H-E stain) demon-
strates columnar peg-like neoplastic cells lining the alveolar walls
without destroying the underlying pulmonary interstitium

Fig. 6. Bronchioloalveolar carcinoma in an asymptomatic adult.
Unenhanced chest CT (lung window) demonstrates an irregular
right upper lobe nodule of heterogeneous attenuation with intrin-
sic air bronchiolograms

Fig. 7. Bronchioloalveolar carcinoma in a 44-year-old man with
cough. Unenhanced chest CT (lung window) demonstrates a
patchy subsegmental left lower lobe consolidation with internal
air bronchiolograms

tenuation or nodules with components of ground glass
opacity. Other appearances include focal consolidation
and centrilobular opacities [14, 15]. Bronchioloalveolar
carcinomas that manifest with consolidation may also
exhibit the “CT angiogram” sign in which enhancing
normal pulmonary vessels are identified within the tu-
mor. Diffuse bronchioloalveolar carcinoma may mani-
fest with multifocal ground glass opacities, consolida-
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tions, and nodules which may exhibit a centrilobular
distribution [16]. While air bronchograms, air bronchi-
olograms (Fig. 6) and cystic changes may occur, the lat-
ter may be more characteristic of adenocarcinoma [13,
15, 16].

Squamous Cell Carcinoma

Squamous cell carcinoma exhibits rapid local growth
and late metastases and is strongly related to cigarette
smoking [9]. It is typically a central neoplasm that aris-
es from the mucosa of large bronchi as an irregular
polypoid tumor, which often produces bronchial wall
invasion and irregular narrowing of the bronchial lu-
men (Fig. 8A). However, peripheral squamous cell carci-
nomas are increasingly reported [17]. The postulated

Fig. 9A, B. Squamous cell carcinoma in an elderly man with cough
and hemoptysis. A PA chest radiograph demonstrates marked vol-
ume loss of the right upper lobe with associated ipsilateral tra-
cheal deviation and a central convexity at the hilum. The findings
are consistent with a central mass with associated atelectasis pro-
ducing the S-sign of Golden. B Unenhanced chest CT (lung win-
dow) demonstrates irregular narrowing of the right main stem
bronchus by an adjacent central mass with resultant right upper
lobe atelectasis. Endoscopic biopsy revealed squamous cell carci-
noma

pre-invasive lesions for squamous cell carcinoma are
squamous dysplasia and carcinoma in situ [8]. Squa-
mous cell carcinomas are characterized by keratiniza-
tion and intercellular bridges. These features are char-
acteristic of well-differentiated neoplasms which may
also form squamous pearls (individual cells with mark-
edly eosinophilic cytoplasm) (Fig. 8B) [7]. Because of
their central location, squamous cell carcinomas often
manifest radiologically as hilar or perihilar masses
(Fig. 9). Early lesions may produce focal bronchial wall

Fig. 8A, B. Squamous cell carcinoma, pathologic features. A Gross
specimen of a squamous cell carcinoma of the right main stem
bronchus demonstrates a lobular endobronchial mass partially
obstructing the bronchial lumen. The mass invades the bronchial
wall, an adjacent lymph node, and the surrounding lung parenchy-
ma. B High-power photomicrograph (H-E stain) of a well-differ-
entiated squamous cell carcinoma demonstrates flattened neo-
plastic cells with moderate amounts of eosinophilic cytoplasm.
Rounded collections of eosinophilic material represent squamous
pearls, seen in typical of well-differentiated neoplasms. Figure 8a
is reproduced with permission from [9]
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thickening. Bronchial obstruction is common and may
result in atelectasis or post-obstructive pneumonia. In
these cases, the central neoplasm manifests as a focal
convexity in continuity with the distal concavity formed
by the fissure adjacent to the collapsed lung (the radio-
graphic “S-sign of Golden”) (Fig. 9). Peripheral squa-
mous cell carcinomas (and adenocarcinomas) may ex-
hibit cavitation (Fig. 10) or may manifest as Pancoast
tumors. The latter arise in the pulmonary apex and may
invade adjacent osseous and soft tissue structures
(Fig. 11). Affected patients may present with the Pan-
coast syndrome: ipsilateral shoulder or arm pain which
may be associated with atrophy of upper extremity
muscles and Horner syndrome [4, 9].

Small Cell Carcinoma

Small cell carcinoma is a highly aggressive malignant
neuroendocrine neoplasm that is strongly related to
cigarette smoking and typically exhibits rapid local
growth and early metastases. In fact, the majority of af-
fected patients have metastatic disease at presentation.
A small number of patients present with a clinical hor-
mone syndrome such as ectopic production of adrenoc-
orticotropic hormone (ACTH) characterized by weak-
ness, muscle wasting, drowsiness, confusion, edema, hy-
pokalemic alkalosis and hyperglycemia [6]. Small cell
carcinoma is a central lung cancer that often manifests
as a hilar or perihilar mass associated with extensive
lymph node metastases. Tumor growth is typically sub-
mucosal resulting in smooth stenosis of the bronchial
lumen with rare endobronchial growth. Extensive ne-
crosis is characteristic [9, 18]. A pre-invasive lesion for
small cell carcinoma has not been identified [7]. Micro-
scopically, small cell carcinoma is characterized by

Fig. 11A–C. Peripheral squamous cell carcinoma in an elderly man
who presented with Pancoast syndrome. A PA chest radiograph
demonstrates a left apical lung mass with extensive destruction of
the posterior aspects of the first four left ribs. B, C Unenhanced
chest CT (lung and mediastinal window) demonstrates the large
left apical cavitary mass with associated rib destruction

Fig. 10. Peripheral squamous cell carcinoma in an asymptomatic
middle aged man. Unenhanced chest CT (lung window) demon-
strates a peripheral right lower lobe cavitary mass with an irregu-
lar and nodular cavity wall
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small cells with scant cytoplasm and small round or
oval nuclei with finely granular chromatin and absent
nucleoli (Fig. 12). Mitotic rates are high with 11 or more
mitoses per ten high power fields (HPF) and an average
of 60 to 70 mitoses per 10 high power fields (HPF) [7].
Radiologically, there is usually a large hilar or perihilar
mass with extensive mediastinal lymphadenopathy
(Fig. 13). In fact, the primary pulmonary tumor may not
be evident, and the principal finding may be hilar and/
or mediastinal metastatic lymph node enlargement.
Small cell carcinoma produces little desmoplastic reac-
tion, violates tissue planes and readily invades adjacent
structures. It is the most common cause of superior vena
cava obstruction (Fig. 13). Rarely, small cell carcinoma
manifests as a peripheral solitary nodule or mass [4, 9].

Large Cell Carcinoma

Large cell carcinoma is an undifferentiated primary
lung cancer that lacks the histologic features of the
above mentioned cell types of lung cancer [7]. Grossly, it
manifests as a large peripheral lung mass [9]. Microsco-
py demonstrates large cells with large nuclei and prom-
inent nucleoli [7]. Radiologic imaging typically shows a
large pulmonary mass which may exhibit cavitation and
central low attenuation corresponding to tumor necro-
sis [9].

Carcinoid

Carcinoid is an uncommon primary malignant neuro-
endocrine neoplasm of the lung and accounts for ap-
proximately 2% of lung tumors. Affected patients are
typically adult males and females who are generally
younger than patients with lung cancer. Carcinoid is the
most common primary lung neoplasm of childhood.

Fig. 12. Small cell carcinoma, microscopic features. High-power
photomicrograph (H-E stain) of a small cell carcinoma demon-
strates small cells with round-to-oval nuclei, absent nucleoli, and
scant cytoplasm

Fig. 13A–C. Small cell carcinoma in a 69-year-old man with neck
swelling, dyspnea and weight loss. A, B PA and lateral chest radio-
graphs demonstrate a large right perihilar mass with ipsilateral
mediastinal lymphadenopathy, right upper lobe volume loss and
right pleural effusion. C Contrast-enhanced chest CT (lung win-
dow) demonstrates a large soft tissue mass which encases the right
main stem bronchus, produces smooth narrowing of the bronchi-
al lumen and invades the superior vena cava (arrow). Note the
large right pleural effusion



172 Melissa L. Rosado-de-Christenson, Gerald F. Abbott, Diane C. Strollo

Fig. 14A, B. Bronchial carcinoid, pathologic features. A Gross speci-
men of a carcinoid tumor demonstrates a well-defined endobron-
chial ovoid and lobular polypoid mass. The metallic hook holds
open one of the walls of the bisected bronchus. B High-power pho-
tomicrograph (H-E stain) of a typical bronchial carcinoid demon-

strates uniform cells distributed in an organoid pattern. The cells
have moderate amounts of granular cytoplasm and nuclei with a
finely stippled chromatin. Fig 14a is reproduced with permission
from [19]

Fig. 15A–C. Bronchial carcinoid in a 35-year-old man with fever,
hemoptysis and recurrent pneumonia. A PA chest radiograph
demonstrates right upper lobe atelectasis and suggests a central
hilar mass. B Contrast-enhanced chest CT (lung window) demon-
strates a central mass that produces bronchial obstruction. Note
the endoluminal component of the lesion. While the lesion could

represent lung cancer, the diagnosis of carcinoid is more likely in
this young patient. C Cut section through the tumor demonstrates
a well-defined lobular ovoid soft tissue mass with focal hemor-
rhage which almost completely obstructs the bronchial lumen.
Figs. 15a and 15b are reproduced with permission from [19]
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There is no documented association between carcinoid
and cigarette smoking or exposure to other carcino-
gens. Affected patients often present with symptoms of
central airway obstruction: cough, recurrent pulmonary
infection and hemoptysis. However, a significant num-
ber of patients are asymptomatic. Approximately 2% of
patients present because of ectopic ACTH production
[19]. Grossly, carcinoids are well-circumscribed central
masses that frequently display a polypoid endobronchi-
al component (Fig. 14A) and bronchial wall invasion.
Carcinoids may be partially or completely endobron-
chial, may abut an adjacent bronchus, or may manifest
as peripheral solitary nodules or masses [19, 20]. Micro-
scopically there are uniform neoplastic cells with eosin-
ophilic cytoplasm and nuclei with a finely-stippled
chromatin (Fig. 14B). Carcinoids are classified as typical
or atypical based on the number of mitoses seen at mi-
croscopic evaluation. Typical carcinoids exhibit fewer
than 2 mitoses per 10 high power fields (HPF) and no
necrosis, and atypical carcinoids demonstrate 2 to 10
mitoses per 10 HPF and/or areas of necrosis [7]. While
both typical and atypical carcinoids may produce
lymph node metastases, atypical carcinoids are more
aggressive neoplasms with a higher propensity for met-
astatic spread [19]. Radiologically, carcinoid is a central
well-marginated lobular mass, which commonly dem-
onstrates an endobronchial component (Fig. 15) and is
often associated with distal consolidation, atelectasis,
bronchiectasis and/or mucoid impaction. Peripheral
carcinoid often manifests as a well-defined spherical
nodule or mass of lobular contours. CT typically dem-
onstrates a well-defined nodule or mass and may show
an associated endobronchial component or bronchial
relationship (Fig. 15B) and is useful in demonstrating
and characterizing post-obstructive sequelae such as
consolidation, atelectasis, and bronchiectasis. In addi-
tion, CT allows detection of enlarged hilar and medias-
tinal lymph nodes which may result from metastatic in-

volvement [19]. Although carcinoid is a malignant neo-
plasm, the prognosis of patients with typical carcinoid
is excellent with 92.4% five-year survivals following sur-
gical excision. Patients with atypical carcinoids have a
less favorable prognosis [19]

Hamartomas

Hamartomas are the most common benign lung neo-
plasms and represent approximately 8% of all pulmo-
nary neoplasia [21]. Affected patients are typically mid-
dle-aged or elderly adults with a peak incidence in the
sixth or seventh decades of life. Males are more com-
monly affected than females with a male-to-female ratio
of 3:1. The overwhelming majority of patients are
asymptomatic [22]. While hamartomas are composed
of an abnormal mixture of tissues that are normally
found in the lung, the 1999 WHO classification charac-
terizes them as benign lung neoplasms [7]. Hamarto-
mas are usually solitary, well-circumscribed nodules
which commonly exhibit a cartilaginous consistency
(Fig. 16A). The majority of lesions occur in the lung pe-
riphery, but approximately 10% are endobronchial [23].
Microscopically they are composed of connective tissue
including cartilage, fibrous tissue and adipose tissue
(Fig. 16B), intersected by epithelial clefts [7, 24]. Radiog-
raphy usually demonstrates a well-defined solitary pul-
monary nodule which exhibits calcification in less than
10% of cases. Popcorn-like calcification may be identi-
fied in hamartomas and is a reliable indicator of benig-
nity [24]. Classic CT features that allow a confident
prospective diagnosis are the presence of areas of fat at-
tenuation (seen in up to 50% of cases) with or without
foci of calcification within a well-defined pulmonary
nodule (Fig. 17) [24, 25]. Hamartomas do not undergo
malignant transformation, and affected patients have
an excellent prognosis.

Fig. 16A, B. Hamartoma, pathologic features. A Cut section of a ha-
martoma demonstrates a well-defined lobular pulmonary nodule
with a glistening cut surface consistent with its cartilaginous con-

tent. B High-power photomicrograph (H-E stain) demonstrates fi-
brous tissue, adipose tissue and a focal area of cartilage. Fig 16b is
reproduced with permission from [24]
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Pulmonary Metastases

Pulmonary metastases represent the most common
neoplasms of the lung and typically result from hema-
togenous dissemination of extrapulmonary malignan-
cies. Lung metastases may also occur via lymphatic dis-
semination [26]. Primary pulmonary neoplasms rarely
exhibit tracheobronchial dissemination which results in
multifocal lung lesions [4]. Radiologically, metastases
are usually multiple spherical nodules or masses with
well-defined borders and an angiocentric distribution
(a pulmonary vessel entering the medial aspect of the
lung nodule). Metastases are more numerous in periph-

eral subpleural locations and the lower lobes (the latter
reflects the preferential pulmonary blood flow to the
lung bases) (Fig. 18). Hemorrhagic metastases may ex-
hibit ill-defined borders [26]. Unusual radiologic mani-
festations of metastatic disease include solitary lesions,
calcification, cavitation, and lymphangitic carcinomato-
sis [27].

Neoplasms of the Pleura

Primary pleural neoplasms are rare; most pleural neo-
plasms are secondary to metastatic disease. Pleural
masses that form obtuse angles with the adjacent pleu-
ral surface typically exhibit “clasic” radiographic fea-
tures of extrapulmonary lesions and display “incomple-
te” borders on radiography. This discrepancy in margin
visualization results when some portions of a lesion are
imaged in profile while others are imaged en face (Fig.
20A). Cross-sectional imaging is helpful in excluding
chest wall involvement, identifying multifocal disease
and determining extent of involvement.

Localized Fibrous Tumor of the Pleura

Localized fibrous tumor of the pleura is a rare primary
pleural neoplasm that typically affects adults in the fifth
through eighth decades of life. Patients typically present
with symptoms which relate to large tumor sizes and in-
clude dyspnea, chest pain and cough. Patients rarely
present with clubbing, hypertrophic osteoarthropathy
and/or episodic hypoglycemia. However, a significant
number of patients, usually those with small-to-moder-
ate-sized tumors, may be entirely asymptomatic. Gross-
ly, localized fibrous tumors are solitary, encapsulated,
and often pedunculated lobular masses that typically
arise from the visceral pleura. The cut surface often
shows a whorled nodular pattern (Fig. 19A) and may ex-
hibit necrosis, hemorrhage or cystic degeneration par-
ticularly in large masses [28]. Microscopy demonstrates
low-grade neoplasms of variable cellularity composed
of spindle-shaped cells with round-to-oval nuclei ar-
ranged in a haphazard pattern amid abundant collagen
bundles (Fig. 19B). While most localized fibrous tumors
are benign, malignant lesions also occur. Microscopic
criteria for malignancy include high cellularity, pleo-
morphism and more than four mitoses per 10 HPF. Ra-
diography demonstrates well-defined lobular solitary
masses which may reach enormous sizes and rarely ex-
hibit features of a pleural (extraparenchymal) location.
A fissural location and mobility within the thorax with
positional changes may suggest the correct diagnosis
(Fig. 20). The majority of localized fibrous tumors are
located in the mid and inferior hemithorax and, when in
contiguity with the diaphragm, may mimic diaphrag-

Fig. 17. Hamartoma in a 48-year-old man who presented with he-
moptysis. Unenhanced chest CT (mediastinal window) demon-
strates a well-defined lobular solitary pulmonary nodule with
internal fat and soft tissue attenuation

Fig. 18. Pulmonary metastases in a young man who presented with
dyspnea and metastatic carcinoma of unknown origin. Unen-
hanced chest CT (lung window) demonstrates multifocal pulmo-
nary nodules of various sizes and well-defined borders. Note that
the nodules are more profuse in the lung periphery, have a spheri-
cal morphology and bear a relationship to adjacent pulmonary ar-
teries (angiocentric distribution)
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matic elevation on radiography (Fig. 21). CT typically
demonstrates a heterogeneous soft tissue mass that
usually forms acute angles with the adjacent pleural
surfaces (Fig. 22). Contrast enhancement is common
and highlights the heterogeneous attenuation of these

lesions (Fig. 22). Calcification occurs in approximately
26% of cases. Most patients (88%) are cured by com-
plete surgical excision although both benign and malig-
nant lesions may recur locally [28].

Fig. 19A, B. Localized fibrous tumor of the pleura, pathologic fea-
tures. A Photograph of the cut and external surfaces of a resected
localized fibrous tumor of the pleura demonstrates an encapsulat-
ed ovoid mass with a whorled fibrous internal appearance. Note

the broad pedicle that connected the lesion to the visceral pleura.
B High power photomicrograph (H-E stain) demonstrates a hap-
hazard arrangement of effaced elongate cells amid strands of ropy
collagen

Fig. 20A–C. Localized fibrous tumor of the pleura in an asympto-
matic 52-year-old woman. A PA chest radiograph demonstrates a
rounded mass at the left inferior hemithorax. Note that some of
the lesion borders are poorly visualized. B, C Unenhanced chest CT

(lung and mediastinal window) demonstrates a spherical homoge-
neous mass located in the left major fissure.At surgery, a peduncu-
lated histologically benign localized fibrous tumor was resected
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Malignant Mesothelioma

Malignant mesothelioma is the most common primary
neoplasm of the pleura and is related to occupational
exposure to asbestos. Approximately 3,000 cases are re-
ported annually in the US [29]. Affected patients are
typically in the sixth and seventh decades of life and
present with an insidious onset of chest pain, progres-
sive dyspnea, constitutional symptoms, cough, and/or
weight loss. Men are more frequently affected than
women [29]. Grossly, mesotheliomas manifest as diffuse
pleural masses that affect both the visceral and parietal
surfaces and circumferentially encase the lung (Fig.

23A). Characteristically there is greater involvement of
the parietal pleura (Fig. 23b) and the inferior hemithor-
ax [29, 30]. Early mesothelioma may manifest with mul-
tifocal pleural nodules or masses [7].Advanced mesoth-
elioma may invade the adjacent lung, mediastinum,
chest wall and diaphragm and may metastasize to dis-
tant sites [29, 30]. Mesothelioma exhibits several histo-
logic patterns including epithelioid, sarcomatoid and
biphasic types (Fig. 23B). Epithelioid malignant me-
sotheliomas must be distinguished from lung adenocar-
cinomas with diffuse pleural involvement. This is ac-
complished with immunohistochemistry [7]. Radiogra-
phy of patients with mesothelioma typically demon-
strates unilateral diffuse circumferential pleural thick-
ening or masses (Fig. 24) with or without an associated
pleural effusion, but unilateral pleural effusion may be
the only finding. There may be volume loss in the affect-
ed hemithorax and mediastinal fixation. CT demon-
strates circumferential nodular pleural thickening with
frequent involvement of the interlobar fissures (Fig.

Fig. 21A, B. Localized fibrous tumor of the pleura in a 64-year-old
woman with confusion and hypoglycemia. A PA chest radiograph
demonstrates a large soft tissue mass with a well-defined superior
border occupying the right inferior hemithorax. Note that the
mass mimics diaphragmatic elevation. B Unenhanced chest CT
(mediastinal window) demonstrates a large mass of homogeneous
soft tissue attenuation

Fig. 22. Localized fibrous tumor of the pleura in a 74-year-old
woman who presented with hypoglycemia. Contrast-enhanced
chest CT (mediastinal window) demonstrates a large lobular mass
of heterogeneous enhancement which occupies most of the right
hemithorax and produces mass effect on the mediastinum. Note
that the lesion forms acute angles with the adjacent pleural surfaces

Fig. 23A, B. Diffuse malignant mesothelioma, pathologic features. A
Cut surface of an extrapleural pneumonectomy lung specimen
demonstrates circumferential nodular lung encasement by tumor,
growth into the fissure and focal invasion of the lung parenchyma.
B Low-power photomicrograph (H-E stain) of a biphasic malig-
nant mesothelioma demonstrates tumor involvement of both the
visceral and parietal pleural surfaces. Note that the bulk of the tu-
mor affects the parietal pleura. Figure 23b is reproduced with per-
mission from [29]
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Fig. 24A–C. Malignant mesothelioma in a 56-year-old man with
progressive dyspnea, weight loss and chest pain. A PA chest radio-
graph demonstrates circumferential nodular pleural thickening
that encases the left lung and reduces its volume. B, C Contrast-en-
hanced chest CT (lung and mediastinal window) demonstrates
nodular circumferential pleural thickening that affects the medi-
astinal pleura, encases the lung and extends into the major fissure.
The chest wall defect resulted from a prior biopsy
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24B, C). Pleural effusion is common. Ipsilateral volume
loss (Fig. 24) is more common than ipsilateral increase
in lung volume. Pleural calcification occurs in only 20%
of patients [31]. While CT findings are very suggestive
of malignant pleural thickening, mesothelioma cannot
be differentiated from pleural metastases [32]. CT and
MR are used in preoperative staging to exclude invasion
of local structures, contralateral disease and intraab-
dominal involvement [33].Although some patients with
mesothelioma undergo extrapleural pneumonectomy
for cure, most have advanced disease at presentation
and invariably succumb to their disease [29, 33].

Pleural Metastases

Pleural metastases typically manifest as unilateral or bi-
lateral pleural effusions. The most common primary
neoplasms associated with malignant pleural effusions
are lung cancer and breast cancer. Pleural metastases
may also manifest as pleural masses (Fig. 25) and may
exhibit circumferential pleural involvement, fissural
growth and lung encasement, mimicking malignant
mesothelioma. Circumferential pleural thickening may

be seen in advanced lung cancer (Fig. 4), pleural metas-
tases from other malignancies, invasive thymoma, and
lymphoma. CT features of malignant pleural thickening
include nodular pleural thickening, pleural thickening
greater than 1 cm, and thickening of the mediastinal
pleura [32].

Neoplasms of the Chest Wall

Chest wall neoplasms may originate in the soft tissues
or osseous structures and may represent primary or
secondary lesions. Primary malignant chest wall neo-
plasms typically affect adults and include chondrosar-
coma, myeloma, lymphoma, fibrosarcoma, and malig-
nant fibrohistiocytoma. Metastases are common chest
wall malignancies. Malignant chest wall neoplasms that
affect children and adolescents include lymphoma and
primitive neuroectodermal tumors (metastatic neuro-
blastoma, Ewing sarcoma, and Askin tumor) [34, 35].
Malignant chest wall neoplasms typically produce
symptoms including focal chest pain, a palpable mass,
or a pathologic fracture.

Benign soft tissue neoplasms include lipomas, neu-
rogenic neoplasms, fibromas, angiofibromas and de-
smoid tumors. Benign osseous neoplasms include oste-
ochondromas and enchondromas. Benign chest wall
neoplasms typically affect asymptomatic adults who are
diagnosed because of an incidental radiographic abnor-
mality.

Chest wall masses (like pleural masses) exhibit in-
complete visualization of lesion margins on radiogra-
phy, an indication of their extrapulmonary location.
The “incomplete border” sign, together with radio-
graphic evidence of adjacent soft tissue or osseous in-
volvement indicates a chest wall location. Cross-sec-
tional imaging further refines lesion localization, per-
mits lesion characterization and the evaluation of adja-
cent structures and facilitates the formulation of a fo-
cused differential diagnosis.

Lipomas

Lipomas are neoplasms of mature adipose tissue and
represent the most common benign lesions of the chest
wall (Fig. 26). Affected patients are generally asympto-
matic, although subcutaneous lesions may be palpable.
Chest wall lipomas may affect only the soft tissues, may
arise near the parietal pleura and exhibit intrathoracic
growth, or may grow in a dumbbell fashion extending
into both compartments. The diagnosis is typically
made prospectively when CT (or MR) demonstrates a
chest wall lesion of fat attenuation (Fig. 27) (or signal).
Chest wall lipomas may exhibit intrinsic calcification in
areas of fat necrosis [34].

Fig. 25. Solid pleural metastases, gross features. Autopsy photo-
graph of the lung surface of a patient who died of metastatic breast
carcinoma demonstrates multiple pleural metastases manifesting
as nodules of various sizes distributed over the visceral pleura
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Fig. 26. Chest wall lipoma, gross features. Cut section of a chest
wall lipoma resected at the time of right upper lobectomy for lung
cancer demonstrates a lobular yellow mass of fatty consistency

Fig. 27. Chest wall lipoma in an asymptomatic middle-aged wom-
an. Contrast-enhanced chest CT (mediastinal window) demon-
strates a heterogeneous well-defined right chest wall mass of pre-
dominant fat attenuation. The bulk of the lesion is intrathoracic
but there is mild involvement of the soft tissues of the chest wall.
The imaging findings are diagnostic for a chest wall lipoma

Fig. 28. Neurofibroma, gross features. Cut section of a chest wall
neurofibroma that was resected from a young patient with neuro-
fibromatosis demonstrates an elongate lobular soft tissue mass
that bears a close relationship to the undersurface of an adjacent
rib which was resected en block with the lesion

Fig. 29. Chest wall schwannoma in an asymptomatic young man.
PA chest radiograph demonstrates an ill-defined mass that pro-
jects over the right mid lung and produces pressure erosion and
sclerosis on the inferior aspect of the right posterior eight rib
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Neurogenic Neoplasms

Neurogenic neoplasms (neurofibromas and schwanno-
mas) may arise from the thoracic nerve roots, the sym-
pathetic chain or the intercostal nerves. Neurofibroma
is a well-circumscribed unencapsulated firm neoplasm
(Fig. 28) composed of Schwann cell cylinders and axons
in a mucinous matrix. Schwannoma is an encapsulated
neoplasm composed of compact collections of spindle
cells arranged in interlacing fascicles with interspersed
areas of decreased cellularity [36]. Neurogenic neo-
plasms are slow-growing lesions and commonly pro-
duce benign pressure erosion, notching and sclerosis of
adjacent ribs (Fig. 29). Multifocal neurogenic neoplasms
may occur in patients with neurofibromatosis. CT usu-
ally demonstrates well-defined cylindrical masses of
homogeneous or heterogeneous attenuation and shows

Fig. 30. Malignant tumor of nerve sheath origin in a young patient
with a painful palpable chest wall mass. Contrast-enhanced chest
CT (mediastinal window) demonstrates a peripherally-enhancing
low-attenuation right chest wall soft tissue mass with an associat-
ed right pleural effusion
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pressure effects on adjacent osseous structures. Con-
trast studies typically show heterogeneous enhance-
ment. MR demonstrates low-to-intermediate signal in-
tensity on T1-weighted images and high signal intensity
on T2-weighted images. Neurogenic neoplasms of the
chest wall may undergo malignant transformation [34,
36] (Fig. 30).

Chondrosarcoma

Chondrosarcoma is the most common primary malig-
nant neoplasm of the chest wall. Affected patients are
typically middle-aged or elderly adults (although young
patients may also be affected) who present with chest
wall pain and a palpable mass [21, 35]. Chondrosarco-
mas often arise in the anterior portion of the rib (char-
acteristically ribs 1 to 5) near the costal cartilage (Fig.
31) or in the sternum. They typically exhibit radio-
graphic characteristics of chest wall masses with indis-
tinct margins and soft tissue extension (Fig. 31). CT
demonstrates a heterogeneous soft tissue mass with oc-
casional internal foci of chondroid calcification in a pat-
tern of rings and arcs (Fig. 31C) [21, 34]. MR imaging
shows non-specific findings of intermediate signal in-
tensity on T1-weighted images and heterogeneity with
foci of high signal intensity on T2-weighted images [34].

Multiple Myeloma

Multiple myeloma affects elderly individuals and males
more commonly than females. Focal or multifocal le-
sions occur and manifest with soft tissue masses and os-
seous involvement of the ribs or the sternum with os-
seous expansion or destruction as well as pathologic
fractures. Multiple myeloma is also characterized by ab-
sence of activity on scintigraphy in spite of significant
osseous involvement [34, 35].

Fig. 31A–D. Chest wall chondrosarcoma in a 45-year-old woman
who presented with a painful palpable left chest wall mass. A, B PA
and lateral chest radiographs demonstrate a left anterior chest wall
mass. Note the incomplete visualization of the lesion borders on
the frontal radiograph (A) indicating its extrapulmonary location.
C Contrast-enhanced chest CT (mediastinal window) shows a lob-
ular chest wall mass centered on the cartilaginous portion of an
anterior rib with internal heterogeneous attenuation and linear,
punctate and arcuate foci of calcification. D Cut section of the re-
sected neoplasm demonstrates the lobular cartilaginous lesion re-
placing the anterior aspect of the rib. Note the associated soft tis-
sue mass

Fig. 32A–C. Chest wall metastasis in a 58-year-old woman with
known thyroid carcinoma who presented with left chest wall pain.
A, B PA and lateral chest radiographs demonstrate destruction of
the left fifth posterior rib by a large soft tissue mass. Note that the
lesion borders are not visible on the frontal radiograph (A), but are
well-defined on the lateral radiograph (B), indicating the extra-
pulmonary location of the mass. C Contrast-enhanced chest CT
(mediastinal window) demonstrates a large chest wall soft tissue
mass with associated destruction of an adjacent posterior rib
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Chest Wall Metastases

Chest wall metastases may manifest as solitary or multi-
focal chest wall masses in patients with known malig-
nancies. Common primary neoplasms include carcino-
mas of the lung, breast and prostate. These lesions man-
ifest with osseous destruction, pathologic fractures and
soft tissue masses (Fig. 32).

Conclusion

Lung neoplasms display a wide range of radiologic
characteristics that reflect the underlying gross and mi-
croscopic features of these lesions as well as their bio-
logical behavior. Lung cancer has multiple radiologic
manifestations that include solitary nodules, masses or
consolidations and atelectasis or consolidation secon-
dary to central obstructing lesions. Advanced lung can-
cer may manifest with invasion of extrapulmonary
structures, multifocal nodules, masses and consolida-
tions, or diffuse pleural involvement (with or without
malignant pleural effusion). Carcinoid tumors manifest
as well-defined central nodules or masses with a bron-
chial relationship and frequent post obstructive compli-
cations. Hamartomas are peripheral pulmonary nod-
ules that may be diagnosed prospectively based on the
presence of internal fat attenuation on CT. Pulmonary
metastases manifest as multifocal well-defined nodules
or masses with a predilection for the lower lobes and
the lung periphery.

Benign pleural neoplasms are rare, but always mani-
fest as focal pleural masses. While malignant pleural
neoplasms may also manifest as focal masses, they more
commonly exhibit diffuse pleural involvement. The dif-
ferentiation between primary and metastatic malignant
pleural neoplasms cannot be made on the basis of imag-
ing features.

Benign chest wall neoplasms are typically focal chest
wall lesions that may exhibit benign pressure effects on
adjacent ribs and soft tissue involvement, but do not de-
stroy adjacent osseous structures. Malignant chest wall
neoplasms are typically metastatic tumors that may be
focal or multifocal and frequently produce bone de-
struction and soft tissue masses. Malignant primary
chest wall neoplasms exhibit imaging features similar to
those of secondary chest wall malignancies.

Radiologic imaging plays an important role in the lo-
calization and characterization of lung, pleural and
chest wall neoplasms. Knowledge of the pathologic
characteristics of these lesions and their radiologic
manifestations allows the formulation of an appropriate
and focused differential diagnosis. Recognition of be-
nign conditions such as hamartoma and chest wall lipo-
ma based on their imaging features permits conserva-
tive management of these lesions.
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General Considerations

According to two large series, thymoma, neurogenic tu-
mours and benign cysts, taken together represent 60%
of patients with mediastinal masses. Significant differ-
ences exist between adults and children concerning the
respective frequency of various histological types. Neu-
rogenic tumours, germ cell neoplasms and foregut cysts
represent 80% of childhood lesions whereas primary
thymic neoplasms, thyroid masses and lymphomas are
the most frequent in adults. In two large series collect-
ing more than 200 cases of primary tumours of the
mediastinum, thymic tumours represent 20%–25%,
lymphomas 15%–20% and neurogenic tumours
20%–25% [1, 2]. These proportions are nevertheless
thought to be biased because they are retrospective and
exclude non-operated patients. There are significant
differences between children and adults. Neurogenic tu-
mours, germinal tumours, bronchogenic and neuroen-
teric cysts representing 80% of lesions in childhood
whereas thymic tumours, tumours of thyroid origin and
lymphomas are more frequent in adults [1, 3]. In a large
series from the Mayo clinic, tumours were malignant in
25% of cases and 75% were resectable [4].

Most patients with mediastinal lesions are usually
chronically asymptomatic and 83% of incidentally dis-
covered masses are benign. Approximately one-third 
of mediastinal masses are malignant and are more 
often symptomatic. Symptoms relate to invasion or
obstruction of nearby structures and can include dysp-
noea, dysphagia, cough from airway compression,
superior vena cava syndrome, hoarseness from laryn-
geal nerve involvement or symptoms resulting from
spinal cord compression. Myasthenia gravis or less fre-
quently Cushing syndrome can also reveal mediastinal
masses.

Imaging Studies and Differential Diagnosis 
of Mediastinal Masses

Computed tomography and magnetic resonance imag-
ing today play a powerful role in evaluating the medias-

Introduction

The wide variety of tissues within the mediastinum is
reflected in the many forms of neoplastic, developmen-
tal and inflammatory masses that can be seen as a local-
ized mass in the mediastinum. This review will empha-
size the imaging and pathological features of primary
tumours and cysts of the mediastinum. Metastases,
most often associated with primary bronchogenic car-
cinoma, and vascular lesions, particularly aortic aneu-
rysms, are also common but not usually considered in
reviews of mediastinal masses and therefore not within
of the scope of this chapter.
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tinum. While plain film gives limited results, a specific
diagnosis is sometimes possible with these techniques
and if not, at least a limited differential diagnosis can be
made. Ultrasound can be used in specific situations, es-
pecially in children and nuclear medicine techniques; in
particular PET may have specific indications discussed
in the dedicated section. The general trends of the ra-
diological diagnosis of mediastinal masses are present-
ed below.

Posteroanterior and lateral views of chest radio-
graphs remain the first and simplest method for detect-
ing a mediastinal mass. Typical findings include chang-
es in mediastinal contours and lines. The sensitivity of
chest film, however, is much lower than that of CT or
MRI and the former tomographic technique is manda-
tory in case of clinical suspicion of a mediastinal mass
when the chest film is unremarkable. On the lateral
view, a rough but useful classification of mediastinal
masses according to their topography can be obtained.
Anterior mediastinal masses are those projecting in
front of a virtual line following the anterior aspect of the
trachea, posterior masses those situated below a virtual
line running 1 cm below but parallel to the anterior as-
pect of the vertebral bodies of the thoracic spine and
medial masses those located between these two limits.
Although a specific type of tumour may arise from sev-
eral compartments of the mediastinum, and despite
that large tumours are often located within several com-
partments, a first approach of the differential diagnosis
can be obtained from the very simple observation of
these findings. Radiographic findings related to ana-
tomical variants, vascular masses and masses arising
from the digestive tract (hiatal herniae, oesophageal
masses) are of primary importance to avoid unneces-
sary extensive imaging evaluation and invasive proce-
dures but are not within of the scope of this chapter.
Chest film is often suggestive but in clinical practice, CT
can only be avoided in case of typical hiatal herniae. Tis-
sue components, as shown by CT or MR scans, together
with size, shape and precise location according to the
situation within mediastinal compartments, are today
the leading edge of the diagnosis of a mediastinal mass.
Attenuation values at CT and signal intensity at MRI
give much more detailed information than chest film
concerning the tissular composition of the mass. The
diagnosis can be at least partly suggested based on the
identification of the major components of a mass: fatty,
cystic or solid tissue. Calcifications can also be detect-
able, but this pattern is not as useful as the former in the
differential diagnosis. Additional information can also
be obtained from the degree and type of vascularity of
the lesion visible according to the degree of contrast en-
hancement after intravenous injection of contrast me-
dia.

A very useful finding for the differential diagnosis is
identification of fat. Normal fat is unencapsulated and

does not affect the normal contours of the mediasti-
num. True lipomatous tumours are much less common
than herniation of abdominal fat or diffuse lipomatosis.
So, in the majority of cases, discovery of the fatty nature
of a mass indicates benignancy. Mediastinal diffuse lip-
omatosis is an overabundant amount of histologically
normal fat. Homogeneity and absence of compression
of surrounding structures differentiate this benign con-
dition from multiple lipomas. This condition may be
part of a generalized obesity, or is seen in patients suf-
fering from Cushing disease or those treated with ster-
oid therapy. Omental fat can herniate through the fora-
men of Morgagni or Larrey and create the appearance
of a cardiophrenic angle mass. Therefore primary fatty
tumours of the mediastinum are rare, including lipo-
mas, liposarcomas and thymolipomas. However, some
tumours other than true lipomatous lesions may con-
tain some fat. The most common is teratoma, but fat has
also been reported in hemangiomas, angiolipomas, lip-
oblastomas in infants and extramedullary hematopoie-
sis. The fatty tissue component may be part of a com-
plex mesenchymal sarcoma with various tissues of me-
senchymal origin, i.e. fibrous, osseous or vascular com-
ponents.

Typical cysts appear on chest radiograph as smooth,
sharply marginated mediastinal lesions. On CT, they
have a similar attenuation to that of water and do not
enhance [5, 6]. Any cyst may have a higher attenuation
than that of water due to its calcic, proteinaceous, mu-
cus, or hemorrhagic content. Such lesions may be indis-
tinguishable from solid soft tissue neoplasms, although
the complete absence of enhancement after administra-
tion of intravenous contrast material may be a clue to
their recognition. On MRI, typical cysts have a high sig-
nal intensity on T2-weighted images but show a variable
T1-weighted appearance [7]. Those filled in with serous
fluid have a low signal intensity and those with a viscous
proteinaceous or bloody content have a signal which
varies from intermediate to very high intensity.Absence
of enhancement after gadolinium chelate injection is a
useful additional feature to assess the cystic composi-
tion. True cystic lesions should be differentiated from
the cystic degenerative changes observed in many solid
tissular tumours and nodes. Areas of low attenuation
may be present secondary to necrosis, old haemorrhage,
or the intrinsic properties of the neoplasm. On CT, iden-
tification of these degenerative cystic changes is based
on the visualization of an inhomogeneous low-density
mass with thick wall, sometimes in conjunction with
other CT findings such as lymphadenopathy, pulmo-
nary or pleural abnormalities. Goitres, thymomas, ma-
ture cystic teratomas, nerve root tumours, seminomas,
lymphangiomas and enlarged nodes from any origin
may show this type of finding. Mediastinal abscess may
also show as a low attenuation mass surrounded by an
enhancing rim and sometimes are filled in with gas or
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the air–fluid level. Clinical features and associated CT
findings such as gas bubbles, or communication with an
empyema, usually permit differentiation from true
cysts [5]. Mediastinal pancreatic pseudocyst is the en-
capsulated collection of pancreatic secretion, blood and
necrotic material. The lesion gains access to the posteri-
or and inferior part of the mediastinum through the oe-
sophageal or aortic hiatus. A recent pancreatitis and the
compression or splaying of the diaphragmatic crura are
suggestive features [8].

Most mediastinal masses, especially in an adult pop-
ulation, are solid. Among tissular masses, two types of
CT attenuation may restrict the differential diagnosis to
a limited number of possibilities: the spontaneously hy-
perattenuated mass and masses with a strong enhance-
ment on enhanced CT. Spontaneous hyperattenuation is
an uncommon finding which can be simply defined by a
mass that has a higher attenuation than muscles on un-
enhanced CT.Apart from calcified nodes or tumour cal-
cifications, and some cysts that have been previously
mentioned, this feature is frequently seen in thyroid goi-
tres and recent hematomas [9]. Ninety percent of hae-
matomas have areas of high attenuation during the first
72 h, reflecting the high haemoglobin concentration of
clotted blood. At this stage, the MR signal intensity is
low on T1 and T2. When the haematoma ages, its atten-
uation decreases at CT in a centripetal fashion, creating
a low-attenuation peripheral halo that increases over
time. At MRI, the signal intensity on T1WI increases
and gives a more typical appearance of the haemor-
rhagic content. Other spontaneously hyperattenuated
masses include foreign bodies, fresh clots in aneurysms,
residual lymphangiographic contrast material, retained
surgical sponges and orally opacified oesophageal di-
verticula.

Masses that are known to possibly enhance strongly
at CT after contrast media injection are goitres, medul-
lary cancer of the thyroid, parathyroid masses, vascular
tumours (haemangiomas), Castleman disease, thymic
carcinoid, metastasis of sarcomas and melanomas [10].
In clinical practice, the assessment of a strong enhance-
ment is simply obtained by comparing the degree of en-
hancement of the mass to that of vessels.

The vast majority of solid masses which arise in the
mediastinum enhance less strongly than the vascular
structures. Apart from clinical findings, the location of
the mass within a mediastinal compartment is therefore
the leading thread of the diagnosis. In the anterior med-
iastinum, tumours of thymic origin, lymphomas and
germ cell tumours are the most common. Neurogenic
tumours most frequently arise from the posterior med-
iastinum and primary cysts and tumours of mesenchy-
mal origin can be found in any mediastinal compart-
ment.

Primary Cysts

Primary cysts represent 15%–20% of all primary medi-
astinal tumours and occur in all compartments of the
mediastinum [11]. Most are developmental in origin
and the distinction between these cysts is not always
easy. Identification of the original tissue is often provid-
ed only by histological examination. Cysts containing
cartilage are classified as bronchogenic, whereas those
with gastric epithelium are neuroenteric. Primary cysts
include bronchogenic cysts, oesophageal duplication
cysts, neuroenteric cysts, pericardial cysts, thymic cysts
and cysts of the thoracic canal.

Bronchogenic cysts result from abnormal ventral
budding or branching of the tracheobronchial tree dur-
ing embryological development. The formation of a
bronchogenic cyst, rather than other bronchopulmo-
nary foregut malformation, i.e. cystic adenomatoid mal-
formation or bronchopulmonary sequestration, seems
to be a matter of exact timing of the event which in-
volves the lung bud. Although bronchogenic cysts could
be found within the lung, the mediastinum is by far the
most common location in large series [12]. They have a
fibrous capsule, often contain cartilage, smooth muscle
and mucous glands, and are lined by respiratory epithe-
lium (Fig. 1). They may be filled with clear serous fluid
or contain remarkably viscid mucoid material and are
stable in size except when complicated by infection or
haemorrhage. They do not usually communicate with
the bronchial tree, unlike intraparenchymal cysts, and
therefore an air–fluid level is very uncommon. The ma-
jority of bronchogenic cysts are asymptomatic but
symptoms secondary to compression of adjacent struc-
tures causing bronchiectasis, haemoptysis, pulmonary
artery stenosis or airway obstruction, or due to a com-
plication such as infection or haemorrhage may occur
[12].

The gradual improvement and use of antenatal ultra-
sound has led to an increase in prenatal detection. Bron-
chogenic cysts tend to appear as single cystic structures
with a thin wall [13]. On conventional radiographs, a
bronchogenic cyst appears as a well-defined solitary
mass of the mediastinum or hilum in close proximity of
the major airways. On CT scan, a smooth, round or el-
liptic mass with an imperceptible wall and a uniform at-
tenuation is found. Half of them are of water density
and the others have a CT density which varies depend-
ing on the cyst content [14, 15] (Fig. 2). On rare occa-
sions bronchogenic cysts show an extremely high den-
sity related to a milk of calcium content or a fluid–fluid
content [16] (Fig. 3). On MR imaging, the signal inten-
sity on T2-weighted images is very high and homogene-
ous, suggesting a cystic lesion; bronchogenic cysts fre-
quently show a signal intensity higher than that of mus-
cle on T1-weighted images because of their high protei-
naceous content (Fig. 4) [17]. Because this finding may
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Fig. 1A–C. Bronchogenic cyst. Gross view: Unilocular well-defined
cyst (A). B, C Microscopy: the cystic wall is lined with a respiratory
epithelium and contains bronchial glands (asterisk) and cartilage
(arrow)

Fig. 2A, B. Bronchogenic cyst, typical appearance. A Enhanced CT:
low-attenuation (25 HU) homogeneous mass located at the right
lateral aspect of the trachea. The cystic wall (arrows) is very thin.
No enhancement was observed compared with the unenhanced
scan (not shown). B, C T1 (B) and T2 (C)-weighted MRI: the lesion
is of slightly higher intensity than muscular wall tissue on T1 (B)
and very intense on T2 (C), a signal intensity characterizing a cys-
tic fluid of high protein content
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Fig. 3A, B. Bronchogenic cyst, atypical appearance. Unenhanced
(A) and enhanced (B) CT. High attenuation mass (asterisk) without
enhancement and with a thin wall. Some calcifications (arrows)

are visible). Pathological examination (not shown) revealed a
“milk of calcium” content

Fig. 4A, B. Bronchogenic cyst, atypical location. MRI showing a
low-intensity T1 (A) and a high-intensity T2 (B) well-defined ho-
mogeneous mass (asterisk) within the posterior mediastinum

with no perceptible wall and therefore suggesting a primary cyst.
Pathological examination revealed a bronchogenic cyst
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be seen in some solid tumours, gadolinium injection is
recommended, as bronchogenic cysts do not enhance.
Atypical features of bronchogenic cysts have been de-
scribed in rare situations: high protein concentrations
in cysts produce a low signal intensity on T2-wieghted
images [18]; a nonspecific fluid–fluid level has also been
shown [19]. Most bronchogenic cysts are located adja-
cent to the major airways along the paratracheal wall,
near the carina or in the posterior mediastinum, but
they may occur in any part of the mediastinum. The
first suggested diagnosis at imaging studies is that of
another primary cystic tumour in those cases (Fig. 5).

Oesophageal duplication cysts result from failure of
the originally solid oesophagus to vacuolate completely
to produce a hollow tube [20]. Although most often
asymptomatic, the majority are detected in infants and
children, usually adjacent to the oesophageal wall. They
are lined with a stratified squamous epithelium, sup-
ported by a lamina propria with oesophageal glands
and surrounded by a double layer of smooth muscle. Ec-
topic mucosa may cause haemorrhage, perforation or
infection. Their appearance at CT or MRI is identical to
that of bronchogenic cysts [21] except that the wall may
be thicker and in a more intimate contact with the oe-
sophagus, which results in an intramural compression
aspect on barium examination [22]. Radionuclide scans
with Tc-99m sodium pertechnetate may be helpful to
detect those that contain ectopic gastric mucosa. Neuro-
enteric or gastroenteric cysts arise from a gut anlage
that has herniated through a split in the notochord.
They occur in the posterior mediastinum and are dis-
tinguished from the others by their usual association
with spinal malformations of the cervical and thoracic

vertebrae such as hemivertebrae, posterior spina bifida
and scoliosis. Symptoms can be caused by compression
of nerves or surrounding structures or peptic ulcera-
tion of the epithelium.

Pericardial cysts are the result of anomalous out-
pouchings of the parietal pericardium in contrast with

Fig. 5. Bronchogenic cyst, atypical location. Low-attenuation well
defined mass (asterisk) of the anterior mediastinum suggesting a
thymic or a pericardial cyst. Pathological examination revealed a
bronchogenic cyst

Fig. 6A–C. Pleuropericardial cyst, typical appearance: on enhanced
CT (A), the lesion (asterisk) is low-attenuated, homogeneous, cir-
cumscribed by a very thin wall and typically situated in the anteri-
or cardiophrenic angle. T1 (B) and T2 (C) coronal MRI slices show
the typical signal of a cystic lesion filled by a water-like fluid
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pericardial diverticula that communicate with the peri-
cardial sac. The cyst wall is composed of a single layer of
mesothelial cells and connective tissue and contains a
clear fluid.Although constant at surgery, the connection
to the pericardial sac is barely visible preoperatively.
Most pericardial cysts are unilocular and occasionally
they are pedunculated. They are commonly located in
the right cardiophrenic angle, although they may occur
anywhere in relation to the pericardium, the posterior
cardiophrenic angle, the superior retroaortic pericar-
dial recess. On imaging studies, they are seen as smooth,
well-defined, oval or round masses in contact with the
heart [23], without a perceptible wall at CT and with a
water-attenuation content (Fig. 6). They may demon-
strate different shapes at different times of examination
and have a pointed appearance at CT [24].

Thymic cysts are uncommon and represent 1% of all
mediastinal masses [25]. Two distinct forms of thymic
cysts are described: congenital and acquired. The con-
genital cyst tends to be unilocular (Fig. 7), derives from
remnants of the thymopharyngeal duct and occurs any-
where along the course of the embryonic thymus gland
from the angle of the mandible to the manubrium [26].
Thymic cysts can also be acquired lesions following
thymic inflammation and they tend to be multilocular.
They are known to occur occasionally in patients after
radiation therapy for mediastinal Hodgkin disease [27],
in association with thymic tumours [28] and after thor-
acotomy. Large multilocular cysts are seen in about 1%
of children with HIV infection [29]. Grossly, thymic
cysts may be unilocular or multilocular with a thin wall
with attached fatty thymic tissue. The content is gener-
ally a straw-coloured fluid or brown due to previous
haemorrhage. The lining is made up of flattened or co-

lumnar epithelium and thymic tissue should be identi-
fied to assess the diagnosis of thymic cyst [30]. Careful
examination is necessary to exclude a cystic thymic
neoplasm, a seminoma or Hodgkin disease. At CT, a
congenital cyst appears as a well-defined water-attenua-
tion mass with imperceptible walls (Fig. 8), whereas a
multilocular cyst is more heterogeneous with a more
clearly visible wall [31]. Curvilinear calcification of the
wall may be visible [32].

Cysts of the thoracic duct are rare, thin-walled and
unilocular, lined by flat endothelial cells. A location

Fig. 7. Thymic cyst: unilocular thin walled
cyst lined with epithelial cells attached to
fatty thymic tissue

Fig. 8. Thymic cyst, nonenhanced CT: low-attenuation mass (cir-
cle) of the anterior mediastinum with no enhancement (not
shown), a very thin wall and the typical triangular shape of the
thymus
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strictly medial to the spine at CT mat is suggestive but
connection with the thoracic duct can be proved by CT
lymphangiography obtained by injection of iodized oil
into the patient’s foot [33].

Goitres and Parathyroid Masses

Thyroid and parathyroid are not mediastinal organs but
the frequency of mediastinal thyroid goitres and of ec-
topic parathyroid tumours led to considering these le-
sions in the list of common mediastinal masses. Medias-
tinal goitres constitute 5%–10% of all resected medias-
tinal masses. An intrathoracic thyroid mass is usually a
benign multinodular colloid goitre or an adenoma and
rarely a carcinoma. Considering malignancy, small foci
of degeneration are frequent while massive malignant
transformation remains very rare, and malignancy in
thoracic goitres is not more frequent that within the
neck. Patients are generally older women and present
with neck mass or tracheo-oesophageal compression
and displacement. Intrathoracic thyroid masses are al-
most always a downward extension of a thyroid mass
that originates in the neck and very rarely arises from
ectopic thyroid tissue. Therefore the continuity between
the mediastinal mass and the thyroid is a major diag-
nostic feature. Occasionally, the only connection is a
narrow fibrous or vascular pedicle not visible on axial
CT slices. In 80% of cases, the thyroid extends into the
prevascular spaces, but posterior extension behind the
aortic arch vessels along the trachea represents 20% of
cases [25]. Histologically, a multinodular goitre is an ag-
gregate of multiple discrete nodules, either colloid or
true adenomas. The nodules are partially encapsulated,
numerous, and the size can vary greatly with one nodule
being dominant. The cysts are lined with a low cuboidal
epithelium with abundant colloid in variable-sized folli-
cles (Fig. 9). Within a goitre; areas of haemorrhage, fi-
brosis and calcifications are often visible.

On chest radiographs, a thyroid mass is spherical or
lobular, well defined, and very frequently displaces the
trachea. The pattern of displacement depends on the lo-
cation of the mass, usually anterior or lateral to the tra-
chea but possibly posterior to it, separating the trachea
from the oesophagus. Considering the diagnosis of a
goitre, the combination of findings on CT is characteris-
tic in most instances: communication between the cer-
vical thyroid gland and the mass by contiguous slices, a
mass of inhomogeneous attenuation with cystic and
high-attenuation areas, calcifications of various shapes
(Fig. 10), marked and prolonged contrast enhancement
[9, 34]. Occasionally, goitres may compress the brachi-
ocephalic veins or the superior vena cava. Calcifications
are more frequently seen the longer the goitre is
present. Dense, amorphous with a nodular, curvilinear
or circular configuration, cysts are seen in the benign
goitre but also in medullary carcinomas, whereas cal-
cifications made up of cloud-like or fine dots that are
found in papillary and follicular carcinomas. Distin-
guishing between benign and malignant goitres at CT is
not possible unless the tumour clearly invades beyond
the thyroid gland. On MR, multinodular goitres have

Fig. 9A–C. Thyroid goitre. Gross specimen: asymmetrical enlarge-
ment and bilateral nodularity (A, B). Microscopy: hyperplastic
nodule composed of vesicles of various sizes (C)
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been shown to be relatively hypointense compared with
normal thyroid tissue on T1-weighted images, except
foci of haemorrhage and cysts that may be hyperin-
tense. T2-weighted images show a typically heterogene-
ous appearance with high signal intensity throughout
most of the gland [35]. The MR imaging signal intensity
is a depiction of the different tissue components, includ-
ing follicular colloid (low or high T1 and high T2), fibro-
sis (low T1 and low T2), blood (variable T1 and T2) and
calcium (signal void) (Fig. 11). Displacement of medias-
tinal vessels, trachea, oesophagus and relationships
between the cervical and thoracic components of the
goitre are exquisitely demonstrated by multiplanar im-
aging whatever the technique, spiral CT or MRI (Fig.
12). The dimension of a goitre and the locus of exten-
sion should be assessed preoperatively to guide the sur-
geon in the preoperative approach [36]. Radionuclide
imaging of the thyroid shows some functioning thyroid
tissue in almost all intrathoracic goitres.

Because of the likely common origin of the thymus
and the inferior parathyroid glands from the third bran-
chial pouch, ectopic parathyroid gland may be found in
the anterior mediastinum near or within the thymus.
The frequency of a mediastinal parathyroid tumour in-
creases in patients requiring repeat surgery for persis-
tent or recurrent hyperparathyroidism. Adenoma aris-
ing from ectopic parathyroid glands in the mediasti-
num is common and carcinoma exceedingly rare. The
tumour is well defined and consists of trabeculae, small
follicles and tubules consisting of polygonal cells. The

lesion may be cystic due to necrosis (Fig. 13). These pa-
tients may have four parathyroid glands in their normal
position in the neck [37]. The most common location is
lateral to the oesophagus [38]. They may also occur in or
near the thymus and an aortopulmonary window loca-
tion is possible [39–41]. They are often less than 2 cm in
diameter and their detection at CT drops considerably
below this size, because they are the same size as normal
lymph nodes. A marked contrast enhancement is there-
fore a useful feature but not constant. Sestamibi radio-

Fig. 10. Thyroid goitre, unenhanced CT. Coronal 2D reconstruc-
tion showing the mass (asterisk) growing down from the right thy-
roid lobe. The lesion is slightly heterogeneous and calcified (ar-
rows)

Fig. 11A, B. Thyroid goitre MRI, T1 (A) coronal slice showing the
goitre developed from both thyroid lobes (asterisks) compressing
the trachea and the innominate veins (arrows) and the T2 axial
slice (B) showing high-intensity cystic areas (asterisk) and the pos-
terior extent of the goitre (arrow) behind the trachea
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nuclide imaging, SPECT and MRI (Fig. 14) are the best
techniques to demonstrate mediastinal parathyroid
glands [42–44]. On MR imaging, the mass is usually of
low signal on T1, a bright signal on T2-weigthed imag-
es, but any type of signal can be seen [36]. Mediastinal
parathyroid cysts are rare and discovered incidentally
with imaging findings that do not differ from other
cysts of the mediastinum [45].

Thymic Masses

Epithelial Tumours of the Thymus

The term “thymoma” was used for many years to desig-
nate any type of involvement of the thymus. Today this
term is strictly reserved for tumours composed of
thymic epithelial cells and with a variable proportion of
reactive lymphocytes, excluding mesenchymatous, en-

Fig. 12A, B. Thyroid goitre with retrotracheal extent. Enhanced CT
showing (A) the origin from the left thyroid lobe (asterisk) and a
posterior extension behind the trachea compressing the oesopha-

gus and growing down between the aortic arch (asterisk) and the
trachea (B)

Fig. 13A, B. Parathyroid cystic
adenoma: the cystic wall is com-
posed of parathyroid cells (aste-
risk) (B) attached to ectopic para-
thyroid tissue (arrows) (A)
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docrine, germinal neoplasms and lymphomas. Thymo-
ma is the most common neoplasm of the anterosuperi-
or mediastinum and the most common primary tu-
mour of the thymus. Seventy percent are found in the
5th and 6th decades of life, with no gender predilection.

Thymomas are characterized by an admixture of
neoplastic epithelial cells with mature lymphocytes
(Fig. 15). Most are homogeneous but areas of necrosis,
haemorrhage or cystic changes occur in one-third of
cases. Most thymomas are encapsulated but one-third
show various degrees of invasion of the capsule or of
surrounding fat, pleura, pericardium and vascular
structures. Lymphatic and haematogenous metastases

are rare. The term “invasive thymoma” is used to desig-
nate a capsular invasion. The staging system proposed
by Masoaka takes into account a capsular breakthrough,
contiguous involvement of surrounding tissues, im-
plants, and metastases [46]. Stage I shows no capsular
invasion; stage II microscopic invasion of the capsule,
surrounding fat or pleura, stage III invasion of sur-
rounding organs; stage IVa pleural or pericardial dis-
semination and IVb lymphatic or haematogenous me-
tastases. The histological classification of thymomas
still remains controversial. Initially two major classifi-
cations were proposed, one by Levine and Rosaï and the
other by Marino and Müller-Hermelink. Levin and

Fig. 14A, B. Parathyroid ectopic adenoma. MRI T1-weighted (A)
coronal and T2-weighted (B) axial slices showing an intermediate
on T1, high signal intensity on T2 located within the aortopulmo-

nary window (arrow). A central area of low signal intensity (A) in-
dicates necrosis

Fig. 15A, B. Thymoma. Gross anatomy showing an
encapsulated tumour with a faintly lobulated
ivory-coloured surface (A) and a lobulated ap-
pearance at low-power microscopy (B)
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Rosaï distinguished morphologically benign thymomas
(noninvasive) from malignant thymomas type 1 (histo-
logically malignant but cytologically benign) and type 2
malignant thymomas (thymic carcinomas) [47]. Mari-
no and Müller-Hermelink proposed a classification
based on the histological resemblance with the cortex or
medulla of the normal thymus [48]. According to this
last criterion, thymomas were classified in six catego-
ries, medullary, mixed, predominantly cortical (organ-
oid), cortical, well-differentiated carcinoma and high-
grade carcinomas. Compared with the previous results,
this system would have prognostic significance, inde-
pendent of tumour stage, the prognosis being worse
with cortical and carcinomatous features. Nevertheless,
some lesions remained difficult to classify. Therefore, a
WHO classification has been suggested recently, retain-
ing aspects from the two previously described, based on
the degree of invasion and histology [49]. In this last
classification, thymomas are divided into six groups: A,
AB (Fig. 16), B (1, 2, 3) (Fig. 17) and C (Fig. 18). Type A
(for atrophic) are thymomas with epithelial cells identi-
cal to subcapsular normal cells in thymic remnants in
adults. Type B (for bioactive) is divided into three
groups (1, 2 and 3) according to the increasing number
of cellular atypical epithelial cells and has morphologi-
cal features close to those of the cortical cells of a child.
Type C are thymic carcinomas with obvious cellular
atypia and loss of lobulated architecture. Various types
of type C can be described: epithelial, sarcomatoid, bas-
aloid, and clear cell. The main advantages of the WHO
classification are its reproducibility and prognostic sig-
nificance. Because these types are similar to primary
carcinomas outside the thymus, metastases from an-
other primary site, especially the lung, need to be ex-
cluded [32]. There is a strong correlation between stage
and histological type, most A,AB and B1 being encapsu-
lated tumours with a 10-year survival of more than 90%,
whereas B2 and B3 are often infiltrative with an only
40% 10-year survival [50]. The latter and type C tu-
mours are those requiring additional therapeutic ac-
tions when they are resectable. However, there is no
doubt that the staging and the extent of the surgical re-
section (complete vs partial) are major prognostic fac-
tors. Therefore stage, as previously mentioned, is essen-
tial for the therapeutic decision.

Patients with thymomas are asymptomatic in
20%–50% of cases. Patients may complain of dyspnoea,
chest pain, respiratory infection, hoarseness, dysphagia
and cough, which are produced by compression of adja-
cent structures. Superior vena cava syndrome and sud-
den death due to right atrial compression are rare. Pure
red-cell aplasia, hypogammaglobulinaemia, endocrine,
connective and cutaneous disorders have been reported
associated with thymomas. Myasthenia gravis is asso-
ciated with thymomas in 10%–15% and one-third of pa-
tients with thymomas have myasthenia gravis, although

Fig. 16A–C. Thymoma. Cytological characteristics of A and AB
types. Type A: tumour composed of neoplastic spindle, oval-
shaped epithelial cells without nuclear atypia (A). Type AB: tu-
mour showing foci of type A and admixed foci rich in lympho-
cytes (B, C)
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these two conditions are not necessarily synchronous.
The most frequent thymic abnormality associated with
myasthenia gravis, however, is follicular thymic hyper-
plasia, which is a non-neoplastic condition [51].

The most frequent radiographic appearance of thy-
moma is a soft tissue mass of the anterior mediastinum,
with smooth margins and lobulated borders against the
lung, adjacent to the junction of great vessels or pericar-
dium. Cardiophrenic angles, neck or other compart-

ments are possible locations. On lateral projection, a
soft-tissue opacity is often visible in the retrosternal
clear space. Various patterns of calcifications may be
visible. Invasive thymomas may be revealed by pleural
disease, usually unilateral and nonspecific. Twenty-five
percent of thymomas remain invisible on plain film and
therefore clinical suspicion should lead to a CT exam-
ination when plain film remains unremarkable . The
spectrum of CT findings in patients with thymoma has

Fig. 17A–C. Thymoma. Cytological characteristics of B1 (A), B2 (B),
B3 (C) types. B1: mixture of thymocytes and of epithelial cells with
inconspicuous nuclei (A). B2: mixture of thymocytes and large epi-

thelial tumour cells with vesicular nuclei (B). B3: predominant epi-
thelial tumour cells with round or polygonal shape and rare lym-
phocytes (C)

Fig. 18A, B. Thymoma type C (thymic carci-
noma). Microscopy: low-power magnifica-
tion showing necrosis and ill-defined nonen-
capsulated islets of irregular contours with
epidermoid differentiation
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Fig. 19A–E. Thymoma type B1 Plain film (A) showing a homogene-
ous well-defined opacity (arrows) with silhouette sign of the right
side of the heart. Unenhanced (B) and enhanced (C) CT showing a
solid, well-defined mass (circle) slightly enhancing (asterisk) later-
al to the right atrium. T1-weighted (D) and T2-weighted (E) MRI
showing an intermediate signal intensity indicating a solid mass
(asterisk)



Chapter 3.4 Mediastinal Masses 199

been extensively described [51]. Noninvasive thymomas
appear as round or oval, well-circumscribed masses of
variable size, growing asymmetrically to one side of the
anterior mediastinum (Fig. 19). Lobular septations sep-
arated by thick septa can be visible. The mass may be
partially outlined by fat or may replace fat completely,
but the latter finding does not inform on local invasion.
Direct contact and absence of cleavage planes are not
strictly reliable criteria to predict invasion, which
should not be overdiagnosed. On the other hand, clear

delineation of fat planes surrounding a tumour should
be interpreted as indicating an absence of extensive lo-
cal invasion (Figs. 20, 21). The CT density is similar to
that of a normal young thymus and slightly increases
with administration of contrast material. Curvilinear
capsular calcifications of solid tumours or cyst wall or
amorphous central calcifications can be detected; areas
of cystic degeneration are also common. Sometimes the
cystic part is dominant and the tumour arises from the
cyst wall. The tumour can occur in the prevascular

Fig. 20. Thymoma, minimally invasive type
(micronodular variant) showing the rupture
of the capsule (asterisk) with extension into
the surrounding tissues

Fig. 21A, B. Minimally invasive thymoma. CT, axial (A) and sagittal
(B) 2D reconstruction, showing a homogeneous, well-defined sol-
id mass (asterisk) of the anterior mediastinum. Contours and rela-

tionships with pericardium and great vessels are nicely evaluated
by multiplanar CT
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space of the mediastinum but also at a lower level
around the base of the heart and anywhere between the
lower pole of the thyroid gland and the anterior surface
of the pericardium. A sensitivity of 91% and a specific-
ity of 97% of CT in the diagnosis of a thymic mass have
been reported [52]. The main difficulty for the radiolo-
gist is to distinguish thymoma from thymic lymphoid
follicular hyperplasia, because the latter may manifest
as a diffuse enlargement of the thymus but also as a fo-
cal mass [53]. This distinction is even more complicated
in young patients, who may have residual thymic tissue,
but is more reliable in those older than 40, whose thy-
mus has undergone a fatty involution. Somatostatin re-
ceptor scintigraphy with somatostatin analogue, indi-
um-111 and thallium-201 scintigraphy are more reliable
in distinguishing thymomas from follicular hyperplasia
or thymomas from scar tissue [54].

Invasive thymomas appear on CT as an irregular ill-
defined mass. Most often, they tend to show lobulated or
irregular contours, to have a higher prevalence of low
attenuation areas within the tumour, as well as multifo-
cal calcifications [55]. They grow along pleural surfaces
and can reach the posterior mediastinum and extend
downwards along the aorta to involve the crus of the di-
aphragm and the retroperitoneum. A full CT examina-

tion in these patients should extend to the upper abdo-
men. Pleural extension as droplet spread without conti-
nuity with the primary tumour can be seen (Fig. 22).
Drop metastases may coalesce to encase the lung and
simulate a malignant mesothelioma. Invasion of the
thoracic wall, mediastinal vessels, trachea, pericardium
and lung parenchyma is frequent. Metastatic involve-
ment of liver, kidney, bone and brain is infrequent. De-
spite a more aggressive appearance and lymphatic and
metastatic dissemination more frequent in thymic car-
cinomas (type C) than in other types of thymomas at
presentation [56], there is so far no correlation between
histological subtypes and imaging features, nor with as-
sociated neoplasm (Fig. 23). Recent reports have shown
that smooth contours and a round shape are most sug-
gestive of type A, whereas irregular contours are more
likely to occur in type C. Calcification is suggestive of
type B. However, CT is of limited value in differentiating
types AB, B1, B2 and B3 tumours [57].

MR has a limited role in the evaluation of thymomas
because it does not add significant information to CT in
most cases. This technique, however, is very useful when
CT appearance is equivocal and when CT cannot be per-
formed with contrast material to assess vascular and
cardiac involvement. Thymomas show a signal intensity

Fig. 22. Invasive thymoma. The main lesion is situated in the ante-
rior mediastinum, is heterogeneous and irregular in shape, with
ill-defined contours on the left mediastinum–lung interface, sug-
gesting lung invasion. The lesion grows posteriorly along the de-
scending aorta (arrow).A bilateral pleural effusion and pleural im-
plants (arrowhead) without apparent connection to the main le-
sion indicate pleural invasion

Fig. 23. Thymic carcinoma. CT showing a heterogeneous anterior
mass (asterisk) without specific features but ill-defined contours
suggesting an invasive lesion
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close to skeletal muscle on T1-weighted images and an
increased signal relative to muscles on T2-weighted im-
ages [58]. Radiological–pathological correlations have
shown that the signal on T2-weighted images is hetero-
geneous in malignant thymomas and show a lobulated
appearance in about half of the cases [59, 60].

The treatment of choice of a thymoma is complete
surgical resection with en-bloc removal of the thymus
and neighbouring adipose tissue. Patients with stage I
encapsulated tumour are almost always cured by com-
plete surgical resection. Postoperative radiation therapy
is used in patients with stage II invasive thymomas and
in stage III and IVa. It may also control residual disease
and provide long term free-survival. Patients with stage
IV disease, invasive incompletely excised or recurrent
thymomas are candidates for chemotherapy.

Other Thymic Tumours and Non-neoplastic Conditions
of the Thymus

Carcinoid tumour is a well-differentiated neuroendo-
crine tumour of low-grade malignancy. Carcinoid occu-
pies lies opposite to small cell carcinoma on the spec-
trum of neuroendocrine tumours, intermediate types
called atypical carcinoid and large cell neuroendocrine
tumours. The thymus is an uncommon location, the
gastrointestinal tract and the respiratory tract being the
most commonly affected. The histology of carcinoid tu-
mour of the thymus is similar to its bronchial and gas-
trointestinal counterpart, regardless of the frequency of
mitotic figures and foci of necrosis. They are composed
of solid nests of relatively large cells with finely granu-
lar cytoplasm, arranged in a pattern suggestive of endo-
crine tumour, often with argyrophilia. As in other loca-
tions, the tumour cells immunostain for neuron-specif-
ic enolase and chromogranin A with variable intensity,
sometimes with somatostatin and ACTH (Fig. 24).
Thymic carcinoid may secrete ACTH and present with
ectopic ACTH Cushing syndrome, rarely a multiple en-
docrine neoplasia type I (Wermer syndrome) [61]. The
carcinoid syndrome has not been described in patients
with carcinoid tumour. The tumour affects patients
within a wide age range who present with symptoms of
compression or invasion of adjacent structures, com-
plain of chest pain or dyspnoea or have metastases at
presentation. One-third are asymptomatic. CT features
are indistinguishable from thymomas (Fig. 25) [62, 63].
Indium DTPA is accumulated in thymic carcinoid as
well as in other thymic neoplasms and has been used for
anatomical localization of occult hormonally active tu-
mours [64, 65].

Thymolipoma is a rare slow-growing tumour,
thought to represent a hamartomatous lesion. It occurs
in both sexes in relatively young patients. The tumour
enlarged the thymus, which often remains normal in

Fig. 24A–C. Carcinoid tumour of the thymus. Gross anatomy: pale
to yellow solid cut surface with scattered areas of necrosis (A). Mi-
croscopy: cellular tumour admixed with scantly and microvascu-
lar stroma (B). High-power magnification: ribbons and nets of
small to medium-sized polygonal cells with eccentric nuclei (C)
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shape and may be attached to the thymus by a pedicle.
Histologically, it is composed of normal fat and thymic
tissue, the latter appearing normal [66]. When they are
large, thymolipomas may extend downwards on the di-
aphragm, leaving the superior mediastinum relatively
clear, as the result of their soft and pliable consistency.
They are composed of a mixture of fatty and tissular
components of nearly equal proportions, although
some are predominantly composed of fat mimicking a
lipoma [67].

Thymic lymphoid (follicular) hyperplasia is charac-
terized by expansion of the medulla at the expense of
the cortex, due to the proliferation of medullary B-cell
lymphoid follicles with active germinal centres and ac-
celerated production of antibodies to acetylcholine re-
ceptors [32]. It affects young adults and is frequently as-
sociated with myasthenia gravis and account for 85% of
thymic abnormalities associated with myasthenia gra-
vis [68]. Thymic hyperplasia can also be associated with
thyrotoxicosis, Addison disease, a variety of connective
tissue and autoimmune disorders, and other nonthymic
neoplasms [47]. Thymic shape is normal and its size can
either be normal or enlarged. CT may show a grossly
normal thymus, a diffuse enlargement or a focal nodule.
On MRI, the signal intensity is similar to the thymus of
normal subjects [53].

Lymphoid hyperplasia should be distinguished from
true thymic hyperplasia, which shows an increase in
size and weight with a normal microscopic appearance.
This condition results from rebound growth after an
acute illness, corticosteroid administration or thymic
radiation therapy or chemotherapy, mainly lymphoma
and germ cell tumour, for usually during the year fol-
lowing its cessation. Young subjects are predominantly

affected. Imaging features are those of an enlarged nor-
mal-shaped thymus of homogeneous attenuation or
signal similar to that of a normal gland [32].

Lymphoma

The term “lymphoma” refers to a primary tumour of the
immune system and encompasses a spectrum of diseas-
es among which Hodgkin disease (HD), and a group of
lymphoproliferative disorders termed non-Hodgkin
lymphomas (NHL) are distinguished. HD accounts for
approximately 0.5%–1% of newly diagnosed cancers in
adults, whereas NHLs are four times more common.
However, HD more commonly affects the mediastinum
and is confined to the thymus in 10%–40%, whereas
15%–25% of patients with NHL have mediastinal or hi-
lar lymph nodes at presentation, and the disease is lim-
ited to the mediastinum in less than 10% of the cases
[32]. HD shows a characteristic bimodal peak in the 3rd
and 6th decades and the median age of diagnosis of
NHL is 55 years [69]. Improvement in histopathology
and immunology have led to the development of the
REAL/WHO (Revised European and American Lym-
phoma/World Health Organization) classification
system based on morphology, immunology, cell diffe-
rentiation, aetiology and clinical behaviour [70]. The
clinical staging uses the Cotswold classification, a mod-
ification of the Ann Arbour classification [71].

Hodgkin Disease

Pathologically, HD is characterized by the presence of
the Reed-Sternberg cell (Fig. 26). The pathological clas-
sification of HD relies on the RYE system which is still
accepted and divides four subtypes: lymphocyte pre-
dominance, nodular sclerosis, mixed cellularity and
lymphocyte depletion, the nodular sclerosis type being
the most frequent and the most frequently affecting the
mediastinum.A fifth histological type, nodular lympho-
cyte predominance Hodgkin lymphoma, has been add-
ed to this histological categorization but its tendency is
to spare the mediastinum [72]. HD spreads predictably
from one lymph node group to the contiguous one.
Staging, based on a systemic evaluation of the disease, is
a critical step for treatment decisions [69]. Radiothera-
py suffices in early stages (IA and IIA), whereas combi-
nation chemotherapy is indicated in more advanced
disease [73]. Prognosis depends on the stage of the dis-
ease, cure being obtained in 90% of patients with local-
ized disease and in 60% in those with extensive disease.

Radiographic evidence of intrathoracic disease is
seen at presentation in 70% of patients, of whom the
mediastinum is frequently involved but rarely isolated.
Only 15% of patients have lymphadenopathy confined

Fig. 25. Thymic carcinoid. CT showing a well-defined anterior
mediastinal mass (asterisk) without specific features. The patient
had no symptoms that would arouse suspicion of the endocrine
nature of the lesion
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to a single lymph node group [74, 75]. Posteroanterior
and lateral chest films can detect most intrathoracic ab-
normalities [73] and are important at baseline and for
periodic surveillance. A diffuse mediastinal widening
with lobulated contours and varying degrees of mass ef-

fect are the main features. CT and PET are, however,
more sensitive and specific. CT can add additional in-
formation in 8% of patients whose radiograph is nor-
mal and globally in 15% of cases and is therefore recom-
mended [74]. Mediastinal HD typically manifests as

Fig. 26A, B. Hodgkin disease. Lymphoid nodular proliferation in the setting of thymic cyst (A). High power: Sternberg neoplastic cells and
Hodgkin cells mixed with lymphocytes plasma cells and eosinophilic granular cells (B)

Fig. 27A–C. Hodgkin disease, nodular sclerosis type. Chest film (A)
showing an upper right mediastinal enlargement (asterisk) sug-
gesting mediastinal nodes. CT (B) and (C) showing anterior medi-
astinal (arrow) and paratracheal (arrowhead) nodes
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multiple rounded lymph nodes. The anterior and para-
tracheal lymph nodes are the most frequently involved
[76]. The other group and hilar nodes are less frequent-
ly involved (Fig. 27). Lung parenchymal evaluation is al-
most always associated with mediastinal involvement.
Mediastinal HD may also manifest as a dominant bulky
mass of lymph nodes, and mass effect or invasion of ad-
jacent pleura, lung or chest wall is possible. Thymic in-
volvement is difficult to distinguish from adenopathy
on CT alone but the thymus is considered as a lymph
node and therefore its involvement does not affect the
staging [77]. Pleural effusion is usually a consequence of
lymphatic or venous obstruction rather than a lym-
phomatous involvement, and parietal extension may be
seen at presentation [74, 75]. The paracardiac nodes are
not commonly involved at the initial presentation but
are a common finding of relapse [78]. Masses typically
show homogeneous soft tissue attenuation but large tu-
mours may show fluid-filled cystic changes correspond-
ing to haemorrhage and necrosis. Calcifications are rare
before therapy but could be seen in residual masses and
nodes after treatment (Fig. 28). On MR, masses and
nodes exhibit homogeneous low signal intensity similar
to that of muscle on T1-weighted images and a greater
or equal signal than fat on T2-weighted images. Tumo-
ral oedema, immature fibrosis, areas of necrosis and
cyst formations may show high signal, whereas dense fi-
brosis shows low signal intensity [79].After treatment, a
residual fibrotic mass cannot be differentiated from a

viable tumour in the first 6 months after therapy [80].
However, recurrent disease tends to exhibit one or more
increased signal intensities or heterogeneous high sig-
nal when compared with baseline studies, independent
of tumour size [80, 81]. A close follow-up should is re-
quired. A new or enlarging mediastinal mass that devel-
ops after therapy may represent recurrence, post-thera-
peutic cyst or hyperplasia. Although MR shows advan-
tages over CT in the detection of occult bone-marrow
involvement, it is less accurate in evaluating the lung pa-
renchyma and usually employed for evaluating impor-
tant anatomical issues raised by CT and not as the initial
test after chest X-ray. Gallium scanning has been em-
ployed for several decades and has declined in popular-
ity since its results and utility remains ambiguous. In
contrast, fluorodeoxyglucose PET has been proved to be
more sensitive than CT and to be able to modify the in-
itial staging [82]. Today PET and CT would appear to be
the examinations of choice.

Non-Hodgkin Lymphoma

NHL accounts for approximately 3% of all cancers in
adults. This group of diseases is more heterogeneous
than Hodgkin disease, with a wider spectrum of clinical
manifestations and pathological characteristics [83].
Treatment strategy and prognosis strongly depend on
the histology subtype. The working formulation classi-
fies NHL into low, intermediate, and high grades on the
basis of morphology. In general, NHL presents at a more
advanced stage than HD, with constitutional symptoms,
generalized lymphadenopathy or extensive extranodal
disease [32]. NHL in adults is rarely localized solely to
the mediastinum, but primary mediastinal large B-cell
type and lymphoblastic lymphoma arise preferentially
as anterior mediastinal or thymic masses.

Lymphoblastic lymphoma represents 40% of child-
hood lymphomas and 15% of acute leukaemias. Males
are predominantly affected and it is considered as a
form of acute lymphoblastic leukaemia. Patients fre-
quently show widespread disease at presentation and
the rapid growth and high degree of invasion are re-
sponsible for superior vena cava syndrome and airway
compromise, a true oncological emergency. Other clini-
cal presentations are subacute. The tumour is composed
of small immature lymphocytic T cells (Fig. 29). Inter-
nal fibrous bands are absent. Radiologically, patients
have large lobulated anterior masses, often measuring
over 10 cm. Compression of thoracic vessels, trachea
and oesophagus and invasion of pericardium, lung and
chest wall and pleural effusion are common (Fig. 30).

Primary large B-cell lymphoma occurs in adoles-
cents or young adult females who present with a rapid
onset of constitutional symptoms or superior vena cava
syndrome. Grossly, this an unencapsulated bulky inva-

Fig. 28. Hodgkin disease, nodular sclerosis type. CT following
treatment showing a residual calcified lateral tracheal node (ar-
rowhead)
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Fig. 29A, B. Lymphoblastic lymphoma.
Microscopy: diffuse infiltration (A) of the
mediastinal fat (seen as isolated vacuoles)
surrounded b y lymphoblasts (B)

Fig. 30A, B. Lymphoblastic lymphoma in a 22-year-old man revealed by a superior vena cava syndrome. CT axial (A), sagittal (B) 2D ref-
ormations. Invasive solid anterior mass (asterisk) compressing the mediastinal vessels and the trachea

Fig. 31A, B. Diffuse large B-cell lymphoma
(sclerosing variant). The tumour is charac-
terized by fibrohyaline bands incompletely
dividing the lymphomatous cells into nets
(A, B)
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sive soft tissue mass which consists of clear cells with
indistinct borders and prominent fibrosis and is
thought to arise from thymic medullary B cells (Fig. 31).
Imaging features are similar to the others, with involve-
ment of the thymus and/or mediastinal nodes. CT con-
stitutes the principal modality for initial staging of tho-
racic lymphoma, providing a baseline staging evalua-
tion that is useful for follow-up. Ultrasound can be em-
ployed in case of pericardial or cardiac involvement but
MRI is, in this particular case, as well as in vascular
compromise, the preferred method (Fig. 32). Today the
use of gallium scintigraphy has declined at the expense
of PET. Although PET has limitations in detecting up-
take in low-grade lymphomas, its improved sensitivity
over CT suggests that this technique has an important
role in both staging and in predicting prognosis and re-
lapse of residual masses [84, 85].

Germ Cell Tumours

Germinal-cell tumours account for roughly 10%–0% of
primary mediastinal tumours in adults. Extragonadal
germ cell tumours arise from tumoral transformation
of multipotential primitive germ cells that are displaced
along midline structures during their migration from
the yolk endoderm to the gonad during early embryo-
genesis. Most arise in the anterior mediastinum
between the 2nd and 4th decade of life, particularly the
anterosuperior portion, with only 3% of them being
found in the posterior mediastinum. Seventy-five per-
cent are benign teratomas, mature or immature, which

occur with equal frequency in men and women. Malig-
nant varieties have a strong male predominance and in-
clude teratoma with malignant transformation, semino-
ma, the most common accounting for 40% of the malig-
nant varieties, but also embryonal cell carcinomas (te-
ratocarcinoma), endodermal sinus tumour, choriocar-
cinomas, and mixtures of these various cell types
[86–88].

Teratomas

Mature teratomas are rare slow-growing primary germ
cell neoplasms composed of well-differentiated tissues
derived from more than one of the three embryonic
germ cell layers that occurs near or within the thymus
gland. A teratoma with immature neuroectodermal and
mesenchymal tissue is called an immature teratoma.
Those that contains foci of carcinoma, sarcoma or ma-
lignant germ cell tumours are called teratoma with ma-
lignant components. Grossly, it is a lobulated, encapsu-
lated, multicystic neoplasm (Fig. 33) that exhibits a va-
riety of components ranging from lipid-rich fluid and
cheese-like material to well-formed tissues, usually con-
sisting of ectodermal elements such as skin, sebaceous
material, hair (ectodermal elements), bone, cartilage
and smooth muscle (mesodermal elements) and gas-
trointestinal or respiratory epithelium (endodermal
elements). Pancreatic tissue may be present and as
though it were the cause of a noninfective pancreatitis
explaining acute events due to inflammation (Fig. 33).
Rupture into the bronchial tree, pleural or pericardial

Fig. 32A, B. Diffuse large B-cell lymphoma (sclerosant variant). T1-weighted (A) and T2-weighted (B) MRI showing a solid mass (asterisk)
of the anterior mediastinum with ill-defined contours
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space or lung may occur. The term “dermoid cyst” is
commonly applied because of the frequent expression
of the ectodermal component of the teratoma. Cyst for-
mation is typical, the cyst being lined by mucus-secretin
epithelial cells [32, 86].

Mature teratomas affect children and young adults.
Half to 75% of the cases complain of chest pain, dysp-
noea and cough, caused by local compression. Expecto-
ration of hair (trichoptysis) or sebum is rare but charac-
teristic clinical findings of a ruptured teratoma. They
grow slowly and rapid increase of size may occur be-
cause of haemorrhage.

Radiographically, the typical appearance is that of a
sharply marginated lobulated anterior mediastinal
mass which projects beyond the boundaries into adja-
cent lung fields. Calcification of the wall, the substance
or ossification of mature bone or a tooth within the tu-
mour have been reported in 20%–43% of cases [89]. On

CT, teratomas may contain one loculus or be or be mul-
tiloculated; and the most typical appearance is a mass
containing a mixture of CT fatty, tissular and water den-
sities (Fig. 34). Fatty and cystic components are present
in more than half the cases. Soft tissue attenuation is not
usually the dominant component and is frequently lim-
ited to the thin peripheral capsule, although enhance-
ment is frequently seen. Calcification in the wall or
small spherical or irregular calcifications within the
mass, sometimes suggesting dental material, may be
seen.A fat–fluid level within a cyst strongly suggests the
diagnosis [90]. Complications such as rupture into the
lung, pleural space, bronchial tree and pericardial or
pleural space can be observed on CT examinations. In
cases of rupture within the pleura, a fat–fluid level has
been reported [91, 92]. At MRI, the appearance is that of
a heterogeneous lesion (Fig. 34), with solid elements
with a similar signal intensity to muscle, while cystic

Fig. 33A, B. Mature cystic teratoma. Gross specimen (A): well-defined encapsulated cystic tumour filled with sebaceous material. Micros-
copy (B): presence of mature cartilage (arrows), cutaneous and islets of well-differentiated pancreatic tissue on the right part of the image

Fig. 34A, B. Mature cystic teratoma. CT (A): a small central area of
fat (arrow) surrounded by a rim of enhancing solid tissue (arrow-
head) and a large low-attenuation low-intensity area is character-

istic of a teratoma. Similar characterization is possible with T1 (B)
and T2 MRI
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components are of high intensity on T2 but from low to
moderately high intensity on T1-weighted images, de-
pending on the fluid content. Visualization of fat is use-
ful in determining the diagnosis [93]. Malignant trans-
formation of a teratoma may occur in the mediastinum
without any detectable finding leading to suspect this
malignant transformation (Fig. 35).

Seminomatous and Non Seminomatous 
Germ Cell Tumours

Seminoma is the most common primary malignant
germ cell occurring in the mediastinum, occurring typ-

ically in the 3rd to 4th decades of life in men exclusive-
ly and frequently symptomatic at presentation. Patients
with pure seminomas may have a slightly elevated B-
chorionic gonadotropin level but never an elevated ser-
um alpha-foetoprotein [87]. Grossly, the tumour is
large, soft, well-circumscribed and often homogeneous.
Histologically, the tumour is identical to its gonadal
counterpart, made of sheets of large polygonal cells
with a fine granular cytoplasm containing glycogen and
centrally located round nuclei, with prominent nucleoli
within a loose stroma (Fig. 36). The differential diagno-
sis includes epithelioma-like carcinoma of the thymus
and large cell lymphoma [87]. On CT, the lesion appears
as a large solid mass, rarely partly or almost totally cys-
tic, with sharply marginated borders and homogeneous
attenuation, enhancing slightly after contrast medium
administration (Fig. 37) [94, 95]. The low attenuation
areas are due to necrosis, cyst or haemorrhage. Calcifi-
cations are uncommon. These tumours are highly sen-
sitive to radiation therapy and systemic chemotherapy,
the current therapeutic options. Prognosis is good
when the diagnosis is established early and 60%–80%
long-term survival has been reported [87]. The tumour
may spread to bone, lung and liver.

Malignant nonseminomatous germ cell tumours in-
clude yolk sac tumour (endodermal sinus), embryonal
carcinoma, choriocarcinoma and malignant germ cell
tumours with more than one germ cell histology. Con-
firmation of the primary nature of these tumours re-
quires that there is no evidence of testicular or retroper-
itoneal tumour. Malignant nonseminomatous germ cell
tumour lesions affect almost exclusively men, 20% hav-
ing Klinefelter syndrome. They also have a risk of devel-
oping a concurrent haematological malignancy unrelat-

Fig. 35. Cystic teratoma with foci of teratocarcinoma. Enhanced
CT shows the cystic content with two layers of slightly different at-
tenuation values (asterisk) and a thick wall (arrowhead)

Fig. 36A, B. Seminoma. Gross anatomy: large soft and well-circumscribed tumour (A). Microscopy: sheets of large polygonal cells (arrows)
with a loose stroma densely infiltrated by lymphocytes (B)
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ed to chemotherapy, which occurs simultaneously or
within the 1st year after the diagnosis of germ cell tu-
mour. They are highly malignant lesions, large and inva-
sive at presentation, often with symptoms of superior
vena cava syndrome. Gynecomastia is frequent in chori-
ocarcinomas. The serological markers alpha-foetopro-
tein and b-human chorionic gonadotropin (HCG) are
elevated in yolk sac or embryonal carcinoma and chori-
ocarcinoma, respectively. They are of primary impor-
tance in establishing the diagnosis. Serum lactate dehy-
drogenase is elevated in 60% of cases and correlates
with tumour burden [88].

Grossly, the tumour is largely occupied by areas of
coagulation necrosis and haemorrhage. Embryonal car-
cinoma is composed of sheets of polygonal cells with
frequent mitotic figures. Yolk sac tumour is character-
ized by a reticular pattern with various-sized spaces
lined with flattened cells (Figs. 38, 39). Choriocarcinoma
consists of mononuclear cytotrophoblastic cells and
giant syncytiotrophoblastic cells that are beta-HCG-
positive (Fig. 40). They grow rapidly and metastases
may be seen in the lung, pleura or bone.

Malignant germ cell tumours have CT and MR fea-
tures similar to other primary malignant tumours aris-
ing within the anterior mediastinum [32]. The tumour
appears as a large lobulated anterior mass, often with ir-
regular margins and spiculated interface due to lung in-
vasion, extending on both sides of the mediastinum. Ex-
tensive areas of low attenuation indicating necrosis or
haemorrhage are almost always visible and tissue

Fig. 37. Seminoma. Large anterior mediastinal mass with well-de-
fined borders (asterisk)

Fig. 38A–C. Complex seminomatous and nonseminomatous ger-
minal tumour.At low magnification, the tumour is large and heter-
ogeneous with necrotic and hemorrhagic changes (A). At high-
power magnification, seminomatous (B) and yolk sac or endoder-
mal sinus tumour (C) components are visible
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planes are frequently obliterated [96] (Figs. 39, 41).
Pleural and pericardial effusions are common. The role
of imaging modalities is to define disease extent and to
monitor response to therapy, together with serum
markers. Chemotherapy is given first, often followed by
resection of a residual tumour, manifesting as peripher-
al solid and enhancing masses. A residual mass may al-
so be seen after complete eradication of malignant cells
and normalization of serum markers. This mass may be
cystic, and may be histologically mature teratoma and
growing even though it is benign. This has been report-
ed under the term of “growing teratoma syndrome”

[97]. The benign or malignant nature of the mass can-
not be stated with certainty on imaging criteria and
therefore surgical removal is often undertaken.

Neurogenic Tumours

Neural tumours can arise from nerve sheath, ganglion
cell and paraganglionic cells. The nerve sheath tumours
comprise benign neoplasms including schwannomas
(also known as neurilemmoma, or neurinoma), neuro-
fibromas and their malignant counterparts, frequently

Fig. 39A, B. Nonseminomatous germinal tumour. Gadolinium-enhanced T1-weighted axial (A) and sagittal (B) MRI show a nonspecific
enhancing ill-defined solid mass (asterisk) of the anterior mediastinum

Fig. 40. Choriocarcinoma. Low magnification: extensive areas of
haemorrhage surrounded by cytotrophoblastic cells and syncytio-
trophoblastic cells (inset) Fig. 41. Choriocarcinoma. Anterior mediastinum mass with large

areas of low attenuation (asterisk) suggesting necrosis and hae-
morrhage
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described under a confusing multitude of names such
as malignant schwannoma, malignant neurilemmoma,
nerve sheath fibrosarcoma, neurogenic sarcoma, or neu-
rofibrosarcoma, and today designated under the gener-
ic term of “malignant peripheral nerve sheath tumours”
(MPNST). Schwannomas, neurofibromas and MPNST
can occur in patients with neurofibromatosis type 1
(NF-1). A variety of neurofibromas called plexiform
neurofibromas, which show the greatest propensity for
malignant degeneration, is the hallmark of NF-1. Between
3% and 13% of patients with NF-1 develop MPNST,
usually after a long latent period of 10–20  years [98].

Schwannomas and Neurofibromas

Schwannomas occur sporadically at any age, but are un-
common in children except when associated with neu-
rofibromatosis. They most commonly involve the major
nerve trunk of the head, neck and limbs, but when
deeply situated are predominantly found in the posteri-
or mediastinum and retroperitoneum. Schwannomas
are benign, slow-growing neoplasms composed of
Schwann cells in a collagenous matrix, originating in a
nerve but eccentric with no nerve fibres passing
through it. They are round or ovoid, with a tan or grey
cut surface, sometimes cystic and filled with a watery
fluid or partially haemorrhagic. According to the mor-
phology and spatial arrangement of tumour cells, two
types of tissue are distinguished, Antoni type-A and
type-B tissue. In Antoni type-A, the texture is composed
of compactly arranged spindle cells with a pale cyto-
plasm, their nuclei being aligned in rows separated by
clear hyaline bands, a pattern called Verocay nodules.
Antoni type-B tissue, commonly but not invariably as-
sociated, has a less cellular pattern, a looser texture,
with mucinous and microcystic changes presumably re-

sulting in cysts when confluent (Fig. 42). The tumours
have a rich vascular supply and calcifications are rarely
seen [98].

Small schwannomas are asymptomatic and when
symptoms occur, this is because of increasing size and
impingement on neighbouring structures. A posterior
mass on chest film suggests the possibility of a neuro-
genic tumour in 30% of these lesions. Rib notching can
be seen in schwannomas of the intercostal nerves, and
widening of vertebral foramina is a frequent findings in
schwannoma occurring along exiting spinal nerves
[98]. On unenhanced CT scans, schwannomas are well-
circumscribed, homogeneous lesions that are hypo-
dense or isodense relative to muscle. On enhanced
scans, most become isodense or hyperdense (Fig. 43).
Nonenhancing necrotic or cystic areas are typically
found, given a very frequent inhomogeneous appear-
ance [8, 99]. On T1-weigthed MR images, the tumours
have an identical or slightly higher signal intensity as
muscle and a marked increased signal on T2-weighted
images (Fig. 44). Cystic lesions display a low signal on
T1 and high signal on T2 (Fig. 45). MRI is superior to
any imaging technique in depicting intratumoral inho-
mogeneities that reflect the histological nature of the
lesion (Fig. 46) [100, 101]. The detection of a capsule
could have been a useful criterion for differentiating
schwannomas from neurofibromas if the finding had
been proven to be reliable on imaging studies [98]. Since
schwannomas develop peripheral to the nerve, the rela-
tionships between the lesion and the nerve could also be
a valuable feature but assessment requires high-resolu-
tion images. Small schwannomas tend to enhance
brightly and uniformly after gadolinium injection. The
MR characteristics are not specific and can be mim-
icked by other neoplasms, most commonly myxofibro-
sarcomas (formerly known as malignant fibrous histio-
cytomas) and metastases.

Fig. 42A, B. Schwannoma gross anat-
omy: spherical tumour with central
microcystic degenerative changes
(A) Histology: Antoni type A in the
upper left and type B in the lower
right part of the image (B)
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Solitary neurofibromas develop mostly between the
ages of 20 and 30, affecting both sexes equally and all
ethnic groups. In 60%–90% of cases, they occur in pa-
tients who do not have NF-1. The major nerves of the
trunk, including the sympathetic system and its ganglia,
can be involved. Typically, it is a benign slow-growing
tumour, variably encapsulated, originating in a nerve

with nerve fibres scattered throughout the lesion.As op-
posed to schwannomas, the lesions are homogeneous,
with no areas of cystic degeneration, haemorrhage or
xanthomatous material but more frequently calcified
than schwannomas. They are composed of a central
zone of tightly packed eosinophilic fibres with a highly
cellular component. The peripheral zone is composed of

Fig. 43A–C. Schwannoma. CT (A): well-defined homogeneous low-
attenuated mass (asterisk) with a small calcification (arrowhead).
T1-weighted (B) and T2-weighted (C) MRI slices showing the low
on T1 and heterogeneous signal intensity on T2

Fig. 44A–C. Schwannoma. Chest film (A) showing a well-defined
opacity (arrow) projecting above the clavicle indicating its poste-
rior mediastinal situation. T1-weighted (B) and gadolinium-en-
hanced T1-weighted (C) MRI showing the central necrosis (arrow-
head) and strong enhancement of the lesion
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loosely arranged fibres and an abundant nonfibrillary
stromal material [98]. This zonal distinction is pre-
sumed to be the correlate of the so-called target appear-
ance of neurofibromas on CT and MR studies. Neurofib-
romas have a similar appearance on plain film to that of
schwannomas. On unenhanced CT, they mostly appear
as hypodense lesions, owing to the presence of Schwann
cells, neural elements and adipocytes. On enhanced CT,
they usually show little or no enhancement [102, 103].
On T1-weighted MR images they have an intermediate
signal intensity and are hyperintense on T2-weighted
images, sometimes a salt and pepper appearance. Their
pattern after enhancement is variable, bright and uni-
form or inhomogeneous. On T2-weighted images, they
can have a target appearance, characterized by a periph-
eral rim of increased intensity, while the central part of
the tumour is less hyperintense. This pattern corre-
sponds to the zonal histological appearance [104]. The
central zone enhances more intensively after gadolin-
ium injection (Fig. 47). The target appearance is not
seen in malignant MPNST and is very rare in schwanno-
mas, but it is not seen in small lesions and in cystic le-
sions although it is rare in neurofibromas [105].

Plexiform neurofibroma relates to a diffuse enlarge-
ment and distortion of a major nerve trunk. Multiple
masses are found along the course of the nerve, some-
times giving rise to massive growth or conversely to a

Fig. 45A–C. Cystic schwannoma. CT (A) showing a paratracheal
mass (asterisk) of low attenuation. T2-weighted MRI (B) showing a
fluid–fluid level and a thick wall (arrowhead) suggesting a necrot-
ic lesion. Gadolinium-enhanced coronal MRI (C) shows a strongly
enhanced nodule (arrow) and multiloculations

Fig. 46A, B. Cystic schwannoma. A cystic tumour with a nodular
component of the cystic wall. Microscopy: typical “Verocay nod-
ule” within the nodular component of the cystic wall
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moniliform enlargement. It may involve any of the cra-
nial and spinal nerve roots and ganglia, the major
nerves of neck, trunk and limbs, including the sympa-
thetic system and its ganglia, the subcutaneous branch-
es of major nerves and the visceral plexuses (Fig. 48)
[106].

Malignant Peripheral Nerve Sheath Tumours

MPNST accounts for about 6% of malignant soft tissue
tumours. They are four times more frequent in women
of middle age and are associated with NF-1 in up to
50% of cases. They typically affect the large nerves and
can develop in an unaltered nerve or in a neurofibroma,
with between 5% and 13% estimated as becoming ma-
lignant. They are microscopically well-circumscribed to
multinodular formations and commonly show areas of
necrosis. Divergent differentiation may lead to bone
cartilage and epithelial material. As other soft tissue
sarcomas, the present as enlarging masses with a specif-
ic sarcomatous degeneration, and pain is not an indica-
tor of malignancy. The sudden enlargement of a known
pre-existing mass in the setting of NF-1 should lead to
immediate diagnostic imaging. The tumour carries a
poor 5-year survival rate of 15%–30% compared with
the 75% survival rate of the solitary form when it oc-
curs in NF-1. They tend to recur locally after resection
and to metastasize within 2 years to lung, liver, skin and
bone [107, 108]. CT and MRI offer little help in attempts

Fig. 47A–D. Neurofibroma CT (A) T1-weighted (B) and T2-weight-
ed (C) axial and gadolinium-enhanced T1-weighted coronal MRI
(D) showing a heterogeneous mass (asterisk) with the target ap-

pearance on T2 (C) and a dumbbell extension through the verte-
bral foramina within the subarachnoidal spaces

Fig. 48. Neurofibroma (plexiform type). T2-weighted axial MRI
showing the multiple high-intensity nodular tumours (arrow-
heads) along the intercostals and mediastinal nerves
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at demonstrating the malignant nature of the lesion and
they can be very similar to benign nerve sheath tu-
mours at imaging studies. The criteria that can be of
help in establishing the diagnosis are a large mass with
compression of adjacent structures, an inhomogeneous
internal architecture, invasion of fat planes, bone de-
struction, perilesional oedema, pleural effusion, and in-
volvement of lymph nodes. These features, however, are
not sufficiently specific to distinguish them from other
malignant soft tissue tumours [95, 109–111].

Ganglion Cell Tumours

Ganglion cell tumours form a spectrum – with neuro-
blastoma at the malignant end and ganglioneuroma at
the benign end, ganglioneuroblastoma being an inter-
mediate form. The mediastinum is the second most
common location of these tumours after the adrenal
gland. One-third of neuroblastomas are primarily from
the mediastinum; the remainder are secondary to
lymph node metastases or to thoracic spread. Neuro-
blastomas (Fig. 49) and ganglioneuroblastomas are es-
sentially childhood tumours; less than 10% are seen in
patients older than 20 years of age. Ganglioneuromas
shows a wider age distribution: from 1 to 50 years. In-
creased level of plasma and urinary catecholamines
may be encountered and are therefore a useful marker.
Ganglioneuromas may show a whorl appearance corre-
sponding to whorls of collagenous fibrous tissue and
neural tissue (Figs. 50, 51). Ganglioneuroma is often
large and encapsulated, with a pale tan and finely tra-
beculated cut surface, composed of mature ganglial
cells with Nissl granules, Schwann cells and nerve fi-
bres. Neuroblastoma is often large, encapsulated and
soft, with areas of haemorrhage on cut sections, and can
be well or poorly differentiated. Ganglioneuroblasto-
mas consist of neuroblasts, ganglion cells and interme-

Fig. 49A–C. Neuroblastoma of a 6-year-old boy. Chest film (A), CT
(B) and Gd-enhanced MRI (C) showing a enhancing posterior
mediastinal mass (arrows) with small calcifications on CT (arrow-
heads). Courtesy Prof. J.F. Chateil

Fig. 50. Ganglioneuroma. Tumour composed of mature ganglion
cells (arrows), nerve fibres and Schwann cells
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diate cells in various proportions. PNET (primitive neu-
roectodermal tumour) is rare in the mediastinum. Gan-
glial cell tumours tend to arise more anteriorly, with
their epicentre against the vertebral body. Approxi-
mately 10% of neuroblastomas are calcified on plain ra-
diograph, usually finely stippled, whereas coarse and
denser calcifications are seen in other histological
types. Bone changes are frequently encountered. Franck
destruction of bone and pleural effusion are signs of
malignancy. CT findings are nonspecific but CT detects
calcifications more accurately than MRI, which is even
better than CT in demonstrating or excluding spinal in-
volvement.

Paragangliomas originate from aorticopulmonary
paraganglia present in the mediastinum and from aor-
ticosympathetic paraganglia in the posterior mediasti-

Fig. 51A, B. Ganglioneuroma of a 17-year-old boy. T1-weighted (A) and T2-weighted (B) coronal MRI showing a heterogeneous well-de-
fined elongated mass (asterisk)

Fig. 52. Paraganglioma. Microscopy at low magnification: dense
cellular tumour with vascular stroma composed of Zellballen bor-
dered by capillaries

Fig. 53A, B. Paraganglioma CT (A) and T2-weighted MRI (B) show-
ing a tumour of the paravertebral gutter with a necrotic centre
(asterisk)
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num. They are characterized by zellballen of polygonal
tumour cells bordered by capillaries (Figs. 52, 53).
Chemodectomas are aortic body tumours and are seen
as masses of the aortopulmonary window. Functioning
paragangliomas occur rarely in the chest and mostly in
the posterior mediastinum [112, 113], although other
locations are possible [114–117]. These masses are usu-
ally extremely vascular and enhance brightly at en-
hanced CT or MR [10]. On MR imaging, they may show
high signal intensity on T2-weighted images (Fig. 52).
Functional imaging with various markers and PET are
valuable techniques because they can show increased
activity into the mass [118–120].

A diverse group of entities different from neurogenic
tumours may also involve the posterior mediastinum,
including lipomatosis, lymphadenopathies, aortic aneu-
rysm, cystic masses, thoracic spinal inflammatory or
neoplastic lesions and extramedullary haematopoiesis.
This entity is a presumed physiological compensatory
mechanism for the disturbed medullary haematopoie-
sis that often accompanies congenital haemoglobinopa-
thies, sickle cell disease and spherocytosis or acquired
marrow replacement disorders such as leukaemia, lym-
phoma and myelofibrosis. The classic appearance at CT
is a homogeneous enhancing soft-tissue mass in the
paravertebral region.

Mesenchymal Tumours

Mesenchymal tumours, either benign or malignant are
rare lesions with protean imaging features. The cell of
origin, adipocytes, pericytes, mesothelial cells, fibro-
blasts and muscle cells, defines the histological type.
The malignant counterpart are sarcomas, extremely
rare lesions, sometimes constituted by undifferentiated
malignant mesenchymal cells.

Lipomatous Tumours

Mediastinal lipomas and liposarcomas represent only
1% of all primary mediastinal tumours. Adipose tissue
is classified into two types, white fat (lipocytes) and
brown fat, an immature form of white fat more common
in hibernating animals (hibernoma), chiefly found in
the human body. Lipomas are encapsulated masses,
composed of mature fat, differing very little from the
surrounding fat. They may contain other mesenchymal
elements, fibrous connective tissue, cartilaginous or
smooth muscle and are named appropriately. Fibrous
connective tissue is the most common, often with the
configuration of septa. Benign lipomas do not compress
surrounding structures unless they are very large. The
moulding to the mediastinal contour can be so marked
that a large lipoma may mimic a cardiomegaly [120]. On
CT and MRI, lipomas also present circumscribed mass-

es of fatty nature without enhancement. Regular and
thin septations of soft tissue density and signal can be
visible, and are slightly enhancing [121]. Larger areas of
nonfatty tissue are detectable in lipomas that contain
connective tissue. Other types of benign lipomatous tu-
mours such as hibernoma, arising from brown fat, and
lipoblastomas, that have developed in children younger
than 3 years, show indistinct imaging features.

Liposarcomas are classified into five histological
subtypes, well-differentiated, myxoid, round-cell, pleo-
morphic and dedifferentiated, the last three types hav-

Fig. 54. Well-differentiated liposarcoma. On microscopy the tu-
mour is composed of adipocytes including lipoblasts (insert)

Fig. 55. Liposarcoma. CT: large fatty mass (asterisk) with a central
nodular tissular component (arrow)
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ing a strong tendency to recur and metastasize (Fig. 54).
The mediastinum is a rare location of this soft-tissue
neoplasm. The imaging features depend on the histo-
logical type and tend to reflect the degree of differenti-
ation.Well-differentiated liposarcomas are composed of
more than 75% fat (Fig. 55) and therefore sometimes
cannot be distinguished from a lipoma based on imag-
ing features, or even from normal overabundant fat
[122, 123]. In this case, CT shows uniform fat density ex-
cept for a few strands of soft tissue. Calcifications are
possible. Conversely, other types of liposarcomas show
inhomogeneity of the fat on CT and often contain large
areas of soft tissue density [124, 125]. The poorly differ-
entiated category may not demonstrate any visible fatty
component on imaging studies.

Tumours and Tumour-like Lesions of Blood Vessels

Blood vessel tumours in the mediastinum are rare, with
an incidence of less than 0.5% among mediastinal
masses. The tumours are categorized as haemangiomas
(mainly capillary, cavernous, or venous types according
to the size of their vascular spaces), vascular tumours of
intermediate malignancy (haemangiopericytoma,
epithelioid haemangioendothelioma) and malignant
vascular tumours (angiosarcomas). Ninety per cent are
capillary or cavernous haemangiomas [126]. They tend
to be well-circumscribed lesions without a true capsule.
Phleboliths, which are visible as punctuate calcifica-
tions, are seen in 10% on chest X-ray or CT. On en-
hanced CT, four distinct patterns of enhancement have
been reported, in decreasing order of frequency: cen-
tral, mixed central and peripheral, or peripheral. How-
ever, the majority do not enhance or enhance slightly
[127–133]. Haemangiopericytomas are extremely rare
within the mediastinum and when this diagnosis is pro-
posed, the tumour should be thoroughly examined in
order not to overlook features characteristic of thymo-
mas, since a haemangiopericytoma-like thymoma is
more common.Very few cases of haemangioendothelio-
ma have been reported. The lesion is thought to have an
intermediate malignant potential between that of hae-
mangioma and angiosarcoma. A low-attenuation lesion
with peripheral and nodular enhancement mimicking a
liver haemangioma, although nonspecific, may suggest
the diagnosis [132].

Lymphatic Tumours

There is growing evidence that soft tissue tumours of
lymphatic origin are very rare and that the majority of
these lesions are hamartomas or developmental lym-
phangiectasias rather than true neoplasms. They in-
clude lymphangiomas, lymphangiomatosis and lym-

phangioleiomyomatosis. Lymphangiomatosis is a
systemic disorder in children and lymphangioleiomyo-
matosis involves the lung parenchyma and mediastinal
lymph nodes in young women

Lymphangiomas are not rare lesions of the mediasti-
num. They are tumour-like congenital malformations of

Fig. 56A–C. Cystic lymphangiomas. Low magnification: unilocular
(A) and multilocular cystic lymphangioma (B). High magnifica-
tion: spongy tumour composed of interconnecting channels
whose walls are variably fibrotic and focally infiltrated by lympho-
cytes (C)



Chapter 3.4 Mediastinal Masses 219

the lymphatic system, consisting of lymph channel or
cystic lymph spaces lined with endothelium. Their walls
are formed by fibrous tissue and smooth muscle. Three
types have been described: capillary, cavernous and cys-
tic (Fig. 56). Capillary lymphangioma is composed of
small, capillary-sized endothelium-lined lymphatics.
Cavernous lymphangioma is made up of larger lym-
phatic channels with adventitial coats. Cystic lymphan-
giomas or hygromas are constituted of large macro-
scopic lymphatic spaces that possess investitures of col-
lagen and smooth muscle. When confined to the medi-
astinum, they are usually asymptomatic and may be dis-
covered in children or adults in the anterior or superior
mediastinum. Fewer than 10% occur in the posterior
mediastinum. The CT or MRI appearance is that of a
cystic mass, most commonly unilocular, sometimes
multilocular or septate (Figs. 57, 58), which mould or
envelop adjacent mediastinal vessels [134, 135] (Fig. 59).
When attenuation is slightly higher than that of water,
this may evidence elevated protein content of the fluid.
However, a partial-volume effect caused by the mixture
of low-density fluid and higher-density lymphatic ves-
sel walls below the resolution of CT may also be an ex-
planation. Septa are sometimes seen within the lesion
and may enhance [135]. Unilateral or bilateral effusion
may occur and in invasive forms chylothorax is possible
[6]. Findings on MR have been reported to be variable,
with a signal similar to or greater than that of muscle on
T1-weighted images and a marked increase in signal on
T2-weighted images. However, low signal intensity on

Fig. 57. Cystic lymphangioma, multilocular type. CT showing a
heterogeneous, slightly enhancing mass lateral to the left atrium.
Pathologically, the tumour was composed of multiple small cysts
separated by small septations hardly visible but responsible for the
enhancement pattern of the lesion

Fig. 58. Cystic lymphangioma, multilocular type. Gd-enhanced T1
MRI showing a heterogeneous loculated mass with enhanced sep-
ta. Pathologically, the tumour was composed of multiple small
cysts separated by small septations visible with the enhancement
(arrowheads) but responsible for the enhancement pattern of the
lesion

Fig. 59A, B. Cystic lymphangioma. Gd-enhanced T1-weighted (A)
and axial T2-weighted (B) MRI showing a large cystic mass (aste-
risk). A small septation is visible (arrowhead)
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Fig. 60A, B. Fibrous tumour. Gross
anatomy: lobulated well-defined
pale to pink homogeneous cut sur-
face (A). Microscopy: mesenchymal
tumour composed of spindle cells of
fibroblastic appearance separated by
dense collagen (B)

Fig. 61A–C. Fibrous tumour CT (A), Gd-enhanced T1-weighted cor-
onal (B) and T2-weighted (C) MRI. The lesion (asterisk) suggested
a neurogenic tumour, which was not confirmed by pathological
findings
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T2-weighted images that can be explained either by
haemorrhagic or fibrous changes has been reported
[134]. A particular pattern consists of small, numerous
linear structures of low signal intensity representing
septa, which are better demonstrated on gadolinium-
enhanced images and are thought to correspond to
pathological findings of the cavernous type [135, 136].
Mixed lymphatic and blood vessel lesions such as lym-
phangiohaemangiomas, haemangioendotheliomas, and
haemangiosarcomas have occasionally been encoun-
tered [137, 138].

Tumours of Fibrous Tissue 
and Fibrohistiocytic Tumours,
and Miscellaneous Malignant Sarcomas

Solitary benign fibrous tumours are less commonly re-
ported in the mediastinum than in pleura [139]. Non-
specific features have been reported on CT or MR imag-
ing, mimicking the usual lesions that are found in a spe-
cific location (Figs. 60, 61) [140].

Primary malignant mesenchymal tumours of the
mediastinum are very unusual lesions with protean im-
aging features [141]. They may also occur in the lung
and pleura, and their compartment of origin is some-
times difficult to specify because of their large volume.
The cells of origin can be smooth or striated muscle, fi-
broblasts or undifferentiated mesenchymal cells in ad-
dition to those arising from adipocytes, pericytes, and
mesothelial cells as previously described. Leiomyosar-
comas and malignant fibrous histiocytomas [142–145]
are the least uncommon, rhabdosarcomas, liposarco-
mas and osteosarcomas being extremely rare. Most tu-
mours are bulky at presentation and show no specific
feature. However, chondrosarcomas and extraosseous
osteogenic sarcomas, densely calcified or ossified, can
be suggested by imaging studies [146].

Conclusion

Detection of a mediastinal mass essentially remains the
role of chest radiography. CT is the next logical step and
is often sufficient to suggest a limited differential diag-
nosis adequate for a further invasive procedure and
therapeutic decisions. MR imaging provides additional
information in selected cases.
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dysphagia is long and the patents are clinically suspect-
ed to have achalasia. Occasionally, the patients regurgi-
tate the long polyp from the esophagus into or even out
of the mouth and, in rare instances, aspiration of the
polyp into the airway has lead to the patient’s demise
[5].

The radiographic findings are those of a filling defect
within the esophagus that may extend as far as the gas-
troesophageal (GE) junction. Careful evaluation will
demonstrate a stalk that extends up to the cervical esoph-
agus. Frequently, the esophagus is distended by the large
intraluminal mass and the dilated esophagus can easily
be seen on plain radiographs of the chest. On barium ex-
aminations, if the filling defect is not appreciated and the
distension extends to the GE junction, an incorrect diag-
nosis of achalasia can be made. The surface of the lesion
is typically smooth due to the intact mucosa covering the
lesion, but lobulation of the intraluminal mass is also
seen and may be extensive. CT imaging with oral contrast
demonstrates the intraluminal mass and frequently
shows areas of low attenuation due to the fat within the
tumor (Fig. 2).When the fat is seen, a confident diagnosis
of fibrovascular polyp can be made. Without the appear-
ance of fat, the identical radiographic appearance can
rarely be caused by other tumors originating in the sub-
mucosal or muscular layers of the esophagus [6].

Benign Neoplasms

Papilloma is a benign neoplasm of the squamous epi-
thelium. Although more often solitary, when lesions are
multiple, the term “papillomatosis” is used. The etiology
is controversial. Approximately half of papillomas ap-
pear to be related to human papilloma virus (HPV) in-
fection [7]. This is especially true of the multiple lesions
seen in the proximal esophagus. However, in other cases
there seems to be no association with HPV and the dis-
tal lesions may be related to the irritation of gastroe-
sophageal reflux. Typically, the papillomas remain be-
nign [8], but there are rare cases of malignant transfor-
mation into squamous cell carcinoma. Radiographically,
papillomas appear as an esophageal polyp(s), often with

Non-neoplastic Tumors

Duplication cysts of the esophagus are often completely
surrounded by the muscularis propria and therefore ap-
pear as intramural masses [1]. Since they are foregut mal-
formations, the lining of the cysts will be either gastroin-
testinal or bronchial epithelium and they may even contain
cartilage. Although the lesions are congenital, they are of-
ten found in asymptomatic older patients as incidental
findings [2]. On barium examinations, the lesions are in-
distinguishable from other mural masses such as leiomyo-
mas (Fig. 1) [2]. On CT and MR, the luminal contents typi-
cally appear like water, i.e., low attenuation on CT with low
signal on T1-and high signal on T2 weighted MR images.
However, like bronchogenic cysts, the complex fluid may
be of soft tissue density on CT and have a high signal on
T1-weighted images [3]. In some cases,duplication cysts of
the esophagus, so called “neurenteric cysts,” are associated
with vertebral anomalies. Typically, the vertebral anoma-
lies occur at a higher level in the spine due to differential
growth between the neural axis and the gastrointestinal
(GI) tract during embryologic development.

The fibrovascular polyp of the esophagus is a fasci-
nating tumor. It is comprised of submucosal fibrovas-
cular tissue and a variable amount of fat [4]. Other
names for the lesion include angiolipoma and fibrolipo-
ma. In almost all cases, the tumor originates in the prox-
imal cervical esophagus.Although it is initially an intra-
mural mass, because of the vigorous peristaltic waves
traversing this area, the lesion is dragged into the lumen
and eventually becomes a long polyp extending down as
far as the gastroesophageal junction. Patients typically
present with dysphagia. In some cases, the duration of
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with an irregular surface. When they are tiny, they are
likely to be missed radiographically, especially on single
contrast exams [9]. Larger lesions may be indistinguish-
able from squamous cell carcinoma (Fig. 3).

The most common site of granular cell tumors in the
GI tract is the esophagus.Although granular cell tumors
in other locations are frequently seen in black females,

there does not appear to be any racial or sexual predi-
lection for gastrointestinal granular cell tumors. Pa-
tients are typically asymptomatic and the granular cell
tumors, located within the submucosa, are incidental
findings [10]. Radiographically, these small mural mass-
es, typically located in the distal esophagus, are indistin-
guishable from leiomyomas. They may be multifocal.Al-
though the granular cell tumor, itself, is benign, occa-
sional reports of squamous hyperplasia and even squa-
mous cell carcinoma in the mucosa overlying the gran-
ular cell tumor have been reported [11].

By far the most common benign tumor of the esoph-
agus is the leiomyoma, although it is more common for
smooth muscle tumors to involve the stomach or small
bowel. There may be symptoms of dysphagia or chest
pain, and rarely hypertrophic osteoarthropathy occurs.
However, the lesions are often discovered as incidental
findings on radiographic examinations performed for
other reasons [12].

Esophageal leiomyomas are, typically, very well dif-
ferentiated tumors arising from the muscle layer of the
esophagus. Although no true capsule is present, a pseu-

Fig. 1A, B. Duplication cysts. The single contrast esophagram (A)
demonstrates a smoothly marginated filling defect (arrow) in the
proximal thoracic esophagus. The sternotomy wires are from an
unrelated procedure. A CT scan through the same level, performed
with intravenous contrast (B), demonstrates a water density mass
(arrow) just to the left of the air filled esophagus. The thin wall of
the cyst is seen laterally

Fig. 2A, B. Fibrovascular polyp. The gross surgical specimen (A)
demonstrates a smooth surface of the lesion due to the overlying
intact mucosa. Lobulation of the lesion is also demonstrated. A CT
scan performed with oral and intravenous contrast (B) demon-
strates the large intraluminal mass (arrow) corresponding to the
fibrovascular polyp. Note the fat attenuation within the lesion, al-
lowing a confident diagnosis
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docapsule of compressed muscle surrounds the tumors
and allows them to be bluntly dissected out of the
esophageal wall by the surgeon (Fig. 4). Necrosis and ul-
ceration is very uncommon. Unlike in other areas of the
GI tract, leiomyomas of the esophagus appear to have
minimal malignant potential [13].

The lesions typically occur in the mid or distal
esophagus. Radiographically, leiomyomas appear as
sharply marginated filling defects arising from the
esophageal wall which may be somewhat elongated
along the long axis of the esophagus and may be lobu-
lated (Fig. 4). In some cases, lesions extend out the ad-
vential side of the esophagus and have relatively little
mass effect on the lumen. On CT, esophageal leiomyo-
mas are homogeneous tumors of soft tissue density that
enhance after contrast [14]. By endoscopic US the mus-
cular layer of origin of the tumor can be very well dem-
onstrated [15].

In cases of “leiomyomatosis,” the growth pattern is
circumferential and often extensive (Fig. 5). Such cases
are typically seen in the distal esophagus and affected
patients are likely to have severe dysphagia requiring

Fig. 3. Papillomas. The air contrast esophagram demonstrates two
polypoid masses in the mid esophagus (arrows). An irregular sur-
face is noted on both lesions

Fig. 4A, B. Leiomyoma. The bivalved gross surgical specimen (A)
demonstrates the characteristically sharp borders due to a pseudo-
capsule and the homogeneous appearance of the tumor. Slight lob-
ulation on the surface of the tumor is also seen. A single contrast
esophagram (B) demonstrates the smoothly marginated filling de-
fect (arrows) originating from the wall of the esophagus. The mass
is somewhat elongated along the vertical axis of the esophagus and
has slight lobulation
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surgical correction [16]. Leiomyomatosis may be inher-
ited and associated with Alport syndrome (i.e., congen-
ital neural deafness and renal insufficiency) [17].

Malignant Neoplasms

Hematogenous metastases to the esophagus are rare.
However, secondary involvement from mediastinal
spread of bronchogenic carcinoma is relatively com-
mon. Such involvement of the esophagus by lung cancer
may result in fistulae between the esophagus and tra-
cheo-bronchial tree [18]. In gay men with AIDS, Kaposi
sarcoma will produce nodules and thickened folds [19].

The esophagus is the least common site in the GI
tract for lymphoma, and when lymphoma occurs it is
usually in the setting of widespread disease that began
in lymph nodes [20]. However, in immunocompromised
patients, such as patients with AIDS or organ trans-
plants, high grade lymphomas of the esophagus may oc-
cur primarily (Fig. 6). The radiographic appearance of
lymphoma is quite variable and includes mural

mass(es), multiple nodules, thickened folds and both
smooth and irregular strictures [21].

The most common malignancy of the esophagus
probably remains squamous cell carcinoma, although
the incidence is decreasing. Affected patients are typi-
cally men between 50 and 70 years of age [22]. In the US,
African-Americans are relatively more commonly af-
fected. The etiology is multifactorial, but clearly involves
the combination of alcohol and tobacco abuse. Not sur-
prisingly, there is a strong association between squa-
mous cell carcinoma of the esophagus and squamous
cell carcinoma of the head and neck. Other predisposing
conditions include lung cancer, lye stricture, achalasia,
celiac disease, Plummer-Vinson syndrome, and tylosis
palmaris et plantaris [23-27].

Fig. 5A, B. Leiomyomatosis. The single contrast barium examina-
tion (A) shows a bizarre course and caliber of the distal esophagus
with a surrounding soft tissue mass (arrows) that extends into the
proximal stomach. Due to significant dysphagia, a surgical resec-

tion was performed. The surgical specimen (B) demonstrates the
extensive and circumferential involvement of the smooth muscle
tumor around the distal esophagus

Fig. 7 A, B. Squamous cell carcinoma in a patient with achalasia. On
the frontal view (A) of the air contrast esophagram, barium out-
lines the inferior border of a large, sessile polypoid mass at the
junction of the cervical and thoracic esophagus (arrows). On the
lateral view (B), the soft tissue density of the mass can be seen
(asterisk) indenting the trachea
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Fig. 6. Esophageal lymphoma in a patient with AIDS. The air con-
trast esophagram shows a markedly irregular stenosis involving
the cervicothoracic esophagus. The lesion is associated with a wide
fistula to the adjacent trachea (arrow)
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Squamous cell carcinoma, of course, originates from
the squamous epithelium. However, infiltration into the
esophageal wall almost always occurs. Within the sub-
mucosal space, the cancer can spread for a long distance
up or down the esophagus. Rarely, so much of the tumor
is submucosal that a mucosal biopsy will fail to make a
diagnosis.

The lesions are most commonly seen within the tho-
racic esophagus, especially its mid portion [28]. When
the distal esophagus is involved by squamous cell carci-
noma, direct spread into the proximal stomach is un-
usual. Cervical esophageal involvement is uncommon.
The tumor may appear as a fungating polypoid mass
(Fig. 7) [29], an ulcerating mass (Fig. 8) [30], and, most
commonly, an irregular stricture (Figs. 9, 10). Frequent-
ly, these malignant strictures are very tight and they of-
ten prevent the passage of an endoscope without a risky
dilatation [31]. Submucosal extension of tumor may
produce the appearance of a varicoid carcinoma. Unlike
true varices, the filling defects of varicoid carcinoma
will not change in appearance with Valsalva maneuvers
or varying amounts of esophageal distention [32]. The
least common appearance is “superficial spreading” car-

cinoma, in which the subtle small filling defects can be
seen only on good air contrast examinations [33].

Because of the lack of a serosal barrier and the close
proximity of the esophagus to the pericardium, tracheo-
bronchial tree, and aorta, local extension of squamous
cell carcinoma to these mediastinal structures is com-
mon (Figs. 9, 10). Some authors have reported limited
success in determining the extent of local disease with
CT and MRI, but endoscopic US is clearly the superior
modality in this regard [34-37]. Lymphatic metastases
are also common. Small periesophageal nodes are usu-
ally unapparent on CT even when involved by tumor
[38], but endoscopic US is relatively sensitive [37]. Cer-
vical and/or mediastinal nodes are more likely to be en-
larged and are best imaged with conventional cross-sec-

Fig. 8A, B. Squamous cell carcinoma. An air contrast esophagram (A) reveals an irregular mass with extensive surface ulceration in the
mid esophagus. The corresponding surgical specimen (B) confirms the marked ulceration of the tumor

Fig. 10A, B. Squamous cell carcinoma. The single contrast examina-
tion (A) shows an irregular stricture involving the mid esophagus
with a large surrounding soft tissue mass. The CT scan of the
chest, performed with intravenous contrast (B), demonstrates the
extensive soft tissue mass seen on the barium examination
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Fig. 9. Squamous cell carcinoma.An air contrast esophagram dem-
onstrates an irregular ulcerated stricture involving the mid esoph-
agus. The surrounding soft tissue mass of tumor is seen indenting
the left main stem bronchus (arrow)
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tional imaging. Staging examinations should always in-
clude the upper abdomen. Lymphatic drainage of distal
and even mid esophageal tumors is often to nodes in
the gastrohepatic ligament and celiac axis area. Occa-
sionally, esophageal squamous cell carcinoma will me-
tastasize, apparently via lymphatics, to the wall of the
gastric cardia. Hematogenous metastases may also be
seen within the liver. Such intra-abdominal spread of
disease may be better detected by laparoscopy than by
CT [40]. Likewise, PET imaging with fluorodeoxyglu-
cose has been shown to be superior to CT for the detec-
tion of regional and distal metastases [41].

Spindle cell carcinoma (also called “carcinosarcoma”)
is a biphasic tumor with both carcinomatous and sarco-
matous elements. The carcinomatous elements are typi-
cally squamous cell carcinoma, although adenocarcino-
mas may be seen [42, 43]. The sarcomatous elements are
now felt to be derived from the epithelial malignancy
[42]. Spindle cell carcinomas are typically large, sessile,
polypoid masses arising in the mid esophagus (Fig. 11)
[42, 44].

Adenocarcinoma of the esophagus, like adenocar-
cinoma of the gastric cardia, is rising in incidence rap-
idly. Just over a decade ago, approximately one-third of
carcinomas in the white population of the United
States were adenocarcinomas. Now, in some series,
they account for the majority of esophageal malignan-
cies [45, 22]. Adenocarcinoma may rarely arise from
congenital rests of columnar epithelium in the cervical
esophagus, but, in the vast majority of cases, it arises
from areas of columnar metaplasia due to Barrett
esophagus. Barrett esophagus is seen predominately in
middle aged and older white men, and adenocarcino-
ma has an identical demographic pattern [45]. Approx-
imately 10% of patients with Barrett esophagus will
develop adenocarcinoma and affected patients, there-
fore, must be followed with annual endoscopic surveil-
lance [46].

Since Barrett esophagus most commonly occurs in
the distal esophagus, adenocarcinoma is usually a distal
esophageal tumor [47]. Mid esophageal adenocarcino-
mas are seen when Barrett metaplasia is extensive, but

Fig. 11A, B. Spindle cell carcinoma. The CT scan, performed with
intravenous contrast (A), reveals a large, sessile, polypoid mass
arising from the posterior wall of the esophagus. The air filled lu-
men surrounds the tumor on three sides. The corresponding re-
sected specimen (B) correlates with the CT findings Fig. 12. Adenocarcinoma, secondary to Barrett esophagus. An air

contrast esophagram demonstrates an ulcerating mass (arrow)
along the anterolateral aspect of the esophagus. The surrounding
reticular mucosal pattern (between the smaller arrows) is indica-
tive of the pre-existing Barrett esophagus
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cervical esophageal adenocarcinoma is rare and is more
likely to arise from congenital rests of columnar epithe-
lium rather than Barrett metaplasia.

When a patient is known to have Barrett esophagus
or has a history of reflux esophagitis, adenocarcinoma
should, of course, be suspected when an esophageal ma-
lignancy is noted. When a reticular mucosal pattern, a
characteristic but uncommon feature of Barrett esopha-
gus [48], is seen in association with an esophageal ma-
lignancy, a confident diagnosis of adenocarcinoma can
be made (Fig. 12). Also, hiatal hernia is very frequently
seen in patients with adenocarcinoma [47, 49]. Other-
wise, the appearances of adenocarcinoma are indistin-
guishable from squamous cell carcinoma with polypoid,
ulcerative, stenotic and even varicoid appearances not-
ed. Superficial spreading adenocarcinoma, however, is
not reported.

Adenocarcinoma of the esophagus may extend into
the proximal stomach just as gastric cardia tumors can
extend into the distal esophagus [49]. Patterns of local
spread and metastatic disease are otherwise similar to
that of squamous cell carcinoma.

Leiomyosarcoma is probably the most common of
the other malignant neoplasms of the esophagus. Typi-
cally these lesions appear as large ulcerating masses, but
in some cases the masses are smoothly marginated and
difficult to differentiate from a benign leiomyoma [50].
Primary malignant melanoma, small cell carcinoma, and
salivary gland tumors (e.g., adenoid cystic carcinoma
and mucoepidermoid carcinoma) are also seen, but in-
frequently [51-53].
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Introduction

Nonneoplastic and neoplastic diseases of the stomach
are commonly encountered in clinical practice. Peptic
ulcer disease is one of the most common causes of acute
and chronic epigastric pain, while gastric cancer is one
of the leading causes of cancer mortality worldwide.
Over the past decade, it has been shown that the gram-
negative, spiral-shaped bacillus, Helicobacter pylori is
the major etiologic force behind the most common gas-
tric diseases (peptic ulcer disease, acute and chronic
gastritis, gastric carcinoma, and primary gastric lym-
phoma). Knowledge of the radiologic and pathologic
manifestations of this disease spectrum is vital to the
initial diagnosis and management of these patients.
Currently, management is based not only upon imaging
and endoscopic appearance, but also the presence or ab-
sence of H. pylori infection. In this chapter, the diseases
of the stomach associated with H. pylori infection are
discussed, as well as other disorders in the spectrum of
neoplastic and nonneoplastic diseases affecting the
stomach.

Part I: Neoplastic Diseases

Gastric Carcinoma

Incidence and Clinical Features

Gastric carcinoma is a worldwide health problem, sec-
ond only to lung cancer in incidence and mortality
worldwide [1]. The highest rates are reported from Ja-
pan, China, and other East Asian countries, as well as the
countries of Eastern Europe and tropical South Ameri-
ca. The lowest rates are in North America, South Central
Asia, and North Africa. In the United States, there has
been a progressive decline in the incidence of gastric
carcinoma since the early 1930’s. Currently, gastric car-
cinoma is the eleventh most common cancer in men
and thirteenth in women in the United States [2].

The striking geographic variation in the incidence of
gastric carcinoma has traditionally led to the hypothe-

The opinions and assertions contained herein are the
private views of the author, and are not to be construed
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sis that environmental and dietary factors play a leading
role in pathogenesis. However, there is convincing sci-
entific and epidemiological evidence that H. pylori is the
major causative agent in the development of gastric car-
cinoma, and that chronic inflammation leading to
atrophic gastritis is the precursor lesion [3]. In this
model, atrophic gastritis leads to metaplasia, dysplasia,
and ultimately, carcinoma [4, 5]. The ultimate develop-
ment of carcinoma is thought to be a multifactorial pro-
cess that involves infection with H. Pylori, genetics, and
dietary substances such as N-nitroso compounds and
salts. Gastric carcinoma also occurs with increased inci-
dence in patients with pernicious anemia that have au-
toimmune atrophic gastritis. However, in these patients,
H. pylori is not necessary for the development of carci-
noma [6].

As the incidence of gastric carcinoma has been de-
creasing in the United States, there has been a gradual
change in the distribution of carcinoma within the
stomach. In the first quarter of the twentieth century,
two-thirds of gastric carcinomas were located in the an-
trum and prepyloric region and 10% or less in the car-
dia [7]. The frequency of carcinomas in the cardia and
proximal third of the stomach has been increasing since
the late 1960’s, accounting for up to 50% of gastric carci-
nomas in recently published series [8]. The change in
distribution of gastric carcinomas, as well as the de-
creasing incidence, suggests that the etiology for proxi-
mal tumors is probably different from that of distal tu-
mors.

Typically, patients with gastric carcinoma do not de-
velop symptoms until the disease is advanced stage.
Early satiety, epigastric fullness, anorexia, and weight
loss are common initial symptoms in patients with infil-
trating tumors that diminish gastric capacity. Patients
with ulcerative tumors may present with pain, fatigue
from anemia, melena, or hematemesis. Occasionally,
metastatic spread to the left supraclavicular node
(Virchow’s node) or to the pelvis in female patients
(Krukenburg ovarian metastases) will bring a patient to
medical attention. Asymptomatic, early stage tumors
are more commonly seen in Japan, where vigorous
screening programs are in place due to the marked
prevalence of gastric carcinoma in the population.

Pathologic Features

Ninety-five percent of gastric carcinomas are adenocar-
cinomas. Histologically, these are either gland forming
or composed tumor cells that have a combination of
glandular, trabecular, or solid structures. There are sev-
eral histologic classifications for gastric adenocarcino-
ma. The World Health Organization (WHO) and Lauren
classifications are the most widely used. The WHO clas-

sification divides gastric adenocarcinoma into four his-
tologic subtypes: tubular, papillary, mucinous, and sig-
net-ring cell carcinomas [9].

The Lauren classification separates gastric adeno-
carcinoma into an intestinal and diffuse type. The intes-
tinal type is characterized by well-defined glandular
structures histologically and a polypoid or fungating
gross morphology. The diffuse type is histologically a
poorly differentiated adenocarcinoma with or without
signet ring cells. It has an ulcerative or diffusely infil-
trating gross morphology [10, 11].

The gross morphologic features of gastric adenocar-
cinoma have been described for early and advanced
gastric carcinoma (Fig. 1). The Japanese Research Soci-
ety for Gastric Carcinoma established a classification
system based upon the macroscopic appearance of ear-
ly gastric carcinoma at endoscopy [12]. Early carcinoma
is defined as tumor limited to the submucosa or muco-
sa, irrespective of nodal metastasis. Borrmann initially
classified the gross morphology of advanced gastric
carcinoma. Four patterns were described: polypoid or
fungating, excavating, ulcerating and infiltrating, or dif-
fusely infiltrative (Fig. 1) [13]. Patients with advanced
carcinomas are usually symptomatic at the time of diag-
nosis. Infiltrative tumors may elicit a desmoplastic re-
sponse in the gastric wall, which produces marked ri-
gidity of the stomach. These carcinomas are referred to
as scirrhous carcinomas, and have a morphologic ap-
pearance that is termed linitis plastica.

Fig. 1. Macroscopic classification of early and advanced gastric
carcinoma
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Radiologic Features

The radiologic appearance of gastric adenocarcinoma
parallels the gross morphology of the tumor. Tumors
that form polypoid masses (Borrmann type I) typically
have acute angles with the gastric wall when visualized
on barium or CT evaluation of the stomach (Fig. 2). On
barium examination of the stomach, polypoid masses
may be smooth, lobulated, or irregular in contour. On
single contrast studies, they are filling defects in the
barium pool. On air contrast studies, they are intralumi-
nal masses that are etched in barium [14]. When ulcera-
tion is the predominant feature (Borrmann type II and
III), the ulcer craters are usually irregular with a rind of
nodular neoplastic tissue (Fig. 3). Small malignant ul-
cers may have scalloped, angular, or stellate borders
[15]. CT evaluation of these lesions usually reveals a
soft-tissue component that is either a focal mass or an
infiltrative lesion.

Diffusely infiltrating adenocarcinoma (Borrmann
type IV) that is associated with desmoplasia produces a

diffusely thickened gastric wall and narrowed lumen.
This appearance has been likened to a leather bottle,
and is most often referred to as linitis plastica (Fig. 4).
Most of these tumors involve the gastric antrum; how-
ever, the entire stomach may be involved in severe cases
[16, 17]. Rugal fold thickening, mucosal nodularity, ul-

Fig. 2A, B. Polypoid gastric adenocarcinoma. A Air-contrast bari-
um examination of the stomach in a 55-year-old man with occult
gastrointestinal bleeding shows a 3-cm intraluminal polypoid
adenocarcinoma arising from the lesser curvature of the antrum.
B Intravenous and oral contrast-enhanced CT scan in a 60-year-
old man with epigastric pain shows a large hiatal hernia contain-
ing a 4.0-cm intraluminal polypoid adenocarcinoma

Fig. 3A–C. Ulcerative gastric adenocarcinoma. A Single-contrast
barium examination of the stomach in a 65-year-old man with
hematemesis shows a large irregular ulcer crater on the lesser cur-
vature of the stomach. There is mass effect surrounding the ulcer
(arrows). B Photograph of the resected surgical specimen shows
the ulcerative adenocarcinoma in cross-section. The central ulcer
crater (arrow) is surrounded by white tumor that infiltrates
through the adjacent mucosa and submucosa. C Intravenous and
oral contrast-enhanced CT scan in a 50-year-old male with melena
shows an irregularly marginated soft-tissue mass along the great-
er curvature of the stomach that contains a central ulcer crater
(arrow)
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ceration, and fold distortion may be the predominant
features of a scirrhous carcinoma that involves the
proximal stomach [18]. On CT, these tumors appear as
diffuse mural thickening (Fig. 4C).

Helical CT technology has greatly improved preoper-
ative evaluation of patients with gastric adenocarcino-
ma. Adequate distention the stomach with water
(500–750 ml) optimizes visualization of the gastric wall
during the arterial phase of contrast enhancement [19].
Although CT is useful in identifying hematogenous liv-
er metastasis and spread to adjacent organs such as the
omentum, pancreas, and spleen, CT has not been prov-
en to be accurate in preoperative staging. The major
limitations of CT include the following: identifying the
degree of gastric wall involvement; identifying small fo-
ci of peritoneal metastasis; and, identifying tumor in
normal sized nodes [15].

Gastric Lymphoma

Incidence and Clinical Features

The incidence of gastric lymphoma has been steadily
increasing over the past two decades, approaching 10%
of all gastric neoplasms in recent published series [20].
The rising incidence reflects the improved identifica-
tion and understanding of gastric lymphoma and the
recognition that many of the lesions previously diag-
nosed as pseudolymphoma are neoplastic [21]. In addi-
tion, there is an increased incidence of lymphoma in the
growing population of immunosuppressed individuals.
The stomach is the most common location for gastroin-
testinal lymphoma in western countries, whereas the
small bowel is the most common site in the Middle East
and Mediterranean [22]. Gastrointestinal lymphoma is
almost exclusively non-Hodgkin lymphoma. It is con-
sidered to be primary when the patient presents with

Fig. 4A–D. Infiltrating gastric adenocarcinoma. A Air-contrast bar-
ium examination of the stomach in a 67-year-old man with early
satiety shows poor gastric distension and diffuse, circumferential
narrowing the body and antrum of the stomach. There is oblitera-
tion of the pylorus. B Photograph of the resected surgical speci-
men shows the gastric wall in cross-section. Pale yellow tumor in-
filtrates through the mucosa, submucosa, and muscularis propria.
Subserosal tumor is also evident (arrow). C Intravenous contrast-

enhanced CT scan in a 77-year-old woman with early satiety shows
soft-tissue thickening of the gastric wall (arrows). Extraserosal
spread of tumor into the greater omentum (curved arrow) and
lesser sac (arrowhead) is shown by soft-tissue density within the
perigastric fat. A small lymph node is also present in the greater
omentum. D Photograph of the resected surgical specimen shows
the opened stomach that has effaced rugal folds from tumor that
has infiltrated throughout the wall (arrow)
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the bulk of disease confined to the gastrointestinal tract.
The gastrointestinal tract is also one of the most fre-
quent sites of secondary involvement in patients with
primary nodal lymphoma.

There is a wide age range at presentation for gastric
lymphoma, however most patients are over the age of 50
years [20]. Patients with low-grade gastric lymphoma
typically have a long history of nonspecific symptoms
such as dyspepsia, nausea, and vomiting [20]. In general,
the presenting signs and symptoms in patients with high-
grade lymphoma parallel tumor morphology. Patients
with ulcerating tumors have gastrointestinal bleeding
or anemia, and those with infiltrating tumors have pain,
nausea, vomiting, early satiety, anorexia, or weight loss.

Pathologic Features

Lymphomas are currently classified according to the
WHO classification of lymphoid neoplasms introduced
in 2000 [23, 24]. The majority of gastric lymphoma is
high-grade B-cell lymphoma that develops from low-
grade mucosal-associated lymphoid tissue (MALT)
lymphoma. Low-grade gastric lymphomas are almost
always MALT lymphomas, which account for 20% to
30% of all gastric lymphomas [25, 26]. Although there
has been conflicting evidence in the literature, most au-
thors agree that gastric MALT lymphoma is derived
from MALT that accumulates in response to H. pylori in-
fection [27]. Treatment to eradicate H. pylori causes tu-
mor resolution or regression in 75% of cases [28].

Gastric lymphoma is most commonly found in the
antrum. Low-grade MALT lymphoma is a superficial,
infiltrating lesion that produces a nodular gastric mu-
cosa. Histologically, the neoplastic cells of MALT lym-
phoma infiltrate between pre-existing lymphoid folli-
cles and may be difficult to differentiate from a florid
gastritis [20]. High-grade B-cell lymphoma destroys the
normal gastric glandular architecture and may infiltrate
throughout the gastric wall. High-grade B-cell lympho-
ma may form polypoid masses, infiltrative lesions with
focal ulceration, or, occasionally, annular lesions [11].

Radiologic Features

The features of low-grade MALT lymphoma on barium
evaluation of the stomach includes mucosal nodularity,
mucosal ulceration, rugal fold thickening, prominent
areae gastricae, and focal masses (Fig. 5) [29, 30]. The le-
sions of MALT lymphoma most commonly involve the
gastric antrum and may be multifocal [31, 32]. In most
cases, the radiologic features of MALT lymphoma are
indistinguishable from H. pylori gastritis and early gas-
tric carcinoma. CT may demonstrate segmental or dif-
fuse gastric wall thickening (Fig. 6A).

High-grade gastric lymphomas are infiltrative, poly-
poid, ulcerative, or nodular masses [33]. Infiltrative
lymphomas most commonly manifest as enlarged lobu-
lated rugal folds on barium or CT examination of the
stomach (Fig. 6B). Rigidity and narrowing resulting in
linitis plastica has been reported as a manifestation of
infiltrating gastric lymphoma [34]. On CT, the attenua-
tion of lymphoma is typically homogeneous. Rarely, low

Fig. 5A,B. Low-grade MALT lymphoma in a 52-year-old woman
with epigastric pain. A Air-contrast barium examination of the
stomach shows nodularity and fold thickening along the greater
curvature of the antrum. Small ulcers are present along the lesser
curvature (curved arrow). B Photograph of the resected surgical
specimen rugal fold thickening and nodular effacement of the gas-
tric mucosa (arrow)
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attenuation regions may be present in lymphoma that
has an aggressive histology. Perigastric, omental, and
retroperitoneal adenopathy is frequently identified in
patients with high-grade and advanced staged lympho-
ma (Fig. 7). It may difficult to differentiate gastric lym-
phoma from gastric adenocarcinoma on imaging stud-
ies alone because they have similar morphologic fea-
tures. CT features that suggest the diagnosis of lympho-
ma include marked gastric wall thickening, exceeding
4 cm, bulky adenopathy, and adenopathy that extends
below the renal hilum (Fig. 7) [35].

Gastrointestinal Stromal Tumor

Incidence and Clinical Features

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms of the gastrointesti-

nal tract. They occur most frequently in the stomach
and account for 2% to 3% of gastric malignancies. The
best defining feature of GISTs is their immunohisto-
chemical expression of KIT (CD117), a tyrosine kinase
growth factor receptor. KIT immunoreactivity distin-
guishes GISTs from other mesenchymal neoplasms such
as leiomyomas, leiomyosarcomas, schwannomas, and
neurofibromas. The expression of KIT by GISTs has led
some authors to postulate that GISTs arise from primi-
tive stem cells that phenotypically resemble the native
KIT-positive gut pacemaker cell or interstitial cell of Ca-
jal [36].

Most patients with GISTs are over the age of 50 years
at the time of diagnosis [37]. Some studies in the medi-
cal literature show a slight increased incidence of GISTs
in the male population, but others show no gender pred-
ilection. The presenting signs and symptoms depend
upon the anatomic location and size of the tumor [38].
Patients with gastric GISTs may present with evidence

Fig. 6A, B. CT features of gastric lymphoma. A Low-grade MALT
lymphoma in a 45-year-old woman with epigastric pain. Intrave-
nous and oral contrast-enhanced CT scan shows focal wall thick-
ening along the posterior gastric body (arrow). There is an adja-
cent perigastric lymph node. B High-grade diffuse B-cell lympho-
ma in a 60-year-old man with anorexia and weight loss. Intrave-
nous and oral contrast-enhanced CT scan shows diffuse wall
thickening and rugal fold thickening (arrow). There are multiple
perigastric and retroperitoneal lymph nodes

Fig. 7A,B. High-grade diffuse B-cell lymphoma in a 62-year-old
woman with abdominal pain, anorexia, and weight loss. (A, B)
Intravenous and oral contrast-enhanced CT scan shows diffuse
gastric wall thickening that is marked along the posterior body of
the stomach (asterisk). There is bulky perigastric and retroperito-
neal adenopathy (arrows)
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of bleeding or anemia from mucosal ulceration. Other
signs and symptoms include abdominal pain, nausea,
vomiting, abdominal distension, and a palpable epigas-
tric mass.

Pathologic Features

The majority of GISTs arise from the muscularis pro-
pria of the stomach wall and have a propensity for exo-
phytic growth. Therefore, most tumors will have an
dominant extramural component that projects into the
abdominal cavity [39]. Smaller sized tumors may be pri-
marily intramural in location, or have a component that
extends into the gastric lumen. On gross pathology, fo-
cal areas of hemorrhage, cystic degeneration, and ne-
crosis are commonly present. Occasionally, extensive
hemorrhage and degeneration may result in cavitation,
a large fluid component within the tumor, and fluid-
fluid levels. At light microscopy, the majority gastric
GISTs are composed of spindle cells (70% to 80%), and
the remaining are composed of epithelioid cells (20% to
30%) [40]. By definition, GISTs are positive for KIT (CD
117) on immunohistochemical staining. Many are also
positive for CD34.

An estimation of biologic behavior (benign versus
malignant) is made based upon tumor size and mitotic
rate. It is generally accepted that gastric GISTs that are
less than 5-cm in largest dimension and have five or
fewer mitoses per 50 consecutive high power fields
(HPF) have low risk for metastasis and are probably be-
nign. Those that are larger than 10-cm with more than
five mitoses per 50 HPF are considered malignant, while
those that fall in between these categories have uncer-
tain malignant potential or intermediate risk for metas-
tasis or recurrence. GISTs with marked mitotic activity
(more than 50 mitoses per 50 HPF) are considered high-
grade malignancies with an extremely aggressive clini-
cal behavior [41]. In the stomach, benign GISTs are ap-
proximately three times more common than malignant
GISTs [37].

Radiologic Features

The majority of gastric GISTs are located in the body of
the stomach (75%), followed by the cardia and fundus
(14%), and antrum (11%) [42]. On barium examination
of the stomach, GISTs demonstrate the classic features
of a mural mass: obtuse or right angles with the gastric
wall when viewed in profile (Fig. 8) and a smoothly cir-
cumscribed mass when viewed en face. Focal ulceration
on the surface of the tumor may be present.

CT shows extragastric extension in 86% of cases [42].
The tumor may extend to involve the perigastric fat,
gastrohepatic ligament, gastrosplenic ligament, greater

Fig. 8A–C. Malignant GIST in a 65-year-old woman with epigastric
pain. A Air-contrast barium examination of the stomach shows a
smoothly marginated mural mass (arrows) arising from the lesser
curvature of the gastric body producing obtuse angles with the
gastric wall. B Intravenous contrast-enhanced CT scan shows a
heterogeneously low attenuation mass (arrow) arising from the
gastric wall. C Photograph of the opened resected surgical speci-
men shows the intramural GIST with focal hemorrhage on its cut
surface
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omentum, or posteriorly into the lesser sac.A gastric or-
igin may be difficult to appreciate on CT of large, pre-
dominantly exophytic GISTs. Subtle gastric wall thick-
ening may be the clue to its origin (Fig. 9). Heterogene-
ous enhancement is typically identified because focal
areas of hemorrhage and necrosis are commonly
present (Fig. 10).When cavitation occurs, there is usual-

ly communication of the tumor with the gastric lumen
such that air and/or oral contrast are present within the
tumor cavity. Metastatic lymphadenopathy is not a fea-
ture of malignant GISTs. Metastasis, if present, will be to
the liver or peritoneal cavity [38].

Carcinoid

Incidence and Clinical Features

Gastric carcinoids are rare, accounting for 2% to 3% of
all gastrointestinal carcinoids and 0.3% of all gastric
neoplasms [43]. Three distinct types of gastric carci-
noid have been recognized. Type I gastric carcinoid is
associated with autoimmune chronic atrophic gastritis
and occurs more commonly in women (M : F, 1 : 2.5).
Type II gastric carcinoid is associated with Multiple En-
docrine Neoplasia Type I (MEN-I) and Zollinger-Elli-
son syndrome, and has no gender predilection. Type III

Fig. 9A, B. Malignant GIST in a 54-year-old woman with anorexia
and a palpable epigastric mass. A Unenhanced CT scan with oral
contrast shows a well-circumscribed heterogeneous mass (aste-
risk) adjacent to the lesser curvature of the stomach. Mural thick-
ening along the lesser curvature (arrows) proves its gastric origin.
B Photograph of the resected surgical specimen shows foci of hem-
orrhage on cut surface of the GIST adjacent to the unopened stom-
ach

Fig. 10A, B. Malignant GIST in a 59-year-old man who present gas-
trointestinal bleeding and a palpable left upper quadrant mass.
A Intravenous and oral contrast enhanced CT scan shows a large
left upper quadrant mass with containing focal areas of low atten-
uation. The mass arises from the gastric wall and has intraluminal
and extramural components. B Photograph of the cut surface of
the resected surgical specimen shows a large area of hemorrhage
within the tumor (asterisk)
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gastric carcinoid is sporadic, and is not associated with
hypergastrinemia or autoimmune chronic atrophic gas-
tritis. Type III gastric carcinoids are more common in
men than women (M: F, 2.8:1) [44].

The clinical presentation and biologic behavior of
gastric carcinoids varies depending on the underlying
etiology and the presence or absence of chronic atroph-
ic gastritis. Carcinoids associated with chronic atrophic
gastritis and hypergastrinemia (Type I and II) are usu-
ally small, multiple, and typically have benign biologic
behavior. Solitary, sporadic carcinoids have a more ag-
gressive clinical course, often presenting with clinical
features similar to carcinoma: gastrointestinal hemor-
rhage, gastric outlet obstruction, and metastatic disease
[11].

Pathologic Features

Gross pathology reveals carcinoids to be submucosal
masses that often extend into the gastric lumen with at-
tenuation of the overlying mucosa. As they enlarge, an
erythematous depression or ulceration forms on the
mucosal surface of the tumor [11]. Type I and II carci-
noids are often frequently small (1 to 3 mm) and multi-
ple with extensive thickening of the gastric wall due to a
hypertrophic-hypersecretory gastropathy that is secon-
dary to hypergastrinemia. Histologically, gastric carci-
noids are composed of small round or polygonal neuro-
endocrine cells that form ribbons, festoons, rosettes, or
trabecular patterns.

Radiologic Features

Carcinoids have a variety of radiologic appearances.
Classically, they manifest as smoothly marginated sub-

mucosal masses on barium evaluation of the stomach. If
central ulceration is present, they may have a “bulls-eye”
appearance (Fig. 11). However, they may be single or
multiple pedunculated polypoid lesions (Fig. 12) or
large ulcerative masses [45]. CT may demonstrate en-

Fig. 11A, B. Solitary carcinoid in a 54-year-old man with melena.
A Air-contrast barium examination of the stomach shows a
smoothly circumscribed “bull’s-eye” lesion in the body of the
stomach (arrow). B Photograph of the resected surgical specimen
shows the intramural mass of carcinoid cut in cross-section. Cen-
tral ulceration is present along the mucosal surface

Fig. 12. Multiple gastric carcinoids in a 40-
year-old woman with chronic atrophic gas-
tritis. Air-contrast barium examination of the
stomach shows multiple, intraluminal pedun-
culated, polypoid masses (arrows)
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hancing nodular masses and polypoid thickening of the
gastric wall in those patients with hypergastrinemia
[46, 47].

Metastasis

Gastric metastases are uncommon. The incidence at au-
topsy in cancer patients is 1.7% [48]. Metastasis may be
secondary to hematogenous dissemination or direct ex-
tension from adjacent organs. In the case of hematoge-
nous metastasis, gastric involvement generally repre-
sents a late stage of disease when there is evidence of
hematogenous metastasis to multiple organs. Melano-
ma, lung, and breast cancer are common primary sites.
Clinically, patients may present with bleeding, pain,
vomiting, or anorexia. Gross pathology and radiologic
evaluation of the stomach show gastric metastases as
infiltrative lesions producing a linitis plastica pattern,
ulcerating masses, or polypoid masses [49]. Primary
carcinomas of the colon, esophagus, and pancreas may
involve the stomach by direct extension or lymphatic
spread. Occasionally, omental metastases from carcino-
mas of the gastrointestinal tract or pelvis may encase
the stomach.

Miscellaneous Neoplasms

Benign polypoid tumors of the stomach are common.
These are most often found incidentally during radio-
logic or endoscopic evaluation of the stomach. Hyper-
plastic polyps are the most common benign epithelial
neoplasms of the stomach. Hyperplastic polyps are typ-
ically found in the antrum in the setting of H. pylori gas-
tritis [9]. On double contrast barium examination of the
stomach, hyperplastic polyps are usually 5 mm to
10 mm in size, smooth, round, sessile, or pedunculated
polyps [50]. Other benign polypoid lesions include
adenomas and fundic gland polyps. Gastric adenomas
may undergo malignant transformation to adenocar-
cinoma.

Leiomyomas, leiomyosarcomas, gastrointestinal au-
tonomic nerve tumors, schwannomas, and neurofibro-
mas are mesenchymal neoplasms that are rarely seen
within the stomach. Radiologically, these are intramural
tumors that have an appearance identical to GISTs. His-
tologically, they are distinctly different tumors and
should be differentiated from GISTs because clinical
and surgical management differs. Rarely, other mesen-
chymal neoplasms such glomus tumors, lipomas, gran-
ular cell tumors, hemangiomas, and lymphangiomas
may be found in the stomach.

In the setting of human immunodeficiency virus
(HIV) infection, the rare vascular neoplasm, Kaposi sar-
coma may involve the gastrointestinal tract. The stom-

ach and duodenum are the most common sites of in-
volvement. Single or multiple submucosal masses are
typically present. They may have central ulceration,
which results in a bull’s eye appearance on air-contrast
barium examination of the stomach. Rarely, an infiltra-
tive form may manifest as thick, nodular rugal folds.

Part II: Nonneoplastic Diseases

Peptic Ulcer Disease

Incidence and Clinical Features

Peptic ulcer disease is very common, affecting 10% of
adults in western countries. H. pylori infection and the
use of nonsteroidal anti-inflammatory drugs (NSAIDS)
are the two principal etiologies of peptic ulcers. Less
commonly, peptic ulcers occur in the setting of hyper-
gastrinemia, such as Multiple Endocrine Neoplasia
Type I and Zollinger-Ellison syndrome. H. pylori infects
in the mucous layer of the gastric and/or duodenal mu-
cosa, preferring the gastric antrum and duodenal bulb.
The prevalence of H. pylori infection increases with age
and lower socioeconomic status. Approximately 10% of
the United States population under the age of 30 is in-
fected with H. pylori, whereas 60% of the population
over the age of 60 is infected [51]. H. pylori is found in
90% of patients with duodenal ulcers, 80% of patients
with gastric ulcers, and 100% of patients with chronic
active gastritis [52, 53].

The mechanism for gastric ulceration in the setting
of NSAIDS is two-fold. Principally, NSAIDS produce ul-
ceration because they block the production of prosta-
glandin, which has a cytoprotective effect on the gastric
mucosa. NSAIDS are also local irritants to the gastric
mucosa producing direct mucosal injury (erosions,
hemorrhage, and ulcers) in 15% to 20% of patients who
use them chronically [54].

The most consistent clinical symptom of peptic ulcer
disease is epigastric pain. Commonly, the pain occurs at
night, several hours after meals, and may be relieved by
food intake. Some patients may complain of right upper
quadrant, chest, or back pain. Other signs and symp-
toms include bloating, nausea, and vomiting. Bleeding
develops in approximately 20% of patients. Occasional-
ly, patients will present with signs and symptoms of gas-
tric outlet obstruction from localized edema or perito-
nitis secondary to perforation.

Pathologic Features

Benign peptic ulcers usually have circumscribed, round,
or oval ulcer craters on gross inspection. Edematous,
congested folds radiate toward the ulcer crater. In con-
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trast, malignant gastric ulcers tend to have irregular
margins, rolled edges, and radiating folds that are nod-
ular, clubbed, and do not converge toward the crater.
Histologically, acute benign ulcers are characterized by
an inflammatory infiltrate and granulation tissue re-
placing the denuded gastric epithelium. Chronic benign
ulcers typically have a zone of inflammation, coagula-
tion necrosis, granulation tissue, and fibrosis in the ul-
cer base [55].

Radiologic Features

The majority of benign gastric ulcers are located on the
lesser curvature and the posterior wall of the body and
antrum of the stomach. Ulcers vary in size and shape.
Giant ulcers are those greater than 3 cm. Ulcer craters
may be round, oval, linear, or serpiginous. When viewed
in profile, on double contrast barium evaluation of the
stomach, ulcer craters fill with barium and project be-
yond the mucosal margin of the stomach. Other features

of benign ulcers include: Hampton line, ulcer mound,
ulcer collar, and smooth radiating folds (Fig. 13) [56].
Hampton line is produced from the undermining of the
mucosa surrounding the ulcer crater (Fig. 13B). The ul-
cer mound is a thick radiolucent ring surrounding the
ulcer that is produced by edema (Fig. 13D).

Although there is a trend to perform endoscopy and
biopsy on all ulcers that are detected radiographically, it
has been demonstrated that almost all ulcers that have a
radiographically benign appearance are benign [57, 58],
therefore radiographic follow up is appropriate for
these patients. Malignant ulcers generally show one or
more of the following features: irregular crater in a
mass, nodular or clubbed radiating folds, projection of
the ulcer crater inside a mass, nodular ulcer margins
(Fig. 14). Equivocal features on double contrast exam-
inations are ulcers that have an irregular shape, asym-
metry of mass effect, enlarged areae gastricae, and a lo-
cation on the greater curvature. Patients that have ulcers
with malignant or equivocal features should proceed to
endoscopic biopsy for definitive diagnosis.

Fig. 13A–D. Features of benign gastric ulcers on barium examina-
tion of the stomach. A Benign antral ulcer with smooth, radiating
folds. B Benign lesser curvature ulcer shown in profile reveals a ra-
diolucent Hampton line (arrow). C Benign lesser curvature ulcer

shown in profile reveals collar-button morphology. D Benign an-
tral ulcer shows a large radiolucent edema mound surrounding
the ulcer crater. (Courtesy of Dr. Charles Rohrmann, University of
Washington, Seattle, WA)
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Zollinger-Ellison Syndrome

Incidence and Clinical Features

Zollinger-Ellison syndrome (ZES) is the clinical syn-
drome produced by a gastrin-secreting neuroendocrine
tumor (gastrinoma). Patients typically have elevated
gastrin levels and one or more benign peptic ulcers of
the stomach, duodenum, or proximal small intestine.
Approximately 0.1 to 1.0% of peptic ulcer disease in the
United States is due to ZES [59]. The most common pre-
senting symptom in patients with ZES is epigastric pain
from peptic ulcers. Persistent, severe diarrhea secon-
dary to hypergastrinemia occurs in 30% of patients
[59].

Zollinger-Ellison syndrome is most commonly asso-
ciated with sporadic gastrinomas, but is also seen in the
setting MEN-I syndrome. Gastrinomas occurring in the
sporadic form of Zollinger-Ellison syndrome are most
commonly primary to the pancreas (75%), but may be

Fig. 14A, B. Malignant gastric ulcer in a 65-year-old male with epi-
gastric pain. A Air-contrast barium examination of the stomach
shows an irregular ulcer crater in the proximal stomach. B Photo-
graph of the resected surgical specimen shows thick, nodular folds
and a nodular tumor margin surrounding the ulcer (arrows) Fig. 15A, B. Zollinger-Ellison syndrome secondary to a malignant

gastrinoma in a 39-year-old male with abdominal pain and a his-
tory of recurrent peptic ulcers. A Air-contrast barium examination
of the stomach shows thick gastric folds and a peptic ulcer (arrow)
with surrounding edema on the lesser curvature of the stomach.
B Intravenous contrast-enhanced CT scan shows a thickened gas-
tric wall (arrow) and liver metastasis. The primary gastrinoma is
not shown in this image
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found in extrapancreatic locations such as the duode-
num (15%), liver, ovary, and lymph nodes [60]. The inci-
dence of malignancy in gastrinomas is 60%. Surgery is
the most effective therapy for these patients if they do
not have evidence of metastatic disease. Gastrinomas in
MEN-I syndrome are frequently multiple. The manage-
ment of MEN-I patients is controversial since these pa-
tients are rarely cured by surgery and the gastrinomas
of MEN-I have a lower rate of malignancy [59].

Radiologic Features

Gastric and duodenal ulcers, excessive gastric secre-
tions, and thick gastric and duodenal folds are radiolog-
ic findings that may be seen in patients with ZES. How-
ever, one of the most important indications for radio-
logic evaluation of patients with ZES is preoperative lo-
calization of the gastrinoma and screening for metastat-
ic disease (Fig. 15). CT and magnetic resonance imaging
(MR) are useful modalities in the preoperative evalua-
tion of ZES patients [61]. Somatostatin receptor scintig-
raphy has been shown to be a very effective tool for lo-
calization of the primary tumor and detection of occult
metastatic disease preoperatively [62, 63].

Ménétrier Disease

Incidence and Clinical Features

Ménétrier disease is an uncommon and irreversible id-
iopathic disorder characterized by hypertrophy of the
gastric folds. Ménétrier disease is most commonly seen
in adult men, aged 50 to 70 years [55]. Epigastric pain,
bloating, vomiting, anorexia, and weight loss are the
most common presenting complaints. Severe hypopro-
teinemia and malnutrition may result from hyposecre-
tion of gastric acids and hypersecretion of mucous in
severe cases. Ménétrier disease is rare in the pediatric
population. When it occurs, the disease is often rever-
sible. Autoimmune reaction, CMV infection, and allergy
are thought to play a role in the pediatric form of the
disease.

Pathologic Features

Ménétrier disease is characterized by hypertrophy and
elongation of the foveolar compartment of the gastric
mucosa. The foveolar cells produce excessive mucin.
Usually, there is concomitant atrophy of the glandular
compartment. At gross pathology, the mucosal fold en-
largement resembles the convolutions of the cerebral
cortex [55].

Radiologic Features

Rugal fold enlargement is the radiologic hallmark of the
disease. Classically, the proximal stomach is involved
with sparing of the antrum. However, the entire stom-
ach may be affected. The folds are typically nodular, ir-
regular, and tortuous. Barium examination of the stom-
ach may show a spiculated appearance of the greater
curvature due to small amounts of barium that become
trapped between the thickened folds (Fig. 16A).

Fig. 16A, B. Ménétrier disease in a 70-year-old man with pedal ede-
ma and hypoalbuminemia. A Air-contrast barium examination of
the stomach shows thickened, nodular gastric folds. There is spic-
ulation of the fold pattern along the greater curvature. B Photo-
graph of the opened, resected surgical specimen shows marked ru-
gal hypertrophy in the proximal stomach (asterisk) and normal
antral mucosa
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Emphysematous Gastritis

Emphysematous gastritis is an uncommon suppurative
bacterial infection caused by gas forming organisms.
Ingestion of corrosives, chronic alcohol abuse, malnu-
trition, trauma, and underlying malignancy are often
predisposing factors. Patients may present with over-
whelming sepsis, acute gastrointestinal hemorrhage, or
rarely, with purulent emesis [64]. Clostridium, E. coli,
Streptococcus, Enterobacter, and Pseudomonas aerugi-
nosa are the most common offending organisms [55].
The mortality rate is high (60% to 80%) and those that
survive usually have long-term sequelae such as gastric
fibrosis and stricture formation [65, 66].

Gas within the stomach wall is the radiographic hall-
mark. CT is the imaging modality of choice and may
show intramural gas and fold thickening, as well as
complications such as pneumoperitoneum and portal
venous gas (Fig. 17) [64].
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draining alkaline secretions and powerful enzymes
through the major and minor papillae, and the stomach
producing caustic acids. It has a complex embryology
involving development of adjacent organs and numer-
ous anomalies. As a consequence of location, embryolo-
gy, histology, surrounding structures and the adjacent
organs draining into it, the pathology of the duodenum
differs from that of other alimentary tract organs. Inch
for inch and ounce for ounce, more distinct pathologies
occur here than in any other abdominal organ [1].

Developmental phenomena give rise to annular pan-
creas, webs and choledochoceles, and account for ecto-
pias. Anatomy dictates patterns of obstruction and
spread of disease from adjacent organs as well as pat-
terns of rupture and hematoma formation in blunt trau-
ma. Exposure to gastric acid leads to ulcers and hyper-
plasias. Influx of bile and pancreatic juice is thought to
determine some types and sites of mucosal neoplasia.

In common with the rest of the bowel, the duodenum
is a stratified tube that is organized into four main
layers: mucosa, submucosa, muscularis propria and an
outer adventitial covering. The mucosa, in turn, has
three layers. The luminal lining of squamous or colum-
nar epithelial cells provides a protective surface in-
volved in absorption and mucus production. The lami-
na propria is a supportive layer of mesenchyme con-
taining capillaries and nerves. A thin layer of smooth
muscle, the muscularis mucosae, separates the mucosa
from the submucosa. A unique feature of the proximal
duodenum are Brunner glands which are found in the
lamina propria and submucosa bridging across the
muscularis mucosae.

“Adventitia” is a general term for whatever surrounds
the gut. Much of the GI tract is surrounded by delicate
fibrofatty mesenchyme supporting a continuous thin fi-
brous layer, the serosa. In common with the esophagus
and part of the colon, the retroperitoneal portions of
the duodenum lack a defined serosa. The direct conti-
nuity of the duodenal wall with surrounding tissue is
important in spread of disease.

Introduction

The duodenum is one of the most unique and dynamic
parts of the body. It has both intra- and retro-peritoneal
portions. Being centrally located in the abdomen, it is
often affected by diseases in neighboring organs. It is a
battleground of acids and alkali relating to drainage
from three of the body’s major sources of digestive
chemicals: the liver via the biliary tree, the pancreas
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Developmental Lesions

Annular Pancreas

Annular pancreas provides a classic example of a duod-
enal stricture due to compression by an extrinsic encir-
cling mass. The pancreas is formed normally by the fu-
sion of dorsal and ventral embryologic precursors. The
ventral portion arises as a bud from the common bile
duct and normally rotates with the bile duct, traveling
behind the duodenum. It accounts for most of the head
and uncinate process of the mature pancreas after fus-
ing with the inferior aspect of the dorsal precursor
which becomes the body and tail of the gland. The pan-

creatic ducts normally join to form a kink or genu. Usu-
ally the main pancreatic drainage is via a common am-
pulla and papilla with the CBD on the medial wall of the
descending duodenum. A variable accessory drainage
from the dorsal component often extends from the re-
gion of the genu to the minor papilla slightly more ante-
rior and cephalad on the wall of the duodenum, al-
though a wide spectrum of variations occur.

Annular pancreas is a result of anomalous rotation of
the ventral pancreatic precursor anteriorly around the
duodenum. It fuses in a nearly normal relationship to
the dorsal component but leaves a trailing band of pan-
creatic tissue and duct around the anterior and lateral
aspects of the second part of the duodenum. The duod-

Fig. 1A, B. ERCP demonstrating annular pancreas. A Pancreatic duct extending laterally around endoscope. B Pancreatic ducts seen encir-
cling the duodenum as endoscope is withdrawn

Fig. 2. Contrast-enhanced CT in annular
pancreas showing enhancing rim of gland
wrapping around descending duodenum
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enal lumen passing through the resulting ring or collar
varies in diameter. It may be tight enough to obstruct in
the newborn or wide enough to be asymptomatic. The
mucosa and submucosa are unaffected except for being
stretched over the lesion, providing a smooth contour.
A pancreatogram demonstrating a duct surrounding
the duodenum or a CT demonstrating the gland wrap-
ping around the duodenum may be diagnostic [2]
(Figs. 1, 2).

As both the pancreas and the duodenum enlarge
with increasing patient age, a ring, which caused no
problem initially, may increasingly compromise the lu-
men and become symptomatic in adulthood [3, 4]. Pan-
creatitis may precipitate obstruction when the edema-
tous pancreatic collar further narrows the duodenal lu-
men.

Duplication

Duplication cysts are developmental lesions which con-
tain both muscular and mucosal elements. They prob-
ably begin embryologically during the sixth to tenth fe-
tal week. At this stage, the entire hollow enteric canal
undergoes rapid growth, and the core fills with rapidly
proliferating cells that obliterate the entire intestinal lu-
men. By the tenth week, numerous discontinuous vac-
uoles from in the gastrointestinal tract and eventually
coalesce to form one continuous gastrointestinal lumen.
If a vacuole fails to coalesce into the enteric lumen, it re-
mains a blind cyst that may gradually enlarge as lining
cells are shed into the lumen of the cyst. The lining epi-
thelium is often a complex combination of tissues, com-
monly including respiratory and pancreatic acinar epi-
thelium. The cysts are usually named according to the
organ with which they share a muscular wall, rather
than by the histology of the lining epithelium. Duplica-

tion cysts can be located anywhere within the GI tract.
The terminal ileum is the most common site, but the du-
odenum is a relatively common location, especially
along the medial aspect of the descending portion
(Figs. 3, 4). The majority of duplication cysts are ovoid,
and do not communicate with bowel.

Patients with duplication cysts may present in infan-
cy or early childhood with obstruction. However, pre-
senting symptoms depend on both the location of the
duplication cyst and whether the cyst is complicated.
Abdominal pain may occur due to cyst distention, intus-
susception, infection, or ulceration and bleeding, espe-
cially if gastric mucosa is present and pancreatitis is an-
other potential complication [5, 6].

Fig. 4. Photomicrograph demonstrating var-
ied tissue lining a duodenal duplication
some of which in this case resembles skin. L,
lumen; F, hair follicle; K, keratin whorl

Fig. 3. Duodenal duplication widening and causing a smooth im-
pression upon the inner aspect of the descending duodenum
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Ultrasonography can be highly suggestive of dupli-
cation cyst. Typically, there is a hypoechoic cystic struc-
ture with an echogenic mucosal layer surrounded by a
sonolucent muscular layer [7–9]. CT may be helpful in
problem cases by showing a low attenuation center and
an enhancing wall. Wall calcification is rare.

Choledochocele

Cystic dilations of the distal common bile duct are con-
sidered congenital anomalies. They typically protrude
into the duodenal lumen forming soft deformable
masses at, or surrounding, the papilla of Vater. They are
often classified as type 3 choledochal cysts, but seem
unrelated in embryologic origin, having normal pan-
creatic duct junctions and no documented increased in-
cidence of carcinoma. They contain bile and are visual-
ized cholangiographically but do not fill with ingested
luminal gut contrast which instead they displace. They
may become quite large and prolapse into the more dis-
tal duodenum [10].

Diverticula

Duodenal diverticula are very common and are almost
always acquired “false” diverticula, consisting of only a

mucosal layer herniated through the muscular wall at
sites of weakness near the papilla. The ampullary “win-
dow” is the channel through which the common ampul-
la or the separate pancreatic and biliary ducts normally
pass. It is the weakest part of the duodenal wall and a
frequent site of diverticulum formation. The diverticu-
lum usually arises parallel to the ampulla.With progres-
sive enlargement of the diverticulum, the adjacent du-
odenal mucosa containing the ampulla itself sometimes
herniates and the diverticulum contains the ampulla.

Diverticula may be multiple and may occur else-
where in the duodenum, at sites where major feeding ar-
teries penetrate the muscular wall, sometimes attaining
considerable size. Rarely, an acquired diverticulum con-
tains all layers of the duodenal wall and is secondary to
traction from an adjacent inflammatory process.

Considerable uncertainty exists about the clinical
significance of insertion of the common bile duct and
pancreatic ducts into the duodenal diverticulum. Dis-
agreement exists about whether this anomaly plays any
significant role in clinical disease, choledocholithiasis,
cholangitis, or pancreatitis.

Intraluminal Diverticulum

A rare form of duodenal web forms at or very near the
papilla of Vater and may develop a classic radiographic

Fig. 5. Intraluminal pseudodiverticulum. Spot images from upper
GI series show contrast accumulating in a classic sac-like intralu-
minal structure in the descending duodenum outlined by a thin

lucent wall. The arrowhead indicates the opening of the sac but the
presence of contrast distally implies an adjacent, eccentric opening
which prevents total obstruction
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appearance [11–13]. Its origin is probably related to the
period of vacuole coalescence in early embryologic life.
If a transverse portion of the wall between major duod-
enal vacuoles fails to disappear, a duodenal diaphragm
remains [14]. If this is complete, the neonate will have
complete duodenal obstruction requiring immediate
surgical correction. If the diaphragm is incomplete, an
opening permitting passage of food is present. Gradual
peristaltic pressure on the intact portion of the dia-
phragm causes progressive invagination. The dia-
phragm may be stretched and drawn downstream. If the
opening remains central the configuration resembles an
airport “wind sock”. More commonly the opening is ec-
centric with the mouth near the papilla and the dia-

phragm protrudes downstream like a condom or the
finger of a glove (Fig. 5).

As opposed to a duplication, which has a muscular
wall, the intraluminal diverticulum is lined on both
sides by duodenal mucosa and lacks a muscularis pro-
pria, consistent with its origin from a mucosal web
(Fig. 6).

Symptoms usually do not occur until adulthood,
when the diverticulum has attained considerable size.
An increased incidence in Down’s syndrome is reported
[15]. The pain, nausea, and vomiting may be due not on-
ly to degrees of duodenal obstruction but also to peri-
staltic pressure pulling or stretching the intraluminal
diverticulum. The fundus of the diverticulum may

Fig. 6. Photomicrograph of wall of intralumi-
nal pseudodiverticulum (H & E original
magnification ¥40). It is composed of two
layers of apposed mucosa with no interven-
ing submucosa or muscularis propria con-
firming its origin as a mucosal web rather
than a duplication

Fig. 7. Ectopic pancreas: medium-power
photomicrograph. Note the wide variety of
glandular tissue and ducts with relatively
sparse intermixed strands of muscle in a ha-
martomatous arrangement. (H&E x70 origi-
nal magnification)
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stretch to the ligament of Treitz because of chronic per-
istaltic traction. Ingested material, such as fruit pits,
may become trapped within the sac.

Ectopic Pancreas
(Pancreatic Rest or Myoepithelial Hamartoma)

Polypoid lesions containing pancreatic acini are rela-
tively common in the wall of the gut adjacent to the pan-
creas and apparently are embryologic anomalies. In
spite of the common appellation, they are seldom rests
of normal appearing pancreas. Usually they are com-
plex hamartomatous accumulations of epithelial and
muscular tissue in the mucosa and submucosa. The epi-
thelial components are quite variable including a varie-
ty of glandular elements including gastric and Brunner
gland- like cells. Pancreatic islets may be present but of-

ten are not (Fig. 7). The glandular tissue drains to the
gut lumen through a central duct whose orifice is usual-
ly in a central dimple or umbilication in the mucosa
which is stretched over the lesion (Fig. 8). Contrast
tends to accumulate in the dimple sometimes suggest-
ing an ulcer, but very rarely actually enters the ducts
which are usually microscopic [16]. The lesions are usu-
ally innocuous incidental findings, but inflammation,
carcinoma and islet cell tumors have been reported
rarely within them.

Inflammatory Conditions

Duodenitis

Duodenal inflammation is very common but the radio-
graphic findings, such as spasm and irritability and fold

Fig. 8. A Radiograph of nodule of ectopic
pancreas in the duodenal bulb. The central,
somewhat elongated, contrast accumulation
marks the orifice of duct entrance into the
lumen. B Endoscopic view of a similar lesion
from another patient
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irregularity and thickening are often nonspecific and
difficult to distinguish from normal variation when rel-
atively mild. Erosions through the epithelium which do
not breach the muscularis mucosae, which separates
mucosa from submucosa, may be detected with double
contrast technique. Aphthous lesions suggest granu-
lomatous disease, especially Crohn disease but are not
specific [17–19].

Ulcers

Ulcers are holes in the normal protective mucosal barri-
er lining the gut. They result in protrusions of contrast
beyond the expected margin of the lumen of the organ.
They may be caused by noxious agents in the bowel lu-
men or by insults such as mucosal ischemia or inflam-
mation in the mucosa itself. Infection with Helicobacter
pylori is now recognized as the etiology for most upper
GI tract ulceration (see below). Once the surface is
breached, the erosion can extend more deeply. In a be-
nign ulcer, the surrounding epithelium remains rela-
tively resistant and intact even though inflamed. De-
struction of the less resistant submucosa undermines
the mucosa, which tends to overhang the crater edge.
The firm, rubbery muscularis mucosae is relatively re-
sistant and forms a temporary barrier. The resulting
flat-bottomed defect has a characteristic “collar button”
shape. Surrounding mucosal folds extend all the way in
to the edge of the ulcer [20, 21].

In contrast, adenocarcinoma by definition arises in
dysplastic epithelium and typically produces a nodular,

irregular mucosa. An ulcer in this abnormal tissue usu-
ally has irregular edges that tend to be eroded along
with underlying tissue without undermining. Erosion
into an extensive tumor mass produces an irregular,
saucer-shaped hole rather than a flat bottom. Ulceration
into a submucosal tumor such as a leiomyoma or lym-
phoma nodule produces a variably shaped crater, but
because the epithelium is not primarily involved, it’s
edge is often sharply defined.

Zollinger-Ellison Syndrome is a classic entity in
which an ectopic gastrin source stimulates gastric acid
production and marked hyperplasia of parietal cells in
the deep mucosal glands of the gastric fundus. The re-
sulting excess highly acidic fluid causes inflammation
and ulcers, often more distal in the duodenum than in
more ordinary hyperacidity (Fig. 9) [22].Almost a quar-
ter of patients have multiple endocrine neoplasia type 1
(MEN-1), often with associated hyperparathyroidism
and renal calculi. Despite publicity and improved test-
ing and treatment methods, the diagnosis often remains
difficult and delayed [23].

In contrast to the inflammation caused by excess ac-
id in Zollinger-Ellison syndrome, duodenitis also may
be seen in patients with normal acid production but
who have diminished mucosal defense. Patients taking
NSAIDs have decreased mucosal defense. Patients with
active celiac sprue have mucosal atrophy predisposing
to ulcers and inflammation of the duodenum and the je-
junum (Fig. 10) [24–26].

Fig. 9. Zollinger-Ellison syndrome. Duodenal
folds are thick and irregular and there is a
deep ulcer at the junction of second and
third parts. Gastric folds are also thick espe-
cially in the fundus reflecting parietal cell
hyperplasia
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Regional Enteritis (Crohn Disease)

Duodenal involvement with Crohn’s disease is relatively
uncommon and rarely the only site affected. It may pre-
cede or follow the diagnosis of Crohn’s disease else-
where in the gastrointestinal tract. Concurrent involve-
ment of the gastric antrum and duodenal bulb is more
common than is isolated involvement of either the
stomach or the duodenum. Involvement of the antrum,
pylorus, and duodenal bulb often leads to obliteration
of the normal pyloric canal. In these instances, the an-
trum is narrowed, the pylorus is widened, and the duod-
enal bulb is narrowed, yielding a uniform tubular ap-
pearance that has been called a pseudo post-Billroth I
appearance.

The radiographic findings in the duodenum include
thickened folds, ulceration, pseudodiverticula, and
short- or long-segment strictures (string sign) [27, 28].
Involvement in or about the papilla of Vater may lead ei-
ther to a patulous, incompetent sphincter of Oddi or to
a fistula with reflux of barium into the common bile
duct or pancreatic duct. Hepatic abscess and pancrea-
titis are reported complications [29, 30]. A duodenocol-
ic fistula between the descending portion of the duode-
num and the proximal transverse colon may cause a
short bowel or blind loop syndrome or both. The colon,
the duodenum, or both may be the diseased organ from
which the fistula originates.

Infection

A very common, gram negative, spiral bacterium, Heli-
cobacter pylori (formerly called Campylobacter), is now
recognized as an etiologic agent for inflammation, ero-
sions, ulcers and metaplasia leading to neoplasm in the
stomach and proximal duodenum [31, 32]. Tuberculosis
may mimic Crohn’s disease in the upper GI tract and
may be more common world wide although primary
duodenal TB is very rare [33].

Strongyloides stercoralis is a microscopic nematode
parasite which tends to invade the superficial layers of
the duodenum. Resulting acute and chronic inflamma-
tion commonly resembles the classic findings of
Crohn’s disease, especially stenosis of the 2nd and 3rd
portions of the duodenum [34, 35]. Involvement of the
major papilla may lead to reflux of barium into the pan-
creatic duct and biliary tree through a patulous sphinc-
ter [36]. It is very common in south east Asia and in the
Caribbean, but there are also endemic foci in the United
States. Its unusual life cycle, including an autoinfection
pathway, eliminating the need for repeat environmental
exposure, makes it difficult to eradicate. Intense periph-
eral eosinophilia may be a diagnostic clue. Treatment
with steroids may lead to systemic hyperinfestation and
be disastrous.

Primary Duodenal Tumors

Tumors are usually seen as combinations of filling de-
fects and strictures [37, 38]. As in the rest of the gut, de-
termining the layer of the wall from which a tumor aris-
es is helpful in differential diagnosis. The histologic
components found normally in the wall vary with the
region of the gut and so do their tendencies for patho-
logic growth. One must know the local “track record”
for successful prediction. Polyps in the duodenum are
likely to be hyperplasias of Brunner glands or hamarto-
mas including pancreatic tissue. Such lesions would be
rare elsewhere and similar gross morphology would
prompt different considerations.

The radiographic morphology of lesions almost al-
ways gives important clues about the pathologic diag-
nosis [19, 39–42]. Overgrowths of the luminal surface
epithelium can cause hyperplasias, adenomas, or carci-
nomas, depending on the degree of histologic atypia.
Epithelial polyps and tumors tend to protrude into the
lumen, have irregular surface texture, form acute angles
with the surrounding surface, and usually do not dis-
place the centerline of the gut until quite large. Hamar-
tomas are mixed arrangements of otherwise normal tis-
sues. They are generally benign and usually contain
both epithelial and mesenchymal elements. Benign le-
sions tend to grow slowly, are often small, rounded and,

Fig. 10. A patient with symptomatic sprue with weight loss, diar-
rhea and anemia shows typical changes of active sprue which can
be seen in the duodenum. Arrows show fold thickening. The
curved arrow shows nodules in the bulb, called the foamy bulb [24]
representing glandular hypertrophy, and arrowheads show a ring
stricture from healed ulceration. The folds in the more distal du-
odenum are flat. All findings are due to loss of mucosal protection
from mucosal atrophy allowing gastric acid to produce inflamma-
tion



Chapter 4.3 Duodenum: Basics of Radiologic-Pathologic Correlations 261

if growing into the lumen, have time to be drawn out on-
to stalks by peristaltic action. Aggressive lesions spread
out and involve adjacent structures. They are likely to be
broad-based and tethered to deeper mural structures.
They become large sooner and are more likely to out-
grow blood supply and become necrotic. Nonuniform,
multicentric growth tends to cause irregular contours
and lobulation.

The incidence of benign tumors is difficult to define
since, if they are small or produce little effect on the lu-
men they are often asymptomatic and escape attention
[43]. They are relatively uncommon among clinically
evident tumors, but the absolute incidence is probably
much higher and may exceed that of malignancy. Epi-
thelial hyperplasias and adenomas may be sessile or pe-
dunculated nodules. Mesenchymal tumors arise in the
deeper layers. Thus, initially, the overlying epithelial
layer of the mucosa is intact. Its smooth luminal surface
provides a convenient means of predicting the nature of
such tumors. Other aspects of appearance depend upon
the consistency of the tumor tissue and its site of origin
within the wall. Virtually any type of mesenchymal cell
found in the bowel wall may rarely give rise to neoplas-
tic or hamartomatous tumors, but only a very few occur
frequently enough to warrant serious consideration.

Epithelial Lesions

Benign hyperplastic and adenomatous tumors also arise
in the epithelium and this is reflected in their roentgen
appearance, often allowing their differentiation.

Brunner Gland Lesions

Brunner glands are unique features of the histology of
the proximal duodenum. They form acini of distinctive
pale cells located in the mucosa and submucosa bridg-
ing across the muscularis mucosae. They produce a wa-
tery alkaline fluid which begins the neutralization of
gastric acid and which drains into the lumen through
microscopic ducts that are not seen grossly or on con-
trast studies. They frequently become hyperplastic, pre-
sumably in response to hyperacidity. Mild hyperplasia
results in subtle coarsening of duodenal fold patterns
difficult to distinguish from normal or duodenitis. Fur-
ther enlargement gives a mammillated, nodular appear-
ance to the duodenal bulb and proximal post bulbar du-
odenum (Fig. 11).

Occasionally polypoid Brunner gland tumors occur
and, being formed of glandular tissue, have frequently
been called adenomas. However, they resemble hyper-
plastic lesions histologically and rarely, if ever, demon-
strate the cellular dysplasia needed to define an adeno-

ma. They usually have some element of smooth muscle
proliferation suggesting a hamartomatous lesion. The
polyps typically arise in the proximal duodenum and
are small and either sessile or pedunculated [44, 45].
Rarely, they can become very large and extend into the
distal duodenum, usually retaining a proximal stalk [46]
(Fig. 12). Malignancy has not been reported regardless
of size.

Adenomas

Adenomas are neoplastic, usually polypoid, excrescenc-
es due to proliferation of dysplastic epithelial cells.As in
the rest of the GI tract, they may be sessile or peduncu-
lated. They are uncommon in the duodenum and, ex-
cluding polyposis syndromes, are usually solitary and
found most commonly near the papilla. It is tempting to
speculate that the dysplasia results from the irritating
effect of bile or pancreatic secretions.

Villous tumors imply more severe dysplasia, with
more aggressive growth. The lesions tend to be more
sessile, larger and have more irregular surface texture.
Barium trapped in the interstices of the villous surface
gives a striated, reticulated, or “soap bubbly” appear-
ance. They are usually found near the papilla and fre-
quently harbor foci of carcinoma, especially if large
[47–49] (Fig. 13).

Adenocarcinoma

Carcinoma is, by definition, an epithelial lesion. Its mu-
cosal origin is generally reflected by ulcers and luminal
nodules. Its poor prognosis can be explained, in part, by
its propensity for submucosal extension and for spread
through the wall.

Duodenal carcinoma is rare, accounting for less than
1 percent of GI malignancy. They typically arise in the
periampullary and post ampullary second portion of
the duodenum. Carcinomas arising remotely from the
ampullary region show characteristics similar to those
of carcinomas in the remainder of the gastrointestinal
tract. As noted above, they often have villous compo-
nents and appear to arise as anaplastic transitions from
preceding dysplastic villous adenomas (Fig. 14). By the
time they become markedly symptomatic, the tumors
are often advanced and beyond cure [50]. The role of the
radiologist, at that point, is one of locating and staging
the tumor. However, the upper GI study performed for
other reasons, provides the potential for detection of
relatively early carcinoma.

Often epithelial malignancy will grow into the lumen
as a mainly cellular, polypoid mass of tissue with little
fibrosis. Such a lesion is often well differentiated. Typi-
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cally, the surface is lobulated or ulcerated as opposed to
the usual smooth surface of benign lesions [51, 52].

Mucin producing tumors have a tendency to infil-
trate widely and incite a great deal of fibrotic reaction.

Fold thickening may result. Often the wall will be thick-
ened and appear stiff and constricted producing the
classic “leather bottle” appearance. The lesion may ex-
tend around the lumen in an annular manner (Fig. 15).

Fig. 11A–C. Brunner gland hyperplasia. A Multiple, small, nodular
excrescences in the duodenal bulb. B Low-power photomicrograph
of similar lesion showing focal overgrowth of pale-staining cells in
the lamina propria and submucosa beneath smooth, intact overly-
ing epithelium. C Higher-power photomicrograph showing uni-
form pale cytoplasm and benign appearing basally oriented nuclei
in the acini typical of Brunner glands (H & E 100¥ original mag-
nification)
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Fig. 12. A Radiograph of Brunner gland tumor presenting as large
polypoid mass in descending part of duodenum. B Low-power
photomicrograph using trichrome stain of such a polyp. Note the
dark bands of fibrous tissue and muscle suggesting a hamartoma-
tous lesion. C Higher-power photomicrograph from same polyp
showing acini of normal appearing Brunner glands
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Fig. 13. A Villous adenoma arising near pa-
pilla and prolapsing distally. Configuration
suggests relatively soft consistency and sur-
face texture appears irregular. B Gross speci-
men of a similar lesion showing the typical
features. C Low-power photomicrograph
showing the branching mucosal pattern and
dark-staining, pleomorphic, dysplastic cells
which define the lesion histologically
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Fig. 14A–C. A Radiograph from upper GI se-
ries of lobulated villous adenocarcinoma
arising at junction of second and third parts
of duodenum. B Gross specimen shows irreg-
ularity of surface texture. C High-power pho-
tomicrograph showing marked pleomor-
phism of cells typical of severely anaplastic
adenocarcinoma
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Tumors of the Papilla

“Periampullary cancer” is a term that includes tumors
arising from the ampullary region of the duodenum or
the closely adjacent pancreatic or common bile ducts
and whose organ of origin cannot always be differen-
tiated clinically, radiographically, or pathologically [53].
Radiographically, early periampullary tumors may
show only a prominent papilla, especially if the growth
of the tumor is still within the ampulla itself. Wide vari-
ability of normal papilla size and in the configuration of
the intrapapillary portion of the common bile duct
makes early diagnosis more difficult by conventional
studies and by cholangiography. Endoscopic ultrasound
may be useful in such cases [54].

More advanced tumors show nodularity, ulceration,
and finally, circumferential encasement of the duode-
num like that seen in the apple-core lesion common in
the colon. Local spread can easily involve the adjacent
organs, especially the pancreas. Familial adenomatous
polyposis patients are particularly likely to develop tu-
mors in the papilla and periampullary region which
may be either adenomas or carcinomas [55].

Tumors arising from the cuboidal cell epithelium of
the distal bile duct tend to be locally invasive, hypovas-
cular and incite fibrotic reaction. Being strategically
placed, they often come to attention early by obstruct-
ing the bile and /or adjacent pancreatic duct while still
quite small. Thus, jaundice and a prominent papilla re-

Fig. 15. Spot image of adenocarcinoma of the duodenum present-
ing as a classic tight annular “apple core” lesion in the second part
of the duodenum

Fig. 16A, B. Peripapillary adenocarcinoma of duodenum. Elderly
patient thought to have ascending cholangitis and mildly dilated
biliary tree on ultrasound. A Transhepatic cholangiogram shows

irregular distal CBD and contrast in duodenum outlines compo-
nent of tumor involving adjacent duodenal lumen. B Gross photo-
graph showing tumor in opened duodenum
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quire such additional diagnostic procedures as endo-
scopic retrograde cannulation and percutaneous trans-
hepatic cholangiography (Fig. 16).

Endocrine Tumors

Benign and malignant endocrine tumors are more com-
monly encountered in the duodenum, especially in the
descending second portion, than in most of the rest of
the bowel. Carcinoid and pancreatic islet cell tumors are
the most common but paragangliomas and other neu-
roendocrine tumors are occasionally found [55–57].
Gastrinomas associated with the Zollinger-Ellison Syn-
drome are particularly likely to occur in the wall of the
proximal duodenum (Fig. 17). These tumors are often
small and difficult to detect (Fig. 18). They tend to be
vascular and may be seen with multidetector CT scan-

ning with intravenous contrast administration as well
as with angiography. If they produce active hormones,
those not seen by CT or Angiography sometimes may be
localized by venous sampling technique.

Subepithelial Lesions

Tumors may arise in the submucosal mesenchymal tis-
sue of the GI tract. Many of these are slow growing and
benign. They often grow toward the lumen being re-
strained in the opposite direction by the firm, rubbery
muscularis propria. The displaced mucosal surface
tends to be smooth with rounded edges. Such tumors
typically present radiographically as rounded intramu-
ral lesions with smooth overlying mucosa. As such le-
sions become large, however, the epithelium may ulcer-
ate. The malignant counterparts of mesenchymal le-

Fig. 17A, B. Gastrinoma. A CT showing sessile
enhancing lesion on the wall of the second
portion of the duodenum. B Magnified view
of same lesion (arrow)
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sions are termed sarcomas and tend to grow larger, in-
vade adjacent tissue and metastasize.

Masses arising in the muscle wall (e.g., stromal cell
tumors and leiomyomas and leiomyosarcomas etc.)
may grow either toward the lumen (endoenteric) or
away (exoenteric) or in a combination of both patterns.
Extrinsic masses sometimes bulge into the lumen, but
they typically have very obtuse angles at the margins
and tend to displace the lumen centerline earlier than
do intrinsic lesions.

Stromal Tumors

Gastrointestinal stromal tumors (GIST) are by far the
most common benign mesenchymal tumors of the GI
tract, although relatively uncommon in the duodenum
[58]. In the past these tumors were generally called
leiomyomas and leiomyosarcomas and were thought to
arise usually from the smooth muscle of the wall. It has
now been determined that only a minority of such le-
sions demonstrate smooth muscle characteristics. The
majority are now considered to arise from stem cells
similar to the pacemaker cells of the bowel wall, the
interstitial cells of Cajal. They are characterized by ex-
pression of a tyrosine kinase growth factor receptor KIT
(CD117) [59]. While often small and difficult to detect,
these tumors may occasionally become huge but they
tend to grow slowly.

The pathological criteria for malignancy in GISTs
and smooth muscle lesions are somewhat arbitrary.

They depend upon averaging the number of mitotic fig-
ures in multiple high-power microscopic fields and an
assessment of cellularity and pleomorphism. Malignan-
cy in smooth muscle and GISTs correlates well with size,
except in the esophagus where the vast majority are be-
nign, even when very large.

Stromal tumors tend to grow as firm, rubbery,
rounded masses of compact intertwined bundles of
spindle cells. The tumors have no true capsules but usu-
ally easily shell out from surrounding compressed tis-
sue. Their radiographic appearance depends upon their
site of origin, size and direction of growth. Tumors aris-
ing in the outer layers of the wall tend to grow outward
into the surrounding tissue. If small, they cause no
symptoms and the majority are probably never detect-
ed. When larger, they may appear as extrinsic masses.
Lesions arising on the inner aspect of the muscle wall or
muscularis mucosae more easily displace the pliable
submucosa and mucosa than the firmer muscle wall.
Thus they grow toward the lumen and tend to cause
symptoms relatively early. Ordinarily the epithelium is
stretched smoothly over such submucosal masses, often
with obtuse angles at the periphery (Fig. 19). If such le-
sions become large enough, however, they may protrude
into the lumen and develop short pedicles. In that case
the mucosa will be tucked around the lesion with acute
angles at the boarders, a limitation of the so-called “sul-
cus sign” sometimes used to distinguish mucosal from
submucosal or extrinsic lesions.While the covering mu-
cosa is initially intact, the protruding submucosal mass
exposes it to trauma from luminal contents and may

Fig. 18. A Photomicrograph of gastrinoma (G) presenting as a tiny
nodule in submucosa of duodenum. Note the intact overlying mu-
cosal epithelium (E) and normal paler-staining Brunner glands
(B). B Higher-power view of same lesion showing acini of grossly

normal appearing pancreatic islet cells intermixed with strands of
muscle but infiltrating into the Brunner glands in the lamina pro-
pria
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compromise its blood supply. Superficial ulceration, is
an expected complication of any such lesion and may be
its mode of presentation.Vascularity within stromal tu-
mors is variable, often being rather sparse. Frequently,
however, there are prominent arteries in the superficial
layers of such tumors and these can be the source of
sudden, dramatic hemorrhage when eroded by ulcers.
Such behavior is well known with gastric lesions 
where the luminal contents are ulcerogenic and where
the lesions can become larger without luminal compro-
mise.

Stromal tumors are usually solitary, but are multiple
in a small percentage of cases. Calcification is rare in GI
tract leiomyomas, as opposed to the situation in the
uterus. When it occasionally occurs, it can be a useful
radiographic clue to the diagnosis.

Lipoma

Lipomas are, uniformly benign, localized proliferations
of submucosal fat (Fig. 20). The low attenuation of the

Fig. 19A B. Spindle cell stromal tumor in patient presenting with
intermittent GI bleeding. A Upper GI study showing smooth sub-
mucosal-appearing mass impinging on lumen of descending du-

odenum. B Photograph of gross specimen. (Case courtesy of Ro-
bert Tallaksen, MD)

Fig. 20. Lipoma. Low-power photomicro-
graph shows mass of normal lipocytes be-
neath intact mucosa. The cells appear clear
because the organic solvents used to prepare
the slide has removed the lipid cytoplasm
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fat is usually diagnostic on CT imaging [60, 61] (Fig. 21).
Like leiomyomas, they grow by slow compression of sur-
rounding tissue and usually no true capsule can be de-
fined. The soft texture and submucosal origin dictate
that the tumors grow almost entirely into the lumen
with relatively little effect on the muscle wall. As they
become large they may form pedunculated, intralumi-
nal, polypoid masses and may cause intussusception
(Fig. 22A). At endoscopy they appear smooth and char-
acteristically they can be indented by the endoscope
(Fig. 22B). The overlying mucosa is initially intact but
may eventually breakdown and ulceration is one means
of presentation.

Lymphoma may arise in the mesenchymal lymphoid
tissue of any part of the bowel but primary lymphoma
in the duodenum is very rare. Lymphoma involving the

duodenum is generally part of a more widespread pro-
cess including the periduodenal lymph nodes.As is true
elsewhere in the bowel, lymphoma may have many var-
ied appearances. It may be finely nodular, grossly poly-
poid, infiltrative with mucosal fold changes, such as fold
thickening, flattening, constriction or involve extrinsic
mesenteric tissue (with extrinsic mass effect). Typically
lobulated lesions result. The mucosa may be intact until
late, but ulceration into the soft, cellular adjacent tumor
masses is often extensive, causing an ulcerated, dilated
segment. Extensive infiltration of the wall, with or with-
out ulceration, may cause weakening of the wall. Up-
stream peristaltic pressure balloons out the diseased
segment creating so call “aneurysmal dilatation, a find-
ing more common in the pediatric than the adult pa-
tient. Lymphoma may mimic other, more common, du-

Fig. 21. CT of lipoma in duodenal bulb show-
ing very low attenuation in smooth intralu-
minal filling defect

Fig. 22. A Large lipoma arising in descending duodenum and prolapsing distally. B Endoscopic photograph of the same lesion being in-
dented by the instrument, demonstrating its characteristic pliability
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odenal deformities, such as those due to hyperplasia of
Brunner’s glands, pancreatitis, Crohn’s disease, and pep-
tic ulceration.

Secondary Tumors

Metastatic involvement of the duodenum is more often
by invasion from contiguous organs than by hematoge-
nous or lymphatic spread from distant sites. Almost the
entire length of the duodenum is contiguous to the pan-
creas, and pancreatic carcinoma is the most frequent in-
vading neoplasm. Carcinoma of the gallbladder, or kid-
neys may also directly invade the contiguous duode-
num. The duodenal bulb and immediate postbulbar
portion may be deformed or even invaded by metastat-
ic nodes in the liver hilum. The changes of metastatic
disease in the duodenum are typical of metastatic inva-
sion anywhere in the gastrointestinal tract and include
fixation of mucosal folds, spiculation, nodularity, and
ulceration. Primary tumors such as melanoma and lung
and breast carcinoma, which commonly metastasize via
blood and lymphatic pathways, involve the duodenum
in common with the rest of the bowel (Fig. 23). Metasta-
ses from remote primaries are frequently multiple but
can have many appearances depending upon the pri-
mary type and whether the tumor deposits are submu-
cosal or serosal. Breast cancer, in particular has a ten-
dency to resemble sclerosing mucin-producing adeno-

carcinoma. Annular constricting and obstructing meta-
static lesions may be indistinguishable from primary
duodenal carcinoma.
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nal neoplasms, independently of their size, anatomic lo-
calization and growth tendency, represents a major im-
provement in their diagnosis and management.

Benign Neoplasms

Benign small intestinal neoplasms are reported to ac-
count for approximately 0.5%–2% of all gastrointestinal
tract neoplasms. Their histopathological variety in-
cludes more than 12 types, among which leiomyomas
and adenomas appear to be the most common and the
only two with definite malignant predisposition [5].
Lipomas, vascular and neurogenic tumors, hamartomas
and heterotopias are less frequently encountered.

Gastrointestinal stromal tumors (GISTs) are a unique
type of mesenchymal tumor that may occur anywhere
in the gastrointestinal tract. They exhibit a wide spec-
trum of clinical behavior from benign, small incidental-
ly detected nodules to frank malignant tumors [6]. Un-
til recently GISTs were categorized as smooth muscle
tumors including leiomyomas and leiomyosarcomas.
The best defining feature of GISTs is their expression of
KIT (CD 117), a tyrosine kinase growth factor receptor.
Immunoreactivity for KIT distinguishes GISTs from
leiomyomas, leiomyosarcomas, schwannomas and neu-
rofibromas [7]. However, radiological criteria to separ-
ate GISTs from other mesenchymal, nonepithelial tu-
mors have not yet been developed [8].

Clinical presentation of benign small intestinal neo-
plasms is often minimal, intermittent and nonspecific
and depend on their extension and growth pattern rath-
er than their histological type. Occult gastrointestinal
bleeding or anemia and abdominal pain are the most
common presenting symptoms, while intestinal ob-
struction, intussusception, a palpable abdominal mass
and weight loss are less frequently present. Nearly 50%
of patients remain asymptomatic.

The radiological characteristics of benign neoplasms
are directly related to the type of growth, which may be
intraluminal, extraluminal or a combination of both.
The radiographic features most commonly encountered
are filling defects of different sizes, either solitary or

Introduction

Primary small intestinal neoplasms are universally and
surprisingly rare. Although the small intestine repre-
sents more than 75% of the length and 90% of the mu-
cosal surface area of the gastrointestinal tract, it is esti-
mated that they account for 3%–6% of all gastrointesti-
nal tract neoplasms [1].

Documented rarity complicated further by nonspe-
cific clinical presentation and a small index of clinical
suspicion makes the detection of these tumors a chal-
lenge for both the physician and the radiologist.A mean
delay of up to 3 years, from first symptoms to diagnosis,
has been reported for benign tumors and 18 months for
malignant neoplasms [2]. Inadequate radiological stud-
ies or incorrect interpretation of radiological findings
are estimated to account for an average 12 months of de-
lay in diagnosing primary malignancies of the small in-
testine [3].

The cornerstone of preoperative diagnosis is con-
trast radiology. The radiological characteristics of these
neoplasms as shown by enteroclysis and computed to-
mography (CT) correlate almost perfectly with the mor-
phological changes seen in the gross pathology speci-
mens [4]. This ability to accurately image small intesti-
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multiple. A combination of morphology and certain
clinical data such as location predilection, growing ten-
dency, and size and number of lesions may be of consid-
erable help in reaching a more specific diagnosis [5].

Leiomyomas (Benign GISTs)

Leiomyomas are the most frequently encountered
symptomatic benign small intestinal neoplasms, origi-
nating in the circular or longitudinal muscle coats and
rarely in the muscularis mucosa. They are mostly soli-
tary lesions, distributed throughout the jejunum and
ileum in over 80% of cases.

Three distinctive radiological appearances mirror-
ing the type of growth have been described [9]. Intralu-
minal tumors appear as punched-out, round or semilu-
nar filling defects, demarcated by sharp angles to the in-
testinal wall. Subserosal leiomyomas frequently grow
larger and produce a mass effect outside the intestinal
wall or a “blank space” between neighbouring loops of

intestine (Fig. 1). Displacement or smooth indentation
of the intestinal wall, or a tending deformity (Fig. 2) in-
dicative of the neoplastic attachment, may also be
shown. Dumbbell leiomyomas combine features of
both, an intraluminal protrusion and an extraintestinal
mass (Fig. 3). Ulceration is frequently present in
leiomyomas and may be demonstrated radiologically in
up to one-third of cases. When seen, ulcerations are
usually single, small, well defined, and round or linear
in shape (Fig. 4). Ulceration occurs much more fre-
quently in leiomyosarcomas, largely in the form of cavi-
tation.

Besides enteroclysis, CT may also contribute to the
preoperative diagnosis. Ancillary CT findings include a
round or semilunar, smoothly outlined, homogeneous,
soft tissue mass, associated with the intestinal wall,
showing marked homogeneous or rim contrast en-
hancement (Fig. 5) and absence of metastases or mesen-
teric changes [10].

Small intestinal leiomyomas need to be differentiat-
ed from neurogenic and carcinoid tumors, but even

Fig. 1A–C. Leiomyoma. A Enteroclysis shows a large
subserosal leiomyoma extending outside the intes-
tinal wall of the jejunum. B CT appearances of a
smoothly outlined, homogeneous, soft tissue mass
showing marked contrast enhancement. C Corre-
sponding pathological specimen (from [4], with
permission)
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more from their malignant counterparts. No radiologi-
cal differences have been found between leiomyomas
and leiomyosarcomas. It appears however, that the
above-described features in neoplasms smaller than

6 cm, in the absence of lymph node enlargement or liv-
er metastases, large ragged ulceration, excavation or fis-
tula formation, indicate that the neoplasm in benign
[9].

Fig. 2. A Enteroclysis study of an extraluminal leiomyoma. Local
traction of an ileal loop causing tenting deformity with a bicon-
cave contour on the intestinal wall. B Corresponding view of the

neoplasm and its attachment to the intestine, on the operating
table (from [9], with permission)

Fig. 3. Dumbbell leiomyoma. A Enteroclysis shows a small, semilu-
nar, intraluminal filling defect (arrow) and displacement of adja-
cent intestinal loops by the extraluminal portion of the neoplasm

causing a so-called blank space. B Resected specimen demon-
strates both portions of leiomyoma (from [4], with permission)
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Adenomas

Adenomas are estimated to account for up to 20% of be-
nign small intestinal neoplasms. They consist of glan-
dular epithelium exhibiting definite malignant predis-
position and are currently classified histologically as tu-
bular, tubulovillous and villous [11]. “Adenomatous
polyps” and “villous adenomas” are two terms widely
used to designate their growth pattern and gross mor-
phological appearance.

Adenomatous polyps feature as intraluminal filling
defects of small size, averaging less than 2 cm. They are
smoothly outlined, round, oval or slightly lobulated in
shape, and they are often solitary and sessile. When
multiple, they usually affect a single segment, are of dif-
ferent sizes and may be pedunculated. This latter ap-
pearance is in contrast with familiar polyposis, where
filling defects are mostly distributed throughout the en-
tire small intestine and colon, are sessile and mostly of
equal size.

Villous adenomas are larger lesions, over 3 cm in
size, are invariably broad-based and radiographically
present as lobulated, cauliflower-like filling defects, ex-
hibiting multiple radiolucent striations interspersed
with frond-like projections [12].

The CT appearance may be helpful in depicting such
lesions.A sharply demarcated soft tissue mass, well con-
fined within the boundaries of the intestinal lumen may

Fig. 4. Resected pathology specimen outlines a dumbbell leiomyo-
ma with two shallow oval-shaped ulcers (from [13], with permis-
sion)

Fig. 5. A Postcontrast CT scan of a leiomyoma
demonstrates a homogeneous, smoothly out-
lined, soft tissue mass with a discrete ulcera-
tion and rim contrast enhancement (arrow).
B Corresponding resected specimen (courtesy
of Dr. E. Mako)

Fig. 6A, B. Adenomatous polyp. A Ente-
roclysis shows a large, solitary, oval
shaped, finely demarcated, intraluminal
filling defect in the duodenum. B CT ex-
amination of the same patient demon-
strates a homogeneous, intraluminal,
well marginated mass in the third por-
tion of the duodenum (arrow) (from [4],
with permission)
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be demonstrated, with homogeneous, moderate con-
trast enhancement (Fig. 6).

The radiological diagnosis of adenomas can be diffi-
cult. The differential diagnosis may include polypoid
adenocarcinoma of the duodenum, Brunner’s gland
adenoma, hamartomatous polyps seen with the Peutz-
Jeghers syndrome, inflammatory fibroid polyp and
rarely myoepithelial hamartoma or hemangioma [13].
Brunner’s gland adenomas present as solitary, smoothly
lobulated, usually pedunculated, large filling defects in
the second portion of the duodenum. Peutz-Jeghers ha-
martomas are shown as multiple polyps of different siz-
es exhibiting coarse lobulation, broad distribution and
coalescence, with possible synchronous similar lesions
in the stomach and colon. Inflammatory fibroid polyps
usually appear as a solitary, round or elongated filling
defect,2–6 cm in size,predominantly located in the ileum.

Lipomas

Lipomas are estimated to be the third most common
benign neoplasm. In the majority of cases they arise 
in the submucosa and are encapsulated, mostly soli-
tary, well circumscribed, ovoid or lobulated, homoge-
neous and yellowish colored masses of adult adipose
tissue.

On barium studies, lipomas are demonstrated as
sharply marginated, solitary, sessile, intraluminal filling
defects, averaging 3–4 cm in diameter. Their shape con-
forms to that of the small intestine and is easily de-
formed by peristalsis, compression or palpation during
fluoroscopy [14]. On CT, features of a smooth, ovoid or
spherical mass, homogeneous in density, exhibiting at-
tenuation values of –40 to –100 HU, are considered
characteristic (Fig. 7).

Fig. 7A–C. Lipoma. A Enteroclysis demonstrates a
solitary, sausage-shaped, sharply marginated, intra-
luminal filling defect. B Radiolucency is better ap-
preciated on CT examination, which shows a homo-
geneous intraluminal mass with attenuation values
of fat. C Corresponding pathology specimen closely
resembling appearances of enteroclysis (from [14],
with permission)
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Neurogenic Tumors

Neurogenic tumors account for 2%–6% of all benign
small intestinal neoplasms. They arise from subserosal
nerve sheaths or cells of the plexus of Auerbach and
Meissner and result in polypoid masses, mostly subse-
rosal along the antimesenteric border, rarely exhibiting
malignant potential. Neurilemmoma (schwannoma), a
mostly solitary and encapsulated tumor, and neurofib-
roma, which is characteristically multiple in cases of
neurofibromatosis (von Recklinghausen disease), are
the most frequent types encountered. Solitary neuro-
genic tumors are located in the jejunum in approxi-
mately 50% of cases and average less the 5 cm in diame-
ter.

It may be difficult to distinguish these tumors radio-
logically. They appear as smoothly surfaced, well-de-
fined, occasionally ulcerated polypoid masses. Intralu-
minally protruding lesions are easily detected (Fig. 8),
while subserosal or small-sized lesions may be elusive
or poorly depicted. Dumbbell-type tumors, may be also
encountered (Fig. 9) [13]. Preoperative differential diag-
nosis of solitary neurogenic tumors from intestinal
leiomyomas is extremely difficult, since their presenting

symptoms, type of growth and radiological appearanc-
es are similar [9].

Malignant Neoplasms

Primary malignant small intestinal neoplasms account
for less than 2% of primary gastrointestinal malignan-
cies. It is estimated that they are perhaps the most dev-
astating neoplasms of the gastrointestinal tract, since at
the time of diagnosis less than 50% are amenable to re-
section [14]. Despite major advances, both in surgery
and diagnostic imaging, survival rates from these tu-
mors have not improved during the past four decades.
Universal experience reinforces the need for early de-
tection [3].

The most common primary malignancies include
adenocarcinoma, carcinoid tumor, lymphoma and
leiomyosarcoma. Their distribution along the small in-
testine varies according to the specific type. The major-
ity of adenocarcinomas occur in the duodenum and je-
junum; carcinoid and lymphomas are usually located in
the ileum and leiomyosarcomas arise with equal fre-
quency in the jejunum and ileum.

Fig. 8A–C. Neurilemmoma. A Enteroc-
lysis shows a smoothly outlined
intraluminal filling defect in the sec-
ond portion of the duodenum with a
linear ulceration (arrow). B Endosco-
py confirms the presence of a poly-
poid intraluminal mass with a super-
ficial longitudinal ulcer. C CT demon-
strates a homogeneous soft tissue
mass confined within the boundaries
of the lumen of the duodenum

Fig. 9A, B. Dumbbell-type neurilemmoma.
A Enteroclysis study showing broad-based in-
dentation and encroachment of the lumen of a
jejunal loop with dilation proximally. B Corre-
sponding view of the extraluminal portion of
the tumor and its attachment to the bowel, on
the operating table (from [13], with permis-
sion)
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Adenocarcinoma

In most documented series adenocarcinoma appears to
be the most common malignant neoplasm of the small
intestine. It is a solitary lesion mostly located in the
proximal small intestine. Adenocarcinomas are almost
always symptomatic. However, clinical presentation is
nonspecific and usually related to intestinal obstruction
or chronic blood loss. The overall prognosis is dismal,
comparatively the worst of all primary small intestinal
malignancies.

Adenocarcinomas arise typically from glandular epi-
thelium composed of tubular or villous structures.
Gland formation and production of mucin are criteria
for their classification as mucinous, signet-ring cell or
undifferentiated adenocarcinomas [11]. Most often,
they are moderately to well-differentiated carcinomas.
On gross pathology, they most frequently appear as in-
filtrative, annular, constrictive lesions; polypoid intralu-
minal masses are a less common presentation. The ma-
jority has metastasized to regional lymph nodes, liver,
or the peritoneal surface by the time of diagnosis.

The radiological appearance is similar to that of car-
cinoma of the colon. It reflects the pattern of growth

and includes annular narrowing or stricture formation,
filling defects, polypoid or ulcerated masses or a combi-
nation of these.

Infiltrating adenocarcinomas invariably appear as
short, sharply demarcated, circumferential narrowing
of the lumen with shouldering of the margins and mu-
cosal destruction (Fig. 10). Adenocarcinomas may in-
itiate a local desmoplastic reaction, less frequently lead-
ing to complete obstruction. Annular constricting le-
sions in the distal ileum, resembling primary adenocar-
cinomas, need to be considered carefully, as in most cas-
es they represent secondary involvement from primary
lesions in the cecum or lymphomatous infiltration.
Polypoid-type adenocarcinoma is not unusual in the
duodenum, presenting as a large, solitary polypoid fill-
ing defect with irregular margins and mucosal destruc-
tion. Even larger or multiple polypoid masses may less
frequently be seen in the mesenteric small intestine
(Fig. 11). Ulceration is a frequent feature of adenocar-
cinoma. Single or multiple ulcers of variable sizes are
often present in infiltrating or polypoid-type adenocar-
cinomas and cases with large, bulky ulcerated masses
are indistinguishable from cavitating intestinal lym-
phomas. Combined features corresponding to infiltrat-

Fig. 10A, B. Infiltrative adenocarcinoma of the jejunum. A Enteroclysis demonstrates a short, annular, constricting lesion with mucosal
destruction. Proximal dilatation is also present. B Corresponding pathology specimen (from [4], with permission)
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ing, polypoid and ulcerating lesions are rarely encoun-
tered, and indicate an advanced stage of disease [4].

Adenocarcinoma appears on CT as a solitary, focal,
sharply outlined mass, causing thickening of the intesti-
nal wall, usually not exceeding 1.5 cm, and narrowing of
its lumen. The tumor mass may be homogeneous or
heterogeneous when ulcerated and shows moderate
contrast enhancement. Infiltration of the surrounding
mesentery is seen with advanced disease, whereas asso-
ciated lymph node enlargement, in the form of micro-
adenopathy, is found in less than 50% of patients
(Fig. 12).

The variety of radiological appearances of adenocar-
cinoma makes its differential diagnosis a difficult one,
especially when lesions are located in the distal intestine
or when the disease is advanced. Predominately ulcerat-
ed adenocarcinomas may simulate lymphomas, leiom-
yosarcomas or metastatic melanomas. Moreover, annu-
lar-type lesions will need to differentiate from secon-
dary adenocarcinoma, carcinoid or Crohn’s disease. In
our experience, comparative characteristics favoring
the diagnosis of primary adenocarcinoma include that
this is a solitary obstructive lesion, it is most frequently
located proximally, it involves shorter segments of

Fig. 11A–C. Polypoid adenocarcinoma of the jejunum. A Enterocly-
sis showing indentation and encroachment of the lumen of the jej-
unal loop by a bilobed mass, displacing adjacent loops. B CT dem-

onstrates a bilobed, polypoid mass. There is no evidence of ex-
traintestinal involvement or lymph node enlargement. C The pa-
thology specimen of the lesion (from [4], with permission)

Fig. 12A, B. Adenocarcinoma.
A CT scan demonstrates a focal
lesion 1 cm in size, featuring as
asymmetrical bowel wall
thickening. B Corresponding
resected specimen shows the
small infiltrating adenocarcin-
oma and metastasis to regional
lymph nodes
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Fig. 13A–C. Ulcerated lymphoma. A Amor-
phous barium collection in a jejunal loop
representing a large ulcer. B CT examination
shows segmental infiltration and distortion
of the barium-filled lumen. C Corresponding
pathology specimen (from [4], with permis-
sion)
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bowel and it is rarely associated with bulky adenopathy
[4].

Lymphoma

Primary lymphoma accounts for 20% of primary small
intestinal malignancies. Predisposing factors that may
alert the radiologist to the likelihood of intestinal lym-
phoma include previous extraintestinal lymphoma,
chronic lymphatic leukemia, immunoproliferative small
intestinal (a-heavy chain) disease, and immunological
dysfunction including acquired immunodeficiency syn-
drome (AIDS). It is mostly located in the ileum, it has a
bimodal age distribution, with peaks below the age of 10
and above the age of 50 years, and a variable clinical
presentation, including abdominal pain, diarrhea,
weight loss, anemia or gastrointestinal bleeding. Small

intestinal lymphoma carries a poor prognosis, which
depends mainly on the extent of spread at presentation.

The majority of primary intestinal lymphomas are
non-Hodgkin lymphomas, arising form mucosa-asso-
ciated lymphoid tissue (MALT). They are typically low-
grade, small-cell lymphomas, mostly of B-cell origin
and may exhibit a diffuse histological pattern [11].
However, their gross morphology appears to be unrelat-
ed to the histology.

A broad spectrum of radiological pictures is encoun-
tered mirroring the pattern of growth, which includes
infiltrating, ulcerating, cavitating, nodular, aneurysmal,
mesenteric or combined forms. Multifocal involvement
in the same or widely separated segments is seen in
10%–40% of patients. Narrowing of the lumen, usually
nonobstructing, is a common finding. When it repre-
sents the only feature of lymphoma it may be indistin-
guishable from adenocarcinoma, except that it is mostly

Fig. 14A, B. Diffuse small-intestinal lympho-
ma. A Enteroclysis demonstrates diffuse
nodular thickening of folds of the small in-
testine. B Microscopy demonstrates diffuse
submucosal involvement of lymphoma
(from [6], with permission)
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located distally. Discrete, broad-based ulceration is an
underestimated but fairly valid feature, while a large
cavitating lesion, secondary to central necrosis of a
large neoplastic mass, is highly characteristic (Fig. 13).
Focal aneurysmal dilatation, featuring as an aperistal-
tic, ballooned, thick-walled segment, filled with amor-
phous barium collection is another valid feature of lym-
phoma [15]. Discrete, usually multiple mucosal or intra-
luminal nodules of varying size and shape, featuring as
filling defects, may affect variable lengths of the small
intestine (Fig. 14). Thickening of the valvulae conni-
ventes is a less frequent and nonspecific finding of lym-
phoma, and in the absence of other manifestations the
diagnosis may not be suspected.

Unlike other forms of lymphoma, thickening of the
valvulae conniventes, often nodular, involving long seg-
ments of the jejunum, and usually accompanied by pro-
gressive narrowing of the lumen and confluent or non-
confluent lymph node enlargement, are features invari-
ably seen with Mediterranean-type lymphoma [16]
(Fig. 15).

CT appearances of intestinal lymphoma are also var-
iable. Mural infiltration presents as intestinal wall thick-
ening, relatively homogeneous, nodular or concentric
(Fig. 16), with moderate peripheral enhancement, after
intravenous contrast administration. Dilatation of the
bowel lumen is characteristic of intestinal involvement
and is recognized as a central or eccentric collection of
gas or contrast within a usually ulcerated mass. Mesen-
teric involvement is frequently present. It may appear as
bulky mesenteric or retroperitoneal adenopathy, ill-de-
fined confluent mesenteric masses encasing loops of

bowel, and less often, as a conglomerate mantle of mes-
enteric/retroperitoneal tissue or a sandwich-like config-
uration, due to encasement of vessels from enlarged
mesenteric lymph nodes (Fig. 17) [10].

Complementary use of detailed barium and CT ex-
aminations enables a diagnosis to be made in most cas-
es. The differential diagnosis mainly includes Crohn’s
disease and adenocarcinoma and less frequently meta-
static melanoma or leiomyosarcoma. Features favoring
the diagnosis of intestinal lymphoma include that it is
usually located distally, it involves longer segments, it
causes larger lesions, and it is not accompanied by des-
moplastic reaction, which allows changes in shape with
compression (Fig. 18), while it prevents the develop-
ment of significant intestinal obstruction and is asso-
ciated with mesenteric involvement and bulky adenop-
athy [4].

Carcinoid

Carcinoid is the most common neoplasm of the small
intestine found at autopsy or incidentally during lapa-
rotomy, while it accounts for nearly one-fourth of pri-
mary malignant small intestinal neoplasms. Almost
90% of the lesions are located distally, they are multiple
in approximately one-third of cases and they may coex-
ist with other primary malignant neoplasms in another
third of cases [17].

The primary carcinoid tumor is invariably small,
usually less than 1.5 cm in size. A definite correlation
has been established between the size of the lesion at

Fig. 15A, B. Mediterranean-type lymphoma. A Thickening of the
valvulae conniventes and a short circumferential narrowing of a
jejunal segment accompanied by pre-and poststenotic dilatation.

B Corresponding pathological specimen showing the intestinal
and mesenteric involvement (from [4], with permission)



284 Nicholas C. Gourtsoyiannis, Dimitris Bays

Fig. 16A, B. Localized annular infiltrating
lymphoma. A CT shows marked thickening
of localized small bowel. The attenuation of
the thickened wall is relatively homogene-
ous, which suggests the diagnosis of lym-
phoma. B Gross specimen demonstrates an-
nular infiltration of lymphoma (from [6],
with permission)

Fig. 17A, B. Lymphoma. Mesenteric involvement. A CT shows confluent mesenteric masses encasing loops of barium-filled intestine. B In
the same patient, mesenteric vessels are sandwiched between lymphomatous mesenteric nodal masses (from [4], with permission)
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presentation, muscle invasion and metastases, with car-
cinoids smaller than 1 cm exhibiting malignant behav-
ior only occasionally and those sized 2 cm or larger be-
ing consistently malignant [18]. Histological features
distinguishing benign from malignant carcinoids have
not been described. The tumor is considered malignant
in the presence of metastases.

Carcinoids arise among the endocrine cells within
the basal portion of the mucosa, superficial to the mus-
cularis mucosa. They are composed of small cells with
uniform, round nuclei without prominent nucleoli, and

they exhibit the typical insular growth pattern of mid-
gut carcinoids [19]. They have a distinctive tendency to
grow into the submucosa and infiltrate the intestinal
wall and serosa. Invasion of the muscle coats of the in-
testinal wall may result in spread to regional lymph
nodes or distant metastases. It may also stimulate an in-
tense desmoplastic response in the surrounding submu-
cosa, mesentery and adjacent mesenteric vessels. Less
frequently intraluminal growth may result in a polypoid
lesion, which also can invade the muscle layer, serosa
and mesentery in a stepwise process [4].

Fig. 18A–C. Lymphoma resembling adenocarcinoma. A, B Enteroc-
lysis showing focal annular stenosis with mucosal destruction,
simulating infiltrative adenocarcinoma. Compression view (A) al-

lows for some distensibility and changing of the shape of the ste-
nosed segment due to lack of desmoplastic reaction. C Corre-
sponding pathology specimen (from [4], with permission)

Fig. 19A–D. Carcinoid tumor. A Barium enema
shows a mass effect to the cecal pole, adjacent
to the ileocecal valve, which is exhibiting fea-
tures of lipomatosis. B Enteroclysis study dem-
onstrating an ovoid, sharply demarcated, intra-
luminal filling defect in the terminal ileum.
C CT confirms the presence of ileocecal valve
lipomatosis and a small, ovoid, homogeneous
soft tissue mass in the terminal ileum. D Corre-
sponding pathology specimen showing both
entities
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The primary tumor rarely produces symptoms, due
to its small size and deep mucosal site of origin.Abdom-
inal pain and diarrhea are the most common clinical
presentation, while gastrointestinal bleeding is ex-
tremely rare. The carcinoid syndrome is an uncommon
initial presentation and it is reported to occur in one-
third of jejunoileal carcinoids that have metastasized to
the liver [17].

Careful barium examination is essential, since it of-
ten provides the first and perhaps the only opportunity
to suggest the diagnosis preoperatively. The radiological
signs shown on enteroclysis mirror the stage that the
pathological process has reached at the time of exam-
ination. They may be those of the primary lesion, featur-
ing as solitary (Fig. 19) or multiple (Fig. 20), round,
smoothly outlined, intramural or intraluminal filling
defects encroaching the intestinal lumen; those of a sec-
ondary mesenteric mass, causing stretching, rigidity
and fixation of ileal loops; those due to interference
with the ileal blood supply, resulting in thickening of the
valvulae conniventes and chronic ischemic intestinal
changes; or to the effects of fibrosis associated with the
tumor spread, presenting as sharp angulation of a loop
or a stellate or spoke-like arrangement of adjacent intes-
tinal loops [20].

Carcinoid tumors are best recognized on CT on the
basis of mesenteric findings. Due to its relatively small
size, the primary tumor is rarely visualized as a soft tis-
sue mass projecting into optimally opacified intestinal
lumen or as focal wall thickening [21]. Secondary mes-
enteric changes include a discrete, unifocal, soft tissue
mass associated, or not, with linear soft tissue strands
radiating into the surrounding fat in a stellate pattern,
while displacing adjacent intestinal loops. Segmental,
intestinal wall thickening, indicative of chronic ische-
mia, may also be seen. Hypervascular liver metastases,
usually hypodense on precontrast scans, mesenteric
lymph node enlargement, ascites secondary to perito-
neal seeding and occasionally dystrophic calcification
in metastatic nodes or in liver metastases may be addi-
tionally encountered [10].

The radiological features of carcinoid tumor are
nonspecific, but are nearly always diagnostic in the
presence of carcinoid syndrome (Fig. 21). Primary car-
cinoid needs to be differentiated from benign intralu-
minally protruding lesions such as leiomyomas. Radio-
graphic findings of carcinoid-induced mesenteric infil-
tration may be mimicked by inflammatory or neoplastic
disorders or chronic ischemia. Perhaps the single most
important differential diagnosis of an ileal carcinoid is

Fig. 20A, B. Multiple ileal carcinoids. A Enteroclysis shows three adjacent, finely demarcated filling defects in the terminal ileum. B Corre-
sponding pathology specimen (courtesy of Dr. E. Lambrakos)
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Crohn’s disease. Comparative characteristics that
should alert the radiologist to the possibility of a carci-
noid tumor include multiple or diverse lesions, sharp
angulation, kinking, spoke-like arrangement of intesti-
nal loops, predominantly ileal involvement with ab-
sence of ulceration, and a desmoplastic mesenteric
mass with or without radiating linear strands [4].

Leiomyosarcoma (Malignant GISTs)

Leiomyosarcomas account for less than 15% of primary
intestinal malignancies, yet they are the most common
malignant soft tissue neoplasms of the small intestine.

Leiomyosarcomas are, as a rule, single lesions, most
commonly located in the jejunum and ileum. Patients

Fig. 21A–E. Carcinoid syndrome. A Enteroc-
lysis showing smoothly outlined semilunar
filling defect encroaching on the intestinal
lumen of an ileal loop and annular-type
stricture in a adjacent ileal segment (white
arrowheads). B CT reveals a spiculated mes-
enteric mass tethering adjacent intestinal
loops. C Superior mesenteric arteriogram
shows encasement and narrowing of the lu-
men of arterial branches. D Hepatic arterio-
gram demonstrates numerous hypervascular
deposits of different sizes throughout the liv-
er. E Pathology specimen showing the actual
carcinoid tumor within the intestine (arrow)
(from [4], with permission)
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are almost always symptomatic with abdominal pain
and bleeding being the most common presenting com-
plaints. A palpable abdominal mass may be encoun-
tered in nearly 50% of cases. However, partial or com-
plete obstruction is infrequent despite the large size
they usually attain.

Leiomyosarcomas arise from intestinal smooth mus-
cle of the wall or the small intestinal blood vessels, and
they are considered as sarcomatous degeneration of be-
nign smooth muscle neoplasms. Histological distinc-

tion between leiomyosarcomas and leiomyomas may be
quite difficult, especially in well-differentiated, low-
grade tumors [11]. In general, leiomyosarcomas are his-
tologically more disorganized, while exhibiting marked
cellularity and more mitoses, ten per high power field or
more.

Leiomyosarcomas grow slowly, predominately extra-
luminally and eccentrically, and are prone to developing
degenerative changes such as necrosis, hemorrhage, cal-
cification, fistula or secondary infection. On barium

Fig. 22A–C. Malignant gastrointestinal stromal tumor (GIST). A Enteroclysis
showing a large, nonobstructing, largely excavated mass, displacing adjacent
barium-filled loops of intestine. B CT demonstrates a large, extraintestinal, inho-
mogeneous mass. There is no evidence of enlarged lymph nodes. c Correspond-
ing pathology specimen (from [6], with permission)
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studies, their main feature is usually a large extrinsic
mass, displacing or distorting adjacent loops of intes-
tine. This may be associated with ulceration, cavitation
or fistula formation. Less often leiomyosarcoma may
appear as large cavity filled with barium and it may be
difficult to identity the connection between the small
intestine and the cavity (Fig. 22) [4].

CT examination may add considerably to the evalua-
tion of leiomyosarcomas. It can accurately demonstrate
the size, shape and extent of the lesion, and it can depict
the presence of liver, peritoneal or other metastases. In
comparison to their benign counterpart, CT criteria fa-
voring malignancy include a large size (greater than
6 cm), necrotic or heterogeneous tissue density and ex-
tensive ulceration or fistula formation [22]. Liver metas-
tases from leiomyosarcoma are large, necrotic or cystic
in nature, with peripheral or rim enhancement, whereas
peritoneal metastases may appear as widely distributed
multiple, round, smoothly outlined, homogeneous sat-
ellite masses [23].

Largely excavated leiomyosarcomas need to be dif-
ferentiated from lymphomas and metastatic melano-
mas. In addition, there are no valid radiological criteria
to differentiate leiomyoma from leiomyosarcoma. How-
ever, leiomyosarcomas are distinctive from other malig-
nant small intestinal neoplasms in that they have a
greater tendency to develop large ulcers and therefore
to bleed, they attain a large size without obstruction, re-
gional lymph node metastases are unusual and they are
associated with higher survival rates, despite metastases
[4].
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findings offers a certain advantage and in association
with the background data available, including localiza-
tion and distribution of changes, extent of involvement,
the solitary or multiple nature of the lesions present and
the clinical history, provide a confident differential di-
agnosis.

Enteroclysis is widely recognized as a most reliable
method for imaging evaluation of the small intestine.
Adequate distension of the entire small-bowel lumen by
barium contrast medium makes a detailed demonstra-
tion of the anatomy easier and results in a more confi-
dent identification of morphological and functional ab-
normalities present [1, 2]. In long-term follow-up stud-
ies, enteroclysis has been shown to be a highly accurate
method with a sensitivity of 93.1% and a specificity of
96.9% [3, 4]. The main limitation of enteroclysis re-
mains its inability to demonstrate exoenteric pathology
associated with small intestinal diseases. In parallel, an
increasing role has been established for computed to-
mography (CT) in evaluating mural and extramural le-
sions and in assessing mesenteric involvement associat-
ed with inflammatory or neoplastic small intestinal dis-
eases [5].

CT enteroclysis was recently introduced to combine
advantages of both techniques [6]. Distension of small
bowel lumen and cross-sectional display are proven im-
aging principles incorporated into CT enteroclysis. It is
used selectively to answer specific clinical questions.
Two different approaches have been adopted concern-
ing the choice of the contrast medium that should be
used for luminal opacification. The first includes a neg-
ative contrast agent in the form of 4%–15% water-solu-
ble methylcellulose solution in combination with intra-
venous contrast enhancement, which is mainly used to
assess inflammatory activity and complications of
small-bowel Crohn disease [7]. The second approach
makes use of a positive contrast agent in the form of 1%
barium solution, and is mainly applied when small-
bowel obstruction [8] or the possibility of internal ex-
traintestinal fistula are the clinical indications.

MR enteroclysis (MRE), a combined functional and
morphological imaging method, has only recently been
introduced into clinical practice [9, 10]; it combines the

Introduction

The mesenteric small intestine is a difficult organ to ex-
amine. Long-term experience has shown that there are
no shortcuts in achieving a reliable examination and
several parameters need to be respected if a confident
diagnosis is to be made. These would include selection
of patients, closely supervised studies, background data,
image quality, familiarity with imaging findings and
utilization of radiologic–pathologic correlations.

Thoughtful selection of patients by clinicians is es-
sential to make radiologic examination cost effective.
Closed supervised studies, incorporating an adequate in-
dex of clinical suspicion, cooperation between a focused
radiologist and a keen physician, expertise and time are
important. Familiarity with imaging findings and image
quality, to guarantee demonstration of fine surface mu-
cosal detail and transitional morphological changes are
necessary. Applying the principles of radiologic–patho-
logic correlation to the interpretation of radiological
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benefits of volume challenge with adequate image qual-
ity. Administration of 1.5–2 l of iso-osmotic water solu-
tion through a nasojejunal catheter ensures bowel dis-
tension and facilitates identification of bowel wall ab-
normalities. True fast imaging with steady-state preci-
sion (FISP), half-Fourier acquisition single-shot turbo
spin echo (HASTE) and postgadolinium T1-weighted
3D FLASH sequences can be employed in a comprehen-
sive and integrated MRE examination protocol [11].

Results so far have shown that the functional infor-
mation provided by MR enteroclysis equals that of con-
ventional enteroclysis, while the inherent advantages of
the technique include detailed morphological evalua-
tion of the bowel wall and the mesenteries, lack of radi-
ation exposure and excellent soft tissue contrast based
on different mechanisms [12].

Crohn disease is by far the most common disorder to
cause morphological changes in the intestine. Coeliac
disease is also common, but the radiological appearanc-
es are unreliable and jejunal biopsy is the technique of
choice for making the diagnosis. Other disorders that
are clearly shown by enteroclysis include tuberculosis,
chronic radiation enteritis, acute ischaemia, chronic is-
chaemia, ischaemic strictures, NSAID diaphragm stric-
tures, Meckel’s diverticulum, systemic sclerosis, intesti-
nal lymphangiectasia and Whipple disease.

Goldblum and Petras [13] state that the gross patho-
logical examination of surgically resected specimens of
Crohn disease gives important information on the pre-
cise location, extent and distribution of the disease and

Fig. 2A, B. Crohn disease. A A long, tight stricture of the terminal ileum characteristic of Crohn disease shown by enteroclysis. B The re-
sected specimen shows normal ileum and normal ascending colon separated by the stricture (from [17], with permission)

Fig. 1. A Crohn disease involving the jejunum. A tight stricture is
accompanied by a pronounced proximal dilatation. B Correspond-
ing pathology specimen
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that in most cases these features will enable an accurate
diagnosis to be made. By applying these criteria to ab-
normal findings at enteroclysis complemented by cross-
sectional techniques, it is possible to make the correct
diagnosis, not only in cases of Crohn disease, but in
most other disorders that cause morphological changes
in the small intestine.

Crohn Disease

The most characteristic feature of Crohn disease of the
small intestine is the variety of its radiological appear-
ances and the multiplicity of radiological features often
present in the majority of patients. Categorization of
these radiological features has been defined in terms of
stenotic and nonstenotic forms, active and chronic, ear-
ly and late or advanced, or into superficial, transmural
and extramural changes.

Most information on the sequence of progression of
the pathological lesions in Crohn disease is derived
from radiological descriptions [14, 15]. The early lesions
of Crohn disease are blunting, flattening, thickening,
distortion and straightening of the valvulae conni-
ventes. These changes are followed by discrete ulcers
and by longitudinal and transverse ulcers. The stenotic
phase eventually develops (Fig. 1) and the involved seg-
ment is transformed into a rigid, cast-like tube (Fig. 2);
fistulae may be seen at this stage (Fig. 3). Deep ulcers
precede sinuses and fistulae to other organs.

Fig. 3A, B. Fistulizing Crohn disease. A Two fistulous tracts connect
a markedly narrowed and severely affected segment of ileum with
the bladder. B Corresponding pathology specimen

Fig. 4A, B. Crohn disease. A The terminal ileum is severely involved
with Crohn disease. The wall is markedly thickened and a number
of fissure ulcers are seen. Barium has formed collections in small

abscess cavities in the fissure ulcers. B A histological view showing
a subserosal abscess. The end of a fissure ulcer can also be seen
(arrowhead) (from [17], with permission)
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Discrete ulcers are seen as small collections of bari-
um with surrounding radiolucent margins [16]. Fissure
ulcers are seen in profile and may penetrate deep into
the thickened intestinal wall (Fig. 4); small abscess cav-
ities are occasionally seen at the base of deep fissure ul-
cers [17]. Longitudinal ulcers running along the mesen-
teric border of the ileum are a characteristic feature of
Crohn disease, although they are only occasionally
present. Cobblestoning is caused mostly by a combina-
tion of longitudinal and transverse ulceration. Discon-
tinuous involvement of the intestinal wall is shown ei-
ther as skip lesions (Fig. 5) or asymmetry.Asymmetrical
involvement of the intestinal wall produces the charac-
teristic pseudodiverticula appearance. The pseudodi-
verticula represent small patches of normal intestine in
an otherwise severely involved segment (Fig. 6): the in-

volved segment contracts and the normal areas become
pseudodiverticula. Inflammatory polyps (pseudopolyps)
are occasionally seen in Crohn disease and are shown as
small discrete filling defects in a severely involved seg-
ment (Fig. 7).

Cross-sectional imaging modalities offer an impor-
tant complementary diagnostic perspective in patients
with Crohn disease, because of their ability to directly
image the intestinal wall and surrounding mesentery
and therefore to determine the extramucosal extent and
spread of the disease process.

Computed tomography has shown to be extremely
valuable in documenting mesenteric disease, including
fibrofatty proliferation, abscess or phlegmon formation,
microadenopathy (Fig. 8) and in adequately evaluating
perirectal and/or perianal extension of Crohn disease
[5]. In addition, the ability of CT to simultaneously eval-
uate extraintestinal organs may allow the detection of
concurrent hepatobiliary, urinary or musculoskeletal
complications, which may well lead to significant
changes in the management of the individual patient.

MR enteroclysis is an emerging technique for the
evaluation of small bowel in patients with Crohn dis-

Fig. 6A, B. Crohn disease. A Pseudodiverticula attributable to
asymmetrical involvement. B The pseudodiverticula are seen on a
view of the resected specimen (from [17], with permission)

Fig. 5A, B. MR enteroclysis in a patient with Crohn disease. A Coro-
nal true FISP image showing skip lesions in distal ileal loops.
B Postgadolinium 3D FLASH image with fat saturation demon-
strating marked gadolinium uptake by the thickened wall indica-
tive of active inflammation (from [12], with permission)
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ease. The characteristic transmural lesions of Crohn
disease such as bowel wall thickening, linear and fissure
ulcers, and cobblestoning are accurately depicted by
MRE, especially when using the true FISP sequence.
MRE is of equal value with conventional enteroclysis in
assessing the number and extent of involved small-bow-
el segments and in disclosing luminal narrowing and/or

prestenotic dilatation [12, 18]. MRE has a clear advan-
tage over conventional enteroclysis in demonstrating
extramural manifestations and/or complications of
Crohn disease, including fibrofatty proliferation (Fig. 9),
mesenteric lymphadenopathy (Fig. 10), sinus tracts and
fistulae or abscesses [18]. Disease activity may be accu-
rately appreciated [19].

Fig. 7A–C. Crohn disease. A Inflammatory polyps are shown as
multiple small round filling defects in a patient with severe Crohn
disease. B The resected specimen showing the inflammatory
polyps. C Histological section through one of the inflammatory
polyps showing the disorganized mucosal pattern and redundant
folds of glandular epithelium (from [17], with permission)

Fig. 8A, B. Crohn disease. A CT shows a large number of small and
medium-sized mesenteric lymph nodes, adjacent to affected loops
of bowel. B Pathology specimen of lymph node enlargement in
Crohn disease
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Fig. 9A–C. MR enteroclysis in a patient with Crohn disease. A, B Two consecutive
coronal true FISP images demonstrating fibrofatty proliferation separating ileal
bowel loops (from [12], with permission). C Mesenteric involvement. Pathology
specimen of a resected small bowel segment, surrounded by abundant fibrofatty
tissue

Fig. 10. MR enteroclysis: Coronal 2-mm postgadolinium 3D
FLASH section with fat saturation in a patient with active Crohn
disease. Small mesenteric lymph nodes measuring a few millime-
tres in diameter exhibiting contrast enhancement (from [12], with
permission)
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Tuberculosis

Intestinal tuberculosis is rare in Europe. In the past,
when it was more common, involvement of the small in-
testine was usually caused by infection with bovine tu-
berculosis. Most cases are now secondary to active pul-
monary tuberculosis [20]. The lesions are often multiple
and mostly involve the ileum, particularly the terminal
ileum and ileocaecal junction. Strictures may be short
(Fig. 11) or long, single or multiple and may be indistin-
guishable from those seen in Crohn disease. In ileocae-
cal tuberculosis, the length of terminal ileum involved is
normally shorter than in Crohn disease. Tuberculosis
may be seen as a segment of severe ileal ulceration. Fea-
tures of Crohn disease not seen in tuberculosis include
cobblestoning, asymmetry and longitudinal ulceration.

Chronic Radiation Enteritis

Chronic radiation enteritis is a form of intestinal ischae-
mia resulting from damage to vascular endothelial cells
that results in endarteritis obliterans [21]. Previous lap-
arotomy with the development of adhesions increases
the risk of developing chronic radiation enteritis. The
distal ileum, particularly the pelvic loops, is the most
frequent site of intestinal damage. The time interval
between the radiation therapy and the development of
symptoms varies considerably and may be a long as 25 -
years [22]. The typical clinical presentation of patients
with chronic radiation enteritis is colicky abdominal

pain, diarrhoea, malabsorption and intermittent small
intestinal obstruction.

The radiological features of chronic enteritis are well
shown by enteroclysis [22] and include thickening of
the valvulae conniventes, mural thickening, mucosal
tacking, fixity and angulation of small intestinal loops,
loss of the normal mucosal pattern, strictures (Fig. 12)
and ulceration. Sinuses and fistulae are an uncommon
finding. The pool of barium appearance, only occasion-
ally seen, is caused by matted loops of closely adherent
small intestine. Mural thickening is the result of a com-
bined wall thickness of greater than 2 mm when adja-
cent adherent loops are parallel for a distance of at least
4 cm under compression. Mucosal tacking is seen as
spiking and distortion of the mucosal folds on the ante-
mesenteric border of the intestine caused by adhesions
to the inflamed and thickened mesentery [23].

Acute Ischaemia

Patients with acute intestinal ischaemia only rarely have
barium studies, as they normally present as acute ab-
dominal emergencies investigated with plain radio-
graphs, ultrasound or computed tomography (CT). On
enteroclysis, acute ischaemia is shown as marked thick-
ening of the valvulae conniventes with no significant lu-
minal narrowing that resolves over 6–8 weeks, with the
intestine returning to normal or a stricture developing
at the site of ischaemia.

Fig. 11A, B. Tuberculosis. A A short stricture of the terminal ileum (arrow) is shown causing obstruction. B A view of the resected speci-
men shows a short ileal stricture
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Chronic Ischaemia

Chronic ischaemia due to mesenteric venous occlusion
in an uncommon but clearly recognized disorder that
mostly results from compression of the mesenteric
veins by metastatic lymph glands. Patients normally
present with obstructive symptoms and enteroclysis
shows gross thickening of the valvulae conniventes with
narrowing of the intestinal lumen [24].

Ischaemic Strictures

Short intestinal strictures resulting from a previous is-
chaemic episode are uncommon and develop following
ischaemia caused by localized mesenteric vascular em-
bolus, a short segment of strangulation or trauma. Is-
chaemic strictures resulting from trauma are caused ei-
ther by a short mesenteric tear (Fig. 13), direct trauma
to the intestinal wall (Fig. 14) [25] or a small perforation
caused by acute compression of a segment of gas-filled
intestine.

Fig. 12A–C. Radiation stricture. A, B A fairly tight stricture is seen on spot com-
pression views of the distal ileum. C A view of the resected specimen showing the
stricture with extensive fibrosis and telangiectasia (from [22], with permission)
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Fig. 13A, B. Focal ischemia with stric-
ture formation. A Short, tight stricture
in an ileal loop, following iatrogenic,
focal, mesenteric injury. B The resected
specimen shows fibrotic tissue as a re-
sult of healing of the vascular insult to
this short bowel segment

Fig. 14A, B. Ischaemic stricture due to trauma. A A short tight jeju-
nal stricture is seen overlying the spine (arrow) in a patient who
sustained blunt abdominal trauma 10 weeks earlier. Note the dila-

tation of the proximal jejunum. B A view of the resected specimen
shows a very short localized stricture (from [25], with permission)
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Systemic Sclerosis

Systemic sclerosis is a systemic disease characterized by
widespread collagen deposition that results in tissue fi-
brosis. It involves the small intestine in up to 50% of cas-
es. The replacement of smooth muscle by fibrous tissue
[26] is responsible for the radiological changes.

The two most characteristic radiological features of
systemic sclerosis of the small intestine are the hide-
bound appearance (Fig. 15) and pseudodiverticula for-
mation (Fig. 16). The hide-bound appearance, mostly
seen in the jejunum and proximal ileum, describes a
narrow separation between valvulae conniventes of
normal thickness, despite dilatation of the bowel lumen

[27]. This is probably caused by asymmetric smooth
muscle atrophy and fibrosis of the inner circular layer of
the tunica muscularis, relative to the outer longitudinal
layer. Foreshortening of the bowel caused by longitudi-
nal smooth muscle contraction results in packing of the
valvulae conniventes, which is further accentuated by
the associated dilatation of the affected loops. Wide-
mouthed intestinal diverticula or sacculations are also
related to smooth muscle fibrosis and atrophy.

Hypomotility from smooth muscle atrophy and fi-
brosis may also lead to stasis, dilatation and pseudo-ob-
struction, in cases with systemic sclerosis. Similar ra-
diographic findings may be attributed to mechanical
obstruction, or pseudo-obstruction, because of visceral

Fig. 16A, B. Systemic sclerosis. A Squared sac-
culations at the antemesenteric border of the
jejunum with hidebound folds at the mesen-
teric border. B Gross sacculations in another
patient

Fig. 15A, B. Systemic sclerosis. A A spot radiograph shows in-
creased number of thin folds in a segment of mid small intestine –
the hidebound appearance. B A histological section from a full-
thickness biopsy shows marked fibrosis of the inner circular layer

of smooth muscle with relative sparing of the outer longitudinal
fibres (A from [2], with permission; B courtesy of Dr Charles A.
Rohrmann)



Chapter 4.5 Nonneoplastic Conditions of the Small Intestine 301

myopathies or neuropathies or celiac disease. Lack of
the hide-bound bowel sign in these later conditions in a
useful sign for the differential diagnosis.

Whipple Disease

Whipple disease is an uncommon disease that affects
the small bowel in the majority of cases [28]. It is caused
by a Gram-positive bacillus, Tropheryma whippelii, and
characteristically involves middle-aged men who
present with hepatosplenomegaly, chronic diarrhoea,
sometimes ascites and a chronic debilitating syndrome
and arthralgias [29].

Small-bowel barium studies may demonstrate ab-
normalities indicative of Whipple disease. These are re-
lated to inflammation of the intestinal villi, which re-
sults in thickening and occasionally nodularity of the
valvulae conniventes, caused by severe swelling of the
villi (Fig. 17). Findings are more prominent in the jeju-

num. Variable dilatation of the intestinal loops and
moderate flocculation and dilution of the contrast ma-
terial may be also present. Pseudo-Whipple disease, a
disseminated infection by nontuberculous mycobacte-
ria, may be seen in patients with malignancies or immu-
nodeficiencies. Barium studies are also helpful in ex-
cluding other abnormalities such as celiac and Crohn
disease, which may appear with similar clinical features.
Lymph node involvement occurs in more than 50% of
patients with Whipple disease. Noncontrast CT will
show discrete mesenteric or retroperitoneal adenopathy
of low attenuation, because of high fat content within
the nodes (Fig. 17) [29, 30]. Abdominal ultrasound will
also show unusually echogenic abdominal lymphade-
nopathy. Metastatic testicular neoplasms, treated lym-
phomas or tuberculous lymphadenopathy may also ap-
pear similar; however they will be accompanied by a rel-
evant history.

Although the hallmark of Whipple disease is the his-
tological demonstration of Sudan-negative and period-

Fig. 17A–D. Whipple disease. A, and B Thickened folds with a diffuse micronodular pattern, predominantly in the proximal small bowel.
C, D Pre- and postcontrast CT show nonenhancing, low attenuation, mesenteric and retroperitoneal lymph nodes
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ic acid-Schiff-positive macrophages (Fig. 18), definitive
diagnosis will require the demonstration of the charac-
teristic bacilliform bodies by electron microscopy.

Intestinal Lymphangiectasia

Intestinal lymphangiectasia is part of a generalized con-
genital abnormality of the lymphatic system [31]. Pa-
tients present with hypoproteinaemia, enteric loss of
plasma protein, lymphoedema, severe steatorrhoea and
malabsorptive state. The diagnosis is confirmed by
finding dilated lymph vessels in the submucosa of the
jejunum (Fig. 19).

Nonsteroidal Anti-inflammatory Drug (NSAID)
Enteritis

Nonsteroidal anti-inflammatory drugs are known to
cause small intestinal damage. Characteristic findings
are seen at histopathology as mucosal diaphragms en-
circling the intestine and reducing the lumen to as small
as 1 mm. These diaphragm-like strictures are usually
multiple and comprise only mucosa and submucosa
[32]. The number of these strictures varies consider-
ably. Radiologically the strictures are seen as a very
short diaphragm-like narrowing, similar to those seen
at histopathology (Fig. 20) [33].

Fig. 18A–C. Whipple disease. Histological sections
of the same patient as in Fig. 17. A Diffuse infiltra-
tion of the mucosa and submucosa with foamy
macrophages. Macrophages are B periodic acid–-
Schiff (PAS) positive and C PAS diastase resistant
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Fig. 19A, B. Intestinal lymphangiectasia. A There is thickening of the valvulae conniventes through the jejunum. B A histological section
showing dilatation of the lymphatics in the submucosa

Fig. 20A, B. NSAID stricture. A The characteristic diaphragm-like strictures (arrowheads) are seen on a spot view of the terminal ileum.
A further stricture is seen more proximally (arrow). B A view of the resected specimen
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Meckel’s Diverticulum

Meckel’s diverticulum is the most common congenital
anomaly of the small intestine, occurring in 1%–3% of
the population. It is mostly asymptomatic. Lower gas-
trointestinal bleeding, acute, life-threatening, chronic or
intermittent, mostly due to ectopic gastric mucosa and
peptic ulceration is one of the most common complica-
tions. Ectopic gastric mucosa is found in about
15%–20% of cases. It occurs in 90% of children with a
Meckel’s diverticulum presenting with bleeding and in
67% of adults with a similar presentation.

Preoperative radiological diagnosis of Meckel’s diver-
ticulum ranges from difficult to very difficult. Radionu-
clide imaging, the Meckel’s scan, based on the affinity of
the isotope technetium 99m pertechnetate for function-
ing ectopic gastric mucosa, has long been considered a
more sensitive study [34]. However, sensitivity varies
with technique and age, and it is estimated to be around
60% for adults. False-positive results do occur in a num-
ber of conditions, whereas false-negative results usually
occur with symptomatic diverticula without ectopic
gastric mucosa or acutely haemorrhaging diverticula.

Enteroclysis has also been suggested as a most reli-
able imaging technique for their preoperative diagnosis.
It usually shows a blindly ending sac of variable size,
arising from the antemesenteric border of ileum
(Fig. 21). Additional characteristic findings include a
gastric rugal pattern or a triangular fold pattern at the
base of the diverticulum (Fig. 22) [35]. Careful fluoros-

copy with compression is essential. However, unsuccess-
ful demonstration of a Meckel’s diverticulum on ente-
roclysis is not unusual and reasons, despite a detailed
examination, will include stenosis of the ostium, filling
with intestinal contents, rapid emptying or small size.
CT has been reported to be of value in Meckel’s divertic-
ulitis and infarcted Meckel’s diverticulum.

Selective angiography is a well-established method
for both nonhaemorrhaging-negative scintigraphic,
and in massively bleeding diverticula. Extravasation of
contrast into the bowel lumen is an expected angio-
graphic finding in a patient with active bleeding. Very
recently, the importance of visualization and identifica-
tion of the vitelline artery for the diagnosis of Meckel’s
diverticulum, with or without active haemorrhage, has
again been stressed [36]. Characteristic angiographic
findings of selective or superselective catheterization
will include a) an abnormal elongated vessel originating
from the ileal artery, without anastomotic branches to
the ileal artery branches and b) a group of dilated tortu-
ous vessels at the distal portion of the artery (Fig. 23).

Conclusion

The radiological signs seen at enteroclysis, comple-
mented with cross-sectional imaging, are similar to the
gross pathological changes, and by analysing the radio-
logical appearances, it is possible to suggest the correct
diagnosis in a high percentage of patients.

Fig. 21A, B. Meckel’s diverticulum. A A fairly large sac-like structure is outlined with barium. B A view of the resected specimen (a from
[2], with permission)
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Fig. 22A–D. Meckel’s diverticu-
lum A, B Enteroclysis shows a
single blind sac attached to an-
temesenteric border, junction-
al fold pattern at its base and
appearances simulating gastric
rugae C, D Corresponding pa-
thology specimens, confirming
the radiological findings

Fig. 23A–D. Meckel’s diverticu-
lum. A CT shows a small, well-
demarcated soft tissue mass
attached to the distal small
bowel in a patient who pre-
sented with episodes of inter-
mittent intestinal bleeding and
a negative enteroclysis study.
B Mesenteric angiography re-
veals an abnormal, elongated,
nonbranching artery with tor-
tuous vessels at its distal por-
tion. Features consistent with
the vitelline artery. C, D Corre-
sponding pathology specimens
shows stenosis of the ostium
(arrow) of the diverticulum,
which caused unsuccessful
demonstration by enteroclysis
(from [35], with permission)
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Neoplastic Diseases of the Colon

Polyps

Because adenomas almost always represent the primary
stage in the development of colorectal carcinoma, diag-
nosis and appropriate therapy of polyps are of crucial
importance in the prevention of colonic cancer [1–3].

A polyp is any circumscribed protrusion of normal
mucosa into the lumen, whether originating from the
mucosa or situated submucosally. Therefore the term “-
polyp” is a microscopic description and not a histologic
diagnosis.

Genuine polyps are lesions arising from the epitheli-
um of the mucosa. According to Morson [4], there are
two main groups of polyps:
� Neoplastic (adenomatous) polyps
� Nonneoplastic polyps

Both groups include a broad histopathologic spectrum,
the neoplastic polyps being particularly important, due
to their precancerous potential.
� Neoplastic polyps are polyps arising from new tis-

sue, whose growth is autonomic and progressive;
they can be benign or malignant. Neoplastic polyps
can be classified as tubular adenoma, villous adeno-
ma, or tubulovillous adenoma.

� Nonneoplastic polyps are tumor-like lesions with au-
tonomic and progressive growth. In principle they
have no invasive or metastatic potential. This group
can be classified as hamartomatous polyps, inflam-
matory polyps and unclassified polyps (metaplastic,
hyperplastic).

Neoplastic Polyps (Adenomas)

Colorectal adenomas, according to the World Health
Organization (WHO) definition, are benign, peduncu-
lated or sessile neoplastic lesions of the glandular epi-
thelium with varying degrees of cellular atypia. When
ten or fewer polyps are present, they are termed solitary.

Introduction

This chapter discusses both neoplastic and inflammato-
ry diseases of the colon. Emphasis is also placed on dis-
cussing different techniques to study the colon by imag-
ing such as virtual colonoscopy (CT and MRI colonog-
raphy). In addition, other topics of interest to the diag-
nosis of the colon, such as comparing double-contrast
barium edema and colonoscopy, PET, and monoclonal
antibody imaging, are treated.
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When ten or more are present, polyposis syndrome is
suggested. In autopsy series, the incidence is 11%–51%
and in the general population it is 3%–15%. There is an
increased incidence with increased age, particularly
above 40 years of age (males:females, 2:1) [4].

In 8%–25% of cases there are synchronous adenomas
(primary multiple), increasing with age. Where a rectal
adenoma or carcinoma is present, 35%–55% of patients
will have adenomas in the proximal colon. Synchronous
adenomas are more common in groups. In 22%, adeno-
mas are metachronous (secondary multiple). After re-
moval of one polyp, there is an increased risk of develop-

ment of one or more new polyps; after removal of a soli-
tary adenoma, 5 years later, 20% will have a new adeno-
ma and 10 years later 40% will have a new one. After re-
moval of several adenomas, 5 years later 40% will have a
new adenoma and 10 years later 75% will [2].

Location. There is great variation in reports con-
cerning the distribution of these lesions. The largest
proportional distribution of the various adenomas
throughout the colon can be found in the rectosigmoid.
In old age, the incidence is relatively higher on the right
side; in younger persons it is higher on the left side. In

Fig. 1A–F. Intermediate polyp; histologically a benign tubular
adenoma. A Oblique view, B En face view. “Mexican hat” appear-
ance: the central ring is formed by the narrow base, the outer ring
by the large head of the polyp. C–F Polypectomy procedure. C Inter-

mediate polyp in the transverse colon; D a snare is placed around
the polyp; E the sheath is advanced for transection, nearer to the
head than to the base and current is applied; F white appearance
indicates coagulation of tissue
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the more recent literature, there have been reports of an
increase in right-sided and a decrease in left-sided
adenomas; this may be due to improved examination
techniques and increased use of endoscopy [2].

Etiology. The etiology is unknown. Low-fiber diets,
high in meat, high-fat diets, genetic factors (recessive
gene) may be a cause. Slower passage provides the op-
portunity for synthesis of carcinogenic substances and
provides time for interaction between possible carcino-
gens and the colonic mucosa.

Clinical Presentation. Small adenomas (<1 cm) are
usually an incidental finding and are asymptomatic.
Larger adenomas may lead to general bowel complaints
and occult bleeding. Obstruction can occur if they are

Fig. 2A–D. Sessile intermediate polyp of the transverse colon; A–C virtual MR colonoscopy. A Coronal 3D VIBE sequence colonoscopy.
B Transverse reconstruction. C 3D reconstruction. D Endoscopic view (adapted from [99])

large. When they are pedunculated, an anal prolapse is
possible.

Large, sessile villous adenomas are usually found in
the rectum but can also be found in the sigmoid. There
may be passage of mucus with diarrhea. Hyponatremia,
hypokalemia and hypochloremia and/or bleeding may
occur.

Morphology. The polyps may be sessile, pedunculat-
ed or intermediate (Figs. 1–3).

Tubular adenomas can be several millimeters to
1 cm. They are spherical, round or oval with a smooth,
lobulated, reddish surface. They contain highly
branched glandular ducts, separated by a normal lami-
na propria. Cystic dilatation, secondary ulceration, in-
fection, and hemorrhage may occur.

Villous adenomas (>75% villous structures) are larg-
er than tubular adenomas, up to 10 cm or more. The
surface is irregular, nodular, and covered in a carpet-like
fashion by mucus (Fig. 4). They are often very soft. Larg-
er villous adenomas are sessile and may rarely be pe-
dunculated. Many finger-like structures may be found
oriented perpendicular to the colonic wall, consisting of
lamina propria with epithelial cells extending the mus-
cularis mucosa [5].
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Tubulovillous adenomas are a combination of tubu-
lar and villous structures. With increasing size, more
villous elements can be found. The surface is smooth or
lobulated and central indentation is possible. Central
ulceration is an indication of malignancy. If the adeno-

ma is hard, this is an indication of previous hemor-
rhage, inflammation or carcinoma.

Malignant Transformation in Adenomas. According
to most authors, it is generally believed that nearly all
carcinomas of the colon arise from adenomas. There is
an increasing incidence of carcinoma with increasing
size of polyps: an adenoma smaller than 1 cm has a 1%
malignant potential; an adenoma between 1–2 cm has a
10% malignant potential and an adenoma greater than
2 cm a 50% malignant potential [2, 4].

Diagnostic Imaging

Double-contrast barium enema. The radiologic ap-
pearances of the various polyps (broad-based, sessile,
pedunculated or intermediate) are summarized in Ta-
ble 1 [2].

Interval between proctosigmoidoscopy/colonosco-
py and barium enema. If endoscopy and air/contrast
enema require the same preparation, the following ap-
plies: the radiographic examination can follow immedi-

Fig. 3A–G. Benign pedunculated polyp. A Long pedicle and smooth,
round head. B–E Pedunculated polyp; polypectomy procedure.
B Pedunculated polyp in the descending colon; C a snare is placed
around the polyp; D the sheath is advanced for transection nearer
to the head than to the base. Current is applied; white appearance

indicates coagulation of tissue. E The coagulated base of the pedi-
cle (upper left) and the separated polyp (in lumen) can both be
seen. F, G Macroscopy/microscopy: mucosa of the pedicle is nor-
mal, nonmalignant
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Fig. 3F, G.

Table 1. Roentgenographic appearance of various polyps (from [2])

Wide-based or sessile Intermediate form or Pedunculated adenoma
adenoma suggestive of pedunculated adenoma

Definition Height < 50% width of base; Height > 50% width of base Head, ≥ 1 cm;
immobile; size a few millimeters to pedicle often several centimeters
many centimeters, usually 0.5-1 cm long; position of head and pedicle

vary with respect to one another
Projection Dense circle = ring shadow Two more or less concentric “Target” sign (two more or
frontal/ (“meniscus” sign), also oval or rings. Between the rings the less concentric rings,
en face polycyclic dense ring polyp looks denser (“target” sign) the inner ring representing

shadows. The center is less the thinner pedicle)
dense, inside sharp and regular;
only with larger polyps is the
center irregular and the periphery
unclear.
Polyp denser than surroundings.
Appears as as filling defect in the
barium collection. Barium droplets
may adhere to the polyp (hanging
drops)

Three-quarter Oval- or ring-shaped, sometimes Pedicle eccentric,“bowler hat” Depending on angle, denser
view denser area around base caused appearance head, peripheral, cylindrical

by superimposition of polyp head density, projecting on or outside
(or partially in or outside) the
polyp head

Profile/ Hemispherical protrusion denser Base appears smaller than the
tangential than surroundings. Tangential image head, base smooth or slightly

of the polyp base: indented,“bowler hat” appearance
– Flat
– Pitted
– Irregular

Mobility Upright view:
Polyp head caudal
Trendelenburg:
Polyp head cranial



312 Jacques W.A.J. Reeders

ately if the proctosigmoidoscopy or colonoscopy was
performed without biopsy or with superficial biopsy
(small biopsy forceps). The radiographic examination
should be postponed for 40 days if a deep biopsy (large
biopsy forceps) was performed during a proctosigmoi-
doscopy or colonoscopy. Likewise, a polypectomy re-
quires a latent period of 14 days to allow for adequate
reepithelialization at the biopsy site. If the barium study
immediately follows a deep biopsy, the following com-
plications can be seen: intramural extravasation or ve-
nous intravasation of contrast medium and/or perfora-

tion. The risk of perforation increases if the biopsy is
taken from diseased mucosa. The forceps used in fibe-
roptic endoscopy does not penetrate the muscularis
propria. The forceps used with a ridged endoscope can
reach the muscularis propria. If the endoscope was per-
formed following preparation with oral irrigation a
double-contrast enema cannot be performed immedi-
ately, since the increased fluid content of the colon
interferes with adequate adhesion of the contrast medi-
um along the mucosa. The waiting period is at least 3 h.
If a barium study is scheduled immediately after sig-
moidoscopy (colonoscopy), the endoscopist should be
asked whether a deep biopsy was performed. Even days
after a deep biopsy, the double contrast enema may
show a small ulcer (ring density, small collection).

Double-contrast Examination Versus Colonoscopy.
In polyps larger than 1 cm, the diagnostic accuracy has
been reported as up to 95%; for polyps of 5–10 mm the
accuracy is up to 90% and for polyps less than 5 mm the
diagnostic accuracy is less than 70%. Polyps that are
less than 3 cm often cannot be described with respect to
malignancy on the basis of radiological findings [2].

Colonoscopy. Polyps 1 cm in diameter and larger are
detected colonoscopically in 90% of cases and on bari-
um enema in 50%–85% of cases. The advantage of colo-
noscopy is that it allows simultaneous biopsy and poly-
pectomy. The limitations are deeply situated flexures,
fixation, inflammatory or other stenoses, marked haus-
tration or a long colon, which may render it difficult to
reach the proximal colonic segments. Suboptimal exam-
inations result from poor cleansing of the colon, super-
ficial or small lesions, fast retrieval of the endoscope,
and lack of experience on the part of the examiner [6].

The complementary character of double-contrast ex-
amination and colonoscopy has been emphasized by
several authors [7–11]. Right-sided polypoid lesions
were diagnosed with an accuracy of 80% using colonos-
copy; the reliability of double-contrast examination was
82%. Using both methods together, a diagnostic accura-
cy of 97% was attained. Kewenter et al. suggest the com-
bination of proctosigmoidoscopy and double-contrast
examination when screening for carcinoma (i.e., having
discovered polyps >0.5–1 cm, with a positive Guaiac
test) [12]. Flexible proctosigmoidoscopy and double-
contrast examination in one sitting has been advocated,
both performed by radiologists, whereby the reliability
of the diagnosis of polyps in the rectosigmoid increased
markedly, particularly for polyps less than 1 cm in di-
ameter [13]. As such, approximately half of all adeno-
mas are the target of this examination, i.e., are a poten-
tial risk for development of carcinoma. In our institu-
tion we have performed double-contrast examinations
immediately following biopsy and polypectomy with-
out complications.

Fig. 4A–C. Villous adenoma in the sigmoid. A Double-contrast
study, B gross specimen and C histological section of the excised
adenoma showing typical villous structures



Chapter 4.6 Neoplastic and Inflammatory Diseases of the Colon 313

Usually colonoscopy is considered as the gold stan-
dard for the reliability of radiologic examinations. How-
ever, when a radiologic examination has been per-
formed previously, the endoscopic examiner has had
the advantage of being the second examiner. Even colo-
noscopy misses 3%–13% of lesions. The 15% false-neg-
ative rate for colonoscopy in the study by Gelfand et al.
is similar to the false-negative rate for barium enema
examinations performed in the same institution [1]. A
previous review of radiologic accuracy in the detection
of 234 colonic polyps using colonoscopy as the compar-
ison standard indicated an overall false-negative rate of
13%. As with colonoscopy, most lesions undetected ra-
diologically were less than 1 cm in size, with a false-neg-
ative rate of 5% for lesions measuring 1 cm or more and
18% for lesions less than 1 cm in size.

Technical Reasons for Failure to Detect Polyps in
Double-contrast Examinations. Air bubbles, overlap-
ping loops of bowel, feces, diverticula, poor film quality,
spasm, excess of barium and poor adhesion of barium to
the colon if the colon is too wet, are the main technical
reasons for failure to detect polyps in double contrast
examinations. According to Markus et al., independent
evaluation of double-contrast examination of the colon
increases the sensitivity: with two independent examin-
ers from 70% to 83%; with three independent examiners
to 89% [14].We believe that false-negative interpretation
is a larger problem in interpretation of the double-con-
trast examination and regard evaluation by more than
one examiner as necessary to reduce this error.

Cross-sectional Imaging. In CT, only larger polyps
can be seen. In solid tumors (HU >0), surrounded by re-
maining contrast medium or seen as a filling defect
within contrast medium, subtle blurring or an irregular
surface is seen.

Nonneoplastic Polyps

Hamartomatous Polyps

Hamartomatous polyps are the most common form of
polyps in children. They are usually seen in the
4th–6th year of life. In adults the incidence is 0.5%–3.3%
of all endoscopically removed polyps. The male : female
ratio is 1.5 : 1.

Location. More than 80% are found in the rectosig-
moid, usually in the rectum, with a decrease in number
proximally.

Morphology. The size of the polyp is 0.3–5 cm; they
are commonly pedunculated, but can occasionally also be
sessile. They can be round, smooth and, rarely, lobulated.

Histopathology. There is excessive stroma content in
the lamina propria with inflammatory infiltrate, edema,
capillaries, fibroblasts, and lymph follicles. Cystically
widened crypts with mucus are seen. There may be epi-
thelial defects (ulceration/erosion); the pedicle of the
polyp contains many wide vessels.

Inflammatory Polyps

The definition of inflammatory polyps is confusing.
Usually they are divided in two main categories:
� Mucosal islands are equal to pseudopolyps, which

are the same as polypoid mucosal remnants. These
arise through ulceration of surrounding tissues, usu-
ally with undermining of the muscularis mucosae, so
those islands of mucosa and submucosa remain.
They are 0.3–1.5 cm high.

Cobblestones are longitudinal and transverse ulcera-
tions that communicate with each other and surround
polypoid islands of mucosa. These islands show at most
minor involvement in the inflammatory process. These
mounds of mucosa are relatively large in comparison to
the ulcerations and are typically irregularly polygonal
or round. They are commonly seen in Crohn colitis (see
Fig. 15). Reepithelialization of the ulcers may take place;
a cobblestone pattern, however, persists.
� Mature inflammatory polyps are the same as postin-

flammatory polyps. These pseudopolyps are sur-
rounded by regenerating mucosa, which arise from
spared mucosal islands and consist predominantly of
granulation tissue (see Figs. 15, 16).

Incidence: Common. Location: Polyps occur in loca-
tions where the primary disease is or was localized and
are diffuse, segmental, and focal. They are usually seen
multiply, i.e., more than ten.

Etiology and Pathogenesis. As a result of acute disease
or earlier disease we find ulcerative colitis, Crohn colitis,
amebic colitis, schistosomiasis, ischemic colitis, tubercu-
losis, pseudomembranous colitis and Behçet colitis.

Unclassified Polyps

Metaplastic (hyperplastic) polyps can be seen very fre-
quently in 75% in subjects aged over 40 years. These
polyps are usually multiple. They are often so small that
they may be missed even on sigmoidoscopy. Radio-
graphically and endoscopically metaplastic polyps ac-
count for approximately 11%–16% of small (2–5 mm)
polyps. The male : female ratio is 1 : 1.

Location. The metaplastic polyps can be found in
rectum, sigmoid and proximal colon. Most commonly
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Fig. 5A–E. Familial polyposis. Countless sessile or slightly pedunculated polyps of varying size carpet the entire colonic wall. A Rectum,
B splenic flexure and proximal descending colon. C, D Endoscopy, E Resection specimen

A B
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they are solitary; however, multiple polyps can also be
found. The polyps are often seen on mucosal folds.

Etiology/Pathogenesis: There may be an ischemic or
inflammatory origin; it may be caused by a disturbed
maturation process of cells in the crypts without a
known cause or it may be caused by hypertrophy of the
crypts due to excessive epithelial cells.

Associated Illnesses. Hyperplastic polyps are seen
more frequently in populations with an increased risk
for colorectal carcinoma. In 40% of patients with hyper-
plastic polyps, adenomas occur.

Morphology. Sessile, flat and rarely pedunculated
polyps are usually up to 5 mm in size; only in 13%–16%
are they larger than 5 mm. They cannot be differentiat-
ed from adenomas.

Histopathology. Elongated crypts; reduced goblet
cell count, sawtooth-like rows of epithelium crypts, hy-
permature cells on the surface. There is no dysplasia
and no malignant potential. However, combination
forms with adenomatous polyps are not rare.

Diagnostic Imaging

On contrast enema they cannot be differentiated from
adenomas. They are often located on the mucosal folds;
for this reason and because of their small size they are
seen less frequently on radiologic film, but more easily
on colonoscopy.

Inflammatory Fibroid Polyp

Inflammatory fibroid polyps are nonneoplastic cellular
proliferations that originate primarily in the submucosa
and are composed of fibroblasts, blood vessels and in-
flammatory cells within an edematous and collagenous
stroma. They are uncommon in the gastrointestinal
tract and very rare in the colon.

Polyposis Syndromes

The intestinal polyposis syndromes (Fig. 5) are usually
hereditary; some forms must be considered as obligate
precancers, others as facultative precancers. The discov-
ery of intestinal polyposis in a patient has important
consequences because when an obligate precancer is
present, early colectomy is necessary, and where hered-
ity plays a role, relatives must be examined and genetic
counseling must be considered. Screening also reduces

the colorectal cancer rate in families with hereditary
nonpolyposis colorectal cancer (HNPCC) [15].

High Risk. HNPCC families have a high preponder-
ance of right-sided tumors, possibly of flat adenomas
and probably of mucinous tumor. Screening should
begin at 10 years younger than the youngest affected
family member, and not later than 40 years of age. Some
recommend starting colonoscopy screening every 2
years starting at age 25; others are reconsidering recom-
mending prophylactic colectomy in HNPCC families.
Barium enema is probably not the ideal way to screen
HNPCC families, since the incidence of adenoma is
high, perhaps double that of the general population,
and many will need to return for colonoscopy. In addi-
tion, flat lesions are harder to detect radiologically.
However, it is even more important in this group that
failed or incomplete colonoscopy be followed by
CT/MR colonography or barium enema to assess the
right colon.

Moderate Risk. This includes first degree relatives of
colon cancer patients, especially those with two colon
cancers in the family, or relatives of patients under 55
but who are not HNPCC families. Such individuals have
about five times the chance of developing colorectal can-
cer as other members of the general population. Colo-
noscopy, double-contrast barium enema, or full prepar-
ation with flexible sigmoidoscopy should be done, fol-
lowed immediately by barium enema if the sigmoidos-
copy is negative or shows polyps under 5 mm in diame-
ter, but followed instead by immediate colonoscopy if
the sigmoidoscopy shows polyps larger than 5 mm.

Low Risk. There are no data that permit the unequiv-
ocal recommendation of any form of imaging for
screening of the normal risk population, though there
are data supporting the use of both fecal occult blood
testing and flexible sigmoidoscopy. Radiologists have
provided no data to support the theoretical advantages
of barium enema as a screening tool.

Radiographically, polyposis syndrome is suggested
when:
� A polyp is found in the gastrointestinal tract of a

younger person.
� Several polyps are detected in a patient.
� Colon carcinoma is found in a relatively young pa-

tient (<40 years).
� Certain typical cutaneous changes are found that are

known to be associated with a polyposis syndrome.

For the different syndromes (familial polyposis, flat aden-
omas syndrome, Gardner syndrome, Peutz-Jeghers syn-
drome, Turcot syndrome, Cronkhite-Canada syndrome,
juvenile polyposis coli, etc.) we refer to the literature.
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Colorectal Carcinoma

Colorectal neoplasm is the third most common cancer,
the second most common tumor in the United States
and the most common cancer in the gastrointestinal
tract; it is even the most common malignant tumor after
bronchial carcinoma in males and breast carcinoma in
females. Every year, 155,000 new cases are seen and in a
large percentage of these cases colonic and hepatic sur-
gery is performed for palliation or possible cure. Wide-
ly published data indicate the importance of screening
for colorectal cancer after the age of 40 and improved
survival rates for patients in whom colorectal cancer is
detected at an early stage [16–22].

Although the average lifetime risks of a diagnosis of
and dying of colorectal cancer are 5.6% and 2.5%, re-
spectively [24], and although a majority of cases of
colorectal cancer can be prevented with colonoscopic
removal of the precursor adenomatous polyp [25], com-
pliance with full structural colon examinations, such as
colonoscopy and double-contrast barium enema, is
abysmal.

Unfortunately, the more attractive tests, such as fecal
occult blood testing (FOBT) and sigmoidoscopy appear
ineffective. The broad literature clearly indicates that
FOBT is too unspecific and misses a substantial propor-
tions of cancers [26, 27].

In the search for an adequate screening method, CT
colonography and MR colonography have emerged rel-
atively quickly as rapid, noninvasive and full structural
colon examinations.

They have the potential to be highly accurate and re-
producible, highly acceptable to the patient and can dis-
play extra colonic findings [28, 29].

Incidence. It must be expected that the incidence of
colorectal carcinoma continues to increase. It rarely oc-
curs in persons younger than 35 years of age (except in
familial polyposis). In children, rare cases have been re-
ported. There is an increased incidence above 50 years
of age. The male : female ratio is = 1–2 : 1. Rectal carci-
noma is, however, more prevalent in men and colon car-
cinoma is more prevalent in women. In some families
there is an increased incidence of colon carcinoma, par-
ticularly of the right colon. In these cases, carcinoma
typically occurs earlier (approximately 40 years of age).

Location. The majority of carcinomas arise in the
rectum (36%–59%) and sigmoid (17%–30%) [2].

Etiology and Pathogenesis. There is no clear known
cause. Hypotheses include diet: reduced consumption of
high-fiber foods allows a greater concentration of car-
cinogenic and cocarcinogenic substances to accumulate
in the colon. Iatrogenic factors include cholecystectomy:
absence of the gallbladder allows continuous passage of
bile acids into the colon, leading to increased bacterial

enzyme activity, with production of carcinogenic me-
tabolites, epitheliolysis and increased cell turn over.

Risk Factors. The risk of colon carcinoma is 20–30
times higher in patients with ulcerative colitis than in
the general population and depends on the duration
and extent of the disease. The risk in Crohn colitis pa-
tients is approximately six to seven times higher. Risk
factors for colon carcinoma (precancerous lesions) are
summarized in Table 2.

Clinical Presentation. In the early phase, there are
nonspecific symptoms or occult bleeding. Clinical
symptoms in the late stage are dependent on the size,
rate of growth and location of the tumor.

Morphology. Table 3 shows the classification of co-
lon carcinoma according to Borrmann:
� Circumscribed solitary polypoid carcinoma: Borr-

mann I
� Ulcerated carcinoma with elevated margins: Borr-

mann II, the most common type, represents approxi-
mately two-thirds of all colon carcinomas

� Ulcerated carcinoma with elevated or diffuse mar-
gins (intermediate type): Borrmann III

� Diffuse infiltrating carcinoma (linitis plastica): Borr-
mann IV infiltration with hardening, often leading to
severe stenosis. Poor prognosis, often seen in secon-
dary colon carcinoma.

Histologic Grading and Spread. There are three his-
tologic grades of malignancy: low grade (20%), medi-
um grade (60%) and high grade (20%) [4, 19, 30]. The 5-
year survival rates are 80%, 60% and 25% respectively.
A combined histologic and cytologic examination is
necessary to assess the degree of malignancy.

Particularly larger, advanced carcinomas spread
along the tissue layers that provide the least resistance,
e.g., submucosa, through vascular gaps in the muscular
propria, along the myenteric plexus, between layers of

Table 2. Risk factors for colon carcinoma (precancerous lesions)

Adenoma �1 cm
Familial polyposis coli (100%)
Other polyposis syndromes
Ulcerative colitis > (10)–20 years
Crohn colitis
Ureterosigmoidostomy
Cholecystectomy
“Family cancer syndrome” (Lynch I-S)
Familial colon carcinoma (Lynch II-S)
Family history of colorectal carcinoma
Hereditary colon cancer
Colon carcinoma

Synchronous second primary of colon
Metachronous second primary of colon

Radiation colitis
Age > 40 years
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muscle, and along the connective tissue of the serosa or
the mesocolon. Only rarely does direct spread to neigh-
boring intraperitoneal organs occur because the perito-
neum represents a relative barrier. In these cases, the
small intestine, liver, bladder and prostate may be in-
volved. Highly malignant rectal carcinoma may show
inferiorly directed intramural spread.

Lymphogenous spread is not possible until the mus-
cularis mucosa has been penetrated; at first, regional
lymph nodes are involved; later, the more centrally lo-
cated nodes. Generally, no skipping of nodes is ob-
served. Retrograde metastases may, however, occur
through blockage of lymph vessels, allowing metastases
to atypical locations, for example, the ovaries. Lymph
node metastases may affect the paracolic, para-aortic,
iliac, and inguinal (rectal carcinoma) nodes. The prog-
nosis worsens with increasing number of involved
lymph nodes: one lymph node: 60% 5-year survival; two
to five lymph nodes: 35% 5-year survival; >six lymph
nodes 20% 5-year survival.

Intraperitoneal Seeding. If the serosa is reached,
which may also occur during surgery, dissemination of
tumor cells may occur. In the peritoneal cavity, in par-
ticular in the pouch of Douglas, it can intraperitoneally
seed to the ovaries and to other intestinal segments; in
10% of patients peritoneal metastases will develop after
resection of colon carcinoma.

Venous (Hematogenous) Spread. Infiltration of the
intramural veins is observed at histopathologic exam-
ination in more than 50%; in 35% the extramural veins
are invaded. Submucosal involvement of veins does not
effect the prognosis. When extramural veins are in-
volved, metastases to other organs are common.

Spread by Implantation. Implantation of tumor cells
that have become separated from the primary mass of
tumor during the course of growth, or that have been
released due to surgical manipulation, may cause tumor
recurrence in the wound, in anal fistulas, at the colosto-
my, peritoneum, rectovaginal septum, anastomosis or in
the pelvis.

Staging and Classification. There is a variety of clas-
sification and staging systems for colorectal carcinoma:
TNM classification, Staging Systems of the American
Joint Committee (AJC), the Astler-Collier classification
and the Dukes classification [31]. The Dukes classifica-
tion, as a surgical pathologic staging system for colorec-
tal cancer, has been the most widely used, but many
modifications have been introduced since the seminal
article appeared in 1932. The TNM system, introduced
in 1954, has increased in use in recent years because it
more clearly defines the extent of tumor within and be-
yond the bowel wall.

Diagnostic Imaging 

Abdominal Plain Film. Sometimes dilatation of the
colon and small intestine and “thumbprinting” (is-
chemic colitis) can be seen proximal to the obstructing
colon carcinoma.

Free intra-abdominal air may be present in case of
perforation.

Double-Contrast Barium Enema. Barium enema
(double contrast) can detect up to 98% of colorectal
cancers, but detection rates between 76% and 95% are
often reported. Colonoscopy also has high potential sen-
sitivity, but detection rates as low as 85% have been re-
ported. Barium enema examination has a diagnostic
yield of 3.2% for neoplastic lesions larger than 1 cm in
the nonvisualized colon after incomplete colonoscopy
[32]. The mortality from colonoscopy is about three
times higher than with barium enema. If barium enema
discloses a significant polyp, colonoscopy will also be re-
quired. The choice between these two principal methods
of detection therefore depends on both local skills of
practitioners and the patient or subject population mix.
� Polypoid carcinoma (Borrmann I type). Polypoid

and or shaggy surface, larger than 1 cm at the base,
up to 15 cm. Almost exclusively sessile, broad-based
with intraluminal growth.
When larger, there may be circumferential growth.
The surface may be smooth or irregular. Occasionally
only linear opacities are seen when slightly obliquely
orientated tumors are seen in en face projection.

� Ulcerated carcinoma (Borrmann II and III types)
(Fig. 6). Protruding lesion with minimal to marked
deformation of the colonic wall. There may be partial

Table 3. Classification of colon carcinoma according to Borrmann
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or complete circumferential narrowing of the colon-
ic lumen, with an irregular surface. Often central in-
dentations due to ulceration are seen.

� Diffuse infiltrating carcinoma (Borrmann IV type).
Symmetric or, rarely, asymmetric narrowing of the
lumen. The length of distribution may be several cen-
timeters or may involve the entire segment and occa-
sionally the entire colon (linitis plastica). There is of-
ten shortening of the involved colonic segment. There
is a slight irregularity of the mucosal surface, because
the carcinoma grows primarily submucosally. There
is often a conical transition to normal colon.

The most frequent errors of perception [33–35] are fail-
ure to recognize a filling defect in a pool of barium (the
margin of a barium pool is convex; any concave margin
should suggest carcinoma) and the failure to recognize
the mucosal surface of carcinoma in en face projections.

Many lesions are only seen in en face projection in
the double-contrast examination, and therefore, assess-
ment should not be restricted to the contour of the in-
testine. The en face appearance in double-contrast ex-
amination is often very subtle if the carcinoma shows
only a slight protrusion, the so-called white line.

Technical factors in missed diagnoses are incomplete
evacuation, overexposed films, insufficient distention of
the colon with multiple contractions, the hidden loop of
intestine is not projected freely, incompletely cleansed
colon, poor barium adherence or artifacts caused by
gross movement of the intestines.

The most common errors in interpretation are si-
multaneous presence of diverticula (in patients with
less than 15 diverticula, 3.1% of carcinomas are missed,
in patients with more than 15 diverticula more than
20% of carcinomas are missed); strictures in other dis-

eases (ulcerative colitis) and/or polypoid lesions (hem-
orrhoids) are not recognized as carcinoma; insufficient
knowledge of the differential diagnosis; in diagnosing a
colon carcinoma a second synchronous colon carcino-
ma is easily missed.

Fig. 6A–C. Semicircumfe-
rential polypoid carcino-
ma (Borrmann II).
A Tangential projection,
B en face projection,
C resection specimen
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Computed Tomography. Routine CT examination of
the abdomen seldom visualizes gastrointestinal lesions
adequately, and a particular effort is required to detect
and examine such lesions.

Principles to follow include:
� Intestinal cleansing, opacification and distension
� Imaging during the arterial phase of an intravenous

injection of contrast material
� Liberal use of thin section (5 mm) scans over the area

of interest

Both spiral CT and intravenous glucagon or scopola-
mine (Buscopan, Boehringer Ingelheim, Germany) fa-
cilitate good CT imaging of intestinal lesions. Three-di-
mensional spiral CT has the potential to replace barium
enema (and colonoscopy) for detection of polypoid co-
lonic lesions. CT is reliable for confirming spread of ad-
vanced tumors through the bowel wall, but less useful in
excluding such spread. In staging colorectal cancer the
sensitivity of CT for detection of local extension is
between 55% and 61%. Most errors are in understaging
local infiltration. Sensitivities are between 26% and 73%
for nodal metastases and between 73% and 79% for he-
patic metastases. The early enthusiasm for CT in preop-
erative staging has not been sustained because of poor
accuracy in identifying lymph node metastases and in-
ability to determine local spread. Particular caution
should be exercised in describing local invasion in ca-
chectic patients. Conversely, scarring and inflammation
may mimic the precolonic fat streaking that is the hall-
mark of early extracolonic spread.

The indications for CT are:
� Preoperative staging (local spread, metastasis).
� Pre- and postoperative complications; hematoma,

abscess, fistulas, recurrent tumor.
� Intraluminal, space-occupying lesions can be seen,

sharply or poorly demarcated (40–60 HU). Often
there is a local or circumferential thickening of the
colonic wall; diffuse calcifications and a central re-
gion of lower density can be seen due to necrosis:
pericolic infiltration by tumor may be evident.

CT of Colorectal Carcinoma with Respect to TNM
Classification.
� T (tumor):

– T1 Infiltration of mucosa and submucosa: colonic
wall thickening

– T2 Muscularis propria infiltrated: thickening of
the colonic wall, local or circumferential

– T3 Spread beyond the colonic wall: thickening of
the colonic wall, poorly demarcated outer wall
contours, spiculated or dentate contour

– T4 Surrounding fat tissue is infiltrated: increased
absorption of pericolic fat tissue (i.e., streaky
densities in fat tissue). Infiltration of muscula-
ture or skeletal structures; thickening of the
rectal/extraperitoneal fascia (differential diag-

nosis: inflammatory bowel disease, hematoma,
radiogenic edema, fibrosis); infiltration of the
ureters (hydronephrosis), perforation, abscess-
es, fistulas.

� N (nodes): Normal lymph nodes should not be larg-
er than 1 cm. Enlargement of lymph nodes does not
necessarily prove the existence of metastases because
such changes may also be the result of inflammatory
reaction. Oblique cross-sections of vascular struc-
tures or sections through nonopacified intestines
may be mistaken for enlarged lymph nodes. The cor-
relation between lymphadenopathy and tumor in-
volvement in colorectal carcinoma is, in general,
poor. Lymph node metastases are often not recog-
nized on CT.

� M (metastasis): The sensitivity of CT in the detection
of hepatic metastases depends on the size and den-
sity of the lesions, as well as on the technique used. In
5%–29% metastases may be occult.

CT findings in rectal carcinoma.
� Thickening of the rectal wall to 0.5–0.8 cm, circumfe-

rentially or locally.
� Infiltration of perirectal adipose tissue. Poor delinea-

tion of tumor from neighboring organs (vagina,
uterus, prostate, seminal vesicles, musculature, bone)
is an indication of infiltration; however, partial vol-
ume effects must be taken into consideration.

� Enlarged lymph nodes (1–1.5 cm), suggestive of me-
tastases.

CT findings of local extent and regional spread of tumor
correlate well with surgical and histopathologic find-
ings, and accuracy rates between 77% and 100% (sensi-
tivity ranging from 54% to 100% and specificity ranging
from 93% to 100%) have been reported in early studies.
Later studies [36–38] showed much lower accuracy
rates (41%–64%), largely owing to low sensitivity for de-
tection of lymph node metastases (22%–73%) and of lo-
cal tumor extent (53%–77%). The accuracy may in-
crease from 17% for Dukes B lesions to 81% for Dukes D
lesions [39]. Refinement of CT techniques, such as co-
lonic preparation, prone positioning of the patient, air
distension of the rectum and dynamic multidetector/
multislice-helical CT may increase the accuracy of as-
sessing local tumor extent by CT [40].

In general CT cannot detect microscopic invasion of
the serosa, normally sized lymph nodes affected by the
tumor or peritoneal metastases less than 1 cm and he-
patic metastases less than 1 cm in size (Fig. 7).

Ultrasonography. Ultrasonography can be used to
assess the size of the tumor, to assess infiltration into
the surrounding tissues and to detect hepatic metasta-
ses. Colon carcinoma may be an incidental finding in
sonographic examination of the abdomen. The findings
are dependent on growth and spread. Hypoechoic or
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Fig. 7A–D. Schistosomiasis. Malignant changes of the rectosigmoid. Multiple calcifications can be seen both in the double-contrast ene-
ma (A) and on CT (B–D) (arrows)

echolucent local, asymmetric, circumferential wall
thickening can be found. An echogenic central area and
a thickened wall may be caused by mucosa, gas, feces or
necrosis [41, 42].

Rectal Endosonography. The accuracy of rectal en-
dosonography shows a range from 81% to 93%, with a
mean of 88%. Sonographic interpretation is harder af-
ter radiotherapy as the clear delineation of the layers of
the bowel is lost. The roles for endosonography at
present include [41]:
� Assessment of small well-differentiated cancers be-

ing considered for local resection
� Examination of large villous adenomas to detect car-

cinomatous invasion, which would be a contraindi-
cation to submucosal resection

� Evaluation of low lesions for prostatic invasion
� Evaluation of a rectal mass or possible local recur-

rence, and guiding submucosal biopsy
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For detection of lymph node metastases and other ex-
trahepatic metastases, endorectal ultrasonography has
limitations, as it can assess only perhaps half the lymph
nodes removed at surgery for rectal cancer and cannot
distinguish reactive from malignant enlarged nodes
(sensitivity, 50%–57%).

Magnetic Resonance Imaging. As in CT, the TNM
staging can be used. MRI appears to have overall the
same limitations as CT, but multiplanar imaging may
often have special advantages. MRI seems more effec-
tive in staging (accuracy up to 100%) [42–44]. Local tu-
mor extent is particularly well shown on T1-weighted
images. Direct invasion of tumor into bone or muscle
such as the levator ani and piriform muscles may be
better shown by MRI. The depth of tumor infiltration in
the bowel wall and the presence of metastatic foci in
lymph nodes cannot be accurately determined by MR
imaging. The reported overall staging accuracy is
between 74% and 96%. MR results are in flux as new
contrast agents (Ferristene, Abdoscan, Nycomed, Oslo),
new coils and pulse sequences are developed. Endorec-
tal coils in particular are producing spectacular images,
and can show the layers of the bowel wall.
� T1-weighted image: tumor tissue shows low signal

intensity, similar to musculature.
� Proton-density image: tumor tissue shows interme-

diate signal intensity, higher than musculature.
� T2-weighted image: tumor tissue shows high signal

intensity; however, this is dependent on the type of
tumor (mucus production) (Fig. 8).

CT/MR Colonography and Virtual Colonoscopy

With increasing emphasis on the early diagnosis of co-
lonic polyps and diagnosis and preoperative stages of
colorectal cancer, interest has grown rapidly in CT/MR
colonography (virtual colonoscopy), developing tech-
niques to challenge existing methods such as barium
enema and conventional colonoscopy.

Virtual colonoscopy is the term used to describe thin-
section CT of the prepared colon with the volumetric data
set reviewed both as two dimensional and three dimen-
sional endoluminal images of the colonic mucosa [29].

First introduced in 1994 and since the initial clinical
colonographic studies published 6 years ago [45], over
160 peer-reviewed articles and several international
symposia have focused on colonography.

CT and MR colonography have experienced dramat-
ic improvements in both hardware and software capa-
bilities, resulting in shorter scanning time, dose reduc-
tion, greater user friendliness and promising perfor-
mance statistics [46].

The improved spatial resolution and lower number
of artifacts, associated with multislice CT, the use of
intravenous contrast in CT/MR colonography and in-
creasing familiarity with the technique by radiologists
should continue to improve test performance [47–50].

Innovation in image reconstruction and manipula-
tion (computed-aided detection) have optimized and
simplified study interpretation [51–54].

Current interest has focused on improving patient
acceptance of the technique through the development of
dietary fecal tagging agents to avoid full bowel catharsis
[55–57].

Fig. 8A, B. MRI after rectal contrast (Ferristene, Abdoscan,
Nycomed, Oslo) application and intravenous contrast injection
(gadopentetate dimeglumine, Magnevist, Schering, Berlin): large

T4 rectal carcinoma with dorsal infiltration into perirectal tissue
and sacral bone. A Sagittal view, B transverse view
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Multislice CT appears to be currently more suitable
for colorectal and possibly combined lung-abdomen
screening than MRI, given the speed of performing the
examination, increased spatial resolution and robust-
ness in image quality.

MR colonography avoids ionizing radiation but cur-
rently fails to demonstrate the colonic wall in a spatial res-
olution comparable to that of multislice CT colonography.

Virtual Colonoscopy and Polyp Detection

The accuracy of colonoscopy for polyp detection in pa-
tients at high risk for colorectal neoplasia has been re-

ported in many studies (Table 4). Virtual colonoscopy
was first described by Vining et al. in 1994 [45], but the
first clinical trial was not reported until 1996, when
Hara et al. described a proprietary method of CT colo-
nography to evaluate 30 endoscopically proven polyps
in ten patients [58]. They found that this technique de-
tected 100% of all polyps larger than 1 cm in diameter,
71% of polyps between 0.5 and 0.9 cm, and up to 28% of
polyps  0.5 cm in diameter.

Several studies have compared the sensitivity and
specificity of interpreting axial images alone compared
with the combination of axial images and 3D virtual re-
constructions. Hara et al. found that the interpretation
of axial images alone had a lower sensitivity and speci-

Fig. 9A–D. Performance of multislice CT in a patient with attenuat-
ed polyposis coli. The high spatial resolution inherent to multislice

CT enables detection of diminutive polyps down to 1–3 mm in
size. Adapted from [28]



Chapter 4.6 Neoplastic and Inflammatory Diseases of the Colon 323

ficity compared with virtual colonoscopy (58% and 74%
vs 75% and 90%, respectively, for adenomas >10 mm in
diameter) [59].

Other authors have also found the two techniques to
be complimentary [60, 61].

Larger, more recent studies on the accuracy of
CT/MR colonoscopy in the detection of colonic polyps
are consistent with reported sensitivities of 50%–100%
for lesions larger than 1 cm in diameter, 16%–100% for
lesions between 6 and 9 mm in diameter and 61%–68%
for lesions under 0.5 cm [28, 29, 53, 62–79].

Table 4 summarizes the performance of colonogra-
phy in the detection of colorectal masses on a per-lesion
and per-patient basis [28].

The sensitivity and specificity of virtual colonoscopy
have consistently been shown to be dependent on polyp
size, with a low reported accuracy for polyps under
5 mm in diameter; however, the importance of remov-
ing polyps smaller than 5 mm in diameter may be nei-
ther clinically justified nor cost-effective.

The risk of malignancy in such polyps is less than
0.1% [80] and the likelihood of these being invasive in
10 years is less than 5%.

The sensitivity of virtual colonoscopy for polyps larger
than 5 mm in diameter reported in recent studies is
equal to or exceeds that of conventional colonoscopy [79].

Virtual Colonoscopy and Colorectal Carcinoma

Between 1.5% and 9% of patients with colorectal carci-
nomas have a second synchronous cancer [81].

CT colonography can be used for the search of
(pre)cancer in case of significant weight loss, elevated
tumor markers, a paraneoplastic syndrome or metasta-
sis of an unknown primary tumor, as well as for staging
and surveillance.

When occlusive colorectal carcinomas prohibit a
complete endoscopic review, CT colonography can de-
tect synchronous carcinomas [79, 82]. If intravenous
contrast is employed, CT colonography can be an accu-
rate method for predicting local tumor invasion. In ad-
dition, CT colonography can be combined with liver
and lung imaging to diagnose metastatic spread.

Virtual colonoscopy is an immediately appealing
tool for the diagnosis and staging of colorectal cancer
through its ability to evaluate all segments of the colon
in addition to imaging the peri-colic tissues and liver
(Figs. 9–12). Conventional colonoscopy fails to reach the

Fig. 10A–C. Occlusive carcinoma as clinical indication for CT colo-
nography: occlusive carcinoma often renders conventional colo-
noscopy and, consequently, the assessment of the proximal colon
impossible. CT colonography can be used in these cases and simul-
taneously combined with staging. In the case of rectal carcinoma,
sagittal reconstructions can help in deciding whether continence-
preserving surgery can be performed.Adapted from [28]. A CT-3D
colonography, B sagittal CT colonography, C resection specimen
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cecum in up to 15% of cases. Virtual colonoscopy has
been shown to successfully evaluate all segments of the
colon not examined either at colonoscopy or by barium
enema [66, 69, 79, 82].

Virtual Colonoscopy and Population Screening

Current recommended screening strategies for low-to-
average-risk people include annual fecal occult blood
testing (FOBT), flexible sigmoidoscopy every 5 years,
double-contrast barium enema every 5–10 year or colo-
noscopy every 10 years [20, 84].

The double-contrast barium enema examination has
also been approved as a reimbursable option for colorec-
tal cancer screening both for average-risk and for high-
risk individuals under recent Medicare guidelines
[85].The rationale for the use of screening barium ene-
ma examination is supported by cost-effectiveness mod-
els that have shown that a double-contrast barium ene-
ma examination at 5-year intervals is competitive with
other strategies for colorectal cancer screening [86, 87].

Compared with sigmoidoscopy, FOBT has a poor
sensitivity for detecting rectosigmoid cancers and polyps
[88]. Flexible sigmoidoscopy is highly sensitive and spe-
cific but visualizes only the distal colon, where only
50%–60% of polyps and cancer reside, and entails some
discomfort, risk and inconvenience for the patient [20].

In high-risk patients, the reported sensitivity of bar-
ium enema for polyps greater than 5–7 mm is approxi-

mately 70%, whereas its specificity is approximately
90% [86].

The wide range in sensitivity with CT/MR colonog-
raphy for the detection of polyps as shown in Table 1
may be in part explained by the different techniques
used in data acquisition and analysis. With increasing
spatial resolution, faster computer platforms and great-
er reader experience, better results are expected.

Neri et al. [78]) found that CT colonography in preop-
erative evaluation after incomplete colonoscopy provid-
ed complete information to properly address surgery of
colorectal cancer and treatment of liver metastases [78].

No large studies have directly compared CT/MR co-
lonoscopy with double contrast barium enema, but in-
direct evidence suggests that the predictive value of vir-
tual colonoscopy and high-risk patients exceeds that of
barium enema and conventional colonoscopy.

Currently the application of CT/MR colonoscopy as a
screening tool is limited not only by a lack of multi-
center data, but also by logistical and financial con-
straints.

FDG PET and Monoclonal Antibody Imaging

Fluoro-deoxy-glucose positron emission tomography
(FDG PET) is sensitive for primary colorectal carcino-
ma; however, the main role of FDG PET in staging color-
ectal cancer is the assessment of regional lymph node
involvement and distal metastases (sensitivity of both

Table 4. Performance of CT/MR colonography in the detection of colorectal masses on a per-lesion and per-patient basis [28]

Reference Year No. of Per lesion Per patient 
patients (cut-off=10 mm)

Sensitivity
Sensitivity Specificity

<5 mm 6–9 mm >10 mm

CT colonography
Hara [59] 1997 70 26% 66% 73% 75% 90%
Dachman [67] 1998 44 15% 33% 83% – –
Fenlon [79] 1999 100 55% 82% 92% 96% 96%
Rex [68] 1999 46 – 43% 50% 80% 89%
Fletcher [65] 2000 180 – 47% 75% 85% 93%
Miao [69] 2000 201 11% 16% 74% 73% 94%
Mendelson [70] 2000 53 – 22% 73% – –
Kay [71] 2000 38 – 38% 91% 90% 82%
Macari [83] 2000 42 20% 60% 100% 100% 100%
Pescatore [72] 2000 50 – – – 51% 74%
Spinizi [73] 2001 99 – 56% 71% – 100%
Yee [74] 2001 300 59% 80% 90% 100% –
Macari [53] 2002 95 12% 70% – 93% 97%
Neri [78] 2002 29 68% 100% 100% 100% 96%

Single and multidetector CT
Morrin [66] 2000 81 33% 65% 94% 87% 100%
Hara [75] 2001 237 – – 68% 86% 92%

Total 1649 44% 59% 80% 86% 93%

MR colonography
Luboldt [76] 2000 132 6% 61% 96% 93% 99%
Pappalardo [77] 2000 70 33% 96% 100% 96% 93%

Total 202 8% 97% 99% 96% 98%
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FDG PET and CT is 29% and specificity is 96% vs 85%,
respectively [89].

FDG PET is superior to CT for identification of he-
patic metastases, with a sensitivity of 88% vs 38% and a
specificity of 100% vs 97% [89].

The sensitivity and specificity of FDG PET for dem-

onstration of local pelvic recurrences of colorectal can-
cer are 95% and 97%, respectively [90].

The sensitivity and specificity of FDG PET in detec-
tion of recurrences in the liver are 96% and 97%, respec-
tively, and are therefore higher than conventional imag-
ing modalities [89].

Fig. 11A–D. Alternative protocol in MR colonography with an air
enema: A HASTE/SSFSE sequence, B non-breath-hold T2-weighted
IR-TSE sequence, C TrueFISP sequence, and D contrast-enhanced
heavily T1-weighted 3D-GRE (VIBE) sequence. The HASTE/SSFSE
sequence shows A carcinoma in the ascending colon (arrow) with-
out artifacts but with low signal (A). As suggested by the delinea-
tion of the bladder wall, on HASTE/SSFE images water appears
superior to air as enema for the delineation of the colonic wall. The
non-breath-hold T2-weighted IR-TSE sequence (B) is susceptible
to motion artifacts but provides a brighter signal for colorectal
masses than the HASTE/SSFE sequence, which speaks for the use
of a dark enema in the T2-weighted IR-TSE. In comparison to the

HASTE/SSFSE and T2-weighted I-TSE sequence, the TrueFISP se-
quence appears to be of minor diagnostic value, particularly if
used in combination with an air enema (C). On the contrast-en-
hanced VIBE (D) colorectal masses show a higher enhancement
than in contrast-enhanced CT – suggesting that relevant masses
can already be detected on multiplanar reconstructions as in CT
colonography without the help of virtual colonoscopy – which is
limited in this approach. The distortions, as seen here at the upper
part of the liver, resulting from the smaller field of view of dedicat-
ed powerful gradient scanners can be corrected by software
(adapted from [28])
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The sensitivity and specificity of FDG PET in whole
body FDG PET in the evaluation of distant metastases
in patients with resected colorectal carcinoma are 97%
and 77%, respectively [90].

Monoclonal antibody scanning (immunoscintigra-
phy) also shows great promise. Fortunately, its strengths
appear to be in areas where CT and MRI are weak: thus,

extrahepatic and extraintestinal metastases are clearly
shown. The main use of this technology may therefore
be in patients in whom carcinoembryonic antigen levels
are rising, but initial evaluations with ultrasound, CT or
MRI are negative or equivocal. Immunoscintigraphy
seems more sensitive than either CT or MRI for nodal
metastases.

Fig. 12A–D. Sigmoid carcinoma (arrow) shown with surface-shad-
ed (A, B) and virtual double-contrast (C, D) displays rendered on
the basis of MR colonography data: surface shaded and virtual
double-contrast displays provide a comprehensive overview of the
colon and can be analyzed from any perspective in space due to
their 3D nature. Rotation around the z-axis improves the detection
of cancer. The virtual double-contrast display appears to be super-

ior to the shaded-surface display. Due to the transparency, tumor-
related irregularities in the colonic wall are displayed in every per-
spective, similar to the barium double-contrast enema, with the
difference that the virtual contrast is based on 3D data and thus
can be interactively rotated around any arbitrary axis in space in-
dependent from the patient. Adapted from [28]
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Double and Multiple Carcinomas

Double and multiple colonic carcinomas concern carci-
nomas of multicentric origin. Criteria for double or
multiple carcinoma are:
� Pathologic-anatomic evidence of the malignancy of

each tumor
� Normal tissue between the tumors
� The possibility that the tumor is a metastasis or has

arisen by means of local spread is ruled out

Synchronous Double and Multiple Carcinomas. In
2%–9% of patients, a second or more than one addi-
tional carcinoma is detected simultaneously or within
6 months after detection of the first, usually in the rec-
tosigmoid.

Metachronous Double and Multiple Carcinomas. In
1.3%–2% of patients, one or more additional carcino-
mas arise in the colon 6 months or more after detection
of the first carcinoma (metachronous, asynchronous,
interval carcinoma).

Nonpolypoid Colorectal Cancers

Recent studies [15, 37, 38] have noted the existence of
small flat colon carcinomas, but their clinicopathologic
features have not been fully delineated. Early flat and
depressed carcinomas are defined as colorectal adeno-
carcinoma confined to the mucosa or submucosa, mac-
roscopically characterized as slightly elevated, often
nearly flat and sometimes with central shallow depres-
sions. Barium enema radiographs may show covering
folds, a deep depression, an irregular surface of central
depression, tumor on en face views and semilunar de-
formity on profile views. These characteristic findings
are useful for determining the depth of invasion and
therapy in early nonpolypoid colorectal cancer [37, 38].

Follow-up and Detection of Disease Recurrence

Follow-up after resection of colorectal cancer is for
three purposes:
� Early detection of a second primary is by barium en-

ema or colonoscopy. This follow-up should be early
and repeated to ensure that the colon is clear, and
then every 5 years to detect metachronous tumors.

� Detection of recurrence. Ninety-three per cent of all
recurrences present within 4 years, and distant re-
currence is more common than local disease. The liv-
er is affected in 13% of cases, lymph nodes in 4%,
lung in 3%, peritoneum in 2%, bones in 0.9% and
brain in 0.7%. What data there are on the value of
routine postoperative CT are not promising. Howev-
er, radiologists would like to see every rectal cancer
patient have CT 3 months after surgery to provide a

base line. This is because the CT scan at 9 months in
a patient with pelvic symptoms is often difficult to
interpret, as an apparent pelvic mass may be either
postoperative scarring or recurrent tumor. A 3-
month base line CT scan, it is argued, will expedite
the management of those patients who present with
symptoms later. There are now data that do show bet-
ter diagnostic accuracy for interpretation of pelvic
findings when there has been an early postoperative
CT scan. Apart from this single base-line CT after re-
section of rectal cancer, there appears to be consen-
sus that initial follow-up should be clinical, supple-
mented by carcinoembryonic antigen and perhaps
liver function tests.

� Assessment of possible resectable hepatic metastasis.
The aim of investigation is to spare the majority of
patients unnecessary radiofrequency (RF) ablation
of (up to 4) liver metastases or surgery by demon-
strating absence of extrahepatic disease and that two
contiguous segments of the liver can be left in place
after resection surgery. If MRI is readily available it
should be used. If not, then a graded approach to CT
and preoperative assessment may be considered, and
can be offered on a 1-day outpatient basis. Immunos-
cintigraphy can demonstrate extrahepatic lesions
overlooked by CT or MRI, though this is still a con-
troversial area.

Inflammatory Bowel Disease

The diagnosis of inflammatory bowel disease is based
on the contrast enema and is supported by the patient’s
history, the abdominal and digital rectal examination
and endoscopy.

Ulcerative colitis and Crohn colitis (Crohn disease)
comprise 90% of all cases of chronic inflammatory bow-
el disease and are classed as the most important consid-
erations in differential diagnosis.

Both diseases are classed as idiopathic since neither
etiology nor pathogenesis is completely understood.
Each condition is associated with a rather specific but
overlapping constellation of clinical, pathologic, endo-
scopic and radiographic findings. Socioeconomic fac-
tors do not appear to contribute to the epidemiology or
etiology of either condition.

Increased familial occurrence is found in both condi-
tions, with a range of from 0.6% to 16% for ulcerative
colitis and approximately 9% for Crohn colitis. Colo-
noscopy plays an established role in the evaluation of
patients with inflammatory disorders of the large bow-
el. The indications for the diagnostic evaluation of in-
flammatory bowel disease are:
� Determination of the extent and/or grade of activity
� To rule out cancer or in follow-up after surgery for

cancer
� Differentiation from other inflammatory diseases
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Detecting these colonic processes by visualizing the full
extent of the pathoanatomic changes is the primary
goal of the radiographic examination. Thorough bowel
preparation and good double contrast technique are
mandatory, as is adequate contrast resolution. Recog-
nizing and distinguishing the two conditions is of ther-
apeutic and prognostic consequence. Although ulcera-
tive colitis and Crohn colitis are the inflammatory dis-
eases most frequently identified by endoscopy or ra-
diography, underlying infections or identifiable causes
of the colitis should be excluded.

Ulcerative Colitis

Ulcerative colitis is an idiopathic acute or chronic mu-
ral inflammatory/ulcerative disease of the rectum
and/or colon, with acute exacerbations and remissions.

Incidence. The incidence of ulcerative colitis has re-
mained largely unchanged within the last 20 years. The
first age peak is between 15 and 35 years and the second
shallow peak is between 50–60 years; the greatest prev-
alence is in the period between 20 and 30 years. Men
and women are equally affected; in the adult age group
only, the ratio is women:men 3:2. There is a positive
family history in 0.6%–16% of cases.

Location. Involvement of the entire colon can be
seen in 36%–47% of cases; most commonly a left-sided
colitis is found (15%–88%). Rectosigmoid colitis can be
found in 10%–18%, subtotal colitis with backwash
ileitis in 5%–11% and proctitis in 3%.

Etiology. The disease is considered to be idiopathic.
The hypothesis is that there might be an infectious gen-
esis from cytomegalovirus. It may be influenced by im-
munologic and genetic factors (a polygenic [multifacto-
rial] inherited disease), and psychosomatic factors,
although the causal role of psychological problems is
still undetermined.

Clinical Presentation. Four types can be distin-
guished, although overlapping is frequent:
� Acute fulminant type (50%–10%)
� Subacute recurrent type (50%–60%)
� Recurrent type with progression to a chronic course
� Chronic course with intermittent exacerbation

(10%–25%)

Clinical Findings. Clinical bleeding (90%–100%)
with diarrhea and bloody mucus may be found as well
as abdominal pain, fever and weight loss. Possible
systemic extraintestinal complications are skin abnor-
malities, conjunctivitis, iritis, pericholangitis, sclerosing
cholangitis and arthritis.

Morphology and Histopathology. The microscopic
and histologic features depend on the stage and sever-
ity of the disease [93]. Mucosal vascular congestion
with areas of fibrosis are seen. Inflammatory lymphad-
enopathy is usually found.

In the active phase, an irregular mucosal surface with
pus may be seen with loss of the mucosal epithelium;
penetrating ulcers with granulation tissue can be found.
Focal polymorphonuclear infiltration of the muscularis
mucosae with crypt abscesses of the nonulcerative epi-
thelium is present in 70% of cases. There may be a de-
pletion of goblet cells with mucin depletion. The mus-
cularis mucosae and subserosa remain spared and are
only involved in fulminant colitis. Occasionally foreign
body giant cells are present.

In cases of beginning remission there is decreased
hyperemia with slow disappearance of the polymor-
phonuclear infiltration and crypt abscesses; reepithe-
lialization of the ulcerations will take place, leading to
restoration of the epithelial continuity. There will be a
regeneration of epithelium in the crypts and a decrease
in lymphocytes and plasma cells without epithelioid
granulomas.

In cases of complete remission (inactive, quiescent
colitis), there is distortion of the structure and arrange-
ment of the crypts, which do not extend to the muscu-
laris mucosae. There is a flattened epithelium and an
atrophic mucosa with a decreased number of crypts.
Furthermore, fat in the lamina propria, metaplasia of
the goblet cells and thickening of the muscularis muco-
sae can be found.

In the chronic phase, in cases of chronic stricturing
ulcerative colitis, there is marked hypertrophy of the
muscularis mucosae, often by a factor of up to 40-fold,
due to chronic inflammation and diarrhea. Forceful
contraction of this longitudinally oriented, hypertro-
phied muscular layer both shortens the colon and pulls
the mucosa away from the muscularis propria, produc-
ing diffuse segmental narrowing of the lumen. The mus-
cularis propria is often thin and relaxed. The lamina
propria is often thickened with round cell infiltration
and widening of the submucosa due to fat deposition,
which further compromises lumen diameter blunted by
a completely lost haustral pattern.

Diagnostic Imaging

The essential radiologic elements suggestive or diag-
nostic of ulcerative colitis include fine granularity,
superficial and deep ulcerations, development of in-
flammatory pseudopolyps, loss of haustration, tubular
narrowing, shortening and presacral widening. Most
characteristic is the diffuse, symmetrical nature of in-
volvement of the left side of the colon, in particular the
rectum. Endoscopically, excessive mucus discharge,
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Table 5. Ulcerative colitis: stages and findings on endoscopy and contrast enema. (From [2])

Ulcerative colitis Stages Endoscopy Contrast enema

Active
disease

(bleeding)

Early stage
(preulcerative

stage)
(congestive stage)

Ulcerative
stage

(progressive
phase)

� Altered or absent (sub)mucosal vascular
pattern (edema, hyperemia)

� Diffuse erythema (edema, hyperemia)
� Solitary petechiae, erosions
� Solitary regions of granularity or

appearance of striations

� Altered or absent (sub)mucosal vascular pattern,
granular mucosa

� Symmetric ulcerations of varying depth, linear,
serpiginous, round, ellipsoid, solitary, or coalescing

� Undermining of mucosa within altered region 
(< 5 mm) (collar-button or T-shaped ulcers)

� Within a 10-cm segment of colon, as a rule less
than 10 ulcers

� Marked, extensive, or focal erythema
� Friability
� Blunting of haustra and transverse rectal folds

� Loss of bowel transparancy
� Fine granularity, maculae, cystoid

appearance, “powdered sugar”
appearance
(hyperemia/edema of (sub)mucosa

� Irregular, blurred mucosal contours
� Reduced distensibility
� Thickened, blunt semilunar folds

(flattening of haustra)
� Erosions, but no ulcerations

� Coarsely granular appearance of
colon

� Blunting of haustra and transverse
rectal folds

� Serrated contours
� Widening of the retrorectal space
� Superficial and deep collar-button or 

T-shaped ulcers

Regression
(healing)

Recovery stage
(proliferative

phase)

Irreversible
Recurrence

during
remission

(no massive
bleeding)

� Extensive, severe ulceration (collar-button or 
T-shaped) (< 5 mm), surrounded by markedly
erythematous mucosa

� Within a 10-cm segment of colon, more than 
10 ulcers

� Friability
� Sloughing of mucosa
� Mucoid, purulent exudate
� Atropic mucosa, beginning of tubular narrowing of

colon
� Postinflammatory polyps (pseudopolyps)

(broadbased, sessile, or pedunculated, fernlike or
filiform), covered with whitish exudate; giant
polyps, may also be seen

� Patchy or diffuse erythema in terminal ileum
(“backwash” ileitis)

� Fine “sawtooth” contour of colonic
wall

� Deep ulcerations, “tangential” collar-
button or T-shaped, “en face” solitary
specks of barium on background of
diffusely changed mucosa (“speckled
gas” pattern)

� Postinflammatory polyps
(pseudopolyps) (broadbased, sessile,
or pedunculated, fernlike or filiform)

� Contour indentations
� Widening of the retrorectal space
� “Backwash” ileitis

Chronic stage
(fibrosis and

atrophy)

Late stage

Complications

� Ulcerations and pseudopolyps regress
� Atrophic mucosa
� Reduced interhaustral foids (hypertrophy,

contraction of the muscularis propria)
� Tubular narrowing with induration
� Postinflammatory polyps, solitary, diffuse, or in

groups (pseudopolyps) (pedunculated, filiform),
with or without mucosal bridging (“colitis
polyposa”)

� Loss of haustra
� Rigidity, reduction of caliber
� Colonic shortening, smooth contours
� Symmetric short or long tubular stenosis

(hypertrophy of the muscularis propria)
� Tubular, indurated ileum with loss

of normal folds
� Gaping ileocecal valve
� Macroscopic dysplasia (DALM) (polypoid lesions

with irregular, nonulcerated surface)

� Reduction in ulcerations and finely
granular or coarsely nodular patterns

� Loss of haustra
� Beginning formation of tubular

stenosis
� Filling defects: postinflammatory

polyps (pseudopolyps) (sessile,
filiform), reduced in size and number

� Interconnections via mucosal folds or
bridges, solitary, diffuse, or in groups

� Widening of the retrorectal space

� Loss of haustra
� Rigidity, smooth contours
� Symmetric short or long tubular

stenosis (“leadpipe” colon)
� Shortening with inferiorly displaced

flexures
� Tubular terminal ileum with

simultaneous reduction of normal folds
� Gaping ileocecal valve
� Macroscopic dysplasia

(polypoid lesions with irregular,
nonulcerated surface)

� Toxic megacolon (1.6–2.5%)
� Extensive bleeding (1–2.5%)
� Free perforation (rare)
� Walled-off perforation (1–3%)
� Postinflammatory polyps (12.5%)
� Strictured (solitary or multiple)

Rectum alone (3.6%)
Rectum & left colon (7.5%)
Rectum & entire colon (17.1%)

� Rectovaginal fistulas (2.2%)
� Perianal inflammation (18–20%)
� Shortening of colon
� Coprostasis
� Dysplasia (5.7–88%)
� Synchronous colon carcinoma (0.5–13.1%)
� Portal venous thrombosis
� Systemic complications

� Linear lucencies in colonic
wall (pneumatosis)

� Toxic megacolon
� Tubular colon with ulcerations
� Strictures
� Perforation
� Gas-fluid levels (ileus)
� Polypoid filling defects
� Postinflammatory polyps

(pseudopolyps)

Characteristic changes
of the colon

� Disease activity increases with
decreasing distance from
rectum

� Polymorphic
� Continuous and symmetric
� Mural (mucosa and

submucosa)
� Concentric, affecting the entire

circumference
� Sharp demarcation between

healthy and diseased portions
� Tendency to “total” colitis rather

than to “segmental” colitis
� Remissions and exacerbations

Reversible
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copurulent exudate, fine granularity, superficial or con-
fluent and deep ulcerations, development of inflamma-
tory pseudopolyps, luminal narrowing and retraction
are the essential elements in the diagnosis. Again, most
characteristic is the diffuse, symmetrical nature of in-
volvement.

The most important features observed at the differ-
ent stages of ulcerative colitis with double-contrast bar-
ium enema and endoscopy are shown in Table 5 and
Figs. 13–18 [2, 10].

Fig. 14A, B. Remission (proliferative stage) in ulcerative colitis.
A Barium enema: extensive severe ulceration (collar-button form)
with postinflammatory polyps (pseudopolyps). B Endoscopy: ex-
tensive ulceration with mucopurulent exudate

edema, erythema, irregularity and disappearance of the
vascular pattern, friability with punctiform petechial
bleeding, overt contact bleeding, spots or flecks of mu-

Fig. 13A, B. Early ulcerative colitis. A Barium enema: granularity of
mucosal surface. B Endoscopy: fine mucosal granularity, blurred
vascular markings
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Complications. The most important complications
of ulcerative colitis are shown in Table 5.

Segmental fibrotic strictures do not occur in ulcera-
tive colitis. The strictures observed in ulcerative colitis
are generally caused by focal muscular hypertrophy or
retraction.

Course and Prognosis. The risk of malignant degen-
eration is none if there is an 8- to 10-year disease dura-
tion: the risk is increased 23-fold in a 10- to 20-year du-

Fig. 15A, B. Postinflammatory polyposis. A Barium enema: multi-
ple inflammatory, mostly filiform polyps surrounded by otherwise
normal mucosa: ulcerative colitis. B An excised specimen shows
the filiform structure of the polyps

Fig. 16A–C. Giant filiform pseudopolyps, some showing branching
or bridging, in ulcerative colitis. A Barium enema: benign stricture
in the distal transverse colon. B, C Endoscopy
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ration and 24-fold (30%–40%) in a duration of more
than 20 years. The exact risk is uncertain, since most re-
ports are from special centers with patient populations
that are often skewed toward the most severe cases. In
1% of colorectal cancers, a history of previous ulcera-
tive colitis can be found [94].

More than 50% of early cancers in ulcerative colitis
are proximal to the splenic flexure. The carcinomas as-
sociated with ulcerative colitis are often infiltrating and
highly malignant [95]. The growth patterns are annular
infiltrating, nodular polypoid, annular polypoid (apple
core) and villous.

The total mortality is 1%–7%. The recurrence rate
following bowel resection is 15%–20% and depends on
the extent of colonic involvement. The prognosis of
pancolitis is considerably worse than that of colitis con-
fined to the left hemicolon. The prognosis is better fol-
lowing proctocolectomy (ileoanal anastomosis) with a
histopathologic examination of the specimen that is
negative for carcinoma.

Differential Diagnosis. The differential diagnosis of
ulcerative colitis is summarized in Table 6.

Fig. 17A, B. Pseudopolyps in a 45-year-old patient with known 
ulcerative colitis. A, B Virtual colonoscopy. A 3D reconstruction.
B endoscopic view (adapted from [99])

Fig. 18A, B. Chronic ulcerative colitis. A Barium enema: tubular,
rigid colon with loss of normal folds. Filiform polyps in transverse
and descending colon. B Endoscopy: tubular colon with spotty 
exudates and petechial bleeding
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Crohn Colitis

Crohn disease of the colon is an idiopathic, chronic,
transmural, inflammatory/ulcerative disease of the gas-
trointestinal tract, affecting particularly the terminal il-
eum and characterized by acute exacerbations and re-
missions.

Incidence. The first peak incidence is between the
ages of 15 and 35 years, with a second, less prominent
peak incidence between the ages of 50 and 60 years. The
highest frequency is between the ages of 20 and 50
years. Both sexes are equally affected. There is a positive
family history in 26%–38% of the patients.

Location. The disease has a segmental pattern. The
oral cavity can be diseased in 6%–20%; the esophagus,
stomach and duodenum are rare locations. It will be
found in the small intestine alone in 30%–43%; in the
small intestine and colon in 31%–60%, and in the colon
alone in 20%–35%. Isolated anorectal disease can be
found in 3%–6%. The perianal region will be diseased
in 43%–94%.

Etiology. Crohn colitis is considered to be idiopath-
ic. The hypothesis is that there may be an infectious
cause: bacterial, viral or parasitic. Dietary factors, aller-
gic reactions, sarcoidosis, tuberculosis and immunolog-
ic and genetic factors may also have an influence.

Clinical Findings. Four individual stages can be rec-
ognized in Crohn disease:

� Early
� Intermediate
� Proliferative
� Advanced

The different stages of disease may be present simulta-
neously in separate segments of the colon. The clinical
symptoms are most commonly diarrhea without bleed-
ing (66%–90%). In contrast to ulcerative colitis, the
presence of blood, pus, or mucus in the stool is atypical.
Occult blood may be seen in up to 50% of patients. Ex-
tensive bleeding is very rare.

Gradual, progressive development of epigastric or
right lower-quadrant abdominal pain may be found in
45%–95% of cases. Weight loss may occur. Systemic
extraintestinal complications may occur in Crohn disease
of the colon similar to what is seen in ulcerative colitis.

Morphology. Intestinal changes may be found in var-
ious stages simultaneously. Small erythematous plaques
and/or aphthoid ulcers may be seen, together with a
small erythematous margin with absence of raised mar-
gins and a gray-yellow central indentation; discontinu-
ous linear ulcers can occur. There is a coarse nodular
mucosa. Typical is the cobblestone pattern with an irreg-
ular, coarsely nodular contour, possibly with stricture or
ulceration. Parallel longitudinal or transverse, fissure-
like ulcerations, a thickened, edematous mucosa and in-
flammatory pseudopolyps can be found.

Histopathology. Mucosal bleeding, focal crypt ab-
scesses and destruction of crypt epithelium are com-
mon findings. At times, complete destruction of crypts
and surrounding epithelium in regions of former in-
flammation can be found. Small, noncaseating epitheli-
oid cell granulomas with or without giant cells of the
Langhans type can occur. Largely intact goblet cell pop-
ulations in crypts can be seen with focal aggregations of
lymphocytes with or without germinal centers at the
mucosa/submucosa interface. Submucosal tissue may
be seen in the connective tissue of the muscularis pro-
pria and beneath the serosal surface.

There may be a transmural inflammation with fis-
sure formation.

The inflammatory infiltration is often dispropor-
tionate, i.e., more marked in the submucosa than in the
mucosa. Fibrotic strictures may develop with deep ul-
cerations and fissures into the submucosa.

Diagnostic Imaging

The essential radiologic elements suggestive of Crohn
colitis include aphthoid erosions, small and large, linear,
longitudinally aligned and serpiginous ulcers, cobble-
stones, development of inflammatory pseudopolyps,
stricturing, retraction and deformity of the contours

Table 6. Differential diagnosis of ulcerative colitis

Infectious diarrhea
– Salmonella enterocolitis
– Dysentery
– Campylobacter enterocolitis
– Staphylococcal enterocolitis
– Gonococcal proctitis
– Tuberculous enterocolitis
– Amebic enteritis
Pseudomembranous colitis
Hemorrhoids
Carcinoma, polyposis, lymphoma of colon or rectum
Irritable bowel disease
Laxative abuse
Crohn colitis
Ischemic colitis
Radiation enteritis
Diverticulitis
Metastatic lymphoma
Schistosomiasis
Behçet syndrome
Rectal ulcer
Uremic colitis
Polyarthritis
Scleroderma
Amyloidosis
Malabsorption syndrome
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and fistulation. A striking feature of Crohn colitis is the
asymmetrical, discontinuous distribution of the lesions.

The essential endoscopic elements suggestive or di-
agnostic of Crohn colitis include focal preaphthoid red
spots, aphthoid erosions, superficial small, linear, con-
fluent, serpiginous or longitudinally aligned ulcers, cob-

blestones, development of inflammatory pseudopolyps,
stricturing and fistulation. A striking feature of Crohn
colitis is the focal patchy discontinuous, asymmetrical
nature of the endoscopic abnormalities.

The most important features observed at the differ-
ent stages of Crohn colitis by endoscopy and double

Table 7. Crohn colitis: stages and findings on endoscopy and contrast enema. (From [2])

Crohn colitis Stages Endoscopy Contrast enema

Active
disease

Early stage

Ulcerative
stage

(progressive
phase)

Preaphthous phase:
� Patchy erythema; mucosa intact, but with focal

edema/intramucosal bleeding
� Disturbed mucosal vascular pattern
� Finely nodular mucosa (lymphoid hyperplasia)
� Pathologic regions alternate with

normal segments
Aphthous phase:

� Scattered ring-shaped, relatively flat protuberances
with central punctate mucosal defect (aphthoid
ulcer < 5 mm), surrounded by normal mucosa

� Ulcerations of varying size and depth, typically
linear, occasionally serpiginous, coursing
predominantly longitudinally and to a lesser degree
transversely; abrupt transition to neighboring
normal or edematous, mounded mucosa
(“cobblestone” pattern)

� Formation of fissures

Preaphthous phase:
� Nodular lymphoid hyperplasia (fine,

uniform nodular pattern)
� Thickening of the intestinal wall and

semilunar folds (edema)
� Prominent innominate line

Aphthous phase:
� Aphthoid ulcers, seen as punctate

collections of barium with halo
(edema), surrounded by normal
mucosa (“dot halo”) or “bull’s eye” sign)

� Large, coalescing, deep, linear, longi-
tudinally and to a lesser degree trans-
versely coursing, irregular serpiginous
ulcerations

� Irregular, “cobblestone” contour of
the intestinal wall

� Thickening of the bowel wall
� Loss of haustration (fibrosis, edema)
� Widening of the retrorectal space

(fibrosis, edema)Regression
(healing)

Recovery stage
(proliferative

phase)

Irreversible

Recurrence
during

remission

� Coarsely nodular changes of the wall
(“cobblestone” pattern and/or pseudopolyps)

� Postinflammatory pseudopolyps (focal; < 1.5 cm);
some with mucosal bridging

� Solitary giant polyps
� Multiform, deep linear, or serpiginous confluent

ulcerations
� Thickening of the interhaustral folds (fibrosis, scar

formation)

� Coarsely nodular changes of the wall
(“cobblestone” pattern)

� Postinflammatory pseudopolyps
(focal; > 1.5 cm); some with mucosal
bridging

� Solitary giant polyps
� Deep linear or serpiginous confluent

ulcerations, “collar-button” ulcerations
� Loss of haustra, tubular narrowing

(fibrosis)
� Widening of the retrorectal space

(fibrosis)

Advanced
stage

Complications

� Asymmetric, irregular, or tubular strictures (fibrosis)
with extensive inflammatory changes (asymmetric
ulcerations)

� Coarsely nodular contour changes (“cobblestone”
pattern and/or pseudopolyps)

� Mucosa of strictures may be edematous,
erythematous, vulnerable and ulcerated; may also
be normal

� Loss of haustration
� Sacculations (false diverticula)
� Terminal ileum: extensive asymmetric ulcerations in

the area of the ileocecal valve, which may be
stenosed

� Asymmetric, irregular, tubular strictures
(fibrosis) with or without ulcerations

� Coarsely nodular contour
(“cobblestone” pattern and/or
pseudopolyps)

� Loss of haustra
� Fixation of colon and terminal ileum
� Sacculations (false diverticula)
� Concave impression on the medial wall

of cecum due to inflamed terminal ileum
� Wall thickening
� Longitudinal shortening of the colon
� Widening of the retrorectal space

� Segmental or tubular strictures (30–40%)
� Extensive bleeding
� Toxic megacolon (4.4–6.3%)
� Internal fistulas (20–35%)

ileorectal/sigmoid, ileocecal, colovesical,
rectovaginal

� External fistulas (10–20%) in region of laparatomy
scars; perianal fistulas (2.5–80%)

� Fissures
� Vitamin B12 deficiency
� Protein loss, abdominal abscesses,

indurations, psoas abscesses
� Inflammatory ileocecal conglomerate

tumors
� Retroperitoneal fibrosis
� Perforation (rare)
� Systemic manifestations

� Segmental or tubular strictures
� Toxic megacolon
� Concave impression on the medial wall

of cecum due to inflamed terminal
ileum

� Fistulas (ileorectal/sigmoid, ileocecal,
colovesical, rectovaginal, perianal)

� Paracolic abscesses, perforation

Characteristic changes
of the colon

� Varying degrees of severity;
disproportional, abrupt
transitions to uninvolved
tissue

� Polymorphic
� Segmental (focal or patchy)
� Asymmetric, discontinuous;

“skip lesions” in 30%
� Eccentric, multicentric,

isolated
� Transmural
� Predominantly right-sided
� Remissions and exacerbation

Reversible
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contrast barium enema are shown in Table 7 and
Figs. 19–24 [2, 10].

Complications. The most important complications
of Crohn colitis are shown in Table 7 [2, 10].

Course and Prognosis.The risk of colorectal carcino-
ma is increased by a factor of six to seven in patients with
Crohn colitis, particularly when they have extensive co-
lonic involvement, after surgery (bypass operation) and
in cases where there is colorectal stricture [96].

Colon carcinoma can appear multifocally, typically
arising 16–45 years after the diagnosis of Crohn colitis
is made.

Carcinoma (infiltrating, nodular, polypoid: flat/
plaque-like polyps) appears in relatively young patients
and is usually right-sided and in the vicinity of fistulas.
The chronic morphologic changes that have taken place
due to underlying disease (stricture, cobblestoning or
ulceration) may cause great difficulty in diagnosing the
cancer. The precancerous dysplastic epithelial changes
are largely similar to those seen in ulcerative colitis.

The recurrence rate after colon resection is
14%–94% and depends on age, tumor location (recur-
rence higher in ileitis than in colitis), the duration of
postoperative recurrence-free period and the extent of
the operation. The total mortality is 3.3%–18%. The
death rate in patients with Crohn disease is increased by
a factor of 1.5–5.

Differential Diagnosis. The differential diagnosis of
Crohn colitis is summarized in Table 8.

Table 8. Differential diagnosis of Crohn colitis

Specific infections:
Bacterial infections

Salmonellosis
Shigellosis
Tuberculous colitis
Gonorrheal proctitis
Staphylococcal enterocolitis

Fungal infections
Histoplasmosis

Viral infections
Lymphogranuloma venereum

Parasitic infections
Amebic dysentery
Schistosomiasis

Other specific diseases:
Ulcerative colitis
Radiation proctitis
Diverticulitis
Ischemic colitis
Pseudomembranous colitis
Postantibiotic proctocolitis

Neoplasms and illnesses associated with premalignancies:
Carcinoma
Lymphoma
Familial intestinal polyposis

Other:
Suppurative appendicitis
Behçet syndrome
Hemorrhoids
Irritable colon
Laxative abuse
Caustic colitis
Solitary rectal ulcer
Polyarteritis
Scleroderma
Secondary amyloidosis
Mercury poisoning
Uremic colitis
Malabsorption syndrome

Fig. 19A, B. Crohn colitis. A Barium enema: aphthous phase with scattered ring-like, relatively flat prominences with subtle central muco-
sal defects (aphthoid ulcers <5 mm), surrounded by normal mucosa (early stage). B Endoscopy: characteristic aphthoid ulcers, inter-
spersed within normal mucosa (early stage)
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Radiology Versus Endoscopy

Diagnostic methods, essential for the management of pa-
tients, should be evaluated critically. The usefulness of
lower gastrointestinal radiology and endoscopy in the di-
agnosis and differential diagnosis of inflammatory bow-
el disease is well established. Since a true diagnosis can-
not be obtained systematically, the accuracy of a radio-
logical or endoscopic diagnosis is difficult to determine.

Double-contrast barium enema and colonoscopy
share common problems, including patient preparation
and cooperation, technical difficulties in reaching the
cecum and the terminal ileum and variables relating to
the expertise of the physician performing the proce-
dure. The strength of endoscopy is its superior accuracy
in the diagnosis of mucosal disease and the facility for
biopsy and (when necessary) endoscopic therapy. On
the other hand, completeness and safety are qualities of
the double-contrast barium enema that cannot be
matched by colonoscopy.

Numerous reports have compared the diagnostic ac-
curacy of colonoscopy with that of double-contrast bar-
ium enema and the results have been variable. Usually a
variable time interval was present between the two ex-
aminations and the preparatory cleansing regimens
were different. Controversy about the relative diagnostic
accuracy of colonoscopy compared with double-con-
trast barium enema persists and may be the result of er-
rors in the design of previously reported trials. Most dis-
cussions have been written by gastroenterologists over-
emphasizing the endoscopic point of view. As a result,
few reliable data are available from comparative studies
of state of the art double-contrast barium enema and co-
lonoscopy. Additional major criticism of these studies
includes bias in patient selection, retrospective analysis,
failure to use state of the art techniques, use of trainees
to perform procedures, use of the endoscopic diagnosis
as the gold standard, failure to blind investigators to re-
sults of previous studies, unequal availability of clinical
information to the investigators and lack of documenta-

tion or confirmation of the endoscopic diagnosis. We
have compared the relative diagnostic accuracy of dou-
ble-contrast barium enema and colonoscopy in a pros-
pective study in which approximately 100 patients were
examined within the same period by double-contrast
barium enema and colonoscopy by experienced, blinded
examiners using state of the art techniques [10]. The de-
termination of accuracy was then made by a third, inde-
pendent and infallible criterion such as a resection spec-
imen or autopsy.

We have found that double-contrast barium enema
and colonoscopy are complementary imaging modal-
ities: each test has its own intrinsic advantages and mer-
its. Colonoscopy and biopsy remain the most sensitive
imaging modalities to identify mucosal involvement
(small and superficial lesions, abnormal mucosa sur-
rounding ulcers); double-contrast barium enema re-
mains the cornerstone in the detection of structural ab-
normalities (fistulas, strictures, perforations) and in es-
timating the depth of ulceration [10]. Since the pioneer
studies that identified and categorized ulcerative and
Crohn colitis, the problems in discriminating between
these two conditions have given rise to considerable
controversy. As a result, the proportion of patients with
unclassifiable or indeterminate inflammatory bowel
disease has been estimated to be as high as 10%.

In a given patient, distinguishing features may be
more apparent by one method of examination than by
the other. Therefore a compilation of radiological and
endoscopic features is often useful, particularly in ileo-
colic disease.

Meticulous, systemic study of colonoscopic and ra-
diologic findings, the use of a standard evaluation sheet
or a diagnostic scoring system and repeated observa-
tions should provide a valuable contribution in classify-
ing patients with inflammatory bowel disease: this
should increase diagnostic accuracy and facilitate the
differential diagnosis of ulcerative and Crohn colitis.
The main clinically relevant discrepancies between
double-contrast barium enema and colonoscopy con-

Fig. 20A, B. Crohn colitis. A Barium enema: extensive confluent serpiginous ulcerations, covering approximately half the circumference of
the colon. B Endoscopy: longitudinal arrangement of the ulceration, producing a track-like appearance
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sist of inflammatory lesions without distortion of the
mucosal relief and inflammation in the form of small,
superficial erosions and ulcers.

Cross-sectional Imaging

Although double-contrast radiographs and endoscopy
provide a wealth of information regarding the mucosa
(e.g., the presence of aphthoid lesions, cobblestoning,
pseudopolyps, ulcerations, etc.), ultrasound, CT and MRI
may provide an important additional diagnostic perspec-
tive [97]. These modalities have proven to be superior in
recognizing intramural, serosal and mesenteric changes,
including thickening of the intestinal wall or serosa, fi-
brofatty proliferation of the mesenteric adipose tissue,

inflammatory changes of the surrounding mesentery,
and mesenteric lymphadenopathy. Clinically these mo-
dalities are very helpful in assessing space-occupying
masses or displacement of intestinal segments. In ap-
proximately 10%–15% of patients with inflammatory
bowel disease, clinical and colonoscopic findings, patho-
logic characteristics or changes seen in contrast enema
studies do not provide sufficient information to distin-
guish between ulcerative colitis and Crohn colitis. Such
cases are occasionally termed undetermined colitis.

Ultrasonography and CT. The most important char-
acteristics of inflammatory bowel disease that can be as-
sessed with ultrasonography and CT are listed in Table 9.

Diagnostic ultrasound is an inexpensive alternative
diagnostic modality in detection of Crohn colitis and

Table 9. Ultrasound and CT in ulcerative colitis and Crohn colitis. (From [2])

Pathologic changes Ulcerative colitis Crohn colitis

Changes in the mucosa and lumen:
Narrowing of the lumen + ±
Thickening of bowel wall + +

Mural involvement:
Mural thickening ± < 1 cm + > 1 cm

Terminal ileum – +
Small intestine – + (Symmetric)
Colon ± (Average 8 mm) + (Average 13 mm–3 cm)

Transmural involvement:
Transmural ulceration – +
Thickness of wall on CT Homogeneous Inhomogeneous
Irregular contour:

Inner contour + +
Outer contour – +

“Thumbprint” – +
Submucosal edema (“bull’s eye sign”) + –

Changes in the mesentery:
Fibrofatty proliferation of the mesentery – +
Mesenteric abscess/phlegmon – +
Inflammatory reaction of the mesentery – +
Increased and enlarged mesenteric lymph nodes ± +

Fistulas and recesses – + (Peri-, ischiorectal)
Changes in the rectum:

“Bull’s eye sign” + –
Significant thickening of the rectum ± (Average 11 mm) + (Average 27 mm)
Narrowing of the lumen ± +
Perirectal fat layer – +
Extraperitoneal fat tissue – +

Perirectal changes:
Perirectal abscess formation – +
Normal fat tissue + +
Increased fat deposits + –
Increased density (CT) + +
Increased fat mass in presacral and perirectal areas + +a

Abscesses:
Iliopsoas muscle – +
Periluminal – +
Subcutaneous – +
Intramusular – +
Liver – +
Perirectal – –

Free fluid in peritoneum/seroma:
Extraintestinal manifestations:

Fatty infiltration of the liver – ±
Hydronephrosis – +



338 Jacques W.A.J. Reeders

the degree of radiation exposure. Depending on the
ultrasound unit, the examiner and patient characteris-
tics, inflammatory bowel wall changes, stenosis as well
as abscesses and fistulae can be reliably diagnosed.

Because of the gas overlay, an exact determination of
the length of the transmural affected segments is im-
possible with ultrasound. Findings by different examin-
ers using different units, together with the difficulties
involved with standardization of data, may lead to di-
vergent interpretations of the ultrasound status [100,
101].

For the diagnosis of stenoses in Crohn ileocolitis, US
showed a sensitivity of 58%–100% and a specificity of
91%–100%.

For the diagnosis of Crohn abscesses, US showed a
sensitivity of 83%–100% and a specificity of 92%–94%.

For fistulae, US showed a sensitivity of 31%–87% and
a specificity of 90%–100% [100, 102].

Bowel wall ultrasound is an elegant method for clin-
ical follow-up in patients with Crohn colitis. It has been
recommended that US be supplemented in both the pri-
mary diagnosis and follow-up with methods as colo-
noscopy and – if required – with MRI/CT [100].

Fig. 21A, B. Crohn colitis. A Barium enema: marked cobblestone
pattern and rigid tubular narrowing of the transverse colon with a
proximal abrupt transition to normal mucosa.Additionally, multi-
ple filiform pseudopolyps can be seen at the right side of the colon.
B Endoscopy: typical cobblestone appearance with railroad track
ulcerations

Fig. 22. Crohn colitis; advanced stage. Barium enema: extensive
small postinflammatory pseudopolyps in a tubular section of the
colon; several ulcerations. Sacculations in the ascending colon

Fig. 23. Crohn ileocolitis. Barium enema: extreme shrinkage of the
mesenteric site of the colon giving a rise to the “omega sign”
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Computed tomography of the abdomen is an addi-
tional diagnostic method for identifying the intra- and
extraluminal changes of Crohn colitis. As with ultra-
sound, diagnosis depends on visualization of bowel wall
thickening, which in acute disease can be seen in 100%
of patients [100].

Whereas CT is capable of reliably identifying moder-
ate to high-grade stenoses and their causes, its capabil-
ity in the diagnosis of less severe stenoses is limited, due
to incomplete contrasting of the lumen of the colon,
poor tissue contrast and the exclusively axial images.

These limitations with the associated radiation expo-
sure have nowadays restricted the application of CT as a
primary diagnostic procedure in the evaluation of
Crohn colitis [100].

Magnetic Resonance Imaging. Several reports [100,
103–110] have described MR Imaging of Crohn disease
with use of a combination of unenhanced and gadolin-
ium-enhanced imaging. With faster breath-hold pulse
sequences, MR evaluation of the Crohn disease involve-
ment of the colon has become feasible [100] (Figs. 25,
26). In a MRI study by Low et al. [103] of Crohn disease

with endoscopic correlations, gadolinium-enhanced
fat-suppressed spoiled GRE-MR imaging better depict-
ed the extent of mural colonic changes and severity of
disease compared with single-shot fast SE imaging, be-

Fig. 24A, B. Colocolic fistula. A Barium enema shows two fistulas at
the hepatic flexure (arrows). The hepatic flexure shows marked ul-
ceration and foreshortening of the ascending colon. B Endoscopy,
showing the colocolic fistula at the hepatic flexure in Crohn colitis

Fig. 25A–C. Images obtained through the pelvis in a 37-year-old
man with recently diagnosed Crohn disease. A Transverse breath-
hold single-shot fast SE MR image (00/94, 30° flip angle) is unre-
markable. Rectal water distends the rectosigmoid colon without
evidence of mural thickening. B Transverse fat-suppressed gado-
linium-enhanced spoiled GRE MR image (165/2, 70° flip angle)
shows mild mural thickening and marked enhancement of the rec-
tosigmoid colon (arrows). Similar changes are noted throughout
the colon and at the terminal ileum. C Colonoscopic image shows
scattered linear ulcerations (arrows) involving the entire colon and
the terminal ileum (adapted from [103])
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cause of better enhancement of the diseased colonic
segments, with a sensitivity of 85%–89% and 51%–52%
respectively, and specificity of 94%–96% and 96%–98%
respectively [103].

For the diagnosis of stenoses, MRI shows a sensitiv-
ity of 100% and a specificity of 96% [100].

For the diagnosis of abscesses in Crohn disease, MRI
shows a sensitivity of 100% and a specificity of 97%.

For the diagnosis of Crohn fistulae, MRI (Fig. 27)
shows a sensitivity of 98% and a specificity of 93% [100].

MRI of the abdomen should be obtained to clarify
clinical and sonographic findings in Crohn colitis. De-
spite its higher cost, MRI of the abdomen is justified in
patients in whom Crohn colitis is known or suspected
and in cases with suspicion of fistulae and abscesses.

Fig. 26A–C. Transverse fat-suppressed gadolinium.enhanced spoi-
led GER MR image. A Transverse single-shot fast SE MR image
(00/90, 90° flip angle) shows the colon (arrows). Administration of
rectal water was limited by the patient’s acute perirectal symp-
toms. Marked mural thickening is present but is difficult to distin-
guish from intraluminal stool. B Transverse gadolinium-enhanced
fat-suppressed spoiled GRE MR image (165/2.1, 70° flip angle)
shows pancolitis (arrows) with marked mural thickening and en-
hancement. Severe luminal narrowing is present. C Colonoscopic
image confirms marked changes in the Crohn disease with edem-
atous, inflamed, and friable mucosa. Heaped folds of abnormal
mucosa produce a cobblestone appearance, which results in lumi-
nal narrowing (adapted from [103])

Fig. 27A, B. Crohn fistula: MRI showing a right-sided ischiorectal
fistula. A Coronal view, B transverse view
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Introduction

The liver is a large and vital organ of the abdomen and
is often studied for evaluation of many surgical or non-
surgical conditions. The study of liver lesions is particu-
larly challenging, because many adults have benign,
nonsurgical hepatic lesions, such as hemangioma or
simple cyst. In many cases, a preoperative diagnosis
may be achieved with the appropriate combination of
imaging techniques in a purely noninvasive fashion. For
many tumors, each imaging technique provides a piece
of the puzzles. It consists of pathological characteristics
of the tumor. Appreciation of pathological features of
the tumor must be combined with imaging findings as
well as clinical information to achieve a diagnosis.

Each of the cellular components of the liver can give
rise to benign tumors and some heterotopic tissues may
result in benign tumor-like lesions (Table 1). In this
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4.7Benign Liver Tumors

Hoon Ji, Pablo R. Ros

Table 1. Benign liver tumors and tumor-like conditions

Hepatocellular origin
Hepatocellular adenoma
Hepatocellular hyperplasia:

Focal nodular hyperplasia
Nodular regenerative hyperplasia
Macroregenerative nodule
Dysplastic nodules

Cholangiocellular origin
Hepatic cysts:

Simple hepatic cysts
Congenital hepatic fibrosis/polycystic liver disease

Biliary hamartoma
Biliary cystadenoma
Bile duct adenoma

Mesenchymal origin
Mesenchymal hamartoma
Hemangioma
Infantile hemangioendothelioma
Lymphangioma
Lipoma/ Angiomyolipoma/ myelolipoma
Leiomyoma
Fibroma

Heterotopic tissue
Adrenal rests
Pancreatic rests

Modified from [6]
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chapter, the benign liver lesions are discussed with em-
phasis on the microscopic and gross findings that have
radiologic impact.

Benign Hepatocellular Lesions

Hepatocellular Adenoma

HCA is a rare primary benign liver tumor of hepatocel-
lular origin. Oral contraceptives as well as androgen
steroid therapy have been identified as definite causa-
tive agents and its incidence has increased dramatically
with the widespread use of these medications [1, 2].
HCA can also occur spontaneously or be associated
with underlying metabolic disease, such as type I glyco-
gen storage disease and diabetes mellitus [3].

The diagnosis of this entity is clinically relevant be-
cause it can be associated with life-threatening hemor-
rhage [4] and because it has a small potential for malig-
nant transformation into hepatocellular carcinoma.

Withdrawal of estrogen compounds may result in re-
gression of the HCA, which can require a period of sev-
eral months [5].

Pathologic Findings

Hepatocellular adenoma (HCA) presents as a solitary
lesion in 80% of cases, and it is typically a well-circum-
scribed, encapsulated tumor. The presence of large sub-
capsular vessels accounts for its frequent hypervascular
nature. Pedunculation is seen in approximately 10% of
cases [6].

Histologically, it is composed of cords of hepatocy-
tes. Although the hepatocytes can produce bile, there
are no bile ductules present to enable biliary excretion.
The architecture also lacks portal venous tracts and ter-
minal hepatic veins like all other liver tumors. The hep-
atocytes contain large amounts of fat and glycogen. The
tumor receives its vascular supply from hepatic arterial
branches. As the tumor grows it has a propensity to out-
grow its vascular supply, resulting in hemorrhage and
necrosis, and occasionally rupture (Fig. 1).

Imaging Features

The sonographic appearance of HCA is nonspecific and
can be mimicked by other benign and malignant le-
sions. The high lipid content of hepatocytes within HCA
results in a common appearance as a hyperechoic mass
(Fig. 2). Internal hemorrhage can also result in in-
creased echogenicity in the acute setting, whereas older
hemorrhage is hypo- to anechoic. Color Doppler ultra-
sound demonstrates peripheral arteries and veins. In

addition, color Doppler may identify intratumoral veins
[7, 8]. This finding is absent in FNH and may be a useful
discriminating feature for HCA [7].

Unenhanced CT usually demonstrates a hypodense
mass due to the presence of fat and glycogen within the
tumor [9]. However, hyperdense areas corresponding to
fresh hemorrhage can be identified. With contrast-en-
hanced CT, peripheral enhancement may be seen as a
reflection of the large subcapsular feeding vessels, with
a centripetal pattern of enhancement (Fig. 3). Small
HCAs enhance rapidly and are of increased attenuation
relative to the liver [10]. The enhancement does not per-

Fig. 1A, B. Hepatocellular adenoma, pathology. A Photomicrograph
demonstrates the pale hepatocytes of the adenoma, indicating
presence of fat and glycogen within the tumor. Lysozyme stain
demonstrates multiple Kupffer cells within the adenoma. B Cut-
section of a liver resection demonstrates an adenoma with well-
defined margin and of lighter color than the liver due to presence
of fat. Note central areas of hemorrhage within the adenoma (ar-
rows)
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sist in adenomas because of arteriovenous shunting [11].
Larger HCAs may be more heterogeneous than smaller
lesions and the CT appearance is nonspecific [10].

On MR studies, adenomas are heterogeneous in ap-
pearance and contain areas of increased signal intensity
on T1-weighted images (Fig. 3). This results from the
presence of fat and hemorrhage and low-signal areas
corresponding to necrosis [12, 13]. One-third of HCAs
have a peripheral rim corresponding to a fibrous cap-
sule [14]. In most cases the rim is of low signal intensity
on both T1-and T2-weighted images [14].

Adenomas in some cases may take up SPIO, resulting
in a decreased signal on T2-weighted images. Dynamic
gadolinium-enhanced gradient echo imaging can be
used to demonstrate the early arterial enhancement
that results from the presence of subcapsular feeding
vessels [15] (Fig. 4). Although the diagnosis of a hemor-
rhagic HCA can be suggested by the imaging features
and the clinical setting of a young woman on oral con-
traceptives, the nonspecific nature of the imaging find-
ings makes tissue diagnosis a necessity.

Multiple Hepatocellular Adenomas, or Adenomatosis

This rare entity is characterized by the presence of
multiple (greater than four) HCAs, usually present in
both hepatic lobes [16] (Fig. 4). This entity should not
be confused with other hyperplastic hepatocellular
conditions, such as nodular regenerative hyperplasia 
or macroregenerative/dysplastic nodules of cirrhosis
(Table 2).

Fig. 2A, B. Ultrasound findings of hepatocellular adenoma. A Ultra-
sound demonstrates a homogeneous, large echogenic mass in the
liver. Thin hypoechoic rim surrounding the lesion suggests cap-
sule (arrows). B Ultrasound shows a lobulated mass lesion seen in
the right lobe of liver. Surrounding parenchyma shows fatty
change. Note echogenic center of lesion suggesting hemorrhage or
necrosis

Fig. 3A–C. CT/MRI of hepatocellular adenoma in a 29-year-old
woman with history of using oral contraceptives. A Contrast-en-
hanced CT scan demonstrates a large hypoattenuating mass of
complex nature corresponding to a large adenoma with massive
internal bleeding. Note other smaller adenomas within the liver.
B T1-weighted imaging shows a mass in the left lobe of the liver.
High signal intensity rim (arrows) in the mass suggests intratumo-
ral hemorrhage. c Corresponding cut section of the specimen
demonstrates the hemorrhage in this mass
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Fig. 4A–D. Multiple hepatocellular adenomas. A On noncontrast
enhanced CT scan, multiple masses with slightly high attenuation
are seen in liver with relatively low attenuation due to fatty change.
B On T1-weighted MR image, lesions demonstrate hypointense
signal to liver. C Gadolinium-enhanced fat suppression T1-weight-

ed image demonstrates intense enhancement of the lesions. Note
heterogeneous enhancement of the lesion in right lobe of the liver.
D On T2-weighted image the lesions are isointense to liver and are
not detectable

Table 2. Comparison of hepatocellular lesions

Criteria Hepatocellular Hepatocellular Focal Nodular Nodular Macroregenerative 
Adenoma adenomatosis Hyperplasia Regenerative Nodule

Hyperplasia

Gross Hemorrhage, necrosis Bulging nodules Scar Bulging nodules Bulging nodules

Number of lesions 1 (90%) Many 1 (90%) Many Many or few

Size (average range) 4–12 cm 2–9 cm 1–6 cm <1.5 cm 1–6 cm

Key feature Neohepatocytes Normal cords Pseudoductules Small nodules Portal tracts

Prior liver disease None None None None Hepatic necrosis 
or cirrhosis

Associated etiology Estrogen, None None Vascular None
anabolic steroids disease

Modified from [6]
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Focal Nodular Hyperplasia

FNH accounts for approximately 8% of all primary he-
patic tumors [6] and is the second most common be-
nign liver tumor. Most are seen in women (80–95%) in
the third to fifth decades of life. It is thought to arise as
a localized hepatocyte response to an underlying con-
genital vascular malformation [17, 18]. Although oral
contraceptive use is associated with FNH, the real influ-
ence is still controversial; unlike their behavior with he-
patocellular adenoma, oral contraceptives do not in-
duce its formation [19].

Clinically, FNH is usually asymptomatic, but less
than one-third of cases are discovered with symptoms,
such as right upper quadrant or epigastric pain.

Pathologic Findings

Focal nodular hyperplasia (FNH) is defined microscop-
ically as a tumor-like condition characterized by a cen-
tral fibrous scar with surrounding nodules of hyper-
plastic hepatocytes and small bile ductules [6].

Grossly, FNH is a well-circumscribed, solitary mass
(95%) that is often located on the surface of the liver or
pedunculated [6]. The majority of FNHs are smaller
than 5 cm and have a mean diameter of 3 cm at the time
of diagnosis [17]. Occasionally. FNH replaces an entire
lobe of the liver (lobar FNH) [6]. The tumor does not
usually have internal hemorrhage or necrosis (Fig. 5).
This is due to the fact that the growth of FNH remains
proportional to its blood supply, rather than exceeding
it, and thus necrosis usually does not occur.

Most FNH are well-defined, sharply marginated le-
sions that lack the presence of a true capsule. They have
a central scar with prominent vessels. The vessels ex-
tend outward, through fibrous septa, to the periphery of
the tumor, and provide efficient vascularity. Essentially,
FNH is a hyperplastic process in which all of the com-
ponents of normal liver are present, but abnormally or-
ganized.

Fig. 5A, B. Focal nodular hyperplasia (FNH), pathology. A Micro-
scopic appearance. Photomicrograph demonstrates lobular nature
of FNH with multiple, fibrous septa that radiate from a large cen-
tral scar. Note that within the central scar there are multiple vascu-
lar structures that radiate to the surface along the fibrous septa.
B Gross appearance. Cut-section demonstrates whitish stellate scar
(arrow) that extends to the periphery of the tumor. Note the lack of
large areas of necrosis or hemorrhage

Fig. 6A, B. Pedunculated focal nodular hyperplasia, ultrasound
findings. A Sonogram demonstrates the homogeneous isoechoic
nature of this tumor that arises from the edge of the liver (arrows).
B Gross specimen shows a focal nodular hyperplasia with the stel-
late scar and a large peripheral draining vein
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Imaging Features

Ultrasonogram (US) shows a well-demarcated homoge-
neous mass that can either be hyperechoic or isoechoic
to normal liver. The central scar is not demonstrable in
many cases, and is seen as a linear hyperechoic band in
only 20% of cases [9] (Fig. 6). On color Doppler sonog-
raphy, FNH shows increased blood flow and a pattern of
blood vessels radiating peripherally from a central feed-
ing artery [20].

The optimal evaluation of FNH by CT scan is ob-
tained by using helical imaging with a triple-phase ex-
amination: noncontrast, hepatic arterial-phase imaging
and portal venous-phase imaging. In unenhanced CT
studies, FNH usually appears as a homogeneous, hypo-
dense mass. In a third of cases, a low-density central ar-

ea is seen, corresponding to the scar [9]. During the ar-
terial phase of contrast-enhanced CT, FNH enhances
rapidly and becomes hyperdense relative to normal liv-
er because it receives its vascularity from the hepatic ar-
terial system [21] (Fig. 7). The low attenuation scar ap-
pears conspicuous against the hyperdense tissue and fo-
ci of enhancement may be seen within the scar repre-
senting arteries [21]. In the portal venous phase of en-
hancement the difference in attenuation between FNH
and normal liver decreases and the FNH may become
isointense with normal liver [21].

The appearance of FNH on MR can be mimicked by
benign and malignant lesions, such as hepatocellular
adenoma and fibrolamellar carcinoma. MR imaging
can, however, aid in narrowing the differential diagno-
sis.

Fig. 7A–C. Focal nodular hyperplasia: CT findings. A Helical CT
scan at arterial phase of contrast-enhancement demonstrates a
well-defined area of increased attenuation corresponding to a hy-
pervascular FNH. The scar is see as a central spiculated area of hy-
podensity. B On portal venous phase, the lesion is isodense com-
pared to the normal liver, while the central fibrotic scar remains
hypodense. C On delayed CT scan, the central scar demonstrates
delayed enhancement
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Because the lesion is composed of normal hepatic
elements with an abnormal architecture, the signal
characteristics of the lesion are not very different from
those of normal liver. FNH is isointense or hypointense
to normal liver on T1 weighted image, with the central

scar being hypointense. Similarly, on T2 weighted im-
age, it is isointense or mildly hyperintense compared
with normal liver, with the central scar being hyperin-
tense [22, 23] (Fig. 8).

Using dynamic Gd-DTPA-enhanced MR imaging,
early homogeneous enhancement of FNH is seen fol-
lowed by late enhancement of the central scar [24]. Re-
cently, use of reticuloendothelial MR contrast agents
such as SPIO and USPIO has greatly expanded the role
of MRI in the diagnosis of FNH. On T2-weighted imag-
es with SPIO administration, FNH shows loss of signal
due to uptake of iron oxide particles by Kupffer cells
within the lesion [25]. The degree of signal loss seen in
FNH lesions using SPIO-enhanced T2-weighted se-
quences is significantly greater than in other focal liver
lesions such as metastases and hepatocellular adenoma
[26]. This feature may be useful in the characterization
of hepatic lesions as FNH [26]. Use of hepatobiliary
agents such as Mn-DPDP and Gd-EOB-DTPA is helpful
in the characterization of FNH. The hepatocytes of FNH
can take up these agents, resulting in hyperintensity of
the lesion relative to the liver on T1-weighted image
[27].

Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (NRH) is defined as
diffusely distributed monoacinar regenerative nodules
that are not associated with fibrosis. NRH has been re-
ferred to by many names in the literature including nod-
ular transformation, noncirrhotic nodulation, and par-
tial nodular transformation.

Various systemic diseases and drugs are often asso-
ciated with NRH [28]: myeloproliferative syndromes
(polycythemia vera, chronic myelogenous leukemia,
and myeloid metaplasia), lymphoproliferative syn-
dromes (Hodgkin’s and non-Hodgkin’s lymphoma,
chronic lymphocytic leukemia, and plasma cell dyspla-
sias), chronic vascular disorders (rheumatoid arthritis),
Felty’s syndrome, polyarteritis nodosa, scleroderma,
calcinosis cutis, Raynaud’s phenomenon, sclerodactyly
and telangiectasia, lupus erythematosus, steroids, and
antineoplastic medication [29, 30]. Familial cases have
also been described [31]. Up to 50% of cases are asso-
ciated with portal hypertension [32]. NRH is common
in non-cirrhotic portal hypertension in the Western
world and is often associated with esophageal varices
and ascites. Recently NRH has been used to describe the
benign hepatocellular nodules in patients with Budd-
Chiari syndrome [33]. But they are larger and often have
histologic hepatic fibrosis between the nodules [34].

Fig. 8A–C. Focal nodular hyperplasia: MRI appearance. A A large
mass replaces the left lobe of the liver on this axial T1-weighted
image. The low signal stellate area in the center (arrow) corre-
sponds to the scar. B T2-weighted image of the same patient dem-
onstrates a hyperintense scar and mild hyperintensity of the entire
mass. C Cut section of the FNH specimen correlates nicely with the
CT and MRI features with homogeneity of the mass except for the
central scar
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Pathologic Findings

Grossly, NRH is characterized by the presence of multi-
ple bulging nodules and affects the periportal areas
(Fig. 9). The nodules vary in size from a few millimeters
to several centimeters, but are mostly small and diffuse-
ly scattered [35, 36].

The regenerative nodules of NRH are composed of
hyperplastic hepatocytes. The hyperplastic reaction
may result in portal triads becoming entrapped within
the nodules. The nodular proliferation of NRH lacks a
fibrotic reaction and thus is distinguishable from cir-
rhosis. Because the process is benign and contains the
same elements as HCA, it may be very difficult or im-
possible to distinguish the two entities based on a biop-
sy. NRH is a diffuse or multinodular process and HCA is
a solitary process (or occasionally several solitary le-
sions) in which the remainder of the liver is normal.

Imaging Features

NRH can present as tiny nodules diffusely involving the
liver or as focal larger nodules producing a spectrum of
radiologic findings. The findings range from a normal-
appearing liver with associated portal hypertension to
multiple hepatic masses [37, 38] (Table 2). NRH must be
differentiated from other hepatocellular lesions. Unfor-
tunately, the imaging characteristics of the individual
nodules are nonspecific and similar to those seen with
other benign and malignant lesions. The diffuse nature
of the involvement, the associated presence of portal hy-
pertension, and the appropriate clinical story, however,
are all features that allow the distinction of this entity
from others.

Sonographically, the nodules are isoechoic to normal
liver, because they contain normal hepatic elements.
They become focally hypoechoic or anechoic as a result
of hemorrhage [39].

On CT scans, the appearance of NRH ranges from
that of a normal liver to that of a liver with focal nodules
of varying attenuation that are primarily hypodense
[28, 40] (Fig. 9). They may have focal hyperdense areas
representative of areas of hemorrhage.

There are a few reports of the MRI findings of NRH.
Lesions are described as isointense to normal liver on
T2-weighted images and contain foci of high signal,
compatible with hemorrhage, on T1-weighted scans
[40, 41].

Macroregenerative and Dysplastic Nodules

The macroregenerative nodule (MRN), also acceptably
known as large regenerative nodule, has also been de-
scribed as adenomatous hyperplasia, or type I macrore-
generative nodule. MRNs are often noted incidentally in
patients with cirrhosis or Budd-Chiari syndrome, and
on examination of the explanted liver at the time of liv-
er transplantation [33].

The dysplastic nodule has also been known as atypi-
cal adenomatous hyperplasia, type II macroregenera-
tive nodule, or atypical macroregenerative nodule. The
International Working Party has designated two types
of dysplastic nodules [42]. The low-grade dysplastic
nodule is microscopically similar to the description
above for macroregenerative nodules.Although in these
cases, the proliferation is thought to be a clonal one
rather than reactive in nature.As with the MRN, the dys-
plastic nodule almost always occurs in the setting of cir-
rhosis. It is generally considered to be a premalignant
change or stage in the transformation to HCC [43].With
MRN or dysplastic nodules, serum AFP is normal or in
the range seen with the background chronic liver dis-
ease or cirrhosis.

Fig. 9A, B. Nodular regenerative hyperplasia. A CT scan of the same
patient demonstrates diffuse involvement of the liver, which has a
heterogeneous appearance with multiple areas of decreased den-
sity. Note associated ascites. B Cut-section of a hepatectomy speci-
men demonstrates multiple nodules of nodular regenerative hy-
perplasia of varying size, which replace the entire liver
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Pathologic Findings

MRNs generally are found in the setting of cirrhosis or
Budd-Chiari syndrome. MRNs are larger than typical
cirrhotic nodules, measuring 0.8 to 1 cm as the lower
size limit and only rarely larger than 3 cm. The nodules
may be different in color than other nodules. The bor-
ders are distinct and rounded due to alterations in bile
or fat content. Presence of central scar has been de-
scribed in large nodules [44] (Fig. 10). Histologically,
MRNs are similar to cirrhotic nodules, with cell plates
of 1–2 cells thick and an intact reticulin framework.
Likewise, the hepatocytes have similar cytologic fea-
tures as seen in normal or cirrhotic liver with some mild
variations in size and nuclear features. Occasional focal

or diffuse fatty change, clear cell cytoplasmic change,
and/or iron may be present. Portal tracts and/or fibrous
septa without ducts are commonly seen within the nod-
ule.

Grossly, the dysplastic nodule usually has a similar
appearance to the macroregenerative nodule. Its size is
usually within 10–20 mm. Microscopically, the atypical
features seen often include zones of small cell change
with increased nuclear/cytoplasmic ratio. This finding
has also been described as increased nuclear density,
which is defined as the estimated number of hepatocyte
nuclei per microscopic field compared to that found 
in the normal liver [45]. Other common features are a
focal decrease in the reticulin framework; focal zones of
cell plates up to three cells thick; mild dilation of sinu-
soids; the presence of portal tracts within the nodule;
and/or focal cells containing Mallory bodies, bile, cyto-
plasmic clear cell change, fatty change, and/or iron
deposition.

Imaging Features

On sonograms, MRN and dysplastic nodules show di-
verse echogenicity patterns including hyper-, iso-, or
hypoechoic, and sonographic findings are similar to
those of small HCCs [46].

On CT scans, MRN and dysplastic nodules may show
high attenuation on precontrast CT scan probably due
to increased cellularity of the lesions. The majority of
MRN and dysplastic nodules show low attenuation on
arterial phase CT scans. This is probably due to poor
vascular supply form the hepatic artery [46, 47]. MRNs
in Budd-Chiari syndrome, however, are usually multiple
and hypervascular [34, 44].

Typically, regenerative nodules show low signal in-
tensity on T2-weighted images, variable signal intensity
on T1-wighted images, and no enhancement on arterial
phase dynamic gadolinium-enhanced images (Fig. 10).

The signal intensity and enhancement characteris-
tics of dysplastic nodules are not yet established. Owing
to a gradual stepwise transition from a regenerative
nodule to a low-grade dysplastic nodule, a high-grade
dysplastic nodule, and eventually to a small HCC, the
hepatocytes within hepatic nodules undergo numerous
changes that might not be reflected in their signal inten-
sity or vascularity. Thus, current MR imaging sequences
might not allow differentiation of regenerative nodules
from dysplastic nodules [48]. Some MR imaging fea-
tures of a high-grade dysplastic nodules and small HCC
have been described [46, 49]. A majority of high-grade
dysplastic lesions (formerly known as adenomatous hy-
perplasia) and well-differentiated small HCCs (Ed-
mondson grade I or II) have high signal intensity on T1-
weighted images [49] (Fig. 11).

Fig. 10A, B. Regenerative nodule in a patient with Budd-Chiari syn-
drome. A An axial T1-weighted image shows a mass in the left lobe
of liver. The lesion exhibits hyperintense than the liver (arrow).
There is distinct central lower signal area within the lesion. B An
axial T2-weighted image shows that the mass has heterogeneously
iso-signal intensity. Note the heterogeneous signal intensity of liv-
er and tortuous intrahepatic vessels compatible to known history
of Budd-Chiari syndrome
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Benign Biliary Lesions

Hepatic Cyst

Hepatic cysts are very common and occur most fre-
quently as solitary (or several solitary), simple, and
asymptomatic cysts. They also occur in association with
adult polycystic kidney disease.

Simple hepatic (bile duct) cysts range in incidence
from 1% to 14% in autopsy series and appear to occur
more commonly in women than in men (5 :1) [6]. Most
hepatic cysts are asymptomatic. Large cysts (>10 cm)
may become symptomatic from extrinsic compression
on adjacent structures, patients presenting with abdom-
inal fullness, nausea, vomiting, or obstructive jaundice.
Other more common complications include hemor-
rhage, rupture, or occasionally torsion of the cysts. Liver
function remains intact, because the overall functioning
volume of hepatic parenchyma remains unchanged.

Asymptomatic cysts are not usually treated unless
complicated by hemorrhage or infection. The treatment
for symptomatic cysts is wide incision and drainage.
Percutaneous aspiration and sclerotherapy with alcohol
are often useful [50].

Pathologic Findings

A simple hepatic (bile duct) cyst is defined as a single,
unilocular cyst lined by a single layer of cuboidal, bile
duct epithelium. The wall is a thin layer of fibrous tissue
and the adjacent liver is normal. The wall is approxi-
mately 1 mm or less in thickness and typically occurs
just beneath the surface of the liver, although some may
occur deeper. The simple hepatic cyst is considered to
be of congenital, developmental origin.

Fig. 11A–D. Dysplastic nodules. A T1-weighted image shows a small
hyperintense nodule of the left lobe of the liver (arrow). B T2-
weighted image demonstrates the dysplastic nodule of the left lobe
of the liver to be of slightly hyper signal intensity. C Gadolinium-

enhanced dynamic MR image shows no remarkable enhancement
during arterial phase of enhancement. D Gross specimen demon-
strates a well-demarcated lesion in cirrhotic liver
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Imaging Features

Ultrasound is the best way to confirm the cystic nature
of a hepatic mass. Sonographically, uncomplicated sim-
ple (bile duct) cysts present as anechoic masses, with
smooth borders, nondetectable walls, no septations, and
no mural calcification. They present increased through-
transmission and back wall enhancement.

Cysts complicated by infection or hemorrhage may
have septations and/or internal debris, as well as en-
hancement of the wall (Fig. 12).

The CT features of an uncomplicated hepatic cyst are
(1) a well-defined intrahepatic mass; (2) water attenu-
ation; (3) round or oval shape; (4) smooth, thin walls;
(5) absence of internal structures; and (6) no enhance-
ment after administration of contrast material [51]
(Fig. 12).

Simple cysts of the liver are usually solitary but can
number fewer than ten. When more than ten cysts are
seen, one of the fibropolycystic diseases should be con-
sidered.

MR imaging shows the cysts to be classically hypoin-
tense on T1 weighted image and hyperintense on T2
weighted image. Hemorrhagic cysts are hyperintense on
both T1 and T2 weighted images. It is impossible in
some cases to differentiate a cyst from a typical heman-
gioma on MR images [52].

Congenital Hepatic Fibrosis 
and Polycystic Liver Disease

Clinically, the majority of patients present in childhood,
when congenital hepatic fibrosis predominates, with

Fig. 12A–D. Complicated cyst of the liver. A Transverse ultrasound
indicates a complex cystic mass with multiple septations in the left
upper quadrant. B Correlative CT scan demonstrates uniformly
hypodense well-circumscribed lesion. Note how there is no evi-
dence of septations in CT. C T1-weighted coronal image demon-

strates marked uniform hyperintensity of the cyst, indicating a he-
morrhagic nature. Coronal imaging helps to determine that the or-
igin of the cyst is the liver. D Gross photograph shows a large cyst
with septations. Clotted blood was removed at section
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bleeding varices and other manifestations of portal hy-
pertension. Congenital hepatic fibrosis is also related to
Caroli’s disease. In patients with polycystic liver disease,
the lesions are usually identified incidentally at radio-
logic examination. Approximately 70% of patients with
polycystic liver disease also have renal involvement.

Pathologic Findings

Congenital hepatic fibrosis is part of the spectrum of
hepatic cystic diseases. It is characterized by aberrant
bile duct proliferation and periductal fibrosis [6]. In
typical congenital hepatic fibrosis, cysts are not visible
without a hand lens. However, in the polycystic liver dis-
ease variant, numerous large and small cysts coexist
with fibrosis. In cases of polycystic liver and/or kidney
disease, the liver surrounding the cysts is not due to in-
creased fibrous tissue [6].

Imaging Features

Cross-sectional imaging shows multiple cysts in the liv-
er, frequently associated with multiple renal cysts
(Fig. 13). Calcification in the cyst wall is occasionally
seen and the cysts may contain blood and fluid levels
[51]. These hepatic cysts are pathologically identical to
simple or bile duct cysts.

Biliary Hamartoma (von Meyenburg Complex)

Biliary hamartoma (BH), also designated as von Meyen-
burg complex, is thought to represent a focal congenital
defect in the formation of the ductal plates. It is often
seen as part of the spectrum of polycystic disease, and
so may be associated with the presence of polycystic
disease in other organs and/or benign biliary cysts of
the liver [53, 54].

Pathologic Findings

Biliary hamartoma is an irregularly shaped, whitish le-
sion, usually measuring less than 0.5 cm in greatest di-
ameter; multiple lesions in the same liver are common
[55]. They are stable and without significant growth
over time. Microscopically, the hamartoma consists of
numerous small to medium-sized ductular structures
located within the portal zone. The shape of the duc-
tules is more irregular than that of normal ducts
(Fig. 14). They are also dilated to variable degrees, sep-
arated by dense collagen, and may contain proteina-
ceous (eosinophilic) debris or inspissated bile.

Imaging Features

Ultrasonographic findings of biliary hamartoma are
not specific [55], and described as hypoechoic, hyper-
echoic, or anechoic small nodules with acoustic en-
hancement. Unenhanced CT images usually show hypo-
dense small hepatic nodules scattered throughout both
liver lobes [56]. Most of these nodules measure less than
0.5 to 1.0 cm in diameter. In most cases there is no en-
hancement after intravenous administration of contrast
material (Fig. 14).

On MR imaging, biliary hamartoma is usually hypo-
intense compared with liver parenchyma on T1-weight-
ed images and is strongly hyperintense on T2-weighted
images [57]. Biliary hamartoma does not exhibit a char-
acteristic pattern of enhancement after intravenous ad-
ministration of gadolinium. Some authors have report-
ed a homogeneous enhancement of these lesions. In
some cases, a thin rim of enhancement, correlating
pathologically with the compressed liver parenchyma
that surrounds the lesions, can be seen [58].

Fig. 13A, B. Polycystic disease of the liver and kidney. A T1-weight-
ed image demonstrates multiple thin-walled cysts in the liver, as
well as the typical appearance of multicystic kidney disease in
both kidneys. Note some of the cysts show high signal intensity
probably due to hemorrhage. B T2-weighted image again dem-
onstrates the involvement of both liver and kidney by multiple
cysts
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Biliary Cystadenoma

Cystadenoma is a rare cystic biliary epithelial neo-
plasm. Cystadenomas are considered to be premalig-
nant lesions. They are viewed on a continuum with cys-
tadenocarcinomas.

Pathologic Findings

Cystadenomas are large cystic neoplasms with internal
septations and internal nodularity (less than in cysta-
denocarcinoma) and a surrounding fibrous capsule
(Fig. 15). They are lined with columnar epithelium and
resemble mucinous cystic neoplasms of the ovary and
pancreas. The wall may contain areas of hemorrhage.

Imaging Features

Sonographically, biliary cystadenoma is an anechoic le-
sion with internal septations, having a multilocular
(rarely unilocular), septate appearance. Hemorrhage
and nodular areas are apparent as focal hyperechoic
regions (mural nodules) within the anechoic mass 
[59].

On CT scan, the locules are usually of water density
and the nodular areas are evident as focal regions of soft
tissue attenuation, which enhance after contrast materi-
al administration [60].

The MRI descriptions of biliary cystadenoma are
limited [59–61]. The appearance given is that of a lesion
that is hyperintense on T2 weighted image and hypoin-
tense on T1 weighted image (Fig. 15).

The global imaging characteristics are those of a cys-
tic mass with varying degrees of internal septations and
nodularity within the cyst wall. Biliary cystadenomas

Fig. 14A–C. Biliary hamartoma (von Meyenburg complex). A Low
power photomicrograph demonstrates a small cyst lined by biliary
epithelium in portal zone. B Contrast-enhanced CT image in a
woman demonstrates numerous nonenhancing cystic nodules
scattered throughout the liver parenchyma. The size of the lesions
(all less than 1 cm) is a major suggestive feature for biliary hamar-
toma. C T2-weighted image shows the multiple tiny high signal in-
tensity hepatic nodules
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cannot be distinguished from cystadenocarcinoma by
imaging characteristics alone, but this distinction is not
paramount, because the treatment of choice for both is
surgical resection.

Bile Duct Adenoma

This benign, solitary, small (<2 cm) mass is composed
of small bile ducts and is discovered incidentally at au-
topsy [2]. It has been suggested that this represents a
scar reaction at a site of injury or a hamartoma of peri-
biliary glands rather than a true benign neoplasm [62,
63].

Microscopically, the glands in the lesion are closely
packed and uniform in size. The glands may contain
mucin but not bile. Focal dense zones of collagen (scar)
may be present.

Bile duct adenoma is shown as a small mass located
in the peripheral region of the liver. The lesion demon-
strates a mass with early nodular enhancement, which is
disproportionately evident compared with their small
size and distinct delayed or prolonged enhancement on
CT [64].

Benign Mesenchymal Lesions

Hemangioma

Hemangioma is the most common benign tumor of the
liver, with a reported incidence ranging from 1% to 20%
[11]. They are usually asymptomatic (85%) and are thus
incidentally detected. They can produce symptoms as a
result of rupture, hemorrhage, thrombosis, or extrinsic
compression of adjacent structures. Hemangiomas are
more common in women (female/male ratio of 5 :1). Al-
though hemangiomas may be present at all ages, they
are seen more commonly in postmenopausal women.
Hemangiomas may occur in conjunction with focal
nodular hyperplasia (FNH) [6].

Pathologic Findings

Hemangiomas consist of multiple vascular channels
lined by a single layer of endothelial cells supported by
a thin, fibrous stroma [6]. The channels are separated by
thin fibrous septa, which may form finger-like protru-
sions into the channels (Fig. 16). Hemangioma is fre-
quently solitary, well circumscribed, and blood filled
and ranges in size from a few millimeters to more than
20 cm [65]. Hemangiomas larger than 10 cm are defined
as giant hemangiomas. Hemangiomas may be multiple
in up to 50% of cases. On cut sections, areas of fibrosis,
thrombosis, cystic degeneration, and occasional calcifi-
cation may be present [65, 66] (Fig. 16).

Fig. 15A–C. Biliary cystadenoma. A Contrast-enhanced CT scan
shows the large, predominately cystic attenuation, multiloculated
intrahepatic lesion to contain several surgical clips from a previ-
ous resection. B T2-weighted image shows the mass to consist of
varied signal, predominately hyperintense as a result of the pro-
tein content of the locules. C Gross specimen demonstrates large
cystic neoplasms with internal septations and internal nodularity
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Imaging Features

Sonographically, hemangiomas are typically hyper-
echoic, well delimited, and exhibit faint acoustic en-
hancement. The echogenicity may vary because these
tumors may contain cystic and fibrotic regions [67]
(Fig. 17). Color Doppler ultrasound demonstrates filling

vessels in the periphery of the tumor but no significant
color Doppler flow deep within the hemangioma [68].

Hemangiomas appear as low-attenuation masses
with well-defined, lobulated borders on unenhanced
computed tomography (CT) scans. Calcification is ob-
served in 10–20% of cases [11]. Using repeated scanning
at a single level over 2–15 min following administration

Fig. 16A, B. Hemangioma, pathology. A Microscopic appearance.
Note presence of red blood cells within vascular channels, as well
as thin fibrous septations. B Gross appearance. Cut-section of a he-

mangioma demonstrates its well-defined borders, as well as pres-
ervation of liver contour

Fig. 17A, B. Hemangioma: ultrasound findings. A Longitudinal
ultrasound through the right upper quadrant demonstrates a
markedly echogenic, well-delimited tumor in the liver. Note cen-

tral area of decreased echogenicity, as well as faint acoustic en-
hancement. B Gross specimen demonstrates the well-defined bor-
ders of this hemangioma there is central area of fibrosis
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of intravenous contrast, hemangiomas demonstrate in-
itial peripheral enhancement which progresses central-
ly (Fig. 18). On delayed scans the lesion becomes isoin-
tense with the liver. Using helical CT scanning, heman-
giomas may demonstrate early globular peripheral en-
hancement corresponding to large peripheral feeding
vessels [10]. In a recent study the presence of globular
enhancement isodense with the aorta was found to be
67% sensitive and 100% specific in differentiating he-
mangiomas from hepatic metastases [69]. Therefore if a
lesion demonstrates globular peripheral enhancement
isodense with the aorta during the early phase of con-
trast-enhanced helical scanning, a diagnosis of heman-
gioma can be confidently made. Smaller lesions may
uniformly enhance on early phase imaging, while larger
hemangiomas with discernible fibrotic scars show cor-
responding persistent areas of nonenhancement.

The study of hemangiomas of the liver is one of the
major applications of abdominal magnetic resonance

(MR). Hemangiomas characteristically demonstrate
marked hyperintensity on T2-weighted images, which
may contain low-intensity areas correlating with zones
of fibrosis [65, 70–73]. The hyperintensity is secondary
to their high water content and subsequent prolonged
T2 relaxation time. After gadolinium diethylenetria-
minepentaacetic acid (Gd-DTPA) injection, three pat-
terns of enhancement may be seen, depending on the
size of the lesion [74]: uniform early enhancement
(<1.5 cm), peripheral nodular enhancement progress-
ing centripetally to uniform enhancement (1.5–5 cm),
and peripheral nodular enhancement while the center
of the lesion remains hypointense (>5 cm) [74]. Periph-
eral nodular enhancement is a useful discriminating
feature in the differential diagnosis of hemangiomas
and metastases [75]. In the majority of cases the combi-
nation of T2-weighted images [76] and serial dynamic
post gadolinium images allows a confident diagnosis of
hemangioma to be made [77–79] (Fig. 19).

Fig. 18A–C. Hemangioma, typical CT appearance. A Immediately
after intravenous iodine enhancement demonstrates globular en-
hancement in the periphery of the tumor, corresponding to pe-
ripheral feeders. B Delayed image demonstrates further fill-in of
contrast on the periphery of the hemangioma. C Cut-section of the
specimen demonstrating the viable, spongy portions of the he-
mangioma and the central scar area, correlating with CT findings
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Ultrasmall superparamagnetic iron colloid (USPIO)
is an agent which is ultimately cleared by the reticulo-
endothelial system but resides in the intravascular com-
partment (“blood pool”) immediately after injection
[80]. On T1 -weighted images hemangiomas enhance
immediately due to their vascularity and become isoin-
tense to a normal liver. On T2-weighted scans, heman-
giomas demonstrate decreased signal intensity and may
become isointense to the liver at higher doses of USPIO
[80]. Hemangiomas do not have uptake of superpara-
magnetic iron oxide particles (SPIO) or manganese di-
pyridoxyl-ethylenediamine-diacetate-(bis)phosphate
(Mn-DPDP) because they do not contain Kupffer cells
or normal hepatocytes [81].

Infantile Hemangioendothelioma

IHE is relatively common and accounts for 12% of all
childhood hepatic tumors. It is the most common liver
tumor during the first 6 months of life. Ninety percent
of IHEs are discovered within this period, and females
are affected more often than males [82]. Clinical find-
ings include hepatomegaly, congestive heart failure
(present in Up to 25% of cases), thrombocytopenia
caused by trapping of platelets by the tumor, and occa-
sional rupture with hemoperitoneum. In up to 40% of
patients, cutaneous hemangiomas are commonly
present in the multinodular form of IHE [83].

Fig. 19A–D. Hemangioma, MRI appearance. A Typical hypointense
appearance of two hemangiomas of the right lobe of the liver in
this unenhanced T1-weighted spin-echo image. B Marked hyper-
intensity in the T2-weighted appearance. C Immediately after in-

jection of Gd-DTPA, there is peripheral enhancement similar to
that seen in CT. D Ten minutes after contrast injection, there is
complete filling of the hemangiomas
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Pathologic Findings

Infantile hemangioendothelioma (IHE) is a vascular tu-
mor derived from endothelial cells that proliferate and
form vascular channels [82]. IHEs are usually multiple
and diffuse; a solitary lesion is an uncommon variant.

Microscopically, IHEs are composed of a prolifera-
tion of small vascular channels lined by endothelial
cells. Cavernous areas, as well as zones of hemorrhage,
thrombosis, fibrosis, and calcification, are common
[83].

Imaging Features

Typically there is a complex liver mass with large drain-
ing hepatic veins. Single or multiple lesions may be
seen, and the lesions may range from hypo- to hyper-

echoic. During a period of months, these lesions tend to
involute slowly and develop increased echogenicity [84]
(Fig. 20).

On precontrast CT scans, IHE appears as a hypo-
dense mass with or without calcifications [85].After ad-
ministration of contrast agent, there is early enhance-
ment of the edge of the mass with variable delayed cen-
tral enhancement [83, 85] (Fig. 20).

On MRI, IHE has a nonspecific appearance and is
predominantly hypointense on T1-weighted images and
hyperintense on T2-weighted images. Foci of hyper- or
hypointense signal on T1-weighted scans correspond to
areas of hemorrhage and fibrosis [85]. After intrave-
nous gadolinium administration, IHE may show an
early rim-like pseudocapsular enhancement followed
by progressive fill-in of the lesion on delayed imaging
[86].

Fig. 20A–D. Infantile hemangioendothelioma in a two day-old ba-
by. A Transverse sonographic image demonstrates a large hetero-
geneously echogenic lesions in left lobe of the liver (arrows). B On
the unenhanced CT, there is a large hypodense lesion in the left

lobe with a punctate calcification (arrow). C After contrast admin-
istration, there is peripheral enhancement, similar to that of a he-
mangioma. D Gross specimen demonstrates multiple dark lesions
suggesting vascular origin
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Mesenchymal Hamartoma

Mesenchymal hamartoma is an uncommon lesion, ac-
counting for 8% of all childhood liver tumors. The ma-
jority of cases occur during the first 3 years of life and
there is a slight male predominance [87]. Hepatoblasto-
ma and IHE have a similar age presentation but are sol-
id, whereas mesenchymal hamartomas are predomi-
nantly cystic. Clinically, slow, progressive, painless ab-
dominal enlargement is seen. Sometimes rapid enlarge-
ment may occur because of rapid accumulation of fluid
in the cyst. This may occasionally cause respiratory dis-
tress and edema of the lower extremities.

Pathologic Findings

Mesenchymal hamartoma is a benign cystic develop-
mental lesion and is not considered a true neoplasm. It
is composed of gelatinous mesenchymal tissue with
cyst formation, as well as remnants of normal hepatic

parenchyma [87]. It is a large, soft, predominantly cystic
mass measuring 15 cm or more in largest diameter at
the time of diagnosis. The tumors are well defined and
encapsulated or pedunculated [88]. Histologically, the
tumor consists of cysts, remnants of portal triads, hepa-
tocytes, and fluid-filled mesenchyme.

Imaging Features

Sonography demonstrates either large cysts within
internal septa (cystic predominance) or, less commonly,
smaller cysts with thick septa (mesenchymal predomi-
nance) [88, 89] (Fig. 21).

On CT scans, these tumors appear as well-defined
masses with central hypodense areas and internal septa
[88] (Fig. 21).

The MR appearance of mesenchymal hamartoma
depends on whether an individual lesion is predomi-
nantly stromal or cystic. For lesions with stromal pre-
dominance, the intensity on T1-weighted images is low-

Fig. 21A–C. Mesenchymal hamartoma, ultrasound and CT features.
A Ultrasound and B contrast-enhanced CT demonstrate a marked-
ly cystic lesion with septations. The appearance of mesenchymal
hamartoma frequently mimics that of a complicated cyst. C Cut
section of the lesion demonstrates a well-defined multiseptate cys-
tic lesion with gelatinous contents
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er than that of the normal liver because of increased fi-
brosis. Conversely, if there is cystic predominance, the
mesenchymal hamartoma is predominantly hypoin-
tense on T1-weighted images and markedly hyperin-
tense on T2-weighted images. On T2-weighted images,
multiple septa can be seen traversing the tumor, indicat-
ing that the mass is not a simple cyst [83] (Fig. 22).

Lipomatous Tumors

Benign hepatic tumors composed of fat include lipoma,
hibernoma, and combined tumors such as angiomyo-
lipoma (fat and blood vessels), myelolipoma (fat and
hematopoietic tissue), or angiomyelolipoma [90].

Pathologic Findings

Grossly, lipomatous tumors are usually solitary, well cir-
cumscribed, round and most commonly occur in a non-
cirrhotic liver [91]. There is no sex predilection and
they have been reported in a broad age range (24–70
years) [6].

Approximately 10% of patients with tuberous sclero-
sis and renal angiolipomas have hepatic fatty tumors,
either lipoma or angiomyolipoma [92]. Most lipoma-
tous tumors of the liver are asymptomatic and are inci-
dental findings. The lipomatous tumors can grow to be
quite large. When enlarged the tumor has increased
propensity for hemorrhage, occasionally bleeds causing
abdominal pain.

Fig. 22A, B. MRI appearance of a mesenchymal hamartoma. A T1-
weighted coronal image shows a hypointense mass extending from
the inferior aspects of the right lobe of the liver. Draining vessels
are noted leading to the hepatic veins confirming the hepatic ori-
gin of this tumor. B T2-weighted image demonstrates a markedly
hyperintense mass, in keeping with the cystic nature of mesenchy-
mal hamartoma. Internal septations, that remain hypointense
since they are fibrous, can be seen. This is the typical appearance of
mesenchymal hamartoma with cystic predominance

Fig. 23A, B. Angiomyolipoma of the liver, ultrasound and CT ap-
pearance. A Longitudinal section by ultrasound demonstrates a
very echogenic mass with few small, hypoechoic areas within it
(arrow). B Correlative CT in the same patient demonstrates a well-
defined, round mass in the liver of fat density with small areas
within it that are of higher density that correspond to muscular
portions in these tumors. The areas of increased density in CT cor-
respond to the hyperechoic areas seen by ultrasound



Chapter 4.7 Benign Liver Tumors 363

Imaging Features

Angiomyolipomas are highly echogenic on sonography
and indistinguishable from hemangiomas [92] (Fig. 23).
On CT scans, these tumors appear as well-defined mass-
es with attenuation values in the range of those of fat
[92]. On MRI scans the fatty component of angiomyo-
lipomas is of high signal on T1- and T2-weighted imag-
es (Fig. 24). The early phase of contrast-enhanced dy-
namic CT or MRI may be useful in discriminating

between angiomyolipomas and hepatocellular carcino-
mas with fat. The fatty areas of angiomyolipomas are
well vascularized and enhance early. Conversely, the ar-
eas of fatty change in hepatocellular carcinoma are rela-
tively avascular and enhancement is less obvious. MRI
using fat suppression shows lesions that appear hypoin-
tense to liver (Fig. 24). The presence of large intratumo-
ral vessels (“macroaneurysms”) is a classic feature of
large angiomyolipomas. Color Doppler ultrasound, CT
and MRI are useful techniques in the detection of mac-

Fig. 24A–D. Woman with tuberous sclerosis having angiomyolipo-
mas of the liver and kidneys. A Contrast-enhanced CT scan dem-
onstrates multiple lipomatous lesions of the liver having fat atten-
uation. A large pedunculated angiomyolipoma (arrow) is present
in the lateral segment of the left lobe of the liver. B T1-weighted
image demonstrates the multiple lipomatous tumors of the liver to
be of increased signal intensity similar to that of the subcutaneous

and retroperitoneal fat. Fibrous septa of the angiomyolipoma of
the left lobe of the liver have low signal intensity. C Fat-suppression
T1-weighted image of the kidney demonstrates the fatty lesions in
right kidney similar to that of liver. D Gross specimen demon-
strates typical angiomyolipoma featuring as a large lipomatous
mass involving liver and kidney
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roaneurysms [93, 94]. Other focal fatty lesions of the liv-
er include pseudolipoma and focal fatty change.

Other Uncommon Benign Lesions

Some uncommon benign tumors of the liver are men-
tioned here for completeness. They are of marginal ra-
diologic importance and have been described primarily
in case reports.

Lymphangioma

Hepatic lymphangioma is defined by the presence of a
mass or multiple masses (lymphangiomatosis) com-
posed of prominent lymphatic channels that compress
the normal hepatic parenchyma [6]. Lymphangiomato-
sis usually is part of a systemic syndrome which in-
volves other organs, including the spleen, skeleton, soft
tissues, lung, and/or brain [95].

Leiomyoma

This extremely rare lesion is a well-circumscribed
smooth muscle tumor arising in the liver with nonspe-
cific radiologic characteristics. Several cases of leiom-
yoma have recently been reported in adults and chil-
dren infected with HIV. This suggests that there may be
a clinical association between these two entities [96]. On
ultrasound examination the lesion may appear solid or
hypoechoic with internal echoes [97]. Leiomyomas are
of low attenuation relative to the liver on noncontrast
CT scans and display two distinct enhancement pat-
terns: peripheral rim enhancement similar to abscesses
or homogeneous enhancement resembling hemangio-
ma [97]. On MRI scans leiomyomas are hypointense rel-
ative to the liver on T1-weighted images and hyperin-
tense on T2-weighted images [97].

Fibroma (Fibrous Mesothelioma)

Fibrous mesotheliomas are rare tumors that localize on
the surface of the liver. They are usually large and con-
sist histologically of spindle cells and collagen [98].

Adrenal Rest Tumor

Adrenal rest tumors are derived from ectopic adrenal
tissue that is histologically identical to that in adreno-
cortical tumors. They are extremely rare [99].

Pancreatic Heterotopia

Ectopic pancreas in the liver has been rarely described
[100].
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Introduction

Primary hepatic malignant neoplasms are less common
than metastatic liver neoplasms. Primary hepatic malig-
nant neoplasms may develop from hepatocytes, bile
duct epithelium, endothelial cells, lymphoid cells. Most
of the primary malignant hepatic neoplasms are epithe-
lial in origin with hepatocellular carcinoma and cholan-
giocarcinoma. Mesenchymal tumors such as epithelioid
hemangioendothelioma and angiosarcoma, primary
lymphoma and other sarcomas are rare and represent
about 1% of primary hepatic neoplasms. This chapter
will review primary hepatic malignant neoplasms ob-
served in adult patients with a special focus on radio-
logic-pathologic correlation.

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most common
primary malignant hepatic neoplasm and is a tumor de-
rived from the hepatocyte. It usually occurs in associa-
tion with chronic liver disease. Conditions associated
with the development of hepatocellular carcinoma are
mainly chronic viral hepatitis, alcoholic cirrhosis, and
hemochromatosis. Patients with chronic hepatitis B
without underlying cirrhosis may develop hepatocellu-
lar carcinoma due to a direct oncogenic effect of the vi-
rus. Other causes are more rare such as Wilson disease,
biliary cirrhosis, Thorotrast exposure, Budd-Chiari dis-
ease, hereditary tyrosinemia, and glycogen storage dis-
ease. Due to the high number of patients with C viral in-
fection, and to the high propensity of hepatitis C to be-
come chronic and leading to cirrhosis, this will be a ma-
jor cause of hepatocellular carcinoma in the future.

The diagnosis of hepatocellular carcinoma is usually
made during the follow-up of patients with chronic liv-
er disease or more rarely the diagnosis hepatocellular
carcinoma and the underlying liver disease are made si-
multaneously. The follow-up of these patients is based
on liver ultrasonography and serum alfa-fetoprotein
every four to six months. There are two possible mecha-
nisms of development of HCC: development de-novo or
from a progressive temporal progression in cirrhotic
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livers from regenerative nodules to dysplastic nodules
to well-differentiated hepatocellular carcinoma.

The prognosis of HCC varies and depends on the tu-
mor characteristics (number, size, capsular effraction,
vascular effraction, tumor differentiation) as well as the
underlying liver disease (cause, severity, degree of por-
tal hypertension). That is why many different therapeu-
tic procedures are applied from percutaneous treat-
ments to chemoembolization or surgical procedures
(surgical resection, liver transplantation).

Pathology

There are two common gross patterns of HCC in livers:
expanding pattern and spreading pattern [1]. More
rarely, HCC has a multifocal growth pattern. The ex-
panding pattern compresses and displaces the liver pa-
renchyma (Figs. 1A, 2A). Expanding HCC may be en-
capsulated or not. The capsule is usually observed in
medium-sized HCC and very small HCC are unencap-
sulated. The pedunculated HCC belongs to this catego-

Fig. 1A–E. Typical HCC. A Macroscopic view showing a homogene-
ous encapsulated HCC without necrosis or hemorrhage. B CT at
the arterial phase demonstrating homogeneous lesion enhance-
ment. C On T2-weighted MR image, the lesion is hyperintense.
D Gadolinium-enhanced T1-weighted GRE MR image obtained in
the hepatic arterial phase showing marked enhancement. E Gado-
linium-enhanced T1-weighted GRE MR image obtained in the de-
layed phase demonstrates the tumor capsule
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ry. The spreading HCC usually corresponds to larger tu-
mors with indistinct margins (Fig. 3). Little compres-
sion of the liver by the tumor is noted. Multifocal
growth pattern represents about 10% of the HCC and is
characterized by numerous tumor foci.

At macroscopy the lesions may be homogeneous
when of small size or may have necrotic and hemor-
rhagic changes as well as scar-like areas due to fibrosis.
Portal invasion by the tumor is often seen especially in
large, spreading HCC or in HCC with multifocal growth
pattern (Fig. 4).

The microscopic appearance of HCC is variable
between tumors and within the same tumor. Prognosis
of a mixed-pattern tumor depends on the most malig-
nant component [1]. The grading of HCC, based on the
architecture of the tumor and cellular atypia, has been
correlated with prognosis, clinical parameters and la-
boratory tests. Grade 1 HCC is the most differentiated
HCC with a trabecular architecture. The nuclear/cyto-
plasmic ratio is nearly normal. Its diagnosis could be
difficult with an atypical adenoma. Grade 2 HCC shows
few cellular atypia and a trabecular and or acinar pat-

Fig. 2A–E. Large HCC with mosaic pattern. A Macroscopic view
showing a heterogeneous lesion with multiple compartments.
B Arterial phase of a helical CT scan demonstrating the lesion het-
erogeneity with hyper-and hypovascular components. C On de-
layed CT scan, the tumor capsule is clearly visualized. D T2-weight-
ed MR image shows the mosaic pattern with components of differ-
ent signal intensities. E Gadolinium-enhanced T1-weighted GRE
MR imaging demonstrating the tumor capsule
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Fig. 3. Macroinfiltrative form of HCC. Macro-
scopic view shows a ill-limited tumor unen-
capsulated developed on liver cirrhosis

Fig. 4A–D. HCC with portal invasion. A macroscopic view shows
both the main tumoral nodule and the extension of the tumor into
the portal branch. B portal-venous phase of a helical CT scan dem-
onstrates a large encapsulated HCC of the left lobe invading the

left portal branch. C, D dynamic post-gadolinium T1-weighted im-
ages show lack of enhancement of the left portal branch in the por-
tal-venous (C) and delayed phase (D)
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tern. Grade 3 HCC has larger hyperchromatic and more
variable nuclei with multiple nucleoli and less cyto-
plasm. A macrotrabecular arrangement is encountered.
In Grade 4, the trabecular pattern is lost and the cancer
cells demonstrate high atypia. The vascular supply of
HCC is abundant in most tumors and the trabeculae are
sheathed by endothelial cells. The surrounding space
carries arterial blood. Intracellular inclusions such as
Mallory bodies and globular hyalin bodies may be seen
in HCC. Calcifications are rare. Variants of histologic
pattern include fatty HCC and prominent bile produc-
tion HCC (Fig. 5A). Fatty HCC is composed of cells with
a clear cytoplasm containing fat and a eccentrically lo-
cated nucleus. Fatty change is most frequent in small tu-
mors (<2 cm). Sarcomatous changes may also be ob-
served, characterized by the proliferation of spindle
cells. Portal vein involvement is more common that he-
patic vein involvement and typically is represented by
an enlarged lumen filled with hepatocellular carcinoma.
HCC may develop within intrahepatic bile ducts and
this form often demonstrates hemobilia.

Imaging Features

Sonography plays an important role because it is used
worldwide as a screening test in patients with chronic
liver disease in association with serologic testing for al-
fa-fetoprotein. The sonography appearance is variable
and often nonspecific. Small tumors (less than 3 cm in
diameter) are mainly hypoechoic and uniform in ap-
pearance, and may resemble other lesions developing in
chronic liver disease such as cirrhotic nodules, dysplas-
tic nodules or other lesions. Large masses are usually
heterogeneous with a mixed hyper- and hypoechoge-

nicity. Some features may suggest the diagnosis: 1° pe-
ripheral hypoechoic rim that corresponds to a fibrous
capsule at pathology, 2° target appearance with a hypo-
echoic halo, 3° mosaic pattern, 4° lateral shadowing.
Doppler studies are interesting when pulsatile or con-
tinuous flows are detected within the lesion and to dif-
ferentiate clot from malignant thrombus in the portal
veins. In rare cases, HCC appears as strongly hyperecho-
ic lesion due to fatty deposition. This appearance can
mimic that of hemangioma.

On unenhanced CT scans, HCCs are seen mainly as
hypoattenuating lesions. Focal hyperattenuations due to
calcifications or diffuse hyperattenuations related to
iron overload are rarely observed. The optimal CT pro-
tocol is a multiphasic examination on multidetector row
helical CT. The most common appearance of HCC on
arterial phase is a hyperattenuating or mixed attenua-
tion lesion (Fig. 1B). However, hypoattenuating HCC are
observed in about 10% of the cases. The hyperattenua-
tion is related to the prominent arterial blood supply.
Other findings are frequently observed:
1 a mosaic pattern is seen in about 40–60% of cases

and is consisted of multiple nodular areas of differ-
ent CT attenuations on contrast-enhanced scans
(Fig. 2B) [2]. This pattern is more common in large
tumors and does not seem correlated to the histolog-
ic tumor grade,

2 a portal or hepatic venous invasion is comprised
between 33 to 48% of cases [2]. It appears as unen-
hancing intraluminal material in portal veins, hepat-
ic veins or the inferior vena cava. Venous invasion is
more common in lesions larger than 5 cm in diame-
ter, and in high grade tumors [2],

3 a tumor capsule is a thick rim of tissue surrounding
all or part of tumor. The capsule appears iso- or hy-

Fig. 5A, B. HCC with fatty changes. A Macroscopic view showing a
protruding encapsulated HCC with fatty changes. B On T1-weight-
ed SE MR image, the lesion is strongly hyperintense and is sur-

rounded by a hypointense rim corresponding to tumor capsule at
pathology
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poattenuating relative to the liver at the arterial
phase on the enhancement, and enhances on delayed
CT images (Fig. 2C). Tumor capsule is seen in 30 to
67% of tumors and is correlated to encapsulated ex-
panding HCC at pathology. Capsules are found more
often in lower grade than in higher grade tumors and
in medium-sized tumors (from 3 to 10 cm in diame-
ter) [2, 3],

4 a central scar may be identified as a central linear or
stellate low-attenuation region within the tumor
without enhancement of contrast material. The scar
may have at pathology an inflammatory predomi-
nance with a large number of inflammatory cells, ex-
tensive necrosis and/or edema, or a collagenous pre-
dominance with dense, sclerotic collagen [4],

5 a fatty metamorphosis is recognized at CT as an area
within the tumor that had CT attenuation similar to
subcutaneous fat. It occurs in 2–21% of cases and is
more evident at MR imaging that at CT [2, 5],

6 arterioportal shuntings are detected at contrast-en-
hanced CT if one of the following features is present:
early and prolonged enhancement of the portal vein,
abnormally dilated portal vein with irregular intra-
luminal or periportal vessels, and a wedge shaped ar-
ea of hepatic parenchymal enhancement distal to the
tumor [5]. Arterioportal shunting are best detected
on multiphasic helical CT and may be observed in 11
to 60% of cases [2].

HCC may vary in signal intensity on both T1- and T2-
weighted MR images. However the most common com-
bination is a hypointensity on T1-weighted images and
a hyperintensity on T2-weighted images. This finding
represents 54% of HCCs in 113 patients (Fig. 1C) [6].
Other combinations are observed such as isointensity
on both T1- and T2-weighted images (16%), hypointen-
sity on T1-weighted images and isointensity on T2-
weighted images (10%), hyperintensity on both T1- and
T2-weighted images (6.8%) and isointensity on T1-
weighted images and hyperintensity on T2-weighted
images (6.2%) [6]. Other combinations are very rarely
encountered. On immediate gadolinium-enhanced im-
ages, the lesions exhibit a diffuse homogeneous or het-
erogeneous enhancement in 84% of the cases (Fig. 1D).
Some lesions enhance with a more prominent peripher-
al rim. The MR appearance of HCC greater than 1.5 cm
or 2 cm and those that are less than or equal to 1.5 cm or
2 cm are significantly different [6, 7]. Ninety-one per-
cent of the isointense lesions on both T1- and T2-
weighted images are £1.5 cm in diameter in the study
reported by Kelekis et al [6]. In the study published by
Kadoya et al, on T2-weighted images the lesions smaller
than 2 cm in diameter or greater than 2 cm were hyper-
intense in 88% and 100%, respectively [7]. On T1-
weighted images the lesions smaller than 2 cm in diam-
eter or greater than 2 cm were iso- or hyperintense in

64% and 48%, respectively [7]. Also most of the lesions
£1.5 cm in diameter exhibit diffuse homogeneous en-
hancement.

Some lesions may contain localized foci with marked
hyperintensity on T2-weighted images. This finding has
been observed up to 44% of HCCs and correspond
mostly to peliotic change of intratumoral sinusoid [7].
HCCs that are undetected or hypointense on T2-weight-
ed images are well differentiated with replacing growths
and portal tracts [8].

Other findings are frequently observed at MR imag-
ing:
1 a high signal intensity on T1-weighted images is ob-

served in 12 to 50%. This signal intensity is often re-
lated to fatty metamorphosis, and tumors that con-
tain fat in all or most of the tumor cells are hyperin-
tense on T1-weighted images (Fig. 5B). However, fat-
ty metamorphosis is not the unique cause for hyper-
intensity on T1-weighted images. Other substances
may be responsible such as copper-binding protein,
hemorrhage, other protein and glycogen [9]. There is
still a controversy regarding the respective role of
metallic factors contributing to the signal intensities
of HCC on T1-weighted images. For some authors
copper accumulation within tumor alone may be the
cause whereas some authors have demonstrated that
the various signal intensities are reflections of cop-
per in HCC and iron in liver and HCC [9, 10]. Intratu-
moral hemorrhage may give foci of iso- or hyperin-
tensity on T1-weighted images and hyper or hypoin-
tensity on T2-weighted images. Usually, hemorrhagic
areas occupy only a portion of the tumor (Fig. 6). It is
known also that hyperintensity on-T1 weighted im-
ages is more frequently observed in grade 1 HCC
than in grade 2 and 3 HCC. This finding is similar to
that reported in dysplastic nodules and it may be
suggested in these cases that hyperintensity on T1-
weighted images is a feature of hyperplastic changes
of the hepatocytes [7],

2 a mosaic pattern may be identified in about 50% of
the cases at MR imaging and is mostly observed in
tumors greater than 3 cm in diameter. Depiction of
the mosaic pattern on T1-weighted imaging is rare
and most tumors appear homogeneous. Conversely,
T2-weighted imaging is closely correlated to the
macroscopic configuration that is composed of con-
fluent nodules separated by thin septa [11]. On T2-
weighted images, the mosaic pattern appears when
the tumor shows nonuniform signal intensity or
when linear-like structures of hypointensity are seen
within the tumor (Fig. 2D) [7],

3 a portal or venous invasion is seen in about 1/3 of pa-
tients. Involvement of branches of portal vein is
more common than that of hepatic veins. Confidence
in the diagnosis is increased when transient in-
creased enhancement of the area of liver correspond-
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ing to portal obstruction or when enhancement of
the intravascular tumor thrombus itself is demon-
strated,

4 a tumor capsule is a ring-like structure around the
lesion. The capsule is mostly seen as hypointense
ring on T1-weighted images and can be visualized as
hypointense rim on T2-weighted images. More rare-
ly, capsules are seen as double-layered rings (hypoin-
tense inner layer and hyperintense outer layer) on
T2-weighted images [7]. Capsule detection rate with
T1-weighted images is higher than that of with T2-
weighted images [7]. Tumor capsule is mainly ob-
served at MR imaging in HCC larger than 2 cm in di-
ameter, and the capsule tends to become thicker as
tumor size increases (Figs. 1E, 2E). MR imaging is
considered superior to CT in demonstrating capsule,
however in a MR-pathologic correlation study, a cap-
sule was detected only in 66% of the cases of encap-
sulated HCC [7]. MR imaging and especially T1-
weighted imaging is also superior to CT imaging in
detecting extracapsular invasion by showing a par-
tial tumor capsule [12],

5 a central scar may be identified in HCC as a central
stellate area that is hypointense on T1-weighted im-
ages and hypo- or hyperintense on T2-weighted im-
ages. The first pattern is more frequent and corre-
sponds to collagenous scar mostly composed of
dense sclerotic collagen at pathology [4].

In summary, the most common appearance of HCC is a
hyperattenuating lesion on the arterial phase at CT ex-
amination and a combination of hypointensity on T1-
weighted images, hyperintensity on T2-weighted imag-
es and diffuse heterogeneous enhancement on immedi-
ate gadolinium-enhanced images. However, other ap-
pearances are not infrequent and tumors ≤1.5 cm in di-
ameter are frequently isointense on both T1-and T2-
weighted images. Knowledge of underlying chronic

liver disease and lesion enhancement on immediate
contrast medium-enhanced images at CT or MR exam-
ination help to establish the diagnosis.

Distinctive Hepatocellular Carcinoma Variants

Infiltrative HCC

Infiltrative HCC represents about 10%–13% of all pa-
tients with HCC. Imaging findings appear as permea-
tive, diffuse pattern with ill-defined borders and no evi-
dence of convex margination.

Infiltrative HCCs have a variable appearance on arte-
rial-phase CT or MR images: patchy enhancement, mil-
iary enhancement or even minimal enhancement. Most
lesions show heterogeneous washout on portal-phase or
delayed phase imaging [13]. Portal venous tumor
thrombosis is a common finding.

Infiltrative HCC are mainly hypointense on T1-
weighted MR images and heterogeneous and hyperin-
tense on T2-weighted MR images [13].

Early HCC

HCC may develop independently of regenerative or dys-
plastic nodules or may develop within these nodules.
Areas of regenerative or dysplastic nodules with malig-
nant foci have been called early HCC. The cancerous ar-
eas can be seen or not at macroscopy. A characteristic
feature is a nodule of HCC within a benign or dysplastic
nodule at gross examination. Early HCCs have an iso- or
hyperintense pattern on T1-weighted images and a iso-
intense pattern with or without partial hyperintensity
on T2-weighted images. A nodule in nodule appearance
at gross examination is usually responsible of mixed
signal intensity on T2-weighted images [14].

Fig. 6A, B. HCC with hemorrhagic foci. A Microscopic view of a resected specimen showing hemorrhage within the lesion. B On T1-
weighted SE MR image, the lesion is heterogeneous and hyperintense areas correspond to hemorrhagic foci at pathology
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Rupture HCC

About 10% of patients with HCC have spontaneous rup-
ture of the tumor resulting hemoperitoneum in most
cases. Different characteristics of the rupture and non-
rupture groups were observed [15, 16]: increased tumor
size, extent of extrahepatic protrusion and decreased
thickness of peritumoral liver parenchyma are associat-
ed with an increased risk for rupture of HCC. Emergen-
cy embolization is an effective treatment in ruptured
cases.

Hepatocellular Cholangiocarcinoma

This tumor as been classified into three types: two sep-
arate masses of HCC and cholangiocarcinoma in the
same liver (double tumor), continuous but independent
masses of HCC and cholangiocarcinoma (collision tu-
mor), and a mass of intermingling HCC and cholangio-
carcinoma components (mixed tumor). The collision
tumor type should not be included into the group at he-
patocellular-cholangiocarcinoma.

Hepatocellular-cholangiocarcinoma constitutes
about 3% to 5% of all primary hepatic malignant tu-
mors. This tumor may be observed in patients with cir-
rhosis. Serum alpha-fetoprotein is elevated in most of
cases whereas serum carcinoembryonic antigen is ele-
vated in one half of patients [17]. The tumor followed an
aggressive clinical course with actuarial five year survi-
val of 24% [18].

At pathology, both tumor components are seen
(Fig. 7A, B): HCC component with a green-yellow ap-
pearance and cholangiocarcinoma component includ-
ing a white infiltrative mass with irregular margins. The
diagnosis of combined hepatocellular-cholangiocarcin-
oma is based on histologic evidence of both tumor
types: one of hepatocellular differentiation and one of
cholangiocellular differentiation. Either cell type may
predominate although cholangiocarcinoma is the most
predominant in the largest series [17, 18].

Microscopically, special stainings (mucus staining)
and immunohistochemistry may help to demonstrate
the presence of both components [19].

Imaging shows various findings corresponding to
the predominant component. Some areas demonstrate
tumor enhancement on arterial-phase CT or MR imag-
ing suggestive of HCC whereas other show delayed en-
hancement and capsular retraction similar to that ob-
served in cholangiocarcinoma (Fig. 7) [17].

Fibrolamellar Carcinoma

Fibrolamellar carcinoma accounts for 1%–9% of cases
of HCC overall [20]. Fibrolamellar hepatocellular carci-

noma is a slowly growing tumor with septate fibrosis
arising in normal liver and is characterized by eosino-
philic neoplastic hepatocytes separated into cords by la-
mellar fibrous strands. Fibrolamellar hepatocellular
carcinoma is generally a malignancy of young adults
and the mean age of diagnosis is 22 years [21]. There is
no gender predominance. The most common complaint
is abdominal pain and the physical findings are non
specific. Conversely to most HCCs, fibrolamellar carci-
noma does not occur in the setting of chronic liver dis-
ease. Tumor markers are usually absent however mild
elevation of alpha-fetoprotein (less than 200 ng/µl) may
occur in up to 10% of patients. Elevated neurotensin
and vitamin B 12 binding capacity have been described
in patients with fibrolamellar carcinoma. Patients with
fibrolamellar carcinoma have a better survival rate than
those with HCC. Overall median survival of patients
with fibrolamellar carcinoma is between 28 and 32
months [21]. With surgical resection, the five-year sur-
vival is between 56 and 65% [21]. The better survival
rate for fibrolamellar carcinoma than that of non fibro-
lamellar carcinoma is attributed to a more favorable
prognosis or to an increased resection rate in the for-
mer [22]. This is why aggressive surgical treatment such
as subtotal hepatectomy or transplantation is proposed.
In a series of 41 patients who had aggressive treatment
the cumulative survival at 5 and 10 years was 66% and
47%, respectively [23].

Fibrolamellar carcinoma usually appears as a large
focal tumor and measures a mean of 12 cm in diameter
[21].At gross examination, the tumor is bulging, brown,
well demarcated from the adjacent liver and often lobu-
lated. Necrosis and hemorrhage are seen in large speci-
mens. The tumors are mostly solitary (80%–90% of cas-
es). Multicentric tumors are composed of a dominant
mass with smaller lesions in adjacent parenchyma.
Some tumors have typical “focal nodular hyperplasia-
type” lesions with a central fibrous scar (Fig. 8A) [1].
The microscopic pattern is composed of two distinctive
components (Fig. 8B, C). The epithelial component con-
sists of large, polygonal and deeply eosinophilic cells
“oncocytic cells” with coarsely granular cytoplasm and
distinct nuclei. Pale bodies and eosinophilic globules
are frequently present in the cytoplasm of tumoral cells.
The fibrous component is made of hyalinized collagen
bundles with a characteristic lamellar pattern. In large
tumors, these fibrous areas may design large central
scars containing only a few residual tumoral epithelial
cells.

In some cases the diagnosis is more difficult because
tumors may be composed of separate fibrolamellar and
non fibrolamellar components [24] or because the dis-
tinction between fibrolamellar carcinoma and scleros-
ing hepatocellular carcinoma is not evident. Fibrolamel-
lar carcinoma may be heterogeneous in primary cell
type and degree of differentiation. Vascular invasion by
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the tumor is uncommon [20]. Regional adenopathy oc-
curs in 50%–70% of patients. Also, in some cases, fibro-
lamellar carcinoma may resemble focal nodular hyper-
plasia. Some authors have called this tumor “the malig-
nant counterpart of focal nodular hyperplasia with on-
cocytic change” [25]. Moreover fibrolamellar carcinoma

has been described in association with focal nodular
hyperplasia. In all the reported cases, the lesions were
composed of a central area of fibrolamellar carcinoma
and a peripheral zone consisted of nodular hyperplastic
parenchyma resembling the changes seen in focal nod-
ular hyperplasia [26, 27]. Hepatocellular hyperplasia as-

Fig. 7A–F. Hepatocholangiocarcinoma. A Macroscopic view of a
large and heterogeneous tumor. Contours are ill-defined. B Micro-
scopic view clearly shows two distinct components, one displaying
a glandular differentiation with carcinomatous glands lined by cu-
boidal cells (top), and one displaying a trabecular pattern of hepat-
ocellular carcinoma composed of large polygonal eosinophilic

cells (bottom). C Unenhanced CT scan demonstrating a large tu-
mor of the right liver. D, E Arterial and portal venous-phase helical
CT images show a large, ill-defined lesion which enhances moder-
ately. F More caudally, the right branch of the portal vein is invad-
ed by the tumor
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Fig. 8A–H.
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sociated with fibrolamellar carcinoma is probably a re-
sponse to locally increased blood flow.

At sonography, fibrolamellar hepatocellular carcino-
ma may be either isoechoic, hyperechoic or hypoechoic
[28–30]. Surface lobulations are frequently observed.
Central scars are seen in about half of the cases as hy-
perechoic linear bands. Calcifications are seen in some
cases and are located in the center.

On unenhanced CT scans, the tumor appears as a hy-
poattenuating and solitary mass [31]. Central calcifica-
tions are seen in 40% to 68% of the cases (Fig. 8D) 
[29, 32]. The lesions are hypervascular at the arterial
phase and are heterogeneous in 90% of the cases [31]
(Fig. 8E, F). Hypoattenuating areas correspond mostly
to necrosis. On delayed-CT scans after contrast medium
injection, central scars demonstrate delayed enhance-
ment in 25% of the cases [20]. Lymphadenopathy is seen
in 50%–70% of cases.

At MR imaging, fibrolamellar carcinoma is heteroge-
neous and is predominantly hypointense on T1-weight-
ed images and hyperintense on T2-weighted images.
The central scar is characteristically of low signal on
both T1- and T2-weighted images (Fig. 8G, H) [28]. On
dynamic-enhanced images, the tumor demonstrates
immediate diffuse heterogeneous enhancement (Fig. 8I)
[33]. The central scar may or not enhance on delayed
images (Fig. 8J). MR imaging demonstrates the central
scar and fibrous septa more reliably than does CT,
whereas CT is better to demonstrate calcifications [31].
These findings are distinct from those of focal nodular
hyperplasia, however a case of fibrolamellar hepatocel-
lular carcinoma that fulfills MR criteria proposed as di-
agnostic of focal nodular hyperplasia has been reported
[34].

Scirrhous HCC

This uncommon type observed in small tumor, is char-
acterized by marked fibrosis along the sinusoid-like
blood spaces with varying degrees of atrophy of tumor
trabeculae.

Sclerosing HCC

Sclerosing hepatocellular carcinoma is a rare but dis-
tinctive variant of hepatocellular carcinoma character-
ized by abundant, diffusely distributed fibrous stroma
and acinar transformation of the tumor cells. Such tu-
mor tends to occur in an older age group, affecting men
and women equally, and be associated with hypercalce-
mia. Macroscopically, they appear as large, firm, gray-
white masses, usually occurring in a noncirrhotic back-
ground. Histologically, trabecular cords and nests of tu-
mor cells are segregated by dense paucicellular connec-
tive tissue. Individual tumor cells, especially at the pe-
riphery of the mass, correspond to those of the usual
hepatocellular carcinoma. At the center of the mass, the
sclerosis is especially pronounced, frequently obliterat-
ing the cellular component.

HCC in Noncirrhotic Liver

HCC usually occurs in the setting of cirrhosis with a
known cause such as chronic viral hepatitis or alcohol-
ism. More rarely HCC may develop in a noncirrhotic liv-
er, but some degree of fibrosis may be observed. Associ-
ation between HCC and cirrhosis is considered less fre-

Fig. 8A–J. Fibrolamellar hepatocellular carcinoma. A Macroscopic
view of the lesion with a “focal nodular-like” appearance; a central
scar is evident. Some necrotic foci are seen within the tumor. B At
low magnification, histologic analysis shows the fibrous hyalinized
stroma surrounding sheaths of tumoral cells. C At higher magnifi-
cation, pale bodies are seen in the cytoplasm of tumoral cells. D
Unenhanced CT shows a large tumor containing a central calcifi-

cation. E, F Lesion enhancement is heterogeneous in the portal-ve-
nous (E) and delayed phase (F) imaging. G, H On MRI the lesion is
heterogeneous and contains an hypointense scar on both T2 (G)
and T1 (H) images. I, J Lesion enhancement mimics that of focal
nodular hyperplasia on arterial (I) and portal-venous (J) phase
images
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quent in the USA than that in Japan [35]. Studies have
shown that HCC occurring in the noncirrhotic liver has
several distinguishing features. Patients are younger,
have a single or dominant mass (72%–82%) [35, 36].
Furthermore, tumors are large (mean diameter, 12 cm)
and commonly have a scar [35].

It has been suggested that some of these characteris-
tics were also observed in fibrolamellar HCC. However,
most patients with conventional HCC are male, and
have positive serum tumor markers. Conversely to fi-
brolamellar HCC, calcifications and lymphadenopathy
are rarely observed.

Cholangiocarcinoma

Cholangiocarcinoma is a malignant tumor arising from
bile duct epithelium, that can develop in a small intrahe-
patic bile duct branch (intrahepatic cholangiocarcino-
ma), at the level of the hilum (hilar cholangiocarcino-
ma) or within extrahepatic bile ducts (extrahepatic cho-
langiocarcinoma). All of these tumors are adenocarcin-
omas. We will only discuss in this chapter the intrahe-
patic cholangiocarcinoma which accounts for 10% of all
cholangiocarcinomas. Intrahepatic cholangiocarcino-
ma is mainly observed in elderly women. Several pre-
disposing factors are known and the most frequent are
primary sclerosing cholangitis, cholangitis secondary
to intrahepatic calculi and Clonorchis sinensis and Opis-
thorchis viverrini infections. The other factors are con-
genital hepatic fibrosis, Caroli disease, von Meyenburg
complexes, choledochal cysts, and Thorotrast exposure.
The incidence of cholangiocarcinoma in association
with hepatolithiasis ranges from 2.4 to 10% [37]. The re-
lationship between hepatolithiasis and cholangiocar-
cinoma is not well explained. Common factors could be
bile stasis and repeated cholangitis leading to develop-

ment of periductal inflammation, mucosal hyperplasia,
adenomatous hyperplasia and bile duct carcinoma.

Patients may have abdominal pain, mass, anorexia,
weight loss or even be asymptomatic. The serum alka-
line phosphatase level is usually elevated but patients
are seldom jaundiced. The clinical features also vary ac-
cording to the mucin production and in some cases mu-
cobilia is observed. In a series of 170 cases of peripheral
cholangiocarcinoma, 22 cases (12.9%) were found to
have mucin-producing cholangiocarcinoma [37]. These
authors have reported that presence of fever and weak-
ness are more frequently encountered in patients with
mucin-producing cholangiocarcinoma [37]. Serum al-
pha-fetoprotein is increased in a few patients with
cholangiocarcinoma and serum carcinoembryonic
antigen is elevated in 75% of the cases [1]. Usually intra-
hepatic cholangiocarcinoma presents as a large mass
because the tumor causes no or few symptoms in its ear-
ly stages.

According to the Liver Cancer Study Group of Japan,
cholangiocarcinoma is classified in three types: mass-
forming, periductal-infiltrating, and intraductal-grow-
ing. The prognosis of intraductal-growing cholangio-
carcinoma is much better after surgical resection than
the two others.

Pathology

At macroscopy, the appearance of intrahepatic cholan-
giocarcinoma has three patterns: a single large mass,
multiple confluent mass, and a diffuse form. The two
first appearances are more frequent that the latter. At
cut section, the tumor is well limited and non-encapsu-
lated. In about half of the cases, lobulated contours are
seen (Fig. 9A). The tumor is firm, white-colored due to
dense fibrosis and may have a scar-like at the center.

Fig. 9A, B. Peripheral cholangiocarcinoma. A macroscopic view of a
lobulated non-encapsulated lesion. Note the encasement of a por-
tal branch. B T1-weighted SE MR image shows a homogeneously

hypodense lesion. Portal branch encasement is seen at the posteri-
or part
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At microscopy, intrahepatic cholangiocarcinoma is a
glandular adenocarcinoma with abundant sclerosis
(Fig. 10A). Secretion of mucin from the glands and pres-
ence of necrosis vary from one lesion to the other
(Fig. 11A). The glandular epithelium is composed of
small cuboidal cells with round nuclei. In rare cases,
papillary growth in bile duct is observed. Different mor-
phological variants can be observed, at least focally in-

side the tumor: papillary pattern, mucoid change, squa-
mous differentiation. Histologically, differential diagno-
sis may be difficult with a metastatic adenocarcinoma.
As the carcinoma grows and obstructs bile ducts or in-
volves portal branches, the ipsilateral hepatic lobe
undergoes atrophy and the contralateral hepatic lobe
becomes hypertrophied.

Fig. 10A, B. Peripheral cholangiocarcinoma. A Microscopic view of
the resected specimen showing marked fibrosis and low compo-
nents of necrosis or mucus. B T2-weighted SE MR image demon-

strates isointensity of the lesion which is explained by abundant fi-
brosis seen at pathology

Fig. 11A–D.
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Intrahepatic cholangiocarcinoma often spreads
along the ducts wall and adjacent to nerves. Portal vein
involvement is frequent and has been demonstrated in
52% of the cases of a histopathologic study (Fig. 9A)
[38].

More than one half of the mass-forming intrahepatic
cholangiocarcinomas are poorly differentiated, whereas
most periductal-infiltrating cholangiocarcinomas are
well differentiated. Most intraductal-growing cholan-
giocarcinomas are papillary adenocarcinomas [39].

Imaging Features

Mass-forming Type

The most frequent appearance of mass-forming cholan-
giocarcinoma is a single and usually large mass up
15 cm in diameter. Multicentricity especially around the
main tumor is common. More rarely the lesions are
multiple and disseminated. The tumor echogenicity is
mainly hyperechoic in lesions larger than 3 cm in diam-

Fig. 11A–I. Large intrahepatic cholangiocarcinoma with satellite
nodules. A Macroscopic view shows a well-limited, unencapsulated
mass surrounded by multiple small tumoral nodules. B Micro-
scopic view of the resected specimen showing abundant mucus.
C unenhanced CT shows a hypoattenuating lesion of the left lobe
with capsular retraction. D, E The lesion enhances at the periphery
in the arterial (D) and portal venous phase (E) images. A satellite
nodule is clearly seen. F, G The tumor is strongly hypointense on
T1-weighted (F) and hyperintense on T2-weighted (G) MR images,
as well as the satellite nodule. H, I The contrast medium progresses
slowly between the arterial (H) and portal-venous (I) MR images
due to the fibrous tumoral tissue
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eter [40] and hypo- or isoechoic in lesions of 3 cm or
less in diameter. The tumors are clearly separated from
the normal liver parenchyma and irregular margins are
seen in approximately half of the cases [40]. In most le-
sions of cholangiocarcinoma, there is an absence of sig-
nal at Doppler studies. Other findings may be seen at so-
nography such as intrahepatic bile duct dilatation
(30%) or portal venous encasement.

On unenhanced CT scans, intrahepatic cholangio-
carcinoma is usually a solitary non-encapsulated hypo-
attenuating lesion with irregular margins (Fig. 11C).
Hyperattenuating foci within the lesion may be seen
and correspond to calcifications [41]. On both hepatic
arterial phase and portal-venous phase, the most com-
mon pattern of contrast enhancement is a peripheral
area of thin, mild, incomplete rim-like contrast en-
hancement (Fig. 11D, E) [42]. Absence of change
between the two phases is due to the slow progression of
contrast enhancement within the tumorous tissue. On
delayed CT-images, characteristically there is an incom-
plete or complete fill-in of the contrast medium.

At MR imaging, the pattern of intrahepatic cholan-
giocarcinoma is related to the microscopic changes. Le-
sions are usually hypointense on T1-weighted images,
however the lesions may be predominantly iso-, slightly
hyper-, or strongly hyperintense on T2-weighted imag-
es (Figs. 9, 11). Comparison with pathologic examina-
tion shows that the iso- or slightly hyperintense lesions
contain abundant fibrosis and have a low content of mu-
cous secretion or necrosis, whereas the hyperintense le-
sions contain low or moderate fibrosis and prominent
mucous secretion and/or necrosis (Figs. 10, 11) [43]. Af-
ter gadolinium-enhanced images, there is a initial rim
enhancement with progressive, concentric fill-in in all
cases (Fig. 11H, I). On delayed contrast-enhanced T1-
weighted images, the fill-in is usually incomplete and
heterogeneous, but the entire mass may be enhanced
rarely [39].

Intrahepatic cholangiocarcinomas are hypervascu-
lar in 30% of the cases. Angiography shows neovascu-
larity in these cases and discloses no arteriovenous fis-
tula but may demonstrate stenosis or occlusion of intra-
hepatic portal branch.

Other findings that are not characteristic of mass-
forming cholangiocarcinoma but may suggest the diag-
nosis are observed on different imaging modalities such
as: 1° lobulated contour and absence of capsule, 2° intra-
tumoral septum like linear structures or central scar.
This finding has been reported in both CT and MR
studies and did not correspond to a central scar on
gross pathologic examination but may represent part of
fibrous component [42, 43], 3° capsular retraction seen
in about 20% of the cases on CT or MR examinations.
Capsular retraction is probably due to the fibrotic na-
ture of the tumor as well as the bile duct or portal in-
volvement (Fig. 11), 4° dilatation of the peripheral por-

tion of the intrahepatic bile ducts seen in 20 to 68% of
the cases [42, 43], 5° narrowing or obstruction of the
portal vein due to invasion or extrinsic compression by
the tumor in 47 to 50% of the cases [42, 43], 6° morpho-
logic changes of the liver with or without transient hy-
perattenuated areas. Segmental or lobar atrophy of the
tumorous lobe is seen in 40% of the cases, whereas tran-
sient hyperattenuation peripheral to the tumor is seen
in 7 to 21% on CT or MR images [42, 43], 7° extrahepat-
ic spread: lymph node involvement, invasion of adjacent
organs.

In summary, mass-forming cholangiocarcinoma
usually appears as a solitary non-encapsulated intrahe-
patic lesion. Associated findings may strengthen the di-
agnosis at imaging.

Periductal-infiltrating Type

Periductal-infiltrating type grows along the bile ducts.
This intrahepatic tumor is radiologically similar to hilar
cholangiocarcinoma but is located between the small
intrahepatic ducts and the secondary confluence. On
imaging, the bile ducts proximal to the cholangiocarcin-
oma are dilated and the involved bile ducts are narrow
or not seen [39]. In the early stage, it is difficult to depict
the tumor. In the later stage, the tumor invades the he-
patic parenchyma and hepatic hilum [44].

Intraductal-growing Type

Intraductal intrahepatic cholangiocarcinoma consti-
tutes 8%–18% of all resected intrahepatic cholangiocar-
cinoma. The tumors are usually small, sessile or poly-
poid, often spreading along the mucosa, and resulting in
multiple tumors (papillomatosis) [39]. Bile ducts are di-
lated because of obstruction by a tumor, by debris or by
profuse amount of mucus. Imaging shows dilated bile
ducts of the involved segment or lobe. At sonography,
the mass appears as echogenic.At CT, characteristic fea-
tures of the tumor include a focal dilatation of intrahe-
patic bile duct with higher attenuation than that of bile
which enhances on portal-venous phase and delayed
phase imaging. The tumor may not be depicted when it
is small and isoattenuating to the liver [39].

Unusual Manifestations

Mucin-hypersecreting Cholangiocarcinoma

Cholangiocarcinoma produces variable amounts of mu-
cin which is retained in the tumor in most cases. Some
papillary tumors produce so much mucin that it enters
the bile duct resulting in bile stasis, and obstructive
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jaundice. Imaging shows marked dilatation of the intra
and extrahepatic ducts both proximal to and distal from
the tumor. The tumor usually is small and may not be
seen. Endoscopic retrograde cholangiopancreaticogra-
phy can demonstrate large, amorphous filling defects
caused by mucin [39].

Cholangiocarcinoma Arising 
from Preexisting Bile Duct Diseases

Cholangiocarcinoma is associated with preexisting bile
duct disease. Due to associated imaging findings, the di-
agnosis of cholangiocarcinoma may be more difficult or
done at a later stage. For instance, the diagnosis of a
cholangiocarcinoma complicating primary sclerosis
cholangitis remains a challenge at imaging.

Cholangiocarcinoma Developing 
from Benign Biliary Tumors

Rarely cholangiocarcinoma can develop from papillo-
ma and adenoma which are now known as premalig-
nant lesions [45].

Cystic Degeneration of Peripheral Cholangiocarcinoma
is Very Rare

All imaging modalities demonstrate a large intrahepat-
ic cystic neoplasm often containing enhancing portion.

Angiosarcoma

Angiosarcoma is a rare hepatic tumor, although it is one
of the most frequent mesenchymal malignancy in the
liver. This tumor is originating from the endothelial
cells. In 40% of the cases, angiosarcomas are related to
one of several environmental carcinogens including:
Thorotrast, vinyl chloride, arsenic ingestion [1]. More
rarely, angiosarcomas have been associated with radi-
um implant and hemochromatosis. This tumor occurs
predominantly in men between the sixth and the sev-
enth decade.

Patients usually present with non specific symptoms,
including abdominal pain, weakness, weight loss and
anorexia. Hematologic abnormalities such as anemia,
thrombocytopenia, and microangiopathic hemolytic
anemia are seen in most cases.

At the time of the diagnosis, most patients have dis-
tant metastases, most often to the lung or the spleen.
Angiosarcoma may be revealed by a spontaneous intra-
peritoneal hemorrhage (15% of the cases) [46], or by
acute or subacute hepatic failure. Tumor markers (alfa-

fetoprotein and carcinoembryonic antigen) are not ele-
vated. The prognosis of angiosarcoma is very poor with
a mean life duration of six months. The course of the
disease may be altered by percutaneous liver biopsy
which may increase the risk of massive hemorrhage,
however, in a recent series percutaneous biopsies yielded
diagnostic specimens without substantial bleeding
[47].

Treatment of hepatic angiosarcoma is based on sur-
gical resection in patients with limited intra- or extra-
hepatic extent, and on chemotherapeutic drugs in non-
surgical patients.

Pathology

At macroscopy, a variety of patterns has been described
and may be classified in four types: diffuse micronodu-
lar, diffuse multinodular, massive, and mixed. The two
first types are the most frequent. The tumors are pre-
dominantly located at the surface of the liver. They are
nodular, ill-defined, and may contain thrombosis, ne-
crosis, and hemorrhage. Cirrhosis may be observed in
patients exposed to Thorotrast.

At microscopy, different serial aspects may be ob-
served: first the endothelial lining cells increase in num-
ber, become enlarged and have large hyperchromatic
nuclei. Then, an increase in endothelial tumoral cells is
observed inside the sinusoids leading to the formation
of tumoral nodules (Fig. 12A). Multiple mitoses are
seen. Immunohistochemical studies show a positive
staining of vascular markers such as factor VIII
(Fig. 12B). Adjacent liver tissue may display significant
fibrosis, especially in the context of Thorotrast, vinyl
chloride exposure.

Imaging Studies

All presentations are observed between a solitary liver
mass to multiple disseminated intrahepatic lesions as-
sociated with splenic tumors.

At ultrasonography the tumors may be either hyper-
echoic or mixed hypo-hyperechoic due to hemorrhagic
or necrotic changes. In Thorotrast-related cases, some
hyperechoic foci represent Thorotrast accumulation.

On unenhanced CT scans, angiosarcoma appears
mainly as a hypoattenuating lesion, however, hyperat-
tenuating areas are sometimes observed within the le-
sions (due to hemorrhage) or in the non-tumorous liver
(due to Thorotrast deposit). Thorotrast accumulation
may be observed as well in lymph nodes and spleen. In
case of rupture of hepatic angiosarcoma, the diagnosis
is ascertained by demonstrating free intraperitoneal
fluid and focal high-density area adjacent to the tumor
consistent with acute clot (Fig. 12C) [46]. After contrast
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medium injection, angiosarcoma may mimic hepatic
angioma with progressive spreading enhancement
(Fig. 12D, E) [48]. But in most cases angiosarcomas do
not resemble benign cavernous hemangiomas because
most lesions are hypoattenuating compared with nor-
mal liver tissue or because enhancing lesions have focal
areas of enhancement that show less attenuation than

the aorta or demonstrate peripheral ring-shaped en-
hancement [47].

At MR imaging, the tumor is strongly hyperintense
and heterogeneous on T2-weighted images and has a
more variable appearance on T1-weighted images. Are-
as of hyperintensity on T1-weighted images are related
to hemorrhage. Other features have been described on

Fig. 12A–E. Angiosarcoma. A Microscopic analysis shows a prolife-
ration of malignant endothelial cells with pale ill-defined cyto-
plasm and enlarged, pleomorphic, and hyperchromatic nuclei
(cells are arranged in a papillary pattern). B Immunohistochemis-
try with anti-factor VIII antibody demonstrates the vascular phe-
notype of the proliferation. C Unenhanced CT showing a large tu-
mor of the right liver with high attenuation intraperitoneal fluid
adjacent to the tumor consistent with a rupture of the tumor. D, E
Portal-venous phase CT images obtained several weeks after. The
lesion enhancement mimics that of a hemangioma. Note that
intraperitoneal fluid is still observed
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T2-weighted images: fluid-fluid levels that reflect the
hemorrhagic nature and marked heterogeneity with fo-
cal areas of high intensity along with septum like or
rounded areas of low intensity [47]. On dynamic con-
trast-enhanced MR images, lesions show heterogeneous
enhancement with progressive enhancement at delayed
imaging due to abundant vascular channels and dilated
vascular spaces [47].

Angiographic findings have been rarely reported
and are consistent with intense peripheral tumor stain
appearing late in the arterial phase and persisting for
30–40 s.

Angiosarcoma has various appearance at imaging
that reflect the different histologic compositions. A spe-
cific diagnosis of this entity is difficult. Acute onset of
the disease, exposure to chemical carcinogens, charac-
teristic hematologic abnormalities and a hypervascular
and hemorrhagic dominant mass or multiple liver le-
sions with splenic metastases are highly suggestive of
hepatic angiosarcoma [49].

Epithelioid Hemangioendothelioma

Hepatic epithelioid hemangioendothelioma (EHE) is a
rare, slowly growing tumor of vascular origin. It arises
also in soft tissue, lung and there is still a controversy
whether multiple localizations are metastases or multi-
centric tumors. In most cases, no causative factor is
found, however oral contraceptive use and a possible
linkage to vinyl chloride exposure have been suggested
[1, 50]. EHE is mainly observed in women at a mean age
of 50 years. Most patients have no specific symptoms,
but in rare cases Budd-Chiari syndrome or liver failure
can reveal the tumor in a late stage [51]. Other patients
may be asymptomatic [52]. Tumor markers are negative.

The prognosis of patients with EHE is considerably
better than that of angiosarcoma, but survival may vary
from several months to two or three decades. Treatment
depends on the intrahepatic extent and involvement of
other organs. When possible, liver transplantation is the
treatment of choice.

Pathology

EHE is composed of epithelioid and dendritic cells orig-
inating from endothelial cells, abundant sclerosis, and
myxoid stroma [1]. This tumor differs histopathologi-
cally from infantile hemangioendothelioma which is
most often present before six months of age and later
regresses spontaneously.

Macroscopically, EHE is characterized by the pres-
ence of multiple, solid, firm nodules, with a predomi-
nantly peripheral location [53, 54]. The external surface
of the liver may appear irregular. The diameter of the

nodules varies from 1 to more than 10 cm. With pro-
gression of the disease, the nodules often coalescence in
the periphery of the liver and cause capsular retraction
that is due to the tumor fibrous reaction (Fig. 13A) [53].
On the other hand, EHE enlarges slowly over years and
compensatory hypertrophy of uninvolved portions of
the liver are often seen. At cut section, typically the le-

Fig. 13A–C. Epithelioid hemangioendothelioma. A Macroscopic
view of a large tumor of the left lobe with capsular retraction.
B Portal-venous phase of a CT demonstrating a hypodense lesion
with capsular retraction. C On T2-weighted FSE MR image, the le-
sion is heterogeneous
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sion contains a central dense fibrous scar tissue sur-
rounded by a hyperemic periphery.

At microscopy, the pattern of the tumor varies. The
center of the nodules are densely fibrotic with remnants
of portal areas. Occasionally, dendritic cells and dys-
trophic calcifications are observed. At the periphery of
the mass, there is an increased cellularity mainly com-
posed of epithelioid cells that contain eosinophilic cyto-
plasm. At the margin of the nodules, tumor cells invade
the hepatic sinusoids and small portal branches and ad-
jacent hepatocytes become atrophic. The vascular ori-
gin of EHE is demonstrated by positive staining for fac-
tor VIII-related antigen, CD 34 or CD 31, or both. At
electron microscopy, tubular structures called Weibel-
Palade bodies are seen within tumorous cells.

EHE frequently is confused with other lesions. In a
series of 137 patients with EHE, a diagnosis was made
correctly by the pathologist in 25% [52]. The most com-
mon misdiagnoses were cholangiocarcinoma and an-
giosarcoma. Features of EHE that are helpful in diffe-
rential diagnosis are the infiltrative pattern, the vascular
invasion of portal branches and hepatic venules, and the
positive endothelial marker.

Imaging Studies

In nodular lesions, sonography shows multiple periph-
eral tumor nodules with a variable appearance. The le-
sions may be homogeneously hypoechoic, hyperechoic,
or mixed: hypo- and isoechoic. Some lesions appear as
“bull’s-eye” nodules [55]: hyperechoic or isoechoic
masses with a peripheral hypoechoic rim [53]. There is
no correlation between sonographic pattern and the
size of the lesions. In diffuse lesions, US studies show
the lesions to be areas of overall decreased echogenicity
[53] that contain in some cases hyperechoic foci corre-
sponding to calcifications.

In nodular lesions, unenhanced CT demonstrates
multiple, round or oval areas of low attenuation. Calcifi-
cations within tumors may be observed. It is generally
considered that lesion conspicuity is better on unen-
hanced scans than that on enhanced scans [53]. On
postcontrast CT images, there is a moderate contrast
enhancement and incomplete filling of the lesions may
be seen on delayed images in tumors with a high con-
tent of fibrosis. In some cases, lesions have a second
more peripheral hypoattenuating rim that correlate
with a avascular rim seen at pathology [53]. In diffuse
lesions, precontrast CT scans show large and diffuse ar-
eas of overall low attenuation. The vascularity of diffuse
lesions is moderate but delayed fill-in of contrast medi-
um is consistent with fibrosis (Fig. 13B).

Changes in hepatic contours are more often ob-
served in diffuse lesions than in nodular lesions. These
changes include: 1° capsular retraction which may be

seen in more than one half of the cases [53]. Capsular
retraction is always centered over a peripheral mass and
is suggestive of EHE but is not a specific finding and
could be encountered in other malignant tumors such
as peripheral cholangiocarcinoma, hepatocellular carci-
noma, or metastases (Fig. 13B), 2° compensatory hyper-
trophy of the unaffected segments mainly observed in
the left lobe or the caudate lobe in patients with pre-
dominant lesions located in the right lobe.

The lesions have various signal characteristics at MR
imaging. On T1-weighted images, the lesions may be ei-
ther homogeneously hypointense, either may contain
central areas of lower signal intensity than the remain-
der of the lesion or are surrounded by a thin dark rim
[53, 54]. On T2-weighted images, the lesions are moder-
ately hyperintense. Some lesions may have a target ap-
pearance [51]. The center of the lesion itself may con-
tain one or several concentric zones of various intensity.
The hyperintense periphery correspond at pathology to
viable tumor, the hypointense rim correspond with the
peripheral avascular zone and the central areas are re-
lated to connective tissue admixed with calcifications or
coagulation necrosis. After intravenous administration
of gadolinium, the tumor demonstrates a moderate pe-
ripheral enhancement and delayed central enhance-
ment [54]. MR imaging as well as CT is able to detect
capsular retraction and compensatory hypertrophy of
the normal liver (Fig. 13C). Furthermore, additional
signs may be detected at MR imaging such as tumor in-
vasion in portal branches, obliteration of hepatic veins
and signs of portal hypertension.

Hepatic arteriography shows hypovascular lesions
with a moderate, predominantly peripheral staining on
the hepatogram phase [54]. The portal phase of superi-
or mesenteric angiography may detect portal obstruc-
tion.

Extrahepatic involvement includes the peritoneal
lymph nodes, omentum and mesentery and may be as-
sociated with calcification. Thoracic disease (intrapul-
monary or pleural) and cutaneous or intramuscular
metastases may be observed as well.

Although the diagnosis cannot be established firmly
at imaging, some imaging findings are highly character-
istic: (1) predominant distribution at the periphery of
the liver, (2) intratumorous calcifications, (3) changes of
the liver contour (capsular retraction and compensato-
ry hypertrophy of the normal liver), (4) invasion of por-
tal and hepatic veins, (5) tumors composed of concen-
tric zones, (6) changes of nodular lesions to large co-
alescent masses.

Biliary Cystadenocarcinoma

Biliary cystadenocarcinoma is a malignant tumor and is
usually a papillary adenocarcinoma. It is a rare neo-



386 Valérie Vilgrain, Valérie Paradis, Yves Menu, Koenraad J. Mortele, Benoît Terris, Pable R. Ros

plasm that develops mostly in biliary cystadenoma.
Most of the reported cases (83%) have been in middle-
aged women (mean age, 59 years) [56]. Clinical symp-
toms are abdominal pain, mass and intermittent jaun-
dice. Biliary cystadenocarcinomas arise mostly from
intrahepatic bile ducts (85%). Among intrahepatic cys-
tadenomas, 55% occur in the right lobe, 29% occur in
the left lobe, and 16% occur in both lobes [57].

Very rarely, biliary cystadenocarcinoma may arise in
a congenital cyst [58]. The prognosis of the patients
with cystadenocarcinoma depends on the possibility of
surgical resection. In patients who had complete surgi-
cal resection, most of them are free of disease.

Pathology

The lesions are usually multilocular and large with a
range of 5 to 14 cm [1]. They frequently contain mucoid
fluid. Large papillary masses as well as solid areas of
gray-white tumor may occur in a thickened wall
(Fig. 14A, E). The cyst is bloody in one-third of the cas-
es.At microscopy, we may see a variety of epithelium in-
cluding columnar, stratified cuboid and purely squa-
mous epithelium. Most cases have invasive tubulopapil-
lary epithelial components [56].Areas of preexisting be-
nign cystadenoma are found in about one third of the
cases suggesting that benign lesions may evolve into
malignant ones [56]. The levels of CA 19–9 and carcino-
embryonic antigen in the cystic fluid are high.

Most tumor cells are positive on immuno-histo-
chemical staining with antibodies to cytokeratin, epi-
thelial membrane antigen and carcinoembryonic anti-
gen. It seems that two types of cystadenocarcinomas ex-
ist, one developing in female patients with an “ovarian-
like”stroma and the other seen in males, lacking the dis-
tinctive cellular stroma with a more aggressive course
[56].

Imaging Features

At sonography, cystadenocarcinoma appears mostly as
a multilocular cystic mass. Associated nodularity is ob-
served in half of the patients [59]. The fluid-filled spac-
es may be either anechoic or hypoechoic.

CT usually shows a multilocular lesion with water-at-
tenuation or both water and soft tissue attenuation lo-
cules surrounded by a well-defined thick fibrous cap-
sule (Fig. 14B, F) [57]. Calcifications may be observed
and are typically thick [60]. At MR imaging, the lesions
are multiseptate with predominantly high signal inten-
sity on T2-weighted imaging and mixed high or low sig-
nal intensity on T1-weighted images (Fig. 14C, D) [59].
Lesions with hemorrhagic components or protein con-

tent demonstrate areas of increased signal intensity on
T1-weighted images.

Although the distinction between cystadenoma and
cystadenoma is difficult, the presence of septation and
nodularity is suggestive of biliary cystadenocarcinoma.
The two types of cystadenocarcinomas cannot also be
distinguished with imaging studies.

Primary Lymphoma of the Liver

Although the liver is often secondarily involved in the
late stages of lymphoma, primary lymphoma of the liv-
er is extremely rare, representing 0.4% of extranodal
non-Hodgkin’s lymphoma and 0.016% of all non-
Hodgkin’s lymphomas. Primary lymphoma of the liver
is defined as a liver involvement with no lymphadenop-
athy or splenomegaly, normal abdominal and thoracic
CT scans, normal bone marrow and blood count for at
least six months after the biopsy.

Most cases are non-Hodgkin’s lymphoma of “large-
cell” subtype, B cell-phenotype [61]. Hepatitis C virus
prevalence is found between 9% to 42% which suggests
a potential pathogenic role of HCV in primary lympho-
ma of the liver.

This tumor predominantly occurs in men during the
fifth decade [62]. The circumstances of diagnosis are
various: abdominal pain, poor general condition, fever
and inflammatory syndrome. The clinical examination
shows a hepatomegaly in half of the cases [61]. The pri-
mary lymphoma of the liver is multinodular in half of
the patients, uninodular in one third of the patients and
diffuse in the other patients [61].

Abnormal blood liver tests are seen in most patients,
whereas an inflammatory syndrome and elevation of
lactate dehydrogenase are observed in one third of pa-
tients [61]. Tumor markers are not elevated. Most pa-
tients have complete response after chemotherapy.

Pathology

The gross appearance of primary lymphoma of the liver
varies from a large solitary mass with necrosis to multi-
ple white nodules and to diffuse hepatomegaly without
distinct mass lesions.

At microscopy, large cells with large nuclei and large
nucleoli are mixed with small lymphocytes and prolife-
rate around bile ducts and portal structures. Immuno-
chemical studies to demonstrate lymphoid markers are
required to prove the lymphoid origin. Most of them
display CD 20 marker consistent with B-phenotype. Re-
lation with EBV infection should be checked in these
cases.
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Fig. 14A–F. Cystadenocarcinoma. A Macroscopic view shows a liver
mass displaying both cystic and massive infiltrative patterns.
B Portal-venous phase of helical CT scan demonstrates a cystic
and solid mass. Calcifications are seen within the solid portion.
C The tumor is strongly hyperintense on T2-weighted MR image.
D Dynamic MR image shows mild lesion enhancement of the solid

portion in the arterial phase. E Macroscopic view (more caudally)
exhibits only the cystic pattern. F Portal-venous phase of helical
CT scan at the same level demonstrates the cystic component sur-
rounded by a thick capsule. Note diffuse dilatation of intrahepatic
bile ducts
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Imaging

Primary lymphoma of the liver mostly appears as mul-
tiple hypoechoic lesions at sonography and hypoattenu-
ating lesions at unenhanced CT. Lesion enhancement af-
ter contrast medium injection is usually minimal [61].
Depiction of tumor infiltration is difficult in diffuse in-
volvement of the liver.

Other Primary Hepatic Malignant Neoplasms

Other primary malignant neoplasms such as other
types of sarcoma, malignant schwannoma, malignant fi-
brous histiocytoma are very rare and will not be em-
phasized in this chapter.
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Introduction

Diffuse liver diseases are very common. Fatty liver and
cirrhosis are routinely seen in every day practice and
will be detailed in this chapter. Progress in imaging has
allowed radiologists to participate not only in the diag-
nosis but also in the staging of chronic liver diseases
such as chronic viral hepatitis. Other diseases are less
common worldwide, but might present with a very high
prevalence in selected populations and areas, as is the
case for hemochromatosis. Other diffuse diseases are
far less common, such as vascular liver diseases, diffuse
cystic diseases or diffuse infiltrating tumors, but never-
theless they are characterized by a number of signifi-
cant imaging features. Diffuse liver diseases with no
characteristic imaging features such as Wilson’s disease
or liver amyloidosis will not be detailed in this chapter.

Fatty Liver Diseases

Alcoholic fatty liver disease is a very common condi-
tion. Almost all patients with alcohol abuse have an in-
creased deposit of fat in the liver. On liver biopsy, it ap-
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4.9Radiologic-Pathologic 
Correlations in Diffuse Liver
Diseases

Yves Menu, Catherine Guettier

Fig. 1. A Macrovesicular steatosis. Large fat droplet displacing the nucleus to the periphery of the cell (HES 400¥). B Microvesicular stea-
tosis. Small fat droplets surrounding the centrally situated nucleus (HES 1,000¥)
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pears as a macrovesicular and/or microvesicular steato-
sis (Fig. 1). The main purpose of imaging is to stage the
disease and to recognize other conditions associated
with alcohol abuse. Great interest has now arisen the
identification of fatty liver not related to alcohol abuse.

NAFLD and NASH – Definition

For years, fat deposition in the liver has been regarded
as an ancillary finding, mostly seen in patients with
heavy alcohol intake, with no significant consequence.
Fatty liver was observed in patients without alcohol
abuse, especially patients with diabetes mellitus and
overweight persons, but this has not produced any spe-
cial interest for a long time.

Recently, renewed interest was brought through the
NAFLD and NASH classification [[1, 2]. It is now consid-
ered as a significant form of chronic liver disease in
adults and children, and should be identified by the cli-
nician as well as the radiologist.

NAFLD (nonalcoholic fatty liver disease) is a generic
term. It can be defined as fatty infiltration of the liver
exceeding 5%–10% by weight. NAFLD represents a
broad spectrum of pathological conditions ranging
from simple steatosis to steatohepatitis (NASH), ad-
vanced fibrosis and cirrhosis with the risk of hepatocel-
lular carcinoma. The clinical importance of this classifi-
cation is obvious. NASH might be also the explanation
of most cases labeled as cryptogenic cirrhosis. In up to
one-third of patients, NASH might lead to cirrhosis. A
special preoccupying population is the obese child, who
is dramatically exposed to NASH. It has been observed
that in patients treated by liver transplantation, NASH
may recur during follow-up.

However, in most cases, simple steatosis, also called
nonprogressive NAFLD, does not appear to be evolutive
and requires no special attention in itself. Nonprogres-
sive NAFLD accounts for the vast majority of cases seen
on imaging modalities.

The prevalence of NAFLD is high, reaching 20% of
the population. Conversely, prevalence of NASH is much
lower but remains at a 2% level in the United States,
which still is very common. Because of associated con-
ditions such as overweight, it may be anticipated that
NASH prevalence is lower in other countries. Neverthe-
less, NAFLD is perhaps the most common liver disease.
The pathogenesis of NAFLD consists of hepatic fat ac-
cumulation that triggers lipid peroxidation by oxidative
stress with formation of free radicals and mitochondri-
al dysfunction. It is part of a metabolic syndrome char-
acterized by obesity, insulin resistance, type II diabetes,
hypertension and hyperlipidemia.

The clinical diagnosis relies on the presence of the
insulin resistance syndrome and mainly aims to exclude

alcohol abuse as well as viral, autoimmune, genetic, and
drug-induced liver diseases.

There is no biological profile that favors the diagno-
sis. Liver enzymes are insensitive and cannot be used re-
liably to confirm the diagnosis or stage the extent of fi-
brosis. The elevation of transaminases and phosphatas-
es is a common and nonspecific finding.

Finally, it should be remembered that the NAFLD en-
compasses two different entities, one a usual and benign
condition, requiring no special treatment, the other a
potentially severe liver disease that should be carefully
staged and treated.

A considerable amount of work in progress is devot-
ed to the identification of histological and/or clinical
markers of progression, allowing the clinician to evalu-
ate the severity of the disease.As this condition has been
recently described, it is not surprising that some topics
dealing with the prognosis of the disease are still con-
troversial and subject to major changes in the coming
years, with increasing experience in a large population
and better follow-up of patient cohorts.

Treatment is aimed at correcting the risk factors for
NAFLD, although it can sometimes be disappointing.
Another treatment process consists in using potentially
hepatoprotective agents that are included in encourag-
ing trials [3].

NAFLD and NASH – Pathology

Liver biopsy is the main tool for diagnosis and is consid-
ered the gold standard for diagnosis [4]. Debate contin-
ues on the accuracy of histological criteria, but overall,
the main features of NASH are steatosis, hepatocyte bal-
looning degeneration, mild inflammatory infiltration
consisting of lymphocytes and neutrophils located
mainly in the lobule and perisinusoidal fibrosis around
terminal hepatic veins (Fig. 2). Hepatocyte ballooning
degeneration, which is a sign of hepatocellular injury, is
mandatory for the diagnosis of NASH. Other findings
are very common but not constantly observed, such as
Mallory bodies, glycogenated nuclei in periportal hepa-
tocytes, lipogranulomas, and abnormal giant mitochon-
dria. The lesions in NASH are close to those of alcoholic
steatohepatitis, but with less inflammatory intensity
and smaller and fewer Mallory bodies. In biopsy speci-
mens from children, portal inflammation may be more
prominent than in adults. Fibrosis may progress with
the appearance of portal and periportal fibrosis and
progressive formation of fibrous bridges leading finally
to constituted cirrhosis. Steatohepatitis may be seen
concurrently with other forms of chronic liver disease.
Standardized reporting of liver biopsy with grading and
staging systems is being developed, in order to provide
a better comparison from patient to patient.
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Focal Fatty Liver – Physiopathology

Fatty infiltration is also highly related to local oxygen
pressure [5]. In case of ischemia or a local low level of
blood oxygen, the glucose metabolism in the liver cell is
reoriented towards fatty acid formation. This is the one
of the explanations for fat accumulation during alcohol
intake, as alcohol in the blood will prevent oxygen from
entering the hepatocyte. When the arterial flow is im-
paired, blood oxygen pressure is lower, and the local liv-
er metabolism is reoriented to fat accumulation. Con-
versely, in case of portal vein local obstruction, arterial
blood flow increases, as a natural balance phenomenon.
The oxygen pressure increases, and this acts as a protec-
tor against fat accumulation. If this patient is exposed to
fatty liver, the arterialized portion of the liver will be
spared.

Another explanation is related to portal venous vari-
ants [6]. Some areas of the liver are naturally irrigated
by accessory portal radices. This is the case of the liver
surrounding the gallbladder bed, the liver hilum and the
transverse ligaments. All these areas do not receive
portal blood coming from the intestine, but from organs
or areas with a low oxygen uptake such as the gallblad-
der and biliary tree. The oxygen level in these portal ra-
dices is significantly higher than in the superior mesen-
teric blood, because of high intestinal oxygen uptake.
These areas are thus protected again fatty deposition.
These findings are extremely common and easy to rec-
ognize.

Fig. 2A–D. Steatofibrosis: CT and biopsy. Plain CT (A) shows heter-
ogeneous liver with relatively hyperdense nonenhanced vessels.
Iodine-enhanced CT at arterial phase (B) and portal phase (C)
shows that there is a parallel enhancement of areas containing a

larger or a smaller amount of fat. Moderate ascites is also seen. On
liver biopsy (D), pericellular fibrosis in the perivenular area and
steatosis (HES 200¥) can be observed
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Fatty Liver – Imaging Features

The mechanisms for hyperechogenicity associated with
fatty infiltration may be explained by histological con-
siderations. Fatty overload of the liver cells is seen as
intracytoplasmic droplets. Each droplet will provide
two echoes, one when the beam enters the droplet, the
other one at the exit. The level of echogenicity is related
to the number of droplets and not to their size. The fat
content of the droplet is echo free, as is liquid fat. One
may imagine that several small droplets will produce
several echoes, thus a high level of ultrasonographic sig-
nal. Conversely, a single large droplet, though contain-
ing more fat than several small ones, will not produce as
many echoes. This may explain in part the observed dis-
crepancy between histological evaluation of fat and
ultrasonographic appearance. This may also explain
that CT and ultrasound do not seem to be correlated in
the evaluation of fat, as CT measures the overall quan-
tity of fat, when ultrasound evaluates the number of tis-
sue interfaces [7]. Another explanation is that liver bi-
opsy is only a small sample of the liver in a selected ar-
ea, which may not represent the whole appearance of
the liver. Whatever the exact mechanism, it appears that
ultrasonography is not a routine tool for the quantita-
tive evaluation of liver fatty infiltration.

Since radiologists have discovered that imaging
methods could detect fatty liver, it has always been re-
ported as a potential source of errors [8, 9]. Today, as fat-
ty liver is better known, and given the impact of MRI,
imaging provides acceptable tools to detect the pres-
ence of fat in the liver. On the other hand, if NASH or al-
cohol intake has lead to cirrhosis, gross morphological
abnormalities are seen. Nevertheless, few authors have
reported on the role of imaging to stage the severity of
the disease. Ultrasound and CT have benefited from a
great deal of work between 1980 and 1990, but since that
time, few reports have been published, meaning that
nothing really new has been found with ultrasonogra-
phy and CT of fatty liver.

Ultrasound

Ultrasound was the first imaging method reported to be
able to detect fatty liver infiltration [10–12]. Hepatic
steatosis produces high amplitude echo patterns on
ultrasound scanning, known as the bright liver. Ultra-
sound carries a high sensitivity to detect fatty liver infil-
tration, as high as 94% [11], and the specificity is high
also (84%) according to the same authors. In normal pa-
tients, the liver and the kidney have a similar level of
signal, but in case of steatosis, the level of liver echoes is
much higher, creating a gradient between the liver and
the kidney.

When focal areas of fat are present in otherwise nor-
mal liver parenchyma, the fatty area may mimic a mass,
leading to further imaging evaluation and sometimes
even biopsy. Some features are highly suggestive of the
fatty nature of the masses. These signs are angulated,
geometric margins between normal and fatty tissue and
interdigitating margins with slender fingers of normal
or fatty tissue. Vessels if any cross the area without any
distortion. Focal areas may be spared spots, appearing
darker than the surrounding liver. In other cases, there
are focal areas of steatosis, appearing as hyperechoic
spots as compared with the normal liver. Attention
should be given to the term „normal“ as in most cases
the whole liver is involved with steatosis. The so-called
spared areas are only parts of the liver with a smaller
amount of fat. Biopsy in these areas would also show
some level of fatty infiltration. Thus, it is not recom-
mended to perform a biopsy for diagnostic purposes
only. In some cases, the appearance of focal steatosis is
problematic, as it presents like a hyperechoic nodule
(Fig. 3), or even like a ring-shaped lesion, mimicking liv-
er metastases [13].

Besides the diagnostic role of ultrasound, it appears
that there is no clear relationship between the level of
echoes and the amount of fat in the liver, or between
ultrasound findings and the association of fat and fibro-
sis. It is only grossly true that a highly reflective liver is a
commonly associated with a high degree of fatty infil-
tration. Posterior attenuation was thought to be related
to fibrosis, but it is clear that either fibrosis or heavy fat-
ty infiltration may explain this beam attenuation.

Computed Tomography

As stated previously, CT more objectively measures the
overall density of the liver. When the amount of fat is
significant, the average density is lower (Fig. 4). In very
severe cases, the liver density might be near 0 Houns-
field units (HU), similar to water density, or even nega-
tive. It is very unusual that the liver density is lower than
10 HU. In a large cohort of 1,425 adult patients, El-Has-
san [14] found evidence of fatty infiltration of the liver
in 138 patients (9.7%). Images showed diffuse changes
related to fatty infiltration in 68% of patients. Converse-
ly, focal areas were seen in 32% of the patients. The au-
thors reported significant problems in the diagnosis of
a possible focal liver tumor in 14%, leading to addition-
al and possibly invasive examinations. The diagnosis of
fatty liver infiltration relies on the decreased density of
the liver parenchyma. As in ultrasonography, focal stea-
tosis, or conversely focal spared areas may mimic tu-
mor. Iodine injection helps in distinguishing these en-
tities, as in fatty infiltration; the enhancement of the fat-
ty area is strictly parallel to that of the normal liver



Chapter 4.9 Radiologic-Pathologic Correlations in Diffuse Liver Diseases 395

Fig. 3A–E. Pseudo metastatic steatosis. A Ultrasound. Multiple hy-
perechoic small nodules can be seen throughout the liver, with a
main predominance in the right liver lobe, some with a hypoecho-
ic central dot, mimicking malignant disease. B MRI. In-phase T1
image: the liver is only slightly heterogeneous. Hyperintense areas
are seen mainly in the right liver lobe. C MRI. Opposed-phase T1

image: multiple areas presenting with a bull’s eye appearance,
mimicking liver metastases. Comparison with in-phase images
shows that the hypointense areas are fat-containing. D T1-weight-
ed images after gadolinium chelate injection (portal phase) show-
ing some nodular enhancement that might be misleading. E T2 fat-
suppressed images show heterogenous liver parenchyma
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(Figs. 2, 4). There is no arterial hypervascularization.
Some cases are more difficult to assess because hetero-
geneity of the fatty deposition in the liver is related to
the scattered vascular distribution, areas with a higher
arterial perfusion being protected against fatty deposi-
tion.

Magnetic Resonance Imaging

Initial reports had stated that MRI could show fatty dep-
osition as hyperintense on T1-weighted images and T2-
weighted images [15]. Clues were also a lack of a mass
effect, vessels traversing the area with no distortion,

Fig. 4A, B. Liver steatosis. CT. On plain CT (A), the liver parenchyma
is hypodense, as compared with the vessels, which appear with an
unusual higher density. The average density of the liver parenchy-
ma is 20 HU. There is a slightly hyperdense area at the posterior as-
pect of segment IV, anterior to the portal vein, representing a usu-
al location of spare liver. After iodine injection (B), enhancement
of the liver is normal, and the preportal area remains hyperdense
as compared with the rest of the liver Fig. 5A–C. Liver steatosis in a patient with an hemangioma. Com-

parison of in-phase T1 images (A), out-phase images (B) and T2
fat-suppressed images (C) show that there is an overall but hetero-
geneous decrease in liver intensity between in-phase and out-
phase images. Comparing with the intensity of the hemangioma,
which is not supposed to be different on the two images, the right
lobe of the liver becomes more markedly hypointense, signifying
that the left lobe contains a lesser amount of fat. T2 images show
the hemangioma, but fat-suppressed images prove to be insensi-
tive to fatty liver detection
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very similar to ultrasound and CT reports, but it ap-
peared that MRI would be obviously of limited value if
restricted to these signs.

Since Mitchell et al. [16] reported on chemical shift
imaging, a broad spectrum of imaging sequences has
been evaluated. HASTE images show fatty areas as hy-
perintense, but there is no difference with metastases,
thus the clinical utility is low. Fat suppression tech-
niques may be helpful.

Since MRI allows selective suppression of fatty areas,
however, it works in areas with a high fat content. The
signal loss is not as clear with mild infiltration, which
might nevertheless be the cause of ultrasonographic
mass-like lesions. The most sensitive MR method for
detecting liver fat deposition in liver cells is the combi-
nation of in phase (IP) and opposed phase (OP) se-
quences (Figs. 3, 5). On modern devices, the two images
may be acquired within a single dual-echo sequence.
This sequence is a regular T1-weighted gradient echo
sequence. The two echoes’ echo times are set to meet the
spin position of water and fat together (IP) or at a 180°
shift (OP). The echo time is dependent on field strength.
Registering both images during the same apnea means
that there is no risk for slice misregistration. All IP im-
ages have a corresponding OP image in the same data
set. On the IP images, the resulting signal is the sum of
fat and water signals. On OP images, the final signal is a
subtraction of the fat signal from the water signal, voxel
by voxel. This leads to a very strong difference in inten-
sity between the two images when a voxel contains both
water and fat, which is the case in patients with intra-
cellular fat droplets. As this sequence provides convinc-
ing and accurate T1-weighted images, a routine T1 se-
quence for all liver examinations is strongly suggested.

Quantitative evaluation would be the next step for
MRI imaging. One may anticipate that the contrast
between IP and OP images may be related to the quan-
tity of fat. Preliminary reports are encouraging, espe-
cially in populations such as liver donors, where the
quantitative evaluation of fatty infiltration is meaning-
ful, while both the patient and the physician are reluc-
tant to perform a biopsy [17].

Hemochromatosis

Pathology

Hemochromatosis is an inherited autosomal recessive
disease characterized by progressive iron overload of
multiple organs. In the liver, iron overload starts early in
the life and can be detected on liver biopsy by Perls
staining (Fig. 6); considerable amounts of iron are al-
ready present by the mid-teens. Young males are gener-
ally more affected than females of the same age. The
overload in genetic hemochromatosis mainly involves
the hepatocytes, first in the periportal areas, and then
progresses through the entire lobule. With the accumu-
lation of still more iron, increasing fibrosis develops
around portal tracts leading to irregular and incom-
plete cirrhosis and at the very final stage to a micronod-
ular pattern. This condition is associated with a high
risk of hepatocellular carcinoma. In overloaded livers,
iron-free nodules are considered as precancerous le-
sions. Iterative phlebotomies result in the disappear-
ance of stored iron from the liver.

Fig. 6. Hemochromatosis. Iron overload with
an iron-free focus in genetic hemochromato-
sis (Perls staining 200¥)
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Computed Tomography

CT is not commonly used for hemochromatosis detec-
tion. Sensitivity and specificity are low. It should be re-
called that an increased density of the nonenhanced liv-
er may be observed in three different conditions: iron
overload, amiodarone intake, and glycogen-storage dis-
ease. A gradient greater than 10 UH between the spleen
and the liver on plain CT is considered as abnormal.
Nevertheless, the gradient may not always be related to
increased liver density. In many instances, the spleen
may be hypodense (portal hypertension, lymphoma,
any spleen enlargement), and this explains the in-
creased difference in liver-spleen density. For this rea-
son, and also because there is only a gross relationship
between liver iron concentration and liver density, CT is
not a recommended tool for detection and follow-up of
patients with iron overload.

Magnetic Resonance Imaging

In iron overload, MRI is an easy-to-perform procedure
for the detection and quantification of increased liver
iron concentration. Evaluation of the iron overload
could be performed on standardized sequences, com-
paring the liver to the muscle ratio on MRI images. Sev-
eral sequences have been tested, but the best sequence is
a highly T2-weighted gradient echo sequence (Figs. 7,
8). Eighty-nine percent sensitivity and 80% specificity
was obtained using a liver-to-muscle ratio intensity
below 0.88. This threshold allowed the authors to detect
all liver iron overload greater than 60 mmol/g (the nor-
mal value is lower than 36 mmol/g) [18]. This sequence
is not dedicated to precise anatomical delineation of the
liver, and should not replace conventional MRI exam-
ination of the liver, in order to detect hepatocellular car-
cinoma.

Fig. 7A–D. Hemochromatosis. T2-weighted gradient echo sequence
with a TE at 4 ms. Four different cases: a normal (A) case and three
patients with mild (B), intermediate (C) and severe (D) iron over-
load. Compare the gradient between liver and muscle.With this se-

quence, detection of mild iron overload is difficult, but any clini-
cally significant situation is detected. Courtesy of Prof. Yves Gan-
don
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At the end-stage disease, liver atrophy is moderate.
Usually the liver presents with a micronodular pattern.
During the entire course of the disease, there is no clear
correlation between the amount of iron deposition and
the severity of the cirrhosis. Fibrosis may partially re-
gress while correcting the iron overload. Finally, hepat-
ocellular carcinoma may appear in both treated and un-
treated patients.

Fibrosis and Cirrhosis

With fibrosis as its end-point, cirrhosis is the main con-
sequence of every chronic liver disease, whether it de-
velops from the portal tracts as in chronic viral hepatitis
or from the centrilobular area as in NASH or alcoholic
liver disease. The assessment of liver fibrosis is essential
for the evaluation of the severity of the disease and for
therapeutic decisions. Liver histology has been the gold
standard for fibrosis assessment for many years but

noninvasive methods including imaging are now under
investigation for assessing fibrosis.

Pathology

Schematically, fibrosis during chronic liver disease pro-
gresses through two mechanisms either following col-
lapse and condensation of the reticulin meshwork of the
parenchyma in an area of confluent or bridging necro-
sis, or resulting from a more active process of injury and
repair. Fibrous septa form and extend within the paren-
chyma linking portal tracts or portal tracts to central
veins. Cirrhosis characterized by annular fibrosis and
nodules of regeneration represents the end-point of this
phenomenon. In the early stage, there is little fibrosis,
and the amount of remaining liver cells is sufficient. Cell
regeneration is limited. With time liver cell loss contin-
ues and increases in part due to the phenomenon of pa-
renchymal extinction secondary to vascular occlusion;

Fig. 8A–D. Hemochromatosis. T2-weighted gradient echo sequence
with a TE at 14 ms. The same cases as in Fig. 6: normal case (A), and
three patients with mild (B), intermediate (C) and severe (D) iron

overload. With this sequence, signal drop is more readily visible,
even, for mild cases. Sensitivity increases Courtesy of Prof. Yves
Gandon
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thus, small islands of remaining cells will try to regener-
ate, but will be soon limited by the extensive fibrosis. As
an equilibrium between the growing bunch of new cells
and the resistance of surrounding fibrosis, the result is a
spherical nodule containing regenerating normal cells,
surrounded by a circular network of fibrosis. This is the
explanation of the fundamental annular fibrosis, a dis-
tinctive feature of cirrhosis. Mechanical pressure in-
creases as well as disruption of global liver architecture.
As a consequence, the centrolobular vein, which has a
very thin wall, will be the first vessel to be obstructed,
leading to intrahepatic hypertension and an upstream
increase in portal vein pressure. When the cause of liver
cell injury stops, remodeling of the cirrhosis occurs
with resorption of the fibrous septa and expansion of
adjacent nodules as well as the development of new mi-
cronodules from buds.

Microscopically, the nodules show a distortion of the
trabecular architecture. The portal tracts and central
veins are engulfed within the fibrotic septa or have lost
their regular spacing.

Fibrosis contains fine or dense collagen fibers, with a
varying vascular density, depending on the duration of
the cirrhotic process. This may explain the various ap-
pearances of fibrotic tissue on imaging. Gross appear-
ance of the liver is different depending on the stage of
the disease. In the early phase, the inflammatory process
is abundant, fibrosis is not prominent. In most cases, the
liver is enlarged. As the disease progresses, the fibrosing
process increases and the liver volume decreases. At the
end stage, the liver is very small, meaning that fibrosis is
substantial and the number of liver cells is limited. The
patient has portal hypertension and liver failure. Asso-
ciation of these symptoms may vary from one case to
another, but in most patients, a small liver volume is an
indicator of a poor prognosis.

A nodular pattern is different from one patient to an-
other. Pathological classification distinguishes macro-
nodular and micronodular cirrhosis. In the latter, the
nodules are approximately the same size, and usually
less than 3 mm (Figs. 9, 10). In the former, the nodules
are larger, up to 1 cm or even larger, and nodules may
vary in size (Figs. 11–13). Mixed types are also ob-
served. It appears that the value of this classification is
doubtful, because the correlation between the gross ap-
pearance and the etiology of the liver disease is poor. In
the end-stage liver, the distinctive morphological fea-
tures have usually disappeared.

Association of hypertrophic and hypotrophic areas
is a common finding (Fig. 14). As a rule, segment IV of
the liver shrinks (Figs. 13, 14), as well as the posterior
part of the right liver (segments VI and VII). Converse-
ly, hypertrophy of the left lobe and caudate lobe is com-
mon. Not all patients follow this rule; the left lobe might
be atrophic in some instances. Early demonstration of
morphological changes should also incite caution be-

Fig. 9A–C. Micronodular cirrhosis. A Gross aspect of the cut section
from a micronodular cirrhosis. B Histology of macronodular cir-
rhosis (HES 400¥). C Histology of macronodular cirrhosis (Picro-
sirius staining 400¥)
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cause of interindividual congenital variations, especial-
ly concerning the size of the segment IV. The reason why
some areas are hypertrophic while others shrink is not
fully understood. This heterogeneity could be in part
related to blood flow phenomenon. Flow in the left por-
tal vein may favor the left lobe, which could be detri-
mental to segment IV, but this remains nothing more
than a hypothesis. Experimental work in animals shows
some differences in sinusoidal perfusion depending on
the liver area [19], which may be a lead for investigating
this process.

Space-occupying small nodules (0.5–2.5 cm) are
present in15%–37% of cirrhotic livers. They include
large regenerative (Figs. 11–14), dysplastic (Figs. 15–17)
and malignant hepatocellular nodules (Fig. 17) and can
be detected by imaging. Recent studies have established
the precancerous nature of dysplastic nodules in the cir-
rhotic liver. Dysplastic nodules show evidence of archi-
tectural and cytological atypia; according to the degree
of these atypia they are graded as low or high grade. The
continuum from dysplastic nodules to hepatocellular

carcinoma is well documented and is morphologically
illustrated by the progressive acquisition of the follow-
ing features: increased cell density, thickening of the he-
patocyte plates, presence of acini with bile plugs, an in-
creased number of unpaired arteries, reduction of the
reticulin framework and sinusoidal capillarization de-
tected by CD34 staining of endothelial cells. It has been
claimed that 40% of high-grade dysplastic nodules may
progress to a hepatocellular carcinoma [20]. Small he-
patocellular carcinoma is defined by a size up to ap-
proximately 15 mm and is classified into two types:
small hepatocellular carcinoma of the distinctly nodu-
lar type and hepatocellular carcinoma with indistinct
margins. Vascularity of this lesion varies, but there is a
clear tendency of a higher vascularity in small hepato-
cellular carcinoma than in dysplastic nodules.

Fig. 10A–D. Micronodular cirrhosis. A Ultrasonography in a patient
with micronodular cirrhosis: the liver contour is moderately nod-
ular, and liver parenchyma is diffusely coarse, with no discrete
nodules. Plain (B), arterial phase (C) and portal phase (D) T1 MRI

images after gadolinium chelate injection show hypertrophy of the
left lobe, diffuse irregularity of vascularization, but no special
nodular pattern
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Fig. 11A–C. Macronodular cirrhosis. A Gross aspect of the cut sec-
tion from macronodular cirrhosis. B Histology of macronodular
cirrhosis (HES 400¥). C Histology of macronodular cirrhosis (Pic-
rosirius staining 400¥).
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Imaging

Imaging is an interesting tool for the evaluation of cir-
rhosis. The role of imaging is to provide clues for the
evaluation of liver damage and its consequences such as
portal hypertension. Another aim is to detect small he-
patocellular carcinoma as early as possible. In selected
cases such as hemochromatosis, imaging gathers etio-
logical information and helps in the evaluation of the
disease severity.

Fig. 12A–C. Macronodular cirrhosis. A Ultrasonography with a
high-resolution probe shows nodularity of the liver anterior as-
pect, as well as nodular heterogeneity of the parenchyma. B CT at
arterial phase and C portal phase after iodine injection. On the ar-
terial phase image, the regeneration nodules are seen as nonen-
hancing masses surrounded by annular hypodense fibrosis. The
appearance would be similar on plain CT. On portal phase images,
fibrosis enhances and there is no gradient between the nodules
and surrounding fibrosis. The liver seems to be more homogene-
ous

Fig. 13A–D. Macronodular cirrhosis. MRI. Plain T1 (A) arterial
phase (B) and equilibrium phase (C) after gadolinium chelate in-
jection (D) show the nodular pattern and annular fibrosis. Nodules
do not enhance at arterial phase. Enhancing fibrosis sometimes

delineates a hyperintense pseudocapsule surrounding some nod-
ules. On T2 images, the nodules are hypointense, sometimes delin-
eated by hyperintense fibrosis. Atrophy of segment IV is obvious
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Ultrasound

In the early stage, the liver commonly shows fatty infil-
tration, at least in alcohol-related liver disease and
NAFLD. When cirrhosis progresses, the liver pattern
seems to be scattered and irregular (a coarse pattern).
This is not specific at all. Liver contours are nodular
(Fig. 12). Sometimes, a high resolution probe will be
helpful to examine the anterior or lateral aspect of the
liver. This nodular appearance is almost specific for the
cirrhosis.

Liver morphological changes are also common, as
described in „Pathology.“ Many measurements have
been described in order to facilitate the diagnosis, but it
should be stated that most teams dealing with chronic
liver disease never take these measurements, as the
morphological changes are usually quite obvious at a
glance. The simplest measurements, and maybe the
most useful, could be the transverse diameter of seg-
ment IV. If smaller than 3 cm, atrophy is likely. If greater
than 4 cm, segment IV is normal in size. Between 3 and
4 cm, it is not possible to conclude.

Regeneration nodules appear as small rounded iso-
or hypoechoic areas. Most of them have a similar size.
Nevertheless, ultrasound has a very low sensitivity and
specificity to detect and differentiate regeneration nod-
ules, dysplastic nodules and small hepatocellular carci-
noma. Recent reports have shown that contrast-en-
hanced Doppler US might help in differentiating benign
and malignant lesions [21]. In this study, some prema-
lignant lesions such as high-grade dysplastic nodules
showed increased vascularity, like hepatocellular carci-
noma. However, there is not substantial agreement on
this question, and some authors doubt that it could be
possible to differentiate benign, premalignant and ma-
lignant lesions when equal or smaller to 1 cm in diame-
ter [22].

Fig. 14A–C. Macronodular cirrhosis. Morphological changes. On
CT, axial transverse (A), coronal (B) and sagittal (C) planes show
the association of nodular contour, left lobe enlargement, right
lobe atrophy, segment IV atrophy, and confluent fibrosis within
segment IV. This is the most common association in patients with
cirrhosis. Mild ascites is visible

Fig. 15. High-grade dysplastic nodule in C virus cirrhosis
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Computed Tomography

CT is adequate to show gross morphological changes
and the nodular contours (Fig. 14). Atrophy of segment
IV is the cause of a coalescence of the gallbladder and
the transverse ligament. Besides the measurements of
segment IV, as in ultrasonography, calculating the ratio
between the caudate lobe and the right lobe of the liver
has been proposed. If greater than 0.65, the sensitivity is
96% for the diagnosis of cirrhosis [23]. Once again, not
many teams really rely on these measurements to con-
clude the diagnosis.

Iodine uptake of the cirrhotic liver may be heteroge-
neous (Figs. 10, 14). The hepatic artery is usually en-
larged and the liver enhances more than a normal liver
at the arterial phase. The enhancement is sometimes
heterogeneous, which could be interpreted as a hyper-
vascular tumor. Fibrosis may also be a pitfall, when arte-
rial vascularity is increased, as occurs in young fibrosis.
In most cases, these hypervascular areas are not nodu-
lar, have fuzzy or geometric contours, and the liver be-
comes homogeneous on the portal phase. Nevertheless,
in some cases interpretation might be challenging.

Regeneration nodules may appear as hyperdense
round areas on plain slices. The nodules are not really
hyperdense, but they are surrounded by annular hypo-
dense fibrosis, which underlines the nodule. At the arte-
rial phase, no hypervascularization is seen, while at the
portal phase, the fibrosis and the nodule itself become
isodense. Dysplastic nodules are not specifically seen on
CT.

Magnetic Resonance Imaging

As in US and CT, gross morphological changes are
clearly seen. The overall signal of the liver parenchyma
is of little interest. Diffusion sequences and chemical
shift images are not really prominent methods. MRI
does not provide additional information as compared
with US and CT in usual cases.

MRI has clear advantages in the evaluation of hemo-
chromatosis and the characterization of liver nodules.

The characterization of liver nodules, although not
perfect, is better with MRI than with other techniques
[24]. Regeneration nodules are usually hypointense on
T2 images and also hypointense on T1 images [25].
Conversely, dysplastic nodules are mainly hyperintense
on T1-weighted images and hypointense or isointense
on T2-weighted images (Figs. 16, 17). This means that
one should be cautious when hyperintense nodules are
seen in a cirrhotic liver, even if this finding is not specif-
ic. Small hepatocellular carcinomas are mainly hypo- or
hyperintense on T1-weighted images and hypo- to hy-
perintense on T2-weighted images (Fig. 17). Hypervas-
cularization is not always found in malignant tumors,
but when present, it is an indicator of severe dysplasia
and more likely of hepatocellular carcinoma. Neverthe-

Fig. 16A–C. Cirrhosis with dysplastic nodule. In this patient, a hy-
perintense nodule in seen in the posterior aspect of the right liver
lobe. The nodule is more conspicuous on the opposed-phase T1
image (A) than on the in-phase T1 image (B). On T2 images (C), the
nodule is isointense. In this patient, there are numerous peribiliary
cysts, which is a rather common finding in liver cirrhosis, some-
times mimicking bile ducts dilatation
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Fig. 17A–D. Progression of a dysplastic nodule. A small hyperin-
tense nodule was seen on T1 images in this patient (A). Four years
later, the nodule increased in size and became heterogeneous with
a hypointense center on T1 image (B), hyperintense on T2 images

(C), with a central enhancement after gadolinium injection (D).
This is an example of the development of a small hepatocellular
carcinoma within a dysplastic nodule, which is the so-called nod-
ule in the nodule appearance
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less, absence of vascularity does not rule out a malig-
nant or premalignant lesion.

These results are still confusing and should be ascer-
tained, if possible by further studies. Positron emission
tomography is not useful as sensitivity for HCC diagno-
sis is low. Further studies will hopefully provide evi-
dence of prominent features for each case, or more like-
ly define clear rules to follow-up these and undeter-
mined nodular-pattern cirrhosis, in order to detect he-
patocellular carcinoma as soon as possible
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In this chapter, both the macro- and microscopic
pathological aspect of pancreatic tumors and tumor-
like conditions are reviewed, and particular focus is giv-
en to those features that affect the findings at ultra-
sound (US), computed tomography (CT), and magnetic
resonance imaging (MRI). For this reason the lesions
are subdivided, following the prevalent radiological as-
pect, into two categories: (1) solid pancreatic tumors
(Table 1), and (2) cystic pancreatic tumors (Table 2).

Introduction

The new WHO classification of pancreatic tumors,
based on histological type and grade, has recently been
proposed [1]. Unfortunately, with the exception of func-
tioning endocrine tumors characterized by a specific
clinical picture, the other pancreatic tumors manifest
with either nonspecific symptoms, or symptoms similar
to pancreatitis. Moreover, some tumors, particularly
cystic tumors, which may long be asymptomatic, are oc-
casionally encountered.

The great technical evolution in imaging techniques
has led to an ever more precise depiction of the macro-
scopic structural characteristics of pancreatic tumors.
This, in some cases, has led to the differentiation of tu-
mor types and has helped in distinguishing other pan-
creatic diseases. The current interest in obtaining pre-
cise classification of pancreatic tumors by imaging is a
result of the substantially different therapeutic ap-
proach and prognosis related to the specific tumor type.
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Table 1. Classification of solid pancreatic tumors (according to
WHO) [1, 4]

Exocrine pancreas
Borderline (uncertain malignant potential)

Solid-pseudopapillary
Malignant

Ductal adenocarcinoma
Mucinous noncystic carcinoma
Signet-ring cell carcinoma
Adenosquamous carcinoma
Undifferentiated (anaplastic) carcinoma
Mixed ductal–endocrine carcinoma

Osteoclast-like giant cell tumor
Acinar cell carcinoma

Mixed acinar–endocrine carcinoma
Pancreatoblastoma
Solid-pseudopapillary carcinoma
Miscellaneous carcinomas

Endocrine pancreas
Benign

Insulinoma
Nonfunctioning adenoma

Borderline (uncertain malignant potential)/
low-grade malignant/high-grade malignant

Functioning or nonfunctioning tumors

Nonepithelial tumors
Benign soft tissue tumors
Malignant soft tissue tumors
Malignant lymphomas

Secondary tumors

Tumor-like lesions of the exocrine pancreas
Chronic pancreatitis
Miscellaneous inflammatory changes
Heterotopic pancreas
Heterotopic (ectopic) spleen
Hamartoma and pseudotumor



410 Giovanni Carbognin, Lucia Pinali, Carlo Procacci (†)

Solid Pancreatic Tumors

Ductal Adenocarcinoma

Although ductal cells account for only 10%–30% of the
normal pancreatic parenchyma, ductal adenocarcino-
ma comprises between 80% and 90% of all tumors of
the exocrine pancreas [2]. Pancreatic adenocarcinoma
is one of the most aggressive of human malignancies.
Because of its silent course, late clinical manifestation
and rapid growth, it is known as the silent killer [3].

The incidence of this tumor is increasing. It ranks as
the fourth cause of cancer-related death, and the second
cause, after colorectal cancer, when considering diges-
tive cancers alone. The tumor is prevalent in the male
gender, manifesting after the age of 60 in 80% of cases
[4].

The technical development in imaging techniques
over the last 30 years has led to a slight reduction in the
incidence of stage IV tumors, with a consensual in-
crease in stage I tumors. Nevertheless, the prognosis of
this disease still remains dismal, with no particular
change over the past few years [5, 6]. As opposed to the
high sensitivity of imaging techniques, early diagnosis

is practically impossible to achieve, since the tumor re-
mains asymptomatic until surrounding structures are
involved [7]. Moreover, it has been demonstrated that a
tumor 2 cm or less in diameter is not always an early
cancer. Finally, a tumor less than 1 cm could be an early
cancer but does not necessarily mean long-term survi-
val [8]. Thus we conclude that the current status of im-
aging and tumor markers does not lead to an early diag-
nosis of adenocarcinoma of the pancreas. The develop-
ment of improved early detection methods for pan-
creatic cancer is essential; however, at the present time,
it should be limited to high-risk individuals to give a
better chance of success [9].

Even when treated with radical surgery, the inci-
dence of recurrence is high [7]. This may depend on the
intrinsic characteristics of the tumor and, in particular,
the infiltrative pattern of growth, the strong neurotrop-
ism, the lack of a capsule, and the rich vascular, lym-
phatic, and neurological network surrounding the
gland.

From a clinical standpoint, the earliest clinical sign is
jaundice. In fact, a tumor in the pancreatic head can in-
filtrate the choledochus and cause obstruction before
encasing the peripancreatic vessels. Unfortunately, the
same jaundice is quite often associated with an ad-
vanced tumor stage. Persistent epigastric pain, weight
loss, asthenia, the recent onset of diabetes, nausea and
vomiting are additional clinical signs and symptoms
[10]. They are usually associated with unresectable tu-
mors.

Laboratory tests, in addition to elevated levels of ser-
um alkaline phosphatase and bilirubin, demonstrate a
high concentration of the nonspecific tumor marker CA
19–9.

Gross Findings. Ductal adenocarcinomas are mainly
located in the head of the pancreas; they account for
80%–90% in the surgical series and 60%–70% in the au-
topsy series. The prevalence of the head in the surgical
series results from their earlier detection and better re-
sectability. The average size of tumors of the head
(2–3 cm) is considerably smaller than tumors of the
body and tail (5–7 cm). On cut surface, the tumor usu-
ally appears as a solid mass with infiltrating margins,
whitish color and a hard consistency (Fig. 1A). The tu-
mor can rarely appear with cystic-degenerative chang-
es (necrosis and hemorrhage), cyst formation, papillary
(intraductal) tumor components or ectatic, mucin-
filled duct segments. Such features can favor the errone-
ous diagnosis of special types of pancreatic tumors
with a generally better prognosis, such as mucinous
cystic tumor or intraductal papillary tumor [4].

Carcinomas of the head of the pancreas, with the ex-
ception of those arising in the uncinate process, almost
always infiltrate the common bile duct (CBD) and the
duct of Wirsung (main pancreatic duct, MPD). More

Table 2. Classification of cystic pancreatic tumors (according to
WHO) [1, 4]

Exocrine pancreas
Benign

Serous cystadenoma
Mucinous cystadenoma
Intraductal papillary-mucinous adenoma
Mature cystic teratoma

Borderline (uncertain malignant potential)
Mucinous cystic tumor with moderate dysplasia
Intraductal papillary-mucinous tumor 
with moderate dysplasia
Solid-pseudopapillary tumor

Malignant
Ductal adenocarcinoma

Undifferentiated (anaplastic) carcinoma
Serous cystadenocarcinoma
Mucinous cystadenocarcinoma: noninvasive 
or invasive (papillary-mucinous carcinoma)
Acinar cell cystadenocarcinoma
Solid-pseudopapillary carcinoma

Endocrine pancreas
Functioning and nonfunctioning islet cell tumors

Secondary tumors

Cystic tumor-like lesions of the exocrine pancreas
Pseudocyst
Retention cyst
Parasitic cyst
Congenital cyst
Para-ampullary duodenal wall cyst
Enterogenous cyst
Lymphoepithelial cyst
Endometrial cyst
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frequently, the infiltration of the ducts causes variable
degrees of stenosis and ultimately results in complete
stenosis, leading to their dilation. A minute carcinoma
may only rarely manifest with abdominal pain and mild
dilatation of the MPD without mass. In this case the
MPD stricture, demonstrated with endoscopic retro-
grade cholangiography (ERCP) or magnetic resonance
cholangiopancreatography (MRCP), can be caused by
periductal elastosis and fibroblast proliferation [11].

The obstruction of the CBD causes jaundice, while
obstruction of the MPD results in an obstructive chron-
ic pancreatitis with fibrosis and atrophy of the pan-
creatic parenchyma. The involvement of the ampulla of
Vater causes retraction of the wall, and eventually mu-
cosal ulceration. Retroperitoneal tissue infiltration with
neural, lymphatic and vascular (portal vein and/or mes-
enteric vessels) invasion is considered a relatively early
event. In pancreatoduodenectomy specimens, the path-
ological evaluation of involvement of the retroperito-
neal resection margin provides the most important in-
formation about local recurrence and patient survival.
This margin is defined as the peripancreatic fat plane
behind the head of the pancreas that is located dorsal
and lateral to the superior mesenteric artery. In ad-
vanced cases, the tumor infiltrates the stomach, gall-
bladder and peritoneum, leading to carcinomatosis and
ascites. Carcinoma of the head of the pancreas metasta-
sizes more frequently in the lymph nodes removed in
the usual Whipple procedure (group I and II of the Jap-
anese classification). The more frequently involved
nodes are those of the superior head and posterior pan-
creaticoduodenal group.

Carcinomas of the body and tail of the pancreas have
the same macroscopic appearance as those arising in
the head, with the exception of their usually larger size
(more space for tumors to grow before they become
symptomatic). The extrapancreatic invasion of the tu-
mor involves the mesocolon, transverse colon with en-
casement of the celiac trunk and splenic vessels, the
peritoneum, the stomach, spleen and left adrenal gland.
Hematological spread via the portal vein explains the
frequent metastasis in the liver, which is sometimes
large and centrally located and sometimes small and
superficial (under Glisson’s capsule).

Microscopically, ductal adenocarcinoma is com-
posed of neoplastic tubules or glands lined with cuboid-
al or cylindrical cells, characteristically embedded in fi-
brous stroma (Fig. 1B), which gives the macroscopic
scirrhous appearance (Fig. 1C). Perineural infiltration is
present in most cases [3]. Ductal adenocarcinomas are
distinguished into well, moderately or poorly differen-
tiated, according to WHO criteria. The tumor presents a
considerable diminution of the vascular bed with re-
spect to the normal parenchyma (potentially useful in
the radiological detection of the carcinoma). Neverthe-
less, this phenomenon is less evident for the develop-

Fig. 1A–C. Ductal adenocarcinoma. A Whipple resection specimen
showing ill-demarcated tumor in the head of the pancreas. B Duct-
like and tubular structures of various shapes and arrangements
embedded in dense fibrous stroma. C Whole-mount macrosection
of the tumor showing firm mass with necrotic areas merging im-
perceptibly with the surrounding pancreatic tissue
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ment of a marked peritumoral fibrotic reaction (ob-
structive chronic pancreatitis). Most importantly, ductal
carcinoma of the pancreatic head has to be differentiat-
ed from ampullary carcinoma (which has a better prog-
nosis). Unfortunately, the two lesions have similar mi-
croscopic features and the unequivocal establishment of

ampullary origin is only possible in small lesions by ap-
plying strict topographical criteria. This bias may re-
flect the marked heterogeneity of epidemiological data.

Imaging Findings. Transabdominal US often repre-
sents the first imaging technique in the study of ductal

Fig. 2A–D. Ductal adenocarcinoma. A US image shows a hypoecho-
ic mass with marked dilation of the main duct upstream. B–D An-
other case. US transverse image demonstrates a small hypoechoic
mass in the body of the pancreas (arrows), isolated from the splen-

ic vein (B). In the same patient during contrast medium (CM) ad-
ministration, CT shows dilation of the main pancreatic duct in the
body-tail of the pancreas, while the small tumor is not recogniz-
able (C, D)

Fig. 3A, B. Ductal adenocarcinoma. A US image shows a large hypo-
echoic mass adhering to the superior mesenteric artery (arrow-
heads). B In the same patient during contrast medium administra-
tion, the tumor (arrow) appears definitely hypoechoic in compari-

son to the enhanced normal parenchyma. The image obtained
during the pancreatic phase shows hyperechogenicity of the aorta
and the superior mesenteric artery (arrowheads)
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adenocarcinoma, especially when the tumor suddenly
manifests with jaundice. In this case, the issue is to
make a differential diagnosis among the possible caus-
es of obstructive jaundice. At US, the lesion appears as a
hypoechoic nodule, usually responsible for the abrupt
amputation of the CBD, the MPD or both (Fig. 2A). Con-
trast-enhanced CT has a higher sensitivity than US, but
some small pancreatic tumors are better resolved by US
(Fig. 2B–D) than by CT because of the texture changes
[12]. Using the new contrast agent for sonography in as-
sociation with pulse inversion harmonic imaging in-
creases lesion detectability [13]. Ductal adenocarcino-
ma shows less enhancement than the normal pancreat-
ic parenchyma and its margins become well demon-
strated (Fig. 3A, B). The enhancement characteristic
thus narrows down the differential diagnosis indicating
the vascularity of the lesions. The limitation of this
method is that it is applicable only when the pancreatic
tumor and parenchyma can be clearly observed in a
single view [13].

Large tumors in the body-tail may show inhomoge-
neous echotexture because of the presence of intratu-
moral foci of necrosis. US, associated with the Doppler
technique, is able to show the vascular encasement, in
particular of the porto-mesenteric axis, especially in ad-
vanced stage [14, 15]. The US multiplanar approach can
distinguish between the neoplastic foci and the peritu-
moral lymph nodes. The identification of liver metasta-
ses is quite easy, particularly when both second har-
monic technique and contrast media (CM) are utilized
[16, 17].

Peritoneal carcinomatosis is documented only indi-
rectly because of ascites. In the clear case of either local
spread and/or distant metastases, theoretically the diag-
nostic protocol could end up with US-guided core biop-
sy.

To date, CT represents the imaging technique of
choice in the study of ductal adenocarcinoma [18, 19,
20]. The optimization of intravenous CM administra-
tion, besides giving an overall better demonstration of
the gland, also allows for a better evaluation of peripan-
creatic vessels by spiral CT [21]. While waiting for the
expected refinements in the multi-slice technique, spiral
CT gives a consistent increase in sensitivity in the detec-
tion of the disease, and, at the same time, a better evalu-
ation of its extent [22].

The objective of a precontrastographic study is to ex-
clude the presence of calcifications and thereby contrib-
ute to the differential diagnosis of chronic pancreatitis.
In this phase, the tumor is recognizable only when its
conspicuous dimensions alter the morphology of the
gland (Fig. 4A).

The early contrastographic phase (dynamic CT), or
rather the arterial or pancreatic phase (spiral CT), is op-
timal for the identification of the tumor [23], since the
maximum difference of contrast is reached between the

Fig. 4A–C. Ductal adenocarcinoma of the pancreatic head. In the
unenhanced scan (A), CT shows an enlargement of the head, with-
in which a hypodense mass is recognizable after contrast medium
(B). The tumor looks smaller in the venous phase due to the pe-
ripheral enhancement (C)
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healthy hyperdense parenchyma and the neoplastic fo-
cus, which is markedly hypodense because of its re-
duced vascularization (Fig. 4B). In this phase, using a re-
duced slice thickness (3 mm), the optimal evaluation of
the connections of the tumor with the arterial vessels is
also achieved [24, 25] with the consequently easy dem-
onstration of their encasement (Fig. 5A, B). In reality the
CT evaluation of the contact between the mass and the
vessel is less accurate in demonstrating arterial involve-
ment in comparison to the venous involvement. The
most advanced grade of arterial involvement, detected
with CT, may in fact simply correspond to perivascular
fibrosis, neointimal hyperplasia or thrombosis [26].

In the late (dynamic CT) or venous (spiral CT) con-
trastographic phase, the difference in the density
between the normal parenchyma and the neoplastic fo-
cus is reduced (Fig. 4C); at the same time, the marginal
enhancement of the tumor can show up, so that its di-
mensions can appear inferior in comparison to those
documented in the early/arterial phase [27]. In the ve-
nous phase, the connections of the neoplastic lesion
with the peripancreatic venous vessels are accurately
evaluated. The involvement of the superior mesenteric
vein (SMV) can be revealed with stenosis of its lumen
up to its complete obstruction (Fig. 5C), but also with
widespread adhesion of the tumor to the vessel
(Fig. 5D). Recently it has been confirmed that involve-

ment of the venous system exceeding half of the vessel’s
circumference is suggestive of venous involvement [26].
More subtle findings are the dilation of either the pan-
creaticoduodenal veins or the gastrocolic trunk up-
stream of the tumor [28]. Unfortunately in personal ex-
perience, determination of nonresectability based on
the pattern of venous collateral branches has led to
overestimation of nonresectability with the consequent
risk of denying some patients the chance of surgery
[29]. The so-called tear-drop aspect, consistent with the
stretching of the vessel toward the tumor, has been re-
ported to be a reliable sign of infiltration of the SMV
[30]. The venous phase, for which a greater slice thick-
ness (5 mm) is employed, allows for the exploration of
the middle and superior abdominal quadrants with the
consequent possible demonstration of either foci of
peritoneal carcinomatosis and/or liver metastases. CT,
despite the reduced slice thickness, can sometimes miss
the identification of enlarged peritumoral lymph nodes,
not distinguishable from the primitive tumor.

Recently a single phase, acquired caudocranially
(from the inferior hepatic margin to the diaphragm),
starting 50 s after IV contrast administration, has been
suggested for studying pancreatic carcinoma [31]. The
authors demonstrated that, for tumor detection and as-
sessment of resectability in patients with pancreatic
carcinoma, dual-phase and single-phase helical CT

Fig. 5A–D. Ductal adenocarcinoma. A, B Large necrotic mass of the
body with encasement of the celiac trunk (A) and of the superior
mesenteric artery (B), embedded in the neoplastic tissue. C Tumor
of the body obstructing the splenomesenteric venous confluence.

Marked dilation of the posterior superior pancreaticoduodenal
vein (arrow). D Small tumor of the head jutting into the superior
mesenteric vein of normal diameter; the dilation of a collateral
vein (arrows) must arouse suspicions
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show comparable diagnostic accuracy. Advantages of
the single-phase helical CT are the lower radiation dose
and fewer images to film and store [31].

Spiral CT has proved to be highly specific for the de-
termination of nonresectability, while the accuracy for
predicting resectability is between 70%–80%, partly be-
cause of its lower specificity [20, 25]. CT does, in fact,
perform poorly in the detection of small peritoneal im-
plants, small hepatic surface and parenchymal metasta-
ses, and lymph node metastases in normal-sized nodes.
Lastly, high-resolution helical CT is accurate in demon-
strating the venous encasement when the involvement
of the vessel exceeds half of the circumference, but arte-
rial involvement is less frequent with this criterion.
Nontumorous changes, such as perivascular fibrosis

and atherosclerotic change, may cause the same pattern
[26].

Recently, multidetector CT (MDCT) has been intro-
duced providing incomparable capabilities for fast data
acquisition and narrow collimation. The improved
quality of 3D vascular maps of the peripancreatic ves-
sels, obtained with MDCT, helps to detect vascular en-
casement [32]. Multidetector CT angiography provides
a comprehensive display, not only of the major arteries
[33], but also of the small peripancreatic arteries such
as the pancreatic arcades or the dorsal pancreatic artery
[34]. The use of 3D imaging has improved the evalua-
tion of the venous pancreatic system (Fig. 6), since the
vascular maps that can be created often provide more
information than the sum of the axial images [35]. Thus

Fig. 6A–F. MDCT evaluation of ductal adenocarcinoma of the body
of the pancreas. A, B Large hypodense mass in the body with en-
casement of the splenic vein (arrowhead) and liver metastases. In
the lower scans (C, D) the collateral network through the gastroep-

iploic veins and the gastrocolic trunk (arrows) is evident. Maxi-
mum-intensity projection (MIP) confirms the obstruction of the
splenic vein (arrowhead) and the collateral network (arrows in 
E, F).
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we can assume that these techniques may someday im-
prove CT accuracy in staging pancreatic neoplasms
[32].

Either maximum-intensity-projection (MIP) or vol-
ume-rendering CT is utilized in studying the pancreatic
vessels because each one provides specific advantages
[33]. On current workstations, it is easy to go back and
forth between the two techniques. In reality, volume
rendering is preferable to MIP because it requires no
preprocessing of data and both the soft tissues and the
vessels can be evaluated in a single view [32, 34]. More-
over, it is possible to determine the organ from which a
tumor arises by tracing arteries that run on the surface
of the organs [34]. By using thin collimation and fast
scanning techniques, high-quality multiplanar reforma-
tions can be obtained. Curved planar reformations al-
low for single two-dimensional image display of pan-
creatic and common bile ducts in their entirety [36, 37].
Some authors have suggested that the main value of
curved planar reformations (Fig. 7) is the additional di-
agnostic information provided on the extent of local in-
vasion [36]. More recently, after a more accurate evalua-
tion, the same authors have affirmed that they were un-
able to detect a significant difference between curved
planar reformations and transverse images for detec-
tion and local staging of pancreatic carcinoma [37].
Other limitations of this time-consuming technique is
that trained personnel and a three-dimensional work-
station are necessary [36]. Thus this technique should
only be used in selected patients. Curved planar refor-
mation is a useful tool for depicting the secondary signs
of an isoattenuating pancreatic carcinoma. With no vis-
ible tumor–pancreas contrast, indirect signs such as
mass effect, atrophic distal parenchyma, and an inter-
rupted duct sign, easily detected with curved planar ref-
ormations (Fig. 7), are important indicators of tumor
[38].

MRI has been increasingly used in the study of duc-
tal adenocarcinoma, hand in hand with technological
progress. The recent possibility of a dynamic MRI study
after contrast administration has made this technique
(Fig. 8) competitive with, and for some authors, even
superior to spiral CT [39–45]. In spin echo (SE) se-
quences, the tumor usually appears hypointense on
both T1- and T2-weighted images. Obviously, the differ-
ence in signal intensity between the normal parenchy-
ma and the neoplastic focus increases significantly

Fig. 7. MDCT evaluation of ductal adenocarcinoma of the body of
the pancreas. After CM administration in the pancreatic phase,
curved planar reformation of the pancreatic gland shows a small
hypodense mass in the body (arrow). The parenchyma upstream is
atrophic and hypodense, and the main duct markedly dilated.
Downstream the normal parenchyma is regularly enhanced

Fig. 8A–C. MR evaluation of small ductal adenocarcinoma in the
uncinate process of the pancreas. A The gradient recalled echo fat-
suppressed (GRE FS) T1-weighted image confirms the presence of
a small mass, definitely hypointense in comparison to the normal
parenchyma. B The GRE FS T1-weighted image, obtained during
the pancreatic phase after CM administration demonstrates the
small hypointense mass, easily distinguishable from the normal
enhanced parenchyma. C The thin MIP of the GRE FS T1-weighted
images (thickness: 5 cm) shows the small mass (arrows), which is
isolated from the surrounding vessels
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whenever CM is administered, particularly if the se-
quence is carried out with suppression of the signal of
fat [46]. The tumor can appear inhomogeneous due to
necrosis; in particular, the necrotic area is slightly hy-
perintense on T2-weighted sequences. On gradient re-
called echo T1-weighted fat-suppressed (GRE T1WFS)
images, the tumor appears markedly hypointense with
respect to the adjacent normal parenchyma (Fig. 8b), es-
pecially when the latter shows no signs of fibrosis sec-
ondary to ductal obstruction, which may sometimes oc-
cur. When the dynamic technique is adopted, the MRI
and CT features of ductal adenocarcinoma are superim-
posable [47]. Small tumors may occasionally be encoun-
tered with MR (Fig. 9). The tumor, usually isointense or
slightly hypointense with respect to the normal paren-
chyma, appears clearly hypointense after CM adminis-
tration (Figs. 8C, 9A, B), especially in the pancreatic
phase (Figs. 8C, 9B). This signal difference tends to
weaken in the following phases, depending on the slow
impregnation of the tumor. Unfortunately, many au-
thors have demonstrated that there is no statistically
significant difference in T1 and T2 between chronic
pancreatitis and pancreatic carcinoma [48]. The abun-
dant fibrosis in both pathological conditions justifies
the gradual progressive enhancement of the pancreatic
parenchyma involved when a dynamic gadolinium-en-
hanced multiplanar fast spoiled GRE sequence is uti-
lized. Consequently the similar gradual pattern of en-
hancement and overlap in peak enhancement preclude
distinction of the two entities on the basis of gadolin-
ium-enhanced MR findings [49]. The demonstration of
the neoplastic lesion can also be achieved using manga-
nese-DPDP (manganese-N,N’-bis(pyridoxal-5-phos-
phate)ethylenediamine-N,N’-diacetic acid). Initially
used in the study of the liver, this CM is also effective for
the pancreas, since it is ultimately and selectively accu-
mulated in the normal pancreatic parenchyma, with the
consequent demonstration of even very small tumors,
which appear as hypointense foci [50–53]. Mn DPDP-en-
hanced MR imaging is as accurate as contrast-enhanced
helical CT for the detection of pancreatic cancer [52].

MRI also allows for an accurate evaluation of the tu-
moral extension, especially when the breath-hold tech-
nique is used. The retroperitoneal spread is character-
ized by the irregular aspect of the tumoral margins and,
at the same time, by the progressive cancellation of the
peripancreatic fat plane (Fig. 10A, B), hyperintense on
both T1- and T2-weighted sequences without fat sup-
pression. The connections of the tumor with the peri-
pancreatic vessels are more accurately evaluated by the
MR-angiography (MRA) technique (Figs. 10C, 11), with
optimal visualization at different times and from many
angles of both the arterial and venous vascular tree
[41–43, 54]. Right anterior coronal oblique images are
particularly useful for showing the relationship of the
lesion with the mesenteric and portal vein and for as-

sessing the length of vascular involvement [43]. MR im-
aging is even better than spiral CT for the detection of
liver metastases when Mn DPDP or benzyloxypropio-
nictetra-acetate (BOPTA) is utilized [52, 55]. In both
cases the huge delayed enhancement of the liver paren-
chyma leads to the identification of very small focal liv-
er lesions on T1-weighted MR images. Finally, MRI, with
the MRCP technique, which relies on rapid-acquisition
relaxation enhancement (RARE) single-shots and half-
Fourier acquisition single-shot turbo spin echo

Fig. 9A–C. MR evaluation of small ductal adenocarcinoma of the
tail of the pancreas A The GRE FS T1-weighted image shows a
small round mass in the splenic hilum. B The GRE FS T1-weighted
image during the pancreatic phase after CM administration shows
the small hypointense mass. C Fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET) confirms the small lesion (ar-
row)
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(HASTE) multi-slice sequences, allows for the analysis
of the biliopancreatic tree (Fig. 10D). MRCP is as sensi-
tive as ERCP when detecting pancreatic carcinomas
[56]. The MRCP evaluation of the main duct can be par-
ticularly useful in order to distinguish an inflammatory
pancreatic mass from a conventional pancreatic carci-
noma [57]. In reality, the CT or MR characterization of a
focal mass of the pancreas is definitely difficult when
typical signs of chronic pancreatitis (calcifications) or
of ductal adenocarcinoma (vascular involvement, dis-
tant metastases) are absent. In fact the contrast en-
hancement of the mass is almost the same in both cases.
In particular the heterogeneous hypoattenuation or hy-
pointensity of inflammatory mass is indistinguishable
from that of ductal adenocarcinomas. On the contrary,
the duct-penetrating sign on MRCP images – a smooth-
ly stenotic or normal MPD penetrating a mass – was
seen more frequently in inflammatory mass than in
pancreatic neoplasm (Fig. 12) [41, 42, 57]. The double-
duct sign can be easily detected with MRCP (Fig. 13).Al-
though it is highly suggestive of malignancy, it is not di-
agnostic [58]. Recently with MRCP, it was demonstrated
that, in pancreatic head carcinoma, the most distal parts
of the pancreatic and bile ducts may be relatively spared
from tumor infiltration, thus resulting in the so-called
four-segment sign (proximal dilation of the biliary and
pancreatic ducts and regularity of their distal parts).

Fig. 10A–D. Ductal adenocarcinoma. A On the half-Fourier acquisi-
tion single shot turbo spin echo (HASTE) T2-weighted image, the
tumor of the body appears inhomogeneous with a central hyper-
intense necrotic area. The dilated main duct is recognizable up-
stream (arrow). B On the GRE T1 FS image, obtained after CM ad-
ministration in the venous phase, the mass is hypointense. C The

magnetic resonance angiography (MRA) in the arterial phase
shows the encasement of the superior mesenteric artery (arrow)
and in the venous phase, the obstruction of the splenomesenteric
confluence. D MRCP shows the stenosis of the main duct at the tu-
mor site (arrow) with dilation of the tract upstream

Fig. 11A, B. MR evaluation of ductal carcinoma of the uncinate pro-
cess. A The GRE FS T1-weighted image during the contrast-en-
hanced pancreatic phase shows a small hypointense mass in the
uncinate process near the superior mesenteric artery. B The MRA
in the arterial phase shows the normal caliber of the superior mes-
enteric artery and the anomalous origin of the hepatic artery from
the former vessel (arrow)
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This sign, almost always absent in other types of peri-
ampullary carcinomas or in chronic pancreatitis, leads
to suspicion of a ductal adenocarcinoma [59]. Another
sign, which can be considered specific of focal chronic
pancreatitis, is the presence of dilated collateral branch-
es within the mass [60].

In conclusion, the dynamic MRI study with a single
imaging technique gives information otherwise achiev-
able with CT (study of the parenchyma), angiography
(study of the vessels) and ERCP (study of the biliopan-
creatic tree). For this reason, it has been defined as the
“all-in-one” or “one-stop-shopping” technique (Fig. 10).

Variants of Ductal Adenocarcinoma

Variants of ductal carcinoma are those neoplasms that
present a specific histological differentiation pattern as-
sociated with a typical ductal adenocarcinoma compo-
nent. These tumors, whose incidence ranges from 2% to
10%, show similar clinical and biological features to
those of ductal adenocarcinoma.

Mucinous Noncystic Carcinoma. This carcinoma is
composed of well-differentiated glands floating in
abundant (>50%) extracellular mucin and is macro-
scopically characterized by a gelatinous mass, better de-
marcated than the ductal adenocarcinoma. Its inci-
dence is 1%–3% of all pancreatic cancers; sex and age at
onset are similar to those of ductal carcinoma. This tu-
mor is associated with a significantly better prognosis
than ordinary ductal adenocarcinoma [61]. At CT, the
tumor appears centrally hypodense in the contrasto-
graphic phase and slightly hyperintense in the T2-
weighted MRI sequence, in relation to the rich muci-
nous component. In cases of clinical suspicion of muci-
nous noncystic carcinoma, the possibility of an inci-
sional biopsy contributing to thromboembolic compli-
cations or even dissemination of the tumor, needs to be
considered [61].

Adenosquamous carcinoma is a rare subtype, ac-
counting for 1%–4% of exocrine malignancies, and is

Fig. 12A–D. MRCP evaluation of ductal adenocarcinoma of the
head of the pancreas. A, B The turbo spin-echo (TSE) T2-weighted
images show dilation of the main duct with a stricture in the pan-
creatic head. A mass is not recognizable. C, D Magnetic resonance

cholangiopancreatography (MRCP) before and after secretin ad-
ministration shows a marked stenosis which does not change after
secretin (negative duct-penetrating sign (arrow)). After 3 months
a mass was demonstrated at the site of stenosis

Fig. 13. MRCP evaluation of ductal adenocarcinoma of the head of
the pancreas. The typical double-duct sign is easily demonstrated
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composed of a mixture (>30%) of two neoplastic com-
ponents: a glandular and a squamous cell component
[62]. It shows a high metastatic potential and the prog-
nosis is worse than that of conventional adenocarcino-
ma. Macroscopically, it does not present significant dif-

ferences to a ductal adenocarcinoma and therefore, the
two cannot be distinguished by imaging [63].

Undifferentiated (Anaplastic) Carcinoma. This car-
cinoma is composed of pleomorphic large cells, giant
cells and/or spindle cells (Fig. 14A). Its incidence is
5%–7% of all pancreatic tumors; its prognosis is poor-
er than that of conventional adenocarcinoma, with dis-
tant metastases frequently present at the time of the di-
agnosis. The preferential location is in the tail of the
pancreas. Macroscopically, it is characterized by a volu-
minous mass (mean diameter of around 6 cm), with a
variegated aspect on cut section because of the presence
of degenerative changes (necrosis and hemorrhage,
Fig. 14B). At imaging, in addition to the larger dimen-
sions and the frequent presence of lymphatic or liver
metastases, the more significant differential finding
compared to that of the adenocarcinoma is in the
marked enhancement of the tumor [64, 65], with the ex-
ception of the areas of necrosis (Fig. 14C). Lymphade-
nopathy and liver metastases are usual.

Osteoclast-like Giant Cell Carcinoma. This carcino-
ma is composed of malignant undifferentiated epithe-
lial cells with round or spindle-shaped cells associated
with nonneoplastic osteoclast-like giant cells. The clin-
ical course is extremely aggressive and most patients do
not survive 1 year. The macroscopic aspect is identical
to that of anaplastic carcinoma [4, 66].

Other extremely rare histological subtypes of carci-
noma, with macroscopic features similar to those of
adenocarcinoma, are signet-ring cell carcinoma, clear
cell carcinoma, ciliated cell carcinoma and mixed duc-
tal–endocrine carcinoma.

Acinar Cell Carcinoma

Acinar cell carcinoma is an epithelial tumor made up of
neoplastic cells with acinar differentiation, occasionally
associated with endocrine differentiation. It is rare, con-
stituting 1%–2% of the tumors of the exocrine pancre-
as, with lymphatic and liver metastases in 50% of the
cases at the time of diagnosis [67, 68, 69]. It is prevalent
in males and in advanced age, with a peak incidence in
the seventh decade [68, 69], even if sporadic cases have
been described in children. The clinical picture is most-
ly nonspecific, identical to that of ductal adenocarcino-
ma, with the only exception of jaundice, which is rather
rare even in large tumors involving the pancreatic head.
In around 15% of cases, the manifestation of a quite spe-
cific clinical picture can occur, which is characterized by
polyarthralgia-polyarthritis, disseminated (mainly sub-
cutaneous) focuses of fat necrosis and peripheral eosin-
ophilia induced by the activity of the lipase enzyme [68,
69].

Fig. 14A–C. Anaplastic carcinoma. A Large undifferentiated cells
showing extreme anaplasia and growing in poorly cohesive sheets
supported by scanty fibrous tissue B Ill-demarcated tumor mass
with areas of hemorrhagic necrosis. C At the CT exam (venous
phase of contrast enhancement), a well-defined round mass can be
seen in the neck of the pancreas. The tumor shows a thick hyper-
dense solid wall with central hypodense necrotic area
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Macroscopically, the pancreatic head (Fig. 15) and
tail are common sites of occurrence of acinar cell carci-
noma, accounting for 56% and 36% of cases, respective-
ly [68, 69]. Although cystic variants have been de-
scribed, the majority of the lesions are solid. It presents
as a well-circumscribed, soft mass (Fig. 15A), with an
average size of 10 cm. The cut surface demonstrates the
presence of many bands of dense connective tissue that
separate the tumor nodules, which can appear with ne-
crotic foci. The tumor can grow exophytically into the
duodenum.

Histologically, the carcinoma shows solid prolifera-
tion of acinar cells (Fig. 15B), characterized by round
nuclei and abundant eosinophilic, granular cytoplasm
(PAS-positive). Immunohistochemical analysis shows
acinar differentiation, with variable positivity for the
pancreatic enzymes, trypsin, amylase, lipase and chy-
motrypsin. The expression of endocrine markers is
usually negative or restricted to single cells [70]. When
the endocrine component exceeds 30% of the entire le-
sion, the tumor is classified as a mixed acinar–endo-
crine carcinoma.

At imaging, the tumor appears both more notable
and more voluminous compared to ductal adenocarcin-
oma. Despite the conspicuous dimensions of the tumor,
the Wirsung duct can appear normal upstream. Marked
hypodensity or T1 hypointensity after CM administra-
tion, compared to the normal pancreatic tissue, is usual-
ly reported for this tumor, relating to its poor vascular-
ization [65]. In personal experience and in that of other

authors [71, 72], acinar carcinoma of the head has been
documented as markedly hyperdense after CM admin-
istration (Fig. 15C, D). Recently the MR features of aci-
nar cell carcinoma have been described. There was avid
uptake of Mn-DPDP by the tumor, which appeared hy-
perintense in post-contrast T1-weighted fat-saturated
gradient echo (GRE) images [69]. Therefore, this tumor
is distinguishable from ductal adenocarcinoma given its
greater dimensions and more defined contours, while
the differential diagnosis in both the pancreatoblasto-
ma and the solid-pseudopapillary tumor (when the aci-
nar carcinoma is poorly vascularized) or the endocrine
nonhyperfunctioning tumor (when highly vascular-
ized) cannot be proposed [70, 73].

The prognosis is midway between that of ductal
adenocarcinoma and that of the endocrine tumors;
however, only 6% have a 5-year survival [65, 68]. Favor-
able prognostic factors are: less than 60 years of age, re-
sectability and absence of metastases at intervention.

Pancreatoblastoma

Pancreatoblastoma is a malignant tumor composed of
epithelial elements with acinar differentiation, squa-
moid corpuscles and occasional endocrine cells and
nonepithelial components. It is a rare tumor, prevalent
in males, representing the most common pancreatic tu-
mor in children. Nevertheless, the increase in reported
cases has shown a bimodal distribution in relation to

Fig. 15A–D. Acinar cell carcinoma. A Whipple resection specimen
showing well-circumscribed tumor composed of nodules separat-
ed by thin fibrous strands. B Trabecular pattern: uniform tumor
cells with nuclei showing a polarized arrangement reminiscent of

normal pancreatic acinar tissue. C, D CT shows a well-demarcated,
round mass in the head of the pancreas, with conspicuous en-
hancement after CM administration.
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age, with one group of mean age around 3–5 years and
the other around 25–30 years [73, 74]. Its incidence ap-
pears to be relatively high in East Asia [75]. Clinically,
symptoms are nonspecific, usually late, when the tumor
has reached conspicuous dimensions, with a conse-
quent mass effect on the adjacent structures. However,
obstructive jaundice is infrequent. Alpha-fetoprotein
levels are reported to be high in 25%–55% of patients
[75].

Macroscopically, these tumors are solitary, large and
well circumscribed and have no preferential location in
the pancreas (Fig. 16A); the entire organ can be involved
[75]. In the late stage, the tumor extensively infiltrates
the peripancreatic soft tissue, the adjacent organs, and
the margins are no longer clearly demarcated [76].

Histologically, the neoplasm consists of lobules of
relatively uniform cells, separated by dense fibrous tis-
sue and blended with the characteristic squamoid cor-
puscles (Fig. 16B). The pattern of growth can be solid,
trabecular or acinar. The tumor may show foci of necro-
sis or hemorrhage [65] as well as, in rare cases, the pres-
ence of a conspicuous mesenchymal component with
chondroid and osseous differentiation.

At imaging the lesion appears as a voluminous and
well-circumscribed mass, with a homogeneous struc-
ture. Hypoechoic at US, the tumor shows no significant
staining at contrast-enhanced CT (Fig. 16C) and/or MRI
(Fig. 16D). The greater part of these tumors shows low
or intermediate signal on T1-weighted MR images and
high signal on T2-weighted images. Calcifications are
sometimes present [65]. Distinguishing pancreatoblas-
toma from other pediatric abdominal masses can be
difficult, particularly when the tumor is large and when
its origin is uncertain. In such cases, the differential di-

agnosis, as with other pancreatic tumors (e.g., endo-
crine tumors, solid-pseudopapillary neoplasms), in-
cludes the consideration of any large intra- or retroper-
itoneal mass, such as a neuroblastoma, non-Hodgkin
lymphoma, or Wilms tumor.

The prognosis of this tumor is variable. Metastases,
above all in the liver, have been described in up to one-
third of patients [74]. The reported survival rate is only
18 months for adult patients, and 50% (mean follow-up
of 8 years) for children.

Fig. 16A–D. Pancreatoblastoma in an adult male. A Gross specimen
showing solid well-demarcated mass. B Macrosection of the tumor
displays large nodules separated by thin fibrous strands like acinar
cell carcinoma. C At the contrast enhanced CT exam, the mass ap-

pears well demarcated, hypodense and inhomogeneous. D The Gd-
DTPA-enhanced GRE T1-weighted MR image confirms the poor
vascularization of the mass
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Solid-Pseudopapillary Tumor

Solid-pseudopapillary tumor (SPT) of the pancreas, al-
so known as Frantz tumor, is a distinctive low-grade
malignancy that primarily occurs in girls and young
women and is composed of monomorphous cells vari-
ably expressing epithelial, mesenchymal, and endocrine
markers. It represents 1%–2% of all exocrine tumors of
the pancreas. It has rarely been reported in older wom-
en, males and in extrapancreatic sites [4]. SPT seems to
have a predilection for Asians [77]. Its identification is
usually incidental or justified by nonspecific symptoms.
Jaundice is very rare.

Macroscopically, SPT appears as a large (size range,
2–20 cm; average 10 cm), round, well-circumscribed
mass (Fig. 17A), which exhibits variable proportions of
solid and cystic areas filled with hemorrhagic fluid and
necrotic debris. The “pure” solid and cystic forms are
prevalent in the smaller and larger tumors, respectively.
The tumors occur with a slight predilection for the head
of the pancreas [77].

Microscopically, the tumors are composed of a mix-
ture of solid, pseudopapillary and cystic areas, usually
surrounded by a fibrous capsule that is often calcified.
The tumor cells are monomorphous, with round to oval
nuclei and eosinophilic, granular cytoplasm. PAS-posi-
tive globules, stromal myxoid degeneration, necrotic
changes and hemorrhage are characteristically present.
Mitotic figures are virtually absent. SPTs show strong
immunoreactivity for neuron-specific enolase, vimen-
tin, a-1-antitrypsin and a-1-antichimotrypsin, and on-
ly focal positivity for keratin markers [78].

Although the histogenesis remains obscure, the im-
munohistochemical and ultrastructural findings favor
the hypothesis of a ductular cell origin with divergent
differentiation [79, 80]. The pathogenetic role of sex
hormones is suggested by the predilection of SPT for
young, fertile women and by the immunohistochemical
presence of progesterone receptors in the large majority
of neoplastic cells [78].

The most important differential diagnosis is with
nonfunctioning islet cell tumors, pancreatoblastoma and
acinar cell tumor. Preoperative diagnosis may frequent-
ly be obtained using fine needle aspiration biopsy under
ultrasound guidance. Cytological smears are quite char-
acteristic because of the presence of branching papillae,
formed by delicate central fibrovascular stalks covered
by one or more layers of monomorphic tumor.

The clinical course is usually favorable, although
some cases of invasion of vital structures and metasta-
ses have been reported [81, 82, 83]. The complete re-
moval of the tumor is considered the most appropriate
therapy. Metastases and recurrent tumors were more
frequently noted in elderly patients. For this reason,
children with SPT generally have a better prognosis
than adults [77].

At US the tumor appears well circumscribed, homo-
geneously hypoechoic when small (Fig. 17B), and with
inhomogeneous echotexture when voluminous (Fig.
18A). At both CT and MRI, the peripheral thick capsule,
which shows moderate enhancement especially in the
late contrastographic phase, is clearly recognizable
(Figs. 17C, 18C).At CT lamellar calcifications can be rec-
ognized within the mass. Centrally, the tumor, which
appears hypodense at CT and T1 hypointense/T2 hyper-
intense at MRI, does not show significant enhancement
after CM administration (Figs. 17C, 18C). At MRI, the
foci of subacute hemorrhage (Fig. 18B) appear hyperin-
tense on the unenhanced T1-weighted sequence [84].

Fig. 17A–C. Solid-pseudopapillary tumor. A Whole-mount macro-
section of the tumor displays round, solid, homogeneous mass
well demarcated from the remaining pancreas. B, C US (B) and CT
(C) examinations demonstrate homogeneous solid mass in the
head of the pancreas. At CT an adhesion to the superior mesenter-
ic vein (arrow) is demonstrated
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Fig. 18A–D. Solid-pseudopapillary tumor. A US examination dem-
onstrates a large inhomogeneous solid and fluid mass in the tail of
the pancreas. B The GRE T1-weighted image confirms the inho-
mogeneous content of the mass with a fluid, hyperintense, hemor-

rhagic area (asterisk) and solid hypointense component. The latter
shows a slight enhancement after gadolinium in the GRE FS T1-
weighted sequence (C). D Gross specimen showing well-demarcat-
ed mass with thick capsule and solid and fluid (asterisk) areas

Fig. 19A–D. Endocrine hyperfunctioning tumor (insulinoma).
A Small (2 cm in diameter) intrapancreatic tumor, showing a ho-
mogeneous appearance. B At US a small hypoechoic nodule is lo-
cated in the body of the pancreas. C CT scan during the arterial

phase of contrast enhancement shows a small hyperdense tumor
in the body of the pancreas (arrow). D Another case. In Gd-DTPA-
enhanced T1-weighted MR image, a small hyperintense nodule
(arrow) is seen in the tail of the pancreas
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Endocrine Tumors

Endocrine tumors comprise benign or malignant epi-
thelial neoplasms, that show morphological and immu-
nohistochemical evidence of endocrine cell differentia-
tion. Their incidence is very low, accounting for about
1%–2% of all pancreatic tumors, with a frequency of 1
case per 2,000,000 inhabitants in the surgical series [85,
86]. Endocrine tumors can be encountered at any age,
although they are rare in childhood. There is no notable
difference in gender distribution. The tumors can be
sporadic (usually single) or in association with multiple
endocrine neoplasm syndrome like MEN-1 (frequent
presence of multiple pancreatic lesions). Pancreatic en-
docrine tumors are an unusual manifestation of Von
Hippel-Lindau disease. These lesions are typically non-
functional and therefore do not cause symptoms [87].
Their histopathological classification is based on the
degree of differentiation and on the type of hormone
produced (inferred by the immunohistochemical find-
ings on tissue samples) [88]. The presence of one or
more hormone demonstrated with immunohistochem-
ical methods does not implicate the presence of a clini-
cal syndrome. A neoplasm should be defined as func-
tioning only when the clinical syndrome is present in
association with elevated hormonal title in the serum.

Endocrine tumors are clinically subdivided into two
groups, which raise significantly different diagnostic
problems. Functioning endocrine tumors manifest spe-
cific symptoms, closely correlated with hormone secre-
tion, so that the main diagnostic problem is represented
by their location. Nonfunctioning endocrine tumors
manifest later, with nonspecific symptoms correlated
with their mass effect. In this case, the principal diag-
nostic problem is the identification of this tumor, with a
more favorable prognosis than that for other tumors of
the pancreas. Malignant neoplasms may grow slowly
and thus survival may be long, despite metastatic dis-
eases. The main metastatic sites are lymph nodes, liver
and bones. The lungs, mediastinum, peritoneum and
the brain may also be involved [89].

Endocrine tumors do not present particular topo-
graphical predilection in the pancreas, although the in-
sulinomas show a slight prevalence in the body-tail
[90], while the nonfunctioning tumors prefer the head.
The dimensions can range from 0.5–1 cm to 10 cm. Gen-
erally, nonfunctioning tumors are diagnosed in the
more advanced phase (greater dimensions and often al-
ready with lymphatic and liver metastases).

Macroscopically, most tumors appear as well-cir-
cumscribed, rounded masses (Figs. 19A, 20A). On cut
sections, a fibrous pseudocapsule frequently divides the

Fig. 20A–D. Endocrine nonfunctioning tumor. A Whipple resection
specimen showing a well-demarcated tumor with a focus of hem-
orrhage. B US demonstrates a round, homogeneously hypoechoic

mass in the head of the pancreas. C, D Enhanced CT (C) and MR (D)
images demonstrate a solid homogeneous, well-vascularized tu-
mor in the head of the pancreas
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lesion from the surrounding parenchyma. Hemorrhagic
and necrotic areas are prevalent in malignant tumors; a
purely cystic aspect is rarely found. Malignant cases
show infiltration of the peripancreatic soft tissue and
direct invasion of the surrounding organs.

Microscopically, the majority of tumors present suf-
ficient distinctive features to be recognized as endo-
crine. They are represented by a solid, trabecular, or
glandular pattern of growth and by the presence of
round, regular and mild to moderate atypical cells. Spe-
cial or immunohistochemical stain for general endo-
crine markers and specific hormonal products are
needed for better tumor identification (morphofunc-
tional classification). It is extremely difficult to predict
the biological behavior of these tumors using classic
histopathological criteria. Invasion of the peripancreat-
ic organs, and hepatic and distant lymph node metasta-
ses are considered the only unequivocal evidence of ma-
lignancy. Negative prognostic factors include large lo-
cally invasive tumors, high-grade cellular atypia, in-
creased mitotic index/proliferative activity (Ki-67 index
above 5%), the presence of tumor necrosis and vascular
invasion. In the recent WHO classification, pancreatic
neoplasms are typed in three different prognostic cate-
gories: well-differentiated endocrine tumors, well-dif-
ferentiated endocrine carcinoma and poorly differen-
tiated endocrine carcinoma [88].

Insulinoma, the most frequent among the function-
ing endocrine tumors, is benign in the majority of cas-
es. Clinically, it appears with the Whipple triad (starva-
tion attacks, hypoglycemia after periods of fasting, res-
olution of the latter with intravenous administration of
dextrose). The prevalence within the clinical picture of a
psychiatric syndrome sometimes justifies a diagnostic
delay. Its association with MEN-1 is common. Among
the endocrine tumors, insulinoma has the smallest
dimensions (50% of the tumors have a diameter
<15 mm). This tumor is more frequently located in the
body-tail of the pancreas.

Macroscopically, the neoplastic nodule is well cir-
cumscribed. It is often at least partially encapsulated
(Fig. 19A). It is identified through imaging techniques
by its rich vascularization [91, 92].

At US, the tumor appears as an intrapancreatic,
sharply marginated hypoechoic nodule (Fig. 19B). The
sensitivity of CT is currently high [93], thanks to the
spiral technique, which can identify the tumor in the ar-
terial phase of contrast enhancement (Figs. 19C, 21). Be-
cause of its ability to demonstrate the lesion in different
planes (Fig. 21), MDCT leads to a better differentiation
of the tumors with regard to the other structures (e.g.,
vessels) that may mimic it. Moreover, MDCT can pre-
cisely locate the tumor within the pancreatic gland. In
the venous phase the tumor can either persist as hyper-
dense or become isodense with the consequent impos-
sibility of differentiation from the normal pancreatic
parenchyma [94]. Liver metastases, very rare, show sim-
ilar vascular architecture to that of the primitive tumor,
and are also well documented in the arterial contrasto-
graphic phase. The sensitivity of MRI seems to be
slightly superior to that of spiral CT (Fig. 22), since the
identification of the tumor, in addition to a dynamic
contrast-enhanced study (Figs. 19D, 22A), for which fat
suppression is particularly useful, can also be achieved
on the T2-weighted images (hyperintensity of the neo-
plastic nodule: Fig. 22B) [95–97]. Atypical presentations
of insulinomas have been described as cystic, calcified
or hypodense in relation to the surrounding parenchy-
ma during the arterial phase images on contrast-en-
hanced CT and hypointense on dynamic contrast-en-
hanced MR images. In this case, a hypercellular tumor
with poor vascularization and amyloid deposits can be
demonstrated [98].

Gastrinoma is the second most common endocrine
tumor. Unlike insulinoma, it is characterized by an ele-
vated incidence of malignancy. At the moment of diag-
nosis liver metastases are frequently shown. This tumor
can also be linked to MEN-1. The clinical picture is
highly specific, represented by Zollinger-Ellison syn-
drome (multiple gastric ulcers and diarrhea) because of
the excessive secretion of gastric acid (unregulated hy-
pergastrinemia).

The tumor, whose macro- and microscopic features
are both similar to those of insulinoma, is prevailingly
located in the so-called gastrinoma triangle, formed by
the pancreatic head, the duodenum and the junction of

Fig. 21A, B. Endocrine hyperfunctioning tumor (insulinoma), mul-
tidetector CT (MDCT) study. A During the pancreatic phase of
contrast enhancement a small hyperdense nodule (arrow) is rec-

ognizable in the neck of the pancreas. B In the paracoronal 2D
MPR reconstruction of the images, the intrapancreatic site of the
nodule is confirmed (arrow)
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the cystic and common bile duct. The identification of
lymph nodes or liver metastases is not infrequent, even
when the primitive tumor has not been identified.

The imaging features of this tumor are very similar
to those of the insulinoma. However, its identification is
more difficult considering the possibility of extrapan-
creatic location. In some cases, faced with negative US,
CT and MRI results, nuclear medicine with [111In]-pen-
tetreotide (OctreoScan) is diagnostic [99].

The other functioning endocrine tumors (glucagon-
oma, vipoma, somatostatinoma) are rare, and are char-
acterized by a less specific clinical picture compared to
that of both insulinoma and gastrinoma. For this rea-
son, there is usually a delay in their identification, as is
confirmed by the mean dimensions (4–10 cm), which
are clearly greater than those of the other functioning
endocrine tumors. The imaging features of these tu-
mors are similar to those already described; they can
sometimes be cystic.

Nonfunctioning endocrine tumors, whose histologi-
cal aspect is analogous to that of the functioning ones,
account for roughly 30% of endocrine tumors, with an
incidence ranging from 15% to 41%. The lack of a spe-
cific clinical picture justifies the notable diagnostic de-
lay. In fact, they manifest when, having reached conspic-
uous dimensions, they either involve the digestive or
biliary tract. At diagnosis, the mean diameter of these
tumors is greater than that of functioning tumors
(Fig. 20A). The incidence of malignant degeneration is
high, manifesting with both infiltration of the peripan-
creatic structures and distant metastases. The prognosis
of these tumors is somewhat better compared to that of
ductal adenocarcinoma, and therefore warrant a more
aggressive therapeutic approach, even in the presence of
distant metastases.

At US, the tumor has a homogeneous hypoechoic
structure (Fig. 20B); the liver metastases are also hypo-
echoic. The distinction between the nonfunctioning en-

Fig. 22A, B. Endocrine hyperfunctioning tumor (insulinoma), MR
study. A In Gd-DTPA-enhanced T1-weighted VIBE sequence a very
small hyperintense nodule (arrow) is identifiable in the head of the

pancreas. B The same lesion is demonstrated by TSE T2-weighted
image, where it appears hyperintense (arrow)

Fig. 23A–D.
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docrine tumor and ductal adenocarcinoma is easier to
obtain with CT and MRI, because of the frequent hyper-
vascularization of both the tumor (Fig. 20C, D) and its
metastases, as documented in the arterial contrasto-
graphic phase. In reality, not all nonfunctioning endo-
crine tumors are hypervascularized; in some cases, the
aspect of both the primitive tumor and the metastases,
hypovascularized, is in practice indistinguishable from
that of ductal adenocarcinoma. Therefore, in all cases
histological proof by fine-needle core biopsy is manda-
tory. CT and MRI have the task of evaluating the diffu-
sion of the tumor, and particularly its connection with
the peripancreatic vessels (Fig. 23).

Nonepithelial Tumors of the Pancreas

Nonepithelial tumors may present a solid pattern. Of
these, primitive mesenchymal tumors, both benign and
malignant, should be mentioned. These tumors are ex-
tremely rare in the pancreas and present features that
are identical to those observed in the other organs [4,
100].

The benign soft tissue tumors are extremely rare,
represented by benign schwannomas, hemangioen-
dotheliomas, and fibrous histiocytomas. In the radiolo-
gy literature, some cases of pancreatic lipoma have been
reported. The tumor, usually located in the head of the
pancreas, is hypoechoic on US, and isodense and isoin-

tense to the fat tissue on CT and T1- and T2-weighted
MR images, respectively [100]. Fat-suppressed MRI can
confirm that the lesion is composed of fat. It is in truth
quite difficult to distinguish by imaging a pancreatic
lipoma from the focal fatty infiltration of the gland. Fur-
thermore, this distinction, obtainable histologically (the
lipoma has a capsule and central septation, while the
fatty infiltration includes small foci of atrophic paren-
chyma), has no clinical significance, since surgical inter-
vention is not needed in either case. This is why the core
biopsy can be avoided [101].

The inflammatory myofibroblastic tumor, also
known as inflammatory pseudotumor, is a rare mass le-
sion composed of a variety of inflammatory or other
mesenchymal cells. The prognosis of this tumor is gen-
erally considered to be favorable, with only a rare inci-
dence of malignant transformation. The most common
clinical presentation is generally an incidentally discov-
ered mass. Less frequently a palpable abdominal mass,

Fig. 23A–E. Endocrine nonfunctioning tumor. A, B CT scans, per-
formed during the pancreatic phase of contrast enhancement,
demonstrate a huge, multilobulated, hyperdense mass, occupying
the head and the body of the pancreas, with encasement of the
splenic artery and obstruction of the superior mesenteric vein. An
important collateral venous network (arrows) is present. C–E Dif-
ferent MR study. C On fat-suppressed Gd-DTPA-enhanced T1-
weighted MR image, a large, well-circumscribed, hyperintense
mass in the body of the pancreas is present. D MRA in the arterial
phase demonstrates the normal aspect of the arterial vessels;
“nest” pattern of the small arterial vessels at the periphery of the
tumor. E In the venous phase, the superior mesenteric vein and the
portal vein appear compressed

Fig. 24A, B. Pancreatic primitive neuroectodermal tumor (PNET).
On the Gd-DTPA-enhanced GE T1-weighted axial (A) and coronal
(B) MR images, a huge mass originating from the body of the pan-
creas occupies the abdomen. The tumor has a mixed solid and cys-
tic content
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abdominal pain, jaundice and anemia are present. In
these patients the preoperative diagnosis is usually pan-
creatic carcinoma because it resembles malignant neo-
plasms on the radiological examination [102].

Malignant soft tissue tumors are often hardly distin-
guishable from primitive retroperitoneal tumors secon-
darily involving the gland, considering their conspicu-
ous dimensions. Cases of leiomyosarcoma, fibrosarco-
ma, liposarcoma, etc., have been reported in the litera-
ture. We observed a huge primitive neuroectodermal
tumor (PNET), identified in pediatric age [103]. The
mass, particularly voluminous, presented a mixed solid
and liquid pattern and was associated with ascites
(Fig. 24). A very rare malignant tumor is carcinosarco-
ma, composed of malignant mixed epithelial and me-
senchymal elements. Its prognosis appears dismal
[104].

Lymphomas and Leukemias

Malignant lymphomas rarely manifest as primitive le-
sions. They represent less than 0.5% of pancreatic tu-
mors [105] and 2% of extranodal non-Hodgkin’s lym-
phomas [106]. More frequently they are an expression
of secondary involvement; the pancreatic gland is in-
volved in more than 30% of patients with non-
Hodgkin’s lymphoma [4, 105–107]. In many cases, both
clinical presentation and imaging findings do not sig-
nificantly differ from those of tumors of the exocrine
pancreas. Jaundice is an infrequent finding. The most
common findings were abdominal pain and weight loss
[106].

At US primary pancreatic lymphoma usually appears
as a bulky homogeneous hypoechoic mass with multi-
ple isoechogenic peripancreatic lymph nodes. At CT,
two different patterns of pancreatic involvement are de-
tectable: a well circumscribed solid mass or diffuse en-
largement of the gland. In both cases the enhancement
after administration of IV CM is poor and homogene-
ous. The focal lesion appears as a low-signal-intensity
homogeneous mass on T1-weighted images with slight
enhancement after IV administration of CM. On T2-
weighted images, the mass has an intermediate signal,
higher than that of the residual gland but much lower
than the signal intensity of fluid. The diffuse infiltrating
type of the lesion shows similar characteristics. MR im-
aging is equivalent to CT regarding information about
the peripancreatic vessels and enlarged lymph nodes
[106, 108]. The clinical features and imaging findings
are not specific and, in all cases, the final diagnosis must
be made by pathological examination. The small
amount of tissue obtained by FNA may not distinguish
between a lymphoma and an anaplastic carcinoma or
identify the subclasses of non-Hodgkin lymphoma
[105].

From the clinical, therapeutic and prognostic view-
point, the most important aspect is their differential di-
agnosis with the poorly differentiated (small cell) carci-
noma and the endocrine tumors.

Immunohistochemical analysis to demonstrate spe-
cific differentiation markers is extremely important,
highlighting the positivity for leukocyte antigens in
lymphomas and for keratins and endocrine markers in
carcinomas and endocrine tumors, respectively.

Secondary extramedullary plasmacytoma involving
the pancreas is rare. In fact, only 18 cases have been re-
ported in literature. The mass can involve the entire
pancreas or may have a focal aspect. At CT extramedul-
lary plasmacytoma of the pancreas is usually demon-
strated as a homogeneously enhanced solid mass, in
contrast to the irregular low-density mass of pancreatic
adenocarcinoma. Given the high enhancement, it is very
difficult to radiologically differentiate extramedullary
plasmacytoma of the pancreas from other hypervascu-
lar tumors of the pancreas such as endocrine cell tu-
mors and acinar cell carcinoma. To obtain a definite di-
agnosis, percutaneous biopsy may be useful [109].

Metastases

Even if direct invasion of the gland is possible, metasta-
ses in the pancreas are much more likely to be the ex-
pression of a hematogenous spread [4]. From a clinical
and radiological standpoint, metastases can mimic a
long-hidden primitive carcinoma before revealing itself
in the late stage with jaundice, weight loss, abdominal
pain, digestive hemorrhage or pancreatic insufficiency
[110, 111].An accurate diagnosis is extremely important
since most of these patients must undergo different
chemotherapy or radiotherapy than needed in the case
of primitive tumors of the pancreas. Tumors that more
frequently metastasize in the pancreas are breast carci-
noma, anaplastic carcinoma of the lung, melanoma, re-
nal carcinoma, hepatocarcinoma, and colon carcinoma
[110–113]. Adenocarcinoma of the stomach is the most
frequent primary site of metastatic pancreatic tumors
in Japan [114]. Late metastases of renal carcinoma are
not infrequent; the mean time lag is around 11 years
[115].

In most cases, identification is incidental during an
investigation for either staging (synchronous metasta-
ses) or follow-up (metachronous metastases) of the
primitive tumor.

The metastases, single or multiple, present definite
margins and hypoechoic texture at US [111]; after CM
administration, they are hypodense and hypointense at
CT and MRI, respectively, (Fig. 25A). The only exception
is the metastases which originate from a hypervascular-
ized tumor of the kidney (Fig. 25B), with a pattern that
is identical to that of the primitive tumor [110].
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Morphological evidence of a metastatic neoplasm
can be obtained with fine needle aspiration cytology.
The diagnostic clues rely on the presence of both dis-
tinctive features (e.g., presence of bile thrombi for he-
patic carcinoma) and being aware of the primitive neo-
plasm (e.g., renal cell carcinoma vs clear cell carcinoma
of the pancreas). The immunohistochemical analysis
may play a crucial role in the final diagnosis: positivity
for melanocyte markers S-100 or HMB-45 for the diag-
nosis of metastatic melanoma.

Lesions Mimicking Solid Tumors of the Pancreas

Focal chronic pancreatitis, mainly located in the pan-
creatic head, in the absence of any signs of the advanced
stage of the disease, such as calcifications, ductal ecta-
sia, and pseudocysts, can simulate the ductal adenocar-
cinoma of the pancreas. In some cases, fine needle aspi-
ration biopsy cytology may be useful in the differential
diagnosis.Among the multiple manifestations of chron-
ic pancreatitis there are two conditions where, at first
glance, the pattern of the lesion can simulate an adeno-
carcinoma.

Cystic dystrophy of the duodenal wall (also known as
groove pancreatitis), is characterized by inflammation
of the heterotopic pancreatic tissue located within the
duodenal wall (Fig. 26A). In the solid variant, CT and
MRI show a solid hypodense/hypointense mass after
contrast enhancement (Fig. 26B, C), embedded in the
duodenal wall, frequently associated with dilation of
MPD. In this case, the duodenal origin of the lesion can
be shown thanks to dislocation to the left of both the
gastroduodenal artery and the CBD. Furthermore, the
inflammatory nature of the lesion is confirmed by the
absence of infiltration of these structures [116].

Autoimmune pancreatitis, only recently identified as
a distinct entity, in association with other immune-me-
diated disorders such as sialoadenitis or sclerosing cho-

langitis, can involve the pancreas focally [117, 118]. Both
the reduced vascularization of the pancreatic area in-
volved and its volumetric increase explain the pseudo-
tumoral aspect at imaging (Fig. 26D). In this event, the
clinical picture (either acute relapsing or chronic pan-
creatitis), and the young age of the patient arouse the
suspicion of this type of lesion, which needs to be con-
firmed by a fine-needle biopsy. In the early stages of au-
toimmune pancreatitis, the prompt introduction of
steroid treatment ensures the rapid regression of the
disease with final restitutio ad integrum.

Peripancreatic fat necrosis, which may be found even
long after an episode of pancreatitis, may appear as a
well-defined mass on CT and MR imaging, mimicking
pancreatic cancer. In patients with a history of pancrea-
titis, in the absence of an infiltrative appearance of the
mass, the diagnosis of peripancreatic fat necrosis
should be considered. However, the definitive diagnosis
can be obtained with FNAB of the mass [119].

Heterotopic spleen, embedded in the pancreatic tail,
can simulate an endocrine tumor of the pancreas at im-
aging [120]. In this case, an accurate diagnosis can be
achieved either with fine needle biopsy or with nuclear
medicine, which will show an uptake of the radiotracer
in the ectopic nodule analogous to that of the splenic
parenchyma [121].

Cystic Pancreatic Tumors

Cystic lesions of the pancreas (Table 2) are detected in
1.4% of all the abdominal US investigations [122]. Tra-
ditionally considered rare lesions (1% of all the tumors
of the pancreas and 10% of all the cysts of the pan-
creas), they are ever more frequently diagnosed in
routine clinical practice [123–126]. Although an exact
estimation of their true prevalence is difficult, they
probably represent approximately 5% of all pancreatic
tumors.

Fig. 25A, B. Metastases. A Metastasis of primitive lung carcinoma:
at CT during the venous phase of contrast enhancement a small,
well circumscribed, hypodense mass is recognizable in the head of
the pancreas. B Metastases from primitive renal conventional car-

cinoma: at enhanced CT multiple hyperdense nodules are located
in the body of the pancreas; a large hepatic hyperdense metastasis
coexists
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The spectrum of pancreatic tumors with cystic fea-
tures is broad, and includes serous microcystic or oligo-
cystic (macrocystic) tumor, mucinous cystic tumor,
intraductal papillary mucinous tumor, acinar cell cysta-
denocarcinoma, solid-pseudopapillary tumor with cys-
tic degeneration (i.e., solid cystic tumor), and endocrine
tumor with cystic degeneration [4]. Recently a new en-
tity, acinar cell cystadenoma, was proposed as the be-
nign counterpart of the well-recognized acinar cysta-
denocarcinoma [127].

Preoperative diagnosis of cystic lesions is of para-
mount importance in planning appropriate surgical
treatment. A misdiagnosis may result in inappropriate
therapy, which, in some instances, may favor the malig-
nant transformation and spread of the disease [4].

The current sensitivity of imaging in detecting pan-
creatic cystic mass is very high. The prevalence of pan-
creatic cysts detected with MR imaging, especially those
with a diameter of less than 10 mm, is similar to that of

pancreatic cysts detected at autopsy [128]. The difficul-
ties in diagnosis are well known and persist in spite of
the wonderful technical progress in imaging. Knowl-
edge of clinical, laboratory and imaging information
can be used to make a diagnosis or to narrow down the
differential diagnosis [129]. Differentiation between
serous cystic tumors and mucinous neoplasms can usu-
ally be made on the basis of imaging. However, when the
distinction is not clear, aspiration of intracystic fluid is
recommended [130]. In reality, in some cases, the only
reliable way to differentiate benign cystic tumors from
malignant ones is to investigate the cyst wall following
resection [131]. Unfortunately, when the cystic wall is
totally denuded, the correct diagnosis is not achieved,
even pathologically.

Fig. 26A–D. Tumor-like conditions. A–C Solid dystrophy of the du-
odenal wall. Whole-mount macrosection of duodenum showing a
thickened duodenal wall and an enlarged groove region occupied
by dense fibrous tissue without macrocysts (A). At arterial (B) and
venous (C) enhanced CT scans a thick solid sheet-like mass is rec-
ognizable between the duodenum and the head of the pancreas;

the gastroduodenal artery is displaced to the left side. The fibrotic
tissue is clearly hypodense in comparison to the pancreatic paren-
chyma. D Focal autoimmune pancreatitis: at arterial-enhanced CT
a round hypodense mass is present in the body of the pancreas,
without encasement of the adjacent splenic vein
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Serous Cystadenoma

Serous cystadenomas (SCA), occasionally called micro-
cystic adenoma or glycogen-rich cystadenoma, is a be-
nign tumor made up of nonatypical epithelial cells,
which produce serous fluid. The serous cystadenoma is
usually a large lesion typically occurring in women aged
between 50 and 70 years [4, 132].

Clinically, it can be sporadic or associated with von
Hippel-Lindau syndrome (the lesions are frequently dif-
fuse or multifocal) [133–135].

SCA differs from the mucinous cystic tumors in
many aspects, the most important of which is repre-
sented by the indolent clinical course [136]. However,
there are few exceptions: the local destructive growth
with progressive involvement of the entire organ and
the minimal risk of malignant transformation. Since 
the description of Compagno and Oertel in 1978 

[136], only a few malignant cases have been reported
[137–141].

Except for their metastasizing behavior, serous cysta-
denocarcinomas are histologically, and presumably also
cytologically, indistinguishable from typical SCA [142].
For this reason, the tumor can be monitored, especially
when the location of the tumor requires a high-risk sur-
gical intervention taking into consideration either the
advanced age or the poor clinical conditions of the pa-
tients.

Approximately 30% of these tumors are incidentally
encountered during a radiological investigation under-
taken for other reasons. In the other two-thirds of pa-
tients, the clinical picture is nonspecific and is related to
the conspicuous dimensions of the tumor, which is re-
sponsible for local pressure effect on adjacent struc-
tures. Despite the frequent location in the pancreatic
head, the tumor is seldom associated with jaundice.

Fig. 27A–F. Serous microcystic adenoma. A–D First case. A The
specimen demonstrates a well-demarcated microcystic lesion, dis-
playing two central star-shaped scars. B The axial US scan shows a
large echoic mass with multiple tiny cysts. At CT (C) and MR (D)
after CM administration, the microcystic pattern of the mass is

clearly evident. E, F Second case. On the spin echo (SE) T2-weight-
ed MR image (E), a hyperintense microcystic mass with a central
hypointense scar is present; the aspect is analogous to that of a
whole-mount macrosection (F) displaying a microcystic mass
with multiple septa radiating from a central scar
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SCA is frequently associated with diabetes mellitus,
probably in relation to islet cell damage caused by the
tumor. In reality, the association could merely be coinci-
dental and related to patient age [134, 136].

Macroscopically, two principal types are recognized.
The classic or microcystic variant, with definite bor-
ders, is related to the expansive type of growth, and is
characterized by tiny cysts (<2 cm), conferring a spongy
appearance to the lesion (Fig. 27A). A central scar is
characteristically present (Fig. 27A). The macrocystic or
oligocystic type (Fig. 28A) is characterized by the pres-
ence of one or more cysts (>2 cm), the lack of a central
scar, and ill-demarcated growth margins, related to the
extension of the cysts and the supporting fibrous tissue
into the adjacent pancreatic tissue. One of these cysts
can reach conspicuous dimensions (up to 10–15 cm). In
a discrete percentage of cases, lesions with mixed (mi-
cro- and macrocystic) pattern can be observed.

Microscopically, in both variants, the cysts are lined
with a single layer of cuboidal epithelial cells with
roundish nuclei and a pale-to-clear, glycogen-rich cyto-
plasm (PAS-positive following diastase digestion). They
are delimited by highly vascularized fibrous septa,
sometimes showing a spoke-wheel aspect converging
toward a central scar (in the microcystic type) within
which calcifications can be present.

At US, the microcystic variant can show a solid as-
pect; on the other hand, the coexistence of microcystic
and macrocystic areas can help in the diagnosis
(Fig. 29). CT easily shows either the central calcified scar

or the possible presence of calcification within the
internal septa wall with a linear, arcuate or globular pat-
tern [143]. After CM administration, both CT and MRI
are able to document the enhancement of the microcys-
tic mass (Fig. 27C, D), which sometimes mimics a solid
tumor. On T2-weighted MR images, the liquid content
of the tumor is constantly found (Figs. 27E, 29A, 30B).
On T1-weighted precontrastographic MR images, some
cysts may appear hyperintense because of their in-
creased protein content. In particular, macrocystic SCA
usually displays intracystic hemorrhage or debris deriv-
ing from the denuded or necrotic epithelium lining the
cystic cavity [144].

No matter which technique is adopted, imaging gives
the correct diagnosis of serous cystadenoma whenever
the microcystic pattern (Fig. 27), at times associated
with macrocysts (Fig. 30), is demonstrated [145]. On the
contrary, the oligocystic serous adenoma (Fig. 28)
presents features indistinguishable from those of other
macrocystic tumors of the pancreas [146, 147].

The most conspicuous masses involving the pan-
creatic head may sometimes have a compression effect
on adjacent structures such as the CBD. Such findings
are easily demonstrated with MR (Fig. 29B).

Preoperative (fine needle aspiration biopsy) or intra-
operative (frozen section) diagnosis of macrocystic
serous adenoma is of the utmost importance, since con-
servative procedures (i.e., biliary bypass or cystojeju-
nostomy) may be considered in patients at high surgical
risk.

Fig. 28A–D. Serous oligocystic adenoma. A Serous oligocystic aden-
oma presenting as unilocular cystic lesion. B Enhanced CT shows
a unilocular macrocystic mass in the tail of the pancreas. HASTE

T2-weighted (C) and Gd-DTPA-enhanced T1-weighted (D) coronal
MR images confirm the fluid content and the absence of septa into
the mass
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Mucinous Tumors

Originally, mucinous tumors were considered to be a
homogeneous group of lesions, characterized by mucin-
producing columnar epithelium [148]. Today, a cystic
structure and the presence of mucin-secreting epitheli-
um are not sufficient to classify these neoplasms. At the
moment, two distinct groups of tumors are considered
separately [1, 4, 149]:
1. Mucinous cystic tumor: unilocular or multilocular

cysts with no connection with the main pancreatic
duct, lined by mucin-secreting epithelium supported
by ovarian-type stroma [150];

2. Intraductal papillary-mucinous tumor, character-
ized by intraductal growth with dilatation of the
main and/or branch ducts, and mucus hyperproduc-
tion [151–153].

According to the grade of epithelial dysplasia, as sug-
gested by the WHO classification, these tumors are
subdivided into adenoma (atypia of a low grade),
borderline (atypia of a moderate grade) and adenocar-

cinoma (severe atypia), invasive and noninvasive forms
[1]. A variable degree of dysplastic change is present in
the same lesion, with foci of high-grade dysplasia
frequently restricted to tumor areas that grossly show
papillation or nodules. Therefore it is important to em-
phasize the necessity of appropriate sampling of the
lesion for detecting small foci of invasive carcinoma and
for making the right diagnosis. It is conceivable that
limited tumor sampling might explain the presence of
metastases reported in an apparently noninvasive tu-
mor.

Mucinous Cystic Tumor. Mucinous cystic tumor
(MCT) is a uni- or multilocular cystic tumor formed by
mucin-secreting epithelium supported by ovarian-type
stroma, which shows no connection to the main pan-
creatic duct. This tumor, which accounts for 2% of all
exocrine pancreatic tumors, occurs almost exclusively
in women, aged from 20–80 years. It is likely that most
of the MCT reported in the past in males should be con-
sidered as intraductal papillary-mucinous tumors
(IPMTs) [1, 4, 150, 154].

Fig. 29A, B. Serous microcystic adenoma. Axial TSE T2-weighted
MR image (A) and MRCP (B) demonstrate that the head of the
pancreas is occupied by a large microcystic mass with central fi-
brous scar, responsible for dilation of the biliary tree upstream (B).
Ascites is present (arrow in A)

Fig. 30A, B. Mixed (micro- and macrocystic) serous cystadenoma.
At contrast-enhanced CT (A) and turbo spin-echo T2-weighted
fat-suppressed (TSE T2-WFS) MR image (B), the mixed, micro-
and macrocystic pattern of the mass is evident. The macrocysts
are located peripherally
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Clinically, when the tumor is small, it is almost al-
ways encountered incidentally. The most voluminous
tumors can be revealed as palpable masses or by symp-
toms correlated with the compressive effect on the adja-
cent structures. In the malignant forms, a significant in-
crease in the tumoral markers, such as CEA or CA 19-9,
may be present.

Macroscopically, MCT shows a marked predilection
for the body and tail of the pancreas [154–156]. Most of

the tumors are round with a smooth surface and a fi-
brous pseudocapsule with focal calcification. On cut
section, the multilocular (Fig. 31A) or unilocular (Fig.
31E) cystic space contains mucinous, hemorrhagic or
necrotic material; the individual cystic space ranges
from a few millimeters to 30 cm.

The tumor lacks any connection with the main duct
of Wirsung or the secondary ducts. The malignancy of
the tumors correlates significantly with the presence of

Fig. 31A–G. Mucinous cystic tumor. A–D Multilocular mass. A Gross
specimen. Multilocular tumor showing thick fibrous wall and cysts
of varying size separated by numerous septa. US axial scan (B), ve-
nous contrast-enhanced CT image (C) and SE T2-weighted MR im-
age (D) display a large, ovoid, well-demarcated cystic lesion with a
multilocular pattern due to the presence of multiple septa. E, F

Unilocular mass. Left pancreatectomy specimen (E) and enhanced
CT image (F) demonstrate a unilocular cystic mass with thin wall.
G Photomicrograph of the lesion shows cystic spaces lined by tall,
columnar, mucin-producing cells with basally located single nu-
clei, supported by ovarian-type stroma, with focal luteinization
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papillary projections and/or mural nodules and multi-
locularity as well as location in the head [150].

Microscopically, the cysts present two distinct ele-
ments: an inner epithelium and an outer densely cellu-
lar ovarian-type stromal layer. The epithelium, which
may display metaplastic differentiation, presents a vari-
able degree of dysplastic changes within the tumor. On
the basis of the most severe atypia, the tumors are clas-
sified as adenoma, borderline tumor and carcinoma.Al-
though all these tumors should be considered as poten-
tially malignant [123, 148, 149, 157–159], the most sig-
nificant prognostic factor is the presence and the extent
of invasive carcinoma (i.e., the infiltration of the tumor
capsule and the surrounding tissue) [150]. In these cas-
es, the outlook is similar to that of ductal carcinoma
[154].

Although it is usually easy to differentiate MCT from
the other cystic tumors, with the exception of intraduc-
tal papillary-mucinous tumors, it may be more difficult
to distinguish it from a pancreatic pseudocyst. It is not
only a clinical and radiological problem, but also a mor-
phological one because the tumor epithelium may be
denuded and the contents may be hemorrhagic. It is
mandatory in such cases to extensively sample the le-
sion in search of the diagnostic features, i.e., epithelium
and/or ovarian stroma.

The importance of a correct preoperative diagnosis
lies in the fact that all mucinous tumors should be sub-
mitted, whenever possible, to radical surgical resection.
Whichever technique is used, diagnosis is possible at
imaging [145] when the tumor presents multilocular ar-
chitecture (Fig. 31B–D) and/or parietal nodules [157].

The diagnosis is almost certain when identification is
incidental, yet not justified by a clinical picture of acute
or chronic pancreatitis, a situation where exclusion of
the inflammatory nature of the lesion (pseudocyst) is
difficult.At MRI, the content of the tumor can show high
signal intensity in the T1-weighted sequence, because of
the presence of hemorrhage or a proteinaceous ele-
ment. On T2-weighted sequences, the fluid component
has a high signal intensity and the internal septations
are more conspicuous than on the T1-weighted scan
showing as low-signal-intensity curvilinear septa [156].
There are no reliable features of malignancy; neverthe-
less, the coexistence of multilocular architecture with
thick wall and septa with calcifications correlates with
malignancy [160]

A unilocular architecture without nodules (Fig. 31E,
F) does not lead to a specific diagnosis, since the same
finding could be encountered in all cystic masses of the
pancreas.

Intraductal Papillary-mucinous Tumor. This is an
intraductal pancreatic tumor, made up of columnar
mucin-producing epithelial cells, primarily ectatic or
papillary. Described for the first time in 1980 [161], the
intraductal papillary-mucinous tumor (IPMT) has long
been underestimated, often wrongly diagnosed as
chronic pancreatitis, or included in the mucinous cystic
tumors. In the literature, numerous reports describing
this entity under different names have appeared [149,
151, 152, 163, 164]. Traditionally considered a rare le-
sion, it has recently been reported with increasing fre-
quency. It is likely that some of these tumors have been
incorrectly interpreted as sequela of chronic obstruc-
tive pancreatitis because of the macroscopic features of
the tumor and the clinical history of the patient [165].

The peculiarities of this tumor are:
1. Slight prevalence in males, unlike other cystic tu-

mors, with a mean age bracket of around 60 years
2. Characteristic aspect at ERCP, with both dilation of

the main duct and/or of the collateral branches in ab-
sence of stenosis, and presence of filling defects rep-
resenting mucin plugs or intraductal papillary pro-
liferations

3. Dilated major and/or minor papilla with mucin leak-
age

4. Symptoms like those of either chronic pancreatitis or
relapsing acute pancreatitis, related to the presence
of excessive production of mucin, which hinders the
outflow of pancreatic secretion, accompanied by a
high serous amylase level

Macroscopically, the distinctive element is the intraduc-
tal growth with segmental or diffuse dilation of the
main or secondary ducts in the absence of stenosis. Two
main types can be distinguished: the ductectatic mucin-
hypersecreting type in which the dilated ducts are filled

Fig. 31G.
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with thick mucin and the epithelial linings are flat or
present tiny, microscopic papillae, and the papillary-vil-
lous type, which is characterized by polypoid-papillary
proliferations associated with mucous material within
the dilated pancreatic duct. Precise tumor localization
can only be made when a neoplasm is small. In the ear-
ly phase of the disease, exclusive recognition of the tu-
mor localization in the main duct or in the secondary
ducts is possible. In the first case it appears as a diffuse
and regular dilatation of the main duct and in the sec-
ond case as a round macro/microcystic lesion, frequent-
ly located in the uncinate process. In the advanced stage,
the cystic ectasia of the main duct is often associated
with grape-like cystic dilatations of the branch ducts
and tumoral involvement of the papilla of Vater, which
appears dilated and protrudes into the duodenal lumen.

Wirsung biliary or Wirsung duodenal fistulas and
intraperitoneal mucus dissemination (pseudomyxoma
peritonei) are rare.

Microscopically, IPMTs show flat or papillary prolife-
rations of mucin-producing cells originating from the
ductal epithelium.

The tumor cells show a large spectrum of dysplastic
changes, ranging from benign-appearing epithelium to
carcinoma. The dysplastic changes are multifocal, with
high-grade and carcinomatous changes more likely to
be detected in the wide-spectrum lesion showing exten-
sive papillary growth and/or nodules. The tumors may
be benign (adenoma), borderline and malignant (carci-
noma) according to the varying degrees of epithelial

differentiation. Invasive carcinoma may show either tu-
bular or muconodular pattern, characterized by the
presence of tubular structures and mucin pools con-
taining floating neoplastic cells, respectively.

The main differential diagnoses of IPMT are with
MCT, ductal carcinoma and chronic pancreatitis. The
cystic changes in a segmental form of IPMTs may occa-
sionally be so extensive that they can be confused with a
MCT. However, MCTs almost exclusively affect women,
frequently involve the tail, do not communicate with the
duct system, which consequently appears normal, and
characteristically present the ovarian-type stroma at
pathology.

Differential diagnosis with ductal carcinoma is not
usually difficult because of the prevalence of the solid
growth over the intraductal involvement. Although
chronic pancreatitis presents ectasia of the main duct, it
is usually irregular, contains distortion, and histologi-
cally the papillary proliferation is never the dominant
lesion. Moreover, demonstration of the herniation of the
papilla into the duodenal lumen helps differentiate
IPMT from chronic pancreatitis [166].

In the past, this tumor was diagnosed almost exclu-
sively with ERCP because of the endoscopic demonstra-
tion of a dilated papilla, bulging into the duodenal lu-
men, with mucin leaking from the patulous orifice. In
the pancreatographic phase, dilation of the main duct
or the collateral branches, within which multiple filling
defects due to mucin globs or papillary proliferations, is
an additional finding. Nowadays, diagnosis can easily be

Fig. 32A–D. Intraductal papillary mucinous tumor of the main
duct. A At CT the main duct appears uniformly and markedly di-
lated with parenchymal atrophy; many papillary growths are
present on the wall of the duct. B On TSE T2-weighted MR image,
the dilated main duct is shown as prevailingly hypointense due to

the presence of the papillary projections. C The pancreatography,
performed on the total pancreatectomy specimen, shows the irreg-
ular pattern of the ductal walls due to the presence of parietal nod-
ules, clearly recognizable on the gross specimen (D)
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made with both CT and MRI (Figs. 32–34) since these
imaging techniques, as well as showing the dilation of
the main pancreatic duct (Fig. 32A, B) also present in
chronic obstructive pancreatitis, are able to document
the typical aspects of this tumor such as the protrusion
of the dilated papilla into the duodenal lumen (Fig.
33b), the cystic ectasia of the collateral branches and the
endoluminal filling defects (Fig. 32A, B), the origin of
which is sometimes possible to define [154, 156, 168].
The papillary proliferations can be demonstrated in the
non-gravity-dependent position, while the mucin globs,
which can be mobilized, are collected in the gravity-de-
pendent portion of the ducts [170, 171]. In addition,
intraductal mucin, as a result of its high signal intensity,
is indistinguishable from pancreatic juice at MRCP,
whereas mural nodules are seen as filling defects [172].
Lastly, at CT and MR imaging, mural nodules enhance
after contrast material administration, whereas mucin
does not [166].

In order to differentiate IPMTs from peripheral mu-
cinous tumors, MRCP is of fundamental importance
thanks to both the three-dimensional (3D) and HASTE
images which, taken at different planes, provide docu-
mentation of the communication between the tumor
and the main duct. Administration of intravenous sec-
retin can sometimes improve the detection of the ductal
communication between the lesion and the main duct
on cross-sectional imaging, particularly MRCP [166].

A greater accuracy of the MRCP over ERCP has been
reported [174–176], since, in performing the latter,
dense mucin can prevent the opacification of either the
main duct or the communicating duct between the
main duct and the cystic tumor of the collateral branch-
es (Fig. 34).

The prognosis of this tumor depends upon the pres-
ence of malignant transformation and the diffused in-
volvement of the entire gland [178]. IPMTs of the main
duct have a higher grade of malignancy than IPMTs of
the collateral branches [179]. In patients with an IPMT,

Fig. 33A–C. Intraductal papillary mucinous tumor of the main
duct. A, B On the enhanced CT scans, calcified chronic pancreatitis
of the body-tail, with mild dilation of the main duct (A) and intra-
ductal papillary mucinous tumor of the cephalic segment (B),
which appears markedly dilated, are present. The huge dilation of
the minor and major papillae (arrows) is also present. C Whipple
resection specimen displaying the marked dilation of pancreatic
main duct

Fig. 34A, B. Intraductal papillary mucinous tumor of the collateral
branches. A MRCP shows the cystic dilation of a side branch of the
neck of the pancreas; the communicating duct is also clearly iden-
tifiable. B On endoscopic retrograde cholangiography (ERCP), on-

ly the initial tract of the communicating duct is visible because of
the presence of thick mucin hampering the passage of CM into the
cystic lesion
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filling defects are indicative of malignancy. However,
absence of mural nodules does not indicate that the tu-
mor is benign. Diffuse main pancreatic duct dilation
greater than 15 mm (main duct type), or any main pan-
creatic duct dilation (branch duct type), is strongly as-
sociated with malignancy [179].

Furthermore, the prognosis depends on the type of
surgical intervention. In the case of diffuse involvement,
total pancreatectomy is the best treatment, depending
on the clinical conditions of the patient [180]. A partial
resection is advocated in the case of segmental involve-
ment. Extreme care must be taken, however, to ensure
the radical removal of the lesion. The intervention must
be guided by the analysis of frozen sections from the
surgical margins, in order to exclude microscopic foci of
dysplasia [177].

In recent years, refinement in imaging techniques
and the radiologist’s better understanding of the many
aspects of this tumor have led to a notable increase in
the number of observations. In particular, thanks to
MRCP, the reported number of small localized or multi-
centric tumors of the collateral branches has drastically
increased, especially in patients of an advanced age. In
these instances, when the diameter of the lesion is
smaller than 2.5 cm, no endoluminal filling defects are
present and the MPD is regular, it is preferable, especial-

ly in very elderly subjects, to monitor the patient
through imaging, preferably with MRCP, rather than
proceed to high-surgical-risk demolition [166, 168,
179].

Solid-Pseudopapillary Tumor

As previously reported, besides the homogeneously sol-
id tumor, this type can more frequently manifest a cys-
tic pattern. The process of cyst formation in SPT is
probably related to hemorrhage and necrosis in an es-
sentially solid and hypovascular tumor. Moreover, re-
gressive degeneration may occur with the apoptotic
process [181].

In some cases coexistence within the encapsulated
mass of both solid and liquid areas can be observed
(Fig. 35). This aspect, particularly evident with MRI,
which can reveal the presence of hemorrhage [156],
gives rise to the suspicion of solid-pseudopapillary tu-
mor, especially if encountered in a very young woman,
since this tumor is found most commonly in young fe-
males. SPT has a higher incidence of malignancy in the
elderly [156]. In other cases, both necrosis and hemor-
rhage can transform the tumor into a uni- or rarely
multilocular cystic mass with thick wall, which some-

Fig. 35A–D. Solid-pseudopapillary tumor (cystic variant). On en-
hanced CT, in the pancreatic (A) and venous (B) phases, a round,
capsulated mass is located in the head of the pancreas; centrally, a
mixed solid and fluid pattern is present. On SE T2-weighted (C)

MR image, the mass presents a inhomogeneous hyperintense con-
tent. The whole-mount macrosection (D) shows a round, thinly
capsulated mass. The tumor is partly necrotic
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times calcifies. In this case, imaging cannot make a dif-
ferential diagnosis with the other cystic masses of the
pancreas [145, 156, 182]

Other Cystic Tumors

Acinar Cell Cystadenoma. Recently a new entity, ac-
inar cell cystadenoma (ACA) has been reported, pos-
sibly the benign counterpart of the well-recognized ac-
inar cell cystadenocarcinoma. The cystic lesion, whose
nonneoplastic nature cannot be excluded, is composed
of mature acinar cells and is unrelated to the major duc-
tal system. The imaging pattern of this tumor is defi-
nitely nonspecific because of its macrocystic multilocu-
lar or unilocular structure (Fig. 36). In the ten cases
studied, the preoperative diagnosis, mainly on the basis
of CT, was either wrong (IPMT, serous cystic adenoma)
or nonspecific. On the contrary, the pathological diffe-
rential diagnosis vs the cystic variant of acinar cell car-
cinoma and the other cystic tumors of the pancreas is
easy [127].

Lymphangioma. The histogenesis of lymphangioma
of the pancreas is uncertain (congenital malformation
of the lymphatic system vs true neoplasm) [183]. This
lesion, common in pediatric patients in the soft tissue of
the neck and the axilla, is very rare in the abdomen, es-
pecially in the pancreas [184]. Lymphangiomas are con-
sidered to be of pancreatic origin if they are in the pan-
creatic parenchyma or connected to the organ by a
pedicle [185]. Imaging shows a macrocystic multilocu-
lar mass with septa, which enhance after IV contrast in-
jection. Rarely phlebolith-like calcifications may be
present. Consequently, imaging does not usually distin-
guish between the numerous cystic masses of the pan-
creas. Fine needle aspiration may suggest a diagnosis of
lymphangioma, however, the definitive diagnosis can
only be made by excision and histopathological exam-
ination [184].

Mature Teratoma. The mature teratoma (dermoid
cyst) of the pancreas is an extremely rare tumor, prob-
ably originating from aberrant germ cells arrested in
migration toward the gonads early in embryonic life
[167, 186]. They are composed of tissue deriving from
any of the three germinal lines. The radiological ap-
pearance of these lesions, similar to those seen else-
where in the body, depends on the proportions of the
various tissues of which they are composed. The combi-
nation of fat with fat–fluid levels and calcifications is
suggestive of mature teratoma. Computed tomography
is better than sonography in characterizing teratomas.
MR shows the typical high signal intensity on T1-
weighted images and on T2-weighted turbo spin echo
(TSE) images of fat-containing lesions, but fat-suppres-
sion images are recommended in order to differentiate
the fat tissue from a hemorrhagic content of the lesion.
Differential diagnosis includes tumors with abundant
amounts of fat such as lipomas and myelolipomas [186].

Schwannoma. Schwannoma of the pancreas is an ex-
tremely rare tumor, which often shows cystic features,
mimicking pseudocyst or other cystic tumors. Defini-
tive diagnosis can only be established by pathological
examination. Macroscopically, the mass shows a well-
circumscribed, septate, cystic pattern with a thick fi-
brous capsule. Microscopically the peripheral portion
of the mass, partially solid, is composed of sheets of
spindle cells [187].

Cystic Forms of Typically Solid Pancreatic Tumors

The ductal adenocarcinoma can show cystic degenera-
tion, which generally occurs in large tumors with cen-
tral necrosis. In other cases, a peripancreatic fluid col-
lection from ductal disruption or decompression relat-
ed to malignant involvement may mimic a mucinous

Fig. 36A, B. Acinar cell cystadenoma, MR evaluation. A At GRE FS
T1-weighted image a large fluid hypointense mass occupies the tail
of the pancreas. B In the coronal HASTE T2-weighted image, the
mass has a macrocystic multilocular pattern, analogous to that of
other cystic lesions of the pancreas
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cystic neoplasm. Finally, an intraductal papillary muci-
nous tumor is mimicked by the markedly dilated main
pancreatic duct because of neoplastic obstruction or by
the predominantly intraductal growth of a pancreatic
carcinoma [154].

The mucinous adenocarcinoma (colloid carcinoma),
an uncommon variant of adenocarcinoma, produces a
large volume of mucin that results in a cystic appear-
ance on imaging [129].

The anaplastic carcinoma, in which necrosis is al-
most constant, can sometimes show a cystic aspect.

The acinar carcinoma can sometimes assume the
multilocular cystic aspect, as a result indistinguishable
from the other cystic tumors at imaging. However, his-
tological classification is easy.

Endocrine tumors, hyperfunctioning and not, in less
than 10% of cases can present cystic architecture due to
previous necrosis. Septations are sometimes present
along with wall calcifications. The pattern is nonspecif-
ic, analogous to that of the other cystic masses of the
pancreas. In these cases, the most frequent radiological
diagnosis is mucinous cystadenoma or cystadenocar-
cinoma, because of the macrocystic appearance of the
lesion and the presence of features suggestive of intratu-
moral septa or vegetation. The diagnosis of cystic endo-
crine tumor can be considered only when the pancreat-
ic cystic mass is discovered in a patient with a history of
MEN-1 syndrome or with clinical features suggestive of
this syndrome [188].

Tumor-like Cystic Lesions

The pseudocyst is the most frequent cystic mass en-
countered in the pancreatic gland; it has a fibrous wall
without epithelial lining. The lesion can be located out-
side the pancreas (especially when it represents the de-
velopment of acute necrotizing pancreatitis) or within
the pancreas (more frequently in association with
chronic pancreatitis). The pseudocyst can sometimes
communicate with the duct of Wirsung. Additionally,
the compression related to its presence can erode the
nearby vessels and cause venous thrombosis or arterial
pseudoaneurysms. Fatal hemorrhages can sometimes
occur.

At imaging, whenever septations are present, the
pseudocyst is indistinguishable from cystic tumors,
particularly where the mucinous cystic tumor and the
solid-pseudopapillary tumor (cystic variant) are con-
cerned. The differential element is obviously represent-
ed by the clinical picture which, in the case of the pseu-
docyst, corresponds to that of acute and chronic pan-
creatitis, while it can be nonspecific or even absent in
the case of tumor.

The most deceitful clinical situation, which frequent-
ly leads to diagnostic error, is that in which the pseudo-

cyst complicates the presence of a ductal adenocarcino-
ma which has created an obstruction of the duct of Wir-
sung with superimposed pancreatitis. In this case, the
tumor can be easily underestimated at imaging, result-
ing in the wrong diagnosis of pseudocyst or cystic tu-
mor [145].

An abscess can also be differentiated from the tumor
by considering the clinical history (previous acute pan-
creatitis), the clinical picture (fever) and sometimes the
imaging features (presence of gas bubbles within the le-
sion).

The congenital cyst, usually small, does not commu-
nicate with the ductal tree and shows a flat epithelial lin-
ing.

Most of the time it is an incidental finding. The le-
sions are single or multiple; multiple locations are more
often associated with Von Hippel-Lindau disease or,
rarely, with inherited polycystic kidney disease or cystic
fibrosis [129, 156].

In the case of a single cyst, the differential diagnosis
should consider a small IPMT of the collateral branches.
The correct diagnosis is obtainable with ERCP, and
more recently with MRCP, which is able to recognize
whether communication with the main duct is present
or not.

The lymphoepithelial cyst, usually an incidental
finding, can often stick out from the contour of the
gland, resulting in a fluid-filled mass with thin wall, in-
distinguishable from other cystic lesions of the pancre-
as. Since lymphoepithelial cysts may develop in females
and are frequently located in the tail of the organ, they
should be considered in the clinical differential diagno-
sis of mucinous cystic neoplasms [189]. Its real nature
can be documented only histologically, thanks to the
presence of squamous epithelium supported by a small
layer of lymphoid tissue.

The mucinous nonneoplastic cyst of the pancreas
has been recently reported as a nonneoplastic cystic
change of the pancreas, distinct from mucinous cystic
neoplasm. On the whole, these masses appear as uniloc-
ular or multilocular thin-walled cysts that contain tur-
bid fluid or blood, isolated from the duct system. The
imaging features are consequently analogous to those of
many other cystic masses of the pancreas. The differen-
tial diagnosis of mucinous nonneoplastic cysts vs pan-
creatic retention cysts and mucinous cystic neoplasms
is challenging because both of these lesions are lined
with epithelium similar to that of mucinous nonneo-
plastic cysts [189].

The other cystic lesions that can significantly raise
differential problems regarding cystic pancreatic tu-
mors are the parasitic cyst, the enterogenous cyst and
the endometrial cyst. In such instances, the diagnosis is
usually acquired by histology [4, 129].
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Introduction

Cross-sectional imaging techniques (ultrasound (US),
computed tomography (CT) and magnetic resonance
imaging (MRI)) will depict abdominal lesions in the
connecting folds of tissue that constitute the mesentery
(including small bowel mesentery, mesocolon, mesosig-
moid and mesoappendix) and omentum (including
both greater omentum or epiploon) and lesser omen-
tum or gastrohepatic ligament. All of these folds of tis-
sue are covered by peritoneum.
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Although uncommon, mesenteric/omental tumors
are encountered in all age groups from infancy to the
very elderly. These tumors should be considered as pos-
sible causes for a palpable abdominal mass, but they are
most commonly brought into the differential diagnosis
of abdominal pathology once discovered by a radiolog-
ic study. An increased awareness of both neoplastic and
non-neoplastic processes resulting in mesenteric mass-
es aids the clinical radiologist in differentiating these
diseases.

Cross-sectional imaging techniques are able to clear-
ly depict mesenteric and omental masses and determine
if they are cystic or solid. To make this determination, a
practical approach involving both cystic and solid pat-
terns is used, highlighting the radiologic-pathologic
features that may allow a specific diagnosis.

Cystic Masses

Once it is determined that a cystic abdominal mass aris-
es from the mesentery or omentum rather than a solid
abdominal organ, the differential diagnosis includes
primary mesenteric/omental cyst, mesenteric teratoma,
cystic mesothelioma, cystic spindle cell tumor (cystic
leiomyoma/leiomyosarcoma), pseudomyxoma perito-
nei, pancreatic pseudocyst, mycobacterium avium-
intracellulare (MAI) adenopathy and complicated as-
cites (Table 1) [1, 2].

Mesenteric/Omental Cysts

Mesenteric/omental cysts are rare: the incidence is
about 1 per 140,000 general hospital admissions and

about 1 per 20,000 pediatric hospital admissions [3–5].
In a study from Egleston Children’s Hospital at Emory
University from 1965–1994, 14 patients were treated for
mesenteric or omental cysts, which represents a preva-
lence of about 1 case per 11,250 admissions [6].Approx-
imately one third of cases occur in children younger
than 15 [7]. Mesenteric cysts are 4.5 times more com-
mon than omental cysts [8].

A classification of mesenteric/omental cysts based
essentially on histopathological features should include
the following six groups: (1) cysts of lymphatic origin
(simple lymphatic cyst and lymphangioma); (2) cysts of
enteric origin (enteric cyst and enteric duplication
cyst); (3) cysts of mesothelial origin (simple mesothelial
cyst, benign cystic mesothelioma, and malignant cystic
mesothelioma); (4) cysts of urogenital origin; (5) ma-
ture cystic teratoma (dermoid cysts), and (6) pseudo-
cysts (infectious and traumatic cysts) (Table 2).

Lymphangioma

Lymphangioma is the most common subtype of mesen-
teric/omental cyst and represents a congenital malfor-
mation of the lymphatic vessels arising from the bowel
[4]. Ninety-five percent of lymphangiomas are found in
the neck and axilla [9]. In cases with the mesenter-
ic/omental lymphangioma, abdominal distention with a
palpable mass is the most common clinical presentation
[10].

Pathologic Findings

Lymphangiomas are large, thin-walled multiloculated
cystic masses lined with endothelium (Fig. 1). The con-
tents may be chylous or hemorrhagic. Prominent stro-
mal myxoid degeneration may occur rarely [11]. Lym-
phangiomas are intimally attached to the bowel wall
and are the only type of mesenteric/omental cyst that
routinely requires bowel resection for removal [10].

Table 1. Mesenteric/Omental Cystic Massesa

I. Mesenteric/Omental Cyst
Lymphangioma
Enteric duplication cyst
Enteric cyst
Mesothelial cyst
Nonpancreatic pseudocyst

II. Neoplasms
Teratoma
Cystic mesothelioma
Cystic spindle cell tumor (leiomyoma/leiomyosarcoma)
Pseudomyxoma peritonei

III. Miscellaneous
Pancreatic pseudocyst
MAI adenopathy
Complicated ascites

a Modified from references 1 and 10

Table 2. Histologic Classification of Mesenteric/Omental Cystsa

Diagnosis Histologic Features

Lymphangioma Endothelial lining

Enteric duplication cyst Enteric lining, double muscle
layer with neural elements

Enteric cyst Enteric lining, no muscle layer

Mesothelial cyst Mesothelial lining

Pseudocyst (nonpancreatic) No lining, fibrous wall

a From reference 3
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Imaging Features

Plain radiograph and barium studies may demonstrate
a small bowel obstruction (frequently partial) and pos-
sibly a noncalcified soft-tissue mass or displaced bowel
loops [10]. US demonstrates lymphangiomas to be ane-
choic, multiseptate masses (Fig. 2). On CT, they are mul-
tiloculated, frequently seen surrounding or tethered by
a loop of bowel from where they originate and with
Hounsfield units ranging from water (if the contents are
serous) to fat (if the contents are chylous) attenuation
[12]. CT allows differentiation of lymphangioma from
ascites with separation of bowel loops, absence of fluid

Fig. 1A, B. Lymphangioma: pathology. A Photomicrograph demon-
strates a typical lymphangioma consisting of multiloculated cystic
lesion with endothelial cell lining. B Resected specimen shows the
large mass intimately attached to bowel

Fig. 2A–C. Lymphangioma: imaging features. A Ultrasonogram
(US) demonstrates a large multilocular cystic mass in abdomen.
B Enhanced CT scan of the abdomen demonstrates a multilocular
cystic mass containing fluid of water attenuation. C T1-weighted
MR image of the entire abdomen in the sagittal plane demon-
strates a large mass centered in the mesentery. The high-intensity
of the fluid corresponds to the fat seen in the chylous material typ-
ically contained in lymphangiomas
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in the perihepatic spaces and cul-de-sac, and focal sep-
tations [13]. MRI is helpful to characterize the chylous
(fatty nature) of the contents due to high signal inten-
sity in T1-weighted images [14].

Enteric Duplication Cyst

Duplications of the alimentary tract are uncommon
congenital abnormalities. When an enteric duplication
(usually attached to the bowel) migrates into the me-
sentery, it becomes a mesenteric cyst [10]. Duplications
are usually observed early in life, but a minority re-
mains unsuspected until adulthood [15]. The clinical
presentation may depend on the location of the duplica-
tion and adjacent structures, and includes abdominal
distention, vomiting, bleeding, and a palpable abdomi-
nal mass. The symptoms and signs produced by dupli-
cations, however, are often vague [16]. Complications
such as perforation, intussusception, volvulus, and asso-
ciated malignancy may occur [17].

Pathologic Findings

Enteric duplication cysts are usually small, thick-walled
and unilocular with predominantly serous contents.
The wall “reduplicates” the normal wall of the bowel and
contains all layers, including mucosa, circular and lon-
gitudinal muscular layers and mesenteric plexus
(Fig. 3). Gastric mucosa can be present in 17%–36% of
duplication cysts [18–20], and which may cause gas-
trointestinal bleeding.

Imaging Features

By US, enteric duplication cysts have a thick wall similar
in composition to the normal bowel wall. It contains
multiple layers, typically including an echogenic inner
mucosal layer and a hypoechoic outer muscular layer
(Fig. 4). Enteric duplication cysts containing gastric mu-
cosa may be demonstrated with uptake of technetium-

Fig. 3A, B. Enteric duplication cyst: pathology. A Photomicrograph
demonstrates a typical enteric duplication cyst with thick wall
lined by enteric epithelium. B Gross specimen shows a thick-
walled unilocular cystic mass with serous contents

Fig. 4A, B. Enteric duplication cyst: imaging features. A US demon-
strates a small unilocular cystic lesion with multilayered wall.
B Axial T1-weighted MR image demonstrates a low signal intensity
lesion with thick wall (arrow)
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99m sodium pertechnetate [19]. CT and MRI reveal a
cystic mass in the mesentery with a thick wall that en-
hances after administration of contrast material. Atten-
uation of the lesion on CT scans may be high due to the
mucoid-rich viscous fluid within the cyst [1, 20].

Enteric Cyst

Enteric cysts are lined with enteric (gastrointestinal
tract) mucosa, and have a thin fibrous wall (without re-
duplication of the bowel wall as in enteric duplication
cysts) [10, 21]. They are usually unilocular with serous
contents and a thin, smooth wall that cannot be visual-
ized by CT or MRI [1, 10] (Fig. 5).

Mesothelial Cyst

Mesothelial cysts are the rarest type of mesenter-
ic/omental cyst and are the result of a failure in the co-
alescence of the mesothelially lined peritoneal surfaces
[10]. The reported incidence varies between 1 in 30,000
and 1 in 200,000 admissions [22]. Clinical presentation
includes an asymptomatic abdominal mass, vague
chronic abdominal complains, nausea, vomiting or diar-
rhea [23].

Pathologic Findings

Mesothelial cysts are thin-walled with a characteristic
mesothelial lining of the inner surface (Fig. 6).Although
they may occur in the mesentery, they are more com-
mon in the greater omentum and mesocolon [4, 10].

Fig. 5. Enteric cyst: CT appearance. A well-
defined cystic mass with attenuation in the
range of water is seen in the mesentery, near
the superior mesenteric vessels. Note that
the wall is not perceptible by CT

Fig. 6A, B. Mesothelial cyst. A Photomicrograph demonstrates a
thin-walled cystic mass with mesothelial lining of the inner sur-
face. B CT scan shows a large cystic mass displacing bowel loops
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Imaging Features

US and CT demonstrate unilocular, thin-walled cystic
mass (Fig. 6). They are indistinguishable radiologically
from enteric cysts [1, 10, 22].

Nonpancreatic Pseudocyst

By definition, nonpancreatic pseudocysts have no inner
cellular lining and are thought to be the sequelae of ei-
ther a mesenteric/omental hematoma or abscess [10].

Pathologic Findings

They are thick-walled cystic masses with no lining epi-
thelium, usually septate and contain hemorrhagic or
purulent debris.

Imaging Features

Radiologically, nonpancreatic pseudocysts have a thick
wall and may contain fluid-fluid levels corresponding to
hemorrhagic or purulent contents [1, 10] (Fig. 7).

Teratoma

This uncommon benign cystic neoplasm of the me-
sentery or omentum occurs primarily in infancy or
childhood but rarely in adult [24–26]. Implantation of
ovarian teratoma in the mesentery or omentum has
been proposed for an explanation of its pathogenesis
[27]. Clinical presentation is usually a palpable mass
with associated manifestations, depending on its loca-
tion.

Pathologic Findings

Grossly, teratomas of the mesentery/omentum are pre-
dominantly cystic with solid areas that contain fat or
calcification. Histologic components include three ger-
minal layer elements such as skin appendages, cartilage,
bone, adipose tissue, and glial/glandular tissue [10, 24]
(Fig. 8).

Imaging Features

Radiographically, calcifications are frequently present.
Sonography reliably demonstrates the mixed cystic and
solid nature of the teratoma (Fig. 9). The cystic compo-
nent shows an anechoic area in the tumor. The solid

Fig. 7. Nonpancreatic pseudocyst, CT appearance. Enhanced CT of
the abdomen demonstrates a thick-walled cystic mass with a fluid-
fluid level, typical of pseudocyst containing hemorrhagic debris

Fig. 8A, B. Mesenteric teratoma, pathologic findings. A Photomi-
crograph demonstrates a typical teratoma consisting of cartilage,
skin appendages, and fat. B Gross specimen shows a well-demar-
cated cystic mass with heterogeneous internal contents
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component shows homogeneous moderate-intensity
echoes, and sometimes even higher echogenic areas
characteristic of fat and calcification [24]. CT demon-
strates a predominantly cystic tumor with attenuation
in the range of water except for peripheral areas in the
fat attenuation range [24, 26] (Fig. 10). Calcifications
may be identifiable as well.

Cystic Mesothelioma

Cystic mesothelioma is a rare benign neoplasm of the
peritoneum, unrelated to malignant peritoneal mesoth-
elioma. Cystic mesothelioma is not a malignant mesoth-
elioma that has undergone necrosis and cystic transfor-
mation. It is unrelated to asbestos exposure [2]. Cystic

Fig. 9A, B. Mesenteric teratoma, plain film and US findings. A Supine film of the abdomen in an infant demonstrates multiple dystrophic
calcifications in the left upper quadrant. B US shows a well-demarcated mass and cystic nature of the lesion

Fig. 10. Teratoma of the lesser omentum, CT
appearance. A bilobed cystic mass is seen
with attenuation in the range of water. A fo-
cus of calcification is seen in the central sep-
tation (arrow). Areas of fat are seen periph-
erally (arrowheads)
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mesothelioma is almost always encountered in middle-
aged women who present with abdominal pain and/or a
palpable mass. It is considered a low-grade malignancy
because it recurs locally, although generally it does not
metastasize [28].Although it may involve any peritoneal
or omental surface, it is much more frequently seen in
the pelvis.

Pathologic Findings

The tumor is composed of multiple cysts, ranging in
size from a few millimeters (mm) to six centimeters
(cm) and containing clear watery fluid. Histopathologic
finding shows multiple mesothelium-lined cysts sur-
rounded by a fibrovascular stroma [29] (Fig. 11).

Imaging Features

By ultrasound, they appear as multiloculated cystic
masses, usually large. CT demonstrates a well-defined,
non-calcified mass, although a few cases with calcifica-
tion have been reported [30, 31]. Cystic mesothelioma
compresses and surrounds bowel loops, but typically
does not cause bowel obstruction (Fig. 12). MRI shows
the cystic masses that have hypointensity on T1-weight-
ed images and intermediate or hyper signal on T2-
weighted images, correlating with their watery-like con-
tents [1, 32] (Fig. 13).

Fig. 11. Cystic mesothelioma, pathologic
finding. Photomicrograph demonstrates typ-
ical findings of a cystic mesothelioma com-
posed of mesothelium-lined cysts surround-
ed by a fibrovascular stroma

Fig. 12A, B. Cystic mesothelioma, US and CT features. A US of the
upper abdomen demonstrates a multiple cystic mass with septa-
tions. B On CT scan, multiple water-density masses are seen in the
abdomen, displacing loops of bowel without obstructing them
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Cystic Spindle Cell Tumor

Spindle cell tumors in the mesentery/omentum and
gastrointestinal tract (i.e., gastrointestinal stromal tu-
mor, leiomyoma/leiomyosarcoma, schwannomas) can
undergo central liquefactive necrosis and hemorrhage,
appearing as complex cystic mesenteric/omental mass-
es on US or CT [1, 33, 34].

Pathologic Findings

Grossly, cystic mesenchymal tumors are large masses
with internal debris and hemorrhage. They may invade
the surrounding structures such as the bowel or solid
abdominal organs. Microscopic examination may reveal
foci of myxoid degeneration, microcyst formation
epithelioid or spindle cells with prominent cytoplasmic
vacuolization. Immunohistochemical studies enable
differential diagnosis of subsets of mesenchymal tu-
mors [34, 35].

Imaging Features

US demonstrates a complex mass with large amounts of
internal echoes [33] (Fig. 14). By CT, the mass has a low-
attenuation central zone surrounded by irregular walls

Fig. 13A, B. Cystic mesothelioma, MRI appearance. A T1-weighted
MR image demonstrates a multilocular low signal intensity lesion
in pelvic cavity. B T2-weighted MR image shows high signal inten-
sity of the lesion correlating of watery contents

Fig. 14A, B. Cystic spindle cell tumor (leiomyosarcoma), imaging
features. A US demonstrates a large complex cystic mass with het-
erogeneous internal echoes. B Axial CT scan shows a large, well-
defined cystic mass with solid portion, corresponding to viable
portions of the tumor
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and a high-attenuation peripheral rim, corresponding
to viable tumor [1, 34, 36].

Pseudomyxoma Peritonei

Pseudomyxoma peritonei is defined as massive and dif-
fuse involvement of the peritoneal cavity by a low-grade
metastatic mucinous adenocarcinoma originating in
the ovary, appendix, or colon. It is most common in
women aged between 50–70 [37]. Clinically the main
complaints of pseudomyxoma include abdominal pain,
abdominal distention, partial bowel obstruction, and
fistula formation [38].

Pathologic Findings

Typically pseudomyxoma peritonei manifests as multi-
ple discrete nodules containing mucin on the peritone-

um (Fig. 15). It may have solid and hemorrhagic areas
and septal calcifications. Microscopically pseudomyxo-
ma nodules are characterized by multifocal pools of
mucin with scant strips of mucinous epithelium or var-
ying proportion of glandular and signet ring cell com-
ponents [1, 2].

Imaging Features

Ultrasonography is useful to detect hypoechoic cysts or
ascites with scalloping of hepatic or splenic margins
due to extrinsic pressure of adjacent peritoneal im-
plants [39]. CT scans demonstrates myxomatous tumor
collections that are of low attenuation (Fig. 15). Areas of
high attenuation or solid component can be seen within
it. Calcifications may also be present. Pseudomyxoma
peritonei may mimic ascites, but it should not be con-
fused with the latter, Pseudomyxoma peritonei, unlike
ascites, produces scalloping of the liver and spleen, as
well as encasement with displacement of the gastroin-
testinal tract [2, 38]. Spread of mucinous material to the
pleural cavity may occur, presumably through the con-
genital pleuroperitoneal communication [40]. MRI may
be useful in assessment of small bowel obstruction in
patients with pseudomyxoma peritonei [41].

Miscellaneous Cystic Mesenteric/
Omental Lesions

Pancreatic Pseudocyst

Pancreatic pseudocysts are common cystic masses, se-
quelae of acute pancreatitis. The clinical history, labora-
tory findings and classic CT appearance are usually di-
agnostic of this entity.

Mycobacterium avium-intracellulare Adenopathy

Mesenteric adenopathy may have marked low attenua-
tion by CT, mimicking the appearance of multiple cystic
masses, such as those caused by infection with Myco-
bacterium avium-intracellulare (MAI) [42].

Pathologic Findings

Multiple conglomerated nodular masses are found in
the mesentery and/or omentum, often adherent to bow-
el and other solid organs. Cross-sectional specimens
show that caseous or liquefactive substances in the cen-
ter of the enlarged lymph nodes are surrounded by in-
flammatory lymphatic tissue and preserved blood ves-
sels [43].

Fig. 15A, B. Pseudomyxoma peritonei. A Enhanced CT scan of the
abdomen demonstrates multiple cystic masses encasing the stom-
ach and producing scalloping of the liver. B Gross specimen shows
the multiple discrete nodules containing mucin on the peritoneum
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Imaging Features

MAI lymphadenopathy has extremely low attenuation
by CT with an enhancing rim [44]. The anatomic distri-
bution and specific enhancement patterns of lymphad-
enopathy seen on contrast-enhanced CT or MRI can be
useful in differentiating between tuberculosis and un-
treated lymphomas of the abdominal lymph nodes [44,
45] (Fig. 16). Enlarged lymph nodes with a low-attenua-
tion center can also be seen in pyogenic infection and
Whipple’s disease [44, 46].

Complicated Ascites

Complicated ascites (hemorrhagic or infected) will ap-
pear as a multiseptate pseudomass mimicking a lym-
phangioma or cystic mesothelioma (Fig. 17).

Solid Masses

While the cystic masses involving the mesentery and
omentum are mainly benign (teratoma, mesenteric
cyst) or malignant with low-aggressiveness (cystic me-
sothelioma), solid masses are overtly malignant (me-
sothelioma, leiomyosarcoma) or characterized by high-
ly aggressive behavior (fibromatosis). There is a wide
range of solid masses involving the mesentery and
omentum [47] (Table 3).

Infectious Diseases

Tuberculosis

In the developing world, tuberculosis continues to be an
endemia, while in the West it has experienced a recent

Fig. 16A, B. MAI mesenteric lymphadenopathy. A CT scan and B
T1-weighted MR image of a patient with HIV and MAI infection
show multiple well-circumscribed, almost cystic-appearing mass-
es with enhancing rims

Fig. 17A, B. Infected ascites mimicking a multiseptate mass. A US
and B CT scan demonstrate multi-septate cystic lesions that
proved to be infected ascites
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resurgence. The increased incidence of tuberculosis has
been attributed to several causes, including the AIDS
epidemic, intravenous drug abuse, and increased immu-
nocompromised patients [48].

Mesenteric/omental tuberculosis occurs most fre-
quently in immunocompromised patients. Tuberculosis
within the abdomen can potentially infect all abdomi-
nal organs. Possible mechanisms in development of ab-
dominal tuberculosis include hematogenous or lym-
phatic dissemination from a distant focus, usually in the
lung, and ingestion of infected milk or sputum [49].

Pathologic Findings

The causative organism is usually M. tuberculosis homi-
nis, or atypical mycobacteria (M. avium-intracellulare).
As elsewhere in the body, tuberculosis in the abdomen
forms granulomas with typical caseous necrosis
(Fig. 18). These may present clinically as ulcers or mass-
es (tuberculoma).

Grossly, tuberculous granulomas aggregate to con-
fluent masses, replacing the fat in the greater omentum
and forming the so-called “omental cake pattern” [50].

Imaging Features

Abdominal tuberculosis may mimic a large variety of
conditions such as lymphoma, inflammatory bowel dis-
eases, or other gastrointestinal tumors. Lymphadenopa-
thy in mesentery or omentum is a common manifesta-
tion of abdominal tuberculosis.

CT demonstrates mesenteric and omental tubercu-
lous masses with replacement of the normal fat by en-
hancing, high-attenuation masses that may contain
small islands of normal fat (Fig. 19). Tuberculous ade-
nopathy is often identified in the mesentery. Contrast
enhanced CT most commonly demonstrates peripher-
ally enhancing lymph nodes with low-density centers
reflecting the usual findings of a peripheral inflamma-
tory reaction and central caseous necrosis [40, 48, 49].

On MRI, tuberculous adenopathy shows T1 iso- or
hypointensity and central T2 hyperintensity [45] (Fig.
16). Similar patterns, however, may be seen with metas-
tases of malignant neoplasms, Whipple’s disease, and
lymphoma [46, 51].

Tuberculous peritonitis is the most common presen-
tation of abdominal tuberculosis. The several patterns
of tuberculous peritonitis are described: wet, fibrotic,
and dry types. The wet type, characterized by large
amounts of free or loculated viscus fluid, is most com-
mon. CT demonstrates the nonspecific appearance of
ascitic fluid with high Hounsfield units (25–45 HU) [52]
(Fig. 20). The fibrotic-fixed type is less common and
characterized by omental masses, matted and tethered
bowel loops and mesentery. The dry type is unusual and
characterized by caseous nodules, fibrous calcified or
noncalcified peritoneal reaction, and dense adhesions.
Similar peritoneal features may occur with carcinomat-

Table 3. Mesenteric/Omental Solid Massesa

I. Infectious Diseases
Tuberculosis

II. Neoplasms
Primary benign tumors
– Lipoma
– Neural tumors (neurofibroma, schwannoma,

paraganglioma, ganglioneuroma)
Primary malignant tumors
– Malignant mesothelioma
– Malignant fibrous histiocytoma
– Spindle cell tumors (leiomyoma/leiomyosarcoma)
– Liposarcoma
Secondary tumors
– Peritoneal carcinomatosis
– Mesentery/omental metastases (carcinoid tumor)
– Lymphoma

III. Miscellaneous
Fibrosing mesenteritis
Fibromatosis or desmoid tumor
Castleman’s disease

Splenosis

a Modified from [2] and [47]

Fig. 18A, B. Tuberculosis: pathologic findings. A Microscopic find-
ing of a tuberculous nodule demonstrates an inflammatory granu-
loma with typical caseous necrosis in the center. B Gross specimen
shows multiple indurated nodules in the omentum
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osis, mesothelioma, and non-tuberculous peritonitis.
Although there are occasionally difficulties of a diffe-
rential diagnosis, a high degree of clinical suspicion and
the imaging features may allow early diagnosis of mes-
enteric and omental tuberculosis.

Neoplasms

Lipoma, liposarcoma

Lipoma/liposarcoma arises from adipose tissue and is
the most common soft tissue tumor. While in the retro-

peritoneum liposarcomas are the most common neo-
plasms, in the mesentery lipomas are much more com-
mon. Lipoma is the second most frequent mesenteric
primary tumor after fibromatosis [2].

Pathologic Findings

Histologically, liposarcomas are classified as well-differ-
entiated, myxoid, pleomorphic, and round-cell sub-
types. Prognosis for patients with liposarcoma varies on
the basis of the histologic subtype [53, 54].

Fig. 19. Tuberculosis. Axial CT scan demon-
strates mesenteric and omental high-attenu-
ation masses that may contain small islands
of normal fat

Fig. 20. Tuberculous peritonitis. Contrast-en-
hanced CT scan of abdomen shows nonspe-
cific ascitic fluid with high Hounsfield units.
Note the enhancement of thickened perito-
neum
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Imaging Features

Although the site of origin cannot be determined before
surgery, the diagnosis of lipoma is made relatively easi-
ly with US, CT, or MRI.Well-differentiated liposarcomas
can have two subtypes: fatty or lipoma-like and fibrous
or sclerosing liposarcoma. Lipoma and lipoma-like lip-
osarcoma demonstrate a well-defined mass, with nega-
tive attenuation values on CT images or with hyperin-
tensity in T1-weighted MR images. It may be impossible
to differentiate this type of liposarcoma from benign
lipoma, although internal septations are unusual for lip-
oma [55]. The sclerosing type of liposarcoma demon-
strates the CT attenuation or MR signal intensity that

approximate the characteristics of muscle, and enhanc-
es homogeneously on contrast enhanced CT or MR im-
ages. Less differentiated liposarcomas have myxoid and
pleomorphic subtypes. Myxoid components show CT
attenuation and MR signal intensity similar to that of
water.After contrast enhancement, gradual reticular en-
hancement can be seen within the myxoid components.
Some areas of myxoid liposarcoma may enhance mark-
edly. Pleomorphic components show similar attenua-
tion than muscle on CT images and signal intensity on
T1-weighted MR images (Fig. 21). On T2-weighted MR
images, however, they have signal intensity equal to that
of fat (Fig. 22). Thus the pleomorphic component differs
from the sclerosing component in MR signal intensity.

Fig. 22. Liposarcoma, MRI appearance. T1-
weighted spin-echo image demonstrates a
large mass in the mesentery with predomi-
nantly high signal intensity (*). There are
peripheral components of lower signal in-
tensity corresponding to areas with sarco-
matous contents (arrowheads). Note multiple
fibrous septa

Fig. 21. Pleomorphic liposarcoma. Axial CT
scan demonstrates a large mesenteric mass
with mainly solid in density
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The round-cell type liposarcoma demonstrates similar
attenuation and signal intensity to that of muscle. It ap-
pears heterogeneous, while the sclerosing component is
relatively homogeneous on contrast-enhanced CT im-
ages [54].

The combination of two or more histologic compo-
nents in a tumor occurs commonly and results in the
combined characteristics of the individual subtypes.

Neural Tumors (Neurofibroma, Schwannoma)

Most benign nerve sheath tumors are either schwanno-
ma or neurofibroma [56]. Schwannoma arises from
Schwann cell of the peripheral nerve sheaths. Schwan-
noma is a slow-growing benign tumor with favorable
prognosis. It occurs without sex predominance in the
30–60-year age group [57]. They generally occur as a
solitary mass located in the deep soft-tissue commonly
in the head and neck, mediastinum, retroperitoneum,
pelvis, presacral location or in an extremity [58]. The
patient presents with a slowly expanding mass that 
may or may not be symptomatic, depending on its loca-
tion.

Neurofibroma is a benign neoplasm consisting of fi-
broblasts, Schwann cells and nerve’s elements that ex-
pand and diffusely infiltrate the nerve. Neurofibromas
may appear sporadically, or in patients with neurofibro-
matosis without a sex predilection. They rarely can de-
generate into a neurofibrosarcoma.

Pathologic Findings

Schwannomas are composed of Antoni type A (cellular
pattern) and B (sparsely cellular pattern) areas. These
lesions begin as solid tumors but as they become larger,
they undergo spontaneous degeneration with areas of
hemorrhage and cystic changes.

Typically in the abdomen, neurofibromas are mas-
sive and plexiform (involving multiple continuous
nerves), or forming discrete masses along the same
nerve. They are gelatinous in consistence and homoge-
neous in composition.

Imaging Features

On CT they appear as well-circumscribed masses. Al-
though the presence of calcification on histology is
common, on CT calcification is not usually evident
(Fig. 23). The majority of these tumors are hypervascu-
lar, showing an intense contrast enhancement. Schwan-
nomas are often heterogeneous and are generally isoin-
tense to muscle on T1-weighted images and hyperin-
tense on T2-weighted images. The presence of a low-sig-

nal capsule is more suggestive of a schwannoma than of
a neurofibroma [59].

On CT, neurofibromas appear of low-density because
of their myxoid matrix. They displace vessels and in-
volve the root of the mesentery without producing bow-
el obstruction or biliary dilatation (Fig. 24). Simple neu-
rofibromas are usually smooth, well-demarcated, ho-
mogeneous, hypodense masses relative to muscle. They
enhance homogeneously with contrast material. Low
CT density less than muscle is related to the high lipid
and water content in the mucinous matrix, entrapment
of perineural adipose tissue, and cystic degeneration
[57].

On MRI a target pattern with peripheral hyperin-
tense rim and central low intensity has been described
in 50% of peripheral nerve sheath tumors but this dis-
tinguishing feature is unlikely to be present in schwan-
nomas due to degenerative changes [60–62]. The high
T2 signal, enhanced peripheral component of the tumor
represents myxomatous tissue, whereas the central low
T2 signal, hypovascular area represents fibrous and col-
lagenous material [62] (Fig. 25). This zonal pattern does
not correlate histologically with the proportion of Anto-
ni-A and Antoni-B type tissue present [63].

Fig. 23A, B. Schwannoma. A Axial CT scan demonstrates a small
well-circumscribed, homogeneous soft tissue mass in the mesent-
ery. B Cut section of resected specimen shows whitish mass with
no necrosis
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Malignant Mesothelioma

Malignant mesothelioma is the primary malignancy of
the peritoneum. While the majority originate in the
pleura, 25% of cases arise in the peritoneum. The asso-
ciation of asbestos exposure is higher with peritoneal
than with pleural mesothelioma. The prognosis is ex-
tremely poor. It presents usually in men with a history
of prior asbestos exposure.

Pathologic Findings and Imaging Features

Three different types of peritoneal malignant mesothe-
lioma are recognized histologically with different
growth patterns and radiological appearance: (1) carci-
nomatous, (2) sarcomatous, and (3) biphasic or mixed.
The carcinomatous type appears as diffuse thickening
of the peritoneum with small nodular plaques in the
mesentery, producing crowning, fixation and diffuse
thickening of the small bowel (Fig. 26). Both parietal
and visceral peritoneum are involved. Sarcomatous,
peritoneal mesothelioma presents as a large encapsulat-
ed mass, similar in appearance to spindle cell tumors
(leiomyoma/leiomyosarcoma) (Fig. 27). The biphasic or
mixed type presents as both a band of tissue involving
the peritoneal surfaces and masses. Regardless of the
histological subtype, pleural plaques and calcification
due to asbestos exposure can be present in approxi-
mately 70% of cases [64] (Fig. 27). Gadolinium en-
hanced breath hold fat-saturated MRI may reveal more
peritoneal tumors than CT, especially when ascites is
present.

Fig. 24. Neurofibroma. Contrast enhanced
CT scan demonstrates low attenuation mass
involving mesenteric root and porta hepatis

Fig. 25A, B. Neurofibroma, MRI appearance. A Axial CT shows low
attenuation soft tissue mass in right pelvic cavity. B T2-weighted
MR image demonstrates the high signal intensity of the lesion due
to myxoid component
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Malignant Fibrous Histiocytoma

Malignant fibrous histiocytoma (MFH) is one of the
most common sarcomas appearing in late adult life.
Typically it appears in the fifth and sixth decades of life.
It frequently occurs in the soft tissue of the extremities,
the retroperitoneum and in the bone [65–69]. Despite
this ubiquity, involvement of the peritoneal cavity is un-
common.

Pathologic Findings

MFH is typically manifested as a broad range of histo-
pathological appearances and is currently classified
into four subtypes: storiform-pleomorphic, myxoid,
giant cell, and inflammatory. Microscopically MFH con-
sists of areas of spindle cells arranged in a storiform
pattern, and pleomorphic areas with haphazardly ar-
ranged sheets of fibroblasts and histiocytes [66, 67].
Calcification is common [68–71].

Imaging Features

Imaging features of MFH are nonspecific and most ex-
amples of MFH appear as heterogeneous solid masses
with areas of necrosis [68–71]. A variety of patterns
have been reported on ultrasound, including hypoecho-
ic, mixed (due to tumor necrosis) or predominantly an-

Fig. 26A, B. Malignant mesothelioma (carcinomatous form). A CT
scan demonstrates thickening of both parietal and visceral perito-
neum. Note how mesothelioma surrounds multiple loops of bowel
and extends into the mesentery. B Cut sections of the specimen
show the diffuse tumor infiltration and bowel wall thickening

Fig. 27A–C. Malignant mesothelioma (sarcomatoid form). A Axial
CT scan and B resected specimen demonstrate large mass with
similar imaging features to stromal cell tumor. C CT shows pleural
calcification plaque suggestive of asbestos exposure
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echoic with thick septa. MFH generally presents as a hy-
poechoic or heteroechoic solid mass [69, 70].

On CT, MFH typically presents as a poorly marginat-
ed or well-circumscribed mass, with a density similar to
or slightly less than that of normal muscle and with hy-
podense areas due to necrosis [68–71]. Eccentrically lo-
cated lumpy and ring-like calcifications due to osteoid
and chondroid metaplasia have been reported on CT in
16% of abdominal MFH [71]. Tumor invasion of contig-
uous organs are common [68]. Occasionally MFH with
extensive necrosis may be manifested as a cystic tumor
[72, 73]. Extensive intratumoral hemorrhage may occur,
creating a cyst-like tumor that may be confused with
hematoma [67, 74].

MRI demonstrates the tumor usually of intermediate
to low signal intensity on T1-weighted images. With T2-
weighted images, the tumors tend to be of high signal
intensity, although often quite inhomogeneous central-
ly [75].

Spindle Cell Tumor (Leiomyoma/Leiomyosarcoma)

Spindle cell tumor or smooth muscle tumor are pre-
ferred terms for mesenteric/omental leiomyoma/leiom-
yosarcoma. Leiomyosarcoma is more common in the
mesentery than leiomyoma [76].

Pathologic Findings

Grossly, spindle cell tumors usually have central areas of
necrosis, adenoma and hemorrhage (Fig. 28). Leiomyo-
sarcomas are usually large, with invasion of surround-
ing structures. They often contain no fat or calcification
[77, 78].

Imaging Features

By US and CT, leiomyosarcomas usually appear as large
and heterogeneous masses. They are predominantly

Fig. 28A, B. Spindle cell tumor (leiomyosarcoma): pathology.
A Photomicrograph demonstrates tumors with spindle cells in
bundles. B Gross specimen shows a large solid mass lesion with
multiple cystic spaces suggesting central necrosis

Fig. 29A, B. Spindle cell tumor (leiomyosarcoma). A Ultrasonogram
and B contrast enhanced CT scan demonstrate a huge solid mass
with heterogeneous center
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solid with internal cystic spaces, correlating with areas
of necrosis grossly [79] (Fig. 29).

On MRI the mass is usually heterogeneous with low
to intermediate signal intensity on T1-weighted images
and with intermediate to high signal intensity on T2-
weighted images. Intratumoral necrosis is evident as a
high intensity central zone on T2-weighed images, with-
out enhancement [77, 78].

Lymphoma, Metastasis

Peritoneal carcinomatosis, carcinoid metastases and
lymphoma are three common secondary malignancies
that may involve the mesentery and omentum.

Primary mesenteric lymphoma, usually non-Hodg-
kin lymphoma, is a disease of the mesenteric lymph
nodes that may appear as a localized process or a com-
ponent of a more disseminated pattern of disease.A few
cases of mesenteric lymphomas observed in association
with AIDS, immune thrombocytopenia, and dermatitis
herpetiformis have been reported [80]. The clinical
presentation of mesenteric lymphoma is much like that
of other mesenteric tumors, with abdominal pain and a
palpable mass as the principal findings.

The vast majority of metastatic lesions of the me-
sentery consist of mesenteric lymph nodes that have be-
come secondarily involved in a neoplastic process of the
tubular gastrointestinal tract. Distinguishing this pat-
tern of tumor growth from primary mesenteric tumors
usually presents no difficulty because the gastrointesti-
nal primary tumor is usually readily identifiable.

Pathologic Findings

The appearance is variable, with lymphoma and car-
cinomatosis frequently appearing as multiple masses
with variable degrees of involvement and carcinoid
metastases seen typically as a mesenteric mass pro-
ducing kinking and retraction of adjacent bowel loops
and with frequent calcification [81]. This is due to the
notable desmoplastic reaction seen with carcinoid tu-
mors.

Imaging Features

CT is the preferred imaging modality for evaluation of
the mesentery in patients presenting with lymphoma.
With lymphoma, bulky paraaortic lymphadenopathy is
common (Fig. 30). Enlarged lymph nodes may appear as
discrete masses or as confluent soft tissue obliterating
the mesenteric fat, resulting in loss of definition of fat
planes between the other organs. Many other lymph
node groups, such as retrocrural, gastrohepatic, parace-
liac, periportal, peripancreatic, posterior iliac crest, and
pelvic chains are frequently involved [82]. CT scans can
characterize the lesion from the standpoint of size and
mesenteric location and can raise the probability of the
lymphoma diagnosis [83].

Carcinoid metastases are seen typically as mesenter-
ic masses producing kinking and retraction of adjacent
bowel loops and with frequent calcification [81]. This is
due to the notable desmoplastic reaction seen with car-
cinoid tumors (Fig. 31).

Fig. 30. Lymphoma. Axial CT scan demon-
strates an irregular marginated soft tissue
nodule in mesentery. Note the para-aortic
lymphadenopathy
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MRI is able to demonstrate similar findings in carci-
noid tumors, including the primary tumor, mesenteric
metastases, and liver metastases. Liver metastases are
commonly hypervascular on postgadolinium images
[84].

Miscellaneous Solid Mesenteric/Omental Lesions

Fibrosing Mesenteritis (Mesenteric Panniculitis)

Fibrosing mesenteritis is a rare condition that can be
mistaken for a mesenteric neoplasm based on clinical,
radiologic, and gross characteristics. Fibrosing mesen-
teritis is part of the same process that includes other
terms such as mesenteric lipodystrophy, sclerosing (re-
tractile) mesenteritis, and mesenteric panniculitis. They

Fig. 31. Carcinoid tumors involving mesent-
ery. Axial CT scan demonstrates a soft tissue
mass with peripheral radiating strands in
mesentery. Note the calcification in the mass
and mural thickening of adjacent small
bowel

Fig. 32A, B. Sclerosing mesenteritis. A Barium follow-thorough demonstrates kinking and displacement of ileum due to the mass. B Gross
specimen shows mesenteric mass formation with encasing small bowel segments
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are all infiltrative mesenteric processes, with fatty, in-
flammatory and fibrosing components. The causative
agents are unknown, although an association with lym-
phoma has been reported. The likely cause for fibrosing
mesenteritis is trauma or other injury to the mesentery
[85, 86]. Fibrosing mesenteritis has a self-limited course,
with resection only necessary when there is mechanical
bowel obstruction.

Its presenting symptom is abdominal pain in most
patients, although it has been anecdotally reported in
association with fever, mesenteric calcifications, and
protein-losing enteropathy.

Pathologic Findings

Grossly, fibrosing mesenteritis shows a firm, rubbery, fi-
brous mass that can be either focal or diffuse within the
small intestinal mesentery. The root of the mesentery
and the tissues surrounding the superior mesenteric
vessels are invariably involved (Fig. 32).

Histologically it consists of hypertrophied fatty tis-
sue, dense fibrous tissue, fat necrosis, or combinations
of these, along with a nonspecific chronic inflammatory
infiltrate with possible calcification.

Imaging Features

Barium study may demonstrate kinking or displace-
ment of bowel loops due to mesenteric fibrous mass for-
mation within the intestinal mesentery (Fig. 32).

By CT, fibrosing mesenteritis may appear as a soft
tissue density or heterogeneous mass, with possible cal-

cifications [87, 88] (Fig. 33). Puckering of adjacent small
bowel loops are seen. In MRI, fibrosing mesenteritis ap-
pears as a low signal intensity mass in all sequences,
suggesting mature fibrotic tissue [89–91].

Fibromatosis (Desmoid Tumor)

Fibromatosis (desmoid tumor) is a non-neoplastic lo-
cally aggressive growth of fibroblastic tissue. Mesenter-
ic fibromatosis (MF) is considered the most common
primary solid mass of the mesentery. These tumors are
areas of progressive fibroblastic and fibrous prolifera-
tion within the mesentery (and less frequently, the ret-
roperitoneum or omentum) that can locally involve vas-
cular structures and can constrict and obstruct the
bowel. Although described as histologically benign le-
sions, their infiltrative pattern of growth can ultimately
lead to life-threatening patterns of visceral involvement
[92].

Although MF occurs sporadically, it may be associat-
ed with familial adenomatous polyposis (FAP). MF is
identified in 20 percent of asymptomatic FAP patients
[93]. MF was originally reported as a component of
Gardner syndrome, a phenotypic pattern of FAP that, in
addition to intestinal adenomatous polyps, is also asso-
ciated with bony abnormalities, pigmented ocular fun-
dus lesions, and cutaneous epidermoid cysts and fibro-
mas. Prior surgery and local trauma are also frequently
noted preceding the formation of mesenteric fibromat-
osis [94]. Although a causative relationship in fibromat-
osis formation has not been firmly established, various
mutations of the APC gene have been identified in these
tumors [95].

Fig. 33. Sclerosing mesenteritis, CT appear-
ance. Enhanced CT of the abdomen demon-
strates a mass in the mesentery with multi-
ple calcifications. Note also the retraction
and puckering of multiple loops of small
and large bowel
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Pathologic Findings

Fibromatosis is usually a large mass with no capsule. It
may have whitish scar tissue within it. It rarely has areas
of necrosis or hemorrhage because it is a mass with be-
nign histologic features. Histologic specimen shows or-
derly arrangement of fibroblasts with uniform spine-
shaped nuclei admixed to a variable amount of collagen
and mucoid matrix [93] (Fig. 34).

Imaging Features

Ultrasonography demonstrates homogeneous hypo-
echoic mass with no signs compatible with cystic de-
generation or areas of diminished echogenicity sugges-
tive of necrosis [96] (Fig. 35). By CT imaging, a mass
with sharply defined margins is seen with homoge-
neous density that has variable attenuation or en-

Fig. 34A, B. Pathologic findings of fibromatosis. A Gross specimen
of fibromatosis shows a solitary fibrotic mass with no internal ne-
crosis or hemorrhage. B The lesion reveals benign collagenous
myxoid histologic components of typical fibromatosis

Fig. 35. Fibromatosis, US finding. Ultrasonogram demonstrates a
homogeneous soft tissue mass with no areas of diminished echog-
enicity suggestive of necrosis

Fig. 36A, B. Fibromatosis, CT appearance. A Enhanced CT of the ab-
domen demonstrates a very large homogeneous mass. B After ad-
ministration of contrast, there is marked enhancement of the
mass, correlating with its hypervascular nature. The lack of areas
of hemorrhage or necrosis is typical of mesenteric fibromatosis



Chapter 4.11 Tumors of the Mesentery and Omentum 469

hancement after contrast administration [97] (Fig. 36).
MRI demonstrates fibromatosis as a mass with low
signal intensity relative to muscle on T1-weighted
images and variable signal intensity on T2-weighted
images [98]. High signal intensity on T2-weighted im-
ages may be seen from rapidly growing fibromatosis
[99] (Fig. 37).

Castleman’s Disease

Castleman’s disease is an uncommon benign lymphop-
roliferative disorder characterized by hyperplasia of
lymphoid follicles [100]. Castleman’s disease may occur
anywhere along the lymphatic chain, but the mediasti-
num is the most common location (70%). Extrathoracic
sites have been reported in the neck, axilla, pelvis, pan-
creas, adrenal, mesentery, and retroperitoneum [101].
Clinically, patients are usually asymptomatic, although
sometimes associated with systemic manifestations
such as fever, anemia, weight loss, night sweat, and poly-
clonal hypergammaglobulinemia [102]. Castleman’s
disease with systemic symptoms is usually bad in prog-
nosis.

Pathologic Findings

There are two major histologic variants: The hyaline-
vascular type, which is more frequent, is characterized
by small hyaline-vascular follicles and interfollicular
capillary proliferation; the plasma cell type is character-
ized by large follicles with intervening sheets of plasma
cells [101].

Calcification and central stellate fibrosis is not un-
common in hyaline-vascular Castleman disease [102].

Imaging Features

The characteristic feature of localized Castleman dis-
ease at CT is a well-defined, homogeneous, single mass
of soft tissue attenuation with or without satellite nod-
ules (Fig. 38). The degree of enhancement may vary
from mild to strong according to the histologic type
[103]. Typically dynamic CT reveals the early strong en-
hancement and delayed washout in hyaline-vascular
type [104]. Plasma cell type does not show strong en-
hancement. Small lumpy calcifications may be seen in
the center of the mass.

The central fibrosis in hyaline-vascular type may be
demonstrated as interspersed area of low attenuation
on CT and hypointense on both T1- and T2-weighted
MR images [105].

No radiologic finding is pathognomonic for dissem-
inated Castleman’s disease [101, 106].

Splenosis

Splenosis is the autotransplantation of residual frag-
ments of splenic tissue in the abdomen and occasional-
ly in the pelvis or thorax, following splenectomy typical-
ly performed for traumatic splenic injury. The most
commonly involved site is the peritoneal cavity. These

Fig. 37A, B. Fibromatosis, MRI appearance. A Axial CT image dem-
onstrates a homogeneously low attenuation mass in the mesent-
ery. B Coronal T1-weighted spin-echo image demonstrates a large
mass in the mesentery with muscle intensity and lack of areas of
necrosis or hemorrhage
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foci of splenic tissue subsequently grow and regenerate
nodules of functional splenic tissue [107]. Splenosis
rarely becomes symptomatic in cases with infarction or
spontaneous hemorrhage of intraperitoneal nodule,
gastrointestinal wall implant, or recurrence of hemato-
logic diseases (congenital hemolytic anemia, idiopathic
thrombocytopenic purpura, etc) [108].

Pathologic Findings

Peritoneal splenosis may exhibit multiple round or oval
peritoneal nodules. Nodules of splenosis do not exhibit
a well-defined hilus. Most are up to 3 cm across but nod-
ules up to 7 cm in greatest dimension have been report-
ed [107].

Histological finding of splenosis may vary, but it may
exhibit read and white pulp that appears histologically
and immunohistochemically indistinguishable from
normal or accessory spleen [109].

Imaging Features

The characteristic feature of splenosis at ultrasound,
CT, and MRI is multiple well-defined, round or oval, ho-
mogeneous masses of soft tissue attenuation [110].
They enhance uniformly with intravenous contrast me-
dium.

MRI usually demonstrates hypointense signal of the
nodules on both T1- and T2-weighted MR images, iden-
tical to those of the normal spleen [111].

If necessary, their splenic origin can be confirmed
with Tc-99m-tagged, heat-damaged red blood cells or
sulfur colloid scintigraphy [112].

Conclusion

A wide range of entities may involve the mesentery and
omentum. The radiologist must be aware of the patho-
logical changes commonly encountered, not only for
ensuring improvement in interpretation of imaging fea-
tures but also for formulating a reasonable differential
diagnosis.

CT, US, or MR imaging allows detecting the origin of
an abdominal mass as mesenteric/omental and whether
it is solid or cystic in nature. If the mass is cystic, the dif-
ferential diagnosis should include benign mesenter-
ic/omental cysts, such as cystic teratoma, cystic mesoth-
elioma, and pseudocyst. However, it is important to re-
member that some malignant neoplasms, such as spin-
dle cell tumors, can occasionally have massive cystic
change and appear cystic by imaging.

Although there is substantial overlap in imaging fea-
tures, it should be remembered that most solid masses
involving the mesentery/omentum are neoplastic and
most are secondary malignant tumors. It is also impor-
tant to consider the possibility of tuberculosis or lym-
phoma, since these entities are usually treated with
medical therapy, and surgery should be avoided.
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Introduction

The spleen is generally not considered a challenge to the
radiologist and it is also true that the spleen is an un-
common site of primary disease; however, it may be in-
volved by a variety of different diseases including gen-
eralized hematopoietic and lymphopoietic disorders,
systemic infections, neoplasms, and immunologic-in-
flammatory disorders. Some of these conditions have
no clinical significance but familiarity with their exis-
tence is nevertheless important in order to avoid inter-
pretative pitfalls. Computer tomography and ultraso-
nography are screening modalities for the spleen. For
problem solving, magnetic resonance imaging may be
helpful, especially given its free choice of the imaging
plane and because of the high contrast resolution. The
purpose of this chapter is to present a review of imaging
findings of a vast array of splenic diseases, correlated
with underlying gross and microscopic pathologic fea-
tures.

Neoplasms

Cyst

Definition

Cysts of the spleen may be divided into primary (or
true) cysts, which possess a cellular lining, and secon-
dary (or false) cysts, which are without a cellular lining
[1]. Primary cysts are either parasitic (echinococcal) or
nonparasitic (epithelial). Parasitic cysts, most common
in endemic areas where the spleen is affected in less
then 5% of cases, are caused by infection with Echino-
coccus granulosus [2]. Nonparasitic epithelial-lined
cysts of the spleen (typically epidermoid) account for
10%–25% of all cystic lesions and may be a manifesta-
tion of a genetic defect of mesothelial migration [3].
Non-epithelial-lined cysts are thought to be secondary
to traumatic splenic injuries, and it is reported that they
arise from encapsulation of subcapsular or intrasplenic
hematomas [4]. They can also result from prior infarc-
tions or infections.

Pathology

At histopathologic analysis, echinococcal cyst (parasit-
ic) is composed of three layers: (1) the outer pericyst,
which corresponds to compressed and fibrosed splenic
tissue; (2) the endocyst, an inner germinal layer; and (3)
the ectocyst, a translucent thin interleaved membrane.
Maturation of a cyst is characterized by the develop-
ment of daughter cysts in the periphery as a result of
endocyst invagination. Peripheral calcifications are not
uncommon in viable or nonviable cysts [5].

True, nonparasitic (epidermoid) cysts are distin-
guished from false cysts by their epithelial lining and
may have following possible causes, including 1) perito-
neal mesothelium infolded after rupture of the splenic
capsule, 2) aggregates of peritoneal mesothelial cells
trapped in splenic sulci, or (3) dilatation of normal lym-
phatic spaces [4] (Fig. 1).

Secondary or false cysts tend to have a smoother sur-
face with fibrous tissue lining. They presumably are the
residua of previous trauma, splenic infarction or infec-
tion. The contents of the cysts can be serous, hemor-
rhagic, or inflammatory [6, 7].

Radiologic Findings

Sonographically, splenic cysts are anechoic lesions with
well-defined walls and increased transmission [8]. Epi-
dermoid cysts may appear as anechoic cystic lesions or
may have low-level internal echoes and good through
transmission. False cysts usually are reported to be ane-
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Fig. 1A–H. Splenic cyst. A True cyst. T2-weighted axial MR image
shows a large, well-defined cystic mass, arising from the spleen. B
Heavily T2-weighted coronal image confirms the cystic nature of
the lesion. C Contrast-enhanced T1-weighted image shows lack of
enhancement of the lesion. D Gross specimen clearly demonstrates
the unilocular, trabeculated structure of the true cyst. E Photomi-

crograph of the wall of the cyst shows the epithelial lining, charac-
teristic for the true cysts. F False cyst. Ultrasound image shows
complex cystic lesion in the spleen with curvilinear peripheral cal-
cifications. G Contrast-enhanced CT shows a rounded, low-density
lesion, with parietal calcifications. H Gross specimen confirms the
smoother surface with fibrous tissue lining typical of the false cyst.
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choic; in 15% of cases they show a mixed pattern with
solid components and anechoic spaces. Intracystic
hemorrhage or debris from inflammation is responsible
for the internal echogenicity within the mass [7, 9].

On CT, both true and false cysts appear as thin-
walled, unilocular, spherical intrasplenic masses of wa-
ter density without rim enhancement after contrast ma-
terial administration (Fig. 1). Cyst wall trabeculation or
peripheral septa may be found in either type of cyst, but
rim calcification is more common in false cyst. Debris
or high-density material may be noted in either type of
cyst secondary to intracystic hemorrhage or in the case
of false cyst caused by resolving hematoma [4, 10].

MR shows a well-defined, rounded mass with high
signal intensity on T2-weighted images and a variable
intensity on T1-weighted images depending on the pro-
tein or hemorrhagic component of the cystic fluid [11,
12]. Peripheral rim of hypointensity may be caused by
the presence of a calcified wall or hemosiderin deposits
at the cyst wall.

Hemangioma

Definition

Hemangioma is the most common primary benign neo-
plasm of the spleen and primarily affects adults aged
35–55 years. Hemangiomas are often detected inciden-
tally on radiologic or pathologic studies [13]. In Klip-
pel-Trenaunay-Weber syndrome, they are often multi-
ple [14].

Pathology

Histologically, hemangiomas are composed of a prolife-
ration of vascular channels of variable size, capillary to
cavernous, lined with a single layer of endothelium and
filled with red blood cells in an otherwise normal spleen
[13] (Fig. 2). Hemangiomas of the spleen may be homo-
geneously solid or may demonstrate multiple cystic
spaces of various sizes within the larger solid tumor
mass [13].

Radiologic Findings

On sonography, hemangiomas may appear as discrete
echogenic masses with areas of complex echoes, repre-
senting blood pools within the proliferating vascular
channels or as complex masses with solid and cystic ar-
eas [15, 16] (Fig. 2).

On unenhanced CT scans, these lesions may present
as homogeneously solid masses (Fig. 2) or as multiple
cystic masses [15, 17]. The cystic areas demonstrate a

Fig. 1F–H.
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density similar to water and lie within a mass that is iso-
dense with normal spleen [15]. Central and punctate or
peripheral and curvilinear calcifications may be dem-
onstrated [17]. Peripheral enhancement after intrave-
nous contrast medium administration, with delayed
central enhancement, similar to hepatic hemangioma,
has been described. In the multicystic type of lesion, the
solid portion will enhance following intravenous con-
trast [15].

On MR examination, splenic hemangiomas typically
present low signal intensity on T1-weighted images and
higher signal intensity on T2-weighted images, whereas
the latter may show heterogeneity representing previ-
ous infarction, hemorrhage, or vascular pooling [15,
18]. Dynamic scanning following a rapid bolus of Gd-
DTPA may demonstrate three different patterns of en-
hancement: 1) immediate, homogeneous, persistent en-
hancement; 2) early peripheral enhancement with uni-

Fig. 2A–E. Splenic hemangioma. A Ultrasound shows a discrete
echogenic 6-cm mass in the spleen. B Unenhanced CT shows
splenic hemangioma as a hypodense partially cystic mass with
calcifications. C Contrast-enhanced CT image in a patient with he-
mangiomatosis shows multiple predominantly cystic lesions in an

enlarged spleen. D Gross appearance. Cut section demonstrates a
well-circumscribed mass with predominantly solid appearance.
E Photomicrograph of splenic hemangioma shows a vascular
channel lined with a single layer of endothelium
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form delayed enhancement; 3) peripheral enhancement
with centripetal progression but persistent enhance-
ment of a central fibrous scar [19]. In case of cystic he-
mangioma, contrast enhancement within the mass may
be heterogeneous [20].

Lymphangioma

Definition

Lymphangiomas of the spleen are benign neoplasms
that are either solitary or multiple (lymphangiomyo-

Fig. 3A–E. Splenic lymphangioma. A Sonography demonstrates the
typical multicystic appearance of lymphangioma, with the pres-
ence of multiple anechoic cysts separated by septations, represent-
ing lymphatic spaces. B Contrast-enhanced CT scan shows multi-
ple low-density, nonenhancing, thin-walled cysts, which appear, on

MRI (C), markedly hyperintense on T2-weighted images, with hy-
pointense structures representing septations. D Gross pathology.
Cut section of specimen demonstrates a multilocular cystic mass.
E Low-power microphotograph demonstrates endothelium-lined
cysts
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matosis) [21], usually subcapsular and mostly occur-
ring in childhood. Like hemangiomas, they are also
composed of endothelial-lined spaces containing lymph
instead of red blood cells [22].

Pathology

Lymphangiomas are usually divided into three types:
capillary, cavernous and cystic, depending on the size of
the dilated lymphatic channels. Lymphangioma of the
spleen can be of any of the three above-mentioned types
[23].

Histologically, lymphangiomas are composed of en-
dothelium-lined cysts of the lymphatic system and clas-
sified as capillary, cavernous or cystic depending on the
size of the lymphatic channels (Fig. 3). Occasionally the
cystic spaces of a lymphangioma contain red blood
cells, secondary to hemorrhage. Gross pathology classi-
cally shows a unilocular or multilocular cystic mass
[24].

Radiologic Findings

On sonography, cystic lymphangiomas usually occur
with a multicystic appearance in an enlarged spleen
(Fig. 3). The cysts may appear anechoic or hypoechoic.
The presence of internal echoes within cysts depends
on the size of the lymphatic spaces and the presence of
septa and proteinaceous material [23, 25]. If the cystic
spaces are small and below the resolution of the US
technique, then portions of the mass may appear hyper-
echoic due to the existence of numerous reflecting
interfaces [23].

CT shows a mass made up of multiple low-density,
nonenhancing, sharply marginated, thin-walled cysts,
usually subcapsular with or without mural calcifica-
tions [26–28] (Fig. 3).After intravenous injection of iod-
inated contrast the cystic fluid does not enhance, while
the septations present moderate enhancement [23].

On MR, lymphangiomas appear as multiple, well-de-
fined cysts, hypointense on T1-weighted images and
markedly hyperintense on T2-weighted images [27],
with hypointense internal structures on T2-weighted
images, representing septations (Fig. 3). On T1-weight-
ed images, the cysts may rarely be hyperintense, due to
the proteinaceous nature of the fluid or internal hemor-
rhage [23].

Hamartoma

Definition

Hamartomas of the spleen are rare benign tumors, clas-
sically composed of anomalous mixtures of normal ele-
ments of splenic tissue, with red pulp predominating
[29]; they may also contain cystic or necrotic compo-
nents and small calcifications [30] . They are usually less
than 3 cm in diameter, but can reach up to 18 cm in size
[31] .

Pathology

Histologically, hamartomas are classified into the red
pulp (vascular) type, the white pulp (lymphomatous)
type, and the mixed type [32]. Grossly, they appear as
discrete, circumscribed nodules of various sizes without
encapsulation and may be solitary or multiple (Fig. 4).
Splenic hamartomas are usually solid lesions but may
have a cystic component [32].

Radiologic Findings

Sonographically, hamartoma may appear as a well-de-
fined, homogeneous, echogenic mass, which may con-
tain cystic areas [32, 33]. In a reported case of splenic
hamartoma, gray-scale sonogram showed a hypoecho-
ic, homogeneous splenic mass, whereas color Doppler
sonography demonstrated multiple radial blood-flow
signals inside the mass, and spectral analysis confirmed
arterial and venous flow [34].

On unenhanced CT scan, these tumors may be iso-
dense or hypodense and, when they become larger, may
show a central area of low attenuation, representing a
star-like scar or a region of necrosis with focal calcifica-
tion (Fig. 4).

MRI demonstrates a well-defined mass, isointense on
T1-weighted images, and hypointense to hyperintense
on T2-weighted images. After contrast medium admin-
istration, both CT and MRI show, on delayed images,
more uniform contrast enhancement [20, 35].

Hemangiopericytoma

Definition

Hemangiopericytomas are rare vascular tumors appar-
ently arising from Zimmerman’s pericytes [36]. They
are most frequently described in the muscles of the low-
er extremities and subcutaneous tissue [37], with a pa-
renchymatous origin being extremely infrequent, but
especially aggressive [38].
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Pathology

This kind of tumor originates from pericytes. Histolog-
ically, hemangiopericytomas consist of numerous capil-
lary channels lined with epithelium and surrounded by
and enclosed by nests and masses of spindle cells, which
occasionally can be ovoid or even round. Silver impreg-
nation can be used to confirm that these cells are out-
side the basement of the endothelium and hence are
pericytes rather than endothelial cells [39].

Radiologic Findings

On CT scan, reported findings include the presence of a
large mass with polylobular contour, along with numer-
ous other smaller lesions disseminated throughout the
whole spleen. Hyperattenuation of the solid portions
and internal septations after contrast medium adminis-
tration reflects the vascularity of this tumor [40].

Epithelioid Vascular Tumor

Definition

Epithelioid vascular tumors are unusual vascular neo-
plasms ranging from epithelioid hemangioma (histio-
cytoid hemangioma, angiolymphoid hyperplasia with
eosinophilia) to malignant epithelioid angiosarcoma
[41].

Pathology

Epithelioid vascular tumors are characterized by the
proliferation of epithelioid (histiocytoid) endothelial
cells accompanied by an infiltrate of lymphocytes and
eosinophils [41].

Fig. 4A–D. Splenic hamartoma. A Arterial phase contrast-enhanced
axial CT scan shows a rounded, well-demarcated, splenic mass
with a central scar formation. B Delayed-phase contrast-enhanced
axial CT scan shows gradual fill in of the lesion with contrast.

C Coronal gadolinium-enhanced MR image shows the heterogene-
ous enhancement of the lesion during the early phase of splenic
enhancement. D Cut section of the gross specimen nicely demon-
strates the central scar
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Radiologic Findings

Reported radiologic findings are nonspecific and often
make the diagnosis difficult, especially when fibrosis,
calcification, thrombosis or necrosis is present [42]. On
CT, these tumors usually appear as focal, rounded or ir-
regular areas of heterogeneous low attenuation [43]. Oc-
casionally, cystic or necrotic portions may be demon-
strated. MR may demonstrate a well-defined mass, with
heterogeneous texture and hypointense radial streaks
representing fibrosis on both T1- and T2-weighted im-
ages [42].

Littoral Cell Angioma

Definition

Littoral cell angioma is a very rare splenic tumor that
arises from splenic sinus-lining cells or littoral cells
[44].

Pathology

Grossly, the presence of an enlarged spleen with multi-
ple small nodules is typical. These nodules are histolog-
ically characterized by the presence of multiple vascular
spaces similar to the venous sinuses of the spleen and
covered by high endothelial cells that show hemato-
phogocytosis. With the typical littoral cell angioma, no
recurrent or metastatic disease is demonstrated [45]. A
malignant type, termed littoral cell angiosarcoma, pos-
sesses cytologically atypical cells and malignant mor-
phologic features, including invasion of surrounding
organs [46].

Radiologic Findings

Sonography may demonstrate mainly isoechogenic le-
sions, with anechogenic foci representing prominent,
cavernous blood-filled spaces [47, 48]. Splenomegaly
with a mottled echo texture of the spleen, but no pres-
ence of discrete focal masses, has also been described
[46].

CT scan shows an enlarged spleen containing multi-
ple, ovoid low-attenuation nodular masses [48, 49].

On MR, the lesions show a characteristic signal in-
tensity, hypointense on both T1- and T2-weighted imag-
es, which is caused by the presence of hemosiderin in
these entities due to the hematophagocytic capacity of
the neoplastic cells [47, 50].

Lymphoma

Definition

Lymphoma is the most common malignant tumor in-
volving the spleen and may be categorized into primary
splenic lymphoma (without evidence of nodal disease)
or lymphomatous involvement as a part of disseminat-
ed disease [11, 51]. The spleen is involved in approxi-
mately 23%–40% of patients with Hodgkin’s disease
(HD) or non-Hodgkin lymphoma (NHL) at the time of
initial diagnosis [52] .

Although splenomegaly is found in 80% of cases, its
presence alone is not a reliable sign of lymphomatous
involvement; on the other hand, one-third of normal-
sized spleens exhibit tumors in patients with Hodgkin’s
disease [2].

Pathology

Four distinct gross pathologic patterns of splenic in-
volvement in lymphoma have been described: 1) homo-
geneous enlargement without masses; 2) miliary mass-
es (<5 mm in diameter); 3) multiple masses of various
sizes (1–10 cm); and 4) a large solitary mass (>5 cm)
[53] (Fig. 5). High-grade NHL (e.g., large cell lympho-
ma) and HD in an advanced stage commonly produce
the last two patterns of disease. Lymphocytic lympho-
mas most likely show a miliary pattern, and low-grade
lymphomas typically cause homogeneous involvement
[54]. Primary splenic lymphoma usually presents with a
mass or masses rather than splenomegaly alone [55].

Radiologic Findings

On ultrasound, splenic lymphoma typically shows a dif-
fuse or focal hypoechoic pattern [56]. Four patterns of
involvement have been reported: 1) diffuse heterogene-
ity (37%); 2) focal, small nodular hypoechoic lesions
smaller then 3 cm in diameter (39%); 3) focal, large
nodular hypoechoic lesions larger than 3 cm in diame-
ter (23%) (Fig. 5); and 4) bulky mass lesions (2%) [57].
Patients with low-grade HD and NHL commonly
present diffuse infiltration of the splenic parenchyma
with small nodules. High-grade NHL usually shows fo-
cal lesions greater than 3 cm in diameter. Hyperechoic
lesions have also been described.

The CT appearance of splenic lymphoma mirrors the
variety of pathologic appearances, including 1) homo-
geneous enlargement without a discrete mass; 2) a soli-
tary mass (Fig. 5); 3) multifocal lesions; and 4) diffuse
infiltration [11]. The focal lesions are typically low at-
tenuating and usually range from less than 1 up to
10 cm. The infiltrative pattern and small tumor foci less
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Fig. 5A–F. Splenic lymphoma. A Ultrasonography shows a focal
large nodular, hypoechoic lesion (pattern type 3). B Contrast-en-
hanced CT demonstrates a focal, low-attenuation lesion in the
spleen. C Gross pathology. Cut section of specimen shows the large
solitary mass appearance of splenic lymphoma. D Low-power mi-

crophotograph demonstrates the presence of lymphatic tumor
cells. E T2-weighted images show multiple small nodular hyperin-
tense lesions scattered throughout the spleen. F Gross pathology as
appears on the corresponding cut section of specimen
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than 1 cm in size may be difficult to detect on CT [58]. It
is rare to show a rim of contrast enhancement in lym-
phoma [59]. Primary splenic lymphoma may be bulky,
transgress the splenic capsule and involve adjacent or-
gans such as the diaphragm, stomach, pancreas, and ab-
dominal wall [60]. After intravenous contrast adminis-
tration, these masses enhance only minimally and ap-
pear hypodense with respect to the surrounding spleen

[61]. Calcifications in splenic lymphoma may be occa-
sionally detected, but probably represent dystrophic cal-
cification secondary to hemorrhage, necrosis, and sub-
sequent fibrosis [59].

On MR, the T1 and T2 relaxation and proton-density
values of lymphoma and normal splenic parenchyma
are unfortunately similar [62]. However, by using fast
pulse sequences (e.g., double-phase multisection dy-

Fig. 6A–D. Splenic angiosarcoma. A Ultrasound shows a large
splenic, discrete echogenic mass. B Unenhanced CT scan shows a
focal, poorly defined lesion of low attenuation in the spleen. Note
the presence of multiple, similar low-density lesions scattered

throughout the hepatic parenchyma. C A cut section of gross
splenic specimen shows multiple hemorrhagic nodules varying in
size. D Low-power microphotograph demonstrates vascular chan-
nels and sarcomatous stroma
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namic MR imaging) lymphoma may appear clearly as
hypointense areas compared with enhanced normal pa-
renchyma [62]. Furthermore, when the lesions are cys-
tic, necrotic or hemorrhagic, they are easier to detect
[63] (Fig. 5). Also, use of MR contrast media such as
superparamagnetic iron oxide, or AMI-25, has im-
proved detection of splenic lymphoma [54].

Angiosarcoma

Definition

Angiosarcoma, although exceedingly rare, is the most
common primary nonlymphoid vascular malignant tu-
mor of the spleen, with a poor prognosis and early
widespread metastases.

Pathology

Angiosarcoma is a malignant neoplasm of vascular ori-
gin, characterized by masses of endothelial cells dis-
playing cellular atypia and anaplasia.

Grossly, the spleen is enlarged and typically contains
multiple hemorrhagic nodules varying in size, frequent-
ly associated with hemorrhage, infarction, and necrosis
[64]. Microscopically, all degrees of differentiation of
these tumors may be found, but two main features have
been described: the formation of vascular channels and
a sarcomatous stroma [6] (Fig. 6). Various patterns are
recognized, including a spindle cell variant, papillary
type, and undifferentiated sarcomatous variety; in this
more malignant variant, pleomorphism, tumor giant
cells, and mitoses are characteristic.

Radiologic Findings

Ultrasound may show a mildly enlarged spleen with
multiple hyperechoic masses or a solitary mass with a
complex echo pattern [65] (Fig. 6).

CT may demonstrate a diffuse, poorly defined focal
mass of heterogeneous or low attenuation in an en-
larged spleen with occasional intratumoral necrosis and
subcapsular or extracapsular blood collections [40, 66]
(Fig. 6). Areas of high attenuation on unenhanced CT
may represent acute hemorrhage or hemosiderin de-
posits. Contrast enhancement of angiosarcoma may be
similar to that of cavernous hemangioma, although the
pattern of enhancement is variable, ranging from the
presence of multiple low-attenuation masses within the
spleen to a mottled nodular enhancing appearance [66].

MRI, on all pulse sequences, may exhibit multiple
nodular masses with low signal rims, caused by hemo-

siderin deposition [11]. The signal intensity of central
portion on T1-weighted images may vary, depending on
the degree of necrosis and hemorrhage [11, 67]. Hyper-
intense areas encountered in T1- and T2-weighted im-
ages may be considered as regions of subacute hemor-
rhage [67] . Enhancement of the tumor with gadolinium
is intense [66].

Metastases

Definition

Splenic metastases are uncommon and occur only in a
few percent of patients with widespread malignant dis-
ease, usually resulting from hematogenous spread from
primary tumors, e.g., in breast, lung, ovary, stomach,
prostate, and malignant melanoma [11]. However, soli-
tary splenic metastases have been described, without
evidence of involvement of other organs [68].

Pathology

One-third of intrasplenic metastases appear as micro-
scopic nodules, and the other two-thirds are grossly vis-
ible at autopsy [69]. Splenic metastases may be solitary
(31.5%) (Fig. 7) or multiple (60%) nodular lesions or
diffuse infiltrating lesions (8.5%) and can appear as dis-
crete nodules or as confluent tumor masses [70].

Fig. 7A–C. Splenic metastases. A Contrast-enhanced CT scan dem-
onstrates a low-attenuating mass in the spleen. B A cut section of
the spleen demonstrates a large solitary and heterogeneous lesion.
C Photomicrograph shows the presence of metastatic cells
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Radiologic Findings

On ultrasound, splenic metastases are predominantly
hypoechoic, but may display a mixed or hyperechoic ap-
pearance [11]. Larger lesions tend to be more complex
than smaller ones, and diffuse involvement of the spleen
may be seen in 10% of cases [71].

On CT, splenic metastases typically appear as low-at-
tenuating solid or cystic masses with homogeneous or
occasionally heterogeneous contrast enhancement [11]
(Fig. 7).

MRI is accurate to demonstrate splenic metastases
with necrosis or hemorrhage, which appear hyperin-
tense on T2-weighted images. Detection of smaller me-
tastases is harder without intravenous contrast medium
administration, because they usually have, like lympho-
ma, the same MR tissue characteristics as the normal
splenic parenchyma [63]. The use of ferrumoxides has
been shown to improve detection of splenic metastases
among patients with widespread malignancy [72].

Infectious Disorders

Bacterial Abscess

Definition

Splenic pyogenic abscesses are uncommon, with a re-
ported incidence less than 1% in large autopsy series
[73]. However, their frequency is growing as a result of
an increasing number of immunosuppressed or chroni-
cally debilitated patients because of aggressive chemo-
therapy regimen, hematological disorders, diabetes, and
AIDS [74, 75]. Immunosuppressed patients account for
25% of patients with splenic abscess [76]. The most
common pathogens are streptococci, staphylococci and
salmonella, but every pyogenic organism may be in-
volved.

Fig. 7B, C.
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Pathology

Histologically, an abscess consists of dead leucocytes
(pus) surrounded by a highly vascularized fibrous cap-
sule, the wall of the abscess (Fig. 8).

Radiologic Findings

On US, splenic pyogenic abscesses typically appear as
focal hypo- or anechoic lesions or as lesions with a sol-

id and cystic component [77] (Fig. 8). They may also ap-
pear similar to cysts, often with a thick and irregular
wall, and they may show echoes due to debris, septa-
tions or gas bubbles [77]. Gas is uncommon but, if it is
present, increased echogenicity combined with “dirty”
shadowing can be demonstrated [22].

CT may show the presence of a focal low-attenuating
well-defined lesion, with an attenuation ranging from
20 HU to 40 HU [78]. Minimal peripheral contrast en-
hancement may be present when a capsule has devel-
oped, although it is less common in splenic than in he-

Fig. 8A–D. Splenic pyogenic abscess. A Sonography shows a focal
hypoechoic lesion in the spleen. B Contrast-enhanced CT scan
demonstrates the presence of solitary, low-attenuating, well-de-
fined lesion, with minimal peripheral contrast enhancement.
C Gross pathology specimen demonstrates the fibrous capsule sur-
rounding abscess cavity. D Photomicrograph shows the histologic
appearance of the wall of the abscess
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patic abscesses (Fig. 8). The presence of gas is usually di-
agnostic; unfortunately, only the minority of splenic ab-
scesses contain gas [11, 74]. CT is very sensitive in de-
tecting splenic abscesses but is not specific. There are
several differential diagnoses, including splenic infarct,
cysts, tumors, and hematomas, so fine-needle aspiration
may be useful to confirm the diagnosis [79].

At MR imaging, splenic abscesses usually appear as
low signal intensity on T1-weighted images, with high
signal on T2-weighted images, but may have some low
signal representing necrotic debris [80].

Fungal Infection

Definition

Fungal abscesses have been reported to account for up
to 26% of splenic abscesses [81]. The most common
pathogen is Candida albicans, and is usually diagnosed
in immunocompromised patients on therapy for leuke-
mia. Other fungi include Aspergillus and Cryptococcus
fungi.

Pathology

Histologically, concentric rings with central necrotic hy-
phae can be seen; these rings are surrounded by viable
hyphae and a rim of peripheral inflammation [82].
Grossly, the entire spleen may demonstrate multiple
small (less than 5 mm in size) fungal deposits (Fig. 9).

Radiologic Findings

Ultrasound may demonstrate the presence of multiple,
small, rounded, hypoechoic areas scattered throughout
the spleen or a diffusely hypoechoic spleen [83].

Similarly, on CT, multiple small lesions of relatively
low attenuation, typically ranging from a few millime-
ters to 2 cm in diameter, are seen (Fig. 9). Occasionally, a
central area of higher attenuation or a wheel-within-a-
wheel pattern may be demonstrated [22].

At MR imaging, splenic fungal abscesses appear as
multiple small lesions, which are hypointense on T1-
weighted images and hyperintense on T2-weighted im-
ages [11] (Fig. 9). The use of fat saturation with T2-
weighted images may improve detection of these small
lesions, as well as the use of gadolinium [71].

Fig. 9A–D. Candidiasis. A Contrast-enhanced CT scan shows multi-
ple, tiny (<1 cm), low-attenuation lesions scattered throughout the
spleen. B The T2-weighted MR image demonstrates the presence
of diffuse small hyperintense lesions in the spleen and in the liver.

C Gross pathology specimen of the spleen shows multiple, small,
white nodules throughout the parenchyma. D Low-power view of
splenic specimen shows multiple candidiasis microabscesses, with
a peripheral zone of fibrosis and a central area of necrosis
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Tuberculosis

Definition

Tuberculosis is a chronic bacterial infection caused by
Mycobacterium tuberculosis and characterized by the
formation of granulomas in infected tissues and by cell-
mediated hypersensitivity. The usual site of disease is
the lung, but other organs may be involved. The rate of
extrapulmonary involvement increased with the onset
of the HIV epidemic [84]. TB of the spleen is extremely
common in patients with disseminated disease; howev-
er, it is not usually identified at initial presentation [85].
When present, there usually is miliary hepatosplenic
dissemination in association with miliary pulmonary
TB [86]. Miliary TB may manifest only as mild to mod-
erate splenomegaly [11].

Pathology

Histologically, a TB granuloma consists of giant cells
and epithelioid cells and is characterized by a tendency
for fibrosis and caseation, a unique form of nonliquefy-
ing necrosis [87]. Caseous necrosis of the tubercle be-
gins after 2–4 weeks, and fibrous scarring may ensue
(tuberculoma).

Radiologic Findings

In the miliary form, US may demonstrate the bright-
spleen pattern, consisting of a diffuse increase in echog-
enicity or the presence of small hypoechoic lesions. On
CT, tiny, low-density foci scattered throughout the
spleen may be seen (Fig. 10); when the lesions are larg-

er, they may appear as small, focal splenic nodules of
low attenuation. Occasionally, small peripheral wedge-
shaped areas of low attenuation may be present, which
represent infarcts from septic emboli [87].

In the macronodular form, occurring less commonly,
US may demonstrate the presence of round and hypo-
echoic areas. On CT, the disease appears as a diffuse
spleen enlargement containing multiple, low-density, 1-
to 3-cm round lesions or a single mass. This feature may
evolve to an abscess with single or multiple low-density,
septate, or honeycomb-like lesions. These lesions have
irregular, ill-defined margins, and show, after intrave-
nous contrast medium administration, minimal or
slight central enhancement. With further evolution of
the disease, the lesion typically appears as an abscess
with single or multiple low densities with ring-like en-
hancement [88]. MRI may demonstrate a hypointense
lesion with a less hypointense rim on T1-weighted im-
ages, which appears hyperintense with a less hyperin-
tense rim on T2-weighted images.

Echinococciasis

Definition

Splenic infection by Echinococcus is uncommon and is
usually associated with liver and/or lung involvement;
Echinococcus is the only parasite to produce splenic
cysts [71]. The most common organism is Echinococcus
granulosus; less commonly, hydatid disease is caused by
Echinococcus multilocularis. The cysts, solitary or mul-
tiple, may cause a focal mass effect or splenic enlarge-
ment and they may demonstrate aspecific, peripheral,
ring-like calcification [71].

Fig. 10. Tuberculosis. Contrast-enhanced CT
scan shows multiple, small, low-density le-
sions throughout the spleen
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Pathology

Histologically, an Echinococcus cyst appears as a three-
layered structure consisting of the inner germinal layer,
the endocyst of hyaline and the pericyst, which is a thin
band of vascularized, fibrotic compressed spleen
(Fig. 11). Daughter cysts develop from germinal layers
and are responsible for the multilocular form on gross

pathologic examination. Scolices and fragments of the
germinal layer constitute the so-called hydatid sand
within the cyst [87].

Radiologic Findings

On sonography, anechoic lesions with daughter cysts
and calcifications or occasionally a solid mass with fine
internal echoes, representing debris, infolded mem-
branes, scolices, or hydatid sand, may be seen [89]. Sep-
aration of the membrane produces a pathognomonic
appearance for hydatid disease: the water-lily sign, re-
sulting from the detachment and collapse of the inner
germinal layer from the ectocyst. The collapsed germi-
nal layer is seen as an undulating, linear collection of
echoes either floating in the cyst or lying in the most de-
pendent portion [90].

Unenhanced CT is sensitive in depicting subtle cyst
wall calcifications [22]. The CT attenuation of the cyst
depends on intracystic content, which usually shows
water attenuation values. The presence of debris, hydat-
id sand and inflammatory cells may determine high CT
values [91]. No enhancement is seen after the adminis-
tration of contrast material, except for the possible ring-
like enhancement of the external cyst wall and the en-
hancement of the internal trabeculae [92] (Fig. 11).

On MRI, typically a well-defined, rounded mass with
signal intensity of water is seen on both T1- and T2-
weighted sequences. The presence of protein or hemor-
rhage content in the cystic fluid may vary the signal in-
tensity on T1-weighted images, whereas signal intensity
on T2 images remains quite high [11]. The presence of a
hypointense rim on T1-weighted and T2-weighted im-
ages, corresponding to wall calcification, and a multi-
loculated appearance are considered to be distinctive
features of this lesion [93].

Pneumocystis carinii

Definition

Pneumocystis carinii infection is becoming more com-
mon with the increasing prevalence of an immunosup-
pressed population, and there is an increasing incidence
of extrapulmonary disease. This infection affects 80% of
patients with AIDS and is one of the major causes of
morbidity and mortality [94].

Pathology

Histologically, splenic P. carinii infection causes necro-
tizing granulomas that eventually develop dystrophic
calcification within the granulomas [94].

Fig. 11A, B. Echinococciasis. A Contrast-enhanced CT scan shows a
round, low attenuating, cystic splenic mass with discontinuous rim
calcifications. B Gross pathology of splenic specimen demon-
strates the three-layered structure of the echinococcal cyst
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Radiologic Findings

In the early phase of the disease process, US typically
shows tiny, highly reflective, nonshadowing foci and
small hypoechoic lesions with cystic components. In
later stages, calcification develops and acoustic shadow-
ing is seen [95].

On CT, there is mild splenomegaly, and the spleen
presents multiple low-attenuation lesions, which may
enlarge and become progressively calcified in either a
rim-like or a punctate fashion [11].

Cat-scratch Disease

Definition

Cat-scratch disease is an infection that usually affects
children and adolescents after being scratched by a do-
mestic cat [96] and it has been attributed to Bartonella
henselae. The patient typically has had intimate expo-
sure to a cat and presents with unilateral regional lym-
phadenitis and a site of inoculation.

Pathology

The lesions of the spleen may be distinguished in one or
two distinct types on the basis of the histopathologic
findings: vascular proliferative lesions (bacillary pelio-
sis splenitis) or necrotizing granulomatous lesions [97].

Radiologic Findings

Sonographically, splenic granulomata generally appear
as hypoechoic lesions, ranging from well defined and
homogeneous to indistinct and heterogeneous; en-
hanced through-transmission may occur [98]. On CT,
multiple scattered areas of low attenuation, ranging
from 3 mm to 2 cm in size, in the spleen may be seen
[96]. On MRI, the lesions appear hypointense on T1-
weighted images and hyperintense on T2-weighted im-
ages [99]. Resolution of the lesions detected on imaging
may take 4–6 weeks.

Systemic Disorders

Collagen Vascular Diseases

Definition

Collagen vascular diseases include a group of disorders
of immune regulation, which, therefore, may involve the
spleen, since it is an organ of the immune system. The

function and structure of the spleen can be affected
through lymphoid hyperplasia in the white-pulp area
and through dysfunction of phagocytic red-pulp areas,
which are responsible for the destruction of cells. This
red-pulp dysfunction results from autoimmune cyto-
penias [100]. The most important collagen vascular dis-
eases include: rheumatoid arthritis (RA) and Felty’s
syndrome, systemic lupus erythematosus, Wegener’s
granulomatosis and polyarteritis nodosa.

Rheumatoid arthritis (RA) is a chronic multisystem
disease of unknown origin, characterized by persistent
inflammatory synovitis of peripheral joints in a sym-
metric distribution and by variable extra-articular
manifestations. Felty’s syndrome consists of a triad of
chronic RA, splenomegaly, neutropenia, and, occasion-
ally, anemia and thrombocytopenia [101]. It occurs
preferentially in the fifth to seventh decade of life and
after long-standing RA (of more than 10 years); 70% of
Felty’s syndrome patients are female [100].

Systemic lupus erythematosus (SLE) is a multi-
systemic disease of unknown etiology in which tissues
and cells are damaged by pathogenic autoantibodies
and immune complexes, occurring in 90% of cases in
women [102]. The spleen is involved in 15%–45% of pa-
tients; splenomegaly and lymphadenopathy are the
most commonly reported findings. Possible complica-
tions are splenic infarction, spontaneous splenic rup-
ture, functional asplenia and hyposplenia [100].

Wegener’s granulomatosis is also a systemic disease
of unknown origin, characterized by a clinicopatholog-
ic complex of necrotizing granulomatous vasculitis of
the upper and lower respiratory tract, glomeruloneph-
ritis and variable degrees of vasculitis of small arteries
and veins. The disease can affect any organ and system.
Splenic involvement, however, generally is considered to
be rare [103].

Polyarteritis nodosa (PAN) is a systemic inflamma-
tory disease that causes a necrotizing vasculitis of medi-
um-sized arteries and is also characterized by aneu-
rysm formation [104].

Pathology

In Felty’s syndrome, the enlargement of the spleen is
caused by expansion of the red pulp and sinuses, which
contain many macrophages [105].

Systemic lupus erythematosus is characterized, his-
tologically, by the presence of large-and small-vessel ne-
crotizing vasculitis with an onion-skin pattern.

In Wegener’s granulomatosis, grossly, a central area of
infarction surrounded by a red peripheral zone of splen-
ic parenchyma has been reported [103]. Microscopical-
ly, granulomatous vasculitis of small and medium-sized
arteries and veins, with thrombotic occlusion and hem-
orrhage, which causes infarction, may be seen [106].
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In Polyarteritis nodosa, similarly to Wegener’s gra-
nulomatosis, a necrotizing vasculitis of medium-sizes
arteries may be seen; the disease is also characterized by
aneurysm formation [104].

Radiologic Findings

Generally, in rheumatoid arthritis (RA), Felty’s syn-
drome, and systemic lupus erythematosus, all the dif-
ferent imaging modalities (US, CT, and MRI) may be
used to assess the presence of splenomegaly, splenic cal-
cification, and splenic atrophy or for detection of com-
plications such as rupture or splenic abscess [100].

In Wegener’s granulomatosis, ultrasound may show a
heterogeneous parenchymal architecture [107] or mul-
tiple hypoechoic intrasplenic nodules [108], with paten-
cy of the splenic artery and veins [107]. On CT, a diffuse
pattern of splenic infarction has been reported in addi-
tion to a pattern of rim enhancement around a large
central area of low attenuation [103]. MRI may demon-
strate the presence of diffuse low signal intensity on T1-
weighted images and high signal intensity on T2-
weighted images, which represent the diffuse infarction
pattern [109].

In polyarteritis nodosa, ultrasound and CT scans
may be useful in the detection of splenic rupture or ab-
scess formation [100].

Storage Diseases

Definition

In storage diseases, splenic dysfunction and anatomic
distortion are the result of deposition of abnormal sub-
stances into the reticuloendothelial system (red-pulp
area). The most common storage disorders involving
the spleen are: Gaucher’s disease, Niemann-Pick dis-
ease, Langerhans cell histiocytosis, amyloidosis, and
iron-overload diseases.

Gaucher’s disease is a metabolic disorder in which
glucocerebroside accumulates in the reticuloendothe-
lial system because of a deficit of the enzyme glucocere-
brosidase and is characterized by the presence of focal
nodules in different organ systems. The disease most of-
ten follows a chronic, progressive course, characterized
by hepatosplenomegaly, anemia, thrombocytopenia,
and erosion of the endosteum of long bones [1].

Niemann-Pick disease consists of a group of reces-
sive autosomal diseases that are clinically and biochem-
ically heterogeneous [110]. The basic defect is a disor-
der of sphingomyelin metabolism, leading to lipid dep-
osition in certain organs such as brain, liver, and spleen.
Four clinical forms of Niemann-Pick disease have been
described by Schubert [111] on the basis of differences

in the age of onset and the presence of neurological
symptoms.

Langerhans cell histiocytosis (LCH) is a rare disor-
der of the bone-marrow-derived histiocytes, which may
manifest in a single-system disease or in a multisystem-
ic disorder [100]. Many organs may be affected, includ-
ing bone, skin, bone marrow, liver, spleen, lungs, lymph
nodes, pancreas, intestine, brain, pituitary gland, and
buccal involvement.

Amyloidosis is the deposition of eosinophilic protei-
naceous material (amyloid substance) in different or-
gans. Splenic involvement is common, as the cells of the
reticuloendothelial system play a major role in the for-
mation of amyloid [112].

Iron-overload diseases consist of two different
groups of disorders, depending on the location of iron
deposition [113]. Primary hemochromatosis is a com-
mon inherited autosomal recessive disorder, consisting
of abnormal parenchymal iron deposition, which oc-
curs mainly in the hepatocytes but also in the pancreas,
heart and synovium [100]. This parenchymal iron dep-
osition may cause damage and organ dysfunction such
as cirrhosis of the liver and development of hepatocellu-
lar carcinoma. Hemosiderosis is the term used for iron
deposition in the reticuloendothelial system of the liver,
spleen, lymph nodes and bone marrow; it most com-
monly develops after multiple blood transfusions
(transfusional iron overload) and has little clinical sig-
nificance [1].

Pathology

Gaucher’s disease is pathologically characterized by the
presence of focal nodules consisting of focal homoge-
neous clusters of Gaucher’s cells (reticuloendothelial
cells laden with glucocerebroside) and fibrosis or in-
farction [114].

In Niemann-Pick disease, the metabolic defect leads
to the storage of lipids (sphingomyelin and cholesterol)
in the histiocytes. These multivacuolated, lipid-laden
cells (or foam cells) are mainly found in the reticuloen-
dothelial system of the spleen and the liver, the lymph
nodes, bone marrow and lungs. In certain types of the
disease, they are also found in the central nervous
system.

Langerhans cell histiocytosis of the spleen is charac-
terized, histologically, by a diffuse splenic red-pulp infil-
tration by Langerhans cells, with the typical Birbeck
granule within their cytoplasm on electron microscopic
examination. Grossly, splenomegaly and splenic rupture
have been described, and less commonly, the presence
of a solitary nodular lesion [115].

Splenic amyloidosis is pathologically characterized
by the presence of amyloid deposits in the splenic pa-
renchyma and in the splenic vasculature [116].
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Histologic features of the spleen in iron-overload
diseases are iron deposition in the reticuloendothelial
system in hemosiderosis and splenomegaly in associa-
tion with symptomatic liver involvement in hemochro-
matosis [100].

Radiologic Findings

In Gaucher’s disease, ultrasound, CT, and MR studies
show marked splenomegaly and the resultant mass ef-
fect on adjacent structures. Ultrasound may also reveal
multiple discrete hypoechoic lesions or hyperechoic le-
sions, depending on different histopathologic features
of the nodules [100]. Aspestrand et al. [117] reported a
case with multiple hypoechoic lesions surrounded by
hyperechoic rims (the target appearance). CT may show
multiple hypodense lesions, which, after intravenous
contrast material administration, enhance to a lesser
degree than the surrounding splenic parenchyma [118,
119] (Fig. 12). On MR, the spleen may demonstrate in-

creased signal intensity on T1-weighted images as a re-
sult of shortening of the T1 relaxation time, which
seems to result from accumulation of glucocerebroside
in the spleen [120] (Fig. 12). The presence of splenic
nodules, with variable signal intensity and variable size
has also been described [121, 122]. Most splenic nodules
are isointense on T1-weighted images and hypointense
on T2-weighted images, while some lesions are hyperin-
tense on T2-weighted images. A minority of lesions are
hyperintense on T1-weighted images.

In Niemann-Pick Disease, ultrasound may show
nodular splenomegaly with multiple, well-defined hy-
perechogenic nodules, which appear hypodense on a
contrast-enhanced CT scan, probably due to the dimin-
ished blood flow [110]. On MR, a diffuse increase in sig-
nal intensity of the spleen on T1-weighted images and
on T2-weighted-images has been reported, probably
caused by the lipid infiltration of the splenic parenchy-
ma. The presence of nodular lesions within the spleen,
isointense on T1-weighted images and hyperintense on
T2-weighted images has also been described [110].

Few cases of imaging findings of Langerhans cell his-
tiocytosis have been reported. On sonography, the pres-
ence of multiple, round, hypoechoic lesions of varying
sizes in an enlarged spleen have been described [123], as
also a case of a solitary hypoechoic lesion within the
spleen [124].

Cross-sectional imaging is rarely performed in pa-
tients with amyloidosis of the spleen, because most pa-
tients have no clinical symptoms related to splenic am-
yloid infiltration. No characteristic features that distin-
guish amyloidosis from other infiltrative disorders have
been reported. Rarely, extensive visceral calcifications
involving both the liver and the spleen have been de-
scribed in primary amyloidosis [125]. Sonography and
emergency CT may also be useful to confirm hemoper-
itoneum and an enlarged heterogeneous spleen in cases
of acute splenic rupture [100].

In iron-overload diseases, CT shows diffuse in-
creased attenuation values in the liver [1]. However, this
finding is not specific and very insensitive for moderate
degrees of iron deposition [100]. MRI is a more sensi-
tive and a specific method to detect iron deposition be-
cause of the magnetic-susceptibility effect caused by the
accumulated iron. This demonstrates a markedly de-
creased signal intensity (compared with that seen in
skeletal muscle) in involved organs on T2-weighted im-
ages, especially on T2*-weighted gradient-echo images.
In hemochromatosis, a low signal intensity on T2- and
T2*-weighted images is found in the liver, pancreas,
myocardium and endocrine glands, but the spleen re-
mains normal [126]. In hemosiderosis, spleen, liver and
bone marrow reveal decreased intensity on MR studies
and the pancreas tends to be spared [1].Fig. 12A, B. Gaucher’s disease. A Contrast-enhanced CT scan dem-

onstrates a subcapsular, wedge-shaped, low-density area, in an en-
larged spleen. B On MRI the spleen shows increased signal inten-
sity. Note the presence of splenic hypointense nodules
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Sarcoidosis

Definition

Sarcoidosis is a systemic disease of unknown etiology
that primarily affects the mediastinal and hilar lymph
nodes, lung parenchyma, skin and eyes [1]. It is charac-
terized by the presence of noncaseating granulomas in
almost any organ [30]. Abdominal sarcoidosis is com-
mon and splenic involvement is microscopically dem-
onstrated in approximately 24%–59% of patients, but its
clinical significance is uncertain and splenic dysfunc-
tion is rare [127]. Mild splenomegaly occurs in
11%–42% of patients with sarcoid. The radiologic fea-
tures in the abdomen are nonspecific, and most often
the diagnosis is made by biopsy of peripheral nodes, liv-
er, or skin [1].

Pathology

Histologically, sarcoidosis is characterized by noncase-
ating granulomas, frequently less than 2 mm in size, that

consist of aggregates of Langerhans-type giant cells sur-
rounded by necrotic or fibrotic tissues [128] (Fig. 13).

Radiologic Findings

Ultrasound may demonstrate the presence of splenom-
egaly and nonspecific diffusely increased echoes in the
splenic parenchyma. However, Kessler et al. [129] re-
ported, in a series of 17 patients with biopsy-proven sar-
coidosis, eight patients to have normal splenic echoge-
nicity and a normal spleen size. Focal hypoechoic or
mixed echogenic lesions may also be present [1].

On CT, splenic sarcoidosis is usually not detected or
abdominal involvement appears as nonspecific hepa-
tosplenomegaly and retroperitoneal lymphadenopathy
[130]. Multiple low-density intrasplenic lesions are
present in 11%–33% of cases [131], ranging from 1 mm
to 30 mm (Fig. 13).When nodules increase in size, a more
coalescent hypodense nodular pattern is seen [132].

MRI may demonstrate splenomegaly and diffuse,
heterogeneity with decreased signal intensity on T2-
weighted images, representing chronic fibrosis [133].

Fig. 13A–C. Sarcoidosis. A Contrast-enhanced CT scan shows numerous low-density lesions throughout the spleen. B Sarcoidosis of the
spleen as it appears grossly. C Masson stain low-power view shows coalescing nonspecific granulomas
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Hematologic Disorders

Sickle Cell Disease

Definition

Sickle cell disease is a common hereditary disorder
caused by hemoglobinopathy and characterized by the
destruction of abnormal shaped erythrocytes in the
spleen, when the abnormal hemoglobin is desaturated.
This situation leads to chronic microthrombosis in the
microcirculation. Characteristic of this disease are in-
farction of the spleen and typical periodic vaso-occlu-
sive crises [134]. In the homozygous subjects, a com-
plete loss of spleen function occurs because of repetitive
splenic infarction, while in heterozygous treated pa-
tients, the spleen may be damaged without function
loss.

Pathology

Grossly, splenomegaly, secondary to sequestration of
red blood cells, but also abscess or infarction, may be
demonstrated. In older homozygous patients, a fibrotic,
end-stage spleen with diffuse or patchy punctate or
stippled calcification may be seen [71].

Radiologic Findings

Ultrasound may demonstrate, in an enlarged spleen, the
presence of infarction, abscess, and other complications

of the disease, but it is less adequate to detect the small,
fibrotic, end-stage spleen in homozygous patients.

On unenhanced CT, the presence of splenic calcifica-
tion and an increased density of the spleen due to cal-
cification and iron deposition may be seen [135]
(Fig. 14).

On MRI, the spleen shows a diffusely reduced signal,
initially because of hemosiderin deposition, and subse-
quently because of calcification and fibrosis. In seques-
tration, areas of abnormally high signal, with dark rim,
may be seen on T1-weighted images, as a result of the
presence of subacute hemorrhage. Areas of infarction
are seen as peripheral wedge-shaped areas of increased
signal, on T2-weighted images, against the background
of a low-intensity spleen [136].

Thalassemia

Definition

Thalassemia includes a group of congenital disorders
characterized by a defect in synthesis of one or more
subunits of hemoglobin. This leads to ineffective glo-
bin-chain and red-cell production, hemolysis, and ane-
mia.

Pathology

In patients with beta-thalassemia major, the most se-
vere form, deposition of iron complexes into the reticu-
loendothelial system of the spleen and other organs

Fig. 14. Sickle cell disease. Early phase con-
trast-enhanced CT scan shows an increased
density of the spleen due to extensive calcifi-
cation
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may be demonstrated and, often, the predominant he-
mosiderosis results in parenchymal damage [137].

Radiologic Findings

CT can demonstrate iron deposition as increased atten-
uation of the spleen [138]. MR is a more sensitive tech-
nique for detection of iron deposition due to iron’s par-
amagnetic effects and may easily reveal the presence of
iron with T2-weighted or T2*-weighted sequences. The
possibility to quantify the amount of iron by using these
sequences has been reported [139].

Acquired Hemolytic Anemia

Definition

Autoimmune hemolytic anemia is an acquired disorder,
which may be idiopathic or secondary to other disor-
ders, characterized by red-cell destruction, frequently
intravascular. Shortened erythrocyte life and the pres-
ence of erythrocyte-specific antibodies have to be dem-
onstrated for the diagnosis. Mild to severe splenomega-
ly may be seen. Paroxysmal nocturnal hemoglobinuria
(PNH) is a subcategory of hemolytic anemia, character-
ized by chronic hemolysis with hemoglobinuria, iron-
deficiency anemia, and venous thrombosis.

Pathology

These hemolytic disorders are histologically character-
ized by the presence of mild to marked splenomegaly
resulting from reticuloendothelial cell hyperplasia, sec-
ondary to active erythrophagocytosis.

Radiologic Findings

MR imaging is a useful modality for demonstrating iron
overload. In patients affected by PNH, MR usually
shows normal signal intensity of the spleen similar to
that of the liver on T1-weighted images and high signal
intensity on T2-weighted images; eventually, the pres-
ence of iron deposition may be demonstrated after sev-
eral blood transfusions (transfusional hemosiderosis)

Idiopathic Thrombocytopenic Purpura

Definition

Idiopathic thrombocytopenic purpura (ITP) is a he-
morrhagic disorder characterized by a decreased plate-

let count despite the presence of normal or increased
megakaryocytes in the bone marrow. The spleen is the
major site of platelet destruction and is a site of produc-
tion of anti-platelet antibodies.

Pathology

Histologically, the spleen in ITP frequently shows nor-
mal appearance even though its production of platelet
antibodies may be considerable.

Radiologic Findings

Typically, splenomegaly is not demonstrated in most
cases, being the unique characteristic of ITP. Imaging
studies are not useful for the diagnosis of ITP, because
of the absence of characteristic imaging features. How-
ever, imaging modalities may be used in the follow-up
examination after splenic resection to evaluate for the
eventual presence of accessory spleen.

Polycythemia Vera

Definition

Polycythemia vera is a disorder of unknown etiology
characterized by a marked and persistent elevation in
the total number of circulating red blood cells in associ-
ation with cyanosis, leukocytosis, and thrombocytosis.

Pathology

Grossly, mild to moderate splenomegaly is seen in
three-quarters of patients with polycythemia vera at the
time of diagnosis [140]. Dense streaks of calcification
have been occasionally described in the enlarged
spleen.

Radiologic Findings

CT may demonstrate the presence of splenic infarcts
with typical appearance, but also as large hypodense le-
sions [141]. When liquefactive necrosis and intraparen-
chymal gas formation are present, the differential diag-
nosis with splenic abscess may be difficult [142]. A case
of focal extramedullary hematopoiesis in polycythemia
vera, detected by MRI, has been reported [143]. This
finding, which appeared as a focal mass-like lesion,
showed homogeneous hyperintense signal on T2-
weighted images, with progressive enhancement on dy-
namic studies after bolus injection of gadolinium.
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Myelogenous Leukemia

Definition

This hematologic disease often involves the spleen,
which appears increased in size in more than 90% of
untreated cases.

Pathology

Leukemic spleens microscopically show diffuse and fo-
cal infiltration of leukemic cells and may present nu-
merous infarcts throughout the parenchyma. With pro-
gression of disease, there is an obliteration of the under-
lying architecture.

Radiologic Findings

Sonography may demonstrate an enlarged spleen asso-
ciated with increased echogenicity [144]. On CT, the
spleen usually maintains a homogeneous, normal atten-
uation value. Generally, cross-sectional imaging modal-
ities are useful to evaluate the size of the spleen and,
therefore, the activity of disease.

Myelofibrosis

Definition

Myelofibrosis is a myeloproliferative state with defects
of the bone-marrow matrix and myeloid metaplasia
(proliferation of the neoplastic myeloid stem cells) oc-
curring primarily in the spleen and liver. Fibrosis of the
bone marrow may represent the ultimate histologic
stage of a number of different bone-marrow actions
[134].

Pathology

The spleen appears markedly enlarged, sometimes up
to 4,000 g. On section, it is firm, red to gray; multiple
subcapsular infarcts may be present. Histologically,
there is proliferation affecting normoblasts, granulo-
cyte precursors, and megakaryocytes; however, mega-
karyocytes are usually prominent owing to their large
size and nuclear morphology. Sometimes, dispropor-
tional activity of any one of the three major cell lines is
seen. Initially, the extramedullary hematopoiesis is con-
fined to the sinusoids, but later it may extend to involve
the cords.

Radiologic Findings

On sonography, the involved spleen presents markedly
increased echogenicity similar to that of the liver, prob-
ably due to the dominating red pulp, which is diffusely
infiltrated by hematopoietic elements [145].
CT may demonstrate splenomegaly with homogeneous
enhancement. Hemosiderosis resulting from repeated
transfusion can sometimes be seen together with in-
farction and hemorrhage [145].

Castleman’s Disease

Definition

Castleman’s disease is an uncommon benign lymphop-
roliferative disorder characterized by hyperplasia of
lymphoid follicles [146]. It more commonly occurs
within the mediastinum but can rarely involve abdomi-
nal organs [147] and may present clinically as either a
localized form or a disseminated (multicentric) form,
which is more aggressive.

Pathology

There are two major histologic variants, depending on
the different type of cells: hyaline-vascular Castleman’s
disease (90% of cases) and plasma cell Castleman’s dis-
ease (10% of cases).

Radiologic Findings

Imaging findings are generally nonspecific for this dis-
ease and may show the presence of splenomegaly with
homogeneous appearance, retroperitoneal and mesen-
teric lymphadenopathy, and ascites. Therefore, the diag-
nosis of Castleman’s disease can only be made on the
basis of histologic examination [134]

Vascular Pathology

Splenic Vein Thrombosis

Definition

The pathophysiology of splenic vein thrombosis in-
cludes compression, encasement, and inflammation of
the splenic vein. In most cases, thrombosis is related to
pancreatic carcinoma or pancreatitis, but is also seen in
cirrhosis of the liver, after liver transplantation, after
splenectomy or it can be idiopathic [148, 149]. Splenic
vein thrombosis causes development of gastric varices.
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Pathology

Venous thrombi are formed by pale strands of aggregat-
ed platelet and fibrin with admixture of erythrocytes,
and unlike those originating within a cardiac chamber
or the aorta, do not present well-defined laminations.

Radiologic Findings

On US, splenic vein thrombosis may often appear echo-
genic. A relatively hypoechoic clot is difficult to identify
without the use of color flow sonography. Doppler so-
nography may show no flow in case of complete splenic
vein obstruction, whereas a detectable residual flow
with an elevated and stenotic flow velocity may be de-
tected in case of incomplete obstruction.

In acute thrombosis of the splenic vein, CT scan may
demonstrate an intraluminal, low-density filling defect.
CT scan is also particularly useful in demonstrating
gastric varices that accompany splenic vein occlusion.

On MRI, the thrombosed splenic vein shows hyper-
intensity on T2-weighted images and the gastric varices
are seen as multiple, tortuous structures with a signal
void on T2-weighted images [150].

Splenic Artery Aneurysm

Definition

Splenic artery aneurysm is the most common abdomi-
nal visceral artery aneurysm, representing approxi-
mately 60% of visceral arterial aneurysms [150]. Vari-
ous causes and predisposing conditions may lead to
splenic artery aneurysm, including portal hypertension,
pregnancy and history of multiparity, pancreatitis, arte-
riosclerotic disease, penetrating gastric ulcer, trauma,
and vasculitis.

Pathology

Splenic aneurysms are most often saccular, and over
75% occur at the distal third of the splenic arteries. They
are multiple in 20% of cases and range in size from less
than 1 cm to 3 cm.

Radiologic Findings

Splenic artery aneurysms are usually diagnosed by the
presence of ring calcification in the left upper quadrant
on plain film, CT or US.

On US, the aneurysm usually appears as a hypoecho-
ic mass, showing, on color Doppler examination, a
weak, turbulent, pulsatile flow [151].

On CT, splenic aneurysm appears as a well-defined,
low-density mass with or without calcifications; after
intravenous contrast medium administration, marked
and early arterial enhancement within the residual pat-
ent lumen may be demonstrated [150].

On MRI, splenic aneurysm may demonstrate a well-
defined ring of low signal intensity at the periphery, cor-
responding to the aneurysmal wall, while the signal in-
tensity within the aneurysm depends on the presence
and the velocity of flowing blood and the presence and
age of the thrombus. Fast-flowing blood within the pat-
ent lumen produces usually a signal void, which persists
on all spin-echo sequences [150].

Splenic Arteriovenous Fistula

Definition

Splenic arteriovenous fistula is a rare finding, congeni-
tal or acquired, which is accompanied by dilated vein or
aneurysmal splenic vein that can cause portal hyperten-
sion. Acquired causes of arteriovenous fistula include
fistulization of a splenic aneurysm into the adjacent
splenic vein, local trauma, chronic pancreatitis and
splenectomy [152]. Early diagnosis is mandatory, be-
cause life-threatening complications may occur if the
disease is not treated.

Pathophysiology

A fistula following blunt abdominal trauma is from rup-
ture into the adjacent vein from a preexisting splenic ar-
tery aneurysm or posttraumatic pseudoaneurysm. Iat-
rogenic splenic arteriovenous fistulas have been noted
following splenectomy. These are thought to be secon-
dary to the use of ligature for the control of the splenic
artery and vein. Following placement of such ligature, it
is presumed that an initial small communication en-
larges under the force of systemic arterial pressure,
leading to substantial increase in arterial venous flow
[153].

The fistula is usually located at the splenic hilum or
on the main splenic artery. The connection between ar-
tery and vein may consist of a well-formed vessel, a vas-
cular channel formed by the canalization of a thrombus,
or an aneurysmal sac.
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Radiologic Findings

Sonography is noninvasive and can be rapidly per-
formed in emergency conditions. Doppler sonography
of the splenic arteriovenous fistula may demonstrate a
twofold or threefold increase of the flow velocity in the
fistula with dilatation, elongation or loop formation in
the afferent artery, and a fairly pulsatile and high-veloc-
ity venous flow immediately distal to the fistula [154].

On CT, varices and a tortuous, dilated, splenic vein
may be seen. Multiplanar reconstructions are useful in
displaying the anatomy of the fistula. Angio-CT con-
firms the diagnosis of fistula, showing early and intense
enhancement of the splenic vein.

MR and angio-MR also contribute to the diagnosis
demonstrating the fistula, the possible associated aneu-
rysms and the venous dilatation [1].

Fig. 15A–C. Splenic infarction. A Ultrasound demonstrates a well
defined, partially hyperechoic lesion in the spleen. B Delayed
phase contrast-enhanced CT scan shows wedge-shaped, well-de-
marcated low-density areas in the spleen. C Gross specimen of the
spleen shows the wedge-shaped appearance of infarct
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Splenic Infarction

Definition

Numerous causes may lead to splenic infarction, includ-
ing embolic, hematologic, vascular disease, anatomic
abnormalities, and nonhematologic malignancy. The
most common cause is embolic, from cardiovascular
disease, followed by local thrombosis resulting from he-
matologic diseases [155]. In patients younger than 40 -
years, an associated hematologic disorder is most fre-
quent, whereas in older patients the cause most often is
an embolic event [1].

Pathology

Pathologically, infarcts are characteristically pale and
wedge shaped, with their bases at the periphery where
the capsule is often covered with fibrin (Fig. 15). In the
course of healing of splenic infarcts, depressed scars
may occur. When the thrombus contains bacteria, the
infarct becomes soft and filled with pus [1].

Radiologic Findings

On US, an acute splenic infarct typically appears as a
wedge-shaped, hypoechoic, and well-demarcated le-
sion. In the course of several days, the demarcation
between the lesion and the surrounding spleen is better
defined, probably due to a proliferative fibroblastic re-
sponse in the preserved margins [156]. In the chronic
stage, splenic infarcts appear as areas of increasing
echogenicity because of fibrosis and scarring (Fig. 15).

Unenhanced CT scans may show the presence of
wedge-shaped, peripheral hypodense lesions in only
one-third of cases [141]. After contrast enhancement,
these areas become markedly more distinct (Fig. 15).
Areas of splenic infarction may also appear as heteroge-
neous, poorly marginated, and mass-like hypodense ar-
eas, which may mimic other splenic lesions such as tu-
mors, hematomas, and abscesses [141]. In the acute
phase, areas of increased attenuation may be demon-
strated, representing hemorrhagic infarcts. Moreover,
infarcts tend to be more focal and better demarcated in
the acute and subacute phases, and tend to be isodense
and atrophic in chronic phases [141].

On MRI, infarcted areas typically appear hyperin-
tense with a dark rim on T2-weighted images. After
intravenous administration of gadolinium, they appear
as perfusion defects with sharp marginated zones of hy-
pointensity; capsular contrast enhancement may be
seen [62].

Peliosis of the Spleen

Definition

Peliosis is a rare disorder of the reticuloendothelial
system that may involve the liver, spleen, and bone mar-
row, characterized by multiple blood-filled cysts
(1–10 mm in diameter) scattered throughout the affect-
ed organ [106]. Splenic peliosis can be associated with
hematologic malignancy, infection (e.g., tuberculosis,
Bartonella infections, HIV), and anabolic and contra-
ceptive steroids [22]

Pathology

Histologically, the cystic areas consist of irregular
blood-filled lakes ranging from less than 0.1 to greater
than 1 cm in diameter. Microscopically, the lesions con-
sist of irregular cystic spaces with or without endothe-
lial lining [22].

Radiologic Findings

Imaging findings consist of hepatosplenomegaly and
multiple small hepatosplenic lesions. On US, multiple
hypoechoic or hyperechoic areas with irregular mar-
gins may be seen [157]. On contrast-enhanced CT, some
lesions may not enhance, probably due to thrombosis,
while others may present the target appearance, with
central enhancing foci [106]. MR imaging demonstrates
areas of hyperintensity on T2-weighted images and of
hypointensity to hyperintensity on T1-weighted images
[158].

Trauma

Definition

Classically, abdominal trauma is divided into blunt and
penetrating categories, which differentiate the mecha-
nism of injury [159].

Penetrating trauma (e.g., gunshot and stab wounds)
has an incidence of organ involvement approximately
proportional to the cross-sectional area of the organ in
question.

Blunt abdominal trauma has increased with the ad-
vent of high-speed transportation during recent
decades and mechanisms of damage include direct
compression, avulsion of vascular attachments by sud-
den deceleration forces or laceration by fractured adja-
cent skeletal structures [160].
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Splenic Injury in Abdominal Trauma

The spleen is known to be the most frequently injured
intraperitoneal organ in cases of blunt abdominal trau-
ma. Other less common causes include iatrogenic etiol-
ogies (e.g., abdominal surgery, colonoscopy), penetrat-
ing abdominal trauma, spontaneous rupture (Fig. 16),
and pancreatitis [30]. The main concern following trau-
ma of the spleen is the possibility of splenic rupture,
which is associated with a mortality in more than 75%
of cases if surgery is not performed promptly [161].

Assessment of the splenic injury represents one of
the most common challenges in diagnostic imaging of
the spleen, not only to determine the presence of injury,
but also the exact extent of the damage, to allow conser-
vative surgical management, considering the important
role of the spleen in preventing infection.

In adults, the incidence of splenic involvement in
blunt abdominal trauma is 25% of cases, whereas in

penetrating abdominal trauma it accounts for approxi-
mately 7% of cases [162]. In children, incidence of splen-
ic injury is preceded by hepatic involvement [163]. Clin-
ically, in addition to the manifestations related to asso-
ciated injury of other abdominal organs, signs of splen-
ic trauma usually result from hypovolemia, blood loss
or local or referred symptoms of hemoperitoneum
[164]. Generalized abdominal pain is common, whereas
localized left upper quadrant pain is seen in 30% of
cases.

Management of these patients depends of the
patient’s clinical condition [165]. Hemodynamically un-
stable patients proceed immediately to surgery, whereas
the other patients undergo imaging tests to assess po-
tential splenic damage.

Delayed splenic rupture is defined as bleeding occur-
ring more than 48 h after trauma in previously hemo-
dynamically stable patients, with no injury or minor
injury detected at initial imaging. Its reported frequen-
cy varies between 1% and 14%, with mortality rates
higher than in acute splenic injury (5%–15% vs 1%
[165]).

Pathophysiology

The susceptibility of the spleen to injury after blunt
trauma depends either on its complex ligamentous at-
tachments (lienorenal and phrenicolienal; gastrolienal
and cololienal) or on its spongy parenchymal consisten-
cy, with minimal connective tissue to allow maximal
interface between blood elements and reticuloendothe-
lial cells [166]. The spleen is divided into four or six seg-
ments by arterial supply, whereas the venous system is
highly anastomotic and does not follow any predictable
segmental anatomy. The spleen is enclosed within a thin
capsule derived from the peritoneum, which in pediat-
ric patients is relatively thicker and contains more elas-
tic and contractile elements [167].

In blunt abdominal trauma, as described above, pos-
sible mechanisms of splenic damage are deceleration
and compression. In deceleration injuries, ligamentous-
capsular avulsions or vascular injury to the pedicle or
short gastric vessels may occur. Blunt compression usu-
ally results in parenchymal injuries and venous bleed-
ing along segmental anatomic lines, but, in case of high-
energy blows, stellate fractures with extensive arterial
and venous bleeding may be seen [166].

Injuries that result in parenchymal hematomas with
an intact capsule are less common than was originally
believed but may account for the 1%–2% incidence of
delayed splenic rupture [168].

Penetrating trauma usually does not respect seg-
mental anatomy and tends to have more vascular dis-
ruption.

Fig. 16A, B. Splenic trauma. A On contrast-enhanced CT scan, the
splenic laceration is seen as low-density intrasplenic hematoma
with pooling of contrast material. B Spontaneous rupture. Con-
trast-enhanced CT scan demonstrates the presence of a subcapsu-
lar hematoma in a patient with spontaneous rupture of the spleen
consequent to mononucleosis
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Radiologic Findings

Ultrasound, when performed by a skilled operator, can
be accurate in the diagnosis of splenic trauma and very
useful, especially in situations in which CT is not imme-
diately available. However, sonography is often limited
by rib fractures, chest tubes, dressings, and the insensi-
tivity of ultrasound to other sites of injury. The echo
pattern of a blood collection depends on the time of ex-
amination, relative to the time of injury. Fresh splenic
lesions may vary from anechoic to hyperechoic poorly
marginated areas [169]. Unfortunately, the B-mode US
may show no change in echogenicity in intraparenchy-
mal splenic lesions during the 1st day after the trauma.
A more accurate detection of small hematomas by using
power Doppler has been reported [170]. When chronic,
hematomas usually become hypoechogenic prior to
complete disappearance [171]. Recently, Catalano et al.
[172] reported a preliminary experience in the assess-
ment of splenic trauma by using contrast-coded sonog-
raphy and a second-generation contrast medium. In this
study, 120 patients with suspected splenic trauma
underwent sonography, contrast-enhanced harmonic
sonography and contrast-enhanced helical computed
tomography, as the gold standard. Contrast-enhanced
sonography showed an appreciably better correlation
than unenhanced sonography in detecting injuries and
in estimating their extent.

CT has definitely become the imaging modality of
choice in the evaluation of patients with suspected
splenic trauma [173], with an accuracy exceeding 95%.
Splenic injuries can be classified on CT scans as subcap-
sular or intraparenchymal hematomas, lacerations,
fractures, or vascular pedicles injuries [174]. Intrasplen-
ic hematomas typically appear as hypodense areas
within the splenic parenchyma after administration of
contrast medium [175] (Fig. 16), but in some cases they
may be nearly isodense. Subcapsular hematomas usual-
ly appear as crescentic fluid collection along the lateral
aspect of the spleen, which may be difficult to distin-
guish from perisplenic fluid [176]. Splenic lacerations
appear as linear, low-attenuation lesions that do not
cross the spleen completely and may be single, multiple
and stellate [177]. Splenic fractures are lacerations that
extend completely across the splenic parenchyma and
frequently involve the splenic hilum [175]. Fractures
may result in devascularized segments, frequently the
superior or inferior polar region. Severe disruption of
the splenic parenchyma results in a shattered spleen.
Vascular pedicle injuries may result in significant hem-
orrhage and cardiovascular instability; therefore they
are usually not referred for CT evaluation. These pa-
tients may characteristically show an unenhanced lower
spleen with preservation of upper pole perfusion via the
short gastric arteries [174].

Other useful findings that are indicators of splenic
injury, well detected by CT, are the presence of hemo-
peritoneum, perisplenic fluid or clot (sentinel clot), and
thickening of the anterior renal fascia and the left late-
roconal fascia [178, 179].

MRI is seldom employed in the acute setting of
splenic trauma, although it is recognized that it shows
high sensitivity for the detection of blood and blood
breakdown products [62]. The signal intensity of he-
matomas depends on the age of the extravascular bleed.
During the first 48 h following extravasation, blood
undergoes transformation into deoxyhemoglobin and
other paramagnetic products. With high-field-strength
magnets, deoxyhemoglobin within red blood cells may
be identified on T2-weighted images, within a few hours
after trauma. Subacute hematomas are of high signal on
T1-weighted images, because of paramagnetic effect of
the extracellular methemoglobin, which shortens T1 re-
laxation times [180].

Conclusion

This chapter demonstrates the imaging appearance of
the various processes involving the spleen, which in-
clude benign and malignant focal disease, infections,
systemic and hematologic disorders, vascular patholo-
gy, and trauma.A systematic approach reviewing the ra-
diological findings by US, CT, and MRI and correlation
of these findings with underlying gross and microscop-
ic pathologic features is used.
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Introduction

Over the past decade, technological advances in ultra-
sound, computed tomography (CT), and magnetic reso-
nance imaging (MR) have expanded the application and
versatility of these techniques to more accurately iden-
tify and characterize diseases of the gallbladder and bile
ducts. Precise definition of the underlying pathologic
process and extent of disease is now feasible with non-
invasive imaging techniques. In this chapter, the radio-
logic features of the diseases of the gallbladder and bile
ducts will be discussed with pathologic correlation.

Part I: Gallbladder

Inflammatory Diseases

Emphysematous Cholecystitis

Incidence and Clinical Features

Emphysematous cholecystitis is a rare variant of acute
cholecystitis characterized by the presence of gas in the
gallbladder wall, lumen, or pericholecystic tissues. The
majority of patients are between 50 and 70 years of age
and have underlying chronic medical conditions such
as diabetes mellitus or atherosclerotic peripheral vascu-
lar disease [1]. Emphysematous cholecystitis is more
common in men. Patients may present with signs and
symptoms of acute cholecystitis or vague, insidious
symptoms. Vascular compromise of the cystic artery is
thought to play a role in the pathogenesis of gas forma-
tion [2]. Clostridium welchii and Escherichia coli are or-
ganisms that are commonly isolated from the infected
gallbladders.

Radiologic Features

The radiologic diagnosis of emphysematous cholecys-
titis is made by the identification of gas within the gall-
bladder lumen, wall, or pericholecystic tissues. Abdom-

The opinions and assertions contained herein are the
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inal radiography may demonstrate clear demarcation of
the gallbladder by intramural gas collections or may
show hyperlucency in the right upper quadrant.

The most common sonographic feature of intramu-
ral gas is highly echogenic reflectors within the gall-
bladder wall producing low-level posterior acoustic
shadowing and reverberation artifact. The echogenic
reflectors in the gallbladder wall may change position
and configuration when the position of the patient is
changed. Intramural gas may also appear as a highly re-
flective gallbladder wall [3]. Less commonly, real-time
scanning will show gas in the lumen of the gallbladder
as a band of highly reflective echoes or small, nonshad-
owing echogenic foci rising up from the dependent por-
tions of the gallbladder lumen (Fig. 1). The latter ap-
pearance has been termed the “effervescent gallblad-

der”because it resembles the appearance of effervescent
bubbles rising in a champagne glass [4, 5]. Careful at-
tention to the appearance of suspected intramural and
intraluminal gas should be made because other highly
reflective entities such as calcification in the gallbladder
wall, a contracted gallbladder with stones, or adenom-
yomatous hyperplasia may be mistaken for intramural
or intraluminal gas.

CT is the most sensitive and specific imaging modal-
ity for identifying gas within the gallbladder lumen or
wall (Fig. 2). The presence of pneumoperitoneum, pneu-
mobilia, and portal venous gas are readily identified as
well.

Xanthogranulomatous Cholecystitis

Incidence and Clinical Features

Xanthogranulomatous cholecystitis is an uncommon
form of chronic cholecystitis characterized by the pres-
ences of xanthomatous histiocytes, chronic inflamma-
tory cells, and scarring in the gallbladder wall [6]. The
inflammatory process produces a tumor-like appear-
ance in the gallbladder that may simulate malignancy
radiologically and pathologically [7].

Xanthogranulomatous cholecystitis is most fre-
quently observed in women between the ages of 60 and
70 years [6]. Patients usually present to medical atten-
tion with complaints of right upper quadrant pain, nau-
sea, and vomiting. A positive Murphy sign may be
present on physical examination. A tender, palpable,
right upper quadrant mass is found in less than 50% of
patients [8]. Complications such as perforation, abscess
formation, fistulous tracts, and extension of the inflam-
matory process to adjacent organs are present in 32% of
cases [9].

Fig. 1. Emphysematous cholecystitis in a 49-year-old diabetic man
with a history of pain and fever. Longitudinal ultrasound image of
the gallbladder shows a diffusely echogenic gallbladder wall due to
intramural gas (arrowheads). Intraluminal gas (arrows) is shown
as echogenic reflectors within the gallbladder lumen

Fig. 2A, B. Emphysematous cholecystitis. A Unenhanced CT in a 56-
year-old man who presented with right upper quadrant pain and
fever shows mural (arrow) and intraluminal (asterisk) gas within

the gallbladder. There are inflammatory changes in the adjacent
fat. B Opened cholecystectomy specimen from a different patient
shows a black, necrotic gallbladder mucosa
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Pathologic Features

The pathogenesis of xanthogranulomatous cholecys-
titis is poorly understood. It has been postulated that
the inflammatory process is the result of intravasated
bile into the gallbladder wall. Bile may enter the gall-
bladder wall through mucosal ulceration or rupture of
Rokitansky-Aschoff sinuses when there is cystic duct
obstruction and increased intraluminal pressure within
the gallbladder [6].

A poorly-defined, infiltrating, yellow nodular mass is
typically identified on gross inspection of the gallblad-
der. Lithiasis is frequently present. Histologically, foamy
histiocytes, lymphocytes, plasma cells, polymorphonu-
clear leukocytes, fibroblasts, and foreign body giant
cells characterize the inflammatory process (Fig. 3).
Histiocytes may contain bile or ceroid pigment. Bands
of collagen and cholesterol clefts may be present in the
gallbladder wall [10].

Radiologic Features

Focal or diffuse gallbladder wall thickening is the most
prominent imaging feature of xanthogranulomatous
cholecystitis. Foci of xanthogranulomatous inflamma-
tion may appear as hypoechoic bands or nodules on
ultrasound, or low attenuation nodules on CT (Fig. 3)
[11, 12]. Other features that may be identified on sonog-
raphy and CT include disruption of the gallbladder wall,
indistinct liver margin, pericholecystic fluid, hepatodu-
odenal ligament adenopathy, and cholelithiasis. CT
more effectively demonstrates adjacent organ involve-
ment and extension of the inflammatory process into
the adjacent fat planes than sonography. It is well
known that xanthogranulomatous cholecystitis may co-
exist with gallbladder and biliary malignancies and the
imaging features overlap with those of gallbladder car-
cinoma [6]. Therefore, the preoperative distinction
between these xanthogranulomatous cholecystitis and
gallbladder carcinoma is virtually impossible.

Tumor-like Lesions

Adenomyomatous Hyperplasia

Incidence and Clinical Features

Adenomyomatous hyperplasia is a common benign
condition found in 9% of cholecystectomy specimens
[13]. Epithelial and smooth muscle proliferation of the
gallbladder wall may result in localized, segmental, or
diffuse disease. Throughout the medial literature a va-
riety of names have been applied to this condition in-
cluding adenomyomatosis, adenomyoma, diverticular

Fig. 3A–C. Xanthogranulomatous cholecystitis. A Longitudinal
ultrasound image in a 55-year-old man with pain, fever, and leuko-
cytosis shows marked gallbladder wall thickening with prominent
hypoechoic nodules (arrows). The gallbladder lumen is com-
pressed (asterisk) and there is a shadowing stone near the neck of
the gallbladder (arrowhead). B Intravenous contrast-enhanced CT
scan in the same patient shows hypoattenuating nodular areas in
the thickened gallbladder wall. There is hypoattenuation in the ad-
jacent liver parenchyma (arrow). C Photomicrograph (original
magnification, x2; hematoxylin-eosin stain) shows a thick, fibrotic
gallbladder wall with a xanthogranulomatous lesion (arrows) con-
taining foamy histiocytes, bile pigment, and inflammatory cells
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disease, intramural diverticulosis, cholecystitis cystica,
and cholecystitis glandularis proliferans.

Adenomyomatous hyperplasia is more common in
women than men. Most patients complain of chronic
right upper quadrant pain, and 90% have coexistent
cholelithiasis.

Pathologic Features

Adenomyomatous hyperplasia is histologically charac-
terized by epithelial and smooth muscle proliferation.
Normal epithelial structures may invaginate into the
gallbladder wall, subserosa, and serosa. The epithelial
invaginations (intramural diverticula) may contain in-
spissated bile, mucus, or stones. Hyperplastic smooth
muscle cells accompany the epithelial invaginations
(Fig. 4). Inflammatory and fibrotic changes may accom-
pany the proliferative process [14].

There are three variants of adenomyomatous hyper-
plasia: localized (or fundal), segmental, and diffuse. The
localized variant is the most common and is character-
ized on gross pathology by a well-formed mass in the
gallbladder fundus. The fundal mass is often referred to
as an adenomyoma. Multiple, small cystic spaces repre-
senting hyperplastic glands may be present on section-
ing of the mass. The segmental variant is characterized
by focal, circumferential thickening of the gallbladder
wall, which may result in an hourglass shaped gallblad-
der. Diffuse adenomyomatous hyperplasia is character-
ized by diffuse gallbladder wall thickening with small
cystic spaces on the cut surface.

Radiologic Features

Sonographically, adenomyomatous hyperplasia mani-
fests as focal, segmental, or diffuse gallbladder wall
thickening. Narrowing of the gallbladder lumen may be
seen in the diffuse and segmental variants. Intramural
diverticula appear as anechoic or echogenic foci in the
gallbladder wall. Diverticula that contain bile are ane-
choic, and those that contain biliary sludge, cholesterol,
or stones are echogenic [15]. The sonographic hallmark
of adenomyomatous hyperplasia is a “comet-tail” or “V-
shaped” reverberation artifact that emanates from the

Fig. 4. Adenomyomatous hyperplasia. Photomicrograph (original
magnification, x2, hematoxylin-eosin stain) shows papillary hy-
perplasia of the gallbladder mucosa (asterisk). The wall contains
penetrating glands and smooth muscle proliferation

Fig. 5A, B. Adenomyomatous hyperplasia. A Longitudinal ultra-
sound image of the gallbladder show a V-shaped reverberation ar-
tifact emanating from the anterior gallbladder wall (arrow). B Lon-
gitudinal ultrasound image of the gallbladder shows mural thick-

ening in the fundus that contains echogenic foci with reverbera-
tion artifact in a patient with segmental adenomyomatous hyper-
plasia. There are stones present (arrowheads)
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small echogenic foci in the gallbladder wall (Fig. 5) [14].
The localized (fundal) variant manifests as a mass in the
gallbladder fundus. It may be difficult to distinguish this
form of adenomyomatous hyperplasia from a neoplas-
tic process such as primary gallbladder carcinoma or
metastasis. In difficult cases, MR imaging may be help-
ful for the diagnosis of adenomyomatous hyperplasia.
Intramural diverticula are high signal intensity on T2-
weighted images [16, 17].

Cholesterol Polyps

Incidence and Clinical Features

Cholesterol polyps are the most common polypoid le-
sions of the gallbladder; representing 50% of all gall-
bladder polyps [18]. Cholesterol polyps are nonneo-
plastic and have no malignant potential. They are three
times more common in women than men, and are fre-
quently seen in women between the ages of 40 and 50
years. Although they are typically seen in patients who
are being evaluated for epigastric pain, they are rarely
found in association with cholelithiasis [19].

Pathologic Features

Grossly, cholesterol polyps are single or multiple, small,
yellow, polypoid projections on the mucosal surface of
the gallbladder (Fig. 6). Histologically, they are com-
posed of lipid-laden macrophages that stain positive for
oil red O stain, and covered with normal gallbladder
epithelium [10]. Most cholesterol polyps are less than
10 mm in diameter, although larger polyps up to 20 mm
are occasionally encountered [20].

Radiologic Features

Sonographically, cholesterol polyps are usually round,
slightly lobulated echogenic nodules projecting into the
gallbladder lumen (Fig. 6). They may extend from the
gallbladder wall on a thin pedicle. They do not produce
a posterior acoustic shadow or reverberation artifact. A
small gallstone may have a similar appearance, but can
be distinguished from a cholesterol polyp since the lat-
ter is adherent to the gallbladder wall. Larger choleste-
rol polyps are generally less echogenic and therefore
may be difficult to differentiate from an adenoma or
small adenocarcinoma. The finding of echogenic aggre-
gates within the polyp has been reported to be a feature
of cholesterol polyps that is helpful in distinguishing
them from neoplastic lesions [20].

In general, unenhanced CT is not helpful in the eval-
uation of small polypoid lesions of the gallbladder be-
cause the attenuation values of polyps and bile are sim-
ilar. Intravenous contrast-enhanced CT may demon-
strate cholesterol polyps as small enhancing mucosal
nodules.

Neoplastic Diseases

Gallbladder Adenomas

Incidence and Clinical Features

Gallbladder adenomas are uncommon. They are found
in 0.3% to 0.5% of gallbladders removed for cholecys-
titis or cholelithiasis [21]. Gallbladder adenomas are
more common in women, with a reported female to
male ratio of 2.4 : 1 [22]. Most patients with gallbladder
adenomas are asymptomatic. Small adenomas are usu-

Fig. 6A, B. Cholesterol polyps. A Longitudinal ultrasound image of
the gallbladder shows several echogenic nodules protruding into
the gallbladder lumen from the posterior wall. B Photograph of an

opened resected gallbladder shows multiple, yellow polyps at-
tached to the gallbladder mucosa
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ally discovered incidentally during the radiologic evalu-
ation of the abdomen or at cholecystectomy. Large
adenomas may produce symptoms if they obstruct the
gallbladder neck or cystic duct [10].

Pathologic Features

Gallbladder adenomas are classified as tubular, papil-
lary, or tubulopapillary. Tubular adenomas are most
common and are composed of pyloric- or intestinal-
type glands. Papillary adenomas are composed of pap-
illary structures lined by cuboidal or columnar cells
[10].

On gross pathologic examination, gallbladder aden-
omas are polypoid masses that protrude into the gall-
bladder lumen (Fig. 7). Tubular adenomas are usually
lobular in contour, whereas papillary adenomas tend to
have a cauliflower-like surface. Multiple adenomas are
present in 10% of cases [10]. Cholelithiasis is present in
50% to 65% of cases [19].

Radiologic Features

Sonographically, adenomas are smooth, lobulated, or
cauliflower-like polypoid masses within the gallbladder
lumen (Fig. 7). They may be sessile or pedunculated.
The adjacent gallbladder wall is normal in thickness
(<3 mm). The echotexture of adenomas is variable,
however most reported cases are homogeneously hy-
perechoic with respect to the adjacent liver parenchyma
[20].

Gallbladder adenomas are difficult to distinguish
from carcinoma on imaging studies. Intravenous con-
trast-enhanced CT may be helpful in the evaluation of
patients with polypoid gallbladder lesion. Adenomas

have been reported to appear as iso-or hypoattenuating
masses [23]. Gallbladder adenomas have malignant po-
tential and may develop into carcinomas through the
adenoma to carcinoma sequence. However, most au-
thors believe that adenomas play a minor role in the
pathogenesis of gallbladder carcinoma [10]. CT is useful
for the detection of lymphadenopathy, and subtle adja-
cent organ invasion that would typically accompany
gallbladder carcinoma.

Gallbladder Carcinoma

Incidence and Clinical Features

Gallbladder carcinoma is an uncommon, but highly le-
thal malignancy. It is the sixth most common gastroin-
testinal tract malignancy worldwide and in the United
States. Worldwide, gallbladder carcinoma follows carci-
noma of the stomach, colorectum, liver, esophagus, and
pancreas in incidence [24]. Gallbladder carcinoma is
three times more common in women than men. Gall-
stones are present in 74% to 92% of affected patients
[25]. The pathogenesis of gallbladder carcinoma is pos-
tulated to begin with chronic mucosal irritation and in-
flammation, which leads to mucosal dysplasia and sub-
sequent carcinoma [26]. Other risk factors include: in-
creased body mass, cigarette smoking [27], chronic Sal-
monella typhi infection [28]; exposure to chemicals
used in the rubber, automobile, wood finishing, and
metal fabricating industries [29]; primary sclerosing
cholangitis [30]; and congenital anatomic abnormal-
ities of the biliary tree such as choledochal cyst, anoma-
lous pancreaticobiliary junction, and low insertion of
the cystic duct [31, 32]. There is a 10% to 25% incidence
of gallbladder carcinoma in patients with diffuse calcifi-
cation of the gallbladder wall (porcelain gallbladder) [33].

Fig. 7A, B. Gallbladder adenoma in a 45-year-old asymptomatic
woman. A Longitudinal ultrasound of the gallbladder show an ech-
ogenic, lobulated gallbladder polyp. B Opened cholecystectomy

specimen shows a multilobulated mass on the mucosal surface of
the gallbladder
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Early stage gallbladder carcinoma is typically
asymptomatic. The majority of patients with gallblad-
der carcinoma develop symptoms when the tumor is
advanced in stage. Chronic abdominal pain, weight loss,
and anorexia are common initial complaints. On physi-
cal examination, hepatomegaly, palpable right upper
quadrant mass, and jaundice may be present.

Pathologic Features

Two gross pathologic patterns typify gallbladder carci-
noma: infiltrating lesions and intraluminal polypoid
masses. The infiltrating pattern (68% of cases) is en-
countered most commonly, and is secondary to submu-
cosal spread of tumor, which may manifest as focal or
diffuse wall thickening (Fig. 8). Thirty-two percent of
cases exhibit intraluminal polypoid growth [34]. Sixty
percent of tumors originate in the gallbladder fundus,
30% in the body, and 10% in the neck [21]. Those tu-
mors that arise in the neck of the gallbladder not only
lead to gallbladder obstruction (hydrops), but also com-
monly infiltrate the adjacent extrahepatic bile ducts
[10].

The majority (98%) of gallbladder malignancies are
epithelial in origin. Sarcomas, lymphomas, carcinoid,
and metastasis account for the remainder.Adenocarcin-
oma accounts for 90% of the epithelial malignancies
and is characterized histologically by neoplastic glands
lined by columnar or cuboidal cells. There are several
well-recognized variants of adenocarcinoma: papillary,
intestinal, mucinous, signet ring, and clear cell. Papil-
lary carcinomas are usually sessile, polypoid, or cauli-
flower-like masses that project into the gallbladder lu-
men. Mucinous and signet-ring cell carcinomas have a
gelatinous appearance on cut surface due to intra- and
extracellular mucin [10].

Radiologic Features

The cross-sectional imaging features of gallbladder car-
cinoma are described as a mass replacing the gallblad-
der, focal or diffuse gallbladder wall thickening, and an
intraluminal polypoid mass [35, 36]. Carcinomas that
completely replace the gallbladder account for 40% to
65% of cases. Sonographically, these carcinomas are
typically heterogeneous in echotexture, reflecting vary-
ing degrees of necrosis and hemorrhage within the tu-
mor. Calcification associated with the tumor may be
secondary to tumoral calcification, gallbladder wall cal-
cification, or, most commonly, coexistent gallstones
[37]. Intravenous contrast-enhanced CT shows a heter-
ogeneously hypoattenuating mass in the gallbladder
fossa. The tumor mass is contiguous with the adjacent
liver in many cases. Areas of viable tumor may enhance,

whereas foci of tumor necrosis show focal hypoattenua-
tion.

Gallbladder carcinoma will manifest as focal or dif-
fuse gallbladder wall thickening in 20% to 30% of cases.
Sonographically, wall thickening is the most diagnosti-
cally challenging pattern because it mimics more com-
mon inflammatory conditions of the gallbladder. Fea-

Fig. 8A–C. Gallbladder carcinoma in a 65-year-old woman with ab-
dominal pain. A, B Intravenous contrast-enhanced CT scans show
mural thickening (arrow) that is more prominent along the anteri-
or wall. There is tumor infiltration of the hepatoduodenal liga-
ment (arrow) and hepatic invasion (curved arrow). C Opened re-
sected specimen shows neoplastic mural thickening and pigment
stones
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tures such as mural irregularity, marked asymmetry, or
extension of the process beyond the limits of the gall-
bladder wall should raise concerns for malignancy [38,
39]. Use of intravenous contrast-enhanced CT is helpful
for distinguishing complicated cholecystitis from gall-
bladder carcinoma. The CT demonstration of hepatod-
uodenal ligament or peripancreatic adenopathy, soft-
tissue extension in the adjacent liver, or evidence of
hematogenous metastasis favors the diagnosis of gall-
bladder carcinoma (Fig. 8).

Intraluminal polypoid mass is the least common im-
aging manifestation of gallbladder carcinoma, occur-
ring in 15% to 25% of cases [36]. Sonography or CT may
identify a well-defined, oval or round mass. Subtle ex-
tension beyond the gallbladder wall may be more ap-
parent on intravenous contrast-enhanced CT than so-
nography.

Extension of gallbladder carcinoma to adjacent
structures is facilitated by the normally thin gallbladder
wall, which lacks a substantial lamina propria and mus-
cular layer [37]. Furthermore, the perimuscular connec-
tive tissue of the gallbladder is continuous with the
interlobular connective tissue of the liver. The liver is
the most common site for direct extension of gallblad-
der carcinoma (65% of cases), followed by the colon
(15%), duodenum (15%), and pancreas (6%) [34]. Use
of helical CT in the preoperative assessment of local
spread has recently been shown to have an accuracy of
83% to 86% [40].

Biliary dilatation occurs in 38% of patients with
gallbladder carcinoma [41]. Infiltrative tumor growth
into the extrahepatic bile ducts, lymph node enlarge-
ment, and intraductal spread of tumor may account for
biliary obstruction [37]. Cholangiography may show
malignant strictures of the extrahepatic bile duct, con-
fluence of the right and left ducts, or the right intrahe-
patic duct.

The radiologic differential diagnosis of gallbladder
carcinoma manifesting as a mass replacing the gallblad-
der includes aggressive malignancies in or near the gall-
bladder such as hepatocellular carcinoma, cholangio-
carcinoma, and metastatic disease to the gallbladder
fossa. The differential diagnosis for carcinomas produc-
ing diffuse gallbladder wall thickening includes inflam-
matory conditions such as acute and chronic cholecys-
titis and xanthogranulomatous cholecystitis. Conges-
tive heart failure, hepatitis, hypoproteinemia, and renal
failure may also produce chronic gallbladder wall thick-
ening. Adenomyomatous hyperplasia is a common tu-
mor-like condition of the gallbladder wall that produces
focal or diffuse wall thickening indistinguishable from
gallbladder carcinoma. Sonographic demonstration of
echogenic foci in the gallbladder wall with ring-down
reverberation artifact, or the MR finding of Rokitansky-
Aschoff sinuses is helpful to distinguish adenomyoma-
tous hyperplasia from gallbladder carcinoma.

The differential diagnosis for an intraluminal poly-
poid mass in the gallbladder includes cholesterol
polyps, adenomas, carcinoid, and metastatic disease to
the gallbladder.

Part II: Bile Ducts

Congenital Disorders

Caroli Disease

Incidence and Clinical Features

Caroli disease, or communicating ectasia of the intrahe-
patic bile ducts [42], is a rare and complex autosomal re-
cessive disorder that is part of the clinicopathologic
spectrum of ductal plate malformations [43]. The ductal
plate is the embryologic precursor to intrahepatic bile
ducts. The ductal plate malformation is the result of de-
velopmental arrest or derangement of the ductal plate
during embryogenesis. If the large intrahepatic bile
ducts are affected, the result is Caroli disease, whereas
abnormal development of the small intrahepatic bile
ducts results in congenital hepatic fibrosis. If all levels of
the intrahepatic biliary system are involved, the result is
Caroli syndrome. Caroli syndrome has features of both
congenital hepatic fibrosis and Caroli disease.

The clinical presentation of Caroli disease is related
to biliary stasis. Therefore, patients may present to clin-
ical attention at any age. Patients complain of symptoms
such as abdominal pain, fever, and chills that are related
to cholangitis, stone formation, or hepatic abscesses
that are secondary to biliary stasis [44]. Portal hyper-
tension and liver failure may occur in patients that have
significant hepatic fibrosis.

Pathologic Features

The histologic hallmark of Caroli disease is the ductal
plate malformation, which is characterized by tortuous,
dilated dysplastic intrahepatic bile ducts with sur-
rounding fibrosis and inflammation (Fig. 9). Bilirubin
calculi may be present within dilated bile ducts. Gross
pathologic specimens show saccular or fusiform duct
dilatation, periductal fibrosis, and stone formation [44].

Radiologic Features

The pathologic features of duct dilatation, fibrosis, and
inflammation result in a wide spectrum of radiologic
features. The unifying radiologic feature in all patients
is nonobstructive intrahepatic duct dilatation. The ma-
jority of patients (82%) with Caroli disease have only



Chapter 4.13 Diseases of the Gallbladder and Bile Ducts 517

segmental involvement of the intrahepatic ducts [44].
Cross-section imaging shows saccular or fusiform bil-
iary dilatation. Fusiform biliary dilatation alternating
with strictures may have a beaded appearance. Fibro-
vascular bundles within or along the edge of the dilated
ducts has been termed the “central-dot sign” (Fig. 9)
[45]. The cholangiographic features of Caroli disease in-
clude saccular dilatation, irregular bile duct walls, stric-
tures, and stones (Fig 10) [46]. Magnetic resonance cho-
langiopancreatography has been shown to accurately
identify the diagnostic features of Caroli disease [47].
The diagnostic challenge with MR is accurate identifica-
tion of communicating cystic biliary dilatation.

Extrahepatic biliary dilatation occurs in 21% to 53%
of patients [44, 48]. Extrahepatic dilatation is usually
mild and fusiform, resulting from recurrent cholangitis
and stone passage.

Biliary stasis predisposes patients with Caroli disease
to the development of adenocarcinoma. The incidence

of adenocarcinoma in Caroli disease is 7% [31]. The
cholangiographic features of adenocarcinoma (focal
hepatic mass, intraductal mass, and biliary stricture)
overlap with the disease. Therefore, the diagnosis of
biliary adenocarcinoma in Caroli disease may be diffi-
cult.

Choledochal Cyst

Incidence and Clinical Features

Choledochal cysts are congenital dilatations of the ex-
trahepatic bile duct. Although uncommon, most cases
are reported from Japan, where the incidence is estimat-
ed to be 1 : 1000 persons [49]. The incidence in western
countries is estimated to be 1 : 100,000 to 1 : 150,000 per-
sons [50].

Choledochal cysts are three times more common in
females than males [51]. Although patients may present
at any age, the majority present during infancy or child-
hood with signs and symptoms of biliary obstruction,
abdominal pain, or a palpable abdominal mass. During
adulthood, pain is the most frequent presenting symp-
tom [50]. Cholelithiasis, choledocholithiasis, cystolithi-
asis, cholangitis, biliary cirrhosis, portal hypertension,
and malignancy may complicate choledochal cysts. The
risk of malignancy increases with age and is reported to
range from 2.5% to 28% [52–54].

Fig. 9A, B. Caroli disease. A Unenhanced CT scan in a 26-year-old
man with portal hypertension and end-stage liver disease shows
diffuse saccular biliary dilatation and the central-dot sign (arrow).
There is a hepatic abscess in the right lobe (asterisk). B Photomi-
crograph (original magnification, x20; hematoxylin-eosin stain)
from a patient with Caroli syndrome shows bilirubin calculi in a
dilated bile duct (asterisk) surrounded by fibrosis and embryonic
ductal structures (arrow)

Fig. 10. Caroli disease in a 38-year-old woman with fever and right
upper quadrant pain. Endoscopic retrograde cholangiopancrea-
tography (ERCP) image shows fusiform dilatation of the intrahe-
patic ducts with multiple calculi (arrows). The ducts show beading
and mural irregularity
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Pathologic Features

The diagnosis of choledochal cyst is based upon the
gross appearance of saccular or fusiform dilatation of

the extrahepatic bile duct. The distribution of duct dila-
tation and classification of the cyst is based upon radio-
logic and intraoperative features. Histologically, the wall
of the cyst is composed of dense fibrous tissue with
scattered smooth muscle fibers and elastic tissue. The
cyst wall is typically thicker than that of a normal bile
duct wall. The lining of the cyst is composed of a single
layer of normal biliary epithelium.

The proposed etiology of choledochal cysts is anom-
alous arrangement of the pancreaticobiliary junction
[55–58]. In an anomalous pancreaticobiliary junction,
the union of the pancreatic duct and common bile duct
occurs proximal to the sphincter of Oddi. Consequently,
there is reflux of pancreatic enzymes into the common
bile duct during sphincter contraction. Recurrent in-
flammation creates weakness and fibrous thickening of
the bile duct wall that results in dilatation of the bile
duct lumen, and in some cases, distal duct narrowing
with stricture formation.

Fig. 11. Todani classification of choledochal cysts

Fig. 12A, B. Todani type I choledochal cyst. A A 3-month old infant
girl who had abdominal distension and a palpable abdominal
mass. Coronal T2-weighted MR shows cystic dilatation of the ex-
trahepatic bile ducts. There is no intrahepatic bile duct dilatation.

B Opened resected type I choledochal cyst from a different patient
shows mild trabeculation of the mucosal surface. The cystic duct
enters directly into the cyst
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Radiologic Features

Todani et al classified the spectrum of choledochal cysts
(Fig. 11) [59]. Cross-sectional imaging studies show sac-
cular or fusiform dilatation of the extrahepatic bile duct
with or without extension into the intrahepatic bile
ducts (Fig. 12). Inflammatory mural thickening, echo-
genic sludge, or stones may be shown sonographically.
Cholangiography, CT, and MRCP are effective imaging
modalities to provide detailed anatomy of the biliary
tract and pancreaticobiliary junction (Fig. 13) [60–62].
The margins of the dilated bile ducts are typically
smooth. Filling defects within the bile ducts or irregu-
larity in the cyst wall may be secondary to inflamma-
tion, stones, tumefactive sludge, or neoplasia.

Choledochocele

Incidence and Clinical Features

Choledochocele is focal cystic dilatation of the intramu-
ral segment of the distal common bile duct and was

originally classified as a Todani Type III choledochal
cyst [59]. The etiology and pathogenesis are uncertain.
It has been suggested that they occur secondary to in-
flammatory obstruction of the papilla of Vater [63],
sphincter of Oddi dysfunction [64], or that they may
represent an enteric duplication cyst [65]. Choledocho-
celes are rare, and usually manifest during adulthood.
Patients may present with episodes of abdominal pain,
nausea and vomiting, or signs and symptoms of ob-
structive jaundice and pancreatitis [66].

Radiologic Features

Cross-sectional imaging studies may show a fluid-filled
cyst protruding into the duodenal lumen that is contig-
uous with the distal common bile duct. Cholangio-
graphic studies show smoothly marginated saccular dil-
atation of the intramural portion of the distal common
bile duct (Fig. 14). Endoscopic evaluation of patients
with suspected choledochoceles is warranted to exclude
periampullary neoplasms that may obstruct the papilla
of Vater creating the appearance of a choledochocele.

Fig. 13. Todani type IVA choledochal cyst in a 54-year-old man
with epigastric pain. ERCP image shows fusiform enlargement of
the extrahepatic and central intrahepatic bile ducts. There is an
anomalous pancreaticobiliary junction

Fig. 14. Choledochocele. Delayed image from an ERCP in a 45-
year-old woman post cholecystectomy shows dilatation of the
intramural segment of the distal common bile duct
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Biliary Diverticulum

Incidence and Clinical Features

Congenital biliary diverticula (Todani Type II) are lo-
calized areas of pathologic dilatation in an otherwise
normal bile duct. A well-defined neck connects the di-
verticulum to the bile duct. Given their rarity, diverticu-
lar cysts are the most difficult congenital biliary abnor-
malities to classify and propose an etiology. Biliary di-
verticula occur ant any age and have no gender predi-
lection.

Radiologic Features

Diverticular cysts may arise from the extrahepatic bile
duct as well as the right and left hepatic ducts. There-
fore, cross-sectional imaging studies may show a fluid-
filled cyst in and around the porta hepatis that is separ-
ate from the gallbladder. Traditional cholangiographic
techniques as well as MRCP are excellent imaging mo-
dalities to identify the relationship of the normal bile
duct to the cyst. The diagnosis requires the identifica-
tion a well-defined neck connecting the cyst to the adja-
cent bile duct.

Inflammatory Disorders

Acute Pyogenic Cholangitis

Incidence and Clinical Features

Acute pyogenic cholangitis, also known as bacterial or
ascending cholangitis, is almost always a complication
of bile duct obstruction by choledocholithiasis. Less
likely, acute cholangitis may occur in the context of ob-
structing neoplasm, trauma, surgery, pancreatitis, with
papillary stenosis, or as a component of AIDS-related
cholangiopathy. Patients usually have fever, right upper
quadrant pain, and obstructive liver function abnor-
malities [67]. Those more severely affected may have
hypotension and systemic sepsis, requiring aggressive
antibiotic and interventional therapy to recover [68].
Complications of inadequately treated acute cholangitis
include emphysematous cholecystitis and cholangitis,
liver abscess, gallbladder perforation with abscess, and
chronic (secondary sclerosing) cholangitis.

Pathologic Features

Bacteria originating in either the intestine or the portal
vein infect the obstructed biliary system. As infection
progresses, bacterial invasion of the biliary mucosa and

duct wall is enhanced by increased intraductal pressure.
Sepsis occurs as the bacteria invade the bloodstream
[69].

Radiologic Features

Ultrasound and computed tomography will usually
identify bile duct dilatation, intraductal debris, and
stones. Direct cholangiography can be expected to con-
firm the cause of obstruction, as well as portray the duc-
tal morphologic manifestations of cholangitis. These in-
clude mucosal edema, duct irregularity, and intraductal
debris (Fig. 15) [70].

Primary Sclerosing Cholangitis

Incidence and Clinical Features

Primary sclerosing cholangitis is an idiopathic choles-
tatic syndrome that affects both the intra- and extrahe-
patic ducts, and progresses invariably to liver failure

Fig. 15. Ascending cholangitis in a 43-year-old woman with cho-
ledocholithiasis. ERCP images show an obstructing stone in the
common bile duct. There is mural irregularity (arrows) and debris
throughout the visualized ducts
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with death or transplantation at approximately 12–18
years after diagnosis. Although the cause is unknown, it
is most likely an autoimmune condition. It is frequently
(70% to 90% of cases) associated with ulcerative colitis;
and, 6% to 10% of affected patients develop cholangio-
carcinoma [71–73].

Pathologic Features

Primary sclerosing cholangitis always affects the intra-
hepatic bile ducts and usually involves the extrahepatic
ducts as well. A rare variant of the condition only in-
volves interlobular bile ducts. This is termed small duct
primary sclerosing cholangitis, and the microscopic

Fig. 16A–C. Primary sclerosing cholangitis in a 40-year-old woman.
A Longitudinal ultrasound image of the extrahepatic bile duct
shows mural thickening and irregularity (arrow). B ERCP image
shows an irregular extrahepatic bile duct and beading of the cen-
tral intrahepatic bile ducts. C Photograph of a hepatic explant from
35-year-old man who with primary sclerosing cholangitis shows
periductal fibrosis along the margins of the right hepatic duct (ar-
rows) and common hepatic duct (arrowheads)
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manifestations of the disease are below the resolution of
radiologic imaging [74].

The gross and histologic features of primary scleros-
ing cholangitis are nonspecific. On gross inspection,
there may be mucosal ulceration, fibrous duct wall
thickening, stenosis, focal or diffuse obstruction, and
duct obliteration (Fig. 16). If the disease is focal, diffe-
rentiation from carcinoma is difficult. Histologic signs
include pericholangitis, periductal fibrosis with “onion-
skin” appearance, intrahepatic duct loss, and obstruc-
tion (Fig. 16C). Extrahepatic duct distortion and ectasia
correlate with the cholangiographic findings of diverti-
cula or sacculations [10].

Radiologic Features

Because of the nonspecific pathologic features of pri-
mary sclerosing cholangitis, direct cholangiography has
traditionally been considered the gold standard for di-
agnosis. Except for the few patients with small duct pri-
mary sclerosing cholangitis, all patients with the disease
will have radiographically defined intrahepatic duct ab-
normalities. Approximately three quarters will have ex-
trahepatic duct findings as well. High resolution CT and
MRCP are contributing more to the primary diagnosis
of primary sclerosing cholangitis and in some centers
have supplanted ERCP as the standard for diagnosis
[75].

Although duct stenosis and obliteration are the es-
sential radiographic findings, frequently there is
marked duct inflammation with irregularity, nodular-
ity, and ulceration (Fig. 17). Cholangiography will show
characteristic alternating stenotic and ectatic duct seg-
ments with pruning of duct branches. Theses features

establish the diagnosis. The extrahepatic ducts also
show segmental or diffuse stenosis, and frequently dem-
onstrate sacculation or ectasia of the biliary glands, a
finding characteristic of this disorder.

Computed tomography and MR cholangiography
features include alternating intrahepatic duct ectasia
and stenosis producing the “beaded” appearance. The
manifestations may be diffuse or focal. Since the ducts
proximal to obstruction, may not be visualized by ERCP,
CT and MRCP have potential to provide a more com-
plete depiction of the involved ducts. The extrahepatic
duct wall may be thickened and show echogenic mural
thickening on sonography and CT enhancement with
intravenous contrast administration (Figs. 16A, 17A).
Intramural sacculations may be seen if of adequate size.
Cross-sectional imaging studies show advanced liver
manifestations, which include periportal fibrosis, liver
margin lobulation, atrophy of the lateral or posterior
hepatic segments, and enlargement of the caudate lobe
[76].

Differential diagnosis of primary sclerosing cholan-
gitis includes those processes causing cirrhosis and sec-
ondary sclerosing cholangitis. Considerations include
AIDS cholangiopathy, chronic pyogenic cholangitis, re-
current pyogenic cholangiohepatitis, chemotherapy-in-
duced cholangitis, ischemic cholangitis of any cause, ra-
diation cholangitis, rejection following hepatic trans-
plantation, amyloidosis, diffuse cholangiocarcinoma,
metastases, and lymphoma [75].

Primary Sclerosing Cholangitis and Adenocarcinoma

Diagnosis of bile duct adenocarcinoma complicating
primary sclerosing cholangitis presents a difficult diag-

Fig. 17A, B. Primary sclerosing cholangitis in a 35-year-old man.
A Oral and intravenous contrast-enhanced CT scan shows mural
enhancement of the central intrahepatic ducts (arrow). B ERCP

image shows beading and mural irregularity of the intrahepatic
ducts
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nostic challenge. Both conditions produce bile duct
stenosis and obstruction; therefore, the appearance of
the lesions can be similar. High-grade stenotic lesions
that progress rapidly, demonstrate a dominant stricture
with shouldered margins, or intraductal mass suggest
carcinoma (Fig. 18) [77]. CT accuracy is improved if a
neoplastic mass is identified surrounding the duct sten-
osis or obstruction [78].

Secondary Sclerosing Cholangitis

Definition and Differential Diagnosis

When chronic fibrosing or sclerosing biliary inflamma-
tion is associated with, or secondary to an underlying
biliary disease, it is termed secondary sclerosing cho-
langitis. This condition is distinguished therefore from
primary sclerosing cholangitis where there is no predis-
posing biliary condition. The most common cause of
secondary sclerosing cholangitis is chronic or recurrent
infection, almost always due to untreated or recurrent

stone disease. Recurrent pyogenic cholangiohepatitis,
also known as oriental cholangiohepatitis, is a disease
illustrative of chronic stone formation and infection as
a cause of secondary sclerosing cholangitis. AIDS-relat-
ed cholangiopathy is another example of chronic biliary
infection that may or may not have associated lithiasis.
Untreated stricture or partial obstruction, due to surgi-
cal or traumatic bile duct injury, benign neoplasm, or
papillary sphincter dysfunction can cause chronic cho-
langitis resulting in a progressive fibrosing or sclerosing
process. Bile duct ischemia from hepatic arterial infu-
sion chemoembolic therapy, radiation, primary hepatic
arterial damage or hepatic transplantation rejection
may also lead to secondary sclerosing cholangitis [79].

Radiologic Features

The radiologic findings of acute cholangitis noted
above may be present in patients with secondary scle-
rosing cholangitis. In addition, these patients will gen-
erally have radiologic features that will not distinguish
among etiologies of the chronic cholangitis. Some of the
findings can be very similar to those of primary scleros-
ing cholangitis. Cross sectional imaging may demon-
strate focal duct dilatation and stenosis, intraductal de-
bris and calculi, and signs of cirrhosis. Cholangiogra-
phy typically shows ductal obstruction by stone or sten-
osis, irregularities of mucosal lining, duct caliber altera-
tions, and diminished arborization or pruning of duct
branches. Imaging features more characteristic of spe-
cific diseases leading to secondary sclerosing cholan-
gitis are noted below.

Recurrent Pyogenic Cholangitis

Incidence and Clinical Features

Also known as oriental cholangiohepatitis, recurrent
pyogenic cholangiohepatitis is a chronic or recurrent
bacterial bile duct infection leading to intrahepatic and
extrahepatic calculi, duct ectasia, progressive inflam-
matory strictures, abscess formation, bile duct sclerosis,
and liver failure. Bile duct carcinoma can also result.
The syndrome is most prevalent in Asia and the Indian
subcontinent, but is found also in recent immigrants
from endemic areas. It is associated with a variety of bil-
iary parasites, especially liver flukes (e.g., Clonorchis si-
nensis) and Ascaris lumbricoides [80].

Pathologic Features

Parasites, inflammatory debris, and desquamated bile
duct cells form the nidus for development of primary or

Fig. 18. Hilar cholangiocarcinoma complicating primary scleros-
ing cholangitis in a 54-year-old man. ERCP image shows intrahe-
patic ductal changes of primary sclerosing cholangitis and a long
segment malignant stricture involving the confluence and proxi-
mal extrahepatic duct
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pigment (calcium bilirubinate) choledocholithiasis.
Intrahepatic and especially left hepatic duct stones are
typical. As the disease progresses into chronic cholan-
gitis, periductal inflammation results in fibrosis, duct
loss, cirrhosis, and hepatic parenchymal atrophy [80].

Radiologic Features

The imaging features of recurrent pyogenic cholangio-
hepatitis reflect the pathology of this syndrome. Cross
sectional imaging and direct cholangiography is com-
plimentary, as each may demonstrate different regions
or components of the process. Dilated ducts filled with
inflammatory debris, parasites, and calculi characterize
the cross-sectional imaging and cholangiographic ex-
aminations (Fig. 19). The findings are typically more ev-

ident in the left hepatic and extrahepatic ducts. Inflam-
matory strictures may affect both intra and extrahepat-
ic ducts. As periductal inflammation progresses, intra-
hepatic branch ducts are obliterated, producing the ap-
pearance characterizing this process as a type of secon-
dary sclerosing cholangitis. Severe infection may result
in choledochoduodenal fistula, cholecystitis and liver
abscess [80].

AIDS-Related Cholangiopathy

Incidence and Clinical Features

The most common AIDS-associated complication of the
biliary tree is AIDS-related cholangiopathy. A type of
secondary sclerosing cholangitis, it is caused by a varie-

Fig. 19A–C. Recurrent pyogenic cholangitis in a 39-year-old wom-
an. A Oral and intravenous contrast-enhanced CT scan shows di-
lated left intrahepatic bile ducts containing calculi (arrow). B Per-
cutaneous transhepatic cholangiogram shows multiple filling de-

fects from intrahepatic lithiasis involving the left hepatic ducts.
There is a stone impacted in the common bile duct. C Photograph
of the cut surface of a partial left hepatectomy specimen shows a
pigmented stone (arrow) in dilated, fibrotic bile duct
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ty of opportunistic organisms, and occurs predominate-
ly in patients with late stage acquired immunodeficien-
cy syndrome and low (<200/mm3) CD4 lymphocyte
counts. The patients present with right upper quadrant
pain, fever, and abnormal liver function tests indicating
cholestasis [81, 82].

Pathologic Features

Cryptosporidium is the most commonly associated
pathogen, but various others, including Cytomegalovi-
rus, Campylobacter, Candida, Giardia, and Microsporid-
ium have been found in biliary infections of patients
with AIDS-related cholangitis [83]. These organisms in-
vade the duct epithelium producing cell necrosis and
periductal inflammation and fibrosis [84].

Radiologic Features

Although the findings of AIDS-related cholangiopathy
closely simulate those of primary sclerosing cholan-
gitis, certain features can serve to suggest AIDS-related

disease. Papillary stenosis is a feature of AIDS-related
cholangiopathy not usually found in primary sclerosing
cholangitis (Fig. 20). Extrahepatic duct stenosis (except
for the papillary segment) and sacculations, both com-
mon in primary sclerosing cholangitis are unusual in
AIDS-related cholangitis. Inflammatory nodules, iden-
tified frequently in AIDS patients are rarely seen in oth-
er types of sclerosing cholangitis. CT and MR can show
the beaded pattern of alternating intrahepatic duct
stenosis and ectasia. Mural thickening of the bile duct
and gallbladder may enhance with intravenous con-
trast, indicating mural inflammation.

Ischemic Cholangiopathy

Incidence and Clinical Features

A variety of clinical circumstances and conditions may
lead to ischemic damage to the biliary tract. These in-
clude primary vascular diseases: atherosclerosis; vascu-
litis such as Henoch-Schönlein purpura; iatrogenic
causes such as radiation, chemoembolization, hepatic
transplantation complications including hepatic artery

Fig. 20A, B. Cholangiographic features of AIDS-related cholangitis.
A ERCP image in a 25-year-old man shows diffuse ductal irregular-
ity, beading, and intraductal filling defects. B ERCP image in a 35-

year-old man shows smooth concentric narrowing of the distal
common bile duct from papillary stenosis
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thrombosis and rejection; and arterial infusion of
chemotherapeutics, especially floxuridine (FUDR)
[85–87].

Pathologic Features

Ischemic cholangitis includes a variety of pathologic
processes and differing etiologies. Ischemia may result
from vasculitis of the peribiliary capillaries of the bile
ducts as well as major artery occlusion. These processes
may result in cholangitis due to ischemic effect without
necrosis, ischemic fibrosis, or frank necrosis. The cen-
tral intrahepatic and proximal extrahepatic ducts are
the most prominently affected. The pathologic features
encompass the spectrum of duct necrosis, fibrosis with
stricture, and duct ectasia. Complications can include
bacterial cholangitis and abscess. A high index of clini-
cal suspicion is often necessary to make the diagnosis
because histologic features may be nonspecific and bi-
opsy may be misleading [88, 89].

Radiologic Features

Although the strictures associated with ischemic cho-
langitis are usually perihilar, they may be diffusely
intrahepatic or involve more of the extrahepatic system
if there is major vascular occlusion. Total necrosis may
result in bile extravasation and biloma formation. The

findings by computed tomography and cholangiogra-
phy may simulate the stenosing and obstructive charac-
teristics of primary sclerosing cholangitis (Fig. 21) [90].

Neoplastic Diseases

Adenomas and Papillomatosis

Incidence and Clinical Features

Bile duct adenomas are rare; our current knowledge is
based on case reports. The most common locations in
descending order of frequency are the common bile
duct, common hepatic duct, cystic duct, and intrahepat-
ic bile ducts [10]. Patients present to medical attention
with signs and symptoms of bile duct obstruction.

Biliary papillomatosis is characterized by multiple
and recurrent papillary adenomas of the biliary tract.
Most commonly, the extrahepatic ducts are involved,
but the intrahepatic bile ducts, cystic duct, gallbladder,
and pancreatic duct may also be affected [91, 92]. Pa-
tients with biliary papillomatosis present to medical at-
tention between the ages of 50 and 60 years with signs
and symptoms of biliary obstruction or cholangitis.

Pathologic Features

The majority of bile duct adenomas are tubular adeno-
mas composed of intestinal-type glands. The adenomas
in biliary papillomatosis are composed of a fibrovascu-
lar core that supports an epithelium of mucin-secreting
columnar or cuboidal cells. Some authors regard biliary
papillomatosis as a low-grade intraductal carcinoma
since features of in situ or invasive carcinoma are occa-
sionally present [10].

On gross inspection, solitary adenomas are lobulat-
ed, intraluminal masses. The adenomas of biliary papil-
lomatosis are typically soft, friable polyps [92]. Tumors
that produce a significant amount of mucin may have a
jelly-like consistency or may be accompanied by abun-
dant intraluminal mucin within the bile ducts.

Radiologic Features

Sonographically, solitary bile duct adenomas manifest
as intraluminal nonshadowing masses that are isoecho-
ic to liver parenchyma [93]. Proximal intra- and extra-
hepatic biliary dilatation may be present. In the setting
of biliary papillomatosis, multiple, nonshadowing,
intraluminal masses may be visualized. However, biliary
dilatation is the most common sonographic feature
[94]. Irregular bile duct walls with multiple filling de-
fects are the characteristic cholangiographic features.

Fig. 21. Ischemic cholangitis from intraarterial chemotherapy in a
61-year-old man who developed hepatocellular carcinoma in a
transplanted liver. ERCP image shows a central stricture in the
common hepatic duct (arrow) and diffuse ischemic changes in the
intrahepatic ducts
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The irregular or shaggy appearance of the bile duct wall
may be secondary to numerous small adenomas or in-
flammatory changes from secondary cholangitis
(Fig. 22).

Biliary Adenocarcinoma

Incidence and Clinical Features

Biliary adenocarcinoma, or cholangiocarcinoma, is the
most common malignancy of the bile ducts. Even so, it
is a very unusual tumor, with approximately one case
for every 200,000 population. There is a slight male
predilection, but no race preponderance [10, 95]. Sever-
al associations and predispositions have been identi-
fied. The most common are primary sclerosing cholan-
gitis where 10% to 20% can be expected to develop bile
duct carcinoma, choledochal cyst (including Caroli dis-
ease), a 10% risk, and anomalous pancreatic bile duct
junction, a 15% risk. Lesser but definite risk is associat-
ed with ulcerative colitis, familial polyposis coli, liver
fluke infestation, Salmonella typhi infection, and anom-
alous pancreaticobiliary junction [96, 97]. Even with

this consideration, greater than 80% of cases are spo-
radic and an association or predisposition cannot be
identified. Patients usually present with cholestasis in
their seventh or eighth decade. The clinical findings al-
so include fever, chills, vomiting, weight loss, and right
upper quadrant pain. Those with ulcerative colitis and
other predispositions are generally much younger in
age, frequently presenting in the third to sixth decades
of life with biliary adenocarcinoma.

Pathologic Features

Adenocarcinoma and its subtypes account for over 95%
of bile duct malignancies. Other tumors such as lym-
phoma, metastases, carcinoid tumor, and various sarco-
mas, make up the remainder. Approximately one-half of
cholangiocarcinomas occur in hilar region or proximal
portion of the extrahepatic bile ducts. Approximately
20% occur in each of the middle and distal portions.
The remainder may be diffuse or involve only the intra-
hepatic ducts. Although the neoplasm will usually show
an infiltrating, polypoid, or a stenosing appearance, a
specific tumor may combine all of these pathologic fea-
tures. Less than 5% will be mucus hypersecreting aden-
ocarcinomas [10].

Radiologic Features

Ultrasound and computed tomography are highly accu-
rate in identifying bile duct obstruction due to bile duct
carcinoma. The site can be specified and the etiology
suggested, especially if a mass is demonstrated. The di-
rect cholangiogram will identify a stenosis or obstruc-
tion (Fig. 23), an intraductal mass (Fig. 24), or suggest a
mucus-hypersecreting type of adenocarcinoma if mo-
bile filling defects are identified. MR features of cholan-
giocarcinoma are characterized by high signal intensity
on T2-weighted sequences and low intensity on T1-
weighted sequences [98]. CT diagnosis of intrahepatic
cholangiocarcinoma is improved by identification of an
ill-defined mass, capsular retraction, and delayed en-
hancement with intravenous contrast administration
[99].

Metastases

Incidence and Clinical Features

Metastases account for less than 5% of malignancies of
the bile ducts. Common sites of origin are breast, lung,
renal cell, stomach, colon, and prostate carcinoma [10,
100]. Gallbladder carcinoma may invade the extrahe-
patic bile duct as it grows along the cystic duct [37]. Pa-

Fig. 22. ERCP image in a 75-year-old man with biliary papillomat-
osis shows multiple filling defects in a dilated common bile duct
(arrow) and mural irregularity (arrowheads)
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Fig. 23A, B. Adenocarcinoma of the common hepatic duct in an 81-
year-old man with jaundice. A Contrast-enhanced CT scan shows
intrahepatic duct dilatation and a soft-tissue attenuation mass at

the level of the common hepatic duct (arrow). B Delayed image
from an ERCP shows an annular stenosis in the common hepatic
duct

Fig. 24A, B. Papillary adenocarcinoma of the common hepatic duct
in a 51-year-old man. A ERCP image shows a lobulated intraductal
filling defect (arrow). B Photograph of the resected surgical speci-

men shows an intraductal polypoid mass (arrow) in the opened
common hepatic duct. The gallbladder (gb) is also shown
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tients typically present with obstructive jaundice, gas-
trointestinal hemorrhage and history of primary neo-
plasm.

Pathologic Features

Bile duct metastases appear at gross inspection similar
to other malignancies of the biliary system. Obstructing
masses, duct wall infiltration, and enlarged lymph
nodes are common features.

Radiologic Features

The CT features of metastases to the bile ducts include
biliary obstruction by high-attenuation masses that
may be stenosing, intraductal, or extrinsic compression
from intrahepatic, intrapancreatic, or nodal masses. The
obstructing lesions are classified as hilar (36%), proxi-
mal extrahepatic bile duct (40%), distal extrahepatic
bile duct (10%) and periampullary (14%) [100]. Cholan-
giography may demonstrate focal, multifocal or diffuse
stenosis of the bile duct (Fig. 25). The lesions may

Fig. 25A, B. Gastric adenocarcinoma metastatic to the bile ducts in
an 80-year-old man with early satiety and jaundice. A Intravenous
contrast-enhanced CT scan shows a hypoattenuating mass near

the head of the pancreas. B ERCP image shows a focal stricture in
the distal common bile duct

Fig. 26A, B. Non-Hodgkin lymphoma in a 35-year-old man with jaundice. A Intravenous contrast-enhanced CT scan shows a hypoatten-
uating mass in the porta hepatis. B ERCP image shows a long segment stricture of the proximal extrahepatic bile duct
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progress to total obstruction. If the metastasis infiltrates
and stenoses the duct, the appearance may simulate pri-
mary sclerosing cholangitis.

Lymphoma

Incidence and Clinical Features

Primary bile duct lymphoma is extremely rare, account-
ing for less than 1.0% of bile duct malignancies [10].
The patients present with obstructive jaundice, and can
have a rapidly deteriorating course [101].

Pathologic Features

Malignant lymphoma of the bile ducts is commonly of
the B-cell type, and is frequently at pathologic inspec-
tion indistinguishable from primary or metastatic bil-
iary malignancies [102].

Radiologic Features

Biliary lymphoma may be focally stenosing, multifocal,
or diffuse. The CT and cholangiographic appearance
may simulate primary sclerosing cholangitis or cho-
langiocarcinoma (Fig. 26). If diffuse and associated with
mass, lymphoma is more likely than primary sclerosing
cholangitis. Cavitation may be a more specific sign sim-
ilar to aneurysmal dilatation of the luminal gut [103].
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muscle and varying amounts of connective tissue.
Leiomyomas may occur as single or multiple lesions
and are most typically located in the uterine corpus
(90%) and only rarely in the cervix (5%) or uterine liga-
ments and vagina. They are distinguished by location as
either submucosal, intramural, or subserosal leiomyo-
mas. Five to 10% of leiomyomas arise submucosally or
protrude into the uterine cavity. Subserosal leiomyomas
may occasionally mimic a solid mass of the ovaries.

Typically, a myomatous uterus is diagnosed by the
gynecologic examination and leiomyomas are detected
by ultrasound. MR imaging is currently considered the
most accurate imaging technique for the detection,
characterization and localization of leiomyomas (Ta-
ble 2). The high spatial resolution with visualization of
even the smallest leiomyomas (e.g., at the angle of a fal-
lopian tube), reliable characterization (e.g., subserosal
leiomyoma), and not least the precise morphologic de-
piction make MR imaging an excellent modality prior
to organ-preserving surgical or nonsurgical interven-
tions and also for lesion characterization [1–3].

Introduction

Each diagnostic modality used for assessing gynecolog-
ic disorders has its strengths and limitations. The use of
all imaging modalities available in a serial diagnostic
procedure is time-consuming and does not help to re-
duce health care spending. Proper selection of imaging
modalities can improve management of gynecologic
disorders and preclude unnecessary procedures. In gen-
eral, sonography is the diagnostic modality of first
choice in most benign gynecologic disorders, whereas
MR imaging and CT are best used for gynecologic ma-
lignancies (Table 1).

To make optimal use of the diagnostic potential of
CT and above all of MR imaging in the evaluation of gy-
necologic disorders, the radiologist needs a thorough
knowledge of the pathologic-anatomic changes and
how they affect imaging. This article discusses the use of
MR imaging and CT of benign and malignant tumors of
the uterus and ovaries with special emphasis on radio-
logic-pathologic correlation.

Leiomyomas

Leiomyomas are the most common tumors of the uter-
us. They are benign and are present in 30%–40% of
women of child-bearing age. They consist of smooth
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Table 1. Imaging modalities for various gynecologic disorders

Disorder 1st Modality 2nd Modality

Endometrial carcinoma TVUS MRI
Cervical carcinoma MRI
Leiomyoma/adenomyosis TVUS MRI
Adnexal masses TAUS/TVUS MRI
Ovarian cancer TVUS CT/MRI

TVUS transvaginal ultrasound, TAUS transabdominal ultrasound

Table 2. Sensitivity of imaging modalities for benign disorders of
the uterus

Disorder Sensitivity

MRI TVUS

Adenomyosis 0.73 0.59–0.74
Leiomyoma 0.97–1.0 0.49–0.83
Polyps 0.48 0.48

TVUS transvaginal ultrasound
From [2, 3]
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Lesion characterization and assessment of the mor-
phologic relationship is best achieved on T2-weighted
pulse sequences, which should be obtained in two
planes, whereas T1-weighted images are particularly
useful in demonstrating hemorrhage. Contrast-en-
hanced MR imaging does not add to the characteriza-
tion of leiomyomas but is a useful diagnostic tool for as-
sessing the degree of infarction after treatment by ute-
rine artery embolization (Fig. 1) [4, 5].

Leiomyomas of the uterus have a typical appearance
at MR imaging. On T2-weighted images, they are depict-
ed as roundish lesions of low signal intensity (in con-
trast to malignant tumors) with smooth borders and are
clearly demarcated from the higher signal intensity of
the myometrium (Figs. 1–3) [6, 7]. The lesions are sur-

Fig. 1A–D. Intramural leiomyoma (arrow) in the posterior wall of
the uterus. A Transverse T2-weighted fast spin-echo (FSE) image
depicting the large leiomyoma. The intranodular hyperintense ar-
eas indicate degenerative changes. B Histologic specimen (H&E
staining) with densely packed cellular bundles of smooth muscle
without degenerative changes (not taken from this case). C Trans-

verse T1-weighted contrast-enhanced spin-echo image before ute-
rine artery embolization showing well-perfused leiomyoma with-
out any perfusion deficit. D Transverse T1-weighted contrast-en-
hanced spin-echo image 3 months after uterine artery emboliza-
tion. Significant volume reduction and loss of perfusion

Fig. 2. Multiple leiomyomas of the uterus. Sagittal T2-weighted
spin-echo (SE) image. The largest leiomyoma is of intramural lo-
cation, the smaller submucosal one protrudes into the uterine cav-
ity (white arrow). Submucosal, intramural, and subserosal leiom-
yomas in one patient
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rounded by a pseudocapsule of compressed neighbor-
ing tissue. The rim surrounding a leiomyoma may occa-
sionally show dilated lymphatic clefts and veins as well
as slight edema. These changes produce a narrow hy-
perintense rim around the otherwise hypointense le-
sion on T2-weighted images. Such a rim is present in
about one-third of patients with leiomyomas [8]. T1-

weighted images only show an enlarged uterus and do
not visualize the leiomyomas, which are isointense rela-
tive to the surrounding uterus.

The anatomic localization of leiomyomas by MR im-
aging is straightforward. Submucosal leiomyomas ele-
vate the endometrium or they may be stalked and pro-
trude into the uterine cavity (Fig. 4). Due to their low

Fig. 3A, B. Multiple leiomyomas of the uterus. A Sagittal T2-weight-
ed spin-echo (SE) image of small leiomyomas in the anterior wall
and one large myoma in submucosal location with protrusion into

the uterine cavity. B Gross specimen. Note the good morphologic
correlation between MR imaging and the resected specimen

Fig. 4A–C. Submucosal leiomyomas in patients presenting with
dysmenorrhea. A Sagittal T2-weighted spin-echo (SE) image. The
low signal intensity suggests a leiomyoma rather than an endome-
trial polyp. B Contrast-enhanced CT shows a submucosal lesion

but one cannot say whether it is a submucosal leiomyoma or an en-
dometrial polyp. C Gross specimen with large leiomyoma protrud-
ing into the uterine cavity
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signal intensity, leiomyomas are reliably distinguished
from endometrial polyps or endometrial cancer. Intra-
mural leiomyomas are easily demarcated from the high-
intensity myometrium. Larger subserosal leiomyomas
may initially be seen as pelvic masses. Their low signal
intensity, however, should give rise to the suspicion of a

leiomyoma (differential diagnosis: ovarian fibroma).
The demonstration of a stalk-like connection to the uter-
us (T2-weighted image) makes the diagnosis (Fig. 5).

Besides their location, leiomyomas may be distin-
guished by the presence or absence of degenerative
changes. Nondegenerated leiomyomas are of nearly ho-

Fig. 4C.

Fig. 5. Subserosal leiomyoma. Sagittal T1-weighted contrast-en-
hanced image. The stalk-like connection to the uterus and the sig-
nal void vascular structures between the mass and the uterus
(bridging vascular sign) (white arrow) proves the lesion to be a
subserosal leiomyoma rather than an ovarian tumor

Fig. 6A, B. Leiomyoma with red degeneration. A Transverse T1-
weighted contrast-enhanced FSE image of an intramural leiomyo-
ma 24 days after uterine artery embolization detects no perfusion

of the leiomyoma. B Transverse unenhanced T1-weighted FSE im-
age of the same lesion demonstrates hemorrhages as areas of high
signal intensity (arrow)
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mogeneous hypointensity on T2-weighted images. De-
generative changes are depicted as hyperintense intra-
tumoral areas (T2-weighted image) (Fig. 2). Such chang-
es are seen in up to 60% of all leiomyomas, particularly
in large ones. The most common types of degeneration
seen in leiomyomas are hyalinization (hypointense on
T2-weighted image), cystic and myxoid degeneration
(hyperintense on T2-weighted image) [9]. Hemorrhages
are less common (so-called red degeneration) and can
be identified as areas of high signal intensity on T1-
weighted images with high or varying signal intensity
on T2-weighted images – depending on the time of
bleeding (Fig. 6). The demonstration of typical calcifica-
tions within the hypointense lesion is rather difficult by
MR imaging, but this is irrelevant for the differential di-
agnosis given the characteristic appearance of leiomyo-
mas as described above.

Adenomyosis

Adenomyosis is defined as the presence of aberrant en-
dometrium within the myometrium. Since the ectopic
endometrium in adenomyosis consists nearly exclusive-
ly of tissue of the basal layer, it is not affected by hormo-
nal stimulation and, as a rule, does not contain blood (in
contrast to endometriosis, which is characterized by the
aberrant occurrence of functional endometrial tissue).
The incidence of adenomyosis of the uterus is higher
than would be expected on clinical grounds; it is dem-
onstrated histologically in up to 25% of all hysterecto-
mies [10, 11]. In a quarter of all cases, adenomyosis is as-
sociated with leiomyomas.

Symptoms typically manifest in the fourth to fifth
decade of life, with a higher incidence in multiparous

women. The physical examination demonstrates an en-
larged uterus, which is of a lower consistency compared
to a myomatous uterus.

It is important to reliably differentiate adenomyosis
from leiomyomas, since the latter can be removed by
myomectomy with preservation of the uterus, whereas
hysterectomy is the treatment of first choice in sympto-
matic adenomyosis, though uterine artery embolization
seems to be a promising nonsurgical alternative [12].

Differentiation of adenomyosis and leiomyomas by
MR imaging is no problem. Adenomyosis is diagnosed
on T2-weighted images. The decisive diagnostic criter-
ion is a pathologic thickening of the low-intensity junc-
tional zone to over 12 mm (Figs. 6, 7) [13, 14].A thicken-
ing of the junctional zone to 5 mm – as initially pro-
posed – should no longer be used as the threshold for
diagnosing adenomyosis, since such thickening may al-
so be present in the normal uterus (e.g., transient con-
tractions) and thus produce false-positive findings [15].
The thickened junctional zone frequently contains
punctiform areas of hyperintensity (Fig. 7). If the latter
are depicted on T2-weighted images only, they most
likely correspond to cystic glandular tissue. If such
small hyperintense foci are present on both T1- and T2-
weighted images, they typically represent small hemor-
rhages. Adenomyosis may be focal or diffuse. In the dif-
fuse form, the changes affect the entire uterus (Fig. 7),
which may show pronounced enlargement. The focal
form is characterized by a circumscribed thickening of
the junctional zone and blurring of its border towards
the myometrium (Fig. 8).

Contrast-enhanced MR imaging does not yield any
additional information for the diagnostic assessment of
adenomyosis or for differentiation from leiomyomas
[10].

Fig. 7A, B. Diffuse adenomyosis of the fundus uteri. A Sagittal T2-
weighted SE image. Generalized thickening of the junctional zone
with isolated hyperintense spots. B Histologic specimen (H&E

staining, not taken from this case) with ectopic endometrial tissue
in the myometrium showing glandular (arrow) and cystic portions
(curved arrow), which appear hyperintense on T2-weighted images
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Endometrial Polyps

Polyps of the endometrium are seen in about 10% of all
uteri – typically in postmenopausal women. The major-
ity of polyps arise in the fundus. Less than 1% of endo-
metrial polyps show malignant transformation in the
form of endometrial cancer. Symptoms are irregular or
persistent bleeding. Postmenopausal bleeding is caused
by endometrial polyps alone in over 20% of the cases. In
many instances, however, endometrial polyps cause no
symptoms at all.

Polyps are again best diagnosed on T2-weighted MR
images, ideally in two planes (sagittal and transverse).
On T2-weighted images, polyps are isointense or slight-
ly hypointense relative to the surrounding endometri-
um (Fig. 9); large polyps may distend the uterine cavity.
Polyps are not depicted on T1-weighted images. Follow-
ing intravenous administration of a contrast agent, en-
dometrial polyps show pronounced enhancement, com-
parable to the surrounding endometrium [10]. Endo-
metrial polyps are differentiated from submucosal
leiomyomas on the basis of their different signal inten-

Fig. 8A, B. Focal adenomyosis. A Sagittal T2-weighted SE image. Focal thickening (arrow) of the junctional zone of the uterus. B Histolog-
ic specimen (H&E staining, not taken from this case) with ectopic endometrial tissue in the myometrium

Fig. 9A, B. Endometrial polyp. A Sagittal T2-weighted SE image.
The endometrial polyp is of slightly lower signal intensity com-
pared to the endometrium. MR imaging does not permit distinc-

tion of an endometrial polyp from a polypous endometrial carci-
noma. Regular and intact junctional zone of the myometrium. B
Gross specimen
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sities on T2-weighted images (leiomyoma: hypoin-
tense). In inconclusive cases, the differentiation is fur-
ther facilitated by a contrast-enhanced study (leiomyo-
ma: slighter enhancement).

Endometrial Carcinoma

Endometrial cancer is the most frequent malignancy of
the female genital tract. The majority of patients are
postmenopausal women; the incidence in women below
the age of 40 years is only 2%–5%. The most common
symptom of endometrial carcinoma is the occurrence
of postmenopausal bleeding, which is often its only
manifestation.

Endometrial carcinoma invades the myometrium
but rarely extends through the serosa into the abdomi-
nal cavity. The cervix is involved in about 10% of cases.
Lymphatic and hematogenous spread of endometrial
cancer occurs later than in cervical carcinoma. There is
a close correlation between lymphatic spread and the
depth of myometrial invasion [16, 17]. Superficial infil-
tration of the myometrium (stage Ib) is associated with
lymph node metastases in 3% of cases only, whereas
over 40% of patients with deep myometrial invasion
(stage Ic) have lymph node metastases. Thus, the extent
of myometrial invasion is an important prognostic fac-
tor.

The most important examination for confirmation of
endometrial cancer is fractional abrasion (fractionation
in order to exclude or confirm involvement of the endo-
cervix, corresponding to stage II disease). Transvaginal
ultrasound reliably depicts the depth of myometrial in-
filtration in stage I endometrial cancer but is unsuitable
for general tumor staging (e.g., extension of the tumor
to the uterine cervix) [18, 19].

Because of the excellent depiction of myometrial in-
filtration and tumor staging as a whole, contrast-en-
hanced MR imaging performs best in the pretreatment
evaluation of endometrial carcinomas compared to
ultrasonography and CT [20]. The MR imaging findings
provide an optimal basis for therapeutic decision-mak-
ing (e.g., hysterectomy with or without lymphadenecto-
my, chemotherapy, or gestagen treatment).

T2-weighted images depict endometrial carcinomas
as hyperintense masses, typically seen as pathologic
thickening of the endometrium (Fig. 10), which may oc-
casionally contain heterogeneous areas of decreased
signal intensity. Since these changes are not specific for
endometrial cancer but are also seen in endometrial hy-
perplasia, endometrial polyps or coagulated blood, the
diagnosis is based on the histologic findings [21]. A hy-
perintense disruption of the junctional zone is indica-
tive of myometrial infiltration, and the depth of infiltra-
tion can likewise be assessed by MR imaging. T2-
weighted imaging in two planes is essential for precise-

ly determining the depth of myometrial invasion. De-
marcation of the tumor from surrounding myometrium
may occasionally cause problems on T2-weighted imag-
es. Errors in the staging of endometrial carcinoma pri-
marily occur in large polypous endometrial carcinomas
(which only rarefy the myometrium but do not invade
it) and large leiomyomas, in the presence of congenital
anomalies, if the uterus is small and atrophic and when
the zonal anatomy is missing [22]. Intravenous adminis-
tration of a contrast agent is generally indicated for MR
imaging of endometrial carcinoma [4, 23–26]. The can-
cer shows less pronounced enhancement than the sur-
rounding myometrium, which improves the determina-
tion of the tumor borders (Fig. 10). Contrast-enhanced
imaging furthermore improves the differentiation of vi-
tal tumor portions from areas of necrosis or fluid accu-
mulation (e.g., hematometra or pyometra).

Staging of endometrial cancer by MR imaging is
based on the International Federation of Gynecology
and Obstetrics (FIGO) classification.

In stage I disease, the tumor is confined to the ute-
rine corpus. Since there is considerable variation in
prognosis, stage I is further subdivided as follows:
Ia Tumor confined to the endometrium
Ib Tumor infiltration of the inner half of the myometri-

um (relative to the thickness of the myometrium)
Ic Tumor extension to the outer half of the myometri-

um

Stage Ia disease is suggested when the hypointense
junctional zone is intact. If there is insufficient delinea-
tion of the junctional zone, which is typically the case in
an atrophic uterus, a stage Ia tumor can be assumed
when the lesion is smoothly and clearly demarcated
from the myometrium. In stage Ib tumors, there is dis-
ruption of the junctional zone or the border between
the tumor and myometrium becomes irregular, with
confinement of the pathologic process to the inner half
of the myometrium (Fig. 10). Stage Ic disease is charac-
terized by deep myometrial involvement extending to
the outer half of the myometrium. Assessment of myo-
metrial tumor infiltration is facilitated by contrast-en-
hanced T1-weighted imaging.

In stage II disease, the tumor has invaded the cervix
or endocervix.

Stage III and IV endometrial cancer can likewise be
assessed by MR imaging. Both stages are characterized
by extension of the tumor beyond the uterus (stage III:
tumor confined to the pelvis; stage IV: tumor invasion
extending beyond the true pelvis or infiltration of the
mucosa of the urinary bladder or rectum). An infiltra-
tion of the wall of the bladder or rectum is seen on T2-
weighted images as a focal and hyperintense disruption
of the otherwise hypointense muscular layer. Further
criteria for tumor growth beyond the uterus are an ir-
regular uterine surface and the presence of ascites.
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Lymph node assessment by MR imaging uses the
same criteria as computed tomography and relies solely
on an enlarged transverse nodal diameter (>1 cm).
However, MR imaging has a slight advantage over CT in
that it is far better in T-stage assessment, from which in-
direct conclusions can be drawn for differentiating re-
active from tumorous lymph node enlargement.

Cervical Carcinoma

The incidence of cervical carcinoma shows two peaks,
the first between 35 and 45 years of age and the second
between 65 and 75 years. Invasive cervical carcinoma
occurring in women younger than 35 years frequently is
of a highly aggressive type. It is now commonly as-
sumed that cervical carcinoma develops in several steps
(dysplasia – carcinoma in situ – microinvasive carcino-
ma). Dysplasia and carcinoma in situ together are

Fig. 10A–D. Endometrial carcinoma; stage Ib. A Sagittal T2-weight-
ed SE image. Generalized pathologic thickening of the endometri-
um. Additionally hyperintense mass in the anterior wall of the
uterus, which disrupts the narrow hyperintense junctional zone
and invades the inner half of the myometrium. B Sagittal T1-

weighted contrast-enhanced SE image. Significantly better demar-
cation of the hypointense invading carcinoma relative to the hy-
perintense intact myometrium. C, D Gross specimen confirms the
involvement of the inner half of the myometrium



Chapter 5.1 MRI and CT of the Female Pelvis 543

termed cervical intraepithelial neoplasia (CIN). Micro-
carcinoma (stage Ia2: invasion depth <5 mm and sur-
face extension <7 mm) is already associated with lymph
node metastases in up to 10% of cases [16].

The initial symptoms are bleeding outside menstru-
ation and vaginal discharge. Regular screening is very
helpful for detecting cervical cancer since no other gy-
necological tumor is that easily accessible to physical
examination.

Imaging is not used for detecting cervical carcinoma
but for staging of already proven carcinoma. Because of
the high soft-tissue contrast and the free selection of
imaging planes, MR imaging is far superior to CT in
staging cervical carcinoma. Most information is provid-

ed by T2-weighted imaging. On T2-weighted images, a
cervical carcinoma is depicted as a lesion of high signal
intensity, which is clearly seen against the low signal in-
tensity of the cervical stroma (Fig. 11). On T1-weighted
images, cervical cancer is not delineated adequately
since it is of the same signal intensity as the cervical
stroma, the myometrium, and the vagina. T1-weighted
imaging, however, is suitable for assessment of larger
tumor masses in the parametria and for lymph node
staging. In contrast to endometrial cancer, intravenous
administration of a contrast agent yields only little ad-
ditional information for the detection and staging of
cervical carcinoma [27–30]. However, dynamic con-
trast-enhanced MR imaging seems to be a useful tool

Fig. 11A–C. Cervical carcinoma, stage Ib. A, B Sagittal and trans-
verse T2-weighted FSE images. The cervical carcinoma is depicted
as a hyperintense mass invading the cervix and uterine corpus.
Despite the huge size, both the sagittal and the transverse image
show that the cancer is still surrounded by a hypointense rim of
cervical stroma (arrows). Normal appearance of the hypointense
vaginal wall without signs of tumor infiltration. C Histologic spec-
imen (H&E staining, not taken from this case), lateral border of the
carcinoma surrounded by normal myometrium
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for predicting and objectively assessing the outcome of
radiotherapy [31, 32].

Staging of cervical carcinoma by MR imaging is
based on the FIGO criteria. The preclinical form (stage
Ia) can only be demonstrated microscopically and is not
seen on MR images. Stage Ib carcinoma is restricted to
the cervix (with or without involvement of the corpus

uteri). The most important criterion on T2-weighted
MR images is a fully preserved hypointense rim of nor-
mal cervical stroma surrounding the tumor (Fig. 11b).
Assessment of the preserved normal cervical stroma is
facilitated by T2-weighted imaging in two planes. In ad-
dition, the parametrial tissue appears inconspicuous
and the normal border relative to the surrounding fatty

Fig. 12A, B. Cervical carcinoma, stage IIa. A Sagittal T2-weighted
FSE image. Hyperintense mass, predominantly located in the ante-
rior part of the cervix with obliteration of the anterior vaginal for-
nix. Normal appearance of the posterior vaginal fornix. B Gross
specimen: ulcerated cervical carcinoma infiltrating the anterior
vagina (curved arrow), no infiltration of the posterior vaginal for-
nix (arrow)

Fig. 13A, B. Cervical carcinoma; stage IIb. A, B Sagital and trans-
verse T2-weighted FSE images. The tumor has completely invaded
the cervical stroma on the right but leaves a narrow rim of hy-
pointense cervical stroma on the left (white arrow). Besides the
carcinoma invades the cranial two-thirds of the anterior vagina
meanwhile the posterior vaginal fornix seems to bee intact
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tissue is preserved. In stage IIa disease, the tumor in-
volves the upper and/or middle third of the vagina. In-
filtration of the vaginal wall is visualized on T2-weight-
ed images as a hyperintense disruption of the otherwise
hypointense muscle layer (Fig. 12). Stage IIb cervical
carcinoma is characterized by infiltration of the para-
metria. Advanced parametrial invasion is depicted on

both T2- and T1-weighted images as a mass within the
parametria. The most important criterion of possible
parametrian infiltration is the complete disruption of
the low-intensity cervical stroma by (hyperintense) tu-
mor tissue (Fig. 13) [33].

In stage IIIa, the hyperintense tumor extends to the
lower third of the vagina (because lymphatic drainage is
different in this area, the inguinal lymph nodes should
be examined as well in these cases!). Infiltration of the
pelvic wall or obstruction of one or both ureters by the
tumor corresponds to stage IIIb disease (Fig. 14). In-
volvement of the muscle tissue of the pelvic wall can
best be demonstrated on T2-weighted images as a hy-
perintense infiltration.

Invasion of the urinary bladder and/or rectum (stage
IVa) is seen on T2-weighted images as a hyperintense
disruption of the otherwise hypointense muscle of the
wall of the urinary bladder or rectum (Fig. 15). If the
findings are inconclusive with regard to bladder or rec-
tum infiltration, an additional contrast-enhanced study
will show contrast enhancement in areas of tumor in-
volvement. The FIGO classification only takes into ac-
count involvement of the mucosa of the urinary bladder
or rectum, since only this can be assessed endoscopical-
ly. MR imaging, on the other hand, can also demonstrate
tumorous infiltration in the underlying muscular
layers.

In addition to allowing for T-stage assessment, MR
imaging is able to depict lymph nodes, peritoneal seed-
ing, and organ metastases (Fig. 16).

Fig. 14A, B. Cervical carcinoma, stage IIIb. A, B Sagittal and trans-
verse T2-weighted FSE image. The tumor (black arrow) has invad-
ed the right parametrium and caused obstruction of the right ure-
ter (white arrow)

Fig. 15. Cervical carcinoma, stage IVa. Sagittal T2-weighted FSE
image. The cervical carcinoma has infiltrated the muscular layers
of the urinary bladder, depicted as a hyperintense disruption of
the otherwise hypointense muscle wall (arrow)
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Benign Adnexal Masses

The ovaries are divided into a cortex containing the fol-
licle at different stages of maturation, and a medulla. In
young women, the average ovary weighs 8 g and shrinks
from age 30 to less than 2 g after menopause [24]. The
ovaries can be visualized in virtually all premenopausal
women by MR imaging with adequate spatial resolu-

tion. The cortex shows lower signal intensity than the
medulla on T2-weighted images. Single functional cysts
in the cortex are hypointense on T1-weighted images
and hyperintense in T2-weighted sequences [34].

Pelvic inflammatory disease is a largely clinical, bac-
teriological and sometimes sonographic diagnosis, typ-
ically made in women of childbearing age. Half of the
cases result from ascending infection by sexually trans-

Fig. 16A, B. Cervical carcinoma with peritoneal spread. A Sagittal
T2-weighted FSE image depicting a large volume of ascites. B Sag-
ittal T1-weighed contrast-enhanced image depicts peritoneal

spread as generalized; pronounced enhancement of the thickened
peritoneal layer

Fig. 17A, B. Pyosalpinx. A, B Coronal T2-weighted SE and T2-
weighted contrast-enhanced SE image depicts a fluid collection at
the right pelvic wall with contrast enhancement of surrounding

thickened adnexal wall. Two months later (after antibiotic thera-
py) the lesion was no longer detectable by MR imaging
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mitted pathogens such as Neisseria gonorrhoeae and
Chlamydia trachomatis, which migrate into the perito-
neum from the cervix via the endometrium and fallo-
pian tube [35, 36]. Known risk factors include multiple
partners and use of an intrauterine contraceptive device
(IUD). Women with an IUD have a three to seven times
higher risk of acute salpingitis [37].

A pyosalpinx arises from infundibular adhesion and
pus retention in a patient with salpingitis. Liquefaction
and the pooling of pus between the organs of the true
pelvis lead to abscesses of the pelvis, adnexa, and pouch
of Douglas; suppurative infection of the fallopian tube
and ovary results in the tubo-ovarian abscesses [38, 39]
seen in up to one-third of admissions for acute salpin-
gitis [40]. Tubo-ovarian abscess is clinically almost in-
distinguishable from adnexitis and is normally diag-
nosed by ultrasound [41–43].

The typical CT image of an ovarian abscess is that of
central liquefaction (i.e., fluid-equivalent density) sur-
rounded by a rim of increased contrast uptake; inflam-
mation may also involve the surrounding fatty tissue
[43] (Fig. 18). The MR image is heterogeneous, general-
ly showing iso- or slight hypointensity compared to
urine in T1-weighted sequences [44] and hyperintensity
on T2-weighted images (Fig. 17). However, if the abscess
contains blood or high protein levels, it may be visual-
ized with varying signal intensities, even on T1-weight-
ed images. Delineation of the abscess border is usually
unclear, though the wall shows increased signal inten-
sity on contrast-enhanced images. Edema and inflam-
matory infiltration give a heterogeneous appearance to
the surrounding fat. A chronic untreated or antibiotic-
resistant abscess leads to an increase in the number of
visible blood vessels [45].

A benign ovarian cyst, whether a functional follicu-
lar cyst, single cyst, cystadenoma, dermoid (mature te-
ratoma), endometrioma or polycystic ovary, is typically

thin-walled and sharply delineated (Figs. 19–21). The
purpose of CT and MRI is to differentiate these lesions
from ovarian carcinoma. The primary criteria of malig-
nancy are a diameter greater than 4 cm, intralesional
solid elements or septations, wall thickening, and necro-
sis; ancillary criteria include lymph node hypertrophy,
ascites and infiltration of surrounding structures [46].

CT or MRI evidence of intralesional fat is indicative
of a dermoid cyst, accounting for 10%–25% of all ovar-
ian neoplasms. On MRI, the fat component can be dis-
tinguished from hemorrhage – both are hyperintense

Fig. 18. Tubo-ovarian abscess. Contrast-enhanced CT: multilocu-
lated left adnexal lesion with central liquefaction and contrast-en-
hancing thickened wall (arrow). There is a fluid collection in the
pouch of Douglas. (+: uterine cavity)

Fig. 19A, B. Functional hemorrhagic ovarian cyst. A Contrast-en-
hanced CT. Small cystic, thin-walled lesion of the right ovary with-
out septations. B Axial T1-weithted SE image: small circumscribed
thin-walled cystic adnexal lesion on the left with hyperintense
content
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on T1-weighted images – by using fat suppression. Fat–
fluid levels may be visualized, together with a solid nod-
ule arising from the tumor wall (Rokitansky nodule or
dermoid plug) [45]. The protuberance contains mature
differentiated tissue such as hair, fat, and teeth or other
calcifications, the latter being clearer on CT than MRI
(Fig. 21).

Ovarian Carcinoma

Carcinoma of the ovary is the third most common ma-
lignancy of the female genital tract after carcinoma of
the cervix and endometrium. However, its poor progno-
sis means that it accounts for approximately half of all
deaths from gynecologic malignancy [47, 48]. Manage-
ment of clinically suspected disease involves a staging
laparotomy with histologic confirmation of the diagno-
sis, identification of tumor spread, and debulking prior
to chemotherapy. The latter is usually followed by a sec-
ond-look laparotomy to assess the response.

The strength of MRI lies in its ability, first, to deter-
mine the origin of a pelvic mass using multiplanar im-
aging and high soft-tissue contrast and, secondly, to dif-
ferentiate between malignant and benign lesions with a

Fig. 20. Benign cystadenoma of the ovary. Sagittal T2-weighted
FSE image showing a large, thin-walled adnexal cystic structure
with numerous septations. Pathology after surgery confirmed the
diagnosis of benign cystadenoma

Fig. 21A–C. Mature teratomas. A Contrast-enhanced CT clearly
demonstrates a fat-containing pelvic mass with surrounding cal-
cifications and a solid, contrast-enhancing nodule (arrow), the so-
called Rokitansky nodule or dermoid plug. B Axial contrast-en-
hanced T1-weighted SE image: adnexal lesion with a fat–fluid lev-
el and the so-called Rokitansky nodule. C Macroscopic specimen of
a mature teratoma containing fat and hair
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60%–99% accuracy [49–55] using the above primary
and ancillary criteria. MRI findings are not specific for
the cell types of ovarian carcinoma, although some fea-
tures are more typical of one histology rather than an-
other. Mucinous tumors, for example, may mimic multi-
ple simple cysts, but frequently display imaging features
similar to those of other mucin-laden tumors, i.e., an
intermediate to high signal intensity on T1- and T2-
weighted images [56].

Imaging does not yet have a clearly defined place in
the staging and management of ovarian carcinoma,
since many centers still view surgical exploration as the
diagnostic gold standard in both primary and recurrent
disease. However, surgery can be avoided in cases where
the laparoscopic and/or imaging diagnosis is unambig-
uously benign. Imaging also helps in preoperative plan-
ning and follow-up of chemotherapy by providing accu-
rate information on tumor spread (Figs. 22–24).

In our view, CT is the modality of choice alongside
transvaginal and abdominal ultrasound in staging ovar-
ian carcinoma, as it is less expensive and more widely
available than MRI. However, ovarian cancer metasta-
sizes directly via peritoneal seeding and lymphatic
para-aortic and peritoneal spread. Compared to solid
viscera, imaging of peritoneal seeding presents particu-
lar problems due to the extensive area of the peritone-
um, anatomic variation, low tissue contrast, and motion
artifacts. Gadolinium-enhanced MRI has proven super-
ior to nonenhanced MRI and CT in demonstrating per-
itoneal metastases with reported sensitivities of
62%–86% [57–61]. However, MRI is not only more ex-
pensive, but also more demanding on the often weak-
ened patients as well as time-consuming. Its advantages
are that it can be used in renal failure and situations in

Fig. 22A, B. Serous papillary ovarian carcinoma. A Transverse T2-
weighted FSE image showing an adnexal semi-solid cystic mass of
the left ovary. The diagnosis of a malignant serous papillary ovar-
ian adenocarcinoma was confirmed by the histologic examina-
tion. B Histologic specimen (H&E staining) of a malignant serous
papillary ovarian carcinoma (not taken from this case)

Fig. 23. Serous ovarian carcinoma sagital T2-weighted FSE image
showing an adnexal semi-solid/cystic structure, confirmed as a
serous cystadenocarcinoma
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which the radiation exposure associated with CT is con-
traindicated, e.g., during pregnancy.

Up to 10% of ovarian tumors are metastatic with pri-
maries typically in the gastrointestinal tract, breast,
uterus, or thyroid. Metastases containing a significant
amount of signet-ring cells are termed Krukenberg’s tu-
mors. Bilateral contrast-enhanced lesions are generally
seen on CT or MR imaging (Fig. 24). Prognosis is poor
with a 1-year post-detection mortality of 90% [35, 44].
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ists. Furthermore, a major indication of MRI is the pre-
operative local tumor staging of prostate cancer. In ad-
dition, CT and MRI are important tools for N- and M-
staging of malignant disease, e.g., in prostate and testic-
ular cancer.

This chapter attempts to give an overview of the po-
tential and limitations of these imaging modalities in
diagnosing and staging disorders of the male genital or-
gans, with special emphasis on radiologic–pathologic
correlation.

The Prostate

High spatial resolution and high soft tissue contrast are
prerequisites for any imaging modality aimed at the
centimeter-wide target of prostate and seminal vesicles.
MRI is superior to computed tomography (CT) in this
regard and supplements urological transrectal ultra-
sound, particularly if combination of endorectal coil
and pelvic phased-array coil imaging is used [1].
Whereas high resolution axial and coronal T2-weighted
imaging is used for assessment of the prostate and semi-
nal vesicles, supplemental T1-weighted imaging through
the pelvis should be performed to assess for lymphade-
nopathy.Additional fat-suppressed T2-weighted imaging
of the pelvic bones and lumbar spine is helpful in detec-
tion of osseous metastases in patients with prostate car-
cinoma. Contrast-enhanced imaging should be reserved
for patients with suspected recurrent prostate cancer
[1–3].

Normal Anatomy of the Prostate 
and Seminal Vesicles

The normal prostate gland is divided into three differ-
ent anatomic zones: a posterolateral peripheral zone
that accounts for most of the gland’s volume, a central
zone forming the bulk of the prostate base and account-
ing for approximately 25% of the volume, and a transi-
tion zone enclosing the prostatic urethra and account-
ing for some 5%–10 % of the volume in the young adult.

Introduction

Technical advances in computed tomography (CT) and
magnetic resonance imaging (MRI) opened up new di-
agnostic applications in male pelvic pathology. Cross-
sectional imaging modalities thus play an increasing
role in the diagnosis, staging, and follow-up of a variety
of diseases of the male pelvis.

However, ultrasound (US), nowadays often consid-
ered an extension of the physical examination, remains
the imaging modality of choice for initial assessment of
a pathologic condition of the male genital organs. In
many cases, it already supplies sufficient information
for the correct diagnosis. CT and MRI are indicated in
all cases in which US findings are equivocal or a dis-
crepancy between clinical and sonographic findings ex-
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The latter zone is the tissue responsible for the benign
prostate hyperplasia (BPH), which in elderly men
compromises the other structures and urinary function
[4, 5].

On T1-weighted MR images, the prostate is homoge-
neously hypointense, and zonal anatomy is not demon-
strable. The different zones described above can be
identified only on T2-weighted images, which show the
peripheral zone as hyperintense because of its glandu-
lar elements. The central and transition zones are both
hypointense in the young male. Differentiation cannot
be made by MR imaging features but is primarily based
on anatomic location (Fig. 1).

The seminal vesicles are paired glands lying above
the prostate. Their contents are homogeneous and iso-
intense to muscle on T1-weighted sequences, whereas
the signal intensity is increased on T2-weighted images.
The vesicle walls enhance on gadolinium administra-
tion (Fig. 2).

Disease Entities of the Prostate and Seminal Vesicles

The main indication for MRI in prostate disease is the
pretreatment work-up of carcinoma. In benign disease
it is indicated only in isolated cases, but as benign con-
ditions are a frequent incidental finding during MR in-
vestigation of the male pelvis, radiologists need to be fa-
miliar with their features.

Benign Disease of the Prostate and Seminal Vesicles

Diagnosis of congenital prostate cysts has increased in
parallel with the use of transrectal ultrasound and MRI
in prostate diagnosis. The incidence of cysts is various-
ly reported as 1%–7.9% [6, 7]. Their characteristic mid-
line location makes them readily identifiable on MRI.
They comprise utricular and Müllerian duct cysts. The
two differ in embryonic origin. Utricular cysts are more
common and of endodermal origin [6, 8–10], while
Müllerian duct cysts are of mesodermal origin. Further
differentiating features are that utricular cysts often
communicate with the prostatic urethra, which is best
demonstrated on sagittal MR images and may therefore
contain spermatozoa, while Müllerian duct cysts, which
tend to project cranially above the prostate, never com-
municate with the posterior urethra and often contain
calcifications [3–12]. Utricular cysts can be associated
with hypospadias, pseudohermaphroditism, cryptor-
chidism and unilateral renal agenesis. For this reason,
they are often diagnosed in childhood. The contents are
hyperintense on T2-weighted images. Smaller cysts are
mostly incidental findings. However, both types of cyst
can cause symptoms such as dysuria, urinary tract in-
fections, prostatitis or even infertility [3–13] (Figs. 3, 4).

Fig. 1. Normal prostate gland. Axial endorectal T2-weighted fast
spin-echo image. The hyperintense peripheral zone can be distin-
guished from the hypointense central and transitional zone

Fig. 2A–C. Normal seminal vesicles: A, B MRI: the content of semi-
nal vesicles presents hyperintense on the axial endorectal T2-
weighted FSE image (A) and hypointense on the contrast-en-
hanced T1-weighted image (B), the septa show avid contrast-en-
hancement. The midline structure of intermediate signal intensity
on both sequences represents the ductus deferens. c Hematoxylin
eosin stain (magnification 35¥): normal seminal vesicles
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Benign prostate hyperplasia (BPH) impairs micturi-
tion in half of all men over 50. BPH is not an indication
for MRI but is a frequent incidental finding in patients
investigated for other reasons such as local staging of
prostate carcinoma. Glandular hyperplasia of the tran-
sitional zone results in enlargement of the central as-
pect of the gland with often heterogeneous medium to
high signal intensity on T2-weighted imaging (Fig. 5).
The surrounding peripheral zone may become com-
pressed, resulting in a hypointense band referred to as
pseudocapsule.

Fig. 3A, B. Incidental diagnosis of congenital prostate cyst in a 
58-year-old patient with multifocal stage T2 prostate carcinoma.
A Coronal endorectal T2-weighted fast spin-echo (FSE) image. The
normally hyperintense peripheral zone contains two hypointense

foci on the left side compatible with infiltrating carcinoma Midlinc
cyst. B Hematoxylin eosin stain (magnification25¥): The hyperin-
tense midline cyst seen on MRI is consistent with cystic dilatation
of the utriculus

Fig. 4. Coronal endorectal T2-weighted FSE image in a 30-year-old
patient with primary infertility. The hyperintense cystic lesion in
the dorsal midline of the prostate is compatible with a congenital
cyst, associated with obstructed and markedly enlarged seminal
vesicles bilaterally. The sperm count returned to normal following
cyst incision under ultrasound guidance

Fig. 5. Axial endorectal T2-weighted FSE image in a patient with
benign prostatic hyperplasia. Enlarged transitional zone of inho-
mogeneous medium signal intensity (arrows). Normal hyperin-
tense peripheral zone
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Of American men over 60, 20%–40% are likely to re-
quire prostatectomy at current surgery rates [14, 15].
The conventional therapy is transurethral resection of
the prostate (TURP), with open prostatectomy reserved
for very large adenomas. The value of minimally inva-
sive therapeutic approaches in treatment of patients
with benign prostate hyperplasia, such as the isolated
visual ablation of the prostate (VLAP), is still a matter of
debate. MRI makes it possible to monitor the effect of
laser ablation in this patient population, which might be
of clinical significance in selected cases regarding the
considerable interindividual difference of tissue reac-
tion that has been observed in laser treatment [16].

Prostatic Abscess

Nowadays, because of early antibiotic treatment and the
decreased incidence of gonococcal urethritis, prostatic
abscess has become a rare disease entity. Predisposing
factors are prostatitis, diabetes mellitus, prior instru-
mentation, and an immunocompromised state. The dif-
ferentiation between acute bacterial prostatitis and
prostatic abscess can be difficult based on clinical find-
ings alone. Imaging techniques, i.e., transrectal ultra-
sound or cross-sectional imaging modalities, are useful
for early recognition of abscess formation and assess-
ment of the extent of inflammation [17] (Fig. 6).

Amyloidosis

Amyloid deposits in the seminal vesicles are a fairly
common finding at histopathology in elderly males,
with rates of 34% at autopsy in >75-year-olds [18–21].
Senile amyloidosis can narrow the lumen and decrease
the normally hyperintense vesicle content signal on T2-
weighted imaging, prompting a mistaken diagnosis of
tumor infiltration of the seminal vesicles [22–24]. Con-
trast-enhanced sequences may be helpful in distin-
guishing amyloidosis from tumor invasion. In amyloi-
dosis, only the septa enhance, whereas in tumor inva-
sion, the content within the vesicles will enhance as
well. It might be difficult, however, to exclude early tu-
mor invasion with focal thickening of septa and in case
of doubt, TRUS-guided biopsies of the seminal vesicles
may be needed to establish the correct diagnosis
(Fig. 7).

Prostate Adenocarcinoma

Prostate adenocarcinoma is, after lung cancer, the most
frequent cancer in men in the industrialized world, with
its incidence continuing to increase [25, 26]. Since early
stages in general do not present any symptoms, most

Fig. 6A–C. Prostatic abscess in a 35-year-old HIV-positive patient.
A Transrectal US: multiple fluid collections in both lobes as well as
in the periurethral central zone. Few remaining septa are seen as
hyperechoic structures between the necrotic abscess cavities.
B MRI, axial T2-weighted FSE image: multiple hyperintense fluid
collections, separated by a hypointense fibromuscular band. Nor-
mal signal intensity of adjacent tissue. C Video documentation of
transurethral resection: complete destruction of the normal archi-
tecture of the glandular tissue.([17] with permission)
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cancers are revealed by an elevated prostate specific
antigen (PSA) value and/or positive digital rectal exam-
ination and are subsequently confirmed by ultrasound-
guided biopsy. Prostate carcinoma may also be diag-
nosed as an incidental finding at the occasion of trans-
urethral resection for benign prostate hyperplasia. His-
tologic grade is, next to tumor volume, one of the
strongest predictors of biologic behavior in prostatic
carcinoma, including invasiveness and metastatic po-
tential. Next to the grade, other prognostic factors are
included in therapeutic decision making, including pa-
tient age and health, accurate clinical stage and serum
PSA level [27, 28].

Tumors spread first to penetrate the prostatic cap-
sule and will then extend to the neurovascular bundles
and seminal vesicles. Bladder wall invasion is common-
ly seen in advanced-stage tumors.

The value of high-resolution MRI as an addition to
transrectal ultrasound for local staging of prostate can-
cer remains a matter of debate. In localized tumors, the
detection of the tumor by MRI is limited primarily to
those approximately 70% of lesions that arise from the
peripheral zone.

In localized prostate cancer (stages T1 and T2), life
expectancy after radical prostatectomy is similar to that
in age-matched controls. However, in advanced local
disease (T3 and T4), benefit is questionable. Accurate
pretreatment work-up is thus of utmost importance in
determining management. The task of imaging is to dif-
ferentiate stages localized to the prostate from advanced
tumor spread. Microcapsular invasion is a gray area in
this context. However, it appears not to worsen the prog-
nosis provided the resection margins are free of tumor
[29].

For this purpose, the accuracy of endorectal MRI is
approximately 80% [30–39]. However, the Radiology Di-
agnostic Oncology Group study shows considerable
interindividual differences in interpretation. Accuracy
rates for experienced radiologists were 79% vs 54% for
less experienced colleagues [36]. Contrast-enhanced
T1-weighted endorectal sequences in addition to T2-
weighted images do not generally improve the results,
but may be valuable in isolated cases, for example if the
image quality of the T2-weighted sequence is impaired
by motion artifacts [32, 36, 40, 41] (Figs. 8–10).

Fig. 7A, B. Preoperative work-up in a 70-year-old man with histo-
logically confirmed prostate carcinoma (from [16]). A Axial endo-
rectal T2-weighted FSE image: the normally hyperintense seminal
vesicle content is homogeneously decreased, compatible with tu-
mor infiltration. B Congo red stain (magnification 100¥) of the

seminal vesicles showing homogeneous red-brown subepithelial
and intraluminal amorphous eosinophilic deposits that appear
apple-green under polarized light, compatible with seminal vesicle
amyloidosis

Fig. 8. Axial endorectal T2-weighted FSE image: The normally hy-
perintense peripheral zone of the prostate shows decreased signal
intensity on the left side, compatible with infiltrating tumor. No
evidence of capsule invasion. Histology: stage pT2 adenocarcino-
ma. Coincidental finding: small congenital prostate cyst
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Lymph node metastases are a major determinant of
prognosis and therapy in prostatic carcinoma [42].
Rates of lymph-borne metastasis depend on tumor vol-
ume, histologic differentiation and stage [43]. The main
criteria on cross-sectional imaging for malignant
lymph nodes is a size exceeding 1.5 cm in small diame-
ter. The literature on lymph node staging with both MRI
and CT is disappointing, with sensitivities of 50%–60%,
no doubt because of the high number of micrometastas-
es in normal-sized nodes [43–47].

While bone scintigraphy is still the generally accept-
ed method for excluding bone metastases, MRI has
nowadays become an alternative imaging technique in
this regard [48].

Locally Recurrent Prostate Carcinoma

The frequency of local recurrence after radical prosta-
tectomy is approximately 10% [49]. If detected in its
early stages by clinical examination and serial PSA, it
can often be controlled by radiation or systemic therapy
[50, 51]. PSA is a highly sensitive posttreatment tumor
marker. However, it can be elevated in both local recur-
rence and distant metastasis [52]. Transrectal ultra-
sound is the imaging modality of choice for visualizing
the prostatic bed. However, residual prostate tissue is
found anterior to the vesicourethral anastomosis in up
to 80% of patients. For this reason it can be difficult to
differentiate between a small local recurrence, residual

Fig. 9A, B. Histologically confirmed prostate carcinoma stage pT3.
A Axial endorectal T2-weighted FSE image: tumor infiltration of
the entire prostate gland and extension into the right neurovascu-

lar bundle (arrow). B Axial endorectal T2-weighted FSE image: hy-
pointense tumor invades the normally hyperintense seminal vesi-
cle

Fig. 10A, B. Histologically confirmed high-grade prostate carcino-
ma stage pT4 in a patient with normal PSA-values. Axial (A) and
coronal (B) endorectal T2-weighted FSE image: tumor infiltration

of the entire prostate gland with capsular penetration and inva-
sion of the seminal vesicles and urinary bladder
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normal prostate tissue and scar tissue, particularly giv-
en the postoperative changes in anatomic relationships
[50, 51].

The advantage of MRI is high soft-tissue contrast,
enabling it to view the prostatic fossa in each desired
plane. Tissues can be differentiated by taking a global
view of the data from the various sequences: on T2-
weighted images residual prostate tissue is hyperin-
tense, while local recurrence and scar tissue are hypoin-
tense. Contrast permits further differentiation: tumor
tissue generally enhances, while scar tissue, except in
the first 3–6 postoperative months, generally does not
[53–56] (Fig. 11).

Endorectal MRI may therefore be a valuable backup
to ultrasound. Body coil MRI can scan the regional

lymph nodes and bony pelvis. However, this has only
limited clinical significance, as distant metastases are
rare in this preselected group of patients with generally
low PSA values and small tumor volume.

Other Malignant Prostate Tumors

Uncommon primary prostate tumors include leiomyo-
ma, lymphoma, squamous cell carcinoma as well as sar-
comas. They account for less than 5% of malignant tu-
mors. Prostate metastasis due to hematogenous tumor
spread is also only a rare finding [57] (Fig. 12).

Fig. 11A, B. Histologically confirmed recurrent prostate carcinoma.
A Axial endorectal T2-weighted FSE image: lobulated mass in the
prostatic fossa of medium signal intensity (arrow). B Axial endo-

rectal contrast-enhanced T1-weighted image: the mass shows avid
contrast-enhancement indicative of tumor recurrence rather than
scar tissue (arrow)

Fig. 12A, B. Prostate metastasis of colorectal carcinoma. A Transab-
dominal US: enlarged, inhomogeneous prostate. B Axial endorec-
tal T2-weighted MR image: loss of normal prostatic architecture

and replacement by a large nodular inhomogeneously hypoin-
tense mass. ([57] with permission)



560 Rahel A. Kubik-Huch, Bernd Hamm

The Scrotum

Although the scrotum is a superficial structure, its clin-
ical examination frequently fails to provide a specific di-
agnosis because the clinical history and physical find-
ings are similar in many conditions. Scrotal ultrasound,
considered an extension of the physical examination,
confirms the presumptive clinical diagnosis and pro-
vides relevant additional information. In most clinical
problems, ultrasound (US) supplies sufficient informa-
tion for the correct diagnosis. Significant improvements
in US were achieved with the introduction of color-cod-
ed duplex sonography (CCDS) and of power Doppler
US, which provide information on blood flow over the
entire area of the gray-scale image. A CCDS or power
Doppler examination is indicated in any situation in

which additional information on perfusion is needed to
establish the diagnosis, particularly in testicular tor-
sion, inflammation, scrotal trauma, and varicocele
[58–61]. Other imaging modalities, except in the staging
of testicular cancer, should be used only as problem-
solving approaches. Besides ultrasound, MR imaging is
a particularly useful modality. The latter is primarily
used when the ultrasound findings are equivocal or
suboptimal or when there is a discrepancy between
clinical and US findings.

Normal Anatomy

The scrotum is divided by a midline septum. Each half
of the scrotum contains a testis and its associated struc-
tures. The size of the testis depends on age and stage of
sexual development. US depicts the normal (postpubes-
cent) testicle as a fine-grained structure of homogene-
ous texture and medium echogenicity (Fig. 13), which is
typically interrupted only by the hyperechoic mediasti-
num testis representing the posterior surface of the tu-
nica albuginea projecting into the interior of the testis
[61] (Fig. 14). The mediastinum testis shows wide inter-
individual variation in width and may also differ intra-
individually between the right and left testis. The epi-
didymis, a tubular structure consisting of head, body
and tail, can best be differentiated from the testis on a
longitudinal scan. Its thickest part is the head, which is
visualized as a small cap-like structure situated on the
upper pole of the testis. It may vary in shape and its di-
ameter ranges from 5 to 12 mm. The body of the epidid-
ymis is a very delicate and flat structure with a diameter
of approximately 2–4 mm and is thus not always delin-
eated from adjacent tissue. The tail of the epididymis is
also very flat (approximately 2–5 mm) and surrounds

Fig. 13. Normal testis and epididymis. The testis has a homogene-
ous echo pattern and there is good differentiation between the tes-
tis and the head (curved arrow) and tail (arrow) of the epididymis

Fig. 14A, B. The mediastinum testis (arrow) is shown as a hyperechoic area. It lies eccentrically in the testis (A, B), facing the epididymis.
The septa run toward the mediastinum testis (B) and are typically not seen on ultrasound
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the lower testicular pole in a crescent-shaped manner.
The testicular and epididymal appendages are usually
too small to be always visualized on US scans. The testis
and epididymis are surrounded by a cleft-like space, the
so-called cavum serosum testis. This space may be filled
with a small amount of fluid, even under physiologic
conditions, and may thus be depicted as a thin anechoic
margin (1–3 mm in width), typically around the epi-
didymal head.

On MR imaging, the testes are homogeneous and
isointense to muscle on T1-weighted images and higher
in signal intensity on T2-weighted images. The tunica
albuginea is best seen as a low-intensity line on T2-
weighted images, the mediastinum testis can also be
identified as a low-intensity band. On T1-weighted im-
ages, the signal intensity of the epididymis is slightly
heterogeneous and hypo- to isointense relative to the
testis. The epididymis is more clearly differentiated
from the testis on T2-weighted images because of its
lower signal intensity compared to the adjacent testis.
Intravenous administration of gadolinium compounds
results in hyperintensity of the epididymis relative to
the testis [3, 62].

Mass Lesions

Malignant masses

Testicular cancer is the most common malignancy of
the scrotum, while malignant tumors of the epididymis
and of the spermatic cord are extremely rare. Cancer of
the testis constitutes 1% of all malignancies in men;
however, it is the most frequent cancer in the 15- to 34-
year age group [63]. Testicular tumors comprise germ
cell tumors, tumors originating in the gonadal stroma,
tumors of the lymphoid and hematopoietic system, and
secondary tumors (metastases). Germ cell tumors are
by far the most frequent type (about 95%) [64, 65]. In
addition, tumor-like lesions may be seen in the testes.

Testicular cancer is typically noted as a lump or pain-
less swelling of the testis. The presence of pain does not
exclude testicular cancer: it is present in about 25% of
patients with testicular cancer.

The homogeneous parenchyma of the normal testis
provides an excellent background for the depiction of
intratesticular lesions by both US and MRI (Fig. 15).
Small tumors are visualized as focal lesions, while larg-
er ones may alter the entire testicular structure. The
margins of testicular tumors may be smooth or irregu-
lar. On US, testicular tumors are typically hypoechoic,
but may also be hyperechoic or of mixed echogenicity
[66, 67]. Intratumoral necroses, hemorrhages, or cysts
are depicted as liquid areas (Fig. 16). On MR imaging,
testicular tumors most commonly show a signal inten-
sity similar to that of the normal testis on T1-weighted

images. On T2-weighted images, they are mostly hypo-
intense relative to the normal testis, with a homogene-
ous or heterogeneous signal pattern, and only rarely
demonstrate a signal intensity resembling that of

Fig. 15A–C. Seminoma of the left testicle. Longitudinal scan of the
left testis (A) and transverse scan of both testes (B). Ultrasound
demonstrates a hypoechoic intratesticular mass surrounded by a
small rim of remaining testicular tissue. Gross specimen (C) (from
[36])
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healthy testicular tissue [68]. Color-coded duplex so-
nography depicts testicular tumors as areas of in-
creased, reduced or mixed perfusion and thus does not
add any information for lesion characterization [67].
The same also holds for dynamic gadolinium-enhanced
MR imaging [68, 69] (Fig. 17).

Seminomas typically have a hypoechoic and homo-
geneous texture on ultrasound (Fig. 15) and are of ho-
mogeneously low signal intensity on T2-weighted MR
images [66, 68–70]. Heterogeneous areas within a semi-
noma are produced by regressive processes such as ne-
crosis (Fig. 16).

Nonseminomatous tumors (e.g., embryonal carcino-
ma, choriocarcinoma, teratoma) are characterized by an
inhomogeneous appearance [66, 71]. Marked heteroge-

neity in nonseminomatous tumors results from hemor-
rhage, fibrosis, calcification, or cartilage [66, 72]. Ultra-
sound depicts such structures (apart from hemorrhage)
as dense echogenic foci (Fig. 18). Cystic spaces predom-
inantly occur in teratomas [71]. Since these tumors fre-
quently display a higher signal intensity on T2-weighted
images, they may be isointense or slightly hyperintense
relative to the normal testicular tissue. Therefore, an ad-
ditional clinical examination is of particular impor-
tance for not missing such isointense testicular tumors.

Testicular intraepithelial neoplasia [TIN] is regarded
as the common precursor of all germ cell tumors ac-
cording to the uniform histogenesis theory [73]. This
theory postulates that all germ cell tumors arise from
identical precursor cells, namely testicular intraepithe-
lial neoplasia. These changes at the cellular level, which

Fig. 16A, B. Seminoma, with extensive, partly liquefied necrosis.
Transverse ultrasound (A) demonstrates an enlarged testis with ir-
regular, partly cystic alterations. Small amount of fluid around the
testicle corresponding to a small hydrocele. Gross specimen (B)
(from [67], with permission)

Fig. 17A–C. Malignant nonseminomatous germ cell tumor (em-
bryonal carcinoma). A Axial endorectal contrast-enhanced T1-
weighted image: the mass in the left testis (arrow) shows decreased
contrast-enhancement compared to the normal testicular tissue. B
Axial endorectal T2-weighted FSE image of the testis: well-defined
isointense mass in the left testis (arrow), hydrocele. C Hematoxylin
eosin stain (magnification 50¥): undifferentiated epithelial-like
tumor cells with high mitotic activity and pleomorphic nuclei
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may also be regarded as precancerosis, cannot be iden-
tified by either ultrasound or MR imaging. In patients
with unilateral testicular cancer, ultrasound can be used
to check for a contralateral nonpalpable tumor. An ir-
regular testicular tissue or coarse echogenic spots in
these patients should give rise to the suspicion of a car-
cinoma in situ (CIS) [74].

Benign Masses

Benign neoplasms of the testis account for only about
5% of all testicular neoplasms. They may arise from
Leydig cells, Sertoli cells, or connective tissue stroma.

These tumors typically have a homogeneous appear-
ance and are smoothly demarcated. Neither ultrasound
nor MR imaging can reliably distinguish these tumors
from malignant neoplasms of the testis.

Epidermal cysts are tumor-like lesions of the testis.
They are benign and filled with horny tissue. Enuclea-
tion of the lesion is required since only histology allows
differentiation from teratoma. This intervention is now-
adays performed with preservation of the remaining
testicular tissue. On US, some epidermal cysts actually
resemble cysts in that they may show a markedly hyper-
echoic contour, but their distinctive feature is the pres-
ence of additional internal echoes and a posterior
acoustic shadow (Fig. 19) [71].

Fig. 18A, B. Small malignant teratoma of the testicle. The patient
had undergone left-sided orchiectomy for embryonal carcinoma
10 years previously. Ultrasound (A) demonstrates a focal intrates-
ticular lesion in the lower pole of the right testis. The lesion is
slightly hypoechoic, has poorly defined borders, and contains iso-
lated small echogenic foci (from [67], with permission). Histolog-

ic specimen (B) shows a cartilaginous portion (arrow) within the
malignant teratoma. Patients with a testicular tumor are at an in-
creased risk of developing a second tumor in the remaining testis.
Dense echogenic areas in a tumor may correspond to fibrotic foci,
calcifications, or cartilaginous structures

Fig. 19A, B. Epidermoid cyst. Ultrasound (A) shows an intratesticu-
lar, echo-poor lesion with hyperechoic anterior and posterior mar-
gins. The lesion has a cyst-like appearance but contains internal

echoes and shows posterior acoustic shadowing. Gross specimen
(B) (from [33], with permission)
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Adenomatoid tumors are the most common extra-
testicular neoplasms. They most frequently arise in the
epididymis but may also be found in the spermatic cord
or tunica albuginea. Adenomatoid tumors are depicted
as round lesions, typically demarcated by smooth bor-
ders. On ultrasound, they are usually hyperechoic and
homogeneous in appearance [75] but may also be hypo-
echoic or heterogeneous [76]. They are typically located
in the tail of the epididymis (Fig. 20). Adenomatoid tu-

mors may be difficult to distinguish from epididymal
granuloma (or sperm granuloma).A history of previous
inflammation, trauma, or surgery (vasectomy) helps to
establish the diagnosis of epididymal granuloma.

Simple testicular cysts are rare, and reliable distinc-
tion of these benign cysts from malignant cystic tumors
is of primary importance. The correct diagnosis can
nearly always be made by palpation in combination
with ultrasound (Fig. 21). Sonographically, cystic por-

Fig. 20A, B. Adenomatoid tumor of the epididymis. Solid, hypo-
echoic mass in the area of the tail of the epididymis (A). The tu-
morous lesion is clearly differentiated from the testis. Surgical
specimen (B), excised epididymis (from [33], with permission)

Fig. 21A, B. Simple testicular cyst. Palpation findings were normal
and the cyst was discovered only at ultrasound (A). The surround-
ing testicular parenchyma is of a homogeneous appearance. Histo-
logic specimen (B) demonstrating a regular cystic wall lined with
epithelium (arrow)
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tions of malignant neoplasms are seen as multiple cysts
disseminated within an inhomogeneous lesion, which is
palpated as a firm mass. In contrast, a simple intratestic-
ular cyst is never discovered as a palpable mass [71].
Rather, it is an incidental finding on ultrasound and lo-
cated close to the mediastinum testis. It is a solitary le-
sion in the majority of cases, but multiple lesions are al-
so seen. Histologic examinations have shown that sim-
ple intratesticular cysts originate from the rete testis.
MR imaging typically depicts testicular cysts as sharply
demarcated lesions showing the characteristic signal
intensity of fluid. Their relationship to the mediastinum
testis can easily be demonstrated.

Spermatoceles are rather common cysts of the epi-
didymis. Their lumen is lined with an epithelial layer
and filled with fluid in which sediments of detritus, im-
mobile spermatozoa, and lipids can be identified. Clini-
cally, spermatoceles manifest as palpable, moderately
painful masses at the upper pole of the testis. US and
MRI clearly depict a cystic, smoothly demarcated lesion
typically located in the epididymal head. Spermatoceles
may be unilateral, bilateral, solitary or multiple in loca-
tion. In most cases, ultrasound reliably distinguishes
spermatoceles from solid tumors. A spermatocele can,
however, be associated with a dilatation of the rete testis
and this condition may occasionally mimic a testicular
tumor [77].

Hydroceles are pathologic fluid accumulations locat-
ed between the two layers of the tunica vaginalis testis.
They may be idiopathic in origin or develop in associa-
tion with inflammation (epididymitis or orchitis), sec-
ondary to trauma or testicular torsion, and in the pres-
ence of a testicular tumor. Clinically, hydroceles are usu-
ally painless but frequently prevent palpation of the
underlying testis. They are reliably diagnosed by ultra-
sound as an anechoic fluid collection with smoothly de-
marcated borders. Ultrasound thus yields a definitive
diagnosis of a hydrocele and excludes underlying path-

ologic conditions of the testis or epididymis. Chronic
hydroceles frequently develop septa and their wall be-
comes thickened. They may compress or deform the tes-
ticle (Fig. 22).

MR imaging is hardly ever indicated for diagnosing a
hydrocele. On MR images, hydroceles show the charac-
teristic features of fluid and typically represent an inci-
dental finding.

Acute Scrotum

The term “acute scrotum” comprises all disease entities
that are characterized by the sudden onset of scrotal
symptoms such as pain, swelling, and reddening. These
symptoms may occur alone or in combination. From a
clinical perspective, it is important to rapidly decide
which patients presenting with an acute scrotum re-
quire immediate emergency surgery (e.g., testicular tor-
sion or rupture) and which require initial drug treat-
ment only (e.g., inflammation). Physical examination of
the acute scrotum is limited by swelling and/or pain;
therefore imaging may play a crucial role in identifying
the cause of an acute scrotum. CCDS has a central role
in the differential diagnosis of an acute scrotum since
inflammatory processes are associated with hypervas-
cularization, while testicular torsion is characterized by
the absence of perfusion [60, 61, 68].

Epididymitis and Orchitis

Of all pathologic conditions affecting the epididymis,
epididymitis is the most frequent cause of an acutely
swollen and painful scrotum in adult men.Acute unspe-
cific epididymitis is nearly always caused by descend-
ing, intracanalicular spread of pathogens in patients
with prostatitis, urethritis, or other urinary tract infec-

Fig. 22A, B. Chronic inflammatory hydrocele secondary to recurrent epididymitis. Thick-walled, septate hydrocele (A). The testicle (ar-
row) is small and deformed. Surgical specimen (B)
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tions. Concomitant orchitis is found in up to 20% of pa-
tients with epididymitis. Isolated orchitis is rare except
when caused by a viral infection such as mumps.

During the acute stage, the epididymis is markedly
enlarged (Fig. 23) and, depending on the extent of the
inflammatory process, swelling may either affect the en-
tire organ or be confined to the tail. On clinical exam-
ination, the testis and epididymis usually cannot be pal-
pated separately; however, differentiation should always
be possible on ultrasound or MR imaging. An acutely
inflamed epididymis usually has an inhomogeneous
echotexture with a coarse distribution of echoes (Fig.
23). Compared with the normal testis, the echogenicity
of the epididymis is typically reduced but may occa-
sionally be increased (possibly because of epididymal
hemorrhages) [78, 79]. On MR imaging, the affected
epididymis is enlarged and demonstrates a heterogene-
ous, mostly high signal intensity on T2-weighted imag-
es. Acute epididymitis may be complicated by hemor-
rhages, producing varying signal intensities on T1- and
T2-weighted images. T1-weighted images depict in-
flammatory infiltration and multiple engorged vessels
with signal void due to hypervascularity. Inflammatory
areas are markedly enhanced on gadolinium-enhanced
T1-weighted images.

The diagnosis of epididymo-orchitis is suggested by
the sonographic demonstration of an area of decreased
echogenicity in the testis [68]. The involved area (typi-
cally in the upper pole of the testis), or even the entire
organ, most commonly demonstrates a homogeneous
decrease in echogenicity. The hypervascularization as-
sociated with inflammation can most easily be demon-
strated by CCDS, which thus has a key role in differen-
tiating inflammation from testicular torsion (Fig. 23). In
severe orchitis, the testis is hypoechoic and its echotex-
ture becomes more heterogeneous, and early abscess
formation may be overlooked. Therefore, such patients

require sonographic follow-up while patients with un-
complicated epididymitis do not. On T2-weighted MR
images, testicular inflammation appears as a homoge-
neous or heterogeneous hypointense lesion, which – un-
like a testicular tumor – usually does not produce a
mass effect. The testicular septula remain well-defined
but are thickened, a finding that is in contrast to the loss
of normal architecture frequently observed with inva-
sive neoplastic disease [69]. Abscess formation may oc-
cur (Fig. 24).

Granulomatous orchitis poses a particular diagnos-
tic problem, both on US and MR imaging. Fever and
pain are often absent, and palpation may reveal a firm
mass, mimicking a testicular tumor. Sonographically,
granulomatous orchitis is characterized by enlargement
of the organ and an echopenic, inhomogeneous struc-
ture, which does not allow distinction from a testicular
tumor. The same holds for MR imaging.

Testicular Torsion

The term “testicular torsion” denotes the rotation of the
testis around the longitudinal axis of the spermatic cord
(Fig. 25). It requires immediate emergency surgery to
prevent irreversible damage of testicular tissue. About
65% of cases occur in young males (between 12 and 18
years of age). Too much emphasis, however, should not
be put on age, since the three most frequent causes of an
acute scrotum (epididymitis and torsion of a testicle or
an appendage) occur in all age groups. Testicular tor-
sion may occur in an otherwise completely healthy indi-
vidual and manifests itself by a sudden onset of scrotal
pain followed by swelling.

The sonographic appearance of testicular torsion is
unspecific and diagnostic information from gray-scale
ultrasound is limited [60, 80–82]. Therefore, ultrasound

Fig. 23A, B. Epididymitis. Pronounced enlargement and inhomogeneity of the epididymis (A). CCDS (B) demonstrates increased blood
flow in the inflamed epididymis
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examination of the scrotum should include CCDS stud-
ies. No changes in intrascrotal structures are seen on
gray-scale ultrasound at early stages of testicular tor-
sion. Ultrasound only depicts changes resulting from
hemorrhagic infarction at later stages – when it is too
late in most instances for surgical correction [80]. With
the advent of CCDS, it has now become possible to al-
ready identify testicular torsion at an early stage [60,
83–86]. Whereas the normal testis and epididymis are
characterized by the depiction of isolated flow signals,
flow signals are significantly diminished in partial tor-
sion and absent in complete torsion (Fig. 26). However,
reactive hyperemia of the scrotal skin can be seen. It is
important to bear in mind that the demonstration of
blood flow in the testis does not exclude the possibility
of partial torsion. In general, the reduction of blood
flow to the testis is not immediate or complete; rather,
there is a gradual decrease as the edema increases.
Therefore, not only the absence of blood flow is an im-
portant diagnostic finding but also a decrease com-
pared to the normal contralateral side. Overall, CCDS
has a sensitivity ranging from 82% to 90%, while its
specificity in diagnosing testicular torsion reaches
100% [86].

MR imaging is only rarely performed in patients
with suspected testicular torsion, not least of all because
of the rather long examination times and logistic prob-
lems. Findings on MR imaging include an enlarged
spermatic cord with diminished flow, diffusely de-
creased signal intensity of the testis, and mild to moder-
ate thickening of the tunica albuginea and epididymis
[87]. A twisted cord can be seen as multiple low-inten-

Fig. 24. Testicular abscess formation. The abscess presents as hyperintense on the coronal T2-weighted FSE (A) and hypointense on the
contrast-enhanced T1-weighted image (B) of the testis. Inflammatory changes of the surrounding tissue

Fig. 25. Testicular torsion in a four-day-old newborn with hemor-
rhagic necrosis of the testis and epididymis (intraoperative find-
ing)
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sity curvilinear structures radiating in a whirlpool pat-
tern, which is best depicted in a plane perpendicular to
its axis. The point of the twist may be identified as an ar-
ea of signal void (torsion knot). High-signal intensity
areas on T1-weighted images indicate diffuse intrapa-
renchymal hemorrhage of the testis or epididymis.

Trauma

In patients with traumatic injuries to the testis, hemat-
oma, hematocele, and intratesticular bleeding or testic-
ular rupture have to be distinguished. Palpation is ex-
tremely restricted by severe pain and pronounced
swelling.

Ultrasound easily depicts a soft-tissue hematoma as
an echopenic lesion and additional CCDS can exclude
traumatic testicular torsion (Figs. 27, 28). The diagnosis
of a hematocele is established by the sonographic dem-
onstration of a hydrocele-like fluid accumulation that
contains numerous small internal echoes (Fig. 30). On
MR imaging, most hematoceles initially exhibit medi-
um signal intensity on T1-weighted images and high
signal intensity on T2-weighted images [3, 69]. Chronic
hematoceles usually demonstrate high signal intensity
on both T1- and T2-weighted images.

Intratesticular hemorrhages are depicted as lesions
of low echogenicity on US, mostly with sharply demar-
cated borders and occasionally with a heterogeneous
appearance (Fig. 28). A small tear of the tunica albugin-
ea may be overlooked on ultrasound but advanced tes-
ticular rupture is always visualized. The latter is asso-
ciated with irregularities of the testicular contour and
either hypo- or hyperechoic heterogeneous areas in the
organ (Fig. 29). On MR imaging, the diagnosis of testic-
ular rupture is facilitated by the excellent depiction of

Fig. 26A, B. Testicular torsion. Power Doppler ultrasound (A) dem-
onstrates absence of blood flow from the enlarged and inhomoge-
neous testicle and epididymis; increased blood flow in the perites-

ticular tissue. Regular intratesticular blood flow in a normal testi-
cle on CCDS (B), shown for comparison

Fig. 28. Posttraumatic intratesticular hematomas. The hematomas
are depicted as hypoechoic areas. The testicular contour is pre-
served. The power Doppler mode shows normal testicular perfu-
sion and thus excludes traumatic testicular torsion

Fig. 27. Posttraumatic hematocele in a 10-year-old boy. The power
Doppler mode shows normal perfusion of the testicle and thus ex-
cludes traumatic testicular torsion
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the tunica albuginea. The integrity of the tunica albu-
ginea is best judged on T2-weighted or contrast-en-
hanced T1-weighted images. However, multiple planes
of imaging are often needed for thorough evaluation.
On T2-weighted images, the signal intensity of the in-
jured testis is lower (!) than that of the normal contra-
lateral testis [69]. On contrast-enhanced T1-weighted
images, the injured testis demonstrates less pronounced
enhancement. The signal intensity of intratesticular he-
matoma depends on the time interval elapsed between
bleeding and MR imaging. In the acute phase, low or
medium signal intensity is seen on T1-weighted images
and high signal intensity on T2-weighted images. In the

chronic phase, high signal intensity occurs on both T1-
and T2-weighted images [88].

The Penis

Normal Anatomy

The penis is divided into a ventral compartment com-
prising the bulbous and penile portion of the urethra
and the corpus spongiosum and the dorsal compartment
containing the paired corpora cavernosa [3]. The corpus
spongiosum and the corpora cavernosa are cylindrical
bodies of endothelium-lined cavernous spaces.

MR signal intensities vary dependent on the rate of
blood flow in these cavernous spaces, which in general
shows intermediate signal intensity on T1-weighted and
high signal intensity on T2-weighted images [89].

The penile arterial supply originates from both inter-
nal pudendal arteries, which arise from the internal iliac
arteries. Each internal pudendal artery gives rise to the
perineal and common penile arteries and its branches.
Whereas the larger arteries can be easily visualized by
MR angiography, the smaller end arteries of the penis
can only be visualized by selective angiography [89].

Disease Entities

US is widely used by the urologist as a primary imaging
modality for the penis. If clinical questions, however, re-
main unanswered by US, high-resolution MRI provides
an opportunity to advance imaging evaluation of this
organ.

MRI may be used to characterize congenital abnor-
malities, detect and stage penile and urethral cancers,
identify benign penile masses, diagnose penile fracture
and evaluate the cause of impotence [3, 89–91] (Fig. 30).
Furthermore, it was shown to be helpful in the postop-
erative evaluation of penile prostheses [3, 89].

Fig. 30. A 73-year-old patient with a penile metastasis of urinary
bladder carcinoma. Sagittal T2-weighted MR image: hyperintense
tumor of the corpus cavernosum

Fig. 29A, B. Traumatic testicular rupture. US (A) shows an irregular testicular contour with hypoechoic, ill-defined intratesticular areas
and an accompanying hematocele. Surgical specimen (B). (from [67], with permission)
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Benign Renal Tumors

Introduction

Benign tumors of the kidney and adrenal constitute a
heterogeneous group with different clinical and radio-
logical implications depending on the organ of origin.

In the kidney, benign neoplasms are rare relative to
malignant ones. However, in some cases such as an-
giomyolipoma and multilocular cystic nephroma, an
imaging diagnosis is possible.

In the adrenal, benign tumors are the majority and a
daily challenge in clinical practice. Again, imaging is ca-
pable in many cases to achieve a definitive diagnosis
differentiating them from malignancy, particularly me-
tastasis, both in the kidney and adrenal knowledge of
the underlying pathology is helpful in understanding
the key imaging findings.

Angiomyolipoma

Definition

Angiomyolipoma is a neoplasm consisting of three tis-
sue elements: blood vessels, smooth muscle and fat,
hence the name angiomyolipoma [1].

Chapter 

Contents

Benign Renal Tumors  . . . . . . . . . . . . . . . . . . . . . . 573
Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . 573
Angiomyolipoma  . . . . . . . . . . . . . . . . . . . . . . . 573

Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 573
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 574
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 574
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 575

Multilocular Cystic Nephroma  . . . . . . . . . . . . . . . 576
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 576
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 576
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 577
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 577

Oncocytoma  . . . . . . . . . . . . . . . . . . . . . . . . . 578
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 578
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 578
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 579
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 579

Mesoblastic Nephroma . . . . . . . . . . . . . . . . . . . . 581
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 581
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 581
Clinical Findings  . . . . . . . . . . . . . . . . . . . . . . 581
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 581

Juxtaglomerular Tumor  . . . . . . . . . . . . . . . . . . . 583
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 583
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 583
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 583
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 583

Mesenchymal Tumors  . . . . . . . . . . . . . . . . . . . . 584
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 584
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 584
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 584
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 584

Benign Adrenal Tumors  . . . . . . . . . . . . . . . . . . . . 585
Adenoma  . . . . . . . . . . . . . . . . . . . . . . . . . . . 585

Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 585
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 585
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 586
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 586

Pheochromocytoma  . . . . . . . . . . . . . . . . . . . . . 588
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 588
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 588
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 589
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 589

Myelolipoma  . . . . . . . . . . . . . . . . . . . . . . . . . 590

Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 590
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 590
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 590
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 590

Ganglioneuroma  . . . . . . . . . . . . . . . . . . . . . . . 591
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . 591
Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . 591
Clinical Setting  . . . . . . . . . . . . . . . . . . . . . . . 592
Radiologic Findings  . . . . . . . . . . . . . . . . . . . . 592

Very Rare Benign Adrenal Tumors  . . . . . . . . . . . . . 592

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 592

5.3Benign Renal 
and Adrenal Tumors

David S. Hartman, Matthew S. Hartman



574 David S. Hartman, Matthew S. Hartman

Pathology

On gross examination, most angiomyolipomas are
smoothly rounded or ovoid and circumscribed but lack
a tumor capsule (Fig. 1A). The size ranges from less than
a centimeter to over 20 cm. The tumor compresses and
distorts the renal parenchyma and collecting system but
does not invade it. It is not uncommon that a large por-
tion of the mass projects into the perirenal space with
only a small intrarenal component. Intratumoral hem-
orrhage and necrosis are common.

Although every angiomyolipoma is composed of all
three cellular constituents, their relative amounts vary
tremendously. Those composed primarily of fat will be
yellow, while those composed primarily of muscle will
be tan or gray.

Small angiomyolipomas are a common finding in the
kidney at autopsy or as an incidental finding on com-
puted tomography, ultrasonography, and magnetic res-
onance imaging. These small angiomyolipoma usually
are clinically silent, and do not distort the kidney.

Histologically aggregates of abnormal thick-walled
vessels are admixed with varying amounts of adipose
tissue and smooth muscle. Fat cells vary considerably in
size but otherwise resemble normal adipose tissue. The
smooth muscle component is pleomorphic, but mitotic

Fig. 1A, B. Angiomyolipoma pathology. A Gross specimen. The tu-
mor measures 9 cm and compresses the kidney. The yellow area
represents intratumoral fat.A large area of hemorrhage is conspic-
uous. B Normal vessel left, angiomyolipoma right. The vessel is de-

void of elastica. The smooth muscle forms a collar about the pe-
riphery of the vessel exhibiting a perpendicular orientation to the
vessel lumen

figures are uncommon. The vascular component is the
most characteristic feature of the angiomyolipoma
(Fig. 1B). The smaller arteries are devoid of elastica.
Smooth muscle forms a collar about the periphery of a
vessel often exhibiting a perpendicular orientation to
the vessel lumen. This abnormal morphology may re-
sult in the aneurysms.

Because of the frequency of hemorrhage, perirenal
extension and pleomorphism of the myomatous ele-
ments, these tumors may lead to an erroneous patho-
logic diagnosis, usually liposarcoma, leiomyosarcoma,
or spindle cell carcinoma. Although there have been
case reports of angiomyolipomas engulfing adjacent
lymph nodes and extending into the inferior vena cava,
distant metastases are extremely rare.

Clinical Setting

Most angiolipoma occur as an isolated finding and not
associated with tuberous sclerosis. In the majority of
these cases, the angiomyolipoma is clinically silent. Dis-
covery often occurs during the radiological evaluation
of the abdomen for unrelated symptoms. Less common-
ly, patients may present with pain, hematuria and or a
mass. Hemorrhage within or around the tumor may
produce flank pain, hypotension, and hematuria. An-
giomyolipoma is discovered in women more often than
in men. Most symptomatic angiomyolipomas occur as,
a solitary renal mass in otherwise normal individuals.
Lesions larger than 4 cm in diameter may hemorrhage
more frequently than smaller tumors. Approximately 80
percent of patients with tuberous sclerosis have an-
giomyolipoma which are usually multiple and bilateral.
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Radiologic Findings

Overview. The presence of a fatty renal mass is very
suggestive of angiomyolipoma. The best radiologic
techniques to detect this fat are computed tomography
and magnetic resonance imaging [2, 3]. Unfortunately
this finding is not specific, as renal cell carcinoma very
rarely will also contain fat.

Excretory Urography. In sporadic cases, angiomyo-
lipoma causes a unilateral, unifocal renal mass.When as-
sociated with tuberous sclerosis, there are typically mul-
tiple, bilateral masses. Rarely the angiomyolipoma will
demonstrate a radiolucency within the mass when a
large component of fat is present. This lucency is signifi-
cant only on films obtained before administration of
contrast material, since any radiolucency seen within a
tumor following contrast material more likely represents
necrosis or diminished perfusion rather than fat. This
fat-related radiolucency on the KUB is an infrequent ra-
diographic observation, being reported in less than 10
per cent of patients. Other urographic features of an-
giomyolipoma are related to the mass effect of the lesion.

Computed Tomography. Fat in a renal tumor is a
finding that is very suggestive of angiomyolipoma
(Fig. 2). As the angiomyolipoma may be largely extrar-
enal, the fatty component may be easily confused with a
primary retroperitoneal tumor such as liposarcoma.
Computed tomography is extremely valuable in detect-
ing the nephrographic defect that indicates the true re-
nal origin of the mass. Sagittal and coronal images are
especially useful for tumors, which arise, in the upper or
lower pole. Intermixed with the fat are muscle and blood
vessels, with attenuation values similar to those of renal

parenchyma. Large aneurysms can occasionally be rec-
ognized as foci of intense enhancement similar to the re-
nal artery. Recent hemorrhage can be recognized by
higher attenuation values. Computed tomography is al-
so of value in documenting perinephric blood, which
may be massive, and life threatening. It there is a small
fatty component; pixel mapping may be very helpful in
establishing the diagnosis (Fig. 3). If the fatty compo-
nent is not detectable, the computed tomographic find-
ings are those of other solid tumors (e.g. renal cell carci-
noma). Calcification is uncommon in angiomyolipoma.

Ultrasonography. The typical angiomyolipoma has
an echogenicity similar to that of perirenal or renal sinus
fat (Fig. 4).As a result of the hyperechogenicity, small an-
giomyolipomas may be quite conspicuous. It is to be em-
phasized, however that this finding of an echogenic renal
mass is not specific to angiomyolipoma, since adenocar-
cinoma may yield a similar image When the fatty compo-
nent is minimal, or obscured by hemorrhage, the an-
giomyolipoma is typically less echogenic than the renal
sinus fat and may be isoechoic with the renal parenchy-
ma. Especially if small, these nonfatty angiomyolipomas
are more difficult to detect and impossible to differen-
tiate from other renal tumors. Most of the angiomyolip-
oma may be extrarenal and simulate a retroperitoneal
soft tissue origin rather than a renal origin.

Magnetic Resonance Imaging. As with CT, it is the
identification of the fatty component on MR that en-
ables confident diagnosis. The fatty components of an-
giomyolipoma have a similar signal to that of renal si-
nus and retroperitoneal fat. Fat-suppressed images are
extremely helpful and demonstrate signal loss within
the mass (Fig. 5).Areas if muscle, blood vessel and hem-
orrhage will have a less characteristic signal. If fat can-
not be identified with certainty, a presumptive diagno-
sis of angiomyolipoma cannot be made. In exophytic
tumors, especially those arising from the upper or low-
er pole, coronal or sagittal images may be of value in
differentiating an angiomyolipoma from a primary ret-
roperitoneal tumor. As the fat within an angiomyolipo-
ma is adipose tissue and not intracellular lipid, chemi-
cal shift imaging is not definitive in the MR diagnosis of
angiomyolipoma.

Angiography. Typically, the angiomyolipoma is hy-
pervascular. Suggestive features include one dominant
feeding artery with a circumferential arrangement of
vessels around the tumor and multiple aneurysms. Un-
like renal cell carcinoma, arteriovenous shunting is typ-
ically absent. Since these angiographic features are non-
specific and may be seen in renal adenocarcinoma, an-
giography is not used for diagnosis. The primary utility
of angiography is in preoperative embolization, and in
those cases with active tumoral bleeding.

Fig. 2. Angiomyolipoma, CT findings. Computed tomogram, unen-
hanced. There is a 1.5 cm fatty mass with a density similar to adja-
cent retroperitoneal fat. The ventral portion of the tumor is of tis-
sue density and probably represents hemorrhage or myomatous
elements
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Multilocular Cystic Nephroma

Definition

Multilocular cystic nephroma is an uncommon, nonfa-
milial renal neoplasm composed of a well circum-
scribed encapsulated mass that contains multiple, non-
communicating fluid-filled locules [2, 4]. It is usually al-
though not invariably benign.

Pathology

On gross examination, the multilocular cystic nephro-
ma is well circumscribed by a thick capsule. Typically
the tumor compresses the adjacent renal parenchyma.

Fig. 3A–C. Value of pixel mapping in angiomyolipoma with a small
amount of fat. A Contrast-enhanced computed tomogram. There is
a well-defined mass compressing the renal pelvis. Although the
mass is heterogeneous, fat is not clearly apparent. B Computed to-
mogram, unenhanced. Individual pixels within the square will be
displayed. C Quantitative values for each pixel. Note that the center
of the mass has values indicative of fat (–58, –50 and –43 Houns-
field units). Case courtesy Brent Wagner, M.D. Reading, PA

Fig. 4. Angiomyolipoma, ultrasound features. Longitudinal sono-
gram through the right kidney. The hyperechoic mass is very sug-
gestive, although not diagnostic for angiomyolipoma

Fig. 5. Angiomyolipoma, MR findings. T2 weighted, fat suppressed
scan. There is a 2 cm angiomyolipoma in the right kidney with the
same signal of that of adjacent retroperitoneal fat which is black
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These tumors can vary from several centimeters to
greater than 30 cm. The average size in one large series
was 10 cm [5]. Extension of the mass through the renal
capsule into the perinephric space is frequent.

On cut sections, the individual locules are variable in
size, contain nonhemorrhagic fluid and do not commu-
nicate with each other (Fig. 6A) Most locules vary in size
from several millimeters to 2.5 cm. Occasionally, howev-
er, an individual locule may measure 8 cm in diameter.
The locules are separated by thin, translucent septa.
Hemorrhage and necrosis are uncommon. Occasionally
a portion of the tumor will herniate into the renal pelvis
and may obstruct portions of the collecting system.

Microscopically multilocular cystic nephroma is well
circumcised by a dense fibrous capsule composed of
collagen. The cysts are lined by flattened or cuboidal
epithelial cells. In many cases this epithelium projects
into the lumen of the locule to create “hob-nail”or “tear-
drop” appearance (Fig. 6B). The septal stroma is com-
posed of small spindle cells with sparse cytoplasm.

Very rarely the multilocular cystic nephroma will
have a stroma that is sarcomatous. Metastases may be
histologically similar to the stromal component of the
renal lesion. The epithelial elements are not present in
the metastases.

Clinical Setting

Multilocular cystic nephroma has a biphasic age and
sex distribution: One peak in prevalence occurs in in-
fants and young children with a second peak in middle-
aged adults. In children, boys are more commonly af-
fected than girls. In the adult, the multilocular cystic

nephroma is more common in women. In infants this le-
sion is usually discovered as a palpable mass. In the
adult most present with pain, a palpable mass or with
hematuria (especially those with pelvic herniation). Oc-
casionally the multilocular cystic nephroma is discov-
ered incidentally when imaging is being performed for
unrelated symptoms.

Radiologic Findings

Overview. The multiloculated appearance is readily
identifiable on CT, ultrasound, or MRI (Fig. 7). Al-
though the findings of pelvic herniation and lack of
hemorrhage and venous invasion favor its diagnosis,
the multilocular cystic nephroma is indistinguishable
from cystic renal cell in the adult and cystic Wilms tu-
mor in the child. The ultimate differentiation is micro-
scopic.

Excretory Urography. The typical case demonstrates
a large renal mass that distorts the renal contour and
the collecting system. Curvilinear or punctate calcifica-
tion may be detectable in the walls of the locules. Faint
linear opacification within the mass may be detectable
because of the contrast in the vascularity of the septa.
The interface between the lesion and the adjacent renal
tissue is sharply defined confirming the renal origin.
Herniation of one or more locules into the pelvis
presents as a well-defined, nonopaque filling defect. Ob-
struction of the collecting system may occur. Rarely
there is nonvisualization of the collecting system secon-
dary to extensive pelvic herniation.

Fig. 6A, B. Multilocular cystic nephroma, pathology. A Cut gross
specimen. The individual locules vary in size and do not commu-
nicate with one another. B Photomicrograph. The epithelial cells

project into the lumen of the locule (“hob-nail” appearance). The
stroma is composed of small spindle cells with sparse cytoplasm
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Computed Tomography. On computed tomographic
images (Fig. 7A), multilocular cystic nephroma is a
well-defined mass arising from the kidney. The locules
vary greatly in size, with variation in attenuation values
from that of water to slightly higher. The portion of the
tumor that has prolapsed into the pelvis may be identi-
fied by the adjacent contrast material in the collecting
system. The enhancing septa are much more apparent
after contrast material is administered. The fluid-filled
locules do not enhance. Computed tomography detects
calcium in the septa much more often than does the
plain abdominal film.

Ultrasonography. The ultrasonographic appearance
is that of a well-defined, sharply marginated complex
cystic mass. (Fig. 7B) The larger cysts are echo free
while the septa are echogenic. Extremely small cysts,
each too small to be individually resolved, may be im-
aged as an echogenic foci which paradoxically appear to
be solid portions of the mass.

Magnetic Resonance Imaging. Signal intensity of the
fluid within the locules is similar to that of water, (hy-
pointense on T1-weighted images and hyperintense on
T2-weighted images) (Fig. 7C). As with enhanced CT,
the septations enhance after gadolinium administration
are more apparent than on the nonenhanced images.
Increased signal intensity within one or more locules,
most likely represents increased protein content or less
likely hemorrhage within the locule.

Angiography. Angiography is seldom required, but
may reveal neovascularity traversing the septa and
around the mass. The septa can be seen during the
nephrographic phase as bands of radiodensity coursing
through and surrounding radiolucent, the fluid-filled
locules. These angiographic findings are indistinguish-
able from neovascularity in other tumors.

Oncocytoma

Definition

Renal oncocytoma, a subgroup of renal adenoma, is a
benign neoplasm that arises from tubular epithelial
cells of the kidney [1, 2]. The renal oncocytoma is unre-
lated to oncocytomas in other organ systems.

Pathology

Oncocytomas are usually solitary, occasionally multi-
ple, and rarely bilateral. They may be familial. They may
coexist with renal cell carcinoma in the same kidney.
Rarely, a single renal mass will be comprised predomi-

Fig. 7A–C. Multiloculated mass, typical imaging features. A Com-
puted tomogram, contrast medium enhanced. There is a large
multiloculated mass arising from the right kidney. Each locule is
of water density. The septa show prominent enhancement. B Lon-
gitudinal sonogram, right upper abdomen. Typically the tumor
will consist of larger echo free cysts separated by echogenic septa.
C T2-weighted, fat suppression MR scan of the right kidney. Typi-
cally the tumor will consist of high signal, fluid-filled locules and
low signal septa
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nantly of oncocytes yet have a small focus of renal cell
carcinoma.

Oncocytomas may grow to a large size and are usual-
ly, but not invariably homogeneous in consistency. On
cut surface, they are well circumscribed and have a uni-
form mahogany brown or beefy red color. The central
portion of the cut surface frequently shows a character-
istic whitish stellate scar (Fig. 8A). Necrosis, hemor-
rhage and vascular invasion are very uncommon.

Although this gross is very suggestive of oncocyto-
ma, the diagnosis is made utilizing light microscopy.
The tumor is characterized by uniform finely granular
eosinophilic cytoplasm and-round-to oval, small nuclei
(Fig. 8B). The intense eosinophilic staining is a result of
the large number of mitochondria typically present Nu-
clear pleomorphism is either absent or present focally.
Very few mitotic figures are present. Cells near the stel-
late scar form small nests, which are separated by loose,
hyalinized, edematous stroma. Peripherally, cells are ar-
ranged in solid sheets with delicate fibrovascular stro-
ma. Dystrophic calcification is uncommon, but may oc-
cur.

Clinical Setting

Oncocytomas are usually seen in middle and old age.
Men are more commonly affected than women (ratio
1.7 : 1). Most are detected as an asymptomatic renal

mass. Oncocytomas may grow to a size large enough to
be palpable, painful, and cause gross or microscopic
hematuria.

Radiologic Findings

Overview. Although historically it was felt that radio-
logic diagnosis of oncocytoma was possible by detect-
ing the central scar, or a “spoke wheel” arterial supply, it
has been found that all of these findings are nonspecif-
ic [6]. Confident differential from renal cell carcinoma
is impossible [7].

Excretory Urography. Urographic features of onco-
cytoma are related to the mass effect of the mass. De-
pending upon size, there may be alteration of the renal
contour with or without displacement or dilatation of
the collecting system. Calcification is uncommon, but
may be seen in the region of the central scar.

Computed Tomography. An oncocytoma appears as
a focal, ball-shaped, homogeneous mass. On noncon-
trast enhanced scans, the area isodense or very slightly
less dense than normal renal tissue. Contrast enhance-
ment is usually homogeneous and less than that of the
normal renal parenchyma.

The most suggestive feature of oncocytoma is a cen-
tral, stellate area, representative of a central scar (Fig. 9).

Fig. 8A, B. Oncocytoma, pathology. A Cut gross specimen. The tu-
mor is well circumscribed with a color similar to normal kidney.
Centrally there is a prominent stellate scar. B Photomicrograph.

The cells exhibit intense, uniform eosinophilic staining. The nuclei
are small without nuclear pleomorphism or mitotic figures
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Unfortunately, this pattern overlaps the appearance of
central necrosis seen with some adenocarcinomas, and
cannot be used as a reliable indicator for the diagnosis
of oncocytoma.

The presence of a homogeneous mass without a scar
cannot be distinguished from nonnecrotic renal cell
carcinoma (Fig. 10). An even less suggestive appearance
of the oncocytoma is that of a heterogeneous mass on
unenhanced and /or enhanced CT scans. This pattern is
clearly indistinguishable from that of renal cell carcino-
ma.

Ultrasonography. The typical oncocytoma will be
recognized as an evenly echogenic solid mass. The cen-
tral scar has been described both as an area of in-
creased or decreased echogenicity. In either case the

sonographic appearance is not specific enough to con-
fidently distinguish it from a malignant tumor.

Magnetic Resonance Imaging. The most suggestive
features of oncocytoma are a homogeneously enhanc-
ing solid tumor with a central scar. The scar may be ei-
ther hyperintense or hypointense. The absence of hem-
orrhage, necrosis, adenopathy, or venous tumor throm-
bus is noteworthy, but do not distinguish an oncocyto-
ma from a renal cell carcinoma or other malignancies.

Angiography. Oncocytoma is usually a vascular, en-
capsulated mass that has neovascularity and a homoge-
neous nephrogram. The scar is typically avascular and
may be seem in the angiographic nephrogram. There is
no characteristic arrangement of the feeding arteries

Fig. 9. Renal cell carcinoma. Computed tomogram, contrast medi-
um enhanced. There is a large right renal mass with a well-defined
central density which resembles the scar of an oncocytoma. On-
cocytoma cannot be confidently differentiated radiologically from
renal cell carcinoma

Fig. 10A, B. Coexistent oncocytoma and renal cell kidney in the
same kidney. A Computed tomogram, contrast medium enhanced.
There is a well-defined, homogeneous 2 cm mass, which enhanced
68 Hounsfield units. B Section through the lower pole shows a
1.2 cm mass. The larger mass was an oncocytoma, the smaller
mass a renal cell carcinoma
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that distinguishes this tumor from other tumors. Arte-
rial encasement, arterio-venous shunting, and venous
invasion are absent.

Mesoblastic Nephroma

Definition

Mesoblastic nephroma a rare benign renal neoplasm
that usually presents in the neonate and is composed
primarily of connective tissue [1, 8].

Pathology

The typical tumor is a solid, yellow-tan, unencapsulated
mass of 8–30 cm replacing most of the kidney paren-
chyma. The cut surface has a whorled appearance re-
sembling a uterine leiomyoma. The tumor is unencap-
sulated with its margins blending imperceptibly with
normal renal parenchyma (Fig. 11A). Hemorrhage and
necrosis are uncommon. Typically the tumor does not
invade the renal pedicle, extend into the renal pelvis or
metastasize.

Two types of cysts may be present. There may be dis-
crete areas of cystic degeneration (pseudocyst). There
may be small fluid-filled epithelial-lined cysts located
near the junction of the tumor and uninvolved paren-
chyma (“trapped nephrons” vs. benign epithelial diffe-
rentiation).

Microscopically the tumor consists of interlacing
bundles of benign mesenchymal cells.At the renal inter-
face, the spindle cells grow between intact nephrons
(Fig. 11B). Within the tumor small numbers of tubules
and nephrons may be discovered.

Clinical Findings

The mesoblastic nephroma is the most common solid
renal mass discovered in the newborn or neonate. There
is no predilection for race or gender. Mesoblastic neph-
roma is rarely discovered in older children or adults.

Mesoblastic nephroma is usually discovered either in
utero during an obstetric sonographic examination or
in the newborn as a large, nontender abdominal mass.
Polyhydramnios, which may be acute and give rise to
premature labor, is a well-recognized complication of
mesoblastic nephroma. The large size of the mass in the
fetus may also cause dystocia.

Radiologic Findings

Overview. Mesoblastic nephroma is best evaluated
utilizing ultrasonography.

Excretory Urography. Although seldom utilized, the
urographic features of mesoblastic nephroma include
large, non-calcified renal mass with distortion of the re-
maining parenchyma.

Fig. 11A, B. Mesoblastic nephroma replacing the right kidney. A Cut
gross specimen. The tumor replaces almost the entire right kidney.
The reniform shape is maintained. B Photomicrograph. The tumor

is comprised of interlacing bundles of benign mesenchymal cells,
which infiltrate between intact nephrons
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Computed Tomography. Mesoblastic nephroma is
characteristically large and of homogeneous tissue at-
tenuation both before and after contrast material en-
hancement. Like other renal masses enhancement is
less than normal renal tissue. Hemorrhage, necrosis,
cyst formation, and calcification are uncommon.

Ultrasonography. Mesoblastic nephroma is usually
typically evenly echogenic with low-level echoes. Cystic
areas within the tumor may be identified as small, dilat-
ed, fluid-filled structures. Necrosis, although uncom-
mon, is seen as focal hypoechoic areas within the echo-
genic mass. In utero diagnosis is suggested with the
combination of polyhydramnios and a solid abdominal
mass (Fig. 12).

Magnetic Resonance Imaging. Mesoblastic nephro-
ma is usually imaged as a large reniform mass, which
enhances less than normal renal parenchyma (Fig. 13).

Fig. 12. Mesoblastic nephroma detected on a maternal sonogram.
Transverse scan through the fetal abdomen demonstrates a 7.5 cm
solid, echogenic mass. Note also the presence of polyhydramnios

Fig. 13A, B. Mesoblastic nephroma. T1-weighted coronal (A) and sagittal (B) scans show a large solid mass within the left kidney. Note that
the reniform shape is maintained
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Juxtaglomerular Tumor

Definition

Juxtaglomerular tumor is a benign renal tumor, which
secretes renin and is rare but curable cause of signifi-
cant hypertension [1, 9].

Pathology

The tumor is usually small, solitary, and confined to the
kidney. The average tumor size is small, usually because
affected patients come to medical attention because of
their symptoms. Most are located just beneath the renal
capsule. On gross inspection, the juxtaglomerular cell
tumor is usually tan or gray, sharply marginated, and of-
ten demarcated from the surrounding parenchyma by a
pseudocapsule (Fig. 14A). Small foci of hemorrhage
within the tumor are common. Like other peripherally
located renal tumors, they may present with massive
perinephric hemorrhage.

Microscopically, these tumors are composed of
sheets and/or cords of cells associated with numerous
blood vessels. The cells resemble smooth muscle cells

Fig. 14A–C. Juxtaglomerular tumor arising from the lower pole of
the left kidney. A Gross specimen. A 4 cm mass arises exophytical-
ly from the lower pole of the kidney. B Photomicrograph. The walls

of blood vessels are composed of tumor cells. C Excretory uro-
gram, left posterior oblique. There is a 4 cm mass originating from
the lower pole of the left kidney

and form eddies about minute vascular channels. The
media of small arteries may be composed of numerous
cells identical to those of the tumor, thus recapitulating
the morphology of the juxtaglomerular apparatus
(Fig. 14B). Cytoplasmic granules can be demonstrated
with PAS or Bowie stains. The tumor may contain 30,000
times as much renin as the adjacent renal cortex.

Clinical Setting

Juxtaglomerular tumor often presents in teenagers or
young adults and women are more frequently involved
than men. The most frequent presenting symptoms in-
clude moderate to severe headache (hypertension),
polydipsia polyuria, including enuresis (kaliopenic
nephropathy), and intermittent neuromuscular com-
plaints (hypokalemia). Hypertension, frequently mod-
erate to severe, is invariably present and may be accom-
panied by retinopathy. Hypertension is often present for
many years, uncontrolled by antihypertensive medica-
tion. An abdominal or flank bruit is absent.

The peripheral renin level is usually elevated, with
evidence of secondary aldosteronism that persists even
if the hypertension is controlled medically. Renal func-
tion is usually normal unless complicated by hyperten-
sive nephropathy.

Radiologic Findings

Overview. The radiologic findings of juxtaglomeru-
lar cell tumor are nonspecific. Like other hormone se-
creting tumors, the diagnosis is made clinically and the
radiologic findings are confirmatory.
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Excretory Urography. The excretory urogram may
demonstrate a small, well-defined mass that is often pe-
ripheral (Fig. 14C). Because the mass is frequently
small, the urogram is often normal.

Computed Tomography. The juxtaglomerular cell
tumor is usually hypodense or isodense with normal
renal parenchyma. Especially when the tumor is small it
may not be detected on unenhanced scans and be very
subtle on enhanced scans. CT may also be helpful in
identifying the extent of the tumor as well as detecting
intratumor hemorrhage or necrosis.

Ultrasonography. The juxtaglomerular cell tumor is
usually more echogenic than normal renal parenchy-
ma, possibly because of the numerous interfaces
between the juxtaglomerular cells and the abundant
small vascular channels within the tumor. Hemorrhage
and necrosis may are typically hypoechoic areas within
the mass. Less commonly, a hypoechoic solid tumor
without evidence of necrosis is encountered.

Angiography. In some cases of juxtaglomerular cell
tumor patients are misdiagnosed clinically as renal vas-
cular stenosis. The former will have normal renal arter-
ies whereas the latter will have renal artery stenosis.

When a case of suspected renal artery stenosis has
normal renal arteries, careful evaluation for juxtaglo-
merular cell tumor is warranted. Despite the presence of

abundant microscopic vascular spaces within the tu-
mor, arteriography demonstrates a hypovascular mass
since the vessels are so small.

Mesenchymal Tumors

Definition

Mesenchymal tissue gives rise to fibroma, lipoma, myo-
ma, angioma, and lymphangioma [2].

Pathology

Tumors of mesenchymal origin are usually small and
do not distort either the internal architecture or the
contour of the kidney. They are most often incidental
findings at nephrectomy or autopsy. Less commonly
they present as a large intrarenal mass (Fig. 15). Micro-
scopically they are identical to similar tumors else-
where in the body.

Clinical Setting

Benign mesenchymal tumors of the adult kidney be-
come symptomatic only when they grow large enough
to cause pain or hematuria, or both. Those which are
small often escape clinical detection and are discovered
at autopsy or when there is a nephrectomy for another
disease.

Radiologic Findings

Overview. A specific radiologic diagnosis of mesen-
chymal tumors is impossible. Even a rare renal lipoma
cannot be distinguished from the more common an-
giomyolipoma. The radiologic findings are nonspecific.
Confident differential from other benign or malignant
tumors is impossible.

Excretory Urography. Urographic features of mesen-
chymal tumors are the same as those of any other solid
tumor, either benign or malignant, and are related to the
mass effect of the lesion. These include focal collecting
system attenuation and displacement or focal caliectasis
due to local pressure on a draining infundibulum.

Computed Tomography and Magnetic Resonance
Imaging. Mesenchymal tumors usually are homogene-
ous expansive masses that enhance following adminis-
tration of contrast material, Like other renal tumors, the
enhancement is less than surrounding normal renal pa-
renchyma (Fig. 15).

Fig. 14C
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Ultrasonography. Most mesenchymal tumors are
echogenic solid masses either deep within the paren-
chyma or on the surface of the kidney.

Angiography. Mesenchymal neoplasms of the kidney
are usually hypovascular. Angiography could provide
valuable information for surgical planning if nephron-
sparing surgery is to be performed.

Benign Adrenal Tumors

Adenoma

Definition

Adrenal cortical adenoma is a benign neoplasm arising
from adrenal cortical cells that resemble normal adren-
al cells histologically.

Pathology

Adrenal adenomas show considerable variation in gross
appearance. They vary in size from barely visible to
10 cm. Larger adenomas more commonly seen in pa-
tients with virilizing syndromes where the average size
is 5 cm. Adenomas which have abundant intracellular
lipid (lipid-rich) are typically yellow (Fig. 16A). Those
with less intracellular lipid (lipid-poor) may be red,
brown or black (Fig. 16B). Tumor necrosis is uncom-
mon. Approximately 70% of adenomas are lipid-rich.

Microscopically, the cells tend to be fairly uniform.
Pleomorphism is uncommon. Tumor necrosis is un-

Fig. 15A–C. Large leiomyoma originating from the lower pole of
the left kidney. A Gross specimen. A 7 cm nonnecrotic tumor aris-
es from the lower pole of the left kidney. B Computed tomogram,
contrast medium enhanced, pyelographic phase. The tumor is ho-
mogeneous, ball-shaped and distorts the collecting system and
contour. C Coronal MR image, T1-weighted. The mass is homoge-
neous and has a signal similar to the kidney
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common and often a complication of thrombosis.Aden-
omas causing the adrenogenital syndrome are the most
difficult to separate from malignancy, especially when
the tumor is large. Features that favor malignancy in-
clude nuclear pleomorphism, mitotic activity and tu-
mor necrosis.

Clinical Setting

Adrenal adenomas may produce hormones resulting in
hypercortisolism, hyperaldosteronism, masculinization
and feminization. More commonly, however, cortical
adenomas do not hyperfunction and are detected as an
incidental mass (incidentaloma). Cortical hormones are
synthesized but not in excessive quantities, hence, the
term nonhyperfunctioning rather than nonfunctioning
adenoma. . Functioning and nonfunctioning tumors of-
ten have an identical gross and radiologic appearance
Functioning adenoma may suppress normal adrenal
function result in some degree of atrophy of normal ad-
renal tissue. Nonhyperfunctioning adenomas greater
than 3 cm in diameter occur in approximately 3 per cent
of autopsied. Prevalence increases with age.

An increased prevalence of adenoma has been re-
ported in patients with diabetes, hypertension, renal
adenocarcinoma, and hereditary colonic adenomatosis.

Radiologic Findings

Overview. The identification of adenoma in a patient
with adrenal hyperfunction (e.g. hypercortisolism, hy-
peraldosteronism) is usually straightforward. The most
challenging task of adrenal imaging is to distinguish
the nonhyperfunctioning adenoma from metastasis.
This is best accomplished by detecting intracellular lip-
id (CT or MR) or by evaluating the CT washout dynam-
ics after administration of contrast media [10–12].

Computed Tomography. Lipid-rich adenomas will
appear as a homogeneous mass, with a diameter less
than 5 cm, and an attenuation value between –5 and
+10 Hounsfield units on an unenhanced scans
(Fig. 17A).

Lipid-poor adenomas are typically homogeneous,
less than 5 cm but have an attenuation value of greater
than 10 Hounsfield units on an unenhanced scan
(Fig. 17B). In these cases, adrenal washout is very help-
ful in differentiating adenoma from metastasis.

Upon immediate administration of intravenous con-
trast material (60 s), adrenal adenomas and metastases
will have nearly identical attenuation values. However,
adenomas will lose their enhancement more quickly
than metastases. This rapid wash out of enhancement
can be measured and can be used to confidently differ-
entiate adenomas from metastases. An attenuation cut-

Fig. 16A, B. Adrenal adenoma, pathology. A Lipid rich adrenal
adenoma, gross specimen, cut section. The yellow color results
from the abundant lipid within the tumor. The tumor measures
2 cm, is sharply circumscribed and is nonnecrotic. B Lipid poor ad-

renal mass, gross specimen, cut section. The tumor is brownish-
red color is more typical of an adenoma which does may contain
abundant lipid. The adenoma is well-defined and nonnecrotic
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off of 24 HU on enhanced CT performed 12 to 18 min-
utes after contrast administration can differentiate
adenomas (24 HU) from metastases (>24 HU) with a
very high sensitivity and specificity [10].

A delayed CT attenuation value can be used to calcu-
late the percentage of relative enhancement washout,
which can also be used to differentiate adenomas from
metastases.

Percentage of relative enhancement washout = [(E-
D)/E]¥100, where E is the enhanced attenuation value
and D is the delayed enhanced value. A threshold value
of more than 50% contrast washout on 15-minute de-
layed CT has been used to differentiate adenomas from
metastases with a sensitivity and specificity near 100%
[10, 13](Fig. 18).

If both of these techniques produce an intermediate
result, and if differentiation is critical for patient man-
agement, biopsy may be required. This is especially true
in patients with a known primary tumor, in which man-
agement would be altered if an adrenal metastasis were
present.

Magnetic Resonance Imaging. An adenoma is typi-
cally isointense or mildly hypointense to liver on T1-
and T2-weighted spin-echo sequences. On an opposed-
phase gradient-echo scan, the lipid-rich adenoma dem-
onstrates signal dropout relative to spleen (Fig. 19). This
technique is very sensitive at differentiating adenoma
from metastasis. The lipid-poor adenoma typically will
not demonstrate signal dropout. In these cases, CT ad-
renal washout should be performed [14].

Fig. 17A, B. Adrenal adenoma spectrum of CT findings. A Lipid
rich. CT scan, nonenhanced. There is a well-defined, homogene-
ous, 3 cm left adrenal mass, which measures–7 Hounsfield units. B
Lipid poor. CT scan, nonenhanced. There is a well-defined, homo-

geneous, 3 cm right adrenal mass that measures 27 Hounsfield
units. This appearance is nonspecific and may represent an adeno-
ma, a pheochromocytoma or a metastasis. In these cases, adrenal
washout may be helpful

Fig. 18A, B. Adrenal washout study. This study may be very helpful
in evaluating adrenal masses which measure greater than 10
Hounsfield units on an nonenhanced scan, or in those cases per-
formed only with a contrast material enhanced scan. A On the im-
mediate enhanced scan a well-defined adrenal mass measures 38.5

Hounsfield units. B On the delayed scan the mass measures 9.1
Hounsfield units. The washout is 76%, which is indicative of aden-
oma. Note that on the delayed scan the mass measures less than 10
Hounsfield units, confirming that the mass is a lipid rich adenoma
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Pheochromocytoma

Definition

Pheochromocytoma is a neoplasm of the adrenal me-
dulla composed of paraganglionic cells. Most tumors
produce catecholamines. The term pheochromocytoma
should be restricted to tumors that arise within the ad-
renal gland. The same tumor arising outside the adren-
al gland should be referred to as a paraganglioma rath-
er than an extra-adrenal pheochromocytoma.

Pathology

Most pheochromocytomas measure from 3–5 cm in di-
ameter. They are typically round to ovoid. Large tumors
are demarcated from the normal adrenal by a pseudo-
capsule of compressed adrenal tissue (Fig. 20A). Small
tumors are not encapsulated (Fig. 20B). The tumor is
gray pink and has a soft consistency. Multiple tumors
are not uncommon (Fig. 20B) Hemorrhage, necrosis
and cyst formation are common in large tumors.

Fig. 19A, B. Opposed-phase gradient-echo scan. A On the in-phase
scan, the left adrenal mass has a similar signal to that of spleen. B
On the out-of-phase scan, the adrenal mass demonstrate signal

dropout and is of lower signal than the spleen. This signal dropout
indicates the presence of intracellular lipid, thus a lipid rich aden-
oma

Fig. 20A, B. Pheochromocytoma, gross pathology, two different cases. The tumor may be large (A) or small (B). Large tumors are often he-
morrhagic and necrotic with prominent cystic areas. There are at least four distinct tumors in the specimen (B)
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Microscopically, the pheochromocytoma resembles
normal adrenal medullary tissue and is composed of
pheochromocytes. Adjacent groups of tumor cells are
separated by a rich fibrovascular stroma. The walls of
areas of cystic necrosis may be calcified. The nuclear
pleomorphism that may be present in some tumors
does not correlate with biologic behavior.

Clinical Setting

Excess catecholamine production causes hypertension
(labile or sustained) combined with episodes of palpita-
tions, perspiration, and anxiety. The 24-hour urine van-
illylmandelic acid (VMA) level is elevated in 90 per cent
of patients. The presence of free norepinephrine in a 24-
hour urine specimen is a sensitive indicator of func-
tioning paraganglioma. A urine assay is more sensitive
than plasma catecholamine measurement. Approxi-
mately 10 per cent of cases are associated with extra-ad-
renal paragangliomas or are bilateral.

Pheochromocytoma may be associated with Type
IIA and Type IIB multiple endocrine neoplasia (MEN)
syndromes, neurofibromatosis, von Hippel-Lindau dis-
ease and Carney’s triad. Patients with MEN syndromes
frequently have asymptomatic pheochromocytoma.

Radiologic Findings

Overview. The radiologic findings of pheochromo-
cytoma are nonspecific, but correlate with the tumor’s
variable gross pathologic findings. Like other hormone
secreting tumors, however, the diagnosis is made clini-
cally and the primary role of imaging is to localize and
to determine if there are multiple tumors [1, 11, 14].

Computed Tomography. Computed tomography has
a high sensitivity (>90 per cent) in the detection of phe-
ochromocytoma. Contrast material is rarely required
but if nonionic contrast material is utilized, no subse-
quent increase in epinephrine or norepinephrine levels
has been demonstrated. Small tumors are usually ho-
mogeneous, whereas large tumors often contain areas
of diminished attenuation reflecting necrosis. Those
with extensive cystic necrosis may be confused radio-
logically with a complex adrenal cyst, hemorrhage or
abscess (Fig. 21A).

There are, however, several limitations of computed
tomography. It is impossible to distinguish pheochrom-
ocytoma from other adrenal tumors by computed to-
mography alone. Computed tomography is less reliable
than magnetic resonance imaging studies for very small
nodules and less sensitive than magnetic resonance and
radionuclide studies for extra-adrenal tumors and met-
astatic disease. Despite these limitations, computed to-
mography is the most commonly utilized technique for
initial evaluation of a patient with clinical evidence of a
catecholamine-producing tumor.

Magnetic Resonance Imaging. Magnetic resonance
imaging is especially useful: (1) in detecting extra-ad-
renal paragangliomas, especially those arising in the
wall of the bladder and paracardiac region; (2) in eval-
uating the postoperative patient; (3) in patients with hy-
pertension and only mildly elevated catecholamine lev-
els; (4) and in evaluating patients at increased risk for
developing paraganglioma (e.g., von Hippel-Lindau
syndrome).

On T1-weighted images pheochromocytoma typi-
cally has a signal intensity that is lower than or equiva-
lent to that of liver, kidney, or muscle. In many cases the
signal intensity is high on T2-weighted images (Fig.

Fig. 21A, B. Pheochromocytoma, 2 different cases. A Computed to-
mogram, contrast material enhanced. There is a 7 cm thick-walled,
cystic mass which originated above the right kidney. B T 2-weight-

ed axial MR scan with fat saturation. A portion of the tumor has a
very high signal (compare to adjacent CSF)
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21B). These signal characteristics support the diagnosis
of pheochromocytoma but are in no way pathogno-
monic.

Less commonly, however, a pheochromocytoma may
demonstrate atypical signal characteristics, which em-
phasizes the importance of correlating radiologic ab-
normalities with clinical and laboratory findings.

Nuclear Medicine. Metaiodobenzylguanidine (MIBG)
is a norepinephrine analogue accumulates at sites of
norepinephrine synthesis. It may be especially helpful
in detecting medullary hyperplasia, recurrence, metas-
tases, or extra-adrenal paragangliomas. MIBG has the
advantage of imaging the entire body with one dose.
Disadvantages of MIBG include limited availability,
poor spatial resolution, and the length of the procedure
(1 to 3 days). MIBG imaging is not specific and may be
positive in cases of neuroblastoma, carcinoid, medul-
lary thyroid carcinoma, choriocarcinoma, and atypical
schwannoma.

Myelolipoma

Definition

Myelolipoma is an uncommon, benign, metabolically
inactive tumor composed of mature fat and bone mar-
row.

Pathology

On gross examination, the myelolipoma is usually pale
yellow with areas of red or pink that represents hemat-
opoietic components and hemorrhage (Fig. 22). Occa-
sionally the hemorrhage is massive. Large lesions are
often lobulated. The myelolipoma may be multiple and
bilateral.

Microscopically, the lesion is composed of mature fat
and proliferating hematopoietic tissue. The hemato-
poietic tissue resembles bone marrow and contains the
cell lines in different stages of maturation. Foci of hem-
orrhage and calcification are common.

Clinical Setting

Myelolipoma is usually detected as an incidental find-
ing in adults undergoing a radiologic examination for
unrelated clinical indications.Autopsy prevalence is less
than 0.2 per cent and there is an equal sex distribution.
Most adrenal myelolipomas originate in the adrenal
cortex and are 10 cm in diameter or larger. Approxi-
mately 10 per cent of cases are bilateral. Myelolipomas

contain fat as adipose tissue and bone marrow elements
in variable proportions. Most have sufficient fat to be
detected by computed tomography or magnetic reso-
nance imaging.

The vast majority of patients have otherwise normal
adrenal glands. Myelolipoma can coexist with Cushing’s
syndrome, congenital adrenal hyperplasia, and nonhy-
perfunctioning adenoma. Very rarely, a myelolipoma
arises in an extra-adrenal site, such as the retroperiton-
eum, thorax, or pelvis. Hemorrhage is a significant com-
plication of myelolipoma; spontaneous bleeding can
cause acute flank pain or rarely hypovolemic shock.

Radiologic Findings

Overview. The presence of a fatty adrenal mass is
very suggestive of myelolipoma. The best radiologic
techniques to detect this fat are computed tomography
and magnetic resonance imaging [15, 16]. Differentia-
tion from angiomyolipoma is dependent upon determi-
nation of tumor origin. Theoretically, a well-differen-
tiated supra-renal liposarcoma could not be distin-
guished from a large myelolipoma.

Fig. 22. Myelolipoma, gross pathology. The tumor is well defined
and sharply marginated. Its yellow color is a result of the abundant
adipose tissue
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Computed Tomography. Fatty areas within the tu-
mor will have attenuation values less than –30 Houns-
field units (Fig. 23). Hemorrhage and marrow elements
will be recognized as foci of soft tissue density within
the tumor. The margins of a hemorrhagic myelolipoma
may be irregular, owing to blood dissecting into the ad-
jacent retroperitoneal fat.Very rarely the hemorrhage is
so extensive that it obliterates all of the fat. Confident
diagnosis in these cases is impossible. Calcification is
readily apparent and commonly seen on computed to-
mography.

Magnetic Resonance Imaging. As with CT, it is the
identification of the fatty component on MR that en-
ables confident diagnosis. The fatty components of
myelolipoma have a similar signal to that of renal sinus
and retroperitoneal fat. Fat-suppressed images are ex-
tremely helpful and demonstrate signal loss within the
mass. As the fat within a myelolipoma is adipose tissue
and not intracellular lipid, chemical shift imaging is not
helpful in MR diagnosis. Bone marrow elements and
hemorrhage will have a variable and a less characteris-
tic signal. Coronal or sagittal images are valuable in
differentiating a myelolipoma from an upper pole an-
giomyolipoma.

Ganglioneuroma

Definition

Ganglioneuroma is a benign neoplasm composed of
sympathetic ganglion cells with variable numbers of
Schwann cells, and collagen.

Pathology

There is considerable variation in size. They are typical-
ly sharply marginated, but not encapsulated. On cut
section, the ganglioneuroma is gray-white and firm
thus resembling a leiomyoma (Fig. 24A). There may be
extensive areas of cystic degeneration. They may be bi-
lateral. Very rarely, ganglioneuroma is discovered with
pheochromocytoma or with a peripheral nerve sheath
tumor.

On microscopic examination, the ganglion cells are
often clustered within the tumor mass. Less commonly,
they are distributed diffusely throughout the tumor.
The stroma may appear edematous or compact.
Schwann cells are often arranged in bundles within the
ganglioneuroma.

Fig. 23A, B. Myelolipoma, ultrasound and computed tomographic
findings. A Longitudinal sonogram, right upper abdomen. There is
a 4.8 cm by 4.6 cm mass in the region of the right adrenal. B Com-

puted tomogram, contrast material enhanced. The tumor meas-
ured –40 Hounsfield units, indicative of adipose tissue, hence a
myelolipoma
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Clinical Setting

Ganglioneuroma occurs at all ages and is typically
asymptomatic. Ganglioneuroma is rarely associated
with hypertension despite the fact that levels of urinary
catecholamines and their metabolites may be elevated.
Rarely a patient with ganglioneuroma will present with
watery diarrhea, hypochlorhydria, and alkalosis
(WDHA), the Verner-Morrison syndrome. This condi-
tion results from the secretion of a vasoactive intestinal
polypeptide by the tumor. Likewise, very rarely, gangli-
oneuroma may result from the maturation of a neuro-
blastoma or a ganglioneuroblastoma.

Radiologic Findings

Overview. Ganglioneuroma can be suggested in a
nonhypertensive patient with an adrenal mass and an
elevated level of catecholamine and/or catecholamine
metabolites or with Verner-Morrison syndrome. In
asymptomatic patients, specific diagnosis requires ei-
ther biopsy or surgical removal (Fig. 24) [1, 11].

Excretory Urography. A large ganglioneuroma may
compress and displace the upper pole of the kidney.
Calcification is uncommon.

Computed Tomography. On the unenhanced scan, a
ganglioneuroma has attenuation slightly less than that
of muscle. There may be faint enhancement.

Magnetic Resonance Imaging. On T1-weighted
magnetic resonance images, the tumor is homogeneous
with low signal intensity. On T2-weighted images the
tumor is heterogeneous with predominantly high signal
intensity.

Very Rare Benign Adrenal Tumors

Mesenchymal tumors, such as leiomyoma, and heman-
gioma are very rare. Affected patients present as a large
adrenal mass with normal adrenal function. Although
the presence of phleboliths and contrast material pool-
ing on angiography has been reported with hemangio-
ma, an accurate diagnosis is rarely made prospectively.
Likewise, a specific radiologic diagnosis is rarely pos-
sible in cases of other mesenchymal adrenal tumors [2].

Fig. 24A–C. Ganglioneuroma. A Gross pathology, cut section. The
tumor is sharply marginated and nonnecrotic. B Excretory uro-
gram, pyelographic phase. There is a large mass displacing the
right kidney inferiorly. C Computed tomogram, contrast material
enhanced. The mass is well defined and has a density slightly less
than adjacent muscle
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Introduction

Primary malignant renal epithelial neoplasms account
for 3% of adult malignancies [1]. US, CT and MRI all
contribute to the increased detection of all types of re-
nal parenchymal mass lesions, including those that re-
quire surgery and those where surgery has to be avoid-
ed. Malignant tumors are detected at earlier stages. Ear-
lier detection and more accurate diagnosis improve the
cure rate of renal carcinoma. Radiological characteriza-
tion of these tumors from their benign masses (i.e., an-
giomyolipoma and complicated cysts) is a continuous
challenge and an essential prerequisite for appropriate
management [2]. Radical nephrectomy is the treatment
of choice, regardless of size. Alternative treatment strat-
egies are available now, in particular for smaller tumors
(<4 cm), and include open or laparoscopic tumorecto-
my, partial nephrectomy, radiofrequency ablation, and
cryotherapy [3–6].

Understanding the underlying gross pathology and
histological correlates provides an essential substrate
for explaining the radiological characteristics of these
masses. Many pathologists still rely on hematoxylin-
and eosin-stained preparations of surgical specimens to
achieve the histological diagnose of renal cell carcino-
ma (RCC) [7, 8]. From clinicopathological observations,
it has been observed that a neoplasm may change its
pattern of differentiation in time and that it does not
necessarily retain the phenotype of its presumed pro-
genitor cell. Thus it can be explained that in the past,
lectin and immunohistochemical studies using markers
for different parts of the adult renal tubular system
yielded conflicting results regarding the proximal ver-
sus distal tubular origin of renal cell tumors. Further-
more, renal cell carcinomas may be composed of ad-
mixtures of clear and granular cells or clear and chro-
mophilic cells. Such observations would suggest that a
transition between phenotypes occurs during progres-
sion.

During the last decades, it has become increasingly
clear that the initiation and progression of solid tumors
is governed by alterations of genes that control growth
and differentiation. Tumor development is based on
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specific and separate molecular mechanisms in differ-
ent cells, and therefore they are almost completely dif-
ferent. There is a specific combination of chromosomal
and mitochondrial DNA alterations marking distinct
types of tumor genes or putative tumor suppressor
genes [9].

Primary Malignant Renal Epithelial Neoplasms

The morphological classification of renal cell neoplasm
in adults relies on three essential criteria: (1) the aspect
of the tumor cells (i.e., clear cells, chromophilic cells
[basophilic or eosinophilic], chromophobic cells, on-
cocytes, collecting duct cells, and sarcomatoid or fusi-
form cells); (2) the architecture (solid [acinar], tubulop-
apillary, tubular, tubulocystic); and (3) nuclear grade,
based on increasing numbers of nuclear and nucleolar
atypia. Based on these morphological criteria, classifi-
cation of the majority of renal cell neoplasms is feasible,
with few exceptions only. This morphology-based clas-
sification is now supported by cytogenetic analysis. Five
major groups of malignant renal epithelial neoplasms
are distinguished (Table 1) [10–13].

Tumor genesis is driven by genetic changes including
not only classic point mutations, but also deletions re-
moving entire genes, as well as gross chromosomal ab-
normalities at specific sites in the genome. Molecular
cytogenetic techniques enable the identification of ge-
netically homogeneous groups of malignant renal pa-
renchymal tumors. Each subgroup is characterized by a
combination of genetic changes affecting different sites
within the chromosomal and mitochondrial DNA [16].

Careful analysis of CT and/or MR images allows for
preoperative characterization of the histological sub-
types in the majority of cases. The criteria include size,
shape, location, number, contrast enhancement pattern
(including the angiographic or corticomedullary phase),
presence and site of hemorrhage and necrosis, patency
of renal vein, and lymph node status. Categorizing neo-
plasms may be helpful in designing appropriate thera-
peutic strategies and predicting the likelihood of pro-

gression. Furthermore, the absence of the typical radio-
logical features warrants additional investigation to ex-
clude lesions for which surgery should be avoided (i.e.,
benign lesions, metastases, lymphoma).

Renal Cell Carcinoma of the Clear Cell Type

Pathology

The clear cell subtype is the most common subtype, ac-
counting for approximately 70%–80% of RCCs. It is also
referred to as classic or conventional RCC. The majority
occurs sporadically as a solitary tumor and is randomly
distributed in the renal cortex. There is a male predom-
inance (1.5–2 : 1). Multicentricity in the same kidney oc-
curs in approximately 4% of cases, whereas bilaterality
occurs in 0.5%–3%. Synchronous (75%) or metachro-
nous multifocality may occur. Multicentricity and bilat-
erality are often associated with conditions such as von
Hippel-Lindau disease [17]. Clear cell carcinomas can
become very large but the frequency of small lesions
has increased because of earlier detection with US, CT
and MRI.

RCC of the clear cell type protrudes from the renal
cortex as a rounded, bosselated mass. The interface of
the tumor with the kidney is usually well demarcated.
Yet the presence of a clear pseudocapsule depends on
the nuclear grading: well-differentiated lesions are
more likely to have such a pseudocapsule. Rarely, RCC
may be diffusely infiltrative and then become difficult
to distinguish from urothelial carcinoma or other infil-
trating tumors.

On section, clear cell RCCs have a yellowish-golden
appearance, due to the abundant cytoplasmic lipid con-
tent, mucolipids (Figs. 1–5). Thus the cells are markedly
similar to that of the proximal convoluted tubules. The
typical lesion is composed of varying mixtures of cells
with clear and/or granular cytoplasm in nonpapillary
formations, often arranged in sheets of broad trabecu-
lae, separated by a richly vascular fibrous stroma with
thin-walled blood vessels (owing to high levels of vascu-
lar growth factors) (solid growth pattern), around cen-
tral spaces to resemble tubules (tubular growth pat-
tern), or line cyst-like spaces (cystic growth pattern).
Occasionally, areas with tubulopapillary or papillary
growth may also be observed. Granular cells are eosino-
philic and the granules correspond to mitochondria.
The granular cells usually have a higher nuclear grade
compared with the clear cells, and necrosis and hemor-
rhage are even more likely to be present. The surface of
predominantly granular cell tumors is brown because of
the phospholipid content of the numerous cytoplasmic
organelles. Predominant granular RCCs are most often
single tumors with a male predominance (2 : 1). Many
high-grade RCCs of the clear cell type contain granular

Table 1. Classification of renal epithelial neoplasms (Heidelberg
Classification) [14, 15]

Malignant renal epithelial neoplasms
Renal carcinoma conventional (clear cell) type
Papillary renal carcinoma
Chromophobic carcinoma
Collecting duct carcinoma
Medullary carcinoma
Unclassified renal carcinoma

Benign renal epithelial neoplasms
Adenoma
Metanephric adenoma
Oncocytoma



Chapter 5.4 Primary Malignant Renal Parenchymal Epithelial Neoplasms in Adults 597

Fig. 1. A Typical RCC of the clear cell type protruding from the re-
nal cortex as a rounded, bosselated mass. The interface of the tu-
mor and the kidney is well demarcated. Note the eccentric hemor-
rhagic necrosis of the tumor. B Contrast-enhanced CT, early vascu-
lar phase and C nephrographic phase in two different patients. Ir-
regular, hypervascular peripheral rim and predominant eccentric
necrosis are typical features. Note retroperitoneal lymph adenopa-
thy with similar characteristics as the primary tumor (C). D Axial
T1-weighted and E T2-weighted image in another patient. The tu-
mor is almost isointense on the T1-weighted image; the eccentric
necrosis and the irregular border are clearly visible on the T2-
weighted image, an almost exclusive feature for this histological
subtype of RCC. F Axial T1-weighted image with fat saturation and
after IV contrast: nodular and hypervascular border and with ec-
centric necrosis
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cell components. In some tumors, a highly malignant
spindle cell or sarcomatous transformation may be ob-
served. Areas of necrosis, cystic degeneration, hemor-
rhage and calcification (sometimes even with ossifica-
tion) are seen. Extensive necrosis occurs predominantly
in fast-growing neoplasms of high-grade malignancy.
Distinct areas of fat may be present as well [18, 19]. The
latter is most frequently seen with extensive calcifica-
tion. In practice, a calcified, fat-harboring lesion should
be considered a RCC until proven otherwise. Angiom-
yolipomas, in general, do not contain calcifications. In
RCC, cystic changes may be so predominant that the tu-
mor resembles a benign cystic mass. Approximately
10% of clear cell RCC is completely cystic [20]. Cystic
RCCs tend to be large, rounded or polylobular lesions.
They tend to be solitary and predominately on the right
side (75%), more frequently in the interpolar area.
There is a clear male predominance (2:1).

RCC extends in the venous system in 4%–9% of cas-
es and is associated with worse characteristics.

The cytogenetic abnormality characterizing clear
cell RCC is the deletion of the short arm of chromosome
3 (–3p), which is present in 96% of sporadic as well as in
hereditary cases, and is considered as the trigger genet-
ic event in the tumor development. Trisomy 5q occurs in
50% of cases. Additional chromosomal abnormalities
are acquired during progression (–14q, –8p, –9, –6q, tri-
somy 7) and the frequency increases with the cytologi-
cal grade and size of the tumor. The frequency of dele-
tion of 14q increases with the presence of metastases
(no metastases –14q: 30%; with metastases –14q: 73%).
The loss of the Y chromosome has been observed in
26% of nonpapillary RCC in males. This figure is consis-

Fig. 2A–C. Smaller RCCs of the clear cell type (2–3 cm), one pro-
truding outside the renal border and sharply demarcated (A), the
other with intrarenal origin (B). Note again the typical eccentric
necrosis of both tumors. The contrast-enhanced CT (C, same pa-

tient as in B) in the early corticomedullary phase shows the intra-
renal lesion with its eccentric necrosis. This lesion was hypodense
in the nephrographic phase (not shown) and could have been er-
roneously interpreted as a cyst or complicated cyst
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Fig. 3A–H. Bilateral synchronous renal cell carcinoma of the clear
cell type. A US: slightly hyperechoic lesion at the lower pole of the
right kidney (arrow). There is only some vascularity at the implan-
tation base. B Contrast-enhanced CT, early corticomedullary
phase, showing the typical characteristics of a classic clear cell car-
cinoma: peripheral hypervascular border of viable tumor and ec-
centric hypodense area due to necrosis (arrow). C At the lower pole
of the left kidney, an almost isoechoic mass lesion is seen on ultra-

sound (arrow). D On color-Doppler ultrasound low-resistance flow
(0.60) is found in the lesion, suggesting its malignant nature.
E Again, the characteristics of this classic clear cell RCC are clearly
shown on the vascular phase of the contrast-enhanced CT (arrow).
F–H Axial (F, G) and coronal (H) T2-weighted images from the
same patient illustrating the irregular viable peripheral border
and the necrosis of both lesions in the lower pole of the kidneys
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Fig. 3G–H.

Fig. 4A–D. Multifocal metachronous renal cell carcinoma, clear cell
type in the left kidney, after right radical nephrectomy, 16 months
earlier. US shows a necrotic lesion in the upper pole of the left kid-
ney (A), whereas another one is isoechoic with a hypoechoic rim

(B). C, D On MRI, axial (C) and coronal (D) T2-weighted images,
both lesions have almost similar signal characteristics, with exten-
sive necrosis extending to the pseudocapsule of the lesions
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tent with that of other types of malignant tumors aris-
ing in elderly patients. It has been reported to be the on-
ly genetic abnormality in tumors as small as 1 mm in di-
ameter, as well as in tumors up to 8 cm in diameter with
metastatic growth. The loss of the 3p segment is a high-
ly specific chromosomal anomaly occurring early on in
the development of RCC.

A detailed histological analysis of entire kidneys
failed to detect any microscopic precursor lesions with
the notable exception of some hereditary cases. Micro-
scopic precursor lesions are characterized by suscepti-
bility to develop multiple or bilateral carcinomas, and
are associated with a germ line balanced translocation
involving the chromosome 3p13–14.2 region. In familial
clear cell carcinomas not associated with von Hippel-
Lindau disease, the genetic abnormalities include trans-
locations t(3;8) and t(3;6). In von Hippel-Lindau dis-
ease, clear cell carcinomas are bilateral (frequently
showing a cystic growth pattern) and associated with
cystic lesions (lined by clear or sometimes granular
cells) [17]. Such tumors develop in approximately
25%–55% of von Hippel-Lindau patients. Lesions tend

to be bilateral and multicentric, are often associated
with cysts and angiomyolipomas, and occur at an earli-
er age than sporadic RCC. The genetic defect is situated
on segment 3p (3p25–26) and codes for a protein that
links with elongins) and is found in over 50% of indi-
viduals with von Hippel-Lindau disease. The gene of
von Hippel-Lindau disease is muted in the great major-
ity of sporadic clear cell carcinomas.

RCCs are often associated with cysts. In most cases,
the cyst is a cortical retention cyst, but associations with
both acquired and hereditary polycystic disease have
been well documented. The renal neoplasms associated
with acquired polycystic kidney disease in patients on
chronic hemodialysis generally occur after dialysis for
several years (mean, 3.5 years) and the frequency of
RCC varies directly with the primary renal disease pro-
cess and both the duration of dialysis and the incidence
of cysts.

Fig. 5A–D. Clear cell carcinoma invading the left renal vein. A, B
Precontrast CT showing a large necrotic tumor in the lower pole of
the left kidney (A) and a widened and left renal vein (B). C The
thrombus extends in the inferior vena cava (arrow); the implanta-

tion base of the carcinoma is visible (arrowheads) on this contrast-
enhanced CT. D The nephrectomy specimen shows the tumor and
the extension to the major veins
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Imaging

Ultrasound

There is nothing specific about the US diagnosis of typ-
ical clear cell RCC: lesions may be isoechoic, hypoecho-
ic, hyperechoic or complex (Figs. 3, 4). Areas of necrosis
may be present, yet sometimes hardly recognizable. Cal-
cifications may be present as well. It is estimated that the
small RCC (<3 cm), in almost 50% of the cases, is iso-
echoic. This explains why many lesions are invisible on
US. Isoechoic lesions can only be detected when the in-
ner or outer renal outline is deformed. Furthermore,
isoechoic lesions may mimic normal anatomic struc-
tures or anatomic variants such as hypertrophy of the
septal cortex (Bertin’s column). Color or power Doppler
may be helpful in such cases to illustrate the normal
vasculature in the suspicious area. Whenever there is
any doubt about the diagnosis, further imaging with CT
is warranted.

With hyperechoic lesions, the differential diagnosis
includes angiomyolipoma (AML) and other rare benign
and malignant tumors. Angiomyolipomas are rare in
males, and therefore, as a rule, hyperechoic masses in
males warrant further investigation. Some features may
be helpful in distinguishing hyperechoic RCC from
AML. Cystic areas due to hemorrhage or necrosis are al-
most never seen in AML; a hypoechoic rim or halo en-
circling the lesion is a feature of RCC. The vascular pat-
tern on power Doppler has been suggested to add im-
portant information to gray-scale US findings for diffe-
rential diagnosis of small solid renal lesions [21]. Be-
cause of considerable overlap in the vascular pattern
between AML and RCC, this criterion is not very useful
in the individual patient. Since lesion discrimination is
essential for further management, a plain CT scan is
proposed to enable the detection of intralesional fat.
Whatever the echogenicity of the renal mass lesion, low
resistive flow (resistive index <0.6) is more likely to be
found in RCC than AML [22].

On US, the cystic clear cell RCC may appear almost
completely cystic. Most often, however, diffuse wall
thickening, or mural nodular thickening and multiple
internal echoes will be seen. Mural nodes virtually ex-
clude the radiological diagnosis of a benign neoplasm.
These protrusions are most commonly found near the
implantation base of the mass in the kidney. Searching
for these protrusions is far more important than putting
efforts in measuring the actual size of the lesion. At
times (numerous and thick) septations are present.
Then, the multicystic RCC resembles a benign neo-
plasm known as the benign multilocular cystic nephro-
ma [23]. This benign neoplasm is very rare (virtually
nonexistent) in adult males: a multilocular cystic mass
in adult males, therefore, must be considered as a clear
cell RCC. In middle-aged women, however, the radiolo-

gist may be faced with the differential diagnosis
between a benign multilocular cystic nephroma and
RCC. There are no reliable criteria to distinguish these
two types of renal masses. Multilocular cystic nephro-
ma is characteristically situated in the upper pole of the
kidney and tends to protrude into the renal hilum, even
into the collecting system. This lesion is almost always
solitary and unilateral and the cysts multiloculated. On
color Doppler, in clear cell cystic RCC, the septations are
well vascularized, whereas in multilocular cystic neph-
roma there is almost no vascularity in the septations.
Both lesions are considered as surgical lesions (i.e., indi-
cation for surgical intervention).

Computed Tomography

On plain CT series, the lesions are iso-, hypo-, or hyper-
attenuation masses compared to the renal parenchyma;
a heterogeneous appearance is a common feature of
larger lesions [24]. Coarse calcifications may be present
at the periphery of the lesion, near the center, or calcifi-
cations may be spread throughout the lesion.

In the arterial phase (corticomedullary phase) after
intravenous injection of iodinated contrast, at least
three-quarters of the clear cell RCCs are hypervascular,
while approximately 20% appear almost isovascular
and only few are hypovascular [25]. The enhancement
pattern is heterogeneous with a somewhat patchy and
nodular pattern in the periphery encircling unen-
hanced areas (Figs. 1–3). In the venous (nephrographic)
and/or excretory phase, RCCs become hypodense com-
pared to the renal parenchyma, the thick peripheral rim
remaining clearly visible.

Nephrographic phase scans enable greater lesion de-
tection and better characterization of small renal mass-
es than corticomedullary scans only. Nephrographic
phase series should be obtained when only monophasic
scanning is used to detect small renal masses [26].

Intralesional necrosis is virtually always present and
is frequently characterized by its eccentric location: the
necrosis extends to the periphery, most often at the op-
posite side of the renal parenchyma. Tumor necrosis is
independent of the size of the lesion. Therefore, tumor
necrosis is the key criterion for imaging-based lesion
characterization. Extension into major renal veins and
inferior vena cava may occur (Fig. 5).

On plain CT series, most cystic RCCs are hypodense
[23]. Typically, the content has attenuation numbers
ranging between 10 and 30 Hounsfield units (HU).After
IV injection of contrast, the thick wall of cystic RCC en-
hances with mural nodes, near the renal parenchyma
(Figs. 6–8). Calcification in a cystic renal mass is not as
important in diagnosis as is the presence of associated
enhancing soft tissue elements [27]. It may be impos-
sible to differentiate septate cystic RCCs from multiloc-
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Fig. 6A–C. Cystic renal cell carcinoma. A Contrast-enhanced CT
shows a predominately cystic mass in the left kidney. The mural
nodes (arrow) exclude the diagnosis of a benign mass. B, C The
outer surface of the tumor is smooth (B), but at cross-section, the
inner surface is irregular (C)

Fig. 7A–F. Cystic renal cell carcinoma, clear cell type. A Precontrast
CT shows a rounded mass lesion in the right kidney, with cystic
portions. B The contrast-enhanced CT shows the multinodular en-
hancing mass and the anterior cyst-like component. C, D The lesion
is isointense on T1-weighted image (C), and heterogeneous on T2-
weighted image (D). E Contrast-enhanced MR with fat saturation
displays the heterogeneity of the tumor including a solid area with
necrosis and a cyst-like area. Note the striking resemblance with
the contrast enhanced CT in B. F The surgical specimen after neph-
ron-sparing surgery shows the heterogeneity of this renal cell car-
cinoma of the clear cell type
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ular cystic nephroma. Both neoplasms may have very
similar features on CT (Fig. 9). Therefore, secondary
signs (gender, location, protrusion in renal hilum, re-
gional lymph nodes, and renal vein patency) may con-
tribute to the radiological diagnosis.

Thrombosis of the renal vein is expected in approxi-
mately 10% of cases of cystic RCC. Regional lymph node
metastases are detected in 10% of patients at the time of
diagnosis. Few patients will have ipsilateral or contralat-
eral adrenal metastases at the time of presentation.

Magnetic Resonance Imaging

Similar to CT, the key to the MR diagnosis of clear cell
RCC is the presence of necrosis. Necrosis is hypointense
on predominately T1-weighted images and hyperin-
tense on predominately T2-weighted images, and is eas-
ily recognized without further intravenous injection of
contrast (Figs. 3, 4).

After intravenous administration of contrast, the en-
hancement pattern is comparable to that of CT: enhanc-

ing viable tumor enveloping a hemorrhagic–necrotic,
nonenhancing area, which extends to near the pseudo-
capsule [28].

On MRI cystic RCCs tend to be isointense on T1-
weighted images, with extensive hyperintense areas on
T2-weighted images [23]. As with CT, the peripheral
nodules of viable tissue may be hardly recognizable
(Figs. 7, 9). The enhancement pattern again is similar to
that of CT lesions [29].

Fig. 7C–F.

Fig. 8A–C. Cyst-like papillary carcinoma, type A. A This contrast-
enhanced CT shows a cystic mass lesion with a hardly recogniz-
able mural node at the anterior surface (arrow). B, C The opened
surgical specimen shows the yellowish tumor in the deep area of
the cyst (B) and the nodular tumor at the implantation base on the
kidney (C)
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Papillary Renal Carcinoma 
or Chromophilic Cell Carcinoma

Pathology

Papillary RCC constitutes approximately 10%–15% of
all RCCs and are predominant among tumors smaller
than 3 cm. The current definition is based on the histo-
logical finding of vascularized connective tissue stalks
invested by neoplastic cells [30]. Nevertheless, at con-
trast-enhanced imaging studies, virtually all papillary
carcinomas are hypovascular. Some investigators re-
quire that the papillary areas compose at least 50% (or

Fig. 9A, B. Cystic renal cell carcinoma, clear cell type. Axial (A) and
coronal (B) T2-weighted images of an almost completely cystic
and multilocular renal cell carcinoma. The intralesional protru-
sions are more readily visible on the axial image, whereas the sep-
tations are better recognized on the coronal image. Such a lesion
should not be confused with benign multilocular cystic nephroma
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even 70%) of the tumor. There is male-female ratio of
approximately 2.5–5 : 1. The mean age is in the 6th
decade, but there is a wide age range. The rate of calcifi-
cation is reported to be higher than in clear cell RCC.

Two subgroups can be distinguished. Type B (one-
quarter of cases) consists of multicentric lesions

(100%), often bilateral (two-thirds), usually with one
large mother lesion (approximately 3 cm in diameter)
and with other multiple, small daughter lesions (rang-
ing from microscopic to subcentimeter size) (Figs. 10,
11) [31, 32]. The largest lesion shows a complete or at
least partial exorenal growth. Multicentricity may occur

Fig. 10A–G. Papillary RCC carcinoma (chromophilic cell carcino-
ma). A Hypovascular mass with extrarenal growth at the anterior
surface of the right kidney on the contrast enhanced CT, vascular
phase. B–D Another patient with a slightly hyperechoic mass at the
lower pole of the left kidney with some calcifications (US in B), iso-
dense and with some coarse calcifications on the precontrast CT
(C) and without increased attenuation on contrast-enhanced CT

(D). The attenuation numbers though increase from 25 to 46 HU,
suggesting a solid hypovascular tumor, rather than an avascular
cyst. E, F The nephrectomy specimen of the first patient shows a
mother lesion (E) and multiple daughter lesions (E, F). G A neph-
rectomy specimen of another patient with multifocal papillary
carcinoma is shown. Note the grayish aspect of the tumors, some
of them protruding from the kidney; other smaller lesions are flat
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either synchronously ipsilateral or contralateral to the
largest lesion, or both iso- and contralateral to the larg-
est tumor, with an almost equal frequency. Pathological
examination often reveals more tumoral (small micro-
scopic) foci than suspected by imaging. The other type
(type A, three-quarters of cases), is more aggressive, and
constitutes a single and usually bulky tumor, either
multinodular solid or almost completely cystic, with a
ratio of approximately 2 : 1.

On section, the surface of papillary RCC varies in col-
or from light gray to golden yellow. The color depends

on the amount of lipid-laden macrophages in the stro-
ma. Tumor necrosis may liberate large amounts of lipid,
and cholesterol crystals may form. Intralesional hemor-
rhage and necrosis are observed in many cases (half to
two-thirds) [33].

Adrenal metastases or distant metastases may be
seen at the time of diagnosis in type A papillary carci-
noma. Invasion of the renal vein or liver metastases is
only rarely seen. Lymph node and distant metastases
are rare in type B papillary carcinoma.

Multiple, nephrogenic, cyst-like precursor lesions are
often seen in the apparently normal part of the tumor-
bearing kidney. The potential role of reactivation of
nephrogenic rests or regeneration of tubules is investi-
gated in the etiogenesis of tubulopapillary neoplasms.
Detailed examination shows multifocal and bilateral de-
velopment of papillary renal cell tumors in nearly all
cases. The carcinomas are usually low stage, with 85% of
cases pT1 and only 12% in pathologic pT3.

Papillary neoplasm has only recently been found to
have a unique constellation of cytogenetic abnormal-
ities [34, 35]. There is evidence that there is a benign
precursor lesion (tubulopapillary adenoma). Regardless
of size, both the adenoma and the carcinoma tend to
show a loss of the Y chromosome. In papillary renal
adenomas, the anomalies are further characterized by
trisomy of chromosomes 7 and 17 (+7; +17). The find-
ing that this constant combination of alteration of three
chromosomes (–Y, +7 and +17) occurs in very small as
well as in large tumors suggests stability of these genet-
ic changes during growth. In papillary RCC the same
abnormalities can be found along with other abnormal-
ities (+3q; +8; +12; +16; +20). Most of these tumors
show invasive or metastatic growth. Some tumors may
acquire complex genetic alterations early during their
growth, while others undergo changes at a later stage of
development only. Thus it can be explained that papil-
lary renal cell tumors of different size may have a differ-
ent aggressive biological behavior or, in other words,
that the size of papillary tumors does not correlate with
their actual biological behavior.

Imaging

Ultrasound

On US, type B papillary RCCs are hypoechoic masses in
approximately 60% of cases, or isoechoic or hyperecho-
ic (approximately 20% each) (Fig. 10) [36]. Calcifica-
tions are reported in a minority of cases (less than
20%). As can be expected from the gross morphology,
almost 40% of papillary RCCs are avascular on color
Doppler US (i.e., no intralesional flow detectable).

Solid type A papillary RCCs appear as a hypoechoic,
isoechoic or even as a hyperechoic mass. Cystic lesions

Fig. 10G

Fig. 11. Rarely, a papillary carcinoma develops intrarenally. On ra-
diological studies, it mimics other tumors, anatomic variants and
pseudotumors
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have a complex US pattern, 25% appearing as avascular
on color Doppler US.

Computed Tomography

In type B papillary RCC, all lesions are isodense on un-
enhanced CT series (Fig. 10). Sometimes calcifications
may be seen. These tumors are hypovascular compared
to the renal parenchyma on corticomedullary and de-
layed-phase images and sharply marginated [31, 32, 37],
resembling cortical cysts. Enhancement of renal neo-
plasms is time-dependent and may not be evident in hy-
povascular lesions analyzed during the early corticome-
dullary phase [24]. Therefore, measuring attenuation
numbers is essential to prove enhancement and thus to
differentiate between a cortical cyst and a papillary
RCC. Multiple measurements in different phases with
similar parameters (same area, same slice thickness,
same pixel area) are required [24].An increase in the at-
tenuation numbers of at least 20 HU between unen-
hanced and enhanced series is conclusive for contrast
enhancement and, therefore, for a solid lesion (Fig. 10).
When no plain CT is available, and CT is only per-
formed during a late venous phase, as in many screen-
ing examinations, attenuation numbers over 70 HU in-
dicate contrast enhancement and reliably allow diffe-
rentiation between a cyst and a solid (vascularized) le-
sion [36, 38, 39].

Particularly with multifocal papillary RCC the diffe-
rential diagnosis with renal metastases and lymphoma
may be difficult. At times, this may be an indication for
percutaneous ultrasound or CT-guided biopsy to differ-
entiate between a surgical renal neoplasm and nonsur-
gical metastases or lymphoma.

On unenhanced CT, type A papillary RCC is isodense
or slightly hypodense. Calcifications are generally punc-
tiform and located near the periphery of the tumor. Af-
ter IV contrast, the majority of the mass becomes hypo-
dense compared to the renal parenchyma; few tumors
are isodense (Fig. 8). All lesions are hypodense on late-
phase images and all have a sharp border. The solid le-
sions show areas of necrosis near the center, unlike car-
cinomas of the clear cell type that show eccentric necro-
sis. Lymph node metastases, adrenal metastases and
distant metastases may occur. Soft tissue metastases
(i.e., corpus cavernosum) may be the presenting symp-
tom. Invasion of the renal vein or liver metastases are
not frequently seen at the time of diagnosis.

Magnetic Resonance Imaging

On MR, these tumors appear hypointense or isointense
(three-quarters) on T1-weighted images and hypoin-
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tense on T2-weighted images in all tumors (Fig. 12). All
lesions are hypovascular to the renal parenchyma after
administration of gadolinium [40]. Here again, appro-
priate measurement of the lesion signal intensities be-
fore and after contrast injection is essential. Larger pap-
illary RCCs show heterogeneous signal intensities
(Fig. 13).

Chromophobic Renal Carcinoma

Pathology

Chromophobic carcinoma is a relatively recently (1985)
described neoplasm characterized ultrastructurally by
cells with abundant cytoplasm. The cells may be related
to the normal intercalated cells (type B) of the collecting
duct [41]. This subgroup accounts for about 4%–5% of
renal cell neoplasms and its median incidence is in the
6th decade (range, 31–75 years). The lesions are most
frequently located near the pole of the kidney (Fig. 14).
For some reason, the tumor is more frequently observed
in rather young females (40–50 years) and in old males.
Chromophobic cell carcinoma tends to be large, ranging
from 1.3 to 22 cm (mean diameter 8 cm) in their great-
est dimension (Fig. 14) [41, 42].

Grossly, it resembles conventional RCC: they are well
circumscribed and solitary, with a gray to brown ap-
pearance and typically lacking hemorrhage or necrosis
[42, 43]. Most tumors are pathologic stage pT2 or pT3 at
the time of resection. Some are associated with conven-
tional RCCs.

The chromophobic carcinoma has a solid architec-
ture, with large cellular blocks and only limited stroma.
The lesion consists of large cells, the pale cytoplasm
crowded with microvesicles and a variable number of
mitochondria, and a fairly typical perinuclear halo. The
cells contain little or no glycogen or lipids, but stain
with Hale’s acid iron colloid, which allows differentia-
tion from oncocytomas. The electron microscopic find-
ings are unequivocal, with cytoplasm containing nu-
merous 150- to 300-nm microvesicles.

Cytogenetic analysis shows a combination of allelic
losses, which do not occur in other types of epithelial
neoplasms [44]. These genetic losses involve seven
chromosomes including –1 (100%); –2 (95%); –6 (80%);
–10 (86%); –13 (95%); –17 (70%); and –18 (21%). DNA
analysis of one case revealed allelic losses at chromo-
some 3p, 5q and 17 with variable frequency and in a
combination, which does not occur in other types of
kidney tumors.Along with this chromosomal loss, there
are rearrangements in the mitochondrial DNA that are
under further investigation.

Follow-up studies have suggested that chromophob-
ic carcinoma has a more favorable prognosis compared
to the classic RCC. Nevertheless it can be highly aggres-
sive and must certainly be considered malignant. A sar-
comatous transformation of chromophobic cells is only
rarely seen.

Fig. 13A, B. Multinodular papillary carcinoma, type A. T1-weighted
(A) and T2-weighted MR (B) showing a multinodular mass lesion
in the right kidney. This mass lacks the typical eccentric necrosis

of the clear cell type. The nodule in the left adrenal gland was
proven to be an adenoma

Fig. 12A–C. Papillary carcinomas, type B. A T2-weighted MR show-
ing bilateral tumors, hypointense with hyperintense areas (arrow-
heads) in this 36-year-old male. Bilateral nephrectomy was per-
formed. B Two lesions of the right kidney, one solid and one with
hemorrhagic necrosis. C Typical multifocal papillary carcinoma on
the cut surface of the left kidney
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Imaging

Ultrasound

Chromophobic carcinomas are hypo- or isoechoic and
heterogeneous or hypovascular on color Doppler.

Computed Tomography

Chromophobic RCCs are homogeneously isodense on
unenhanced CT images. Tiny punctiform calcifications
may be observed near the periphery. All lesions appear
homogeneous and hypovascular on contrast-enhanced
CT and are sharply demarcated (Fig. 14A, B). Necrosis is
not seen and metastases or invasion of the renal vein in
general do not occur [45].

Magnetic Resonance Imaging

Since this subtype is rather rare, experience with MR is
limited. The lesion is isointense on T1-weighted images
and hypointense on T2-weighted images. A hyperin-
tense peripheral rim may be seen on heavily T2-weight-
ed images. After administration of contrast there is hy-
povascularity of the lesion compared to the renal paren-
chyma.

Collecting (Bellini) Duct Renal Carcinoma

Pathology

Bellini duct RCC, a rare tumor, constitutes less than 1%
of primary malignant renal parenchymal epithelial neo-
plasms. Bellini duct carcinomas appear to be aggressive,
often with metastatic disease at manifestation and rap-
id progression despite surgery, with an almost uniform-
ly fatal outcome [46]. Hematuria is the most common
symptom. Since this variant seems to originate in the
medulla and has a predominately tubular configura-
tion, a collecting duct dedifferentiation is suggested.
The cells contain the higher molecular weight keratin
characteristic of the collecting ducts compared with the
low molecular weight keratins of renal tubular epitheli-

Fig. 14A–C. Chromophobic renal cell carcinoma. Hypovascular
mass lesions in the left kidney (A) and in the right kidney on the
parasagittal reformatted contrast-enhanced CT (B). The masses
are solid with a grayish aspect at cross section (C). In general, these
lesions are solitary and have already large dimensions at the time
of detection. Compared to chromophilic cell carcinomas (papil-
lary carcinoma), chromophobic cell carcinomas are solitary and
larger (larger than 3 cm)
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um. The mass is usually localized to the renal medulla,
with distortion of the pelvicaliceal system and often
with infiltration into the adjacent renal cortex. The
shape of the kidney is usually more or less preserved
(Fig. 16C) [47]. The tumors are generally firm and white
or grayish (not yellow) because of an accompanying de-
smoplasmic reaction (usually no necrosis or hemor-
rhage) (Fig. 16). Extension into the renal vein does not
occur.Very rarely only, the tumors are cystic with endo-
phytic papillary projections. The intermingling of clear
cells, basophilic and eosinophilic cells contribute to a
fairly typical aspect. The tumoral architecture is usually
tubulopapillary. In general, there is considerable pleo-
morphism, especially in the invasive component, and
mitotic figures are frequent. Associated atypical chang-
es are often seen in adjacent collecting duct epithelium.

The small number of these that have been studied by
genetic methods showed monosomies of chromosomes
1, 6, 14, 15 and 22 [48]. Chromosome 3p, 7, 17 and Y ab-
normalities were not encountered.

A variant of collecting duct carcinoma, called medul-
lary carcinoma, has been identified in patients suffering
from sickle cell trait [49, 50].

Imaging

Ultrasound

The tumor is slightly hypoechoic or almost isoechoic,
poorly marginated, and typically centrally located on
US.

Computed Tomography

Bellini duct RCC appears homogeneous and isodense
compared to the renal parenchyma on unenhanced CT.
After intravenous contrast administration, the tumor is
hypovascular [51] (Fig. 15A, B). There may be central
low attenuation areas, due to the extensive reactive fi-
brotic reaction (not necrosis), which accompanies the
infiltrative growth of this neoplasm, rather than necro-
sis or hemorrhage.

Fig. 15A–C. Collecting (Bellini) duct renal cell carcinoma. A Con-
trast-enhanced CT, excretory phase. Infiltrating tumor in the left
kidney with hypodense areas. Note that the renal shape is largely
preserved. B In the upper pole, the tumor mimics a predominately
cystic carcinoma. The hypodense areas are not due to hemorrhage

or necrosis, but are explained by reactive fibrosis. Note retroperi-
toneal lymph node metastases. C Nephrectomy specimen of a sim-
ilar case (right kidney) with infiltrating fibrotic tumor involving
the upper half of the kidney
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Unclassified Renal Carcinoma

There is an increasing number of renal carcinomas,
which are not readily classified. They may be observed
in patients treated for carcinomas during childhood.
Such tumors contain an odd mixture of components,
tumors with an unrecognizable architectural or cyto-
logical pattern, or sarcomatoid carcinoma in which the
original epithelium element cannot be identified or
classified properly.

Observations on Sarcomatoid Neoplasms

Pathology

The sarcomatoid RCC is a particularly poorly differen-
tiated, anaplastic variant comprising approximately 1%
of cases and has an unfavorable prognosis. In fact, they
represent a poorly differentiated, high-grade and inva-
sive (infiltrative) type derived from any of the other cell
types (clear cell, papillary, chromophobic, Bellini duct)
[52]. They do no constitute a different subgroup per se;
any tumor of the histological subtypes may become sar-
comatoid. Most frequently they are derived from the
conventional clear cell carcinoma. The presence of
clear, granular or chromophilic cell areas within spindle
cell or sarcomatous RCC is an important distinguishing
feature from true sarcomas. When the sarcomatoid por-
tion predominates, the neoplasm appears firm and fi-
brous without hemorrhage or necrosis; the carcinoma
part is heterogeneous with areas of necrosis and hem-
orrhage. The upper pole seems to be more often affect-
ed than lower pole (ratio, 3 : 1). They are frequently
bulky and advanced at presentation, with (atypical) dis-
tant metastases and may be inoperable (Fig. 16).

Fig. 16A–C. Sarcomatoid renal cell carcinoma. A Contrast-en-
hanced CT, nephrographic phase. Huge heterogeneous neoplasm
at the lower pole of the left kidney. Soft tissue metastases in the
subcutaneous fat of the anterior abdominal wall. B Axial T2-
weighted MR showing similar imaging characteristics. Note that
the tumor is predominately solid. Again the subcutaneous metas-
tasis is clearly seen. C Surgical specimen showing the homogene-
ous solid mass extending of the surface of the left kidney
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Imaging

Ultrasound

US shows a heterogeneous predominantly hyperechoic,
isoechogenic or hypoechogenic mass. Calcifications
may be seen quite often. The majority of sarcomatoid
RCCs are hypovascular on color Doppler.

Computed Tomography

Sarcomatoid RCCs are iso- or hypodense on unen-
hanced scans. The tumors are heterogeneously hyper-
vascular in the cortical phase. A hypodense and hetero-
geneous appearance is seen on late scans (Fig. 16A). Ne-
crosis is always diffusely spread throughout the lesion,
reaching the outer border of the lesion.

Lymph node metastases or adrenal or liver metasta-
ses are present in the majority of cases. These tumors
may be very aggressive to adjacent organs (invasion of
liver, spleen, pancreas, abdominal wall), and have atypi-
cal metastatic deposits.

Magnetic Resonance Imaging

The solid component of the lesion is either hypo- or
isointense on T1-weighted images, heterogeneous and
predominantly isointense on T2-weighted images
(Fig. 16B). After Gd-DTPA administration, sarcomatoid
RCCs are heterogeneously hypo- or hyperintense.

Observations on Renal Adenoma

For many years, size has been used as the main criterion
to divide renal cell tumors into benign and malignant.
This assumption has been based largely on the work of
Bell in 1950 [53]. He suggested that renal tumors of less
than 3 cm in maximum diameter should be called aden-
omas, yet two of his adenomas metastasized! A general-
ly used limit is 3 cm in diameter for diagnosing a well-
differentiated renal cell tumor as an adenoma. However,
tumors smaller than 3 cm with metastases have been
described on several occasions. Furthermore, adenomas
share many phenotypic features with RCCs. Therefore,
all renal cell tumors should be considered as malignant.
The classic clear cell carcinoma and chromophobic
RCCs develop as carcinomas, irrespective of grade and
size. As already mentioned above, the natural history of
papillary renal cell tumors is quite different from that of
other types and their appearances are unique. Cortical
adenomas are almost always papillary tumors, with a
diameter less than or equal to 5 mm, and may transform
to papillary carcinoma (Fig. 10) [54]. Tumors with a

constant combination of trisomy 7 and 17 as well as loss
of the Y chromosome may be diagnosed as a papillary
renal cell adenoma. Such tumors may reach a large size
without any sign of malignancy, but malignant transfor-
mation accompanied by additional complex genetic al-
terations may occur in small adenomas. It is not the size,
but the accumulation of genetic alterations, especially
acquired trisomies 16, 12 or 20, that are associated with
malignant behavior.

Observations on Renal Oncocytoma

Pathology

Renal oncocytoma is a benign neoplasm and accounts
for approximately 2%–5% of renal cell neoplasms [55].
Renal oncocytoma was first described by Klein and Va-
lensi [56]. Incidental coexistence with RCC or angiom-
yolipoma has been reported. The majority remains
asymptomatic and they are discovered incidentally.
Most patients are elderly with a median age of about
65 years and a male-female ratio of approximately
2.5 : 1. Contrary to RCC, there is no association with von
Hippel-Lindau disease, tuberous sclerosis, or chronic
dialysis. Oncocytomas are characteristically single, well
demarcated, uniformly expansile masses occurring at
any renal site (Fig. 17). Multiple oncocytomas have been
reported (oncocytomatosis). Occasionally, oncocyto-
mas become very large (i.e., giant oncocytoma). In one
review, the average tumor diameter was 7.4 cm, but re-
ported sizes range from 0.3 to 20 cm. Whatever the size,
oncocytomas should be considered as a benign neo-
plasm.

The tumors are tan (Fig. 15A, B) because of the li-
pochrome pigment associated with mitochondrial fill-
ing of the cytoplasm, circumscribed, with or without a
capsule and often surrounded by a rim of dilated blood
vessels. Larger tumors tend to have a central myxoid-fi-
brotic stellate scar that can become calcified. Foci of
hemorrhage are commonly seen, but cystic change and
necrosis are unusual. The cells are arranged in solid, tu-
bular, or trabecular rests. A predominant extrarenal
growth can be expected in 50% of cases. Metastases or
invasion of the renal vein do not occur.

Microscopically, cells have abundant, granular eosin-
ophilic cytoplasm; no clear cytoplasm is seen. The tu-
mor cells probably derive from intercalated cells (type
A) from the collecting ducts. Nuclei are generally low
grade (I or II) and uniform, but focal areas may have
marked nuclear atypia (oncocytomas are not graded).
Mitotic activity is not seen, and foci of necrosis are un-
common. Ultrastructural examination reveals numer-
ous round mitochondria larger than the mitochondria
of other renal cell neoplasms and with a membrane par-
ticularly rich in cristae.
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Fig. 17A–E. Oncocytoma. A On fresh specimen, this tumor has a
typical mahogany brownish color. B, C A central stellar scar may be
present. D Contrast-enhanced CT, cortical phase. Sharply demar-
cated and very smoothly outlined lesion at the upper pole of the
right kidney and without central scar. E Axial T2-weighted MR (TR
= 4.3 ms; TE = 60 ms). Predominately hyperintense intrarenal le-
sion in the left kidney. The signal intensity, however, is lower than
the content of the collecting system and some intralesional hetero-
geneity is observed. This was diagnosed as a tubulocystic variant
of an oncocytoma
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Cytogenetic studies show normal or abnormal kar-
yotypes including a translocation t(11q;13), or loss of
chromosome 1 or Y. The development of oncocytoma is
initiated by typical abnormalities of the mitochondrial
DNA structure.

Most reported oncocytomas have a benign behavior,
but local or distant metastases have been reported.
However, it is now felt that most, if not all, malignant on-
cocytomas described in the older literature are nonpap-
illary, papillary or chromophobic RCCs with eosino-
philic granular cytoplasm. In addition, these tumors
would be expected to display a deletion of 3p or trisomy
17 or mitochondrial alterations at genetic analysis. Yet
oncocytomas may have the capacity to become malig-
nant since they can contain chromophobic cells. This
raises the possibility that oncocytomas and chromo-
phobic carcinomas represent two ends of the same
spectrum.

Imaging

Ultrasound

Most oncocytomas are slightly hypoechoic compared to
the renal cortex on US.A central scar, reported as an an-
echoic center, is only seen in the minority of cases.

Computed Tomography

Oncocytomas are homogeneous and isodense on unen-
hanced CT. The majority is isodense (75% of cases) on
cortical phase images and hypodense on late scans
(Fig. 17C). Although a central scar is commonly seen on
gross morphology, it can only be expected to be detect-
ed in 50% of cases by CT. Furthermore, this scarring is
not exclusive for oncocytoma [57–59]. A sharp and very
smooth demarcation with the adjacent parenchyma is
always seen. A predominant extrarenal location can be
expected in 50% of cases.

Many authors focused on the possibility of differen-
tiating oncocytoma and RCC based on CT criteria (or
angiography) and that differences would become more
apparent as tumors enlarge. On contrast-enhanced
scans, homogeneous attenuation throughout the tumor
and a central, sharply marginated stellate area of low at-
tenuation were considered predictors of oncocytoma.
Any area of decreased attenuation in the tumor except
for a stellate, central area was used as a predictor of car-
cinoma.Among oncocytomas larger than 3 cm in diam-
eter, 67% exhibited criteria for oncocytoma and 33%
met the features of carcinoma; among smaller oncocy-
tomas, the respective results were 82% and 18%. Among
carcinomas larger than 3 cm in diameter, 84% fulfilled
the criterion for malignancy and 16% were incorrectly

predicted to be oncocytomas; among smaller carcino-
mas, the respective results were 58% and 42%. There-
fore, CT criteria used are poor predictors of the diagno-
sis of oncocytoma or carcinoma regardless of tumor
size.

A likely explanation for the lack of homogeneity of
oncocytomas on contrast-enhanced CT scans is an in-
homogeneous perfusion as a result of ischemia. The
pattern of growth of oncocytomas in which cells accu-
mulate in more or less rounded, solid cell nests that be-
come smaller, fewer, and farther apart toward the center
of the tumor probably favors the ischemic events. Even-
tually these ischemic tumor cells are replaced by fibro-
blasts that give the classic gross specimen the patholog-
ic and radiologic finding of a central scar. These same
evolutionary changes of ischemia and fibrosis also oc-
cur in regions other than the center of an oncocytoma.
This is the most likely explanation for the observations
of heterogeneity in the enhancement pattern of oncocy-
toma noted in several studies. In addition to hemor-
rhage and necrosis, ischemia must also be considered as
a cause of low tumor attenuation.

Magnetic Resonance Imaging

Oncocytoma is isointense on T1-weighted images and
hyperintense on T2-weighted images (Fig. 17D) [60].
After injection of contrast, lesions are iso- to slightly
hypovascular compared to the renal parenchyma and
without evidence of necrosis or hemorrhage. A central
stellate may occasionally be seen.

Indications for Lesional Biopsy

Needle aspiration puncture or biopsy has a limited role
in the evaluation of the renal mass in the CT/MR era
and has been abandoned as a routine procedure. Biop-
sy or needle aspiration has occasional value in the eval-
uation of the cystic indeterminate mass. In the setting
in which a lesion is highly suspicious for neoplasm in a
patient who is a very poor surgical risk, the technique
could be performed to help establish a diagnosis and
determine the treatment approach [61].

There are many occasions in which needle aspiration
or biopsy is definitely indicated. These include differen-
tiating a chronic abscess from a cystic carcinoma, dif-
ferentiating a new primary renal neoplasm from a met-
astatic one in a patient who has had a previous primary
tumor in another organ, and differentiating a primary
renal neoplasm from renal lymphoma in a patient with
lymphoma, particularly when the lesion does not re-
gress with treatment whereas the rest of the disease
does [62].
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Conclusion

General agreement exists in the current literature on the
importance of early detection of renal parenchymal
neoplasms since (a) small lesions grow and then large
tend to metastasize, (b) early detection implies earlier
treatment and improved survival rate, and (c) it im-
proves the possibility of elective or mandatory renal-
sparing surgery [63–65]. Besides earlier detection, sub-
typing of RCCs may be valuable and useful for the sur-
geon, especially in centers where elective nephron-spar-
ing surgery is performed. In a study by Van Poppel et al.
[65], it has been shown that the most important require-
ments for this surgery are: (1) tumor is easily resectable,
and (2) selection of candidates is based not only on tu-
mor size. Therefore, if a tumor is suspected of being a
papillary RCC or when a renal lesion does not fit in any
of the above categories, further studies and possibly bi-
opsy are indicated to avoid surgery in nonsurgical le-
sions such as metastases and lymphoma.
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pending on the age. The tumors are mostly malignant in
both adults and infants (62%–86%) [2, 7–11].

In this chapter, following a short discussion on the
radiological semiotics necessary to define the exact lo-
cation of the lesions being examined, the macro- and
microscopic aspects of the most common primitive ret-
roperitoneal tumors recently dealt with in the WHO
classification (2002) (Table 1) will be reviewed, focusing
more on the characteristics that influence the appear-
ance at imaging rather than the purely histological and
cytogenetic aspects [12].

Radiological Semiotics 
of Primitive Retroperitoneal Tumors

In order to define a PRT as such, it is absolutely neces-
sary to exclude its origin from retroperitoneal organs
[13]. Many radiological signs have been described to as-
sist in making a differential diagnosis. These include

Introduction

Primitive retroperitoneal tumors (PRT) include masses
that originate in the retroperitoneal space, indepen-
dently of the organs present therein, and are thus histo-
logically primitive. They derive from tissues contained
in the retroperitoneal space (adipose, muscular, vessel
and nerve tissue), from embryonic remnants or heterot-
opies coming from one or more embryonic layers (ecto-
derm, mesoderm and endoderm) or from totipotent
embryonic germs. They do not include any growing le-
sions belonging to the retroperitoneal organs (kidneys,
adrenal glands, excretory tract, pancreas and colon) or
secondary invasive organs such as systemic masses
(lymphomas) and metastases [1, 2]. PRTs are relatively
rare (0.01%–0.3% of all tumors [3–6] in adults, 5% in in-
fants [3, 7]), and they are rather different in histogene-
sis, structure and evolutionary potential. The only com-
mon feature is the site of development.

The average age for the appearance of PRTs is around
50 years even if no age is exempt. The percentage distri-
bution of the various forms differs considerably de-
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Table 1. Histologic classification of PRT (modified from [12])

Tissue of origin Tumor

Connective (fibrous, Fibroma, fibrosarcoma, malignant 
myofibroblastic, and fibrous histiocytoma
fibrohistiocytic tumors)

Fat Lipoma, liposarcoma

Smooth muscle Leiomyoma, leiomyosarcoma

Skeletal muscle Rhabdomyosarcoma

Vascular (blood vessels, Lymphangioma, lymphangiosar-
lymph vessels) and coma, hemangioma, angiosarco-
perivascular tumors ma, hemangiopericytoma

Neurogenic Neurofibroma, neurofibrosarco-
ma, neurilemmoma, malignant
schwannoma, ganglioneuroma,
ganglioneuroblastoma, neuroblas-
toma, paraganglioma (inactive),
pheochromocytoma

Tumors of uncertain Peripheral primitive neuroecto-
differentiation dermal tumor (PPNT), Ewing’s

sarcoma, synovial sarcoma

Miscellaneous Castleman’s disease
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valid signs common to every imaging method used and
other specific signs depending on the study technique.
The following are among the common signs:
� The beak sign (positive when the mass causes the

edge of an adjacent organ to become beak shaped,
meaning that the mass arises from that organ)
(Fig. 1A–D).

� The phantom organ sign (positive when a huge mass
arises from a small organ that then becomes unde-
tectable) (Fig. 1E, F).

� The embedded organ sign (positive when part of a
hollow organ appears embedded in the tumor)
(Fig. 1G, H).

� The prominent feeding artery sign (particularly useful
for hypervascular lesions supplied by arteries which
are prominent enough to be visualized at CT or MR).

Apart from these general signs, there are others that can
be specifically found with CT and MR. Specific diagnoses
can be suggested with CT when the following are present:
� Calcifications (ganglioneuroma; malignant fibrohis-

tiocytoma) 
� Adipose tissue (homogeneous: lipoma (Fig. 2A); het-

erogeneous: liposarcoma (Fig. 2B)
� Necrotic areas (tumors with high grade malignancy

such as leiomyosarcoma (Fig. 2C) 
� Hypervascularization (hemangioma, hemangioperi-

cytoma)
� Areas of low homogeneous density (neurofibroma)

(Fig. 2D) [14] 

MR, which is becoming the main method for examining
soft tissues, is not able to give specific information in all
cases, but the presence of some histological components
can be suggested by evaluating the signal characteristics
(intensity and enhancement) of the lesion. In the first
place, determination of the dominant histological com-
ponent can help narrow down the differential diagnosis
possibilities [15].

The myxoid stroma is hyperintense in T2- and hypo-
intense in T1-weighted images. After contrast medium
(CM) administration, the enhancement is slower. This is
common with ganglioneuroma (Fig. 3A–D), schwanno-
ma, neurofibroma, myxoid liposarcoma, malignant fi-
brohistiocytoma, ganglioneuroblastoma and malignant
tumor of the peripheral nerve sheaths.

The collagen fibers are hypointense in T1- and T2-
weighted images. After CM, the dense areas of the colla-
gen fibers enhance more slowly. Lesions that contain
collagen fiber include neurofibroma, ganglioneuroma
(Fig. 3A–D), leiomyosarcoma, malignant fibrohistiocy-
toma, malignant tumor of the peripheral nerve sheaths,
fibrosarcoma and retroperitoneal fibrosis.

Although better seen with CT, calcifications, especially
when large (ganglioneuroma, hemangioma, neuroblasto-
ma) appear as markedly hypointense areas with MR.

Fat is rather hyperintense in T1, moderately hyperin-
tense in T2 (fast or turbo spin-echo sequences) and hy-
pointense in fat-suppressed images. Lesions made up of
or often containing fat are lipoma, myelolipoma, an-
giomyolipoma and well-differentiated liposarcoma
(Fig. 3E).

Studying the signal behavior after CM administra-
tion also gives important information. Four enhance-
ment patterns have been described [15]:
� No enhancement (benign lesions)
� Early enhancement with rapid washout (benign le-

sions, Castleman’s disease)
� Early enhancement with slow or no evident washout

(mostly malignant)
� Delayed enhancement (benign masses (Fig. 3A–C)

and some malignant tumors with a myxoid compo-
nent such as myxoid liposarcoma, leiomyosarcoma)

There are other signs that are specifically appreciable
with MR [15]:
� Target sign: central area with a low or intermediate

signal surrounded by a hyperintense ring in T2. His-
tologically it corresponds to fibrous tissue centrally
and myxoid tissue around the edge. It is frequently
seen in neurofibromas and schwannomas.

� Bowl of fruit sign: low intensity mosaic, intermediate
and high signal in T2-weighted images due to a com-
bination of solid components, cystic degeneration,
hemorrhage, myxoid stroma and fibrous tissue. This
is often seen in malignant fibrohistiocytoma, synovi-
al sarcoma (Fig. 3F) and Ewing’s sarcoma.

� Whorled appearance: a linear or curvilinear struc-
ture appearing hypointense in T2. It corresponds to a
band of Schwann cells and collagen fiber in the mass.
It is commonly seen in ganglioneuroma (Fig. 3d) and
neurofibroma.

� Flow void: this is often seen in hemangiopericytoma,
arteriovenous hemangioma and alveolar sarcoma of
the soft tissues.

� Speckled enhancement: this can be found in T1-
weighted images after CM and corresponds to intratu-
moral structures similar to septa. It is more frequently
seen in leiomyosarcoma and rhabdomyosarcoma.

Fig. 1A–H. Origin of the mass. Positive beak sign: diagram (A) and
CT scan after CM administration (B). The appearance is supported
by parenchymal tokens that “envelop” the tumor. The lesion origi-
nates from the organ (renal mass). Negative beak sign: diagram (C)
and CT scan after contrast medium administration (D). The tumor
does not originate from the organ, which is also compressed. An
acute angle forms at the contact points between the resident organ
and the lesion as shown in (c) (retroperitoneal mass). E, F Phantom
organ sign: diagram (E) and CT scan after CM administration (F).
The tumor’s originating organ (right kidney) appears totally in-
corporated by the tumor and is no longer recognizable (F). Nega-
tive embedded organ sign: diagram (G) and CT scan after CM ad-
ministration (H). The wall of a hollow viscus is compressed extrin-
sically from the tumor creating a crescent shape (arrowheads)
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Fig. 2A–D. Densitometric characteristics of retroperitoneal tu-
mors. CT examinations before (A) and after (B–D) CM administra-
tion. A Lipoma. Well-circumscribed lesion with homogeneous fat
density. B Liposarcoma. Voluminous lesion, displacing the intesti-
nal loops toward the left with fat density and within which fibrous

septa are visible. C Leiomyosarcoma. Voluminous lesion originat-
ing from the wall of the vena cava and within which necrotic areas
can be seen. D Ganglioneurofibroma. Solid lesion with clear mar-
gins and low density (myxoid stroma)

Fig. 3A–F. MR aspects of retroperitoneal tumors. A–D Ganglioneu-
roma. In the dynamic contrast-enhanced study (A–C), the lesion
shows delayed enhancement. In the T2-weighted axial scan (D), the
lesion has a whorled appearance due to the abundance of collagen
fibers. E Liposarcoma. In the turbo spin-echo (TSE) T2-weighted
coronal scan, the lesion shows a signal hyperintensity due to the

fatty content. The hollow organs appear prevalently displaced up-
ward. An embedded sign can be seen in the right hypochondrium
(arrow). F Synovial sarcoma. In the T2-weighted sagittal scan, the
lesion has a heterogeneous pattern with areas of high signal inten-
sity (necrosis) and low signal intensity (solid tissue): bowl of fruit
sign. The lesion appears well defined
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Tumors Originating from Connective Tissue 
(Fibrous, Myofibroblastic and Fibrohistiocytic)

The retroperitoneum is affected by border-line masses,
typically retroperitoneal fibromatosis and malignant
forms such as fibrosarcoma in adults.

Retroperitoneal fibromatosis is a group of benign fi-
brous tissue proliferations, with no sign of inflamma-
tion or tumor [14, 16]. The biological behavior is some-
where between benign fibrous lesions and fibrosarco-
ma: the proliferations tend to be locally aggressive and
can relapse locally but do not metastasize [17]. They can
be primarily retroperitoneal or, more frequently, exten-
sions of mesenteric fibromatosis [17]. This disease can
occur at any age between 10 and 80 years (40 being the
average) and usually affects adults [17, 18]. However,
these lesions are rare: 10%–15% of cases are associated
with familial polyposis syndrome or Gardner syndrome
[19]. Macroscopically, the lesion appears as a solid mass
of variable size (1–30 cm) [18]. There is no real capsule
[19]. Microscopically, it is an infiltrating fibroprolifera-
tive process sustained by fibroblasts and myofibro-
blasts. Collagen with myxoid deposits can be found in
proximity to the fibroblasts. At US, fibromatosis shows
variable but generally low echotexture and smooth,
clear outlines [17, 20, 21].

At CT, it can have a homogeneous pattern and the
margins are usually well-defined. After CM administra-
tion, enhancement slows down because of the poor vas-
cularization. More particularly, the lesion appears gen-
erally isodense (47%) or hyperdense (41%) compared
to the muscle [18].

At MR the lesions appear hypointense compared to
the muscle in T1-weighted sequences while in T2-
weighted sequences the intensity is variable but gener-
ally low [19, 21].

Fibromatosis must be distinguished from idiopathic
retroperitoneal fibrosis (Ormond’s disease), which is a
rare pathological condition (1/100,000–200,000) char-
acterized by fibrous proliferation along the posterior
part of the retroperitoneum (Fig. 4) [22, 23].

The fibrosarcoma is a collagen-producing malignant
tumor deriving from cancerous fibroblast proliferation.
It can show variable degrees of cellularity, anaplasia and
mitotic index. It occurs more frequently in middle age,
typically develops in the more internal soft tissues and
is rarely located in the retroperitoneal [12] and medias-
tinal areas, with the exception of the so called inflamma-
tory subtype, more recently defined as inflammatory
myofibroblastic tumor. This is usually a large, well-de-
fined tumor within which necrotic focuses, which are as-
sociated with aggressive biological behavior, can often
be found (Fig. 5) [12, 24]. There are no further distinct
characteristics from the radiological aspect.

Up to now, the malignant fibrohistiocytoma (MFH)
has been the most common soft tissue tumor in adults,

also in view of the fact that, so far, the morphologic pat-
tern known as the pleomorphic MFH may be shared by
a wide variety of poorly differentiated malignant mass-
es [12]. However, this lesion appears in the retroperiton-
eum only in about 16% of cases. It is clinically nonspe-
cific. Sometimes patients complain of indisposition, fe-

Fig. 4A–C. Retroperitoneal fibrosis (Ormond’s disease). CT exam-
ination in the pre- (A) and post- (B, C) contrastographic phases.
Solid tissue is visible with homogeneous density in the precontra-
stographic phase (A), surrounding the aorta outlined by lamellar
calcifications. In the dynamic contrast-enhanced phase (B, C) le-
sion enhancement is slow
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ver, weight loss and abdominal pain. Hypoglycemia can
be present but is very rare [25].

Macroscopically, it appears as a lobulated, gelatinous
mass and is usually more than 5 cm in diameter. There
are five different subtypes, depending on the main com-
ponent, but the most useful to recognize are the myxoid
MFH and the pleomorphic MFH, as they have charac-
teristics that can assist diagnosis.

The myxoid MFH has an abundant amount of funda-
mental and mucopolysaccharide substance. It is biolog-
ically less aggressive and hardly ever leads to metastatic
spread. With the MR examination, the myxoid compo-
nent, hypointense in T1- and considerably hyperintense
in T2-weighted images, is particularly useful in assist-
ing diagnosis [26].

The pleomorphic variety generally affects areas that
have previously undergone radiotherapy. Macroscopi-
cally, it is a multilobulated, large mass (about 10 cm).
Microscopically, it shows a complex structure with mul-
tiple hemosiderin deposits and numerous gigantic cells
similar to osteoclasts [27]. The signal intensity at MR is
the same as that of the muscular tissue in both T1- and
T2-weighted sequences, and enhancement is poor after
administration of gadolinium. But the anamnestic find-
ings of previous radiotherapy in the area of a mass with
the above characteristics can lead to the correct diagno-
sis [28].

At imaging, the malignant fibrohistiocytoma is not
easily distinguished from other soft tissue sarcomas.
The combined use of the various methods, especially
MR, together with clinical evaluations, can be useful in
making a differential diagnosis, particularly in the case

of a large lesion that extensively infiltrates the adjacent
structures (Fig. 6).

Lipomatous Tumors

Adipose tissue tumors are common and represent
about half of soft tissue tumors in the surgical series
[29], and about 6% of all soft tissue tumors in children.
They can be divided into benign (lipoma and hiberno-
ma) and malignant (liposarcoma in its different vari-
ants) tumors.

The lipoma is the most common benign soft tissue
tumor. Nevertheless, its location in the retroperitoneum
is so rare that some authors do not take it into consider-
ation at all [12]. It arises at different ages but is more fre-
quently found in Patients of between 40 and 60 years of
age while it is very rarely found in children. It involves
women more than men with a ratio of 1:2 and causes a
large increase in abdominal volume, with dislocation of
the contiguous abdominal structures [30, 31]. It is easily
removed and usually does not degenerate or relapse.

Histologically, it is a tumor of the white adipose tis-
sue with no lobulation composed of mature adipocytes
with a fibromembranous or fibrous capsule and tends to
expand without infiltrating the nearby organs. It can be
difficult to make a differential diagnosis with other adi-
pose tissue tumors such as the hibernoma and lipoblas-
toma and especially the well-differentiated liposarcoma
[21].

At imaging it appears with the typical characteristics
of a fatty, hypovascularized mass: homogeneously ra-

Fig. 5A, B. Fibrosarcoma. CT examination after CM administration
(A) and macroscopic section (B). At CM-enhanced CT (A) the le-
sion shows clear margins and inhomogeneous enhancement due

to the presence of necrotic spaces within it, confirmed by the re-
sected specimen (B)



626 Giovanni Carbognin, Lucia Pinali, Carlo Procacci (†)

diolucent in conventional radiograms, hyperechogenic
at US, and with low intensity at CT (Figs. 2A, 7), where it
displays well-defined outlines and the occasional intra-
lesional fibrous septa, which appear with greater den-
sity as internal linear stria. There is no enhancement af-
ter contrast medium administration (Fig. 7). At MR the
lipoma is hyperintense on T1- and hypointense on T2-
weighted images. The T1 sequence with selected fat sup-
pression leads to a definite diagnosis, especially when
the lesion shows a homogenous aspect [26].

Hibernomas are extremely rare tumors of the brown
adipose tissue. Only two of the 100 cases that have been
described in the literature were found in the retroperi-
toneal region. They appear at any age with an incidence

peak in the 30s. Clinically, it is a slow-growing, benign
tumor that can reach considerable dimensions. Macro-
scopically, it appears as a mass that is well circum-
scribed by a reddish-brown capsule, which may be due
to the high degree of vascularization. Imaging findings
are generally nonspecific and a differential diagnosis
between the other adipose soft tissue tumors is difficult
to make. A biopsy is therefore necessary for classifying
the mass. At CT, the density of the hibernoma can ap-
pear somewhere between that of the adipose tissue and
the muscle, with clear enhancement in the arterial con-
trast phase because of the rich vascularization. At MR, a
signal hyperintensity in both T1- and T2-weighted im-
ages has been described [32].

Fig. 6A–D. Giant cell malignant fibrous histiocytoma. At US exam-
ination, the paracoronal scan on the left flank (A) shows a solid
and quite homogeneous mass with a multilobular appearance in
strict contiguity with the spine. At MR examination, in the SE T2-
weighted scan (B), the lesion appears inhomogeneously hyperin-

tense; its medial portion infiltrates the paravertebral muscles and
the spine, invading the canal (arrow). In the T1-weighted scans be-
fore (C) and after (D) CM, the marked vascularization of the mass
is confirmed infiltrating the L2 body and cranially displacing the
left kidney
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The liposarcoma is a mesenchymal tumor with an
uncertain pathogenesis that takes on an adipose diffe-
rentiation pattern. It represents about 16%–18% of all
sarcomas of the soft tissue in adults and is the second
most common tumor after malignant fibrohistiocyto-
ma. Although it is the most frequent retroperitoneal tu-
mor, only 14% of cases can be found at this level, since it
prefers to locate around the kidneys [33]. It is slightly
more common in men than in women [34]. It affects
people of all ages but occurs more frequently in the 50s
and 60s.

Clinical symptoms are the same as those of other ret-
roperitoneal tumors, i.e., nonspecific and ambiguous,
and usually in the advanced stage: vague and diffuse ab-
dominal pain, weight loss, abdominal growth with pal-
pable mass, gastroenteric or genitourinary symptoms.
The clinical outcome depends on the size, site and histo-
logical variant. Only 50% of tumors at the moment of
diagnosis can be completely removed, so an early diag-
nosis with imaging is therefore of great importance. The
best treatment is still surgery since neither radiothera-
py nor chemotherapy have proved to have any influence
on the prognosis so far [33].

The anatomopathologic aspect is variable, with
widespread overlapping between the benign and malig-
nant characteristics with the possibility of identifying
five different subtypes: the well-differentiated (Fig. 8),
myxoid, pleomorphic, undifferentiated and round cell
forms [34–37].

Macroscopically, the liposarcoma appears well-
circumscribed, encapsulated, typically multilobulated
(Fig. 8B); fibrous septa can be seen internally [38]. Mi-
croscopically, the well-differentiated form is made up of
lipoblasts, irregularly shaped cells with hyperchromatic

nuclei and adipocytes (Fig. 8C), which are often situated
along the fibrous septa. The myxoid variant has three
main tissue components: lipoblasts in proliferation, a
delicate plexiform capillary pattern and a mucopolysac-
charide myxoid matrix. The extracellular mucin often
forms large lakes (lake-like aspect). Pleomorphic lipo-
sarcomas are more aggressive and tend to metastasize
early. There is a high degree of cellular pleomorphism,
including giant cells, with areas of necrosis and hemor-
rhage. If there are no characteristic lipoblasts, the ana-
tomopathologic differential diagnosis with malignant
fibrohistiocytoma can be difficult [35]. The round cell
liposarcoma is extremely aggressive from a clinical and
a biological standpoint [35]. The undifferentiated form
derives from a dedifferentiation of a well-differentiated
liposarcoma, a previous retroperitoneal tumor that was
treated with chemo- or radiotherapy. It can also recur as
a slow-developing, spontaneous process. This variant is
highly malignant. Its cellular population is mixed and
heterogeneous and reflects the origin of the mesenchy-
mal tumor from which it has dedifferentiated. This pop-
ulation not only includes multinucleated cells and large
pleomorphic cells with abundant cytoplasm, but also
nests of smaller cellular elements with a high nucle-
us/cytoplasm ratio (Fig. 9) [39].

Imaging, traditionally CT and MR, plays a key role in
the diagnosis of liposarcomas, so much so that today,
MR is considered as the gold standard in their study.
Ultrasound is usually used more to define the extent of
the tumor than to diagnose its nature. It is, however,
very useful during follow-up as it can recognize any
cancerous recurrence early. Recurrence arises in 90% of
cases within 10 years of surgical intervention. Since ple-
omorphic liposarcomas recur more often than the well-

Fig. 7A, B. Lipoma, same case as Fig. 2a. CT examination in the ear-
ly (A) and late (B) phases after CM.At enhanced CT, an encapsulat-
ed lesion can be seen, considerably hypointense in all the phases of

enhancement, which displaces, without infiltrating, the body of the
pancreatic gland and the superior mesenteric artery (A)
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differentiated forms, it is good to follow these patients
up with frequent ultrasound examinations. The major-
ity of well-differentiated liposarcomas have high echog-
enicity but they are sometimes very large and have a
complex internal structure in which the internal echoes
are difficult to recognize. Only well-differentiated lipo-
sarcomas have a particularly suggestive echogenic pat-
tern with a wavy aspect stemming from hyperechoic
horizontal or concentric lines, depending on whether a
linear or curved probe is used. These correspond ana-
tomopathologically to the fibrous septa inside the lipo-
sarcoma [37]. The absence of cystic degeneration can be
indicative of the liposarcomatous nature of a retroperi-
toneal lesion even if it is a rather nonspecific sign. Color
Doppler examination can often highlight compressed
vessels but it does not give any further information in
terms of diagnosis [37].

Fig. 8A–C. Lipoma-like liposarcoma. In the T2-weighted coronal
scan, a voluminous expansive mass occupies the right flank dis-
placing the intestinal loops and the bladder to the left (arrow in A).
At the subsequent intervention, the lesion was resected (B) and
proved to have quite clear, multilobular margins. Histologically,
the mass appears to be made up of adipoblasts with hyperchromic
nuclei and adipocytes (C)

Fig. 9A, B. Dedifferentiated liposarcoma. The contrast-enhanced
CT scan (A) shows an inhomogeneously dense mass in the front
left pararenal space. The irregular aspect is due to the presence of
necrotic areas. In the low-magnified histologic section (B), the
dedifferentiated component is appreciable, heralded by a hyper-
cellular fibrous area
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At CT, the liposarcoma appears as a large mass,
which displaces, compresses and distorts the outlines of
the contiguous organs. It has a negative attenuation co-
efficient and can have large internal fibrous septa. The
well-differentiated forms are hypodense (Fig. 2B), while
the pleomorphic forms have a rather inhomogeneous
appearance (Fig. 9A).

At MR the mass shows up with a typically thick pe-
ripheral ring and linear septa with internal nodules. The
adjacent structures are preserved. The signal intensity
of the well-differentiated liposarcoma is identical to
that of subcutaneous adipose tissue in all the sequences
(Fig. 3E). It is largely composed of fat and thin or thick
fibrous septa, as well as intralesional nodules. The septa
are hypointense in T1-weighted images. After CM ad-
ministration, there is no noticeable enhancement, only a
weak signal increase compared to the unenhanced
phase, which is better seen in the fat-suppressed se-
quences [35, 38]. The myxoid variant is isodense com-
pared to the muscle in MR sequences. It can appear cys-
tic in the unenhanced phase (Fig. 10), but has a solid as-
pect after CM administration. Furthermore, after CM
administration, the pattern of the lesion is heterogene-
ous with areas that do not enhance, which histologically
correspond to mucin accumulation, and others that en-
hance more, corresponding to areas of greater cellular
concentration. The pleomorphic subtype has a poor ad-
ipose content and appears inhomogeneous in T1 and T2
sequences, often with areas of hemorrhage and necro-
sis. It is hypointense compared to the adipose tissue in
T1 and hyperintense in T2 with an internal structure
that is quite heterogeneous [35, 38].

Tumors Originating from Smooth Muscle Tissue

These tumors originate from smooth muscle, particu-
larly that of the retroperitoneal vessel walls.

The leiomyoma is a lesion that is only occasionally
found in the retroperitoneum. It is a small mass (less
than 5 cm), usually located in the female pelvis. Micro-
scopically, it is well differentiated and neither presents
mitosis or pleomorphism. At imaging it is difficult to
distinguish from the malignant counterpart when small
[25].

The leiomyosarcoma represents about 15% of soft
tissue sarcomas in adults and 2% in children. It more of-
ten arises in the gastroenteric and genitourinary tracts
and in the retroperitoneum where 30% of cases occur
and where its frequency is second only to liposarcoma.
Quite often retroperitoneal tumors originate from the
wall of the inferior vena cava, under the kidneys or at
the mid-upper third of the hepatic segments [40]. The
pelvic location is rather rare and differential diagnosis
with other pelvic masses is a problem, especially with
gynecological, uterine or adnexal masses [41].

Occurrence is usually in adults aged between 50 and
70 years. Females are more commonly affected, and,
perhaps due to the influence of estrogens, locations are
more frequently retroperitoneal and at the vena cava
[40].

At diagnosis, the leiomyosarcoma is already usually
in the advanced stage and considerably large, with a di-
ameter of 5–35 cm. Therefore the clinical signs and
symptoms resolve little and are nonspecific. Weight
loss, pain and the appearance of an abdominal mass are

Fig. 10A, B. Myxoid liposarcoma. T2- (A) and T1- (B) weighted parasagittal scans. The mixed appearance of the lesion with cystic compo-
nent, T2 hyperintense and T1 hypointense (asterisk), can be seen, located cranially
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often reported, and the clinical result is sometimes of
intestinal obstruction. Among the complications is ob-
struction of the vena cava with the development of col-
lateral circulation.

Macroscopically, it is a well-circumscribed tumor
that tends to grow in size rather than invade the adja-
cent structures, with the exception of the vessels, partic-
ularly the inferior vena cava [42]. The lesion may also
spread by means of local or hematogenous dissemina-
tion. Microscopically, it is composed of spindle cells
with eosinophilic cytoplasm and a spindle aspect, or the
nucleus may be cigar-shaped. It contains many hyali-
nized and necrotic areas, hemorrhage and areas of stro-
ma with myxoid tissue, fibrosis or inflammation. Three
different variants can be distinguished: the totally ex-
travascular form (extraluminal), the intravascular form
(intraluminal) and the more common mixed variant,
both intra- and extraluminal [41, 42].

Intravascular leiomyosarcomas are subdivided on
the basis of their origin: intimal or tunica media leiom-
yosarcoma. The former has limited dimensions and can
mimic a parietal thrombus or a dissected aneurysm at
imaging.

The leiomyosarcoma usually appears at imaging as a
voluminous tumor with a nonadipose, partially necrot-
ic central area, that takes up the CM unevenly both at CT
and MR. The periphery of the tumor has clear outlines
and is clearly distinguishable from the adjacent struc-
tures. The tumor rarely extends to the intraspinal area
[40], but a voluminous retroperitoneal mass can origi-
nate from vessels or invade them, and often, proximity
to the adrenal glands and the displacement of the vena
cava can lead to the mistaken suspicion of the supraren-
al origin of the tumor [43]. US shows a solid content
(Figs. 11A, 12A, B) or cystic lesion and is the method of
choice for carrying out a needle biopsy, which is useful
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for diagnosis. Both angiography (Fig. 11B) and color
Doppler sonography can be used to examine the vascu-
lar flow. CT is a sensitive method for diagnosis and fol-
low-up, as it highlights the relationship of the mass with
the adjacent structures and the involvement of the ret-
roperitoneal vessels (Fig. 12). The leiomyosarcoma ap-
pears as a solid, lobular retroperitoneal mass with cystic
areas caused by necrosis. Calcifications are rarely found
within it and seldom is it completely cystic [44]. MR is
preferable to the other methods for classifying the tu-
mor, as it can highlight the different signal intensities of

the individual tissues and carry out a dynamic contra-
stographic study [40]. Retroperitoneal leiomyosarco-
mas are hypointense with intermediate intensity in T1-
and hyperintense with intermediate intensity in T2-
weighted images. Enhancement of the lesion after CM
administration mainly involves the muscular or fibrous
content of the lesion but it is usually delayed (thus the
differential diagnosis with other hypervascularized ret-
roperitoneal tumors such as the hemangiopericytoma,
the rhabdomyosarcoma and the extraskeletal Ewing’s
sarcoma is easier) [41] (Fig. 11C, D).

Fig. 12A–D. Leiomyosarcoma with extra- and intraluminal pattern
(type 3).At US, axial (A) and parasagittal (B) scans on the left flank
show a solid mass with heterogeneous echotexture occupying the
lumen of the vena cava and extending outside of it. CT examina-

tion in the unenhanced phase (C) highlights a clear-marginated,
hypodense lesion that replaces the vessel lumen. There are two hy-
podense hepatic metastases (arrows). Surgery (D) demonstrates
the lesions origin from the vessel wall

Fig. 11A–D. Leiomyosarcoma with extra- and intraluminal pattern
(type 3). At US examination, the parasagittal scan on the left flank
(A), shows a solid and quite homogeneous mass, which partially
develops inside the vena cava. The T1-weighted axial (B) and sag-

ittal (C) scans confirm the presence of a rounded mass with exten-
sions both external and internal of the vena cava. The angio-MR
(2D time-of-flight, (D) highlights a rich network of collateral circu-
lation resulting from the caval obstruction
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Tumors Originating 
from Skeletal Muscle Tissue

The rhabdomyosarcoma is the most common soft tissue
tumor in children and adolescents, accounting for
roughly 60% of sarcomas. It is however, relatively rare in
adults. The PRT rhabdomyosarcoma accounts for about
5% of all rhabdomyosarcomas and has the worst prog-
nosis [45]. There are three variants: the embryonic and
alveolar, which are more common in children, and the
pleomorphic, which is more common in adults. Macro-
scopically, this tumor appears well circumscribed, usu-
ally large (5–15 cm) [12, 25], lobular and often sur-
rounded by a fibrous pseudocapsule. On dissection, it
appears grayish white with a compact appearance and
variable amounts of hemorrhage. Sometimes necrotic
focuses can be found.

Definite diagnosis is immunohistochemical. Diagno-
sis is nonspecific at imaging, especially when the lesion
is smaller than 2.5 cm.At US it appears as a well-circum-
scribed, solid, hypoechogenic lesion. At CT, the lesion’s
density is identical to that of the skeletal muscle tissue.
Sometimes, low-density foci are recognizable, sugges-
tive of necrosis. At MR, the lesion appears hypo- to iso-
dense compared to the muscle tissue in T1- and irregu-
larly hyperintense in T2-weighted images, depending
on the presence or absence of necrotic foci [26]. As with
the other PRTs, the treatment of choice is resection.
Nevertheless, the tumor is also highly sensitive to chem-
otherapy [45].

Vascular and Perivascular Tumors

The lymphangioma is a rare, benign, vascular tumor
that typically extends into spaces between preexisting
structures and surrounds vessels without compressing
their lumina (Fig. 13) [2, 46]. Histologically, it is a well-
circumscribed mass made up of vascular spaces of var-
iable size. The stroma is composed of collagen fiber and
fibrous tissue and its walls can contain focal accumula-
tion of lymphoid tissue.

The lymphangioma is classified into three categories
depending on the size of the vascular spaces: capillary
(or simple), cavernous and cystic. The last two catego-
ries are the only ones found in the retroperitoneal area
in less than 5% of cases [47].

The tumor shows no particular preference for any
specific age or sex. Its location in the retroperitoneum
more often affects older children or adults.

The mass grows in a benign manner and can some-
times reach such sizes as to cause compression on the
adjacent structures (Fig. 13). It can provoke a range of
symptoms that go from abdominal pain and enlarge-
ment, fever, fatigue, weight loss and hematuria to acute
abdomen. Other clinical manifestations can be linked to

complications arising in the mass such as infection,
hemorrhage, torsion or rupture. Lastly, it can be found
by chance in asymptomatic patients during examina-
tions for other clinical reasons.

Fig. 13A–C. Lymphangioma. US (A) shows a voluminous hyper-
echoic mass with well-defined margins. The mass appears consid-
erably hyperintense in the T2-weighted (B) axial scan and notably
hypodense with multicyclic margins at the CT examination after
CM administration (C). The lesion, without mass effect, stretches
along the mesenteric root, where it circumscribes the mesenteric
vessels. These findings should give rise to the suspicion of lym-
phangioma
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Diagnosis is quite easy with imaging. Plain film of
the abdomen can be useful in recognizing complica-
tions such as dislocation of intestinal loops or obstruc-
tion. US and CT are very sensitive and relatively specif-
ic in evaluating the cystic variant of this mass. US exam-
inations demonstrate the internal structure of the lesion
with its typically well-defined margins. If it is of the cys-
tic type, it can have a uni- or multilocular aspect and at
the subsequent US controls, it shows progressive
growth, wall thickening and septa, and the fluid content
becomes increasingly echoic (Fig. 13A) [46].

CT confirms the US findings and gives further infor-
mation on the tumor’s size, composition, extent and its
relationship with the surrounding anatomic structures.
Sometimes at CT, the lymphangioma has a high lipidic
content, mimicking a lipoma (Figs. 13c, 14) [48]. The
cystic lymphangioma appears as a well-circumscribed
cystic mass and has a homogeneous aspect with liquid-
type toning (Fig. 14). Septa, all of similar thickness, are
often found [47].

MR, thanks to its ability to directly acquire multipla-
nar images, delineates the relationship of the mass more
precisely, especially with the skeletal system, also dem-
onstrating the particular signal characteristics, which
are considerably higher in the T2-weighted sequences
(Fig. 13B) [47]. After CM administration, there is mini-
mal contrast enhancement [2].

The differential diagnosis is made mainly with cystic
or apparently cystic forms in the retroperitoneum area
such as cysts and pseudocysts, hematomas, abscesses
and lymphocele; with tumor-like lesions, such as lym-
phangioleiomyoma, which differentiates histologically
from lymphangioma due to the presence of smooth

muscle elements; with liposarcoma, leiomyosarcoma, fi-
brosarcoma and teratoma, which may have a cystic-like
aspect. It should be remembered that sometimes, some
retroperitoneal metastatic lymph nodes may have a cys-
tic aspect [47].

From a therapeutic point of view, the lymphangioma
is surgically removed and has an excellent prognosis
with total resection [46]. Otherwise it tends to recur
[47].

The angiosarcoma is a rare tumor of mesodermic or-
igin originating from atypical endothelial cells. The
most common sites found are the skin, soft tissues, liver,
spleen and upper air tracts. Location in the retroperito-
neal area is rather infrequent [49]. It occurs in advanced
age. Clinical manifestations, mainly abdominal pain, are
linked to organ compression or displacement. In some
cases urinary and/or hematuria symptoms may appear.

The tumor’s histologic aspect can vary from that of a
well-differentiated angiosarcomatous pattern to that of
a poorly differentiated solid pattern. The mass compris-
es small or medium-sized blood vessels that widely in-
filtrate the fibroadipose tissue and the bordering irreg-
ular vascular spaces. It also has a capsule.

US imaging is useful for identifying the lesion but
not for classifying it. In fact, it shows a heterogeneous
hypoechogenic mass. CT confirms the presence, loca-
tion, size, internal consistency and extent of the tumor.
Furthermore, it evaluates the presence of distant metas-
tases. Nevertheless, it cannot establish the tumor’s ori-
gin. The CT findings are of a solid mass with a heteroge-
neous content, well-defined margins and irregular en-
hancement after intravenous CM administration [49].

MR sequences show an isointense mass compared to
the muscular tissue in T1-weighted images, with a high
signal intensity in T2-weighted images. The tumor en-
hances inhomogeneously in fat-suppressed T1-weight-
ed sequences after intravenous administration of gado-
linium-DTPA. This evaluation confirms the vascular na-
ture of the mass. The MR angiographic (MRA) exam-
ination is also very informative regarding this aspect, as
it assesses the true vascularity of the mass [49]. The sig-
nal characteristics of the lesion are however, identical to
those of other PRTs.

The angiosarcoma enters into differential diagnosis
with tumor and nontumoral pathologies. The former
are represented by lymphoma, hypervascular liposarco-
ma, leiomyosarcoma, metastases of renal cell carcino-
ma, choriocarcinoma, endothelioma, hemangiopericy-
toma and Kaposi’s sarcoma. The following can be found
within the nontumoral pathologies: retroperitoneal fi-
brosis, pancreatitis, aortic aneurysm, and retroperito-
neal fluid accumulations (blood, abscess, lymphocele,
urinoma).Fig. 14. Cystic lymphangioma. CT examination in the contrast-en-

hanced phase. A mass with lobulated morphology, notably hypo-
dense after CM administration can be seen lying both in front and
behind the body and tail of the pancreas. The appearance can
mimic a lipoma (see Fig. 7)



634 Giovanni Carbognin, Lucia Pinali, Carlo Procacci (†)

Neural Tumors

Retroperitoneal neural tumors also originate from the
central nervous system or are associated with it. They
are therefore not included in the WHO classification of
soft tissue. However, bearing in mind the site and the
imaging aspects, as well as the problems in differential
diagnosis that these tumors create, they are included in
this work. Two types of tumors are considered: those
originating from the nerves and those originating from
support (Schwann) cells. The first category includes be-
nign masses (ganglioneuroma) and malignant ones
(neuroblastoma and ganglioneuroblastoma). The sec-
ond group also includes benign forms (neurofibroma
and schwannoma), infrequent in the retroperitoneum,
and malignant forms (malignant schwannoma). Tu-
mors originating in the nerves derive from primordial
neural cells that migrate toward the sympathetic gangli-
ons and the suprarenal gland medullary.

The ganglioneuroma is a benign mass of the periph-
eral and central nervous system. It develops from ma-
ture ganglion cells, and is the most mature form among
the autonomous nervous system masses. It occurs in
children and young adults (the majority of cases occur
before the age of 20), with a slight prevalence for fe-
males. The main site of origin is the posterior mediasti-
num followed by the retroperitoneal space. This type of
tumor is benign, its growth is slow but expansive, with
progressive mass effect and involvement of the adjacent
structures. It can extend to the spine, but this is not very
common [50].

The ganglioneuroma can originate from the trans-
formation of a neuroblastoma or a ganglioneuroblasto-
ma through a maturing process that can be spontaneous
or induced by radio-chemotherapeutic treatment. In
fact, tumors originating from nerves are expressions of
three developmental stages of the cancerous process it-
self. Neuroblastomas are made up of immature neuro-
blasts, while ganglioneuroblastomas are composed of a
mixture of neuroblasts and mature ganglion cells. Last-
ly, ganglioneuromas, as stated above, are composed of
mature ganglion cells and Schwann cells.

The ganglioneuroma appears as a rounded or oval
mass with clear margins, and is usually well-circum-
scribed by a capsule. Its diameter is generally around
10 cm but in some cases can reach 50 cm. The mass has
an abundant myxoid matrix, which raises suspicions of
its diagnosis at imaging, especially MR [2, 26, 50], and it
frequently contains calcifications. As it is generally hor-
monally inactive, the mass often remains asymptomatic
for a long time due to its slow growth and can be detect-
ed as a palpable abdominal mass and/or with the non-
specific complaint of abdominal pain, encopresis and
diarrhea, depending on its location and size [51, 52].

US imaging shows a solid, homogeneous mass whose
echotexture is similar or inferior to that of hepatic or

splenic parenchymas (Fig. 15A) [53]. At plain CT it has
low density and is moderately enhanced after intrave-
nous CM administration (Fig. 15B). This finding is due
to the histopathologic abundance of myxoid matrix and
the relatively low ganglion cell component that make up
the mass. CT therefore leads to a differential diagnosis
in terms of neuroblastomas and pheochromocytomas,
which usually demonstrate a high concentration of CM.
Moreover, CT imaging is more sensitive in identifying
any calcifications that US and MR did not recognize
(Fig. 15b). This finding can lead to the differentiation
between a ganglioneuroma and its malignant form, the
neuroblastoma. This is the most important differential
diagnosis within the area of retroperitoneal tumors in
children and young adults [50].

In T1-weighted MR images, the mass has a homoge-
neously low signal intensity (the same as muscle tissue)
(Fig. 3B) unless the mass contains hemorrhagic areas or
an adipose component, which then give an intermediate
signal intensity in T1. In T2-weighted images, the mass
has a high signal intensity (like fluids), in relation to the
myxoid component (Fig. 3A). After injecting CM, the
T1-weighted images gradually show a homogenous
marked enhancement of the mass (Fig. 3B–D). When
compared, the histological findings and the imaging as-
pect correlate well (Fig. 15). Endocrinologically active
masses are rare and are found almost exclusively in chil-
dren. The literature reports only two adult cases. The
childhood forms describe a high urinary excretion of
catecholamine metabolites (vanilmandelic acid and ho-
movanillic acid) and high plasmatic levels of adrenalin
and dopamine [51].

In the functioning masses found in adults, there was
a moderate increase in plasmatic and urinary levels of
norepinephrine and dopamine. Since the literature re-
ports cases of malignant transformation of ganglioneu-
romas, it is necessary to make an early diagnosis, com-
pletely remove the mass surgically and then carry out a
long postoperative follow-up [52]. The prognosis is gen-
erally good, as the tumor does not usually recur after
surgical resection.

The neuroblastoma is a rare tumor in adults, while it
is one of the most common malignant pathologies in
children, holding third place after leukemias and brain
tumors [54, 55]. The most common locations are the ad-
renals (48%), the retroperitoneum (32%), the kidneys
(10%), and it can also be found in the mediastinum, the
cervical and sacral region and, since the tumor origi-
nates along the sympathetic ganglion chain, the Zucker-
kandl organ and the adrenal medullary.

Histologically, the neuroblastoma is composed of
small rounded cells with hyperchromatic nuclei and
poor cytoplasm, positive for neuron-specific enolase
(NSE) and synaptophysin. These elements make up var-
ious types of totipotent cells of the neural crest in differ-
ent stages of development. The neuroblastoma is highly
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malignant and in most cases, there are already bone,
lymph node, hepatic and skin metastases at the moment
of diagnosis.

The tumor’s clinical manifestation has nonspecific
symptoms such as fever, general indisposition and pain
caused by the growth of the mass. In rare cases, the tu-
mor has created an obstructive jaundice [54].

The US findings for this tumor are of a hypoechoic
and normally large mass. This examination can be car-
ried out as a preliminary study of the mass for evaluat-

ing any involvement of the biliary system by recogniz-
ing dilation of the intrahepatic biliary tracts and the
gallbladder [54].

At CT, the mass appears large (about 6–8 cm in diam-
eter), lobular and covered by a thin capsule. It is com-
mon to find intratumoral calcifications, which can
sometimes also be seen at ultrasound. Intravenous CM
administration produces a low-density nonspecific pat-
tern. T1-weighted MR images show a mass with low sig-
nal intensity, which in T2-weighted images presents

Fig. 15A–E. Ganglioneuroma. At US examination the parasagittal
scan on the right flank (A) shows a solid and mainly hypoechogen-
ic mass adhering tightly to the upper pole of the right kidney. At
CT examination after CM administration (B), the lesion appears
hypovascularized and homogenous, with large calcifications on
the ventral side. Another lesion is visible at the left upper renal
pole (arrow). MR examination, T2-weighted axial scan (C) and gra-
dient recalled echo (GRE) T1-weighted coronal scan after CM ad-
ministration (D). Both lesions have a high signal intensity in T2. In
the contrast-enhanced phase (D), the mass shows intense enhance-
ment comparable to the renal parenchyma. The surgical specimen
(E) demonstrates the whitish lesion that was resected along with
the right upper renal pole
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transition toward high signal intensity. From the above
description, is it evident that US, CT and MR are not
able to make a definite differential diagnosis between a
neuroblastoma and other malignant tumors.

Therefore other evaluations are necessary to reach a
definitive diagnosis such as an immunohistochemical
analysis for neuron-specific enolase (NSE) and synap-
tophysin and the dosage of a specific neuroblastoma
marker, i.e., vanilmandelic acid (VMA) in the urine.

Neuroblastoma cells can give rise to the production
of catecholamine, but usually only an increase in their
inactive urinary metabolite level is found [54].

The plexiform neurofibroma appears as an intricate
network of cancerous fronds with a serpiginous appear-
ance along a nerve branch or its branches [56, 57]. Mi-
croscopically, it is composed of a chaotic series of
Schwann cells dispersed in an extracellular matrix
made of mucopolysaccharides and collagen.

Plexiform retroperitoneal neurofibromas are de-
scribed in adolescents or young adult patients. Typical-
ly they are bilateral and symmetrical masses in the par-
aspinal or presacral area. With their elongated and cy-
lindrical aspect, they extend into the neural foramen.

At CT, the mass appears with a low homogeneous
toning after intravenous contrast medium administra-
tion. It sometimes mimics a lymphangioma (Fig. 16).
The finding can be attributed to the intratumoral pres-
ence of adipose tissue, cystic degeneration and the pres-
ence of myxoid matrix. Less frequently, these lesions can
contain calcifications and/or demonstrate, after CM ad-
ministration, a serpiginous or peripheral enhancement.
The tumor does not usually recur after radical surgical
resection [56].

The benign Schwannoma is also known as neurino-
ma or neurilemmoma. This is a solitary, slow-growing

benign tumor that develops from Schwann cells. It can
occur at any age but its incidence rate peaks between the
30s and 60s. In a few cases it can locate at the retroperi-
toneal level [58], representing approximately 1%–5% of
all retroperitoneal masses [59]. There is no sex prefer-
ence. Macroscopically, it appears as a rounded or oval
mass in the paravertebral site or along the route of a
nerve and is well encapsulated. It is grayish in color at
dissection with irregular, degenerative, cystic and he-
morrhagic aspects. At immunohistochemical examina-
tion, the benign schwannoma is positive for S-100, the
neural protein that is found inside Schwann cells. It is
sometimes possible to identify the originating nerve ad-
hering closely to the tumoral capsule. It is not usually
bigger than 5 cm in diameter, although it can be larger
in the retroperitoneal location. Schwannomas are sel-
dom multiple and in this case appear in subjects affect-
ed by von Recklinghausen’s disease [57]. It rarely tends
to become malignant, again seen mostly in cases of von
Recklinghausen’s disease [60]. The clinical aspect of the
benign schwannoma is often represented by vague ab-
dominal or low dorsal pain. In these cases, because of its
location, the tumor can cause urethral obstruction. This
mass enters into the differential diagnosis with patho-
logic processes that involve the structures adjacent to its
site of origin: kidneys, suprarenal glands (tumoral pro-
cesses), pancreas (cystic tumor), liver (tumor of the cau-
date lobe), psoas muscle (inflammation, hematoma, ab-
scess, tumor) [59, 61].

When the formation is in its early stages, CT imaging
shows a solid, homogeneous mass with a capsule. In the
more advanced stage, a cystic-type aspect more com-
monly appears because of hemorrhage or necrosis. This
is unlike other retroperitoneal tumors that usually show
no cystic-type change, thus making the differential di-

Fig. 16A, B. Multicentric neurofibroma mimicking a lymphangio-
ma. CT examination after CM administration (A, B): axial scans at
the level of the celiac trunk.An expansile hypodense mass, without

mass effect, is appreciable surrounding the celiac branching and
extending along the hepatoduodenal ligament
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agnosis easier. CT images reproduce the heterogeneous
character of a benign Schwannoma in the advanced
stage less faithfully than MR sequences. In T1-weighted
MR images, the lesion is usually hypointense or isoin-
tense, while in the T2-weighted sequences, it appears
hyperintense (Fig. 17A). After injection of gadolinium,
inhomogeneous areas inside the tumor enhance. This
allows for a more definite characterization of the struc-
tural components of the tumor (Fig. 17B–D) [60]. MR
imaging also helps to establish the tumor’s relationship
with the surrounding structures more precisely, thus
leading to an effective resection (Fig. 17). Resection is
the only efficient treatment [58].

The paraganglioma is formed by neural crest cells
[62, 63]. In the retroperitoneum, about 20% of such tu-
mors are located in the extra-adrenals area with the or-
igin prevalently at the level of the Zuckerkandl organ.
The paraganglioma can be associated with MEN IIA,

bronchial or gastrointestinal carcinoid, von Hippel-Lin-
dau syndrome and neurofibromatosis. The literature re-
ports a predominance in males. The average age is
about 40 years. They are usually functioning tumors, es-
pecially the benign lesions of suprarenal origin [64]. In
the majority of cases (60%), they secrete epinephrine
and norepinephrine.

Macroscopically, the paraganglioma appears as a
brownish, partially encapsulated mass. Its natural histo-
ry is variable. Retroperitoneal paragangliomas are po-
tentially metastatic (20%–40%) [63]. Of adrenal origi-
nating tumors, 10%–15% are malignant and the per-
centage is even higher for aorticosympathetic paragan-
gliomas. The histological aspect does not distinguish
the benign forms from the malignant ones, as both have
cellular pleomorphism and mitotic figures [64].

In general, the benign or functioning tumors are
smaller than the malignant or nonfunctioning ones.

Fig. 17A–D. Benign Schwannoma extending into the left gluteal re-
gion through the major ischiatic foramen, MR examination. In the
T2-weighted axial scan (A), the lesion appears quite hyperintense
and well defined.A hypointense nodule is visible at the medial side
of the lesion (asterisk). In the unenhanced GRE T1-weighted coro-

nal scan (B), the lesion appears hypodense; at the medial side there
is a dubious, slightly more intense nodular image which, after CM
administration, shows intense enhancement in the axial (C) and
coronal (D) scans. The piriform muscle is displaced cranially
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However, there is no difference between the adrenal and
extraadrenal lesions. The latter are more often malig-
nant and invade the adjacent organs such as the liver,
pancreas, intestine, lymph nodes and blood vessels.
They metastasize in the bones, lungs, liver and heart.

Of all the imaging methods, CT has proved effective
in demonstrating such tumors, finding the location, ex-

tent and nature (Fig. 18A, B). Furthermore, it is able to
give information on resectability and the benign/malig-
nant character of the lesion. The malignant forms are
more commonly extra-adrenal, large and heterogene-
ous, with poorly defined margins and necrosis. The be-
nign tumors are generally homogeneous with clear
margins (Fig. 18). Up to 15% of retroperitoneal para-
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gangliomas contain punctate calcifications. Enhance-
ment after CM administration is variable [64], but it is
nevertheless usually high. The tumor’s hypervascular-
ization is associated with the frequent presence of he-
morrhagic necrosis inside the lesion, which can be seen
as fluid–fluid levels. This aspect can be recognized both
with CT and MR imaging (Fig. 18C–E) [2, 64].

Extraskeletal Bone Tumors

Extraskeletal osteosarcomas account for 1%–2% of all
soft tissue sarcomas and approximately 4% of all osteo-
sarcomas [65–67]. When they are located in the retro-
peritoneum (17% of cases) they appear as a growing
mass, are often large with calcified areas within and can
cause swelling, and vague, nonspecific abdominal pain
may or may not be present [65, 66, 68, 69].

Macroscopically, the extraskeletal sarcoma varies de-
pending on the relative quantity of osteoid, bone and
other components. It is made up of partially ossified
solid areas and cystic areas where necrotic-hemorrhag-
ic phenomena prevail. It is pseudoencapsulated or infil-
trating and varies in size from 5 to 15 cm.

Histologically, it is common to find osteoid, chon-
droid and bony substance with a different representa-
tion of the osteoblastic, fibroblastic and chondroblastic
elements. It has been observed that, in the presence of
giant multinucleated cells of the osteoclast type, poor
sinusoidal vascularization or intratumoral hemorrhage
is frequently found [65, 70].

Conventional X-rays and CT both commonly high-
light masses that contain a large quantity of osteoid
and/or calcified material. Moreover, CT can evaluate the
presence of low density areas, expressions of suspected
necrosis or hemorrhage, and also whether or not the
mass is well-outlined [68]. At bone scintigraphy, intense
captation is demonstrated, as for lively osteoblastic ac-
tivity [65, 68]. At angiography, the tumor is frequently
highly vascularized [71].

MR can determine the size and the characteristics of
the tumor very precisely. It can reveal cystic areas, he-
morrhagic and necrotic zones and solid components,
which correspond to the resected specimen, and it can
also demonstrate the margins that, if clear, correspond
to the pseudocapsule when examined pathologically.
However, hemorrhage and necrosis can be found in oth-
er soft tissue sarcomas [68].

This tumor enters into the differential diagnosis with
several benign and malignant processes that can pro-
duce bone or osteoid. The most important benign le-
sions are calcified posttraumatic hematoma and ossi-
fied myositis. Among the malignant forms are malig-
nant fibrohistiocytoma with osteocartilaginous meta-
plasia, synovial sarcoma with calcifications, epithelioid
sarcoma, liposarcoma and many other mesenchymal
and epithelial tumors that can have bone or osteoid for-
mations within them [65, 67, 68, 71]. Nevertheless, the
absence of osteoid or calcified material, which could be
visible radiologically within a soft tissue mass, should
not stop the radiologist from suspecting extraskeletal
osteosarcoma, because there are reports in the literature
of some cases where such findings were not found ra-
diologically. In these cases, the differential diagnosis is
directed toward other sarcomas that do not contain
bony and osteoid tissue such as myxoid liposarcoma,
synovial sarcoma, malignant fibrohistiocytoma and ex-
traskeletal myxoid chondrosarcoma [68].

The prognosis of extraskeletal osteosarcoma is rath-
er severe. Almost all patients die following recurrence
and/or metastases (pulmonary, hepatic, lymph node,
bone) within 2–3 years of the operation, but relapse is,
in most cases, very quick (a few months after surgery).
The size of the tumor (<5 vs ≥5 cm) is a very important
prognostic factor since retroperitoneal tumors or tu-
mors that arise inside the abdomen tend to be very large
and total resection of the mass is very difficult [65, 67].

Unclassified Tumors

Unclassified retroperitoneal tumors are masses whose
origin and histologic differentiation is uncertain or un-
defined.

The peripheral primitive neuroectodermal tumor
(PPNT) and Ewing’s extraskeletal sarcoma are rare ma-
lignant tumors of poorly understood histogenesis,
whose cells have a varied morphology and irregular nu-
clei. It is thought that they represent the same type of tu-
mor but with a different level of neuroendocrine diffe-
rentiation (the PPNT represents the well-differentiated
form and Ewing’s sarcoma the undifferentiated). In 90%
of cases, they occur before the age of 30 and have a pref-
erence for males. The clinical symptoms at the begin-
ning are pain, swelling, fever and weight loss. The most
typical sites of origin are the lower limbs, the paraverte-

Fig. 18A–F. Paraganglioma. CT examination after CM administra-
tion: MPR reconstruction in the coronal plane (A) and maximum-
intensity-projection (MIP) reconstruction (B). A hypervascular,
rounded and clearly defined lesion is recognizable displacing the
left renal vein downward (arrow). MR examination, fast imaging
with steady-state precision (true FISP) coronal (C) sequence, un-

enhanced axial GRE T1 (D) and axial GRE T1 after CM administra-
tion (E). The lesion appears inhomogeneously hyperintense and
well defined in (C). It is intensely bright in the contrast-enhanced
phase (E). At surgery (F) it is easily separable from the left renal
vein (asterisk)
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bral regions, the thoracic wall and the retroperitoneum.
Ewing’s extraskeletal sarcoma accounts for 4% of all
sarcomas in childhood [72].

Macroscopically, the PPNT and Ewing’s sarcoma ap-
pear lobular and well circumscribed. They sometimes
have irregular margins and a rather inhomogeneous
content due to the presence of necrotic-hemorrhagic
and cystic areas. They can reach considerable dimen-
sions of up to 40 cm in diameter. Microscopically, they
are made up of small, rounded cells with a round nucle-
us and are rich in periodic acid Schiff (PAS)-positive
glycogen cytoplasm, organized in lamina [73]. Progno-
sis is severe since the occurrence of metastases and
postsurgical relapse is high.

CT often shows an infiltrating paravertebral mass
with internal calcifications [72]. MR, thanks to multi-
planar acquisitions and the high level of tissue contrast
between cancerous and adipose tissue, is the best imag-
ing method for evaluating the spatial extent of the tu-
mor (Fig. 19) [73].

The primitive retroperitoneal synovial sarcoma is a
very rare and extremely malignant tumor with a high
rate of relapse and mortality [74]. It is of mesenchymal
origin and mainly affects children and young adults,
with females being more at risk. The usual site of origin
is periarticular, especially at the level of the lower limbs.
The lesions are generally large, deeply located and grow
rapidly. Clinical and objective findings are nonspecific
[75]. Macroscopically, only the smaller masses have a
pseudocapsule; the others are characterized by poorly
defined and infiltrating margins. The internal content
appears inhomogeneous with necrotic areas and irregu-
lar calcifications (present in 15%–20% of cases). When
it arises at the retroperitoneal level, it usually does not
present characteristics at imaging that are able to safely
distinguish it from other mesenchymal tumors [74]. At
US, the lesion has a mixed appearance (Fig. 20A). At CT
(Fig. 20B, C), the lesion appears well bordered, solid and
enhancement is irregular (Fig. 20C). MR can help with
diagnosis. In fact, at MR the synovial sarcoma appears
as a very large mass with an intermediate signal inten-
sity in both T1- and T2-weighted sequences, with a het-
erogeneous signal pattern above all in T2, directly cor-
related with the considerable size of the tumor (bowl of
fruit sign, Fig. 3F). After intravenously injecting gado-

Fig. 19A–C. Ewing’s sarcoma. In the US scan in the axial plane (A),
a voluminous, mainly hyperechoic mass can be seen with a solid,
irregular content. There are multiple hypodense areas within (ne-
crotic). In the CT scan after CM administration (B), a voluminous
hyperdense mass is visible, within which multiple hypodense are-
as are confirmed, corresponding to the hypointense areas visual-
ized in the SE T1-weighted coronal MR scans after gadolinium ad-
ministration (C)
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linium, the synovial sarcoma shows an inhomogeneous
enhancement (Fig. 20D). Moreover, the presence of he-
morrhagic areas, of lesions with fluid content and hyp-
er-, hypo- or iso-intense areas compared to the adipose
tissue (the so-called triple-signal) in the T2 sequences,
can suggest this diagnosis. MR is also able to highlight
the sarcoma’s invasion of soft tissues and contiguous
bone in 21%–28% of cases [75].

Miscellaneous

Even if it does not strictly enter into the classification of
PRTs, Castleman’s disease is taken into consideration by
virtue of its frequency and the characteristics that usu-
ally lead to its diagnosis. It is a rare lymphoproliferative
syndrome that generally appears as a benign isolated
mediastinal mass [76]. Histologically, it is characterized
by a large vascular proliferation surrounding the nor-

mal lymphoid follicles. Two histologic patterns are dis-
tinguishable: hyaline vascular (85%–90%) and plasma
cellular (10%–15%). The former is characterized by ab-
normal lymphoid follicles, numerous vessels and exten-
sive fibrous septa. The latter has mature polyclonal plas-
ma cells and few vessels.

Castleman’s disease is ubiquitous, nevertheless it
predominates at the lymph node stations. The local
form is more frequent. It is a solitary mass, generally
asymptomatic and nonfiltrating and causes compres-
sion on the surrounding organs. The most common site
is the mediastinum (60%–70%). Abdominal forms are
rare (10%–17%), the majority being in the retroperiton-
eum. Different hypotheses have been made on its path-
ogenesis: a cancerous anomaly in cellular differentia-
tion, an immunologic disorder, a variety of hamartoma.
It can be associated with paraneoplastic manifestations
such as pemphigus, a recently defined autoimmune syn-
drome.

Fig. 20A–D. Synovial sarcoma. The US scan in the axial plane (A)
shows a voluminous mass with irregular echogenic content due to
the presence of minute transonic spaces within it (necrotic).At the
CT examination before CM administration (B), the lesion appears

irregularly isodense compared to the muscle. Its margins are rath-
er clear. After CM administration (C), the lesion has an inhomoge-
neous enhancement, as demonstrated in the sagittal FS GRE T1-
weighted scan (D)
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The histologic diagnosis of the lesion, essentially
based on the cellular architecture, is quite difficult, and
a biopsy can provide poor or sometimes erroneous in-
formation. At CT, the lesion shows clear margins and
high vascularization, which is responsible for the high
degree of enhancement [77].

MR evaluation of Castleman’s disease has recently
been described [76]. In T1-weighted sequences, the sig-
nal is isointense or slightly hyperintense compared to
the muscle tissue and hypointense compared to the he-
patic parenchyma. In T2-weighted sequences, the signal
is variable but usually shows a considerable homogene-
ous hyperintensity. After administration of gadolinium,
there is pronounced enhancement in the arterial phase
that persists in the later sequences.

Calcifications, fibrous septa or vessels with linear as-
pects of hypointensity are sometimes recognizable
within the mass. The presence of an extensive fibrous
component produces a particularly heterogeneous sig-
nal, like the enhancement after CM administration.

The disease can be cured with total surgical resection
as relapse is unusual. However, in some cases this can be
hindered by the hypervascularity of the mass.
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tute timely and effective treatment to prevent destruc-
tive sequelae in the mature or developing skeleton.

In this chapter we aim to focus on the pathogenesis
and radiologic–pathologic correlation and will use this
as a perspective in explaining the role of the various im-
aging techniques in excluding or identifying infection
and its mimics.

Pathophysiology

Osteomyelitis as a term was first used by Nelaton in
1844 and refers to infection of the bone and marrow,
usually by pus-producing organisms [1]. It is common-
ly caused by bacteria but fungi, parasites and viruses
are also putative agents.

Animal models have demonstrated the inherent re-
sistance of bone to infection [2]. Infection tends to oc-
cur only when there are very large inoculates, trauma, or
the presence of foreign bodies [3, 4]. The most common
aetiological agent of osteomyelitis, Staphylococcus aure-
us, adheres to bone by expressing receptors (adhesins)
for components of bone matrix (fibronectin, laminin,
collagen, and bone sialoglycoprotein) [5] and cartilage
[6]. S. aureus is also able to elaborate fibronectin-bind-
ing adhesins, which enables it to attach to surgically im-
planted devices in bone [7].

Although S. aureus is the commonest cause of osteo-
myelitis in all age groups, there are other organisms that
play an important role in specific circumstances. In the
neonates or infants, group B streptococcus, E. coli and
Haemophilus influenzae are also common incriminat-
ing organisms. Gram-negative organisms are common
pathogens in adults, particularly in intravenous drug
abusers. Multiple organisms are frequently found when
osteomyelitis develops by contiguous spread of infec-
tion from soft tissues. Postsurgical osteomyelitis in pa-
tients treated with preoperative antibiotics is typically
caused by S. epidermidis.

There are four principal routes of infection of the os-
seous and articular structures. These are haematoge-
nous, spread from a contiguous source, direct implanta-
tion and postoperative infection.

Introduction

Musculoskeletal infection is common in clinical prac-
tice. Infection of the musculoskeletal system provokes a
response in the host that can be visualised in detail with
current imaging techniques, in contrast to the insulting
organism. The manner of the host’s response is limited
and is mainly aimed at containing the infection. Never-
theless, there is a vast variety of presentation seen on
imaging reflecting the continuously shifting balance
between host and organism, depending on the immune
competence and maturity of the host on one hand, and
the virulence of the organism on the other. Knowledge
of this dynamic process is imperative to enable appro-
priate use of imaging techniques after taking into con-
sideration the clinical findings and laboratory results. A
good understanding of the various stages of musculos-
keletal infection is essential to augment the interpreta-
tion of the vast amount of imaging information avail-
able to arrive at an accurate diagnosis and thereby insti-
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The vascular anatomy of bone plays an important
role in pathogenesis of osteomyelitis. The vascular sup-
ply varies with age and determines the radiologic and
pathologic features of osteomyelitis. Three different
patterns are recognised. In the infant, some of the meta-
physeal vessels penetrate the growth plate to supply the
epiphysis. However, in the child over the age of 1 year
and before the growth plate fuses, the metaphyseal and
epiphyseal blood supply are distinct and are separated
by the growth plate.After the fusion of the growth plate,
the metaphyseal vessels are able to re-establish supply
to the epiphysis. Therefore, infection in the infant and
adult can extend into the epiphysis with potential of
causing growth plate damage and growth arrest, as well
as septic arthritis.

The course of osteomyelitis has been arbitrarily di-
vided into acute, subacute and chronic stages according
to the nature of onset and clinical features. On histology,
the acute stage is associated with infiltration by poly-
morphonuclear cells and the chronic stage is dominated
by lymphocytes and plasma cells (Fig. 1).

Acute haematogenous osteomyelitis occurs follow-
ing bacteraemia with lodgement of the bacteria at the
very vascular metaphyseal region of bones. It common-
ly occurs in children, particularly around the knee.
Acute haematogenous osteomyelitis is relatively un-
common in healthy adults, but can occur in the immu-
nocompromised or intravenous drug abusers. The met-
aphyses, especially around the knee, are predilection
sites, probably because of rapid growth and trauma in
children. At these sites the blood flow slows down and
the macrophages have decreased phagocytic ability,
which are conducive to proliferation of bacteria.

With the onset of infection, an acute inflammatory
response is elicited in the bone characterised by vascu-
lar engorgement, oedema and cellular infiltration by
polymorphonuclear cells. The production of inflamma-

Fig. 1. Light micrograph showing chronic osteomyelitis. Note the
presence of fibrosis of the marrow fields, with the absence of pre-
existent haematopoiesis. Aggregates of lymphocytes and plasma
cells are present. The surrounding bone trabeculae show marked
remodelling

Fig. 2. A Frontal radiograph of the leg in a 13-month-old child with
acute osteomyelitis, which shows florid lamellar periosteal new
bone formation. B, C Sagittal T1-fat suppressed with Gd-chelate
and axial fat-suppressed MR images, respectively, which exquisite-
ly demonstrate the onion skin-like multiple layers of periosteal
new bone formation
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tory exudates raises the pressure within the inexpansile
bone, compressing the vascular channels leading to ex-
tensive bone necrosis. The enzymes released by the bac-
teria, polymorphonuclear cells and dying tissues also
contribute to the local bone marrow or cortical necro-
sis. The exudate extends across the network of Haver-
sian and Volkmann canals to reach the cortex, which is
thin at the distal metaphysis. Abscesses form at the cor-
tex and elevate the periosteum, disrupting the blood
supply to the external cortex. The pus may penetrate the
periosteum and extend into the adjacent soft tissues,
leading to single or multiple abscesses. Elevation of the
periosteal membrane triggers periosteal ossification,
which arises from the cambium (inner) layer of the per-
iosteum. The periosteal new bone formation is referred
to as involucrum, which partially or fully surrounds the
infected bone. In the infant and child, the periosteum is
loosely attached and can be easily peeled off, producing
prominent periosteal elevation and exuberant involu-
crum formation (Fig. 2).

Soft tissue oedema and abscess formation are fre-
quently seen earlier than osseous features in infants be-
cause of the loose periosteum. In contrast, the perios-
teum is firmly attached to the underlying cortex in
adults, which leads to delayed appearance of the perios-
teal reaction. Therefore, subperiosteal abscesses and in-
volucrum formation are also unusual in the adult. Inter-

ruption of the metaphyseal and periosteal blood supply
may lead to extensive cortical necrosis with consequent
formation of sequestrum in more severe cases. The se-
questrum is a dead piece of bone bereft of vascular sup-
ply that potentially harbours the infective organism. As
it is avascular, it appears dense on plain radiograph due
to retention of mineralisation as opposed to the rest of
the vascular bone, which may be osteopenic due to in-
flammation. The antibiotics are rendered ineffective in
combating the bacteria residing within the sequestrum,
as it is unable to permeate through to the avascular dead
bone. Here the organism may lie dormant for years.
Hence, for the treatment to be effective, it is very impor-
tant to look for any evidence of a sequestrum and to re-
move it. These bacteria may produce recrudescence
many years later with pus formation, which may dis-
charge through defects in the involucrum, known as
cloaca (Fig. 3). Abscesses may form in the soft tissue or
communicate with the skin, discharging fragments of
dead bone through a chronic sinus. The infection may
follow a protracted course in chronic osteomyelitis that
tends to weaken the bone by producing osseous atrophy
and predisposing to pathological fracture.

Following adequate treatment and onset of healing
process, granulation tissue forms in the marrow cavity
to be subsequently replaced by fibrous or fatty tissues.
The abscesses are transformed into cystic cavities.

Fig. 2B, C
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Fig. 3A–G. Chronic osteomyelitis in a 42-year-old man. A Lateral
knee radiograph demonstrating lucency in the lower third of the
femur with irregular dense area in the metaphysis consistent with
a sequestrum. Solid periosteal new bone formation is also noted. B
Sinogram through the cloaca demonstrating the tortuous tract ex-
tending into the medullary cavity. C Multislice CT axial sections
through the distal femur demonstrating the cloaca with increased
density in the adjacent soft tissue due to inflammation. D, E Axial
fat-suppressed with Gd-chelate-enhanced MRI sequences at the

same level as the CT and distally, demonstrating high-signal in-
flamed marrow and adjacent soft tissues and low signal abscess
distally. F, G Multislice CT 3D reconstruction and comparable cor-
onal STIR MR images, respectively. Solid periosteal new bone for-
mation (involucrum) with extensive sequestrum associated with a
cloaca on the lateral aspect is easily appreciated on the CT image.
Intensely high signal abscess is noted within the medullary cavity
on the MR image along with the low signal sequestrum
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Fig. 3E–G
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Radiological Features

Magnetic Resonance Imaging

The focus of infection in the bone demonstrates low
signal intensity on T1-weighted images, and high signal
intensity on T2-weighted and short tau inversion recov-
ery (STIR) images. This is seen early in the disease pro-
cess, reflecting the presence of hyperaemia, oedema and
inflammatory cellular response. Radiographs are often
negative at this stage since more than 60% of trabecular
bone has to be destroyed before it can be detected.

MR is the imaging modality of choice in investigat-
ing bone marrow infection as it is able to accurately de-
lineate the extent of the infection and also allows visual-
isation of sequelae such as necrotic areas of bone, soft
tissue abscesses and sinus tracts [8]. MRI can evaluate
cortical bone and sequestrum but CT is superior in as-
sessing subtle changes. Normal cortical bone is repre-
sented as a signal void, whereas intracortical lesions al-
most invariably show areas of increased signal intensity
relative to cortex on T2-weighted, STIR and Gd-chelate-
enhanced images. Following disruption of cortex, facili-
tated by accompanying osteoporosis, the periosteum is
elevated and periostitis and soft tissue involvement en-
sue. In this stage, high signal intensity on T2-weighted
images is seen within the cortex and subperiosteally.
This represents infectious material, unmineralised cel-
lular periosteal reaction and elevated periosteum (on-
ion skin appearance). This periosteal involvement is of-
ten better seen on MR than on radiographs. Mineralised
periosteal reaction is seen as a solid or layered signal
void area, whereas the nonmineralised cellular cambi-
um layer of the periosteum has high signal intensity on
T2-weighted images (Fig. 2).

Fat-suppressed contrast-enhanced imaging signifi-
cantly increases the sensitivity (88%) and specificity
(93%) in the diagnosis of osteomyelitis compared to
three-phase bone scintigraphy and higher specificity
than nonenhanced MR, particularly in complicated cas-
es such as chronic osteomyelitis, postoperative state,
and neuroarthropathy [9].

Radionuclide Imaging

Bone scintigraphy using 99mTc-MDP(methylene di-
phosphonate) and 99mTc-HMDP(hydromethylene di-
phosphonate) is quite sensitive in detecting osteomyeli-
tis. Three-phase bone scan is usually carried out, con-
sisting of angiogram, blood pool and delayed phases.
Increased uptake is seen in all the three phases in osteo-
myelitis, reflecting the hyperaemia and increased bone
turnover. However, this is not specific and may be seen
in conditions such as fracture, treated osteomyelitis and
diabetic neuroarthropathy. Photopenia may be seen in

the presence of pus, very aggressive disease and im-
paired vascularity.

Radionuclide imaging is limited by poor resolution,
which restricts the ability to accurately pinpoint the le-
sion. This may be overcome to a certain extent by em-
ploying SPECT scan. Nevertheless, bone scan is an im-
portant imaging modality in the work-up of patients
suspected of having osteomyelitis. A negative scan can
exclude osteomyelitis with a sensitivity that is greater
than 90%. The sensitivity is lower in children and elder-
ly patients [10].

The poor specificity can be increased by using 111In-
WBC scintigraphy, which plays a useful role in the in-
vestigation of chronic osteomyelitis and diabetic foot.

Preliminary studies using the PET (positron emis-
sion tomography) scan suggest immense potential in
diagnosing bone infection and ability to differentiate it
from other conditions. 18 FDG (fluorodeoxyglucose) is
the agent commonly used in PET imaging, which be-
haves like glucose and accumulates at sites of inflamma-
tion due to increased glycolysis. Unlike bone scintigra-
phy, results can be obtained fairly rapidly with im-
proved resolution and multiplanar capability.

Studies by De Winter et al. have found FDG PET to be
accurate in 94% of cases, compared with 81% for com-
bined bone and leukocyte scan, in diagnosis of muscu-
loskeletal infections. It has the ability to distinguish are-
as of haematopoiesis in the axial skeleton from foci of
infection, which are difficult to tell apart on current im-
aging modalities [11]. Guhlmann et al. have demon-
strated immense promise in the imaging of chronic os-
teomyelitis, with sensitivity of 100% and specificity of
92% [12].

Computed Tomography

CT plays a valuable role in the imaging of osteomyelitis.
It is able to accurately demonstrate sequestra, calcifica-
tion and gas within bone and cortical destruction. One
of the earliest findings seen on CT is presence of intra-
medullary gas associated with increased density of the
marrow due to oedema. In chronic osteomyelitis, CT is
able to show sequestra that may be concealed within
densely sclerotic bone on a radiograph (Fig. 4).

With the advent of multislice CT with multiplanar re-
construction capability, CT plays a useful role in the im-
aging of infections involving the irregular bones and
joints such as sternoclavicular joint, pelvis, and spine. It
is particularly useful as image guidance enabling aspi-
ration or biopsy [10].

However, CT is limited by inability to accurately dis-
tinguish between suppuration, reactive granulation tis-
sue, oedema and fibrosis [13].
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Ultrasound

Ultrasound is a cheap and easily accessible non-ionising
imaging modality that can be used to assess patients
with suspected bone and soft tissue infections, particu-
larly in diagnosis of soft tissue abscesses and joint effu-
sions [14]. It plays a valuable role in cases where the di-

agnosis is inconclusive and can help assess the possible
soft tissue causes of pain or swelling such as cellulitis,
thrombophlebitis, bursitis, haematoma, tenosynovitis
or subcutaneous abscess. The earliest sign of osteomye-
litis seen on ultrasound may be deep soft tissue swelling
and periosteal reaction adjacent to the affected bone
[15]. Subperiosteal fluid collection in children or soft

Fig. 4. A Frontal radiograph of the forearm in a 13-year-old male
child with osteomyelitis showing a linear lucency in the midshaft
of the radius with a subtle density within it, suggestive of a seques-
trum. B, C CT sagittal reconstruction and axial section clearly dis-
play the linear sequestrum within the abscess cavity. The adjacent

inflamed marrow is high density compared to the low-density fat-
ty marrow visible in the ulna. D Axial T1-weighted fat-suppressed
(SPIR) with Gd-chelate-enhanced MR image shows the low-signal
sequestrum surrounded by high-signal abscess. Note that the se-
questrum demonstrates no enhancement
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tissue abscesses adjacent to infected bone in adults may
be seen in clinically suspected cases of osteomyelitis
[16].

In the diagnosis of osteomyelitis, ultrasound can be
used in conjunction with other imaging modalities but
plays an important role in enabling real-time guidance
for aspiration or biopsy of effusions or abscesses.

Stages of Osteomyelitis

Acute Osteomyelitis

Radiographic evidence of significant osseous destruc-
tion is delayed for a period of 7–21 days. Bone scintigra-
phy and MR are able to demonstrate early changes. Fo-
cal deep soft tissue swelling in the metaphyseal region
of infants and children may be the first radiographic
sign. Effacement of soft tissue planes and muscle swell-
ing, which spreads to involve the superficial muscles
and subcutaneous tissue, is subsequently observed on
radiographs, but easily appreciated on ultrasound. The
degree of osseous change visible radiologically lags be-
hind the actual pathology. Epiphyseal, metaphyseal or
diaphyseal ill-defined radiolucencies corresponding to
the osseous destruction are seen on radiographs of the
mature skeleton. Endosteal scalloping, intracortical lu-
cent regions or tunnelling and poorly defined subperi-
osteal bony defects are also seen. Mild periosteitis is
usually associated but periosteal reaction is more prom-
inently observed in the immature skeleton both on ra-
diographs and US.

In the majority of cases, the clinical features, labora-
tory and radiological findings are enough to diagnose
acute osteomyelitis and early treatment can be institut-
ed. However, blood cultures are positive in only 50% of
untreated acute haematogenous cases, but may obviate
the need for bone biopsy. The pick-up rate on blood cul-
ture is lower in children than in adults.

Sometimes, the clinical features can be confusing
and the pathological and radiological findings may be
inconclusive. Eosinophilic granuloma and bone tu-
mours such as Ewing sarcoma and sometimes osteosar-
coma can mimic acute osteomyelitis. The clinical fea-
tures and age groups are similar. Patients tend to be
acutely ill and present with clinical and laboratory signs
of infection. The affected limb is red, swollen and pain-
ful. Radiographs may show similar features of ill-de-
fined osteolysis with periosteal reaction and soft tissue
changes. In Ewing sarcoma, the periosteal reaction is
less regular, and the soft tissue mass is typically more
prominent than in the other two conditions.

Subacute Osteomyelitis

Following the acute phase, osteomyelitis is normally
contained. The typical example at this stage is Brodie’s
abscess. The incriminatory agent is usually S. aureus
and the abscess represents infection that has been local-
ised either due to low virulence or good immune re-
sponse. It is typically seen in the metaphysis of the dis-
tal tibia in young boys. The wall of the abscess is lined by
granulation tissue that is surrounded by spongy bone
eburnation, which is seen on radiographic examination
as a lucent lesion with sclerotic rim.

The central abscess cavity is low signal on T1-weight-
ed sequences but high on T2 and STIR sequences. The
granulation tissue at the periphery of the abscess forms
an inner ring, which has a slightly higher signal inten-
sity than the abscess cavity on T1- and proton density-
weighted images. It demonstrates intense enhancement
following gadolinium-chelate administration and is dif-
ficult to appreciate on T2-weighted images because of
the high signal intensity of the abscess (Fig. 5).

Therefore Gd-chelate-enhanced imaging is the only
reliable MR method to diagnose or exclude osseous and
soft tissue abscesses. An outer ring representing fibrotic
bone reaction and sclerosis is seen in 93% of patients
[17], that is low signal on both T1- and T2-weighted se-
quences. The peripheral halo is the result of the marrow
oedema and inflammatory response, which is low signal
on T1 and high signal on T2 and STIR images [18, 19].
The penumbra sign is observed in subacute osteomyeli-
tis but not in tumours. It is the transition zone between
the abscess and the sclerotic bone that is high signal on
T2-weighted images and enhances following Gd-chelate
administration [20]. Low signal intensity within soft tis-
sue abscess may represent air or cellular debris.

A small intracortical abscess may be difficult to dis-
tinguish from osteoid osteoma. The central nidus in os-
teoid osteoma demonstrates enhancement unlike the
sequestrum, which is low signal on all MR sequences.
Abscess characteristically demonstrates the penumbra
sign, but the marked reactive inflammatory response,
seen as high signal intensity on T2-weighted MR imag-
es, favours diagnosis of osteoid osteoma.

Chronic Osteomyelitis

Following the subacute phase of Brodie’s abscess, the
phase of chronic osteomyelitis may be encountered. It
results from either delayed or inadequate treatment of
acute osteomyelitis, and occurs in about 15%–30% of
patients.

In the subacute and chronic stages of osteomyelitis,
considerable periosteal bone formation can surround
the altered cortex, associated with increased number of
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spongy trabeculae in the affected marrow, as part of the
healing response. This leads to extensive bony remodel-
ling with considerable radiodensity and contour irregu-
larity. Cystic changes may occur within the sclerotic ar-
ea and sequestra are common.

In this stage, radiography as a rule is sufficient to
make the diagnosis. However, sequestrum was visible in
only 9% of cases in one series. The sensitivity increases
with serial review of radiographs to 14% and specificity

of 70% [21]. CT is superior to radiography and MR in
visualising sequestra, marrow calcification and cortical
destruction and may be useful in conjunction with MR.
On MR sequestra characteristically appear as low signal
intensity on all pulse sequences and do not exhibit
enhancement following gadolinium-chelate adminis-
tration (Fig. 4). Sinus tracts and cloacae appear as curvi-
linear high-signal areas on T2-weighted images and
may demonstrate enhancement [17]. MR imaging is an

Fig. 5A–C. MRI of Brodie’s abscess in a 5-year-old female child. A
T1-weighted coronal MRI shows a low-signal area abscess in the
medial femoral condyle with an intermediate signal ring due to the
granulation tissue. Just external to this is a thin low-signal ring due
to bony eburnation, surrounded by a diffuse low-signal area pe-
ripheral halo representing marrow oedema. B, C On the coronal
and axial T1-weighted fat-suppressed images with Gd-chelate,
marked enhancement of the granulation tissue is seen. This is re-
ferred to as the penumbra sign. The peripheral marrow oedema al-
so demonstrates enhancement. The central abscess and the bony
sclerosis do not exhibit any enhancement. Note the synovitis seen
adjacent to the medial condyle of femur
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important tool in visualising abscesses that need surgi-
cal drainage.

Differentiating active from inactive chronic osteo-
myelitis can be extremely difficult. The extensive bony
remodelling and osteosclerosis of the chronic osteomy-
elitis may obscure changes of reactivation. Radiograph-
ically, areas of new destruction, thin linear periostitis
and sequestrations are indicative of reactivation. On CT
and MR, abscess or sequestration also suggest activity.
Preliminary studies using PET scan appear very prom-
ising. It is able to detect infection in remodelled bone
with a sensitivity of 100% and specificity of 92% and the
accuracy is not affected by the presence of orthopaedic
devices [12].

Postoperative Infection

Internal fixation of fractures, intervertebral disc sur-
gery, arthroplasty and various types of reconstructive
procedures may be complicated by infection or septic
arthritis. There is generally delay in diagnosis because
the signs are masked by concomitant tissue trauma or
the suppressive effect of prophylactic agents or a less
virulent organism.

Unlike infection in an intact bone, where the produc-
tion of the inflammatory exudates raises the intrame-
dullary pressure, leading to widespread ischaemia and
bone death, the pressure build up does not occur in
postoperative bones as it has been decompressed by the
operative procedure. The inflammatory response in-
cluding periosteal new bone formation and sequestrum
is not common in these cases. Tibia and femur are typi-
cal sites for infection after internal fixation and the hip
and knee joints after arthroplasty.

Combination of radiography, scintigraphy, arthrog-
raphy and joint aspiration are useful in diagnosis. In-
creasing osseous and cartilaginous destruction, perios-
titis, soft tissue swelling and exaggerated lucency
around the prostheses may be seen in infection.

Diabetic Foot Osteomyelitis

Early diagnosis is particularly important in this group
of patients, to prevent further progression of the disease
and to reduce the rate of amputations. Diabetic angio-
pathy combined with neuropathy leads to tissue hypox-
ia and loss of sensation, allowing repetitive trauma and
muscular atrophy. This results in generalised osteope-
nia, bone resorption and fragmentation along with foot
deformity. The ischaemia predisposes the pedal skin to
ulceration and the hyperglycaemia produces an excel-
lent medium for the bacteria to flourish with conse-
quent osteomyelitis in the underlying bone. The ulcers
tend to occur at sites of pressure over bony prominenc-

es of the deformed foot. The commonest site is under
the metatarsal heads (mainly the first and the fifth); the
other sites include the tips of the toes, interphalangeal
joints, calcaneus and over the malleoli. The ulcers tend
to predominate in the forefoot but about one-fifth occur
in the hindfoot. The sites of osteomyelitis are invariably
adjacent to skin ulcers, consistent with spread of infec-
tion from soft tissue [22] (Fig. 6).

Septic arthritis is noted in one-third of diabetic pa-
tients with osteomyelitis, mainly involving the first and
fifth metatarsophalangeal joints.

Plain radiographs should be the initial imaging in-
vestigation but they are the least sensitive for diagnos-
ing pedal osteomyelitis [13]. The presence of focal oste-
olysis along with cortical disruption that is contiguous
to soft tissue infection and ulceration are highly sugges-
tive of osteomyelitis. However, bony osteopenia, frag-
mentation with increased density, and periosteal reac-
tion are not discriminatory because these signs are also
found secondary to neuroarthropathy. Sensitivity varies
from 52%–93% and specificity from 50%–74% [23–25].

Bone scintigraphy has been found to have a mean
sensitivity of 85%–93% and specificity of 43%–54%
[26]. The high rate of false-positive results is due to neu-
roarthropathy, especially in the midfoot and hindfoot,
cellulitis and periostitis secondary to soft tissue inflam-
mation. 111In-labelled leukocyte imaging has a higher
specificity of 78% and is frequently used to diagnose os-
teomyelitis in patients with neuroarthropathy.

MR imaging is the most sensitive (approaching
100%) of all modalities for diagnosing osteomyelitis
and has a higher specificity (greater than 81%) in most
series [24, 25, 27, 28]. On T1-weighted images, the nor-
mal high fatty signal of the marrow is replaced by low
signal in infection, which appears as high signal, in
keeping with oedema, on T2-weighted and STIR se-
quences (Fig. 7). The STIR sequence has the highest sen-
sitivity (96%) and negative predictive value (94%) and
can thus be used to screen patients suspected of having
osteomyelitis. Enhancement is noted on fat-suppressed
T1-weighted Gd-chelate sequences and is specific in ab-
scesses where rim enhancement is seen. Diffuse en-
hancement can be produced by other conditions such as
fractures, tumours, inflammatory arthritis, neuroar-
thropathy, and postoperative changes. Nevertheless, the
T1-weighted fat-suppressed gadolinium enhancement
MR sequence has the highest specificity for osteomyeli-
tis (88%) [9].

The primary signs of osteomyelitis may be equivocal
or mimicked by conditions such as fracture, neuroar-
thropathy and technical factors such as inhomogeneous
fat suppression due to bulk susceptibility and volume
averaging of small bones of the foot. Diagnosis can be
difficult, but there are other features that may be seen
on MR imaging of diabetic foot that are indicative of os-
teomyelitis. These are referred to as secondary signs
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and include cellulitis, soft tissue mass, soft tissue ab-
scess, sinus tract and cortical interruption, which are
helpful in bolstering diagnostic confidence. Of these
signs, the presence of sinus tract, cutaneous ulcer and
cortical interruption had the highest positive predictive
value for the presence of osteomyelitis [29].

MR readily demonstrates ulceration, oedema and
localised fluid collections in the soft tissues, joints and
tendon sheaths. MR findings are not infrequently non-
specific for osteomyelitis and need to be correlated with
clinical examination and other imaging studies. In neu-
roarthropathy, almost all signs of osteomyelitis may be
seen except abscesses, focal plantar ulcers and high sig-
nal intensity areas that are contiguous with cortical dis-
ruption. Usually low signal intensity is seen in both T1-

and T2-weighted sequences in the bone marrow, indica-
tive of osteosclerosis [13].

In diabetes, compromised vascular supply may mask
areas of osteomyelitis and abscesses. A contrast-en-
hanced MR sequence is necessary to diagnose areas not
demonstrating enhancement. These areas represent ne-
crosis and gangrene and occur in about a quarter of cas-
es with pedal infections. It is important to be aware of
this possibility to enable accurate preoperative surgical
planning with the aim of reducing damage of unaffect-
ed tissue [30].

In the acute phase, early institution of treatment with
antibiotics following diagnosis with radiographs would
obviate extensive imaging. Patients with extensive neu-
roarthropathy in diabetic foot may benefit from 111In-

Fig. 6. A Plain radiograph of the foot in a 68-year-old
diabetic patient. There is erosion of the third meta-
tarsal head. Amputations of the 4th and 5th toe rays
are noted due to previous osteomyelitis. Also note
the calcified media of the digital artery that is com-
monly seen in diabetics. B, C Sagittal T1-weighted
and T1-weighted fat-suppressed with Gd-chelate
enhancement MR images, respectively. Low-signal
area is seen in the head of the 3rd metatarsal on the
T1 sagittal image, which demonstrates enhance-
ment consistent with osteomyelitis. Note the adja-
cent deep skin ulcer
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leukocyte-labelled scintigraphy. These measures make
efficient use of scarce health resources.

However, despite its cost, the most efficient and cost-
effective method of diagnosis for many patients with di-
abetic foot is MR imaging [31].

Septic Arthritis

Septic arthritis can result from haematogenous spread,
contiguous bony osteomyelitis or direct inoculation fol-
lowing trauma. Staphylococcus aureus is the commonest
cause of septic arthritis [32]. It is commonly seen in
neonates, affecting the hip, knee and the ankle joints.
Since there is no specific imaging to rule out early ar-
thritis, puncture of the joint should be performed im-
mediately when septic arthritis is included in the diffe-
rential diagnosis.

Septic arthritis is a disabling disease that requires ur-
gent diagnosis to prevent the sequelae of joint damage.
Delayed diagnosis will result in rapid destruction of the
cartilage due to the actions of the enzymes elaborated
by the neutrophils, synovial cells and bacteria [33]. The
synovial membrane becomes oedematous, and hyper-
trophic in response to bacterial infection. There is pro-
fuse synovial fluid production that is seen on plain ra-
diograph as joint effusion and soft tissue swelling. Sub-
sequently, marginal and central cartilage loss with joint
space narrowing is evident. The hyperaemic joint is re-
flected by osteopenia on the radiograph. Ultimately,
subchondral collapse and ankylosis results. Typical fea-
tures of osteomyelitis with periostitis may be seen in the
adjacent bones. In tuberculosis, marginal erosions with
preservation of joint space and periarticular osteoporo-
sis can be prominent.

MR imaging demonstrates synovial thickening, out-
pouchings and enhancement, due to increased perme-
ability of inflamed vessel walls, perisynovial oedema
and joint effusion [32, 34].

Conclusion

Usually, the diagnosis of osteomyelitis is straightfor-
ward, but the clinical and radiological findings may be
conflicting and confusing. Even with the advancement
of imaging technology, findings may remain inconclu-
sive, particularly in complicated cases such as diabetic
foot. A good understanding of the underlying patho-
physiological process along with close correlation of ra-
diologic and pathologic findings will augment diagnos-
tic confidence and improve accuracy.

Acknowledgements. We thank Pancras Hogendoorn
for providing histological correlation.

References

1. Resnick D, Niwayama G (2004) Osteomyelitis, septic arthritis,
and soft tissue infection: mechanisms and situations. Diagno-
sis of bone and joint disorders. Saunders, Philadelphia,
pp 2354–2418

2. Norden CW (1988) Lessons learned from animal-models of
osteomyelitis. Rev Infect Dis 10 : 103–110

3. Belmatoug N, Cremieux AC, Bleton R, Volk A, SalehMghir A,
Grossin M et al (1996) New model of experimental prosthetic
joint infection due to methicillin-resistant Staphylococcus au-
reus: a microbiologic, histopathologic, and magnetic reso-
nance imaging characterization. J Infect Dis 174 : 414–417

4. Zimmerli W, Lew PD, Waldvogel FA (1984) Pathogenesis of
foreign-body infection – evidence for a local granulocyte de-
fect. J Clin Invest 73 : 1191–1200

5. Herrmann M, Vaudaux PE, Pittet D, Auckenthaler R, Lew PD,
Schumacher-Perdreau F et al (1988) Fibronectin, fibrinogen,
and laminin act as mediators of adherence of clinical staphy-
lococcal isolates to foreign material. J Infect Dis 158 : 693–701

6. Patti JM, Boles JO, Hook M (1993) Identification and bio-
chemical characterization of the ligand binding domain of
the collagen adhesin from Staphylococcus aureus. Biochemis-
try 32 : 11428–11435

7. Fischer B, Vaudaux P, Magnin M, el Mestikawy Y, Proctor RA,
Lew DP et al (1996) Novel animal model for studying the mo-
lecular mechanisms of bacterial adhesion to bone-implanted
metallic devices: role of fibronectin in Staphylococcus aureus
adhesion. J Orthop Res 14 : 914–920

8. Chandnani VP, Beltran J, Morris CS, Khalil SN, Mueller CF,
Burk JM et al (1990) Acute experimental osteomyelitis and
abscesses – detection with MR imaging versus CT. Radiology
174 : 233–236

9. Morrison WB, Schweitzer ME, Bock GW, Mitchell DG, Hume
EL, Pathria MN et al (1993) Diagnosis of osteomyelitis: utility
of fat-suppressed contrast-enhanced MR imaging. Radiology
189 : 251–257

10. Sammak B, Abd EB, Al Shahed M, Hamilton D, Al Nabulsi J,
Youssef B et al (1999) Osteomyelitis: a review of currently
used imaging techniques. Eur Radiol 9 : 894–900

11. De Winter F,Vogelaers D, Gemmel F, Dierckx RA (2002) Prom-
ising role of 18-F-fluoro-D-deoxyglucose positron emission
tomography in clinical infectious diseases. Eur J Clin Microbi-
ol Infect Dis 21 : 247–257

12. Guhlmann A, Brecht-Krauss D, Suger G, Glatting G, Kotzerke
J, Kinzl L et al (1998) Chronic osteomyelitis: detection with
FDG PET and correlation with histopathologic findings. Ra-
diology 206 : 749–754

13. Gold RH, Tong DJF, Crim JR, Seeger LL (1995) Imaging the di-
abetic foot. Skeletal Radiol 24 : 563–571

14. Bureau NJ, Chhem RK, Cardinal E (1999) Musculoskeletal in-
fections: US manifestations. Radiographics 19 : 1585–1592

15. Mah ET, LeQuesne GW, Gent RJ, Paterson DC (1994) Ultra-
sonic signs of pelvic osteomyelitis in children. Pediatr Radiol
24 : 484–487

16. Abiri MM, Kirpekar M,Ablow RC (1989) Osteomyelitis: detec-
tion with US. Radiology 172 : 509–511

17. Tehranzadeh J, Wong E, Wang F, Sadighpour M (2001) Imag-
ing of osteomyelitis in the mature skeleton. Radiol Clin North
Am 39 : 223–250

18. Marui T,Yamamoto T,Akisue T, Nakatani T, Hitora T, Nagira K
et al (2002) Subacute osteomyelitis of long bones: diagnostic
usefulness of the “penumbra sign” on MRI. Clin Imaging 26 :
314–318

19. Marti-Bonmati L, Aparisi F, Poyatos C, Vilar J (1993) Brodie
abscess: MR imaging appearance in 10 patients. J Magn Reson
Imaging 3 : 543–546

20. Grey AC, Davies AM, Mangham DC, Grimer RJ, Ritchie DA
(1998) The ‘penumbra sign’ on T1-weighted MR imaging in
subacute osteomyelitis: frequency, cause and significance.
Clin Radiol 53 : 587–592

21. Tumeh SS,Aliabadi P,Weissman BN, McNeil BJ (1987) Disease
activity in osteomyelitis: role of radiography. Radiology 165 :
781–784



Chapter 6.1 Radiologic-Pathologic Correlations of Bone Infection 659

22. Ledermann HP, Morrison WB, Schweitzer ME (2002) MR im-
age analysis of pedal osteomyelitis: distribution, patterns of
spread, and frequency of associated ulceration and septic ar-
thritis. Radiology 223 : 747–755

23. Seldin DW, Heiken JP, Feldman F,Alderson PO (1985) Effect of
soft-tissue pathology on detection of pedal osteomyelitis in
diabetics. J Nucl Med 26 : 988–993

24. Yuh WT, Corson JD, Baraniewski HM, Rezai K, Shamma AR,
Kathol MH et al (1989) Osteomyelitis of the foot in diabetic
patients: evaluation with plain film, 99mTc-MDP bone scin-
tigraphy, and MR imaging.AJR Am J Roentgenol 152 : 795–800

25. Wang A,Weinstein D, Greenfield L, Chiu L, Chambers R, Stew-
art C et al (1990) MRI and diabetic foot infections. Magn Re-
son Imaging 8 : 805–809

26. Larcos G, Brown ML, Sutton RT (1991) Diagnosis of osteomy-
elitis of the foot in diabetic patients: value of 111In-leukocyte
scintigraphy. AJR Am J Roentgenol 157 : 527–531

27. Crim JR, Seeger LL (1994) Imaging evaluation of osteomyeli-
tis. Crit Rev Diagn Imaging 35 : 201–256

28. Weinstein D, Wang A, Chambers R, Stewart CA, Motz HA
(1993) Evaluation of magnetic resonance imaging in the diag-
nosis of osteomyelitis in diabetic foot infections. Foot Ankle
14 : 18–22

29. Morrison WB, Schweitzer ME, Batte WG, Radack DP, Russel
KM (1998) Osteomyelitis of the foot: relative importance of
primary and secondary MR imaging signs. Radiology 207 :
625–632

30. Ledermann HP, Schweitzer ME, Morrison WB (2002) Nonen-
hancing tissue on MR imaging of pedal infection: character-
ization of necrotic tissue and associated limitations for diag-
nosis of osteomyelitis and abscess. AJR Am J Roentgenol 178 :
215–222

31. Morrison WB, Schweitzer ME, Wapner KL, Hecht PJ, Gannon
FH, Behm WR (1995) Osteomyelitis in feet of diabetics: clini-
cal accuracy, surgical utility, and cost-effectiveness of MR im-
aging. Radiology 196 : 557–564

32. Karchevsky M, Schweitzer ME, Morrison WB, Parellada JA
(2004) MRI findings of septic arthritis and associated osteo-
myelitis in adults. AJR Am J Roentgenol 182 : 119–122

33. Fitzgerald RH, Kelly PJ (1995) Infections of the skeletal
system. In: Howard RJ, Simmons RL (eds) Surgical infectious
diseases. Appleton & Lange, London, pp 1207–1236

34. Hopkins KL, Li KC, Bergman G (1995) Gadolinium-DTPA-en-
hanced magnetic resonance imaging of musculoskeletal in-
fectious processes. Skeletal Radiol 24 : 325–330



wide surgical margins are obtained, no difference is seen
between the long-term survival of patients with amputa-
tion and those undergoing limb-salvage surgery [3].

During this period of improving outcome the imag-
ing of musculoskeletal tumors has also undergone
something of a revolution with the introduction of new-
er sophisticated techniques, albeit at a price. Despite
these exciting technical developments, the cornerstone
of musculoskeletal imaging remains the humble radio-
graph. In this chapter the interpretation of the radio-
graph and its value in patient management are stressed.
In addition the case of imaging in surgical staging and
follow up is reviewed. It is beyond the scope of this
chapter to describe each tumor type in detail.

A close working relationship between radiologist
and pathologist is ideal. Their different perspectives on
the lesion in question are complementary. Frequently,
there is complete agreement on the nature of the lesion
in question. It is not unusual, however, for a correct di-
agnosis to be only possible by consensus. For example,
the histological features of a biopsied giant cell tumor
(GCT) of bone closely mimic the appearance of a brown
tumor of hyperparathyroidism. The radiologist has the
“big picture”, enabling him/her to detect the presence
or absence of signs of metabolic bone disease elsewhere
in the skeleton. Conversely, radiography of an apparent-
ly typical lesion may turn out to be something com-
pletely different following pathological examination
(Fig. 1).

Detection

The patient with a bone or soft tissue mass, irrespective
of its nature, will typically present with either pain or
swelling. Frequently, tumors, particularly around the
knee, are initially misdiagnosed as an athletic injury [1].
The pain may be mild and intermittent initially but lat-
er becomes more severe and unremitting, particularly if
it is a malignancy. Alternatively, a pathological fracture
may be the precipitous presenting feature. Occasionally,
a bone tumor, typically a benign lesion, can be an inci-
dental radiographic finding.

Introduction

There are a large variety of tumors and tumor-like le-
sions arising in the musculoskeletal system. To the un-
wary observer they present a bewildering spectrum of
radiographic appearances that can lead to misinterpre-
tation and suboptimal management. Although primary
malignancies are relatively rare they often pose an intri-
guing problem for the radiologist, particularly as the
pathology is frequently equally challenging. Dramatic
progress has been achieved over the past two decades in
both the management and prognosis of musculoskeletal
malignancies. Prior to this, early amputation followed
by the rapid development of metastases was the typical
scenario for most patients. The addition of chemother-
apy to the surgical management of patients with, for ex-
ample, conventional osteosarcoma, has improved the 5-
year survival from less than 20% to 76% [1, 2]. Provided
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Despite newer imaging techniques, the radiograph is
the preliminary and single most important imaging in-
vestigation. It remains cheap, easily obtainable and uni-
versally available. The radiologist and clinical ignore the
value of the radiograph at their peril. Frequently, the di-
agnosis may be obvious to the trained eye and further
imaging is then directed towards staging the lesion. Al-
ternatively, if an abnormality is present on the film and
the exact nature is not immediately apparent certain
findings will indicate a differential diagnosis and other
forms of imaging can then be employed to assist in
making a more definitive radiological diagnosis. If the
initial radiograph is normal, however, with persisting
and increasing symptoms a repeat radiograph in due
course may be indicated.

Early signs of a bone tumor and/or infection include
all areas of ill-defined lysis or sclerosis, cortical destruc-
tion, periosteal new bone formation and soft tissue
swelling. Bone lesions are frequently missed or over-
looked on the initial radiograph. In a study performed
at the authors’ institution in approximately 20% of cas-
es neither the clinician nor the radiologist at the refer-

ring center detected the bone tumor on the initial radio-
graphs, although evidence was present on retrospective
review of the films [5]. A number of features may im-
prove the rate of detection. Attention to good radio-

Fig. 1A–C. Melanoma metastasis in the proximal tibia in a 50 year
old male. The radiographic appearances (A) resemble a GCT but
the patients age favors a metastasis. The hyperintensity within the
lesion on the unenhanced T1-weighted images (B) is due to the
paramagnetic property of melanin. The precise intramedullary ex-
tent of the tumor is more clearly demonstrated on the MR image.
The photograph of the pathological specimen (C) shows similar
appearances to the MR image with the pigmentation of the mela-
nin containing component
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graphic technique is essential. The fundamental prereq-
uisite for skeletal radiology, that at least two views of an
area are obtained, must be strictly adhered to. Often
subtle signs of a lesion may be discernible on one view
but not be visualized on the second. It is ironic that the
more complex the bony anatomy, the fewer the projec-
tions are obtained. The prime example is the pelvis,
where early lesions may be missed due to the curvature
of the bones and can be obscured by the overlying soft
tissues, bowel gas and vascular calcifications.

Careful scrutiny of the entire film including the pe-
riphery is necessary, and if an abnormality is seen at the
edge of the film, further, more extensive views will be
required. If the film is overexposed it should be viewed
with a bright light or may even need to be repeated; not
only the bone should be optimally seen, but also the soft
tissues for assessment of density changes or displace-
ment of tissue planes.

In the presence of a normal radiograph, referred
pain needs to be considered, in which case further ra-
diographs would be indicated. Hip joint pathology pre-
senting with referred pain to the knee is a well-recog-
nized entity in the child.

The pathological process may be well established
even in the presence of a normal radiograph. At least
40–50% of trabecular bone must be destroyed before a
discrete area of lucency can be seen on the radiographs
[6, 7]. Erosion or destruction of the cortex is more read-
ily apparent. A typical example is the vertebral metasta-
sis. Classically, the first radiographic abnormality de-
tected is destruction of the pedicle, by virtue of its small
size and well defined cortex. Cross-sectional imaging
has shown that the vast majority of these metastases
arise within the vertebral body and that the pedicle is
only involved secondarily [8]. However, the destruction
of the trabecular bone within the vertebral body is fre-
quently not visible on the initial radiographs. It is self-
evident that the smaller the bone involved, with a great-
er proportion of cortical to medullary bone, the easier it
will be to detect an abnormality on the radiographs.

On occasion, radiographically occult lesions can be
detected by bone scintigraphy and/or magnetic reso-
nance (MR) imaging. A typical example in this regard is
the painful adolescent scoliosis due to an osteoid osteo-
ma, the nature of which is not immediately obvious on
the radiograph. An intense focus of increased activ-
ity/uptake on bone scintigraphy may suggest the diag-
nosis. Often, however, the high sensitivity of bone scin-
tigraphy will highlight the site of pathology, but its lack
of specificity means that other imaging, frequently ret-
rospective review of the radiographs, will be required to
establish the diagnosis. The high sensitivity of MR im-
aging for marrow abnormalities means it has to be
interpreted with caution lest incidental findings are
considered unduly significant.

Radiological Diagnosis

Once a skeletal abnormality has been detected, the next
objective of imaging is to attempt to characterize the le-
sion and, in doing so, indicate an appropriate differen-
tial diagnosis to the referring clinician. At this stage im-
portant maximums that should be appreciated include
not overtreating a benign lesion, not undertreating a
malignant lesion and not misdirecting the approach to
biopsy which might prejudice subsequent surgical man-
agement [9]. In drawing up a differential diagnosis for a
particular case the radiologist must first have a knowl-
edge of the different pathologies that may arise in the
musculoskeletal system. While an understanding of the
microscopic features is not required, it is self-evident
that an entity will not appear in the differential diagno-
sis if the radiologist involved is unaware of its existence.
Musculoskeletal tumors can best be categorized accord-
ing to their tissue of origin and then into benign and
malignant subtypes.

Before assessing the imaging the prudent radiologist
should establish some basic facts regarding the patient.
In recognizing the relevance of certain clinical details
the differential diagnosis may then be significantly re-
duced even before the imaging is taken into account.
Important factors to be noted include the following:

Age: The age of the patient is arguably the single
most useful piece of information as it frequently influ-
ences the differential diagnosis. Many musculoskeletal
neoplasms exhibit a peak incidence at different ages.
For osteosarcoma this is in the second and third
decades. Osteosarcoma is, therefore, unlikely to be high
in the differential diagnosis on a bone forming lesion in
a middle-aged or elderly patient except in the presence
of a pre-existing bone lesion such as Paget’s disease.
Metastases and myeloma should always be considered if
a bone lesion is identified in a patient over 40 years of
age. Similarly, metastatic neuroblastoma should be in
the differential at 2 years of age or under. Conversely, a
tumor arising in adolescence or early adult life is un-
likely to be a metastasis.

Gender: When looking at a large series of patients
with a particular type of bone tumor it can be seen that
many occur more commonly in boys. In the individual
case this fact does not play a significant role in formu-
lating the differential diagnosis.

Ethnic Origin: Amongst the bone neoplasms,
Ewing’s sarcoma is unusual in that it is prevalent in
Caucasians but is rarely seen in the Afro-Caribbean rac-
es. A number of non neoplastic bone conditions that
may on occasion simulate neoplasia also show a racial
predisposition, e.g. sickle cell, Gaucher’s and Paget’s dis-
eases. It is only in isolated cases that the ethnic origin of
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the patient provides a useful pointer to the diagnosis.
Osseous TB can mimic a tumor and in the developed
countries is more commonly seen in immigrants from
the Asian subcontinent.

Family History: There is little evidence of a familial
predisposition to the formation of musculoskeletal
neoplasms in most instances. The exceptions are cer-
tain hereditary bone conditions which may be found in
association with malignant change, e.g. diaphyseal acla-
sis.

Previous Medical History: Information that should
be noted in all patients, whenever present, is a history of
a prior malignancy or a pre-existing bone condition. If
such relevant details are forthcoming it is important to
establish if previous imaging exists and, if so, obtain
sight of it for review with the contemporary imaging.

Multiplicity: It is critical early in the management of
a patient to establish whether a lesion is solitary or mul-
tiple as it will influence the differential diagnosis. Fre-
quently this question will not be definitively answered
until the staging imaging is performed.

Serology: Abnormal serological tests, such as raised
erythrocyte sedimentation rate (ESR) and white cell
count, together with the examination findings of a hot
swollen limb, are highly suggestive of a bone or soft tis-
sue infection. Ewing’s sarcoma however, is notorious for
presenting with similar clinical and serological find-
ings. The brown tumor of hyperparathyroidism may
mimic a true bone tumor on imaging and histology. A
raised serum calcium level should alert the clinician to
the possibility of this diagnosis.

In establishing a perspective of the patient as a whole
the factors detailed above should be taken in conjunc-
tion with one another, for example, age and multiplicity.
Multiple bone lesions in the child will suggest a bone
dysplasia, Langerhans cell histiocytosis (LCH), leuke-
mia or metastatic neuroblastoma, whereas, in the adult,
metastatic disease and myeloma are the most likely. It is
at this stage that attention should now turn to the imag-
ing. The radiograph remains the most accurate of all the
imaging techniques currently available in determining
the differential diagnosis of a bone lesion [10]. The ra-
diologist may attempt a diagnosis from the radiograph
in one of two ways. First, the so-called Aunt Minnie [10]
or pattern recognition approach, which relies on famil-
iarity with the typical overall appearances of a particu-
lar lesion. This is all very satisfactory if the mass under
investigation is classical in appearance, but problems
arise if the lesion has atypical features, arises at an un-
usual site or is mimicked by a differing pathology. The
second, preferred approach, which might best be
termed pattern analysis, relies on meticulous recogni-

tion of various radiographic signs [11, 12]. The analysis
can be best illustrated by answering a series of five
questions: Which bone is affected? Where in that bone is
the lesion located? What is the tumor doing to the bone
(pattern of destruction)? What form of periosteal reac-
tion, if any, is present? What type of matrix materializa-
tion, if any, is present?

Site in Skeleton

Most bone tumors and infections occur around the knee
and in the proximal humerus and as such little diagnos-
tic information can be deduced from noting the affected
bone in many cases. There are exceptions. Cartilage tu-
mors of the hands and feet, while common, are almost
invariably benign (Fig. 2). Both osteofibrous dysplasia
and adamantinoma classically involve the diaphysis of
the tibia and are extremely rare at any other site. Chor-
doma characteristically arises from the clivus or sacrum.
Although many different tumors may arise in the bony
spine, malignant lesions are found predominantly in the
anterior part of the vertebra (body), while benign le-
sions are characteristically found in the posterior ele-
ments (neural arch). Most spinal infections, while devel-
oping in the vertebral endplate, will rapidly extend to in-
volve the disc space, which is uncommon in neoplasia.

Fig. 2. Enchondroma, distal metacarpal, showing the typical cartil-
age matrix of popcorn calcification
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Location in Bone

The site of the original bone tumor is an important pa-
rameter of diagnosis (Fig. 3) [13]. It reflects the site of
greatest cellular activity. During the adolescent growth
spurt the most active areas are the metaphyses around
the knee and in the proximal humerus. Tumor originat-
ing from marrow cells may occur anywhere along the
bone. Conventional osteosarcoma will tend, therefore,
to originate in the metaphysis or metadiaphysis (Fig. 4),
whereas Ewing’s sarcoma will arise in the metaphysis
or, more distinctively, in the diaphysis (Fig. 5). In the
child the differential diagnosis of a lesion arising within
an epiphysis can be realistically limited to chondroblas-
toma (Fig. 6), epiphyseal abscess (pyogenic or tubercu-
lous) and rarely, LCH. Following skeletal fusion subar-
ticular lesions, analogous in the adult to the epiphyseal
lesions, include giant cell tumor (Fig. 7), clear cell chon-
drosarcoma (rare) and intraosseous ganglion. With the
exception of epiphyseal abscess most osteomyelitis will
arise within the metaphysis of a long bone, most com-
monly tibia and femur.

It can also be helpful to identify the origin of the tu-
mor with respect to the transverse plane of the bone. Is

the tumor central, eccentric or cortically based? For ex-
ample, a simple bone cyst, fibrous dysplasia and Ewing’s
sarcoma will tend to be centrally located (Fig. 3). Giant
cell tumor (Fig. 7), chondromyxoid fibroma and nonos-
sifying fibroma (Fig. 8) are typically eccentric. Lesions

Fig. 3. A composite diagram of the sites of origin of primary bone
neoplasms. (From [12], with permission)

Fig. 4. Lateral radiograph of the knee of a 12-year-old female show-
ing an extensive osteosarcoma of the distal femoral metaphysis.
There is malignant osteoid mineralization with Codman’s angles
proximally and a spiculated periosteal reaction distally

Fig. 5. Anteroposterior (AP) radiograph of the femur of a 9-year-
old female showing the classic features of a Ewing’s sarcoma: there
is lamellar periosteal new bone formation with interruption dis-
tally (Codman’s angles) against a background of permeative bone
destruction
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that usually arise in an eccentric position may appear
central if the tumor is particularly large or the involved
bone is of a small caliber. There are numerous surface
lesions of bone which are related to a greater or lesser
extent to the cortex [14, 15]. A benign example if the
periosteal or juxtacortical chondroma. Most of the ma-
lignant surface lesions of bone are the rarer forms of os-
teosarcoma, e.g. periosteal, high-grade surface and pa-
rosteal osteosarcoma (Fig. 9). 50% of parosteal osteosar-
coma arise on the posterior surface of the distal femoral
metaphysis.

Fig. 6. AP radiograph of the hip of a 13-year-old male showing a
rounded lytic lesion in the proximal femoral epiphysis typical of a
chondroblastoma

Fig. 7. AP radiograph of the knee of a 38-year-old male showing the
typical lytic, subarticular, eccentric location of a giant cell tumor

Fig. 8. AP radiograph of the distal tibia of a 6-year-old boy showing
a lytic, eccentrically located lesion with geographic bone destruc-
tion (type IA) typical of a nonossifying fibroma

Fig. 9. Lateral radiograph of the distal femur of a 32-year-old fe-
male with ivory density mineralization on the posterior metaphy-
sis typical of a parosteal osteosarcoma
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Pattern of Bone Destruction

Analysis of the interface between tumor and host bone
is a good indicator of the rate of growth in the lesion. A
sharply marginated lesion usually denotes slower
growth, than a nonmarginated lesion (Fig. 10). the fast-
er the growth, the more aggressive the pattern of de-
struction and the wider the zone of transition between
tumor and normal bone. Aggressivity per se does not
conclusively indicate malignancy, but the malignant tu-
mors tend to be faster growing than their benign coun-
terparts. Classification of the different patterns of bone
destruction has not been bettered since Lodwick’s sem-
inal work [11, 12, 16, 17]. Each pattern reflects a partic-
ular growth rate and thereby a differential diagnosis

[13, 18]. It must be noted that any classification is artifi-
cial and that a series of bone tumors will exhibit a spec-
trum of bone destruction from well-to ill-defined.

Geographic bone destruction. In this pattern the
growth rate is sufficiently indolent that the lesion will
appear well marginated with a thin zone of transition.
The geographic or type I pattern may be subdivided
into IA, IB and IC depending on the appearance of the
margin and the effect on the cortex (Fig. 10). Type IA,
the slowest growing of all the lesions and thereby the
least aggressive, is typified by a sclerotic margin (Fig. 8).
The thicker the sclerosis the slower rate of growth. The
vast majority of these lesions will prove to be benign. In
type IB the lesion is well defined without the sclerotic
margin (Fig. 7). While still slow-growing, the rate is

Fig. 10. Patterns of bone destruction and
their margins. Arrows indicate the most
frequent transitions or combinations of
these margins. Transition implies in-
creased activity and a greater probability
of malignancy. (From [12], with permis-
sion)
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slightly greater than type IA.Again, the majority of type
IB lesions are benign, although some malignancies may
on occasion demonstrate this pattern. In type IC the
margin is less well defined, indicating a more aggressive
pattern. The cortex is also destroyed. Few benign tu-
mors exhibit a type IC pattern. The differential diagno-
sis in this situation includes giant cell tumor, malignant
fibrous histiocytoma and lymphoma of bone.

Moth-eaten and permeative bone destruction. Moth-
eaten (type II) and permeative (type III) patterns of
bone destruction reflect the increasingly aggressive na-
ture of these tumors compared with geographic lesions
(Fig. 10). Again, this is a spectrum of change varying
from multiple small areas of lysis to permeation, some-
times almost imperceptible radiographically, character-
ized by minute tiny cortical defects and a wide ill-de-

fined zone of transition (Figs. 5, 11). The highly aggres-
sive nature of these lesions does not allow the host bone
sufficient time to react and produce a response [18].
Typically, malignancies, including metastasis, Ewing’s
sarcoma and osteosarcoma exhibit a moth-eaten or per-
meative appearance (Figs. 5, 11). Benign tumors in gen-
eral do not show this pattern of bone destruction. Acute
osteomyelitis may also give a moth-eaten pattern of
bone destruction.

Periosteal Reaction

The periosteum is the thin layer of soft tissue with oste-
oblastic properties that lines the outer cortex of bone. It
is normally radiolucent but will mineralize when the os-
teoid-producing cells of the inner cambium layer are
stimulated by an adjacent osseous or paraosseous pro-
cess. The rate of mineralization is partly dependent on
the age of the patient. The younger the patient the more
rapid the appearance of radiographic change and vice
versa. Periosteal reaction, otherwise known as perios-
teal new bone formation, may occur in any condition
which elevates the periosteum, whether it be blood, pus
or tumor. The term “periostitis”, favored in older texts,
is best avoided as it infers an inflammatory etiology.

The appearance and nature of a periosteal reaction is
frequently valuable in narrowing down the differential
diagnosis of a bone tumor. A good, albeit complex, clas-
sification identified three broad categories; continuous,
discontinuous or interrupted and complex (Fig. 12) [9,
19].

Continuous periosteal reaction. A continuous peri-
osteal reaction may be observed with either an intact or
a destroyed underlying cortex. In the latter the bone is
said to be “expanded” but this is a misnomer as bone
cannot be inflated like a balloon (Fig. 12) [19]. Never-
theless the term “cortical expansion” is well entrenched
in common usage. It represents a relatively slow process
by which endosteal bone resorption is balanced by per-
iosteal new bone formation. In faster growing lesions
the endosteal resorption will exceed periosteal apposi-
tion and a thin outer “shell” will be produced (Fig. 13).
The thickness of this shell is an indicator of the rate of
growth of the lesion but it is not a good discriminator of
benign from malignant. Shells are typically found in be-
nign lesions such as simple bone cyst, aneurysmal bone
cyst (Fig. 13), chondromyxoid fibroma, fibrous dyspla-
sia and giant cell tumor. They are also well recognized in
“expansile” metastases of renal and thyroid origin and
plasmacytoma. Additions to, rather than substitutes for,
the original cortex occur with a continuous periosteal
reaction with an intact cortex (Fig. 12). The periosteal
reaction may be solid, a single lamella, lamellated or
spiculated. The solid type implies the slow apposition of
layers of new bone to the cortex, sometimes termed

Fig. 11. AP radiograph of the humerus of a 22-year-old male show-
ing an extensive Ewing’s sarcoma. There is confluent lysis proxi-
mally and permeative bone destruction distally with a wide zone
of transition
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“cortical thickening” or “cortical hyperostosis” [19]. It is
seen in chondroma, central chondrosarcoma, and ec-
centrically in osteoid osteoma. If the solid periosteal re-
action is extensive with an undulating quality the diffe-
rential diagnosis includes chronic osteomyelitis, hyper-
trophic osteoarthropathy (Fig. 14), chronic lymphede-
ma and varicosities.

A single lamellar periosteal reaction is formed by a
thin radiodense line separated from the cortex by a nar-
row radiolucent zone (Fig. 15). It usually denotes a be-
nign disorder and is frequently seen with traumatic and
inflammatory conditions (Fig. 15). It should be appre-
ciated that a periosteal reaction is a dynamic process
and a single lamella may fill in to produce a solid ap-
pearance or go on to the addition of further lamellae.
The lamellated periosteal reaction, otherwise known as
onion-skin, is seen in Ewing’s sarcoma (Fig. 5), osteosar-
coma (Fig. 4), eosinophilic granuloma of the long bones
in children and acute osteomyelitis.

A spiculated periosteal reaction occurs when the
mineralization is oriented perpendicular to the cortex
and denotes a more rapidly evolving process. It is typi-
cal of malignant tumors such as osteosarcoma and
Ewing’s sarcoma but may be seen in benign tumors
such as meningioma, hemangioma of bone and non-
neoplastic conditions such as thalassemia and thyroid
acropachy. The location of a spiculated periosteal reac-
tion significantly influences the differential diagnosis.

Discontinuous/interrupted periosteal reaction. In
the interrupted periosteal reaction the mineralization
has been breached in one of two ways (Fig. 12): either
the process, usually a tumor, simply occupies the avail-
able space, or the rate of apposition is exceeded by re-
sorption. Close attention should be paid to the margins
of the periosteal reaction. Rapidly growing benign tu-
mors may exhibit a peripheral wedge or buttress with a
thin or even nonexistent shell. The buttress should be
distinguished from the Codman angle which is the tri-

Fig. 12. Periosteal new bone patterns. The
arrows indicate that the continuous reac-
tions may be interrupted. (From [18], with
permission)
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angular elevation of interrupted periosteum with one or
more layers of new bone located at the periphery of the
lesion (Figs. 4, 5) [20]. This pattern is suggestive, if not
diagnostic, of malignancy as it may also be seen in os-
teomyelitis. In malignant bone tumors the site of inter-
ruption of a periosteal reaction is usually the area of
maximum extraosseous tumor growth.

Combined/complex periosteal reaction. More than
one pattern of periosteal reaction may be manifest in
the same case and reflects the varying rate of growth at
different sites in the lesion (Fig. 12). The divergent spic-
ulated periosteal reaction, otherwise known as “sun-
burst,” is a typical example of a complex pattern and is
suggestive of osteosarcoma (Figs. 4, 16).

Matrix

A number of tumors produce a matrix, the intercellular
substance, that can calcify or ossify. The radiodense foci
should be differentiated from other causes of calcifica-
tions such as fracture callus, sclerotic response adjacent
to a tumor, necrotic debris and dystrophic calcification.
Radiodense tumor matrix is either osteoid or chon-
droid. The exception is fibrous dysplasia, where the col-
lagenous matrix may be sufficiently dense to give a
ground-glass appearance (Fig. 17).

Tumor osteoid is typified by solid (sharp-edged) or
cloud to ivory-like (ill-defined edge) patterns (Figs. 4, 9,
18, 19) [21]. Tumor cartilage is variously described as

Fig. 13. AP radiograph of the proximal fibula of a 13-year-old male
showing the typical expanded “shell” of an aneurysmal bone cyst

Fig. 14. Radiograph of the forearm bones of a 72-year-old male
with a history of bronchial carcinoma showing florid periosteal
new bone due to hypertrophic osteoarthropathy

Fig. 15. AP and lateral radiographs of the tibia of a 7-year-old fe-
male showing the typical lamellar periosteal reaction of a tibial
stress fracture which is frequently mistaken for a sarcoma



Chapter 6.2 Bone Tumors 671

stippled, flocculent, ring and arc and popcorn in ap-
pearance (Figs. 2, 18, 20) [21]. Identifying the pattern of
matrix calcification will significantly reduce the diffe-
rential diagnosis, but matrix per se has no influence as
to whether the lesion is benign or malignant (Figs. 2,
20). The distribution can be helpful. For example, both
enchondroma and medullary infarction may show cal-
cification of a similar nature. The distribution is typical-
ly central in enchondroma (Fig. 2) and peripheral in
medullary infarction.

CT and MR Imaging in Diagnosis

The principal role of CT and MR imaging in the man-
agement of the patient with a suspected bone tumor is
in staging. In selected cases both techniques can be use-
ful in establishing a differential diagnosis. The CT fea-

tures that should be assessed are similar to those previ-
ously described when evaluating the radiographs. This
reflects the fact that both are radiographic techniques
relying on the attenuation of an X-ray source. Cortical
breaching, soft tissue extension and faint mineraliza-
tion are all more readily appreciated on CT scans than
on radiographs. This is of particular value in complex
anatomical areas such as the pelvis and spine. Although
the physical basis of MR imaging is different, similar
morphological information can be easily identified. The
exception are the signal voids of fine mineralization
which can be easily missed on MR imaging. Potentially
misleading MR features that might suggest a sarcoma
are prominent marrow edema and soft tissue edema.
These are however common with osteoid osteoma, oste-
oblastoma, chondroblastoma, stress fractures and infec-
tion.

Fig. 16. AP radiograph of the femur of a 17-year-old male showing
the spiculated periosteal new bone formation of a periosteal oste-
osarcoma

Fig. 17. Radiograph of the hand showing polyostotic fibrous dys-
plasia with the typical ground-glass matrix
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Fig. 18. Mineralized matrix patterns.
Tumor osteoid (top row) appears as in-
creased density with a solid (sharp-edged)
or cloud to ivory-like (ill-defined edge)
pattern. Tumor cartilage (bottom row)
creates stippled, flocculent, and solid den-
sity patterns. Rings and arcs represent
bony rims around tumor cartilage lobules.
(From [20], with permission)

Fig. 19. AP radiograph of the knee of a 20-year-old male showing a
sclerotic osteosarcoma of the distal femur indicated by the ivory-
like tumor osteoid

Fig. 20. AP radiograph of the proximal femur of a 64-year-old fe-
male showing an extensive central chondrosarcoma. The tumor is
mildly expansile with endosteal scalloping and typical popcorn
cartilage mineralization
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The majority of tumors will have prolonged T1 and
T2 relaxation times, thereby showing low to intermedi-
ate signal in T1-weighted and high signal on T2-weight-
ed sequences. Close attention to the morphological and
signal characteristics may on occasion yield additional
diagnostic information. For example, hyperintensity on
T1-weighted images within the lesion suggests subacute
hemorrhage or the presence of paramagnetic material
such as melanin (Fig. 1). Fluid-fluid levels are well dem-
onstrated on both CT and MR imaging in a large num-
ber of different musculoskeletal conditions. In the im-
mature skeleton with the appropriate radiographic ap-
pearances, fluid-fluid levels are most commonly seen in
aneurysmal bone cysts (ABCs) (Fig. 21) [22]. The most
important differential diagnosis in this situation is a te-
langiectatic osteosarcoma which frequently contains
fluid-fluid levels.

Dynamic contrast-enhanced MR imaging has been
used to differentiate benign from malignant bone le-
sions using the slope of the derived time-intensity
curves [23]. Benign bone lesions tend to show a low
slope as compared with the high or steep slope of malig-
nant lesions. Although many of the studies show a high-
ly statistically significant difference in the slope values
of benign and malignant lesions, there is considerable
overlap such that this technique is of limited value in
routine practice. For example, highly vascularized or
perfused lesions in children such as ABC, LCH, osteoid
osteoma and acute osteomyelitis may all show slope val-
ues in the malignant tumor range.

Tumor Mimics

There is a large number of disparate bone conditions
which can have similar imaging appearances to tumors.
What constitutes a tumor mimic depends very much on
the expertise of the individual reviewing the imaging.
The majority can be classified as normal variants, post
traumatic and inflammatory conditions. In the adoles-
cent patient, stress fractures and chronic apophyseal

avulsion injuries are frequently mistaken for an osseous
malignancy (Fig. 15) [24, 25].Acute osteomyelitis, at any
age, but typically in children, will have an aggressive ra-
diographic appearance thereby simulating malignancy.

There are a number of unrelated non-neoplastic or
benign neoplastic lesions which, over the years, have
been lumped together and given the term “don’t touch
me lesions”. The radiographic diagnosis of these condi-
tions to the experienced, is straightforward and further
imaging and biopsy are not indicated in the majority of
cases. This category includes fibrous cortical defect,
bone island, small foci of fibrous dysplasia and the dis-
tal femoral cortical irregularity (periosteal desmoid).

Pathological Correlates

Not surprisingly, the features that are relied upon to
help establish a radiological diagnosis or differential di-
agnosis (vide supra) are also employed by the patholo-
gist when examining the gross and microscopic features
of the biopsied, curetted or resected specimen. In addi-
tion, to help establish a diagnosis, the pathologist will
rely on “high resolution” features that are not apparent
to the radiologist e.g. cellular architectural formations,
cytological features, mitotic rate etc. The affected bone,
and the site of the lesion within bone, will only be ap-
parent to the pathologist on an excised specimen. On
curetted or biopsied bone lesions, it is essential that the
pathologist be given this critical information.

The pattern of bone destruction seen radiologically
can be appreciated pathologically. Enchondromas often
show encasement by host bone (Fig. 22), other benign
tumors (with the exception of hemangioma) show an
abrupt transition from the lesion to reactive host bone.
Malignant bone tumors show a permeative growth pat-
tern with entrapment of lamellar (i.e. pre-existing)
bone by the neoplasm.

Normal periosteum is composed of a thin covering
of fibroblastic tissue which has an osteogenic (and
sometimes chondrogenic) potential. It is composed of

Fig. 21. Axial CT through the distal femora
of a 19-year-old male. Lytic expansile le-
sion arising from the posterior aspect of
the right femoral metaphysis containing
multiple fluid-fluid levels typical of an
aneurysmal bone cyst
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an inner cambium layer and an outer fibrous layer. The
cambium layer is applied directly to the outer cortex
and shares collagen fibers with cortical bone (so-called
Sharpey’s fibers) (Fig. 23).As such, subperiosteal lesions
create and occupy a potential space. As indicated above,
an elevated periosteum may be intact or disrupted
(Fig. 24). In either case, elevation of the periosteum
stimulates it to produce new bone. The patterns of new
bone formation are discussed above (section 3.11). The
histologic appearance of radiologically apparent matrix
is predictable. Matrices that are apparent radiologically
are due to calcification/mineralization seen in bone,
cartilage and dystrophically calcified tissue.

Staging

Accurate surgical staging is a fundamental requisite of
all oncological imaging. The staging system universally
used for bone tumors is that adopted by the Musculos-
keletal Tumor Society [26]. This assigns one of three
grades according to the local extent of the tumor, pres-
ence or absence of metastases and the histological grade
(Table 1). Classification of the first two features of the
staging system relies entirely on imaging. However, the
grade of the tumor is obviously determined by histolog-
ical examination of the biopsy specimen and confirmed
by review of the whole specimen following the defini-

Fig. 22. Histological section of the edge of
an enchondroma (hematoxylin & eosin,
H&E) showing the features of “bony en-
casement”. The tumor growth rate is so
slow that there has been deposition of or-
derly, lamellar bone on the surface. Adja-
cent to the encasing bone is normal hemat-
opoietic marrow

Fig. 23. Histological section of normal, rel-
atively inactive periosteum (H&E). The
outer fibrous layer is densely collagenous
and relatively hypocellular. The inner
cambium layer is more cellular and ap-
plied directly to the outer surface of the
cortex
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tive surgery. The value of a straight-forward staging
system, such as this, is that it is easily applied, correlates
well with prognosis and allows valid comparison of
studies of differing treatments and treatment centers.

Determination of local tumor extent usually relies on
MR imaging. One study has shown CT to be as good as
MR imaging in staging [27], although there has been
some doubt expressed as to whether the technique and
quality of technology used in that multicenter study
were strictly comparable [28]. However, where access to
MR imaging remains limited, CT is an adequate alterna-
tive, albeit with significant radiation burden. The MR
scan should preferably be performed before the biopsy
as the trauma of the procedure may result in hemor-
rhage and edema which can exaggerate the true extent
of the tumor. A T1-weighted sequence oriented along
the long axis of the affected bone should be performed
first as it offers excellent signal-to-noise ratio and reso-
lution and is particularly sensitive to bone marrow
changes (Figs. 1, 25A) [29]. It is used to define the extent
of the tumor in bone. Further sequences should be per-
formed at right angles to the first and, to give good res-
olution between the soft tissues and the tumor, should
be a T2-weighted sequence with, if available, fat sup-
pression. Alternatively, a STIR sequence may be pre-

ferred. The STIR sequence, due to its sensitivity to ede-
ma, will tend to overestimate the extent of a tumor both
in bone and the surrounding soft tissues [30] Remain-
ing sequences can be tailored to the particular case. The
extent of the tumor in bone and soft tissue should be ac-
curately measured and the relationship to the neurovas-
cular structures and adjacent joint assessed.

It is important to include an anatomical reference
point on at least one of the sequences in order that
measurements of the tumor can be related to a relevant
point. The adjacent joint margin will usually suffice for
this purpose.A scale should be included on all hardcopy
produced. Although small field of view scans ensure
good demonstration of tumor details, a large field of
view T1-weighted sequence should be included to con-
firm or exclude skip metastases (Fig. 25B). Gd-DTPA
has little value in the initial staging [31]. It may help dis-
tinguish subsynovial spread from true joint invasion
and a dynamic contrast-enhanced scan may be ob-
tained at this stage as a baseline study for the subse-
quent assessment of tumor response to chemotherapy.

For exclusion/confirmation of pulmonary metasta-
ses, chest CT is required. The sensitivity of pulmonary
CT has been improved with the introduction of spiral
CT [32]. Overstaging with spiral CT is a potential hazard
as up to 70% of solitary nodules less than 5 mm in di-
ameter at initial presentation in children with solid ex-
tra-thoracic tumors may be benign [33].

Bone scintigraphy is used to exclude skeletal metas-
tases. It is important to correlate scintigraphic abnor-
malities with radiographs of the relevant area. Scintig-
raphy can also be valuable in the detection of skip me-
tastases (Fig. 25C). Skip metastases may not always be
visible on scintigraphy, hence the value of MR imaging
[34].

Fig. 24. Histological section of elevated per-
iosteum (H&E). There are new trabeculae
of woven bone between the cellular, elevat-
ed periosteum and the cortical lamellar
bone. Any process that elevates periosteum
will produce a similar effect

Table 1. Staging system of the musculoskeletal tumor society [26]

Stage Description

IA Low-grade intracompartmental lesion
IB Low-grade extracompartmental lesion
IIA High-grade intracompartmental lesion
IIB High-grade extracompartmental lesion
III Metastatic disease at presentation
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Biopsy

With the exception of the “don’t touch me lesions”, ver-
ification of the radiological diagnosis will require a bi-
opsy to complete the staging prior to management deci-
sions. Conventional fluoroscopy is usually adequate in
most cases but CT fluoroscopy can be useful when biop-
sying small or relatively inaccessible lesions. Problems
associated with biopsy occur up to 5-times more com-
monly when it is performed at the referring hospital
rather than at the specialist treatment center [35]. Biop-
sy techniques vary between units. Some advocate fine
needle aspiration, others needle biopsy or open biopsy.
The expertise required applies as much to the patholo-
gist interpreting the specimen as to the individual re-
sponsible for obtaining it. It is important that the biopsy
tract is placed so that it will be fully excised at the time
of definitive surgery.

Assessment of Tumor Response 
to Chemotherapy

Most patients with a biopsy-proven sarcoma of bone
will be entered into one of the international adjuvant
chemotherapy trials prior to undergoing definitive sur-
gery. The exception is chondrosarcoma which is not
sensitive to chemotherapy or radiotherapy. After a pre-
determined number of cycles of chemotherapy and im-
mediately before surgery, the patient is re-staged with a
MR scan of the primary tumor and a CT scan of the
chest. This is to ensure that the stage of the tumor has
not altered and that the planned surgery is still appro-
priate. Also, this is an opportunity to use imaging to as-
sess the response of the tumor to the chemotherapy.
Histological response to chemotherapy expressed as
percentage necrosis is one of the most important prog-
nostic indicators in both osteosarcoma and Ewing’s sar-
coma. Over the years all types of imaging have been
used to estimate the response to chemotherapy.

Post-chemotherapeutic radiographic and CT find-
ings do not consistently differentiate the good from
poor responder [36]. For example, an increase in tumor
volume may suggest a poor response but may also rep-

Fig. 25A–C. Osteosarcoma of the distal femur. The small field of
view sagittal T1-W image (A) shows good detail of the primary tu-
mour but fails to show the two more proximally located skip meta-

stases evident on the large field of view sagittal T1-W images (B).
Bone scintigraphy (C) shows increased activity both in the pri-
mary tumour and the two skip metastases



Chapter 6.2 Bone Tumors 677

resent hemorrhage secondary to necrosis in a respon-
sive tumor [37].

If there is a significant extra-osseous component to
the tumor, Doppler ultrasound can be used to monitor
response [38]. This is potentially attractive in children
as prolonged immobility is not required. However, the
technique is operator dependent which may affect re-
producibility of results on sequential scanning.

Scintigraphy using technetium-99m methylene di-
phosphonate, thallium-201, gallium-67 and FDG-PET
scanning have all been advocated in the estimation of
tumor response [36]. Inherent in all is the limited ana-
tomical resolution and, with PET scanning, limited
availability. To date, these techniques are largely re-
served for research purposes.

Unenhanced MR imaging has a limited role. In-
creased or unchanged tumor volume and increased per-

itumoral edema after chemotherapy suggest a poor his-
tological response in osteosarcoma and Ewing’s sarco-
ma. Virtual obliteration of the extra-osseous compo-
nent combined with a hypointense rim in Ewing’s sarco-
ma usually indicates a good response. It is however, im-
possible to exclude small foci of viable tumor without
contrast medium. Standard contrast-enhanced MR im-
aging is also of limited value as viable tumor, revascu-
larized necrotic tissue, reactive hyperemia, etc. may all
enhance. It is for this reason that much of the work on
imaging assessment of sarcoma response to chemother-
apy over the past decade has concentrated on dynamic
contrast-enhanced MR imaging. A number of different
techniques have been described but all rely on the
underlying principle that viable tumor enhances rapid-
ly (i.e. within seconds of the contrast medium arriving
in the adjacent artery) whereas all other enhancing tis-
sues take much longer. It is possible on the console of
most modern scanners to plot a time/intensity curve
showing the uptake of the contrast medium. By compar-
ing the curve obtained before commencement of chem-
otherapy with that obtained after, the tumor response
can be estimated. It should be noted that this is a time-
consuming and costly exercise with numerous variables
that directly influence patient management in few cases.

Follow-up

Assuming that the patients do not have stage III disease
(i.e. metastases) either at presentation or developing
during preoperative chemotherapy, they are closely
monitored for evidence of local recurrence [39], meta-
static disease [40] and complications of treatment.

Local recurrence is almost inevitable if the original
resection margin was not wide. Recurrence may be de-
tected on radiographs as a soft tissue mass with or with-
out bone destruction. Locally recurrent bone sarcoma
will usually occur within the soft tissues at the site of the
initial surgery as the host bone will have been excised
and replaced with a prosthesis. Detection on radio-
graphs is easier if there is evidence of matrix mineral-
ization. Recurrent tumors with the propensity to miner-
alise (i.e. osteosarcoma) will usually exhibit focally in-
creased activity on scintigraphy, but it is rarely used for
this purpose.

MR imaging is the technique of choice in the detec-
tion of early recurrence when local control may still be
surgically achievable. While ultrasound does have some
attractions [41], MR imaging will still be required for
preoperative evaluation if a recurrence is identified
(Fig. 26). Depending on the presence or absence of min-
eralization, most recurrences will show a high signal in-
tensity mass on T2-weighted or STIR images. Diffuse
high signal intensity is frequently seen shortly after sur-
gery or can be prolonged following radiation therapy

Fig. 25C.
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[42]. Contrast medium may be required to distinguish
enhancing recurrent tumor from seromas, hematomas
etc.

It is generally accepted that it is usually the metastat-
ic disease that will eventually kill the patient and not the
primary tumor itself. It is for this reason that follow-up
imaging is concentrated on the site where the metasta-
ses are likely to occur, namely the lungs. Chest radio-
graphs are usually considered adequate. Serial chest CT
scans are of doubtful value in view of the considerable
radiation dose involved.

The natural history of osteosarcoma has been modi-
fied by chemotherapy in that up to 20% of those who

develop metastases will first do so in bone prior to there
being any evidence of pulmonary metastases. The prog-
nosis for a patient with osseous metastases is so poor
that serial follow-up scintigraphy is unlikely to modify
the outcome. Scintigraphy is indicated should a patient
on follow-up develop bone pain. Sarcoma metastases to
other sites, such as the central nervous system and vis-
cera, are uncommon and are usually a late manifesta-
tion of the disease [40].

It should be recognized that the prolonged medical
and surgical management of a child with a sarcoma is
not without risk of complications. Prostheses may be-
come loose or infected or require replacement if the

Fig. 26A–C. 17 year-old male with recurrent osteosarcoma. A Coro-
nal contrast-enhanced T1-weighted imaging showing a large het-
erogeneous recurrence in the left adductor compartment. B Single
coronal images from late in dynamic sequence with regions of
interest applied over the enhancing component of the tumor (1),
non-enhancing component (2) and muscle in the contralateral
thigh (3). C Time-intensity curve derived from dynamic sequence
showing rapid enhancement in the viable component of the recur-
rence (1), no enhancement in the necrotic/cystic part (2) as com-
pared with mild enhancement of normal muscle (3)
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child has outgrown the extended length of a growing
prosthesis [43]. Allografts may also become infected
and are prone to fracture. In the long-term follow-up of
patients who received radiotherapy, pain or functional
impairment within the radiation field should lead to
consideration of bone necrosis or radiation-induced
sarcoma.

Conclusions

Imaging, with all its different techniques, has a role in
the management of the patient with a bone sarcoma
from initial detection and diagnosis to follow-up after
definitive surgery. No imaging investigation should be
reported in isolation without knowledge of relevant
clinical details and results of prior investigations. If the
diagnosis is in doubt, the old adage biopsy the infection
and culture the tumor is appropriate. The importance of
the multidisciplinary approach in the management of
bone sarcomas cannot be overemphasized.
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Clearly, arthritis may involve a single joint, a group of
joints or it may be truly polyarticular.Whilst each of the
categories carries its own differential diagnosis, from
the point of view of any one involved joint, it matters not
whether it is alone or one of many. Thus, all of the perti-
nent arthritides will be viewed from the perception of a
single joint becoming abnormal.

It is important to remember that a joint is a complex
organ comprising capsule, synovium, cartilage and
bone [1]. Further, muscles, ligaments and tendons con-
trol and stabilise an individual joint. All of these struc-
tures interrelate either directly or indirectly by virtue of
exudates or transudates. In addition, not all joints are
the same. The majority of the important joints used in
day-to-day living are true synovial joints, that is the cap-
sule is lined with synovium and movement occurs by
virtue of hyaline cartilage. Obvious examples of these
include the knee and hip joints. Other joints are truly fi-
brous, as in a synostosis, and some fibrocartilaginous,
for example the symphysis pubis. However, effectively
most of the arthritides involve synovial joints and
therefore this chapter will focus on them.

As indicated, a synovial joint comprises a number of
important interrelated structures. Synovitis cannot oc-
cur in isolation without altering the quality of joint fluid,
which in turn has an effect on hyaline cartilage and sub-
chondral bone. However, for convenience of learning, it
is easier to see the major structures within a joint as sep-
arate, each having its own group of pathologies, and then
to refocus at the end on their interrelationships.

Synovium

Synovial tissue is truly remarkable. Essentially, it is only
a few cells thick. This tissue lines all of our major artic-
ulations. It has a rich blood supply, receiving a substan-
tial proportion of total cardiac output in a fine capillary
network. The latter is unique in itself for it has no base-
ment membrane and therefore ultrafiltrates plasma to
form joint fluid. Thus, it is hardly surprising that small-
molecular-weight substances readily make their way
into joint fluid. Indeed, joint fluid dynamics are well es-

Introduction

Arthritis is a major cause of debility in the world, par-
ticularly in the developed world, where increasing de-
mands are made by ageing populations to retain full
physical function in a pain-free fashion. Whilst atten-
tion has been focused on the inflammatory arthritides,
most noticeably rheumatoid arthritis (RA), an increas-
ing awareness of the significance of osteoarthritis has
become noticeable in the last 5–10 years. This chapter
will review the major pathological and radiological
changes that occur in joints during disease and will at-
tempt to refocus attention away from a pattern recogni-
tion approach to one of analysing the underlying path-
ological processes and repair mechanisms.
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Fig. 1A–C. A Normal synovium. Note the simple, single layer of the
surface cells and the convoluted pattern. The underlying connec-
tive tissue is loose, with no evidence of blood vessel enlargement
or cellular infiltration. B Pathological synovium in rheumatoid
disease. Note the folded, corrugated nature of the synovium, the
thickness and the presence of giant cells. C The appearances at ar-
throscopy in rheumatoid disease. Note the papillary nature of the
synovium and the redness due to hypervascularisation

Fig. 2A–C. Synovial chondromatosis. A A lateral radiograph demon-
strates obvious soft tissue swelling of the knee joint, the suprapa-
tellar pouch is swollen, Hoffa’s fat pad is displaced and a mass is
present in the popliteal fossa. A so-called pressure erosion of the
distal femur is also present, suggesting that the lesion is chronic.
Note that the outline of the suprapatellar pouch is well defined,
consistent with a non-inflammatory cause of synovitis. B, C MRI
demonstrates numerous osteochondral loose bodies
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tablished and depend on production of fluid by synovi-
um and its subsequent resorption. The purpose of joint
fluid is to lubricate the joint and to provide nutrition for
hyaline cartilage. Cartilage (see “Hyaline Cartilage”) is
completely avascular and depends exclusively on syn-
ovial perfusion in the adult to provide chondrocytes
with the necessary energy and raw materials. It is also
remarkable that a tissue that is so richly vascularised
with capillaries that have no basement membrane is so
very rarely involved with metastatic disease. Further,
granted the numerous showers of bacteria in blood, it
can be argued that septic arthritis is also rare. The rea-
son why synovium is so efficient at apparently being re-
sistant to malignant cells and blood-borne bacteria is
still a mystery.

Nonetheless, synovium is susceptible to inflamma-
tion. Inflammatory synovitis is characterised by thick-
ening and oedema of synovium (Fig. 1). This results in
the tissue becoming more richly perfused, congested
and developing papillary folds. Numerous causes of
synovitis are recognised, of which relatively few are rel-
evant radiologically. This is because synovitis is not a
particularly obvious radiological disorder. Thickened
synovium does not occur immediately and many causes
of transient synovitis are associated only with an in-
crease in joint fluid production (joint effusion) rather

than structural changes in synovium. Accordingly, the
most obvious radiological feature of synovitis is a joint
effusion. This may be obvious clinically by palpation,
radiologically by soft tissue swelling on plain film
(Fig. 2) or by other imaging modalities including ultra-
sound. In the appropriate clinical context, polyarticular
synovitis may indicate the possible future evolution of
an inflammatory disease such as rheumatoid arthritis.
However, without development of erosion of bone no
further specific radiological diagnosis is possible. Thus,
the presence of soft tissue swelling is indicative of irri-
tated synovium without being specific. The more in-
flamed the synovium, the less well defined the soft tis-
sue outline will be radiographically (Fig. 3). Plain films
cannot distinguish between joint fluid and synovial
thickening.

Synovium may proliferate and change into pannus.
However, it is by no means clear when a thickened and
inflamed synovium metamorphoses into the chronic
hypertrophied thick membranous tissue that we call
pannus. Indeed, it is not clear whether this transition
occurs at all, since pannus may represent an entirely dif-
ferent pathological change that does not require initial
synovitis! Pannus itself is a heterogeneous tissue con-
taining chronic inflammatory cells and areas of fibrosis
and necrosis together with neovascularity. In some cas-

Fig. 3A, B. Septic arthritis. A Involving a proximal interphalangeal
joint. Note the ill-defined soft tissue swelling, juxtaarticular osteo-
penia and complete loss of hyaline cartilage thickness. B At the hip

joint, again the same features are present, but note also the com-
plete loss of outline of the articular cortices of the femoral head
and acetabulum
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es, it may contain a number of giant cells. Indeed many
authorities have likened the margin between pannus
and bone to that which occurs between metastasis and
bone. That is, there is an ischaemic zone with neovascu-
larity and bone destruction products being produced
by the synovium. Pannus may either be acute inflamma-
tory or, once the disease process has burnt out, become
thick fibrous tissue. Radiologically, the appearances of
this tissue will vary considerably depending on the im-
aging modality employed.

Plain Films

In addition to soft tissue swelling, the hallmark of pan-
nus is invasion of bone. This is described as erosion but
de facto is a loss of cortical outline and trabecular de-
tail. This will appear first in the bare area (Fig. 4) where
synovium touches bone without intervening hyaline
cartilage [2], the latter being relatively resistant to inva-
sive pannus. It is important to remember that inflam-
matory tissue adjacent to bone may produce osteopenia
on a radiograph simply because calcium has been
leached out rather than because actual physical destruc-
tion has occurred. Such a process may account for some
reports of healing erosions when recalcification of dem-

ineralised trabeculae has occurred. Nonetheless, in
most instances eventual bone destruction does occur
with trabecular disruption. In either circumstance the
earliest plain film manifestation will be a loss of cortical
outline at the bare area, producing the so-called dot
dash or paint brush appearance as trabeculae appear to
have no overlying cortex (Fig. 5). Biologically active
synovitis is characterised by the development of an ill-
defined erosion as well as soft tissue, whereas more
stabilised burnt out disease may permit healing to occur
and the margins of the erosions thus will be corticated
and well defined (Fig. 6). In practical terms, rheumatoid
erosions do not occur very early in disease evolution on
plain X-rays. One may expect perhaps 30% of patients
to show bone erosion by the end of their 1st year of ill-
ness, perhaps 60% at the end of year 2 [3]. Corticated
and well-defined erosions will also occur where a focal
mass lesion is present within synovium; a classic exam-
ple is the tophaceous deposition of monosodium mono-
urate (gout) (Fig. 7). Here chronically deposited crystals
develop a mass lesion, which indent bone with secon-
dary remodelling. Deposits of fat (as in multicentric re-
ticulohistiocytosis or xanthomata) and even chronic
granulomatous process such as tuberculosis may pro-
duce similar corticated erosions (caries sicca) (Fig. 8).
The cortication clearly, therefore, represents chronicity.

Fig. 4A, B. The concept of the bare area
(derived from [2]). A The area at a termi-
nal interphalangeal joint where synovi-
um directly contacts bone and is not
covered by cartilage is coloured in black.
This area is known as the bare area and
is where erosion occurs first in rheuma-
toid disease or psoriatic synovitis. B Dif-
ference between psoriatic arthritis (PSA)
and erosive osteoarthritis (EOA). In A
there is periarticular erosion with new
bone formation, but normal articular
surfaces, whereas in B there is clearly
disease of the major articular surfaces
(EOA)
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Synovium, once thickened, may also contain an ex-
cess of iron (from chronic bleeding) or other high-
atomic-number substances such as calcium (synovial
chondromatosis, for example). Iron is the classic metal
to be deposited in the chronic bleeding disorders, caus-
es of which include haemophilia, Christmas disease and

synovial haemangiomatosis. On plain film, this is char-
acterised by diffuse opacification (Fig. 9). Pigmented
villonodular synovitis (PVNS) also has the same effect
and will produce well-defined periarticular erosions.
However, this condition tends to be non-inflammatory,
presenting with joint swelling typically involving the

Fig. 5A, B. Rheumatoid erosions. A A localised radiograph demon-
strates loss of resolution of the articular cortex of the bare area
with uncovered trabeculae. B A histological specimen from a met-

acarpophalangeal joint shows invasion by pannus at the same site,
the articular cartilage being essentially normal

Fig. 6. Well-defined erosions in rheumatoid
disease. Note active disease at the metacar-
pophalangeal joints, but corticated, well-
defined lesions at the proximal interpha-
langeal joints with no evidence of active
synovitis
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Fig. 7A–C. Well-defined erosions in gout. A Classic tophi are demonstrated on the
finger. B The effect on underlying bone is shown (a different patient). Note the
eccentric soft tissue swelling, the well-defined periarticular erosions and the
overhanging margin sign. C Palaeopathological specimens from Hadrian’s Wall
demonstrate typical gouty lesion in a Roman soldier

Fig. 8A, B. Well-defined erosions due to tuberculo-
sis. A A typical caries sicca lesion is present. Note
how well defined the erosive lesion is on the hu-
meral head. B Typical pathology showing casea-
tion and giant cells

�
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knee or the hip. The other radiopacity that may be help-
ful is calcification, as in synovial chondromatosis. Here,
one may expect to see a ring or rings of calcification
consistent with the cartilaginous bodies characteristic

of this disorder (see below). Thus, in a patient present-
ing with an arthropathy characterised by well-defined
erosions, the finding of a diffusely opaque synovium
presents an important differential diagnostic sign. Pres-
sure of bone will of course occur outside joints
wherever synovium is found; hence, tendon sheaths and
bursae may also be involved.

Scintigraphy

Any radiopharmaceutical that reflects vascularity will
be abnormal in synovitis, hence a pertechnetate scan, or
the blood phase of a bone scan. However, neither is spe-
cific. On occasion, patients will present with multiple
joint pains and all clinical and laboratory investigations
appear to be normal. Under these circumstances, a bone
scan is an extremely sensitive means of excluding the
probability of synovitis or arthritis. Once an inflamma-
tory arthropathy is present, bone scans are severely lim-
ited since they cannot distinguish between the inflam-
matory changes of the synovitis and secondary sub-
chondral bone changes associated with hyperaemia and
remodelling. In these circumstances, it may be neces-
sary to use an agent that marks the inflammatory pro-
cess better, for example technetium-labelled nanocol-
loid (Fig. 10) or human immunoglobulin [4]. Gallium
has been used, but it essentially labels white blood cells,
so again is not discriminatory, since both inflammation
and infection produce active scans. Labelled white
blood cells are useful in infectious disease, but less so in

Fig. 9A–C. Haemophilia. A Note radiopaque synovium on the later-
al radiograph of the knee due to repeated haemarthroses. B, C Typ-
ical features of haemophilic arthropathy are shown on MRI. The
synovium is thick and low signal, consistent with iron overload.
Note also that iron is present in the subchondral bone lesions.
There is secondary osteoarthritis with loss of cartilage thickness
and subchondral cysts
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chronic infection when false negatives may occur. How-
ever, these scans too will be abnormal in some non-in-
fectious inflammatory cases.

Magnetic Resonance Imaging

This has become the modality of choice in the evalua-
tion of synovitis. The inflammatory changes are charac-
terised, firstly, by increased water levels and thickness of
the tissue. Hence on MRI one will see thick synovium,
which shows high signal on T2 weighting or on STIR
(short tau inversion recovery). Normal synovium is not
readily visible on conventional MRI, although it can be
seen on T2-weighted FLASH sequences and using mag-
netisation transfer contrast techniques. The increase in
vascularisation and permeability can be demonstrated
by gadolinium chelate-enhanced imaging (Fig. 11). The
more inflammatory the synovium, the more permeable
the tissue, the greater the vascularisation and hence the
rate of accumulation of a gadolinium chelate following
intravenous bolus injection. Not only is the rate of en-
hancement increased but also the peak enhancement.
Because of normal joint dynamics in which joint fluid is
produced rapidly by synovium, early (between 5 and
10 min) transudation of the gadolinium chelate occurs
from synovium into joint fluid. This makes measure-
ment of synovial thickness more difficult and limits the
time available for image acquisition. However, this rap-
id transudation of contrast medium into joint fluid of-
fers positive benefit insofar as indirect MRI arthrogra-
phy can be performed by this route, and it offers as yet
little explored means of indirectly assessing joint fluid
dynamics.

Is there further information that may be gleaned
from the dynamic acquisition of contrast-enhanced

MRI in synovitis? Work suggests that whilst both the
rate of enhancement and peak enhancement are valu-
able, it is the former that may reflect response to thera-
py and predict relapse [5]. Quantification of the mass of
abnormal synovial tissue is also being explored, there
being no “right”means at present. These are areas of im-
portance in order to evaluate rapidly the effects of stan-
dard or novel therapy. A number of small studies have
looked at response to standard agents, for example fol-
lowing intra-articular steroids. However, as synovitis
and pannus may be different, and attract differing ther-
apies, MRI has the ability to look for differential thera-
peutic responses [6].

Even pannus does not represent a single tissue type
on MRI. Findings suggest a spectrum of pathology with
some patients showing curvilinear thickening of syn-
ovium with uniform contrast medium enhancement,
histologically correlating with simple inflammatory
synovitis [7]. Others show eccentric areas of lobularity
and nodularity that histologically correspond to inflam-
matory pannus. Tissue necrosis and fibrosis have oc-
curred in others, resulting in a heterogeneous form of
pannus that on MRI will show areas of enhancement
and others of fibrosis. Eventually, pannus becomes a fi-
brous mass and the corresponding MRI images show a
markedly reduced enhancement and the signal texture
of fibrous tissue, which is low signal on most pulse se-
quences. Rich iron content in synovium is manifest by
low signal (Fig. 9), the low signal becoming greater and
more enhanced the longer the TR of the individual
pulse sequence. This is to be expected in patients with
chronic iron overload, particularly the bleeding disor-
ders, and in amyloidosis.

Fig. 10A, B. Scintigraphy in rheumatoid arthritis. A The late phase of
a radionuclide bone scan shows a generalised increase in activity
in the left knee (right image) due to mixture of rheumatoid syn-

ovitis and secondary osteoarthritis. B A nanocolloid scan clearly
demonstrates the synovitis component
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Ultrasonography

This technology is enjoying resurgence, justifiably, and
increasingly is being evaluated for the detection of syn-
ovitis and bone erosion. Ultrasound clearly demon-
strates joint effusion and thickened synovium. It is an
excellent technique for the demonstration of many soft
tissue pathologies, especially tendon sheath and enthe-
seal disease, as well as providing superb visualisation
and guidance for interventional procedures. The ques-
tion remains open as to the ability of ultrasound to reli-
ably quantify degrees of inflammatory process and their
response to therapy. Whilst some work is available on
the demonstration of synovial vascularity, even using
power Doppler relatively few larger vessels can be iden-
tified in thick synovium and vascularisation is difficult
to reproducibly assess. Hence, the evaluation of resistive
indices and therapy effects can be difficult. Some work
suggests that erosion of bone is also detectable using
ultrasound and that ultrasound may demonstrate more
erosion than plain films. However, the practicality and
reliable quantification of this investigation is still debat-
able.

Differential Diagnosis of Synovitis

In some diseases, inflammatory synovitis and invasive
pannus are associated with new bone formation. This is
a characteristic of the seronegative arthritides in partic-
ular psoriasis (PSA) and Reiter’s syndrome. The new
bone formation occurs actually in the erosions or adja-
cent to them (Fig. 12). The development of new bone
formation is so unique to this group of disorders as to
imply an entirely different aetiopathogenesis. Indeed,
there are some suggestions from MRI studies that the
disease process in PSA or Reiter’s syndrome may origi-
nate outside the joint, in the capsule and ligaments, and
that synovitis and intra-articular joint involvement may
be secondary events [8]. Not all patients with PSA, as di-
agnosed clinically, have new bone formation. The ques-
tion then is do these patients with a rash and an ar-
thropathy have psoriatic arthritis or rheumatoid dis-
ease? Is the clinical diagnosis the gold standard or per-
haps can MRI or even plain films diagnose the real ar-
thritis of PSA?

Fig. 11A, B. Rheumatoid arthritis on MRI. A Before intravenous contrast medium and B after intravenous contrast medium. Note the en-
hancing tissue due to thickened pannus can be clearly distinguished from joint fluid on the postcontrast medium images
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Tumours of Synovium

Synovial tumours are extremely rare. Indeed, that which
is known as synovial sarcoma rarely, if ever, involves
joints! Synovial sarcoma is so called because it is com-
prised of two cell lines reminiscent of the two primary
cells occurring in synovium. There is no evidence, how-
ever, to suggest that it actually comes from that tissue. In
addition to PVNS, summarised above, the other com-
mon benign synovial tissue tumours are synovial chon-
dromatosis and the much rarer lipoma arborescens. The
former is characterised by the development of meta-
plastic cartilage within synovium, the aetiology of
which is totally unknown. The cartilaginous lesions en-
large and are shed, eventually acting as free intra-artic-
ular separate bodies within the joint. Enchondral ossifi-
cation may occur in addition to calcification of the car-
tilage. The disease is characterised by proliferation fol-
lowing which a phase of budding or shedding of the le-
sions may occur and the final stage may be a residual
hypovascular bald synovium. Clearly, the radiological
hallmarks include soft tissue swelling, calcification
characteristically, as in all cartilage-containing lesions,
in the form of rings and separate multiple osteochon-
dral bodies (Fig. 2). Lipoma arborescens is much less
common, in which synovium develops frond-like fatty
deposits demonstrated on plain films as intra-articular
translucencies, often bathed in joint fluid due to the irri-
tant effect of the lipoma.

Malignant tumours of synovium are extremely un-
usual. Primary sarcomas are very rare, metastasis virtu-
ally unheard of and transarticular spread of an adjacent
bone or soft tissue tumour worthy of a case report!

Hyaline Cartilage

Hyaline cartilage is a truly unique tissue, yet it is com-
prised of relatively few components.A meshwork of col-
lagen (collagen 2) fibres anchor into bone and extend
perpendicular to the articular surface itself, where they
radiate horizontally. The fibres are extremely tough and
long living. At the bone-to-collagen interface, a curvy
line of provisional calcification occurs, the so-called
tidemark. Crammed into the spaces between the colla-
gen fibres are substantially sized molecules of proteog-
lycan. These bottlebrush-like proteins exert a huge neg-
ative charge that avidly attracts water molecules. The
pressure exerted within the collagen network is so large
it cannot be reproduced readily in the experimental sit-
uation. The production of collagen and proteoglycan
rests in the hands of chondrocytes arranged throughout
cartilage in columns extending from the bone surface to
the articular surface. Effectively, cartilage functions as
an extremely effective avascular hydrodynamic cush-
ion. Compression of the articular surface displaces wa-
ter horizontally as the collagen network is compressed.
Water may move through channels or leaves, previously

Fig. 12A, B. Proliferative new bone formation in erosions. A Typical
psoriatic disease of the terminal interphalangeal joint. Note the
symmetrical soft tissue swelling and the erosions at the bare areas,
but in particular the development of new bone formation in asso-

ciation with the erosions. B A section of the femoral head from a
patient with psoriasis. The articular cartilage has been destroyed,
but note the fibrovascular invasive pannus overlying the articular
surface, within which reactive bone formation is present
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unrecognised structures recently demonstrated by MRI
[9] (Fig. 13). The water is redistributed within cartilage
so that overall cartilage volume may not change. Once
pressure is relieved from joint loading, water flows back
attracted by the negative charge of the proteoglycans.
Hyaline cartilage has neither a blood supply nor inner-
vation. Nutrition depends purely on that provided by
circulating synovial fluid.

Cartilage Pathology

Thinning

Cartilage radiologically can only do one of three things.
It can grow thin, become thicker or calcify. Thinning of
hyaline cartilage is a normal finding in the ageing pop-
ulation, with collagen networks beginning to wear and
proteoglycan formation by chondrocytes becoming less
efficient. Further, the proteoglycans themselves fre-
quently have missing side branches or chains, reducing
their ability to attract and retain water molecules. Car-
tilage thus becomes thinner in normal ageing individu-
als. Cartilage may also become thin because the prote-
oglycans contained within it become proteolysed. This
is particularly the case in inflammatory synovitis or in

septic arthritis where rapid destruction of proteoglycan
and cartilage thinning occurs. This is reversible, howev-
er, if the chondrocytes remain alive and the collagen
network is not disturbed. Once collagen has become in-
volved, cartilage may swell because the proteoglycan
molecules are no longer constrained. Once the articular
surface of hyaline cartilage is disrupted, the collagen
network is partially or focally destroyed. This cannot be
repaired to normality: cartilage will fissure or ulcerate
(Fig. 14). These lesions may extend down the tidemark
between it and underlying subchondral bone. Such
damaged cartilage is unstable, and because of the radi-
ating superficial collagen network, a natural tendency
exists for such lesions to gape apart. Joint fluid and de-
bris are forced down to the tidemark that may result in
areas of bone necrosis and the development of cystic in-
trusions or subchondral “cysts”. To be accurate, these
are not true cysts as they communicate to the joint sur-
face and are not lined by a single cell layer. As radiolo-
gists, we misuse this word in joint disease.

Cartilage undergoes a series of repair mechanisms in
order to attempt to restabilise a disrupted articular sur-
face. These include the following mechanisms.

Fig. 13A, B. Hyaline cartilage. A Normal hyaline cartilage. A single
zone of provisional calcification (tide mark) is present with chon-
drocytes arranged in neat columns and an even distribution of

pink staining proteoglycan. B Striations are demonstrated within
hyaline cartilage, corresponding to columns of proteoglycan and
collagen, demonstrable on high-field MRI



692 Iain Watt

Osteophytes

Osteophytes develop initially at the margins of the joint
on the hyaline cartilage – cortical bone interface. They
are originally cartilaginous proliferations and hence
should be called chondrophytes. In due course, these
undergo enchondral ossification and are recognised on
plain film as osteophytes. Tiny marginal osteophytes are
thus a normal finding in an elderly population as cartil-
age thins and the joint becomes slightly unstable. Chon-
drophyte production is one of the earliest responses to
joint instability, and thus may represent a normal heal-
ing response, rather than be disease. Large florid oste-
ophytes are recognised as part of the process of osteoar-
thritis but may be considered a reparative phenome-
non. When cartilage is extremely thin or fissured on ar-
ticular surfaces, blood vessels may penetrate through
the tidemark. These too may undergo enchondral os-
sification to produce so-called stud or surface osteoph-
ytes.

Multiple Tidemarks

The tidemark is the zone of calcification that glues hya-
line cartilage onto subchondral bone. It is normally cor-
rugated, effectively giving greater grip for the cartilage
against bone when resisting sheering stresses. In oste-
oarthritis, as cartilage becomes destroyed, or as new
cartilage is formed in the form of osteophytes, the tide-
mark is remoulded. Hence, one of the pathological fea-
tures of osteoarthritis is the finding of multiple tide-
marks (Fig. 15). Once bone has become exposed at an
articular surface, one of two processes may occur. One

Fig. 14A–C. Hyaline cartilage. A Normal hyaline cartilage is shown
on a gradient-echo T2-weighted 3DFT sequence at the patellofe-
moral joint. Compare and contrast this with B, which shows
marked cartilage loss and fibrillation, particularly of the medial
facet of the patella. C Typical histology of osteoarthritis. Note the
cartilage irregularity, fissuring, abnormal columns of proliferating
chondrocytes and multiple tidemarks
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may be perceived to be a repair mechanism, that is the
development of dense sclerosis on the surface of bone,
so-called eburnation. This may be associated with the
development of deep grooves. These are found particu-
larly at the knee or patellofemoral joint (Fig. 16), where

they too may be thought to represent a means of stabil-
ising the joint by providing it with “railway tracks”. Un-
fortunately, these grooves are difficult to see on routine
radiographs, but they are readily visible on skyline
views of the patellofemoral joint, for example. The other

Fig. 15A, B. Osteoarthritis. A An excised femoral head demonstrates
total loss of cartilage over the major articular surface and large
chondrophytes on the margins due to hypertrophic cartilage.

B Typical histology shows attrition and multiple tidemarks with
subchondral new bone formation buttressing the diseased cartil-
age

Fig. 16A–C. Osteoarthritis with eburnation and grooving. A A pa-
laeopathological specimen (a Saxon burial from Wells Cathedral in
Somerset) shows obvious eburnation over the humeral head, as
well as osteophytosis. B An operative specimen of the knee joint
shows obvious grooving of the lateral femoral condyle, as well as
marked chondrocalcinosis. C A skyline radiograph preoperatively
demonstrates sclerosis and ridging at both lateral patellofemoral
compartments corresponding to the changes shown in B
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process that may occur is trabecular failure, as subchon-
dral bone is no longer being protected by a hydrody-
namic cushion or by an eburnated articular surface. Ra-
diologically, this is recognised as diffuse subchondral
sclerosis. This represents trabecular collapse, fracturing
and callus, and thus is a phase of joint failure.

Fibrocartilage

Some surface defects will fill in with fibrous tissue of
cartilage origin. This occurs usually with focal defects,
for example in the repair of a localised area of osteo-
chondritis dissecans. On plain film, such a lesion cannot
be seen, except via arthrography. Healed shallow defects
can be seen on MRI, however, when low, abnormal sig-
nal in the defect is usual, reflecting the reduced water
content of this tissue.

Bone Changes

Whilst synovitis produces an inflammatory milieu in
joint fluid, which results in proteoglycan loss and over-
all cartilage thinning, hyperaemia of bone occurs also.
As the result, bone may become softened and remould-
ed. An obvious example is the protrusio acetabuli seen
in association with rheumatoid arthritis of the hip. In
osteoarthritis, on the other hand, cartilage loss tends to
be focal, repair may well occur at sites remote from the
primary lesion, especially marginal osteophyte forma-
tion, and secondary subchondral bone changes are ex-
pected.

Thickening

Cartilage thickness may be increased in real terms in
acromegaly, when it is one of the early manifestations of
the disease. It is also thickened in myxedema and some
mucopolysaccharidoses. It is incorrect to assume that
thickened hyaline cartilage is necessarily a benefit. In
fact, thicker cartilage is at risk of fissuring and fracture
and promotes the development of osteoarthritis
(Fig. 17). Cartilage may appear relatively thick also
when extensive erosion is present. This occurs in the
chronic, non-inflammatory synovial diseases, because
in spite of erosion, cartilage has not been lysed. Consid-
eration should be given to gout or PVNS, for example.

Calcification

Calcification in cartilage is extremely common and oc-
curs with increasing age up to perhaps 40% of normal
individuals at the age of 80. The crystal concerned is cal-
cium pyrophosphate dihydrate (CPPD) and is almost
certainly at least partly a by-product of metabolically
active chondrocytes. Two types of pyrophosphate crys-
tals have been described. Some occur about 50 µm be-
low the articular surface at the site of tangential colla-
gen fibres and are associated with surface fibrillation.
The other type is larger aggregates that are thought to
assist with short-term sheer loading [10]. CPPD crystals
thus may actually be a deliberate part of a protective
mechanism of hyaline cartilage under load and not the
pathological process that they are frequently considered
to be. Radiologically, CPPD deposition is recognised as

Fig. 17A, B. Acromegaly. A Typical histology reveals grossly thick-
ened abnormal hyaline cartilage. Note the huge increase in num-
ber and size of the chondrocytes, their high metabolic rate (dark
staining) and the fissuring occurring already. B Severe hyper-

trophic osteoarthritis of the shoulder in a patient with acromega-
ly. Note that the bone ends appear big and even now, joint space
width appears increased, rather than diminished as might have
been expected in idiopathic osteoarthritis
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chondrocalcinosis and is typically found in those joints
that also have fibrocartilages within them (Fig. 18), for
example the knee (the menisci), the wrist (the triangu-
lar fibrocartilage) and the hips (the labrum). The rela-
tionship between fibrocartilage and hyaline cartilage is
completely unknown.

Chondrocalcinosis occurs more frequently in a num-
ber of metabolic conditions, particularly those that in-
volve iron, calcium or magnesium metabolism, since
they are all closely interrelated. Episodes of crystal
shedding do occur, when CPPD crystals are released
into the joint and are associated with an inflammatory
synovitis (pseudogout). The crystals of CPPD are al-
most certainly released because of shedding of the
superficial layers of hyaline cartilage within which they
are contained. However, episodes of pseudogout do not

necessarily occur just because CPPD crystals are
present. For example, pseudogout and osteoarthritis are
unusual in hyperparathyroidism, whereas chondrocal-
cinosis is common. Data also suggest that the crystals
shed during an episode of pseudogout are of a different
type from those associated with hypertrophic osteoar-
thritis [11].

Very rarely, chondrocalcinosis is due to hydroxyapa-
tite deposition. However, hydroxyapatite is found typi-
cally in periarticular tissues, for example in calcific per-
iarthritis at the rotator cuff or the gluteal tendons (see
below). Again, hydroxyapatite crystals are markedly in-
flammatory, producing acute synovitis. In rapidly de-
structive osteoarthritis (previously called analgesic hip
or Milwaukee shoulder), the presence of hydroxyapatite
in the joint largely reflects bone debris, although some

Fig. 18A–C. Calcium pyrophosphate dihy-
drate deposition. A Classic chondrocal-
cinosis is shown at the knee joint with
coarse granular calcification in the me-
nisci and linear calcification in hyaline
cartilage. B A lateral radiograph demon-
strates the hyaline cartilage calcification
over the medial femoral condyle. c A me-
niscal specimen shows coarse pyrophos-
phate crystal deposition corresponding
to A



696 Iain Watt

of the crystals are newly formed (Fig. 19). There is thus
an intimate interrelationship between the deposition of
some crystals in cartilage and joints and what is hap-
pening in subchondral bone. Certainly, individuals who
deposit CPPD (likely to be coming from active chon-
drocytes) tend to develop hypertrophic osteoarthritis

and to have normal central bone density. Individuals
whose joints fail rapidly, depositing hydroxyapatite, of-
ten have somewhat osteopenic skeletons. Thus it may
well be that the way in which a joint responds to insult
reflects the ability of bone to be formed generally
throughout the skeleton (Fig. 20).

Fig. 19A, B. Hydroxyapatite deposition in destructive, atrophic oste-
oarthritis. An alizarin red stain of synovium (A) and a Van Gieson
stain (B) show abundant hydroxyapatite deposition in synovium,

as well as fragments of collagen, confirming a mixture of so-called
bone dust and newly formed crystal deposits

Fig. 20A, B. The spectrum of crystal associated arthritis. A Typical
pyrophosphate arthropathy. Marked hypertrophic osteoarthritis
with several separate osteochondral bodies occurring in a joint
(the shoulder), which normally does not suffer from idiopathic os-
teoarthritis. Aspirated joint fluid contained abundant pyrophos-

phate crystals. B Rapidly destructive osteoarthritis of the shoulder.
Note the effusion in the subdeltoid bursa, cephalic migration of
the humeral head, attrition of the acromion and clavicle and the
absence of osteophytosis. Joint fluid yielded abundant hydroxya-
patite crystals
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Pyrophosphate Arthropathy, Haemochromatosis 
and Other “Cystic” Arthritides

Some patients in whom CPPD is deposited also develop
a hypertrophic osteoarthritis as explained in the pre-
ceding section. This is not always the case, and not eve-
ry patient who has a hypertrophic form of osteoar-
thritis with multiple subchondral cysts will have pyro-
phosphate arthropathy or CPPD crystals detectable ei-
ther on plain film or from joint aspiration. The presence
of multiple cystic lesions across an articular surface
should also suggest the possibility of haemochromato-
sis (Fig. 21A). This largely male disorder associated with
iron dysmetabolism is characterised by multiple sub-
chondral cysts and a destructive arthropathy. However,
the histological process here is completely different. In-
stead of the multiple calcified tidemarks of osteoar-
thritis or pyrophosphate-associated osteoarthritis, the
tidemark in haemochromatosis is straightened and flat-
tened out [12] (Fig. 21B, C). The reason for this is not
known, but the effect is that hyaline cartilage no longer
can resist the sheer stresses suffered by the joint during
movement. Consequently, hyaline cartilage peels off the
articular surface and multiple subchondral radiolucen-
cies are demonstrated on plain film. Because iron and
calcium metabolism are related, patients with hae-
mochromatosis frequently also have chondrocalcinosis
due to the deposition of CPPD crystals, but the lesions
created by sheering cartilage occur irrespective of
whether or not CPPD crystals are also present. Similar-
ly, cystic lesions are often a major feature of haemophil-
ic arthropathy and the other bleeding disorders. The
other rare disease associated with abnormal copper me-
tabolism, Wilson’s disease, is also characterised by mul-
tiple subchondral cystic lesions.

Radiological Assessment of Hyaline Cartilage

Plain X-rays. Plain films do not normally show hya-
line cartilage, as it is not radiopaque. Further, the gap
between the bone ends on plain film could contain any
combination of joint fluid, hyaline cartilage, debris, me-
nisci or whatever. In some joints, articular surfaces are
held together by muscle and capsular tone, for example
the ankle, metacarpophalangeal or hip joints. In others
that are designed to be very mobile, for example the
knee; weight-bearing films may be necessary in order to
reliably demonstrate the inter-bone distance and from
them infer hyaline cartilage thickness by opposing the
joint surfaces under load. This is reliably the case in the
medial compartment of the knee joint, but not the lat-
eral. Demonstration of cartilage pathology is possible
by employing contrast arthrography, but, by definition,
this is an invasive procedure and may require CT to ful-
ly delineate areas of interest.

Fig. 21A–C. Haemochromatosis. A A radiograph of the hand dem-
onstrates typical multiple small cystic lesions arranged in a subar-
ticular position over the metacarpal heads. B A specimen from a
femoral head shows hyaline cartilage peeling away from underly-
ing bone due to straightening of the tidemark shown in C
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Ultrasonography. Whilst this may demonstrate hya-
line cartilage, it cannot do so over the main articular
surfaces simply because no acoustic window exists
between articular bony surfaces. Direct application of
ultrasound probes during arthroscopy is being ex-
plored also. This method, whilst highly invasive, per-
mits assessment of cartilage plasticity and thus soften-
ing in early degeneration.

Magnetic Resonance Imaging. This is now the prime
means of assessing hyaline cartilage, mainly by using
T2-weighted gradient echo 3DFT sequences (Fig. 14A,
B). Hyaline cartilage may be shown to be a high-signal
structure that is quantifiable, reliably, with roughly
3%–5% reproducibility. What exactly is being demon-
strated, however, in terms of anatomy has been the sub-
ject of debate. A number of publications have suggested
that the high-signal material is banded, each band
roughly corresponding to a histological zone. Other au-
thors have suggested, however, that this is spurious and
subject to truncation artefacts, and that the only reliable
means of assessing hyaline cartilage in detail is using
spin-echo techniques. Publications have attempted to
quantify hyaline cartilage in joints, mainly the knee. Re-
sults compared with histological quantification suggest
about a 10% error rate [13, 14]. Recent research has in-
dicated also that MRI may demonstrate a hitherto un-
recognised ultrastructure within hyaline cartilage com-
prising striations of low-signal material presumed to
represent collagen columns [9] (Fig. 13B). Hyaline car-
tilage close to bone, at the zone of provisional calcifica-
tion, is also not demonstrated on clinical MRI scanners,
as the presence of calcium needs such a short TR that it
cannot be imaged on currently available clinical scan-
ners. Nonetheless, MRI reliably will demonstrate both
focal and generalised cartilage abnormalities. MRI
demonstrates water content of hyaline cartilage on con-
ventionally used pulse sequences. The collagen struc-
ture can be inferred on magnetisation transfer contrast
but presently does not add practically to the assessment
of cartilage itself. There are also theoretical means of
imaging proteoglycan in vitro but not yet in vivo.

Summary

In arthritis cartilage may be thinned, because of the re-
lease of proteolytic enzymes and other substances by
synovium. In this case, the inter-bone distance narrows
and bone may soften. Cartilage may thicken because of
acromegaly or other rare disorders. Focal ulceration of
cartilage is difficult to visualise other than by using MRI
or contrast-enhanced arthrography. Generalised cartil-
age loss can be assessed reliably by plain films supple-
mented by weight-bearing films where appropriate. Ac-

curate assessment can also be made by MRI. Secondary
reparative phenomena that originate in cartilage in-
clude osteophytosis. Subchondral bone response is
probably under the influence of more generalised con-
trollers of bone formation, hence may be linked with
systemic disorders such as osteoporosis. Chondrocal-
cinosis is probably an overreaction by metabolically ac-
tive chondrocytes in later life, although some CPPD
crystals are a normal finding in weight-bearing cartil-
age. CPPD crystals are a marker of a hypertrophic bone
response once joint damage has occurred and hydrox-
yapatite crystals, although rarely intra-articular, usually
reflect a failing joint.

Enthesis Disorders

An enthesis is that site at which ligaments, tendons and
other fibrous tissue are inserted into bone by the so-
called Sharpey’s fibres. Obviously, the purpose of cap-
sule and ligaments is to provide stability for a joint that
is tough, flexible and able to absorb sudden unexpected
forces and tensions. In arthritis, two distinct subsets of
enthesis disease can be recognised. The presence or ab-
sence of an inflammatory lesion at the enthesis itself
differentiates them.

Erosive Enthesopathies

In some conditions, for example ankylosing spondylitis,
an inflammatory lesion develops at the enthesis. This
manifests itself in a number of ways. The first is erosion,
typically found on the corner of a vertebral body or at a
site where an enthesis is inserted into bone elsewhere,
for example the os calcis. The erosion may be associated
with soft tissue swelling, where it is possible to see this
because of disturbed fat plains, for example at the os
calcis (Achilles tendon or plantar fascia) or the patella
(quadriceps tendon or patellar ligament). Secondly, the
erosion is associated with new bone formation. In the
case of ankylosing spondylitis in the spine, this forms
adjacent to the erosion and eventually may cause inter-
vertebral or interfacetal joint fusion. Bone proliferation
is manifest also within the underlying bone itself, for
example the so-called bright spot or Romanus lesion in
a vertebra. Although ankylosing spondylitis (or anky-
losing spondylitis associated with inflammatory bowel
disease) is the classic cause of an erosive enthesitis PSA,
Reiter’s syndrome and Behçet’s syndrome produce sim-
ilar changes (Fig. 22). However, this latter group of dis-
eases tends to produce lesions that are more asymmet-
ric and the new bone formation in the spine may be
coarser and less gracile.
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Non-erosive Enthesopathies

New bone formation at the enthesis without erosion is
very common by comparison. Probably the most com-
mon aetiology is chronic low-grade trauma, for example
at the patella around the quadriceps mechanism or the
os calcis with the Achilles tendon or plantar calcaneal
spurs. Frequently the new bone formation occurs adja-
cent to tangentially inserted fibres. This may represent a
chronic traction phenomenon. As indicated, however,

these lesions are never associated with an erosive ab-
normality or with an obvious inflammatory change in
the form of soft tissue swelling. Similarly, on MRI, such
lesions will be shown not to have an inflammatory com-
ponent, unlike ankylosing spondylitis and the group de-
scribed above where enhancing tissue can be shown at
the enthesis insertion as well as high signal on STIR.
However, since both groups of disorders are associated
with new bone formation, a bone scan using a bone-
seeking radiopharmaceutical is non-discriminatory.

Fig. 22A–C. Erosive enthesis disease. A A specimen from the lumbar spine shows
granulation tissue and new bone formation at the outer fibres of the annulus fi-
brosus. B A radiograph in ankylosing spondylitis shows sclerosis, new bone for-
mation and erosion (so called Romanus lesions or bright spots). C In psoriatic
spondylitis, in addition to new bone formation that is coarser, there is medullary
sclerosis underlying it in the vertebrae, very similar to the phalangeal changes
shown in Fig. 12a
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The most common cause of generalised enthesis ossifi-
cation is Forestier’s disease or DISH (diffuse idiopathic
skeletal hyperostosis) [15]. Here generalised enthesis
ossification occurs in fairly predictable sites: the thorac-
olumbar spine, particularly to the right of the thoracic

spine, frequently unilateral (Fig. 23); around the muscle
and ligament origins and insertions of the pelvis and
the shoulders; the quadriceps mechanism; and the os
calcis. Forestier’s disease/DISH is associated with obes-
ity, late-onset non-insulin-dependent diabetes and gout,

Fig. 23A–C. Forestier’s disease/DISH. A A specimen from the spine shows inter-
digitating enthesis new bone formation surrounding the disc rather than at the
corners of the disc as in Fig. 21a. B A palaeopathological specimen shows clas-
sic flowing osteophytosis anteromedially to the right of the thoracic spine. C A
radiograph of another specimen confirms flowing new bone formation anteri-
orly in the thoracic spine. Note the absence of any erosive lesion or underlying
pathology in the vertebral bodies themselves. Indeed, the anterior cortices of
the vertebral bodies can still be seen to be normal, as are the corners of the ver-
tebral bodies. Note also the absence of pathology dorsally
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and probably represents a manifestation of a robust,
somewhat overweight bone-forming individual. Indeed,
if such individuals develop osteoarthritis they are fre-
quently hypertrophic. Forestier’s disease/DISH is not
the only cause of enthesis new bone formation; others
include obesity and age (presumably due to wear and
tear) and fluorosis.

Calcific Periarthritis

This disorder occurs at the shoulder joint in 80% of cas-
es. The next most common site is at the gluteal tendons.
The lesion is characterised by fibrinoid necrosis within
the tendon itself and the presence of freshly deposited
hydroxyapatite crystals. In the case of the shoulder, this
usually occurs in the rotator cuff, at the so-called critical
or ischaemic zone. The aetiology is unknown, but most
likely abnormal collagen breakdown products act as a
focus for calcification to occur. In other words, the dep-
osition of hydroxyapatite is passive rather than active.
Radiologically this process is marked by obvious ill-de-
fined soft tissue calcification. The older, more long-
standing a lesion, the denser and more defined the cal-
cification becomes. CPPD may be deposited also in the
enthesis in those patients who are depositing a large
quantity of the crystal, but this is usually linear and
close to the enthesis rather than at critical or ischaemic
zones.

Differentiation between the various types of erosive
enthesis disease can be difficult. However, reference to
the sacroiliac joints may be helpful. In ankylosing spon-
dylitis, involvement is usually symmetrical, affecting
both joints and the two major components of the joints,
these being the mainly fibrous, amphiarthrodial com-
partment as well as the sliding, cartilaginous diarthro-
dial joint. The other group of diseases, that is, PSA,
Reiter’s syndrome and Behçet’s syndrome, tend to be
asymmetric and patchy. Forestier’s disease/DISH may
involve the sacroiliac joints also but characteristically
causes non-erosive (by definition) anterior bridging
new bone formation best visualised on a direct axial CT
scan.

Summary

To summarise, disease of the enthesis occurs usually in
the seronegative group, which involve the sacroiliac
joints. Symmetrical erosive disease occurs in ankylos-
ing spondylitis (with or without inflammatory bowel
disease), whereas asymmetric involvement may occur
with PSA, Reiter’s syndrome and Behçet’s syndrome.
Non-erosive enthesis ossification is part of a general-
ised bone-forming character and is typified by Fores-
tier’s disease/DISH.

Drawing It All Together

It was emphasised at the outset that a joint is an organ
within which are synovium, cartilage and bone and
around which are entheses. Whilst it may assist under-
standing to separate these components, in practice they
should be seen as interrelated in an integral unit. Oste-
oarthritis, for example, whilst predominantly a disease
of cartilage and subchondral bone, is clearly associated
with a joint effusion and low-grade synovitis. The latter
no doubt contributes to the metabolic changes that oc-
cur. Similarly, although rheumatoid disease is predomi-
nantly a synovial disorder, the effects on subchondral
bone and hyaline cartilage are undoubted. Some condi-
tions clearly manifest themselves in more than one tis-
sue within the joint organ. The classic example is PAO
(pustular arthrosteitis) or SAPHO (synovitis, acne, pus-
tulosis, hyperostosis and osteitis) syndrome [16]. Here
bone proliferation almost certainly is associated with a
chronic inflammatory disorder of as yet unknown ae-
tiology. This manifests itself not only in bone, as mass
lesions and chronic osteomyelitis, but also at the enthe-
sis, with erosive coarse new bone formation, and in
joints with features indistinguishable from PSA. What
processes are occurring remain to be evaluated. This
chapter has set out to encourage the reader to differen-
tiate between arthritides, by distinguishing not disease
entities but pathological processes. Medicine has a hab-
it of pigeonholing and subdividing phenomena that are
frequently the manifestations of disease processes rath-
er than diseases themselves. For example, we have come
to think of osteoarthritis as joint failure, manifest by
subchondral cysts, sclerosis and osteophytosis. Yet in
truth, these changes may themselves be manifestations
of repair and the prime aetiology of osteoarthritis is un-
known at present. Why does hyaline cartilage and sub-
chondral bone fail in the first place? Worse, clinically
PSA has been classified into various subsets, some of
which include features indistinguishable from rheuma-
toid arthritis! MRI has shown two major subsets of dis-
ease in PSA [8]. In this series of patients, it was shown
that half the patients had synovitis and erosion that
were indistinguishable from rheumatoid arthritis. How-
ever, the other half exhibited changes that included cap-
sular and pericapsular inflammatory changes: in other
words showing features primarily of an enthesis disor-
der. Are these two very different manifestations the
same disease? Clearly the answer has to be no! Do pa-
tients who have PSA and a rheumatoid arthritis-like
manifestation have PSA, or do they have a skin disease
called psoriasis and rheumatoid arthritis? These are the
challenges that arise from analysing the appearances we
see as radiologists rather than accepting patterns as dis-
eases and then wondering why, on occasion, we cannot
readily give a name to such a pattern.



702 Iain Watt

References

1. Watt I (1997) Arthritis-basic differential diagnosis. Eur Radiol
7 : 344–351

2. Martel W, Stuck KJ, Dworin AM, Hylland RG (1980) Erosive
osteoarthritis and psoriatic arthritis: a radiologic compari-
son in the hand, wrist and foot.Am J Roentgenol 134 : 125–135

3. Brook A, Corbett M (1977) Radiographic changes in early
rheumatoid disease. Ann Rheum Dis 36 : 71–73

4. De Bois MHW, Arndt JW, Van der Velde EA et al (1994) Joint
scintigraphy for quantification of synovitis with 99mTc-la-
belled human immunoglobulin G compared with late phase
scintigraphy with 99mTc-labelled diphosphonate. Br J Rheu-
matol 33 : 67–73

5. Østergaard M, Stoltenberg M, Henriksen O, Lorenzen I (1996)
Quantitative assessment of synovial inflammation by dynam-
ic gadolinium-enhanced magnetic resonance imaging. A
study on the effect of intra-articular methylprednisolone on
the rate of early synovial enhancement. Br J Rheumatol 35 :
50–59

6. Creamer P, Keen M, Zananiri F, Waterton J, Maciewicz R,
Dieppe P, Watt I (1997) Quantitative MRI of the knee: a meth-
od of measuring response to intra-articular therapies. Ann
Rheum Dis 56 : 378–381

7. Jevtic V, Watt I, Rozman B et al (1993) Precontrast and post-
contrast (Gd-DTPA) magnetic resonance imaging (MRI) of
hand joints in patients with rheumatoid arthritis. Clin Radiol
48 : 176–181

8. Jevtic V, Watt I, Rozman B, Kos-Golja M, Demsar F, Jarh O
(1995) Distinctive radiological features of small hand joints
in rheumatoid arthritis and seronegative spondyloarthritis

demonstrated by contrast enhanced (Gd-DTPA) magnetic
resonance imaging. Skeletal Radiol 24 : 351–356

9. Foster JE, Maciewicz RA, Taberner J, Dieppe PA, Freemont AJ,
Keen M, Watt I, Waterton JC (1999) Structural periodicity in
human articular cartilage: comparison between magnetic
resonance imaging and histological findings. Osteoarthritis
Cartilage 7 : 480–485

10. Hayes A, Clift SE, Miles AW (1997) An investigation of the
stress distribution generated in articular cartilage by crystal
aggregates of varying material properties. Med Eng Phys 19 :
242–252

11. Swan A, Heywood B, Chapman B, Seward H, Dieppe P (1995)
Evidence for a causal relationship between the structure, size
and load of calcium pyrophosphate dihydrate crystals, and at-
tacks of pseudogout. Ann Rheum Dis 54 : 825–830

12. Axford J, Bomford A, Revell P, Watt I, Williams R, Hamilton E
(1991) Hip arthropathy in genetic haemochromatosis: radio-
graphic and histologic features. Arthritis Rheum 34 : 357–361

13. Peterfy CF, van Dijke C, Janzen DL et al (1994) Quantification
of articular cartilage in the knee with pulsed saturation trans-
fer subtraction and fat-suppressed MR imaging: optimisation
and validation. Radiology 192 : 485–491

14. Kladny B, Bail H, Swoboda B, Schiwy-Bochat H, Beyer WF,
Weseloh G (1996) Cartilage thickness measurement in mag-
netic resonance imaging. Osteoarthritis Cartilage 4 : 181–186

15. Resnick D, Shaul SR, Robins JM (1975) Diffuse idiopathic
skeletal hyperostosis (DISH): Forestier’s disease with extras-
pinal manifestations. Radiology 115 : 513–524

16. Kasperczyk A, Freyschmidt J (1994) Pustulotic arthrosteitis:
spectrum of bone lesions with palmoplantar pustulosis. Ra-
diology 191 : 207–211



Because back pain is a self-limiting disease in the
majority of cases and its prevalence is so high, imaging
of every patient with complaint would be very costly.
Back pain does not follow the classic model of disease,
in which symptoms closely correlate with imaging ab-
normalities. For example, roughly 80% of patients with
low back pain may have no detectable abnormalities.
Asymptomatic individuals, however, may be found to
have striking findings on imaging studies. In many cas-
es, radiology will serve only to rule out other serious
conditions (such as neoplasm or infection), for accurate
localization of disk herniation, and for surgical plan-
ning.

Spinal Degeneration

Pathophysiology

The disk consists of the annulus fibrosus, nucleus pul-
posus and porous, cartilaginous endplates (Fig. 1). It is
an osmotic system, in which proteoglycans bind “free”
water. The nucleus has a very high expansion power
(6–8 atm osmotic swelling pressure) (Fig. 2). During

Introduction

Back pain and spinal diseases are the second most com-
mon problem that prompts patients to visit physicians.
The increase in back disabilities surpassed all other cas-
es tenfold between 1980 and 1990. In the same period,
conventional radiography, bone scintigraphy, myelogra-
phy and discography were supplemented by CT and
MRI. In the last years PET was added. The wise use of all
these different modalities is a great challenge.
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6.4Nonneoplastic Disease 
of the Spine

Herwig Imhof

Fig. 1. Schematic drawing: lateral view of
spine with disk, showing the nucleus pul-
posus (x), annulus fibrosus (arrowhead)
and cartilaginous endplates (arrow)
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motion the normal eccentrically located nucleus pulpo-
sus seems to migrate anteriorly and posteriorly. During
extension a posterior disk bulge is greatest. During re-
laxation the disk takes up water and attains its full size
(preloading). This full-size disk stretches the accompa-
nying ligaments (anterior and posterior longitudinal
ligaments, etc.). Therefore the spine is an elastic rod.
Loading of the spine leads to an elastic deformity of the
spine, strengthening its physiological S-shaped lordosis
and kyphosis [1–3].

During loading the disk becomes dehydrated, caus-
ing the accompanying ligaments to become loosened.
The disk-height is reduced. The spine loses its homoge-
nous elasticity. In turn, localized overloading of the disk
and subchondral spinal endplates may take place.

The disk is only partially vascularized until the age of
4 years. Later on nourishment is based on fluid diffusion
from the neighboring bony endplates and soft tissue
(ligaments, etc.) (Fig. 3). Diffusion is enhanced by mo-
tion. Lack of motion over a long period of time leads to
metabolic problems and inadequate nutrition. The fre-
quency of this motion is also very important. Whole-
body vibration frequencies of about 4–5 Hz may result
in fluid stasis and metabolic problems within the disk
[4].

Recurrent localized overloading – particularly in the
lower lumbar and cervical spine – leads to tears in the
annulus fibrosus (Fig. 4). The expansion power presses
nucleus pulposus masses into these tears (internal dis-
ruption). In the worst case it leads to herniation, which
could be either protrusion of nucleus material (with or
without preservation of the overlying longitudinal
structures) or disk extrusion (with obliteration of the
overlying longitudinal structures). A herniation does
not inevitably result in neurological symptoms. On the
contrary, it is assumed that in older age groups (>50
years) the majority of disk herniations occur without
any clinical symptoms. Moreover, it is well known that
there may be a repair mechanism by fibrovascular tis-
sue, which dissolves the protruded disk within 9–12
months. For this reason, among other things, without
corresponding clinical symptoms the treatment of her-
niated disks is very conservative nowadays. The coming
and going of disk herniations during life may represent
the natural life of disks. Only in relatively rare cases they
will develop clinical signs. On the other hand, in some
cases the herniated disk loses the connection to the cen-
tral part completely and shifts independently up – or
downwards – in the spinal canal (sequestered disk) [5].

As a result of degenerative processes, tiny calcifica-
tions may develop within the disk (Fig. 5). As a sign of
internal structure disruption with dissolution of gas

Fig. 2. Vertebral disk specimen: swelling of the disk due to the os-
motic swelling pressure of the proteoglycans

Fig. 3. Schematic drawing: compression and
decompression of the disk with exchange
of metabolic products during motion
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(nitrogen) the so-called vacuum-phenomenon may be
recognized [6].

A process very similar to that described in the anteri-
or and posterior part of the disk may take place within
the bony endplates. If these and the annulus fibers are

weakened locally (e.g., in osteoporosis) the nucleus pul-
posus, because of its high internal pressure, will invade
the bone resembling Schmorl’s node. Active (sympto-
matic) Schmorl’s node shows signs of inflammation and
fracture healing (Fig. 6).

Fig. 4. Micromorphological sagittal cut with
HE staining of a protruded disk with tears
within the annulus fibrosus and nucleus
pulposus

Fig. 5. Macromorphological sagittal cut of a
lumbar spine specimen: calcification with-
in the annulus and dorsal longitudinal liga-
ment (chondrocalcinosis); minor dorsal
herniation

Fig. 6. Macromorphological sagittal cut of a
lumbar spine specimen: herniation of disk
tissue into the neighboring bone (Schmorl’s
nodes). The herniation is surrounded by
sclerotic bone
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Since the introduction of MRI into routine clinical
imaging it has become well known that there are also
degenerative changes within the bony endplates. Just as
in synovial joints, this border region is damaged during
overloading. This results probably in pain and activa-
tion of fibrovascular tissue, producing a pseudoinflam-
matory state representing stage I (Modic) degeneration.
Today, it is assumed that the endplate fails before the in-
jured annulus fails. Endplate failure seems to be the pre-
cursor to disk degeneration, since failure may disrupt
disk nutritional pathways from the vertebra. Later on,
this recurrent damages (stress) to the endplates leads to

localized fatty conversion (stage II) (Fig. 7). Stage III is
represented by the well-known subchondral calcifica-
tions (sclerosis). In Stages II and III the exchange of nu-
trients is increasingly reduced because of the further
loss of fine vessels and endplate calcifications. The num-
ber of chondrocytes that support the disk will be dimin-
ished [1, 7].

As a side effect, it must be noted that the activated fi-
brovascular tissue of the endplates and surrounding
soft tissue may grow into the disk, ending in neovascu-
larization of the disk, particularly at the anterior and
posterior part (Fig. 8).

Fig. 7. Macromorphological sagittal cut of
a lumbar spine specimen: high-grade os-
teochondrosis with a central tear and fat-
ty marry conversion, subchondrally

Fig. 8. Microscopic cut with Gieson
staining: capillary invasion into the
annulus fibers (revascularization of
the disk)
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During aging and degeneration the disk loses water.
A healthy disk contains approximately 85% water, the
rest being collagen and proteoglycans. Whether aging
and degeneration are the same pathophysiological pro-
cess is still unclear. However, there is no question that
degeneration is mostly found in the aged population
[8]. Given the loss of water in aging and degeneration,
the water content drops to approximately 70%. The disk
becomes more fibrous and disorganized, with loss of
distinction between nucleus and annulus; the preload-
ing of the accompanying ligaments is minor. While in
the healthy, young spine loading takes place in the cen-
tral part of the disk, this loading process is shifted pe-
ripherally to the annulus fibers in the chronically over-
loaded spine, leading to the above-described tears in the
annulus. The spine as a whole becomes less elastic, the
ligaments are looser. Local instability may develop, best
visualized by in increasing retrolisthesis and spinal
stenosis (Fig. 9). Local stress on the ligaments and in-
stability itself leads to the formation of (traction) oste-
ophytes. These prevent stress by restricting movement
and restoring stability.

Following vascular invasion, progressive breakdown
of the disk-tissue contents will result in their resorp-
tion. At this stage, the narrow space between the verte-
bral bodies will be occupied by a small amount of vas-
cularized fibrous tissue, the neighboring bone becomes
sclerotic. Frequently, the final stage of the resorption
process is the spontaneous fusion of adjacent vertebral
bodies (Fig. 10).

The intervertebral (facet) joints are typical synovial
joints. They normally have a very thin corticalis lateral-
ly, which may even vanish in older people. Their degen-
erative changes are the same as in any other joint: carti-
laginous and subchondral changes leading to cartilage
edema, fibrillation and localized baldness, subchondral
edema, cysts, sclerosis and effusion osteophytes and
joint-space narrowing as well. A very typical marker for
degenerative changes are synovial cysts. The innerva-
tion of the facet capsules is very rich. The angulation of
the facet joints seems to be very important for the devel-
opment of degeneration. The 3D orientation of the facet
joint surfaces shows a gradual and characteristic change
through each of the cervical, thoracic and lumbar spine
regions. The kinematic constraints provided by the fac-
et joints are particularly pronounced in the cervical
spine, where there is marked coupling between lateral
bending and axial torsion. In the thoracic spine they are
organized like segmental socket joints. In the lumbar
spine there is a great variation in the 3D orientation

Fig. 9. Macromorphological sagittal cut of the lumbar spine: degen-
erative spondylolisthesis at L3/L4 with disk-space narrowing and a
step formation between L3 and L4. Schmorl’s node at L2

Fig. 10. Macerated lumbar spine (sagittal cut): bony fusion in se-
verely degenerated disk
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between sagittal and coronal orientation. While in the
majority of cases, L1/L2 is more sagittally oriented,
L4/L5 is in almost 90% frontally oriented: the former
limits axial rotation, the latter flexion. It must be
stressed that the surface of the facet joints is almost nev-
er flat, but arcuate (Fig. 11). Accordingly, the possible
overloading depends in part on the positioning and sur-
face of the facet joints. This is even aggravated if there is
a asymmetry in the facet-plane orientation (tropism),
which is found in approximately 30% of men and wom-
en. In such cases with a tropism of more than 5°, invari-
ably a local overloading will take place during rotation
(Fig. 12). It is therefore not surprising that in such cases
annulus fissures are found unilaterally in 80% of all cas-
es [4, 9, 10].

Facet joints and the disk share the load. In an upright
position, 80% of the load is taken by the disk, 20% by the
facet joint. In a flexed position the facet joint has to take
over 50% of the load. The highest facet joint pressure
develops under combined rotation, flexion, and com-
pression. Reduction of disk height by 1 mm increases
the facet-joint load by 36%, a 4-mm loss by 61%.

Spinal ligaments pass between each vertebra along
the length of the spine and function to limit excessive
joint motion. These ligaments include the anterior and
posterior longitudinal ligaments, the ligamentum fla-
vum, the inter- and so-called supraspinous ligaments,
and the intratransverse ligaments. The facet-joint cap-
sules and the annulus fibers also act as tension-bearing
structures between the articular process. The anterior

Fig. 11. Macromorphological cut (axial-
ly) through the facet joints: asymmetry
of the joint surface (tropism). On the
left side the articular cartilage is rare-
fied

Fig. 12. Schematic drawing of the spine
(axially) during rotation to the left side:
there is a localized overloading in the
right facet joint. The rotation is limited
by the ligaments around the left facet
joint and the annulus fibers
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longitudinal ligament is nonelastic and limits hyperex-
tension and rotation. The posterior longitudinal liga-
ment limits ventral flexion and lateral bending. The
elastic flaval ligaments are very important for the pre-
loading process and tend to calcify very early in life
(Fig. 13). The interspinous ligaments limit ventral flex-
ion and dorsal shifting. The so-called supraspinous lig-
ament is actually not a ligament, but part of the fascia
thoracolumbalis. The facet-joint capsules, particularly
in the lumbar region limit shifting during rotation. All
ligaments are extensively supplied by proprioceptors.

They probably allow a direct coordination (activation)
of the back muscles [3].

One of the major clinical questions is why pain is ex-
perienced in degenerative disease. Currently, it is
thought that this is an acute decompensation in already
damaged tissue. Critical points are possible bony ste-
noses and ligament problems: spinal canal stenosis with
disk protrusion or extrusion and foraminal stenosis
with osteophytes (Fig. 14) . Ligament – and capsular –
lesions (e.g., overstretching) cause pain in about 70% of
all cases. Subchondral bone marrow changes may also
lead to pain (e.g., edema). Finally, disk tears themselves
may provoke pain (internal disruption of the disk) by
cytokines and macrophages [7].

Imaging

The basic imaging procedures are still conventional ra-
diographs in two planes.

The first signs of incipient degeneration may be lo-
calized malalignments (retrolisthesis) with or without
rotation of the vertebral body. Functional images (ex-
amination in maximal ante- and retroflexion or side-
bending) can show abnormal localized mobility
(Fig. 15). Later on, the disk spaces become narrowed
(chondrosis) and subchondral sclerosis is seen (osteo-
chondrosis) (Fig. 16). The disk height in the spine nor-
mally shows a progressive increase in height from crani-
ally to caudally with the exception of C7/Th1 and L5/S1,
which show normally a lower height than the vertebral
body above. The facet joints also show narrowing and
subchondral sclerosis with irregular surfaces. Osteoph-
ytes may develop near the disk laterally and anteriorly,
rarely posteriorly, and at the facet joints as well. They
are also signs of segmental instability [5, 11].

Fig. 13. Axial specimen radiography of lum-
bar facet joints: degenerative joint space
narrowing with osteophytes (arrows).
Typical calcification at the insertion of the
left flaval ligament

Fig. 14. Lateral conventional radiograph of the cervical spine: disk
space narrowing and dorsal osteophytes with foraminal stenosis
(cranial arrow). The calcified band crossing the foramen is a nor-
mal variation (caudal arrow)
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As degeneration progresses, the disk height becomes
significantly diminished, osteophytes become promi-
nent, and the motion segments (disk + two complete
vertebrae) become stable, but less mobile.

Discrete abnormalities within the facet joints may be
best evaluated with CT (Fig. 17). CT also allows recogni-

tion of disk calcifications (Fig. 18) and gas (vacuum
phenomenon) within the disk. The latter is one of the
best signs of degeneration on conventional radio-
graphs; the former may be found in aging and degener-
ation, but also in metabolic diseases (e.g., pyrophos-
phate disease, hyperparathyroidism, ochronosis, diffuse
idiopathic skeletal hyperostosis, etc.).

Only in the lumbar spine is CT almost equal to MRI
in visualization of disk bulging and herniation (protru-
sion and extrusion) (Fig. 19) [4]. A protrusion is a local-

Fig. 15. Functional conventional radio-
graphs of the cervical spine in maximal
retro- and anteflexion: uniform and har-
monious (smooth) flexion in all segments.
The three lines (anterior vertebral body
line, posterior vertebral body line, inter-
laminar junction line ) must run parallel.
There should be a tiling up of the verte-
bral bodies

Fig. 16. Lateral conventional radiograph of the lumbar spine: oste-
ochondrosis L5/S1 with disk space narrowing, subchondral sclero-
sis, and anterior osteophytes

Fig. 17. Axial CT of the lumbar spine: severe degenerative changes
in the facet joints with joint space narrowing, irregularity, oste-
ophytes, and subchondral sclerosis. The angulations of the facet
joints are asymmetrical (tropism)
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ized abnormality of disk contour wherein the base of
the abnormality measured along the circumference of
the disk is greater than the extension beyond the cir-
cumference, measured perpendicular to the base.An ex-
trusion is a localized abnormality of disk contour
wherein the base of abnormality is narrower than the
extension beyond the circumference. A disk bulge is a
generalized extension of the disk (at least 180°), usually
limited to 3 mm [7].

It must be stressed that these definitions of protru-
sion, extrusion and bulge are strictly morphological,
but pathoanatomically a bulge may have full-thickness
annular fissures. Similarly, protrusions do not necessar-
ily have intact outer annular fibers and extrusions may
consist of a combination of nuclear and annular materi-
al. Clinically, there is in most cases no real relation
between pain and morphology. Nevertheless, large com-
pressive lesions (i.e., disk extrusions) are almost always
symptomatic. The best surgical results are achieved
when 1) a well-defined disorder is demonstrated by im-
aging studies and 2) imaging findings are closely corre-
lated with the clinical history and physical findings.

CT directly outlines the herniated soft tissue masses,
minimized epidural fat (lumbar spine) or subdural fluid
space (cervical spine). It is important to distinguish far
lateral from lateral and central extrusions, and calcified

Fig. 18. Specimen lateral radiograph of the lumbar spine: disk cal-
cifications with minor degenerative abnormalities

Fig. 19. A Axial CT of the lumbar spine: right lateral disk prolapse
with obliteration of the epidural fat, but no compression of the du-
ral sac. B Lateral MRI of the lumbar spine (spin density image):

protrusion of the disk dorsally L3/L4 with preservation of the lon-
gitudinal ligament. Compression of the dural sac. Disk-space nar-
rowing and minor reactive fatty marrow conversion
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from uncalcified ones. The latter distinction may be
particularly important before invasive treatment, since
hard or calcified prolapses cannot dissolve. In some cas-
es, the extruded disk loses its connection with the cen-
tral part and becomes a sequestrum, which may move
up or down in the spinal canal and be calcified or uncal-
cified (Fig. 20).

In the last few years, MRI has become the standard
imaging method in many centers. It allows direct visual-
ization of the disk itself. Because of its high water con-
tent, the nucleus pulposus is bright on T2-weighted im-
ages. With aging and degeneration, it gains a horizontal
dark line (nucleus cleft), later becoming less bright un-
til it reaches the same low intensity as the surrounding
annulus fibrosus. Meanwhile, the size and height of the
disk decline continuously (Fig. 21) [8, 12].

In acute stage I (Modic) the subchondral bone mar-
row and any active Schmorl’s nodes are hyperintense on
T2-weighted images (Fig. 22) and enhance after intrave-
nous injection of contrast medium (Fig. 23). Stage II
shows fatty subchondral intensities (hyperintense on
T1- and T2-weighting). Finally, sclerosis (stage III) will
show a low intensity signal in all sequences.

Disk bulging or herniation is seen directly, as de-
scribed above in the paragraph on CT. The sign is en-
compassed by loss of epidural fat or subdural CSF

Fig. 20. Lateral MRI of the lumbar spine (spin density): low-density
disk sequester at the height of the vertebral body L1

Fig. 21. Lateral T2-weighted MRI of the lumbar spine showing dif-
ferent stages of disk degeneration. Uppermost disk: disk has bright
hyperintensity and a horizontal dark line (nucleus cleft). Middle
disk: intensity of annulus fibrosus and nucleus pulposus is very
low due to loss of water. The height of the disk is reduced. Lower-
most disk: disk height is reduced, but there is still hyperintensity
within the disk, probably also representing remaining expansion
power

Fig. 22. Lateral T2-weighted MRI of the cervical spine showing
stage I degeneration with subchondral bone marrow edema. In-
dentation of the dural sac is visible, minor retrolisthesis. The pa-
tient has severe pain
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space, obliteration of the longitudinal ligaments, and
thickened epidural veins (Fig. 24). Direct compression
of the medulla or nerve roots can be visualized. The ma-
jority of herniated disks shrink by more than 75%. The
shrinkage occurs in the 1st month after symptoms start,
as a result of hydration followed by quick dehydration.

This process explains why some extruded disks appear
bright on T2-weighted MR images early in the disease
(Fig. 25). Only 8% of disk herniations enlarge. Extru-
sions and large protrusions have the highest rate of
spontaneous shrinkage and symptom improvement.

Internal disk disruption is a controversial entity, the
proponents of which believe that chronic lumbar back
pain originates in the disk. The mechanism is thought
to be leakage of the nucleus pulposus into the outer an-
nulus or epidural space without frank herniation.

Postoperatively, in 15% of all cases patients have the
same symptoms as before (failed back surgery syn-
drome). In these cases, the question arises of whether
there is a recurrent or residual disk herniation or only
scarring. By intravenous injection of contrast medium,
MRI (CT as well, in the lumbar spine) can differentiate
between the two: even if the operation is years in the
past, scar will show an enhancement due to fibrovascu-
lar tissue and have no mass effect, whereas recurrent or
residual disk prolapse will reveal no enhancement, but
typically a mass effect. In some cases a recurrent or re-
sidual disk may be surrounded by scar tissue (Fig. 26).
Epidural scarring is responsible for 24% of all failed
back operations [14].

There is a high correlation between the extent of
scarring and the severity of recurrent radicular pain.
Less common causes of failed back syndrome are post-
operative diskitis, arachnoiditis and instability.

CT myelography and discography are rarely used
nowadays. MRI should give the same results in the vast
majority of cases. Only in cases of unexplained back
pain where localization is impossible, examinations

Fig. 23. Lateral T1-weighted MRI of the lumbar spine with contrast
enhancement showing subchondral and linear disk contrast en-
hancement (arrows) due to (pseudoinflammatory) fibrovascular
tissue in stage I degeneration (repair mechanism) with revascular-
ization of the disk

Fig. 24A, B. Lateral T1-weighted MRI of the lumbar spine. A Lateral:
dorsal disk herniation at L3/L4 with localized fatty marrow con-
version. Severe disk space narrowing with fatty marrow conver-

sion at L5/S1. B Axial: left-sided low-intensity mass in the foramen
representing a disk extrusion



714 Herwig Imhof

Fig. 26A, B. Postoperative axial T1-weighted MRI of the lumbar
spine A before and B after injection of contrast medium. A Low-in-
tensity mass within the left anterior epidural region. The nerve

root cannot be distinguished. B Enhancement of the low-intensity
mass except for the swollen nerve. Arrow: scar tissue

Fig. 25. A Lateral T1-weighted MRI of the cervical spine: low-intensity disk extrusion at C4/C5 with impression of the dural sac (arrow).
B Lateral T2-weighted MRI of the cervical spine: the disk material is hyperintense (arrow)
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with spinal loading may reveal hidden abnormalities.
Discography with pain-relieving drugs may discern
symptomatic levels in cases of multiple-level disk dis-
ease.

Inflammation

Spondylitis is a rare disease, constituting only 1%–4% of
all cases of osteomyelitis. It is more common in males
(male:female ratio, 3:1). Typically, it is found in the old-
er age group (60–80 years). Spondylitis is in most cases
preceded by infections elsewhere in the body such as
the respiratory system, genitourinary system, and the
skin. Predisposing factors are diabetes mellitus, intrave-
nous drug abuse, liver disease, kidney failure and condi-
tions that suppress the immune system. Due to the in-
sidious onset of the disease – particularly in granulom-
atous spondylitis – a delay in diagnosis is very common
[13].

Pathophysiology

In the majority of cases the infectious process is trans-
ferred hematogenously by arteries or veins, rarely by di-
rect continuous invasion. In recent years, cases the post-
traumatic (postoperative) etiology have been increasing
due to interventional procedures. The venous propaga-
tion is based on a retrograde flow in valveless veins
within the abdomen or thorax (Batson plexus). Retro-
grade venous flow develops whenever the internal pres-
sure within the thorax or abdomen is heightened [2].

Spondylitis can be divided into pyogenic and granu-
lomatous. The most common isolated organism in pyo-
genic spondylitis is – unchanged for decades – Staphy-
lococcus aureus, which accounts for 42%–84% of infec-
tions, followed by streptococcus, pseudomonas and Es-
cherichia. In granulomatous spondylitis, the most fre-
quently found causes are tuberculosis, fungi (histoplas-
mosis, aspergillosis), leprosy and parasites.

As anywhere in the body, a bacterial or viral embolus
reaches a highly vascularized region where there is a lo-
cal insult or immunosuppression (e.g., due to a microin-
farction, trauma, etc.). Therefore the location of spon-
dylitis is primarily based on vascularization, which is
age-dependent. Until the age of 4 years, there are no end
arteries in the vertebral body, only in the disk. Therefore
newborns and children up to 4 years of age may primar-
ily get diskitis. Older age groups have equatorial and
metaphyseal end arteries, in which inflammation usual-
ly starts (Fig. 27). The infectious process is therefore lo-
cated anteriorly, near the disk or centrally in the verte-
bral body. It may include the disk secondarily (spondy-
lodiskitis). Simple diskitis may only be found in chil-
dren or result from iatrogenic procedures. The vertebral

arches are very rarely involved in an infectious process.
Inflammatory processes may reveal different appear-

ances due to individual differences in the velocity of in-
fection and the reaction of bone and soft tissue. At first
there is a bacteriemia (viremia) followed by localized
edema, demineralization with reactive hyperemia, and
demarcation by fibrovascular tissue. Repair starts from
outside. Activation of osteoclasts and transformation of
fibroblasts into osteoblasts leads to new bone formation
(primitive bone with a high density). Granulomatous
spondylitis may show in about 30% soft tissue calcifica-
tion. Finally, there is complete healing with rebuilding
of trabecular and cortical bone. In some cases, this last
step does not take place. In such a case, the dense calci-
fied bone remains unchanged.

Possible complications are abscesses, which may de-
velop within the bone or near the spine. Dead bone
within the abscess in the bone is called a sequestrum.
The paraspinal abscess formation – particularly in tu-
berculosis – may involve surrounding soft tissue and
spinal cord. In granulomatous spondylitis, several verte-
bral segments are typically involved. The propagation
occurs preferentially in the anterior subligamentous
zone (Fig. 28). In the worst case – particularly in granu-
lomatous spondylitis – the disease may end up in severe
kyphosis with eventual ankylosis (Pott’s disease) [5, 13].

While in pyogenic spondylitis the infectious process
may be localized in the lower lumbar spine or thoraco-
lumbar transition, the granulomatous entity involves
more commonly the lower half of the thoracic and the
lumbar spine.

In about 10%–20% of all cases, acute spondylitis is
transformed to chronic spondylitis (by definition, if
there is not complete healing after 6 months), due to de-
layed diagnosis, insufficient treatment or inadequate

Fig. 27. Schematic drawing of the arteries of a vertebral body: up to
the age of 4 years, all arteries are interconnected. In the adult and
older children the arterial connections become obliterated (dotted
lines) resulting in end arteries



716 Herwig Imhof

host defense. It is characterized by recurrent exacerba-
tions of acute disease and insufficient healing. In many
cases, it is the result of granulomatous, rarely of pyogen-
ic spondylitis.

Imaging

Early diagnosis is possible using MRI. Hyperemia and
the higher metabolic turnover of bone lead to localized
T2 hyperintensity (edema) (Fig. 29) with contrast en-
hancement on T1-weighted images (hyperemia and re-
active fibrovascular tissue). The T2-hyperintensity may
involve the disk. The absence of the intranuclear cleft on
T2-weighted images differentiates an infected disk from
a well-hydrated, healthy disk. After injection of contrast
medium, the disk, adjacent vertebral bodies, and in-
volved paraspinal/epidural soft tissues are enhanced
(Fig. 30). These typical (acute) findings may change to
hypointensity when calcification starts (low-intensity
bands).

Three-phase bone scan has a somewhat lower accu-
racy rate in acute pyogenic spondylitis in comparison to
MRI. Moreover, it has a very low detail resolution: the

anatomical details cannot be differentiated. Finally, it is
also very time-consuming combined with radiation, ad-
ditional disadvantage. However, in unclear chronic spon-
dylitis disease, leukocyte bone scintigraphy or antigen
scintigraphy may be an excellent problem solver.

In the last years positron emission tomography
(PET) with FDG (18F-fluorodeoxyglucose) has increas-
ingly been used in suspected spondylitis. In several
publications, it proved useful for differentiation of de-
generative and infectious endplate abnormalities found
in MRI. While PET in a high percentage (>90%) of cas-
es was positive in infectious disease, it remained normal
in all degenerative processes, even in Modic I stage [15].

The first signs of spondylitis on standard radio-
graphs are localized demineralization and narrowing of
disk space with retrolisthesis. These abnormalities are
found typically near the endplates and/or anteriorly
(Fig. 31). In this stage, CT (conventional or spiral CT)
could already reveal erosive changes within bony struc-
tures (Fig. 32) and soft tissue swelling.

Later on, reactive sclerosis develops from the outside
and is the first sign of healing on conventional radio-
graphs (Fig. 33). Finally, after some months normaliza-
tion of all bony structures can be seen. In cases of com-
plications, a sequestrum may develop (Fig. 34). Typical-
ly this is a central dense bone within a lytic lesion. The
sequestrum looks more dense because the surrounding
bone is porotic and the sequestrum itself may condense.
In doubtful cases, CT is the method of choice to visual-
ize these abnormalities [11].

MRI is the imaging modality of choice in early diag-
nosis or in unclear cases during treatment. Typically, in
the acute phase it shows a localized hyperintensity on
T2-weighted images (edema), which may involve the
disk (spondylodiscitis). Later on there is localized con-

Fig. 28. Macromorphological sagittal cut of thoracic spine: infec-
tious process located anterior of and near the disk with anterior
subligamentous extension

Fig. 29. Lateral T2-weighted MRI of the lumbar spine showing hy-
perintensity within the subchondral bone marrow, representing
reactive edema in acute spondylitis
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Fig. 30A, B.Lateral T1-weighted lumbar spine. A Before contrast medium injection and B after contrast medium injection. A There is a low-
intensity lesion with soft tissue involvement of L4/L5. B Marked enhancement of the complete lesion

Fig. 31. Lateral conventional radiograph of the lumbar spine show-
ing disk space narrowing with subchondral erosion dorsally and
rim calcification in subacute spondylitis

Fig. 32.Axial CT of the lumbar spine showing anterior erosions (ar-
rows) with soft tissue swelling (arrowhead) in acute spondylitis
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Fig. 33. Lateral radiograph of lumbar spine: inflammatory erosive
changes between L2/L3 with sclerotic margins as first signs of
healing

Fig. 34. Axial CT of the lumbar spine showing several calcifications
(dense bone) within a lytic lesion representing multiple sequestra
in an abscess

Fig. 35A, B. MRI of tuberculous spondylitis: A axial and B coronal,
both after contrast medium application. A Hyperintense paraspi-
nal soft tissue mass with multiple loculated, sharply outlined low-
intensity lesions representing abscesses. B Paraspinal hyperintense
soft tissue masses with multiple low intensities
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trast enhancement on T1-weighted images starting
from the outside. Finally, fatty marrow conversion takes
places, which is also a marker of healing. Other signs of
a favorable response to treatment are calcification on
standard radiographs, reduction of edema and soft-tis-
sue swelling and less enhancement after contrast medi-
um injection.

Complications such as soft tissue and epidural ab-
scesses are best seen with MRI or CT. Typically, a homo-
geneous fluid is found centrally, surrounded by soft tis-
sue rim or irregular thickness. After contrast medium
application, a rim enhancement is demonstrated
(Fig. 35).

Granulomatous (tuberculous) spondylitis reveals the
same basic imaging symptoms as pyogenic spondylitis,
but progresses very slowly over months with minor
clinical symptoms. Soft tissue swelling (with calcifica-
tion) may be very prominent, and a huge soft tissue ab-
scess may be found (e.g., psoas abscess, epidural ab-
scess). Typically, tuberculous spondylitis can affect sev-
eral neighboring vertebral bodies.

Rare pathogens of spondylitis are fungi or parasites.
In fungal spondylitis, the imaging signs are very similar
to those seen in tuberculosis. Parasitic spondylitis usu-
ally shows very typical findings (e.g., Echinococcus
cyst).

Blastoma and granulomatous spondylitis may
present a differential diagnostic problem. Characteristi-
cally, blastomas (except myeloma and chordoma) do
not involve the disk, while spondylitis almost always
does (Fig. 36).

Early cases of spondylitis and stage I degeneration
(pseudoinflammation) may be another differential di-
agnostic problem. Typically in spondylitis, the disk is
edematous (hyperintense on T2-weighted images),
while in degeneration there are low intensities on T1-
and T2-weighted images, or even gas. The disk space is
narrowed.

Eventually FDG-PET could serve as a problem solver,
as described above.
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spine while others only present in the mature skeleton.
The structural similarity of each level of the spine
means that most tumours may occur at any level, al-
though there are variations in the incidence in different
sections. The vascularity of the spine and its increased
haemopoietic activity also makes it a natural repository
for malignant cells from other tumours so that the inci-
dence of clinically manifest metastases is higher in the
spine than in the appendicular skeleton. The high ratio
of trabecula to cortical bone in comparison to the long
bones also renders the vertebra biomechanically vulner-
able to bone replacement by primary or metastatic tu-
mour, resulting in collapse of the vertebral body. The
thin cortical bone of the vertebral body is less able to re-
strain the tumour growth, with resultant expansion be-
yond the confines of the vertebra, which may result in
compression of the adjacent spinal cord or nerve roots.
Vertebral collapse may also limit the space within the
spinal canal and foramina, resulting in clinically mani-
fest neurological deficit. Vertebral collapse from trabe-
cula fractures or tumour replacement of trabecula bone
may also irritate pain nerve endings in the bone; back-
ache is the most common presenting feature. In many
cases, this is not specific but pain of severe and sudden
onset or pain that is continuous and unrelieved by lying
down or exercise is a clinical pointer to the presence of a
spinal tumour. Occasionally the pain pattern has specif-
ic features, as with osteoid osteoma, but this is unusual.

Some spinal tumours are more common in specific
parts of the vertebra, again reflecting the structural dif-
ferences of the vertebral body and the posterior ele-
ments, which have a low marrow content and thicker
cortical bone. However, tumour originating from one
part of the vertebra will easily extend or invade another
part, as there are no natural boundaries. Tumour ex-
tending into the lamina from the vertebral body must
disrupt the pedicles, providing a very specific feature on
the radiographs. This is important, as considerable trab-
ecula destruction may occur within the vertebral body
before it becomes visible on a radiograph.

Tumour extension from the vertebral body or poste-
rior elements results in a para-vertebral or pre-vertebral
mass of tumour which may invade or displace the adja-

Introduction

There are a large number of tumour types that affect the
musculoskeletal system reflecting the different cellular
constituents of bone, bone marrow and of the associat-
ed tendons, ligaments and muscles. The incidence of tu-
mour types varies in the spine compared to the appen-
dicular skeleton, reflecting the persistence of haemo-
poietic marrow in the axial skeleton into adulthood and
the epiphyseal growth activity in the appendicular
skeleton of children. The embryological development of
the spine from the notochord results in tumours specif-
ic to the spine and skull. The spine may also be indirect-
ly affected by tumours developing in the spinal cord,
meninges and nerve roots that pass through the spinal
canal and foramina.

As with the appendicular skeleton, the incidence of
differing tumours varies depending on patient age, with
some lesions being primarily limited to the growing
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cent tissue, becoming visible on the radiographs in the
thoracic spine and to a lesser extent in the cervical spine
due to the close proximity of the air-filled structures,
which provide the necessary radiographic contrast with
the tumour tissue.

Radiographs remain the initial investigation in most
cases of suspected spinal tumour but magnetic reso-
nance (MR) may be the appropriate first investigation
in some instances, in particular in the demonstration of
metastases in cases where a primary neoplasm is known
or where neurological symptoms and signs are the pre-
senting clinical features. MR is the most sensitive meth-
od to identify marrow replacement by tumour in the
vertebral body but is less effective in identifying focal
lesions in the cortical bone of the posterior elements.
MR may also fail to identify the presence of calcification
or ossification within a tumour and define the bone re-
action at the margin of the tumour. While these may be
evident on the radiographs, they are best identified on
computed tomography (CT). Finally, isotope studies us-
ing bone seeking technetium-labelled methylene di-
phosphonate (99mTc-MDP) may identify occult bone le-
sions, although they are more accurate in lesions which
are bone-producing and may not identify lesions which
are purely destructive. They have the additional advan-
tage of being able to examine the whole skeleton at one
time, providing an opportunity to identify extensive
metastatic involvement. Whole-body MR is available in
some systems and although not widely used at the
present time, its value is being actively investigated [1].

Tumours of the Haematopoietic System

Multiple Myeloma

Multiple myeloma is the most common primary malig-
nant tumour involving the spine. It is rare before the age
of 40 years and involves mainly the axial skeleton.

Pathologically the gross specimen shows either dif-
fuse gelatinous red infiltration or tumour in a nodular
pattern. Histologically, marrow becomes infiltrated with
sheets of proliferating plasma cells and B cells. There is
considerable pleomorphism of the nuclei and an in-
crease in mitoses (Fig. 1). The B cells produce abnormal
protein gammaglobulins with an increase in IgA and a
decrease in IgG and IgM bands on serum protein elec-
trophoresis. Light chain subunits of immunoglobulins,
Bence-Jones protein, is excreted in the urine.

The proliferation of cells leads to a replacement of
the trabeculae resulting in areas with no bone present
(Fig. 1). These may extend into the pedicles but usually
commence in the bodies. The resorption of bone may
result in vertebral collapse and a soft tissue mass may
extend beyond the margins of the vertebra and lead to
narrowing of the spinal canal.

Radiographs may show generalised osteopaenia with
a loss of sharpness of the trabeculae (Fig. 1), but well-
defined lytic lesions without any surrounding sclerosis
may be seen and these may be multiple (Fig. 1). The ver-
tebral bodies are involved initially with pedicular in-
volvement late in the disease process. Paravertebral
masses may be seen and vertebral collapse may be
present. CT will demonstrate the extensive bone loss
without evidence of calcification or of residual frag-
ments of bone (Fig. 2). Extensive destruction of cancel-
lous bone contrasting with the relative preservation of
cortical bone on CT is suggestive of myeloma in com-
parison with both cancellous and cortical destruction
with metastases [2]. The extent of the soft tissue mass is
also demonstrated on CT but is better visualised on MR,
which demonstrates decreased signal on the T1-weight-
ed sequences and increased signal on T2 and STIR.
These features are not specific for myeloma and metas-
tases will also produce a similar pattern. Soft tissue ex-
tension into the spinal canal may cause spinal cord or
cauda equina compression. Radioisotope studies are of
little value in myeloma, as there is no new bone forma-
tion, and although reduced uptake may be present, it is
generalised and difficult to perceive.

Plasmacytoma

Plasmacytoma is a solitary lesion, which presents with
localised pain but also may initially present with para-
paresis or paraplegia. Pathologically it consists of plas-
ma cells and may precede the onset of myeloma by up
to 10 years. The histological appearance is similar to
myeloma with large numbers of plasma cells, but the
mitotic activity is less (Fig. 3).

Radiographically it may present as a solitary expand-
ing lucent lesion in the vertebral body or posterior ele-
ments. MR is the investigation of choice. On T1 there is
an expanding tumour of uniform intermediate intensity
slightly higher than muscle, which has a well defined
margin and may have a lobulated outline (Fig. 3). On T2
there is a uniform high signal intensity which is also
present on the STIR sequence (Fig. 3). The spinal cord or
cauda equina may be compressed by the mass. CT pro-
vides little additional information but confirms the ab-
sence of any surrounding bone production or sclerosis
and any calcification in the tumour. Radioisotope stud-
ies may demonstrate a local loss of activity.

Lymphoma

Lymphoma can arise in lymphoreticular tissue any-
where in the body but the majority of cases of muscu-
loskeletal lymphoma develop via secondary spread
through haematogenous dissemination from nodal dis-
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ease. Bone marrow biopsies performed on series of non-
Hodgkin’s lymphoma patients showed bone marrow in-
volvement in between 18% and 23% of patients [3, 4].
Primary lymphoma of bone, which originates in bone
with no evidence of disease elsewhere for at least 6 -
months after diagnosis, accounts for less than 5% of all
malignant bone tumours [5] and characteristically
presents in older patients with 93% older than 20 years
[6]. The extensive bone marrow of the spine makes it
more likely to be the site of involvement by secondary
osseous lymphoma rather than the appendicular skele-
ton [7], although primary non-Hodgkin’s lymphoma

typically arises in the diaphysis of long bones or in flat
bones of the axial skeleton.

However, involvement may be limited to the epidural
tissue or even the cord. Lymphoma is characterized
pathologically by proliferation of cells native to lym-
phoid tissue including lymphocytes, histiocytes, and
their precursors. Three types of lymphoma have been
enumerated, namely B-cell, T-cell and Hodgkin’s dis-
ease. Hodgkin’s lymphoma is separated from all other
forms by the presence of the pathological Reed-Stern-
berg giant cells. Histologically the tumour is made up of
a diffuse cellular population of small round cells and

Fig. 1A–D. Multiple myeloma. A Lateral radiograph shows marked
osteopaenia without evidence of expansion. B A gross specimen
shows normal trabecular bone replaced by tumour. The margin is
clearly defined but is irregular. The radiograph of the specimen
shows a lucent area replacing the trabeculae without bone reaction

at the margin. C Radiograph of a specimen with more extensive tu-
mour replacement involving the pedicles and with destruction of
the posterior vertebral wall. D Microscopy of myeloma shows
sheets of plasma cells with atypical and pleomorphic nuclei
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large histiocytes that infiltrates between bone trabecu-
lae and medullary fat (Fig. 4.). Immunohistochemical
analysis shows that nearly all lymphomas will express
common leukocyte antigen and B-cell markers CD20
and CD79a. Primary Hodgkin’s lymphoma of bone is
very rare, while secondary osseous involvement occurs
in 10%–25% of patients with Hodgkin’s lymphoma [5].
Primary bone lymphomas, most commonly, are large-
cell or mixed small- and large-cell lymphomas of the B-
cell lineage. Lesions in the vertebral body are initially
destructive but may produce a bone reaction with wov-
en bone laid down on the trabeculae.

Radiographic appearances in the vertebral body are
either of a permeative osteolytic lesion or a mixed lytic
and patchy sclerotic pattern of bone destruction with
ill-defined margins to the lesions. There may be diffuse
trabecula thickening, which may produce an appear-
ance of general vertebral sclerosis (Fig. 4). Osteolytic or
mixed sclerotic and osteolytic lesions form 90% of the
cases. Lesions may be solitary in 30% of cases. The end
plates are preserved. A soft tissue para-vertebral mass
may be seen in the thoracic spine, and presentation may
show on a chest radiograph as a hilar mass with widen-
ing of the mediastinum (Fig. 5). CT may be useful to
demonstrate the sclerotic component of the tumour and
the mixed osteolytic and sclerotic components (Fig. 4).

MR delineates diffuse low-signal areas within the
marrow on T1-weighted sequences, which are high-sig-

nal on T2 and STIR. Vertebral collapse may be present
and a soft tissue mass extending into the spinal canal,
sometimes extensively through the epidural space, is
commonly present and may result in cord compression
(Fig. 4). Extensive paravertebral spread including the
pleural space is well demonstrated on MR (Fig. 5). The
appearance of lymphoma in some cases may be very
similar to metastatic disease.

Metastases

Metastatic cancer is the most frequent malignant tu-
mour of bone. The spine is a common site for metasta-
ses to bone due to its high marrow content, abundant
blood supply and large sinusoidal channels. The most
common tumours to metastasise are breast, lung, pros-
tate, kidney, thyroid and colon, and the effect on bone is,
to a certain extent, dependent on the source of the pri-
mary tumour. Metastases usually present with pain,
which is often unremitting and persists at night, but in
the spine, presentation with neurological features may
occur as a result of either expansion of tumour mass to
compress the cord or cauda equina or of secondary ver-
tebral collapse from bone destruction. Metastases may
also be discovered as part of the initial staging process
of the primary tumour or on routine follow up exam-
inations.

Fig. 2A, B. Multiple myeloma. A Lateral radiograph of the cervical spine showing destruction of C4 and C5 vertebral bodies with widening
of the prevertebral soft tissue space. B CT of C4 shows a purely destructive lesion
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Fig. 3A–E. Plasmacytoma. A An initial
whole-body Tc99m MDP study shows no
evidence of abnormal isotope activity.
B T1-weighted axial and C sagital se-
quences shows marked expansion of the
spinous process with a thin persistent cor-
tical outline, although tumour has broken
through the inner lamina cortex. The tu-
mour is intermediate signal and has ex-
tended along the epidural fat, remaining
well defined. The cauda equina is marked-
ly compressed. D STIR sagittal sequence
shows the majority of the tumour as high
signal intensity, although the tissue in the
canal is more intermediate signal, which
may in part be due to coil positioning.
E Sheets of atypical plasma cells are dem-
onstrated.
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Fig. 3E

Fig. 4A–D. Hodgkin’s lymphoma. A CT demonstrates an area of
bone destruction in the thoracic vertebral body associated with
other areas of sclerosis. B MR sagittal T1-weighted sequence dem-
onstrates variable signal in multiple vertebra with low and inter-

mediate signal. The body of the first thoracic vertebra has col-
lapsed. C T2-weighted sequence shows multiple foci of high signal.
D histology shows multiple small round cells and scattered large
Hodgkin’s cells

Fig. 5A–D. Non-Hodgkin’s lymphoma. A Chest radiograph shows a
mass overlying the right hilum. B CT demonstrates a large para-
vertebral mass extending into the thoracic spinal canal. C MR in
the coronal plane demonstrates the para-vertebral mass extending

over five vertebral levels. A number of small foci of high signal are
also seen in the vertebral bodies. D The T2-weighted axial study
shows the displacement of the cord by the lymphoma mass
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Fig. 4D
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The metastasis may be the presenting feature of the
disease, and biopsy of the metastasis may suggest the
source of the primary tumour. Biopsy in the spine is
most effectively undertaken using image-guided nee-
dles: many articles have confirmed the accuracy of this
method. Both the core of tissue and any blood clot
should be examined as the blood may exhibit evidence
of cancer which crushed tissue precludes.

Microscopic identification of the primary site may be
difficult if the tissue identifies poorly differentiated
neoplasms. However, the presence of squamous pearls
may be seen in well-differentiated tumours if they orig-
inate from squamous carcinoma and mucin-producing
glands if they stem from adenocarcinoma. The clear
cells of renal carcinoma may be easily identified (Fig. 6)
but may be confused with chordoma or very rarely
clear-cell chondrosarcoma.

Osteoblastic metastases produce reactive bone as
fine spicules of woven bone adherent to the residual ex-
isting bone [8], and the spaces between are filled with
tissue and malignant cells.

Radiological evaluation of metastatic disease in the
spine is often initially undertaken with plain radio-
graphs The lateral view may identify either increased or
decreased bone density, which may be localised to a sin-
gle vertebra or involve multiple levels. Decreased den-
sity may be difficult to appreciate and a substantial loss
of trabecula bone may occur before it is visualised un-
less there is destruction of the cortical outline of the
vertebra. Extensive loss of bone may result in vertebral
collapse, which may be difficult to differentiate from os-
teoporotic collapse in some cases. The AP view is valu-
able to identify the presence of pedicle and lamina de-
struction, which will enable a malignant diagnosis to be
suspected (Fig. 7).A para-vertebral soft tissue mass may
also be seen in the thoracic spine, which assists in the
differentiation from osteoporosis. Metastases may also
be identified by using the bone-seeking isotope 99mTc
MDP. Multiple sites of increased isotope uptake are
strong indications of metastatic disease. Osteoporosis
may also produce multiple sites of uptake due to frac-

tures, but the pattern in the spine in osteoporosis is typ-
ical, with horizontal lines of activity, which do not ex-
tend beyond the outline of the vertebra. Paget’s disease
may also produce multiple sites of increased activity:
correlation with radiographs is essential. Scintigraphy
may also produce false-negative studies if the pattern is
predominantly bone destruction without bone reac-
tion, which may occur in breast and renal metastases;
although an area of decreased activity may be visible
(Fig. 7), it is often difficult to evaluate.

Computed tomography provides accurate demon-
stration of the sites of bone destruction or sclerosis and
is valuable in guiding the biopsy needle to the most ac-
tive site to increase the accuracy of histology. Magnetic
resonance is now the most accurate method of identify-
ing early spinal metastatic involvement. On T1-weight-
ed sequences, the normal marrow fat is replaced by
intermediate- or low-signal tissue which may involve a
single vertebra or may be multiple (Fig. 7). On T2 there
is increased signal intensity, which is greater on the
STIR sequence as this sequence highlights the high-sig-
nal metastatic focus from the very low signal of the sup-
pressed fat signal (Fig. 7). Whole-body STIR sequences
are now advocated for the initial search for metastatic
foci [9]. There is usually heterogeneous enhancement
following gadolinium injection. Differentiation
between metastatic and osteoporotic collapse on MR
may occasionally be difficult if there is no paravertebral
or epidural soft tissue mass. The presence of low-signal
fracture lines beneath the end plate and partial preser-
vation of normal fatty marrow in the vertebral body are
features of osteoporotic collapse [10]. Diffusion MR im-
aging has also been found valuable in the differentiation
[11].

The tumour may have expanded through the verte-
bral cortex either into the paravertebral tissue or into
the epidural space, which may result in cord or nerve
root compression. This is accurately identified on MR
and the extent of the compression can be evaluated. Di-
rect metastatic involvement of the cord and nerve roots
may occur

Fig. 6A–G. Metastasis. A Lateral lumbar radiograph demonstrates
destruction and partial collapse of L4 vertebra. B AP radiograph
shows associated destruction of the pedicle. C 99mTc MDP study
demonstrates a reduced L4 vertebral activity compared to other
levels. D Sagittal T1-weighted sequence shows L4 replaced by low-
signal tissue, which is high signal on T2. E Both sequences show the

soft tissue mass expanding into the spinal canal. Further foci are
seen in other lumbar vertebra. F Biopsy of the vertebra demon-
strated the typical clear cells of renal metastases. G CT of the kid-
ney demonstrates a mass in the left kidney consistent with a carci-
noma
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Fig. 7A–E. Chordoma. A Extensive destruction of the sacrum with
loss of normal foraminal architecture in S3 and S4 is seen on the
AP radiograph. The lateral view B shows destruction of the poste-
rior vertebral wall and posterior elements of the sacral vertebra. C
CT shows a large soft tissue attenuation mass destroying the sa-

crum and extending into the pelvic cavity. No evidence of calcifi-
cation is seen in this lesion. D Sagittal T2-weighted sequence shows
lobulated tumour with high signal. E Histology demonstrates
cords and sheets of large, cohesive cells with abundant cytoplasm
set in a myxoid matrix
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Primary Tumours of the Spine

Chordoma

Chordoma arise from notochord remnants and are
slow-growing malignant lesions.Approximately 60% af-
fect the spine, the large majority being found in the sac-
rococcygeal region (50% of total), with a small propor-
tion in the lumbar (7%) and cervical spine (5%). The re-
mainder involve the spheno-occipital region. Over 80%
of patients are over 50 years old and males are affected
twice as commonly as females [12]. The symptoms are
often insidious in onset and include pain, neurological
signs, signs of rectal compression or a palpable mass.
Microscopically the notochord tissue is somewhat simi-
lar to immature cartilage and is composed of oval cells
with central nuclei and vacuolated cytoplasm embed-
ded in an eosinophilic myxomatous stroma (Fig. 7).
Chordoma may also exhibit cartilaginous differentia-
tion with cartilage areas of various sizes. Dedifferentiat-
ed chordoma is rare, consisting of conventional chordo-
ma and high-grade spindle cell or pleomorphic sarco-
ma. Macroscopically chordoma form a white, soft, mul-
ti-lobulated mass with a fibrous pseudocapsule. Fluid
and gelatinous mucoid substance associated with recent
and old haemorrhages and necrotic areas are found
within the tumour. Fifty per cent show intratumoral cal-
cification and sequestered bone fragments.

Radiographs show destruction of bone, and sacral le-
sions may extend across the sacroiliac joints, while ver-
tebral lesions may also involve adjacent intervertebral
discs.

CT shows a mostly lytic lesion (Fig. 7) and may have
a low attenuation, probably related to the myxoid nature
[13, 14]. Calcification in the soft tissue mass has been re-
ported to be seen in 15%–18% of cases [15] but was not
seen in any of the spinal cases in another series [16].

The vertebral body is most commonly involved with
sparing of the posterior elements, but occasionally a
large soft tissue component without vertebral bone in-
volvement may be seen mimicking a neurogenic tu-
mour and associated with enlargement of the neurofor-
amen [15]. Vertebral body involvement may be limited
to one vertebra or to multilevel involvement. A soft tis-
sue component which extends posteriorly into the epi-
dural space is common. The presence of a concomitant
soft tissue mass spanning several vertebral levels is
highly characteristic for chordomas.

MR appearances are characterised by a lobulated
mass with a low or isointense heterogeneous signal in-
tensity to muscle on T1 with a high fluid-like signal in-
tensity on T2 weighting due to the myxoid content [17]
(Fig. 7). A low-signal-intensity pseudocapsule and thin
interlesional septation are usually present [18]. After
gadolinium contrast administration, almost all lesions
show heterogeneous moderate enhancement, although

some cases may have a ring or arc pattern [16] and oth-
ers have rim enhancement, which may reflect the lobu-
lar nature of the lesions and possibly cartilaginous dif-
ferentiation [19]. The characteristic sign of epidural in-
volvement is the curtain sign on the axial images [20].
After gadolinium contrast administration, an epidural
tail sign is seen on the sagittal images due to involve-
ment of the posterior longitudinal ligament.

Primary Osteogenic Tumours

Osteoid Osteoma

These lesions are characteristically seen in children and
young adults, with males affected twice as frequently as
females, and present with localised pain which is worse
at night and which may be relieved by aspirin. Although
it most commonly occurs in the long bones, 5% of these
lesions are in the spine and are found in the posterior
elements of the vertebra. In the spine they may occa-
sionally present as scoliosis with or without pain. Histo-
logical evaluation shows a focal lesion of highly vascular
tissue with seams of osteoid tissue and immature woven
bone lined with osteoblasts and osteoclasts. There is
surrounding trabecular bone thickening with woven
bone laid down on the lamellar bone of the trabeculae
(Fig. 8).

Radiographic demonstration may be difficult with a
localised increase in bone density overlying the pedicle
or lamina (Fig. 8). However, there may be no discernible
abnormality. Radioisotope studies show a focal area of
marked increased activity on the bone phase and also
the early blood pool phase. The role of scintigraphy is to
guide the cross-sectional imaging systems, particularly
CT to the area of interest [21]. CT is the most valuable
method to demonstrate the actual lesion. There is a
small lucency, which may have a central high attenua-
tion due to mineralisation. There is surrounding scle-
rotic bone with some thickening of the lamina or pedi-
cle (Fig. 8).

On MR the nidus may be difficult to visualise and
may be seen better following the injection of intrave-
nous gadolinium, particularly when fat suppression
techniques are used [22]. The signal characteristics of
individual osteoid osteomas varies depending on the
amount of reactive bone surrounding the lesion and the
degree of oedema [23]. There is decreased or intermedi-
ate signal in the posterior elements on T1-weighted se-
quences with increased signal around a low-signal nid-
us on T2-weighted and STIR sequences due to bone re-
sponse and marrow oedema. The T2-weighted signal is
variable depending on the age of the tumour, its vascu-
larity and the presence of calcification. The axial plane
is most useful in demonstrating the lesion and use of
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Fig. 8A–E. Osteoid osteoma. A AP radio-
graph shows that the outline of the left
pedicle is obscured with dense sclerosis.
B CT demonstrates a lucent lesion in the
lamina which is thickened and sclerotic.
The lucency contains mineralisation with-
in it. C Radiograph of specimen shows the
irregular mineralisation within the tu-
mour which has a thin lucent rim sur-
rounded by markedly thickened trabecu-
lar bone. D Macroscopic stained slice of
the macroradiograph shows the thickened
surrounding trabecular and compact
bone. E Irregular trabecular pattern of im-
mature woven bone with a prominent sur-
face monolayer of osteoblasts and osteo-
clasts. The intratrabecular tissue is hyper-
vascular reactive stroma
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surface coils with a small field of view are more likely to
characterise an osteoid osteoma [22].

Osteoblastoma

Osteoblastoma is a solitary benign osteoid and bone-
forming neoplasm which contains many well-differen-
tiated osteoblasts and osteoclasts and has a vascular
stroma. They affect young adults and are usually painful
but they may also present with a scoliosis; 30% occur in
the spine and originate almost exclusively in the poste-
rior elements, pedicles or transverse process. Some le-
sions are large and present with neurological symptoms
due to cord or nerve root compression.

Macroscopically they are larger than osteoid osteo-
mas, which rarely exceed 1 cm in diameter.

Microscopically they consist of a vascular spindle-
cell stroma with abundant irregular bone and osteoid
with abundant osteoblasts and osteoclasts on the bone
surfaces.

This pathological appearance is similar to osteoid
osteoma but the tissue pattern is less regular than oste-
oid osteoma [8]. They may result in compression of the
spinal canal and cord and recur unless removed com-
pletely.

Radiographically the lesions are of varying lucency
and degrees of mineralisation. They are usually well cir-
cumscribed without extensive surrounding bone reac-
tion or sclerosis. They show very marked uptake of
bone-seeking isotope and have a very well-defined out-
line on the isotope scan (Fig. 9).

They are best evaluated with CT (Fig. 9), which will
show the size and outline and also the extent of invasion
or encroachment on the spinal canal. Ossification of the
ligamentum flavum associated with osteoblastoma has
been reported and is best seen on CT [24].

Aneurysmal Bone Cyst

The spine is the site of involvement in primary aneurys-
mal bone cyst in 23% of cases [25], but secondary le-
sions arising in other tumours such as osteoblastoma
are rare and only one case has been reported complicat-
ing fibrous dysplasia in the spine [26]. They most fre-
quently involve the lumbar spine followed by the cervi-
cal, thoracic spine and sacrum [27]. The coccyx is not
affected. Posterior elements are most commonly affect-
ed, although expansion into the vertebral body may oc-
cur and multiple vertebra may also be involved. Patho-
logically the lesions replace bone, with large blood-
filled spaces surrounded by fibrous septa with giant
cells connected to the host capillary network (Fig. 10).
The walls of an aneurysmal bone cyst are usually soft
and fibrous and internally there are separate spaces
containing friable brownish blood clot. The cystic spac-
es are of varying sizes, and although containing blood,
they are not lined with vascular endothelium. Focal or
diffuse collections of haemosiderin or reactive foam
cells and chronic inflammatory cells may be seen in the
septa [8]. There may be foci of reactive bone.

Radiographs of the lesions show well-defined osteo-
lytic areas with initially destruction of the posterior ele-
ments and pedicles. A soft tissue mass may be seen
which is easy to define in the thoracic spine with widen-
ing of the para-vertebral shadow but is less obvious in
the lumbar spine (Fig. 10). Extension into the vertebral
body results in destruction with preservation of the disc
space, and vertebral collapse may eventually occur with
a local kyphosis. In the later stages of development, a
cortical shell may be delineated, producing a soap bub-
ble appearance.

CT and MR are essential diagnostic tools which de-
fine the tumour extent and determine whether the soft
tissue mass margins are smooth and sharply defined.

Fig. 8E
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The soft tissue mass may show thin low-signal septa
with a well-defined rim of low signal intensity on MR.
The hallmark of the lesions is the presence fluid–fluid
levels of low and high attenuation due to collection of
blood and fat seen in 35% of cases on CT [28] (Fig. 10).
MR identifies the fluid–fluid levels well on the T2-
weighted sequences, and these blood fluid levels show
high signal over intermediate signal. However, fluid–-
fluid levels may be present in a number of tumours or
pseudotumours and are not specific to aneurysmal
bone cysts [29]. There is no evidence of calcification or
bone production in the lesions.

Haemangioma

Intravertebral haemangioma are vascular hamartoma
which are usually asymptomatic and the majority are
found incidentally on plain radiographs or more fre-
quently on MR. They are among the most frequently oc-
curring spinal tumours and there has been a significant
increase in the demonstration of haemangioma in re-
cent years due to the increased use of MR, which iden-
tifies lesions very easily.

Symptoms when present are usually pain but rarely
the haemangioma may increase in size, resulting in neu-
rological symptoms due to root or cord compression.

Fig. 9A–D.Osteoblastoma. A Lateral radiograph of the cervical spine
appears normal. B 99mTc-MDP bone scan demonstrates a focal
well-defined high-uptake focus in the cervical spine. C CT shows a

well-defined tumour with mixed sclerosis and lucency involving
the lateral mass of the cervical vertebra. D T2-weighted MR shows
oedema around the mass
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They are most commonly in the thoracic spine and
the lumbar spine, the cervical spine and sacrum are in-
frequent sites.

The gross pathological specimen appears as multiple
small, dark red cavities with coarse bone trabeculae,
which are well demarcated from the adjacent normal
trabecular bone (Fig. 11). Histologically the cavities

consist of walled cavernous blood vessels or proliferat-
ing capillaries lined with thin, flattened epithelium
(Fig. 11).

Radiographically the appearances vary depending
on the size of the lesion. The trabecular pattern may ap-
pear coarse and there is usually a decrease in bone den-
sity in the affected area, although some vertebra may

Fig. 10A–D. Aneurysmal bone cyst. A Low-powered H and E stain
shows cystic cavities containing blood surrounded by septa con-
taining multiple osteoclast-like giant cells, fibroblasts and vascular
stroma. B AP and C lateral radiographs shows destruction of the
pedicle and posterior wall of the vertebral body. There is also de-
struction of the adjacent rib.A large para-vertebral mass is present
seen through the cardiac shadow on the AP view. The increased

density of the vertebral body is due to the soft tissue mass super-
imposed on the vertebra. D Computed tomography demonstrates
the large soft tissue mass which has destroyed the lamina, pedicle,
adjacent rib and posterior vertebral wall. It is of variable attenua-
tion with fluid–fluid levels within it. The soft tissue mass is dis-
placing the cord within the spinal canal
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Fig. 11A–G. Haemangioma of vertebral body. A The haemangioma
appears as multiple small thin-walled vessels with adjacent scle-
rotic bone. B Histology shows increased vascular channels of vary-
ing sizes. C Radiograph of the specimen shows the thickened ac-
centuated vertical trabeculae with erosion of the horizontal tra-
beculae. Magnetic resonance demonstrates a well-defined lesion
occupying part of the vertebral body with minimal bone expan-
sion. D On T1-weighted E axial sagital sequences, they appear as in-
creased signal but with a mottled appearance of low signal. The
margin is well defined. F On T2 axial and G STIR sagital sequence,
there is increased signal in relation to the normal marrow
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spin-echo T1-weighted sequences and intermediate sig-
nal on T2 weighting or intermediate intensity on T1 and
high signal on T2 (Fig. 11). Lesions may be heterogene-
ous or homogeneous. The balance between the two dif-
ferent patterns depends on the relative proportion of
adipocytes and of vessels and interstitial oedema [31].
Areas with high signal intensity on T1 and intermediate
signal on T2 contained a larger proportion of surface
marrow occupied by fat cells, while intermediate signal
on T1 and high on T2 was similar to normal marrow 
but a larger proportion of surface area occupied by ves-
sels and oedema, suggesting that the vascular compo-
nent of the lesion is responsible for the high signal on
T2 [31].

Rarely haemangiomas become aggressive, extending
into the pedicles and posterior elements, causing ex-
pansion and breaking through the vertebral wall into
the epidural space. Laredo et al. [32] found numerous
packed, thin-walled vascular cavities and the absence of
fatty replacement at histological analysis of compressive
vertebral haemangioma

Eosinophilic Granuloma

These lesions are rare but are well recognised in the
spine, representing 7.8%–15% of the total solitary eo-
sinophilic granulomas [33] and are seen in children
who present with pain, muscle spasm and may have a
local kyphosis. A single vertebra is involved in half the
cases and the thoracic spine is involved in 55% of cases,
with the lumbar and cervical spine involved in similar
proportions of the remainder [34]. Pathologically the
vertebral body is involved with invasion of non-neo-
plastic proliferation of histiocytes, with a variable in-
crease in polymorphs, lymphocytes and eosinophils
(Fig. 12). The histiocytes have cytoplasmic organelles
and Birbeck granules.

The classic feature on the radiograph is vertebral col-
lapse, giving a vertebra plana with preservation of adja-
cent intervertebral disc (Fig. 12). Other characteristic
findings include an absence of osteolytic areas, in-
creased density of the vertebral body, preservation of
the pedicles and neural arch, and absence of a paraver-
tebral shadow [34]. The vertebra gradually regenerates
with recovery of partial height, with a persistent dense
line in the centre of the vertebra [33] (Fig. 12).

Giant Cell Tumours

Seven percent of giant cell tumours involve the spine,
and the sacrum is affected in 90% of these cases [35].
The age range is similar for appendicular giant cell tu-
mour and there is a higher incidence in women. Typi-
cally the lesion is osteolytic (Fig. 13), exhibiting cortical

Fig. 11F, G.

appear to be increased in density [30] (Fig. 11). On axial
CT, haemangiomas are low density due to fat, with
punctate hyperdensities within the lesion due to the
vertical bone struts seen in cross-section.

On MR, haemangiomas may have a variable appear-
ance, with some lesions having a hyperintense signal on
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Fig. 13A–E. Giant cell tumour. A AP radiographs of the spine show
an expanding destructive lesion in the T12 vertebral body with
loss of the left pedicle and an adjacent paravertebral soft tissue
mass. The inferior endplate remains visible but the superior end
plate is destroyed. B CT demonstrates a large soft tissue tumour re-
placing the vertebral body and pedicle with a septate appearance

but without an outer cortical rim. C Axial MR images show inter-
mediate signal on both T1- and (D) T2-weighted sequences with a
low signal pseudocapsule. E Histology demonstrates the cellular
nature of the lesion with mononuclear stromal cells, large multi-
nucleated giant cells and poorly developed reactive bone.

Fig. 12A–E. Eosinophilic granuloma. A–D Lateral radiographs of the spine show the stages of collapse and regeneration with the classical
feature of vertebra plana followed by a partial re-growth of the vertebral body. E Histology shows numerous Langerhans cells with cleft-
ed nuclei and variable distributed eosinophils and neutrophils



Chapter 6.5 Radiology and Pathological Correlations of Bone Tumours of the Spine 739

Fig. 12C–E
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expansion, a cortical shell and with apparent bony sep-
tation. Sacral lesions may cross the sacroiliac joints, and
vertebral lesions above the sacrum commonly involve
both body and arch, with adjacent vertebral involve-
ment also possible [36]. On MR, giant cell tumours ex-
hibit a low to intermediate signal on T1-weighted imag-
es and also on T2 weighting (Fig. 13) in the majority of
cases, probably due to the high collagen content and
haemosiderin deposition [37]. Cystic areas, foci of hae-
morrhage, fluid–fluid levels and a peripheral low-signal
pseudocapsule may be seen. The tissue appears relative-
ly homogeneous and histologically is composed of
mononuclear stromal cells that have a round or ovoid
shape with relatively large nuclei and multinucleated
giant cells dispersed evenly throughout the tissue. Foci
of bone may also be present, particularly at the periph-
ery of the tumour (Fig. 13)

Cartilage Tumours of the Spine

Chondroblastoma

These tumours are rare, constituting less than 1% of
bone tumours and spinal involvement is only 1.4% of all
chondroblastoma [38]. There is a predominance of
males, and the vertebral lesions present clinically a
decade later than its appendicular counterpart. Histo-
logically they are characteristic of chondroblastoma
with round and ovoid cells often mixed with a scattering
of giant cells. There is an intercellular chondroid matrix
in which lacelike deposits of calcium granules are ob-
served. Some lesions may have cystic and haemorrhag-
ic areas, which may cause confusion with aneurysmal
bone cysts.

On imaging, vertebral chondroblastoma appear ag-
gressive, with a large destructive bony lesion and a large
soft tissue mass and significant spinal cord compres-
sion. Morphologically the imaging features suggest ma-
lignancy but calcification, which may be subtle and best
demonstrated on CT, will point to the cartilaginous na-
ture of the lesion. Bone oedema was not a feature of
these lesions on MR. The imaging features may be simi-
lar to chondrosarcoma [39] but the age of presentation
is completely different, with a range of 45–55 years

Chondrosarcoma

It has been reported that 3%–12% of chondrosarcoma
arise in the spine [39, 40] and although rare, it is still the
second most common primary malignant tumour of
the spine after chordoma. It is an indolent slow-growing
tumour, often revealed clinically because of adjacent
neurological compression. Most spinal chondrosarco-
ma are of the exostotic type resulting from sarcomatous
change of an osteochondroma. They are seen radiologi-
cally as a large calcified mass arising from the vertebral
body of posterior elements and enlarge in the paraspi-
nal soft tissue. The central part of the tumour is densely
calcified with stippled, punctate irregular calcifications
and typical rings and arcs [2]. CT and MR show the cal-
cifications enclosed in a thick cap of sarcomatous cartil-
age. Destruction of underlying bone may be seen but is
not always present.

Clear cell chondrosarcoma is a low-grade malignan-
cy accounting for approximately 2% of all chondrosar-
coma. It commonly involves the epiphysis and epi-met-
aphysis of long bones, but it has been reported in verte-
bra in a very small number of cases [40].

Fig. 13E
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Histologically it is characterised by tumour cells with
abundant clear cytoplasm and characteristic round,
centrally placed nuclei arranged in a lobulated growth
pattern. They contain variable amounts of hyaline car-
tilage, osteoid production, and focal cystic changes such
as aneurysmal bone cyst formation may be present.
However, bone formation and a cartilaginous compo-
nent were absent or minimal in the reported spinal le-
sions [41].

CT demonstrates cortical destruction and soft tissue
extension and the mass may be partially mineralised.
Differentiation from osteoblastoma may be difficult.

Acknowledgements. I am grateful to Dr Charles
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Chapter 

framework for the systematic approach to radiologic
evaluation of soft tissue tumors.While our approach re-
views multiple imaging modalities, we emphasize MRI,
as it is generally considered the optimal radiologic tool
in the evaluation of soft tissue tumors.

The annual incidence of benign soft tissue tumors
has been estimated at 300 per 100,000 people, account-
ing for approximately 750,000–800,000 lesions in the
United States [1, 2]. Thus, benign soft tissue tumors are
relatively common lesions and outnumber malignant
soft tissue tumors by a ratio to 100–150 to one [1, 2]. The
National Cancer Institute figures of 1990 reveal 5,700
soft tissue malignancies annually in the United States
resulting in 3,100 deaths [3].

While there are innumerable possible pathologic di-
agnoses for a soft tissue mass, more than 70% of benign
tumors and 80% of malignant neoplasms are accounted
for by eight diagnoses [4, 5]. In the series of 18,677, cas-
es from the Armed Forces Institute of Pathology (AFIP)
common benign soft tissue tumors include lipoma and
its variants (16%), fibrous histiocytoma (13%), nodular
fasciitis (11%), neurogenic neoplasm (10%), hemangio-
ma (7%), fibromatosis (7%), and pigmented villonodu-
lar synovitis (PVNS)/giant cell tumor of tendon sheath
(GCTTS) (4%) [4]. In addition, ganglia typically account
for a large number of benign lesions, although due to a
selection bias of the AFIP series as a secondary consul-
tation, it represents only a small percentage of their cas-
es. The AFIP review of 12,370 malignant soft tissue neo-
plasms reveals that common lesions include malignant
fibrous histiocytoma (MFH)/fibrosarcoma (29%), lipo-
sarcoma 14%, nonspecific spindle cell sarcoma (12%),
leiomyosarcoma (8%), malignant peripheral nerve
sheath tumor (MPNST; 6%), dermatofibrosarcoma pro-
tuberans (DFSP; 6%) and synovial sarcoma (5%) [5].

Radiologic Evaluation

In our opinion and experience, the radiologic evalua-
tion of a soft tissue tumor should always begin with ra-
diographs. While helpful in only a small percentage of
cases, certain features may be diagnostic and more dif-

Introduction

The goals of radiologic evaluation of soft tissue tumors
are: (1) lesion detection, (2) identifying a specific diag-
nosis or reasonable differential diagnosis, and (3) lesion
staging. Imaging of soft tissue tumors to achieve these
goals has markedly evolved, improved, and expanded
with the advent of computerized tomography (CT) and
magnetic resonance imaging (MRI). Indeed, CT and
particularly more recently MRI allow lesion detection
and staging by delineating anatomic extent in all cases
and relatively specific diagnosis in approximately
25%–50% of soft tissue tumors. We would suggest that
evaluation of soft tissue tumors is now similar to bone
tumors in that pathologic diagnosis should incorporate
the imaging findings in the vast majority of cases. This
is particularly true in large tumors where only a small
amount of tissue may be available for pathologic review
initially, and the question arises as to the true represen-
tation of the entire lesion. Our purpose is to provide a
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ficult to appreciate on advanced imaging (CT and MRI).
Unfortunately, in this day and age of high tech imaging,
this simple inexpensive study is at times forgotten and it
cannot be predetermined in which cases radiographs
will be critical for diagnosis. Radiographs may reveal
that an apparent soft tissue mass is related to an under-
lying bone lesion such as an exostosis or posttraumatic
deformity.Calcification of a soft tissue mass may be char-
acteristic in hemangioma (Fig. 1), synovial chondromat-
osis or myositis ossificans (heterotopic bone formation).
Calcification may also be nonspecific in appearance on
radiographs, although its identification still limits diffe-
rential considerations and is frequently associated with
extraskeletal chondrosarcoma or osteosarcoma and syn-
ovial sarcoma. Finally, radiographs allow detection of
underlying osseous involvement with periosteal reac-
tion,cortical destruction and marrow invasion.In our ex-
perience, the common soft tissue sarcomas which reveal
bone invasion are synovial sarcoma and MFH.

Nuclear Medicine

Scintigraphic evaluation does not play a primary role in
evaluation of soft tissue masses. Benign and malignant
soft tissue tumors, particularly more vascularized le-
sions, frequently reveal mild increased uptake of radio-
nuclide on bone scintigraphy due to increased blood
flow. In addition, lesions with mineralization may show
more prominent radionuclide activity from the in-
creased turnover of calcium and phosphate. Gallium
scanning has been advocated to distinguish benign pe-
ripheral nerve sheath tumors (BPNST) from malignant
peripheral nerve sheath tumor (MPNST), although
evaluation has included only small numbers of patients

[6]. Specifically, prominent gallium uptake is seen in
MPNST as opposed to BPNST (neurilemmoma and
neurofibroma) that demonstrate limited or no uptake.
Thallium and positron emission tomographic (PET)
studies have been used to assess response to treatment
(radiation therapy and/or chemotherapy) as well as to
evaluate possible tumor recurrence following surgical
resection, although an in-depth discussion of this topic
is beyond the scope of this discussion.

Angiography

In the past, angiographic evaluation of soft tissue tu-
mors, particularly sarcomatous lesions, was relatively
common to assess the degree of vascularity and serve as
a surgical vascular road map. In addition, angiography
was often used to evaluate the effect of preoperative
therapy with response depicted as decreased vascularity
as a result of hemorrhage and or necrosis. However, an-
giography has largely been supplanted by other imaging
modalities such as CT or MR angiography (MRA). Em-
bolization of soft tissue neoplasms may be performed
via angiographic access as a method to decrease blood
loss during surgical resection in lesions with prominent
vascularity.Angiomatous lesions, particularly when dif-
fuse or extensive (angiomatosis), may be embolized as
the only method of treatment.

Fig. 1A, B. A 52-year-old man with hemangioma of hypothenar re-
gion of hand. A Radiograph shows multiple small, smooth, round-
ed calcifications (arrow), more opaque peripherally, characteristic
of phleboliths. Small nonspecific calcifications are also seen (ar-

rowhead). B Corresponding intraoperative photograph shows
multiple phleboliths in large cavernous spaces (v) of the heman-
gioma

Fig. 2A–C. A 28-year-old woman with myxoid liposarcoma simulat-
ing a cystic mass. A Coronal T1-weighted and (B) T2-weighted MR
images show a homogeneous mass (arrows) with low and high sig-
nal intensity, respectively, suggesting a cystic mass. C Ultrasound
study reveals hypoechoic solid mass (arrowheads). Surgical resec-
tion revealed pathologic diagnosis of myxoid liposarcoma
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CT, MRI, and Ultrasound

The advantages of CT and MRI in comparison to radio-
graphs in evaluation of soft tissue tumors is primarily a
function of their superior contrast resolution. In our
opinion and experience, MRI is generally superior to CT
in radiologic evaluation of soft tissue tumors because of
its marked improvement in contrast resolution and
multiplanar capabilities (Figs. 2–7). CT may be pre-
ferred if MRI is contraindicated as well as for masses in
certain anatomic regions such as the periscapular area
or chest or abdominal wall, where motion artifact can

be problematic. In addition, CT is the modality choice to
both detect and characterize calcification (chondroid or
osteoid) in soft tissue tumors if radiographs are inade-
quate (given their subtle nature or obscuration by com-
plex anatomy, particularly overlying osseous structures,
i.e., the pelvis).

Placement of a marker over the soft tissue mass is
helpful with both CT and MRI. This is particularly im-
portant for subcutaneous lipomas, which may be ob-
scured by the surrounding normal fat. Patient position-
ing may also be important with both modalities, partic-
ularly again with superficial lesions so that the tumor is
not compressed. A prone position may be required in
patients with paraspinal or posterior extremity masses.

Soft tissue tumors should be imaged in at least two
orthogonal planes by MRI. The axial plane is usually op-
timal for evaluation and both conventional T1-weighted
and T2-weighted spin-echo MRI should be obtained. A
second plane of imaging should also be performed ei-
ther coronal (best for masses located medial or lateral in
a compartment) or sagittal (best for masses located an-
terior or posterior in a compartment). Fat-suppressed
T2-weighted or short tau inversion recovery (STIR) MR
sequences are often employed in the second plane to in-
crease the conspicuity of tumors in addition to T1-
weighted images. Gradient-echo MR images may be
used to accentuate magnetic susceptibility in identify-
ing hemosiderin and depicting lesion-fat interfaces for
neurovascular involvement.

The chosen field of view depends on lesion size and
location. However, generally the smallest field of view
that allows evaluation of the entire mass is preferable
for MRI. Imaging of the contralateral side is more often
helpful with CT as opposed to MRI related to the super-
ior contrast resolution of the latter modality.

Intravenous contrast material can be administered
for either CT or MRI in an attempt to improve the con-
trast resolution in evaluation of soft tissue tumors. In
general, contrast is much more important for CT (sever-
al precontrast images should also be obtained for com-
parison) in differentiating soft tissue tumors from sur-
rounding muscle because of its inferior contrast resolu-
tion. In contradistinction, lesion detection and delinea-
tion is typically easily evaluated on MRI without the
need for intravenous contrast [7, 8]. However, an excep-
tion to this is seen with neoplasms that are highly ne-
crotic, hemorrhagic or myxomatous. In these cases,
intravenous contrast can be very informative in identifi-
cation of areas of enhancing solid cellular tissue (Fig. 5).
This becomes vital in directing biopsy to these solid ar-
eas that harbor diagnostic tissue for histologic evalua-
tion as opposed to nondiagnostic regions of hemor-
rhage, necrosis and nonspecific myxoid tissue.

Ultrasound (US) is another imaging modality that
can be used in the evaluation of soft tissue tumors. Ad-
vantages of US include its low cost, real-time scanning,
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Fig. 4A, B. A 49-year-old woman with a slowly enlarging neurilem-
moma of the posterior distal thigh. A Coronal T1-weighted MR im-
age shows a deep intermuscular mass (*) surrounded by fat (split-
fat sign). Linear tubular extension superiorly represents the enter-
ing sciatic nerve (arrowhead) and creates a fusiform shaped mass.
B Intraoperative photograph demonstrates the neurilemmoma (*)
as well as both the entering and exiting nerve (n)

Fig. 3A–C. A 38-year-old man with a slowly enlarging subcutaneous
mass involving the skin, representing dermatofibrosarcoma protu-
berans (DFSP). A Sagittal T1-weighted MR image shows a subcuta-
neous mass (arrow) protruding from and involving the skin. B Ax-
ial inversion recovery MR image reveals similar findings and high

signal intensity in the mass (arrow). Linear extension along the
skin (tail sign) (arrowheads) are also seen on both images. C Sec-
tioned gross specimen demonstrates manifestations identical to
that seen on MR imaging
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lack of ionizing radiation and lack of intravenous con-
trast. Subcutaneous lesions are often best evaluated by
sonography because of their superficial location. Per-
haps the most important use of US is in distinguishing a
solid from a cystic soft tissue mass. This distinction is
very important in differential diagnosis, and US, as in
other organ systems, is quite adept at identifying truly
cystic structures (anechoic with posterior acoustic en-
hancement), which include ganglion, synovial cyst, bur-
sa, and abscess. In contradistinction, US demonstrates
the solid consistency with internal echoes of other soft
tissue tumors, including myxomas and myxoid neo-

plasms (i.e., myxoid liposarcoma), which on CT and or
MRI may simulate a cyst because of their high intrinsic
water content (Fig. 2). Doppler sonography can also be
applied to assess lesion vascularity and response of neo-
plasm to preoperative chemotherapy and radiation
therapy.

Despite the many advantages of US, there are also
several disadvantages. This modality is very operator-
dependent and relatively unusual examinations, such as
for musculoskeletal tumors, often require physician
scanning and a significant time commitment. Addition-
ally, the field of view is often limited and large lesions

Fig. 5A–D. A 71-year-old woman with a large intramuscular thigh
mass representing a malignant fibrous histiocytoma (MFH). A Ax-
ial T1-weighted MR images shows a large intermediate signal in-
tensity mass (*) replacing the vastus musculature of the anterior
compartment of the thigh. B Axial T1-weighted MR image after
intravenous gadolinium reveals peripheral nodular enhancement
(arrowheads) representing more cellular vascularized tissue. C Ax-
ial T2-weighted MR image shows diffuse high signal intensity in
the mass (*) not allowing distinction of vascularized versus less
vascularized tissue. D Sagittal gross specimen demonstrates vascu-
larized cellular tissue peripherally (arrows) harboring diagnostic
tissue versus less cellular tissue centrally (*) in this myxoid MFH
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may be difficult to assess entirely. While US is quite
adept at evaluating superficial lesions, deep-seated le-
sions, particularly in complex areas of anatomy such as

the pelvis, may be obscured by overlying bone. The con-
trast resolution of sonography is also inferior to that of
MRI.

Fig. 6A, B. A 34-year-old woman with enlarging knee join mass re-
sulting from involvement by pigmented villonodular synovitis
(PVNS). A Sagittal proton density MR image shows massive in-
volvement of the joint with tissue that demonstrates marked low

signal (*). B Photograph of gross specimen of a representative
piece of the intraarticular tissue reveals marked brown color relat-
ed to extensive hemosiderin deposition causing the MR appear-
ance characteristic of PVNS

Fig. 7A–C. A 54-year-old woman with a long-standing anterior
thigh mass representing a lipoma. A Axial T1-weighted and (B) T2-
weighted MR images show a soft tissue mass (*) isointense with fat
on all pulse sequences with single small septation anteriorly (ar-
rowhead). C Sectioned gross specimen reveals monotonous yellow
adipose tissue



Chapter 6.6 Soft Tissue Tumors 749

Staging

There are several staging systems (see Tables 1, 2) fre-
quently used in evaluation of soft tissue sarcomas [9,
10]. However, all have in common the need for a close
working relationship between the orthopedist, oncolo-
gist, radiologist and pathologist to appropriately stage
lesions and guide treatment options. The treatment of
choice for the vast majority of soft tissue sarcomas is
surgical resection and limb salvage. Much of the infor-
mation necessary, particularly the lesion extent and in-
volvement of adjacent structures, to stage soft tissue tu-
mors is obtained by imaging. Important features to as-
sess include lesion extent (does the tumor cross a major
fascial plane to involve more than one compartment),
size (is the lesion larger than 5 cm, thus worsening prog-
nosis for sarcomas), and identifying involvement of ad-
jacent bone, joint, or neurovascular structures. Again,
the multiplanar capabilities and superior contrast reso-
lution of MRI make this the modality of choice in the

assessment of most soft tissue tumors (particularly
deep-seated lesions).

Lesion Evaluation

In our opinion and experience, important features in
the evaluation of soft tissue tumors are location, intrin-
sic imaging characteristics (including lesion size, mar-
gin and extent) and patient age.

Lesion Location

Lesion location (identical to bone tumors) is one of the
most important clues to diagnosis. Specific anatomic
distribution of various soft tissue tumors is available,
although this information, in our opinion, is less helpful
in general as compared to the compartment involved:
subcutaneous, intermuscular, intramuscular, intraar-
ticular/periarticular, and multiple lesions. There are
exceptions to this concept: for example, a lesion deep to
the scapular tip almost invariably represents an elasto-
fibroma.

Subcutaneous masses are extremely common clini-
cally. However, they are relatively infrequently evaluated
by imaging because clinical evaluation is relatively easy
(Fig. 3). In contradistinction, deep-seated soft tissue
masses (intermuscular, intramuscular or intraarticular)
are usually imaged because of inadequate clinical as-
sessment. Common benign and malignant subcutane-
ous lesions are listed in Table 3.

Intermuscular soft tissue masses are usually sur-
rounded by a rim of fat which we term the split-fat sign
with the surrounding musculature draped around the
lesion. This is best depicted by MRI but is also seen on
CT (Fig. 4). It occurs because the deep intermuscular tis-
sue is primarily composed of fat and soft tissue mass
arising in this location maintains a rim of adipose tissue
as it enlarges. In large lesions, the intermuscular loca-
tion is often best determined by evaluating the superior
and inferior aspect of the tumor. Common benign and
malignant soft tissue tumors arising in the intermuscu-
lar space are listed in Table 3.

Soft tissue masses centered in muscle (intramuscu-
lar) replace the normal muscle texture signal intensity
on MRI (Fig. 5). These lesions reveal surrounding mus-
cle and typically lack a fat rim unless they involve an en-
tire compartment. Common benign and malignant soft
tissue tumors that arise in the intramuscular space are
listed in Table 3.

Soft tissue masses that arise within or immediately
adjacent to a joint have a relatively limited differential
diagnosis. These lesions are usually benign. Synovial
sarcoma is the most frequent malignancy, although it is
rare to originate in a joint (5%–10% of cases) (Table 3).

Table 1. Enneking staging of sarcomas of soft tissue and bone

Stage Grade Extent Metastasis

IA G1 T1 M0
IB G1 T2 M0
IIA G2 T1 M0
IIB G2 T2 M0
III G1–G2 T1 M1

G1–G2 T2 M1

G histologic grade; surgical grade: G1, low risk of metastasis,
<25%; G2, high risk of metastasis, >25%. Site: T1, intracompart-
mental; T2, extracompartmental. Metastasis: M0, no regional or
distant metastases; M1, regional or distant metastases present
Modified from [9]

Table 2. American joint commission staging protocol for sarcoma
of soft tissue

Stage Histologic Primary Regional Distant 
grade Tumor lymph metastasis 
(G) (T) node (M)

(N)

1A 1 1 0 0
1B 1 2 0 0
IIA 2 1 0 0
IIB 2 2 0 0
IIIA 3–4 1 0 0
IIIB 3–4 2 0 0
IVA 1–4 1–2 1 0
IVB 1–4 1–2 0–1 1

Histologic grade (G): G1 well differentiated; G2 moderately well
differentiated; G3–G4 poorly differentiated, undifferentiated. Pri-
mary tumor (T): T1 tumor 5 cm or less in greatest dimension; T2
tumor more than 5 cm in greatest dimension. Regional lymph
nodes (N): N0 no regional lymph node metastasis; N1 regional
lymph node metastasis. Distant metastasis (M): M0 no distant me-
tastasis; M1 distant metastasis
Modified from [10]
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Intraarticular lesions often diffusely involve the joint, as
seen with PVNS (Fig. 6), synovial chondromatosis and
lipoma arborescens.

The detection of multiple soft tissue masses marked-
ly restricts differential diagnosis. Lipomas are multiple
in 5%–15% of patients [11, 12]. The fibromatosis and
angiomatous lesions are multifocal in up to 20% of pa-
tients[1, 3, 13]. Patients with type 1 neurofibromatosis
[NF 1] invariably reveal multiple neurogenic tumors
and rapid enlargement of a lesion should be viewed as
representing malignant degeneration to MPNST. Myxo-
mas may be multiple in association with fibrous dyspla-
sia (Mazabraud syndrome) [14]. Finally, metastases may
be multifocal, particularly to the subcutaneous tissue
(melanoma and breast) or rarely to muscle (broncho-
genic carcinoma).

Intrinsic Imaging Characteristics

Intrinsic imaging characteristics of soft tissue masses
that frequently suggest the diagnosis include signal in-

tensity as well as the lesion morphology and shape. De-
tection of adipose tissue in a soft tissue mass limits the
differential diagnosis to lipoma (Fig. 7), hibernoma, he-
mangioma and liposarcoma. Markedly low signal inten-
sity on T2-weighted MRI may be related to rapidly flow-
ing blood (arteriovenous hemangioma), calcification
(extraskeletal osteosarcoma), hemosiderin (PVNS or
GCTTS) (Fig. 6) or high collagen content (some cases of
fibromatosis). Soft tissue masses demonstrating high
water content on advanced imaging (CT, MRI or US)
suggests a “cystic” lesion and restricts diagnostic pos-
sibilities to ganglion, bursa, abscess, liquefied hemato-
ma, or myxoid neoplasm (Figs. 2, 5) (myxoma, myxoid
liposarcoma or myxoid MFH).

Lesion shape and internal structure often reveal a
characteristic imaging appearance of soft tissue masses
reflecting the lesions gross morphology and histologic
composition. Soft tissue tumors composed of serpen-
tine channels and spaces invariably represent an angio-
matous lesion. A fusiform shaped mass with entering
and exiting tubular structure is caused by a neurogenic
tumor (Fig. 4).Another characteristic sign of neurogen-
ic neoplasm is the target sign on T2-weighted MRI with
a rim of high signal peripherally and low signal central-
ly. Linear extension along fascial planes or skin (tail
sign) is common in fibromatosis, nodular fasciitis and
dermatofibrosarcoma protuberans (Fig. 3). Soft tissue
neoplasms, both benign and malignant, usually have a
relatively well-defined margin with little surrounding
edema. This is related to the pseudocapsule surround-
ing many soft tissue neoplasms. In fact, prominent ede-
ma about a soft tissue mass (not previously treated with
radiation or chemotherapy) should suggest a reactive or
inflammatory process as opposed to neoplasm.

Patient age must also be considered in determining
the order of differential diagnoses of a soft tissue mass
just as with bone tumors. As an example, a soft tissue
mass composed of a small amount of fat but largely con-
taining tissue with a high water content (myxoid) in a
patient over the age of 20 years almost certainly repre-
sents a myxoid liposarcoma. In marked contradistinc-
tion, the diagnosis of a soft tissue mass with identical
imaging features in a 2-year-old would invariably be a
lipoblastoma. Table 4 shows differential diagnosis in or-
der of decreasing frequency for three age groups: chil-
dren, young adults, and older adults.

Specific Lesions by Imaging

Overall specific diagnosis is possible in 20%–50% of
soft tissue tumors [15–17]. In our opinion, this percent-
age will gradually increase with more experience and
description of specific characteristics, particularly on
MRI, although likely not beyond approximately
70%–80% of soft tissue masses.

Table 3. Soft tissue tumor location

Subcutaneous Angiomatous lesions
Benign fibrous histiocytoma
DFSP (dermatofibrosarcoma protuberans)
Granuloma annulare
Leiomyosarcoma
Lipoma
Lymphoma
MFH (malignant fibrous histiocytoma)
Metastasis (especially melanoma)
Myxoma
Nodular fasciitis
Skin appendage tumor

Intermuscular Liposarcoma (myxoid and higher grade)
Fibromatosis
Ganglion
Leiomyosarcoma
Nodular fasciitis
Neurogenic tumors
Synovial cyst
Synovial sarcoma

Intramuscular Angiomatous lesions
Lipoma
MFH (malignant fibrous histiocytoma) 

Fibrosarcoma
Myxoma
Liposarcoma (well differentiated)
Leiomyosarcoma/rhabdomyosarcoma
Soft tissue Ewing sarcoma/PNET

Intraarticular/ Lipoma arborescens
Juxtaarticular Pigmented villonodular synovitis

Synovial chondromatosis
Giant cell tumor of tendon sheath
Synovial cyst, bursa, ganglion
Synovial hemangioma
Tumoral calcinosis
Synovial sarcoma
Arthropathy
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Lipomatous Lesions

Soft tissue tumors containing significant amounts of fat
are usually easily detected on CT or MRI because of the
intrinsic appearance of these adipose regions is identi-
cal to subcutaneous fat. These lesions include lipoma,
lipoblastoma, hibernoma, liposarcoma and their vari-
ants.

Imaging of lipomas typically reveals a mass with ho-
mogeneous adipose tissue and lesions in or between
muscles are easily differentiated from surrounding tis-
sue (Fig. 7). However, subcutaneous lipomas can be dif-
ficult to detect because of their location in surrounding
adipose tissue with which they have an identical ap-
pearance. Identification of a thin surrounding pseudo-
capsule (low-signal MRI, muscle attenuation on CT) is
necessary to distinguish these lesions from the back-
ground of subcutaneous fat. Nonlipomatous mesenchy-
mal components are occasionally seen in lipomas, typi-
cally as small inconspicuous septa.

Lipoblastomas may be focal or diffusely infiltrative
(lipoblastomatosis) and often reveal a predominantly
fat-containing mass. However, in very young patients,
myxoid components (showing high water content ap-
pearance) often predominate with only small elements
of adipose tissue, simulating liposarcoma by imaging.

Hibernoma, reflective of its pathologic brown fat
composition, shows imaging features similar to but not
identical to fat. These lesions are generally more vascu-
lar than lipomas and can reveal prominent enhance-
ment after intravenous contrast by CT or MRI.

The imaging of liposarcoma varies depending on the
histologic subtype. Well-differentiated liposarcomas
shows extensive areas identical to subcutaneous fat by
CT and MRI. In fact, in some cases differentiation from
lipoma similar to pathologic evaluation can be difficult.
In general, well-differentiated liposarcoma demon-
strates more nonlipomatous components than lipoma,
particularly prominent septa, both in number and
thickness, and in up to 10% of cases mineralization.
Higher-grade liposarcomas (myxoid, round cell and
pleomorphic), reflecting more anaplasia, reveal less ad-
ipose tissue by imaging. However, in our experience, fo-
cal areas of fat (usually <10% of the tumor) are seen in
the vast majority of lesions (90%–95%) by MRI (super-
ior to CT), suggesting the diagnosis. Myxoid liposarco-
mas are typically intermuscular lesions and their high
water content histologically is reflected in much of the
lesion showing a cyst-like appearance. In our experi-
ence, 5%–10% of cases of myxoid liposarcoma may sug-
gest an entirely cystic lesion on CT or T1- and T2-
weighted MRI, although intravenous contrast demon-
strates diffuse or peripheral nodular enhancement and
sonography also reveals evidence of a solid, not a cystic
mass (Fig. 2).

Angiomatous Lesions

Angiomatous lesions include hemangioma, lymphan-
gioma, angiomatosis (and angiomatous syndromes).
Hemangioma is the most common of these lesions, ac-
counting for 7% of all benign soft tissue tumors. It is the
most frequent soft tissue neoplasm in infants and chil-
dren.

Radiographs may reveal characteristic phleboliths,
particularly in cavernous lesions (Fig. 1). However, it is
the detection of serpentine vascular spaces and/or
channels that is distinctive of hemangioma on CT, MRI
or US, and these areas enhance after intravenous con-
trast. Intramuscular hemangiomas are most commonly
evaluated radiologically and frequently reveal associat-
ed fat atrophy of muscle by MRI (superior to CT). In our
experience, one or both of these findings allow diagno-
sis in the vast majority of hemangiomas and obviate bi-
opsy in small lesions with limited symptoms. MRI and
US can also identify areas of low blood flow (high signal
on T2-weighted MRI and low resistance flow on Dop-
pler US) vs high blood flow (flow void in T2-weighted
MRI and high resistance flow on Doppler US). These
features are important to direct treatment options.

Table 4. Soft tissue tumor differential by age (modified from [4, 5])

Child (<16 years)
Benign Malignant
Hemangioma Fibrosarcoma/MFH
Fibromatosis Synovial sarcoma
Fibrous histiocytoma Rhabdomyosarcoma
Granuloma annulare MPNST

Young adult (16–45 years)
Benign Malignant
Ganglion MFH/Fibrosarcoma
Fibrous histiocytoma Liposarcoma
Nodular fasciitis Dermatofibrosarcoma 

protuberans (DFSP)
Neurogenic neoplasm (Neuri- Synovial sarcoma
lemmoma, neurofibroma)
Lipoma MPNST
Hemangioma

Older adult (46 years and up)
Benign Malignant
Ganglion MFH/fibrosarcoma
Lipoma Liposarcoma
Neurogenic neoplasm (neuri- Leiomyosarcoma
lemmoma, neurofibroma)
Fibrous histiocytoma MPNST
Nodular fasciitis DFSP
Myxoma
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Lymphangiomas are usually cavernous lesions that in-
volve the head, neck or axilla in the first two years of life
(50%–90%) [1]. The large unilocular or multilocular cys-
tic spaces are well evaluated by CT, MRI or US. Interest-
ingly 25% of lesions may show high signal on TI- and T2-
weighted MRI related to the fat in the chylous fluid [6].

Angiomatosis and angiomatous syndromes repre-
sent diffuse infiltration of the soft tissues by hemangio-
matous and/or lymphomatous tissue. Lesions are iden-
tical to that already described for solitary lesions but
more extensive. Imaging is important to evaluate for
visceral involvement which is associated with a wors-
ened prognosis.

Neurogenic Tumors

Neurogenic tumors include traumatic and Morton neu-
roma, neurilemmoma (schwannoma), neurofibroma
and MPNST. Advanced imaging features are frequently
characteristic either by location and history (Morton or
traumatic neuroma) or lesion morphology and shape
related to a known nerve distribution. Radiographs, on
the other hand, are either normal or show a nonspecif-
ic soft tissue mass.

Morton neuromas represent perineural fibrosis of
the plantar digital nerve, not a true neoplasm. These le-
sions are painful and occur most commonly between
the heads of the third and fourth or second and third
metatarsals. MRI and US are the best modalities to de-
tect these small soft tissue masses in this relatively spe-
cific location. Interestingly, they are often low signal on
T2-weighting MR images and are usually more conspic-
uous of T1-weighting.

Traumatic neuromas, BPNST and MPNST are all sug-
gested by their fusiform shape caused by the exiting
and/or entering nerve (Fig. 4). MRI is superior to CT
and US to depict this morphology owing to its multipla-
nar capabilities and contrast resolution. Associated
findings include the target sign (CT and MRI), the fas-
cicular sign (small circular regions within the lesion
best on long TR MRI caused by nerve fascicles in the le-
sion), the split fat sign and associated muscle atrophy
distal to the lesion (Fig. 4).

Differentiation of neurilemmoma (nerve eccentric to
mass) from neurofibroma (nerve as an intimate part of
the mass) is often difficult except in lesions of large
nerves. Similarly, distinction of BPNST from MPNST
can be perplexing. Imaging features that suggest
MPNST include size (>5 cm), ill-defined margins, cen-
tral necrosis, rapid growth and increased radionuclide
uptake on gallium scans [6]. In addition, MPNSTs less
frequently demonstrate intrinsic imaging features such
as the target sign, fascicular sign, split-fat sign as com-
pared to BPNSTs, reflecting their more aggressive
growth and higher degree of anaplasia [6].

“Cystic” Masses

Soft tissue masses that can have an imaging appearance
of cysts include synovial cyst, bursal fluid collection,
ganglion, perilabral or meniscal cyst, hematoma, ab-
scess, and myxomatous neoplasms. These lesions can all
have a similar intrinsic appearance on noncontrast CT
on MRI. CT shows low attenuation and MRI reveals low
signal intensity on TI-weighting and very high signal
on T2-weighting. US demonstrates an anechoic lesion
with posterior acoustic enhancement. Clinical history
and lesion location is very helpful in distinguishing
these lesions.

Synovial cysts can occur about any joint, although
the most frequent location is the popliteal region (Bak-
er cyst). Identification of a neck extending toward the
joint, typical location, and intrinsic characteristics usu-
ally allow diagnosis. Popliteal cysts may rupture and
dissect into the calf causing pain. This often results in
hemorrhage and a complex mass as opposed to a fluid
filled noncomplicated Baker cyst. Recognition of the
fusiform shape and prominent surrounding edema
(caused by irritation of surrounding tissue) help distin-
guish these lesions.

Ganglia, unlike synovial cysts, are not lined by syn-
ovium but by fibrous tissue. Similar to synovial cysts,
ganglia may be unilocular of multilocular. These lesions
most frequently affect the wrist (70%) and are usually
small (1–3 cm), intermuscular, adjacent to joints and oc-
casionally intraarticular [3, 6]. US is often the easiest
and least expensive modality to diagnose ganglia. Focal
fluid collections arising from fluid extending through
tears of labra and menisci were formally considered
ganglia. However, currently these lesions are regarded
as perilabral or meniscal cysts.

Liquefied hematoma and abscess formation often
show a thick peripheral wall and clinical history is usu-
ally helpful. The wall of hematoma is often very low sig-
nal on all MR pulse sequences because of hemosiderin
deposition. Abscess walls often reveal higher signal on
T1-weighted MRI and may show linear extensions of a
sinus tract.

Myxomatous neoplasms include myxoma, neurogen-
ic neoplasm, liposarcoma, MFH and extraskeletal chon-
drosarcoma. While these lesions may simulate cysts,
intravenous contrast reveals thick nodular peripheral or
diffuse enhancement of variable degree. In contradis-
tinction, truly cystic masses show thin peripheral and
septal enhancement (Fig. 5). US may also help in that
these lesions do not meet the criteria for a cyst (anecho-
ic with posterior acoustic enhancement) usually show-
ing internal echoes (Fig. 2).
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Other Lesions with Specific Imaging Appearances

Elastofibroma represents a reactive process that can
usually be diagnosed by its specific location of a mass
deep to the scapular tip. It is a common lesion that can
be recognized on 2% of CT chest examinations [3, 6].
Small streaks of fat may be seen on CT and MRI, and le-
sions typically show intermediate signal intensity on all
MR images.

PVNS can be either focal (GCTTS) or diffuse and of-
ten has a characteristic imaging appearance on MRI.
This is related to hemosiderin deposition and resultant
marked low signal intensity on T2-weighted MRI as well
as an intraarticular, bursal or tendon sheath location
(Fig. 6).

Synovial chondromatosis also frequently reveals pa-
thognomonic features with multiple intraarticular, bur-
sal or tenosynovial chondral bodies. Uniform calcifica-
tion of these innumerable fragments is best seen on ra-
diographs or CT and can be difficult to detect by MRI
when small. However, the extent of involvement is well
evaluated on MRI with the nonmineralized chondroid
metaplasia showing very high signal on T2-weighting
because of the high water content of hyaline cartilage.

There are multiple types of fibromatosis that can in-
volve the musculoskeletal system. These lesions are typ-
ically intermuscular and often reveal infiltrative mar-
gins, suggesting a malignant lesion. Imaging findings
that suggest this diagnosis include lesion location (foot,
hand, shoulder, chest, abdominal wall, and paraspinal
locations), linear extension along fascia (fascial-tail
sign), and prominent low signal intensity regions on T2-
weighted MRI (particularly if band-like in appearance).

Nonspecific Soft Tissue Masses

Soft tissue masses with a nonspecific imaging appear-
ance should be assessed for extent and staging. Imaging
features of small size (<5 cm), defined margins, homo-
geneity, and lack of neurovascular encasement suggest a
benign process. In contradistinction, large size (>5 cm),
ill-defined margins, heterogeneity, and neurovascular
or bone involvement suggest a malignant process. How-
ever, in our opinion, differentiation of benign vs malig-
nant cannot be made with enough confidence to alter
the need for biopsy. Benign lesions that can reveal ag-
gressive characteristics simulating malignancy include
hematoma, fibromatosis, reactive lymph nodes, abscess,
and myositis ossificans. Malignant lesions that at times
reveal indolent features simulating benign disease in-
clude synovial sarcoma and myxoid liposarcoma.

Conclusion

In summary, the role of imaging in evaluation of soft
tissue tumors has markedly improved because of the
advent of CT, US, and more recently MRI. Indeed the lat-
ter modality has particularly improved the goal of im-
aging that includes lesion detection, characterization,
and staging. Relatively specific histologic diagnosis can
be made by imaging characteristics in 25%–50% of le-
sions. We believe this will gradually increase over time
with continuing experience. Soft tissue masses that of-
ten reveal pathognomonic imaging appearance include
lipomatous lesions, angiomatous lesions, neurogenic tu-
mors, “cystic” masses, elastofibroma, PVNS, synovial
chondromatosis and the fibromatoses. In imaging eval-
uation of soft tissue tumors with a nonspecific imaging
appearance, lesion extent remains a vital role of radio-
logic assessment but distinction of benign from malig-
nant lesions is fraught with uncertainty. These nonspe-
cific masses require biopsy to direct definitive treat-
ment. Clinical evaluation and treatment of soft tissue
masses must emphasize a team approach incorporating
the combined skills of radiologists, pathologists, and or-
thopedic oncologists with the ultimate goal of improv-
ing patient management and outcome.
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Ductal Carcinoma NOS

The term “ductal” refers to the fact that this type of
breast cancer was thought to originate from ductal epi-
thelium as opposed to lobular carcinoma, which was
thought to start in the lobules. Nowadays, both types of
cancer are believed to originate in the terminal lobular-
ductal unit of the breast gland. Ductal carcinoma now
refers to a malignant epithelial tumour growing in col-
umns without the formation of organoid structures
such as tubular or papillary structures.

The large group of ductal carcinoma NOS has been
subdivided into two groups in some classifications, for
instance, in the one proposed by Linell et al. [3] (Table 3,
Figs. 1, 2). One of the two subgroups is characterized by

Introduction

Close collaboration between radiologists and patholo-
gists is fundamental for the understanding of breast im-
aging, i.e., mammography, ultrasound and MRI. Many
beginners in breast imaging find the histologic classifi-
cations cumbersome. However, the basics are quite sim-
ple and most students will find the increased under-
standing of breast pathology as reflected in imaging
most stimulating.

There are several histologic classifications of breast
cancer. One of the most widely used is the one proposed
by Fisher et al. (Table 1) [1]. The dominating microscop-
ic type in this classification is the infiltrating ductal car-
cinoma NOS (not otherwise specified), which accounts
for about 70% of all breast cancers. About 10% is infil-
trating lobular carcinoma. Medullary and mucinous
carcinoma usually make up about 5% each. Tubular car-
cinoma represents 1%–5%. Other microscopic types are
rare. Fisher’s classification does not include carcinoma
in situ.

The frequency of the various microscopic types may
vary depending on several factors such as the availabil-
ity of medical care, access to modern diagnostic tech-
niques and whether breast cancer screening is prevalent
in the population. This is illustrated by the frequency of
the various histologic types of breast cancer in the invit-
ed and control groups of the Malmö Mammographic
Screening Trial (Table 2) [2]. The main differences are a
greater proportion of tubular carcinoma and ductal car-
cinoma in situ (DCIS) in the screened group.
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Table 1. Microscopic classification of invasive breast carcinoma
according to Fisher et al. 1975 [1]

a. Infiltrating duct carcinoma NOS
b. Lobular carcinoma
c. Medullary carcinoma with lymphoid infiltration
d. Mucinous carcinoma
e. Tubular carcinoma
f. Adenoid-cystic carcinoma
g. Papillary carcinoma
h. Carcinosarcoma
i. Paget’s disease
j. Combinations

Table 2. Incidence of histologic types of breast cancer in the first
round of the Malmö Mammographic Screening Trial

Screened Control group
group (n=116) (n=238)

Invasive carcinoma
Infiltrating ductal NOS 49% 65%
Tubular 22 7
Lobular 10 11
Medullary 1 7
Mucinous 1 2

Noninvasive carcinoma
DCIS 14 5
LCIS 3 3

DCIS ductal carcinoma in situ, LCIS lobular carcinoma in situ
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abundant fibrosis and is also called cancer with produc-
tive fibrosis, scirrhous carcinoma or stellate carcinoma.
In the classification by Linell et al., it is called tubulo-
ductal carcinoma. The general outline is irregular with
spicules extending into the periphery.

The other subgroup of invasive ductal carcinoma has
a different micro- and macroscopic appearance, with
less fibrous stroma and a more circumscribed or knob-
by periphery. The cells are usually large and polymor-
phous. This subtype is called ductal carcinoma of the
comedo type. “Comedo” means worm and refers to the
worm-like structures that sometimes can be seen on the
cut surface representing proliferating cancer cells and
necrotic material, which fill the ducts of the in situ com-
ponent. The necrotic material may undergo dystrophic

Fig. 1. A 64-year-old woman with two differ-
ent morphologic types of ductal carcinoma:
one spiculated and one circumscribed. On
histopathologic examination, the spiculated
tumour was found to be a 1.9-cm ductal in-
vasive carcinoma, the centre of which con-
sisted of hyaline connective tissue with
abundant elastoid, Nottingham grade 2 and
oestrogen receptor-positive. The circum-
scribed tumour was a 1.2-cm invasive duc-
tal carcinoma growing in solid columns
with less stroma and more pronounced nu-
clear atypia and mitoses, corresponding to
Nottingham grade 3. Metastatic growth in
two out of ten axillary lymph nodes

Fig. 2. A Specimen showing a greyish – white tumour with an irreg-
ular, spiculated outline (arrows). Microscopy showed an invasive
ductal carcinoma with abundant fibrosis. B Specimen showing a
more circumscribed tumour with moist, greyish red cut surface.

Microscopic examination showed a ductal carcinoma of the come-
do type. C Specimen showing comedones coming out of the cut
surface (arrows)

Table 3. Classification of breast carcinoma according to Linell et al.
1984 [3]

1. Noninvasive
a. Ductal carcinoma in situ including Paget’s disease of the

nipple
b. Lobular carcinoma in situ

2. Invasive
a. Invasive ductal carcinoma (comedo type)
b. Tubular and tubuloductal carcinoma
c. Invasive lobular carcinoma
d. Mucinous carcinoma
e. Medullary carcinoma with lymphoid stroma infiltration
f. Adenoid-cystic carcinoma
g. Secretory carcinoma
h. Lipid-rich carcinoma
i. Carcinoid
j. Metaplastic carcinoma
k. Others
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calcification, which in the typical case can be seen on
the mammogram as granular calcification with a linear
arrangement (Fig. 6C).

The distinction between tubuloductal carcinoma
and ductal carcinoma of the comedo type is of more
than academic interest. Not only is the radiographic and
microscopic morphology different, but also the biologic
behaviour. It has been demonstrated that the spiculated
type of carcinoma has a higher hormone receptor con-
tent than the carcinoma of the comedo type [4, 5].

Long-term follow-up has demonstrated a better
prognosis for patients with tubuloductal carcinoma
than for patients with ductal carcinoma of the comedo
type, as classified according to Linell et al. [6].

It should be mentioned that a similar subgrouping of
ductal carcinoma NOS was proposed by Foote and
Stewart in their classification from the 1940s [7]. The
WHO classification from 1981 (Table 4) [8] also has a
somewhat similar subgrouping.

From a radiographic point of view, cancer with pro-
ductive fibrosis is characterized by an irregular margin
with spicules of varying length coming out of its pe-
riphery (Fig. 3). There may be a reactive thickening of
the structures between the tumour and the nipple as
well as of the nipple and areola and the skin overlying
the tumour. There is often a process of shrinking, result-
ing in retraction of the nipple or the skin overlying the
tumour. The thickening of these structures may be the
result of reactive fibrosis or oedema only and does not
necessarily imply that the cancer has spread to the skin
or nipple.

One characteristic of scirrhous carcinoma that is
sometimes seen on the mammogram is a relatively
broad radiolucent zone surrounding the tumour

(Fig. 4). This is not to be confused with a so-called halo,
which is a thin radiolucent zone seen around a well-cir-
cumscribed, usually benign tumour. In the specimen

Table 4. Classification of breast carcinoma according to WHO 1981
[8]

1. Noninvasive
a. Intraductal carcinoma
b. Lobular carcinoma in situ

2. Invasive
a. Invasive ductal carcinoma
b. Invasive ductal carcinoma with a predominant intraduc-

tal component
c. Invasive lobular carcinoma
d. Mucinous carcinoma
e. Medullary carcinoma
f. Papillary carcinoma
g. Tubular carcinoma
h. Adenoid-cystic carcinoma
i. Secretory (juvenile) carcinoma
j. Apocrine carcinoma
k. Carcinoma with metaplasia
l. Others

3. Paget’s disease of the nipple

Fig. 2C

Fig. 3. Spiculated, ductal carcinoma with abundant reactive fibrosis
and retraction of the pectoral muscle and the nipple/areolar com-
plex, which is thickened. There was no tumour invasion of nipple
or areola nor of the pectoral muscle
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containing a scirrhous carcinoma, a peculiar zone of
yellow-orange fat is sometimes seen around the tumour.
Furthermore, on palpation this type of tumour is often
larger than its radiographic size would suggest, some-
times to such an extent that it is very difficult to localize
the tumour itself by palpation for appropriate biopsy
needle aspiration of cytological material. In extreme
cases, it may even be difficult to localize the cancer for
surgical biopsy. In addition, the fibrosis within a tumour
of this type may be quite abundant, which is another
reason why it may be difficult to obtain representative
material on needle biopsy of such a tumour.

The radiolucent zone described above, the peritumo-
ral zone of yellow fat and the larger size on palpation
may be interrelated, but the mechanism underlying
these phenomena is not well understood.

On ultrasonography, a spiculated cancer is character-
ized by a so-called echogenic border, which is explained
by the fibrous strands in the periphery of the tumour,
mixed with other tissue components, resulting in a high
reflectivity of the ultrasound beam (Fig. 5). Also, these
tumours are usually hypoechoic in the centre due to a
predominant fibrosis with few other tissue components.

Ductal carcinoma of the comedo type often presents
radiographically as a poorly defined mass and may
therefore be difficult to identify mammographically, es-
pecially if located in fibroglandular tissue (Fig. 6).
Sometimes it may be more circumscribed or multinod-
ular. However, also in such cases commonly there are ar-
eas of indistinctness or projections of the tumour into
the surrounding tissue. Not infrequently, calcifications
are seen in the tumour itself or in the surrounding tis-
sue as an expression of DCIS. The calcifications may be
of the typical comedo type mentioned above or nonspe-
cific, depending on the presence or absence of necrosis
and the growth pattern of the intraductal component
(solid vs cribriform, papillary or mural). If extensive,
the designation “ductal carcinoma with extensive intra-

ductal component” has been used, which has been
shown to imply a higher than average risk of recurrence
after conservative surgery [9]. Because of the relative
paucity of reactive fibrosis in ductal carcinoma of the
comedo type, less reaction is seen in the surrounding
tissue, including skin or nipple retraction.

There are many other interesting differences. One is
the tendency of cancer of the comedo type to grow
within the ducts of the nipple and to occasionally grow
in the dermis of the nipple in the form of Paget’s dis-
ease. On the other hand, when tubuloductal carcinoma
grows in the nipple, it grows between the ducts rather
than within the ducts and is never associated with
Paget’s disease of the nipple. The in situ component ac-

Fig. 4. A Spiculated tumour showing a broad radiolucent zone around the tumour (arrows). B Spiculated carcinoma of the ductal type sur-
rounded by a yellow-orange zone

Fig. 5. Ultrasound examination showing an echogenic border (ar-
rows) surrounding a hypoechoic centre, representing a spiculated
ductal carcinoma
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companying tubuloductal carcinoma is almost always
of cribriform or the papillary type.

Radiographically, Paget’s disease may be seen as a
nonspecific thickening of the nipple and areola, in addi-
tion to signs of invasive or noninvasive disease in the
breast parenchyma. However, in as many as 50% of pa-
tients with Paget’s disease findings may be negative ra-
diographically [10].

In terms of histologic grading [11], the cancer of the
comedo type also tends to be of a higher grade than the
tubuloductal type of carcinoma. It has also been dem-
onstrated by the Nottingham group that spiculated
masses correlate with low histologic grade and absence
of vascular invasion, while poorly defined masses and

comedo-type calcifications correlate with high histo-
logic grade and presence of vascular invasion [12].

Out of the less frequent histologic varieties, medul-
lary carcinoma with lymphocytic infiltration and muci-
nous carcinoma present as circumscribed masses.
(Fig. 7) Actually, medullary carcinoma and carcinoma of
the comedo type may be related [13]. Intracystic carci-
noma also belongs to this group.

On ultrasonography, medullary and mucinous carci-
noma usually present as lobulated, well-circumscribed
hypoechoic lesions with homogeneous internal echo
pattern (Fig. 7). Sometimes posterior enhancement is
seen.

Fig. 6. A Invasive carcinoma of the comedo type
with indistinct margins, almost blending with
the surrounding fibroglandular tissue. B Ductal
carcinoma of the comedo type with more dis-
tinct borders but with areas of indistinctness
and tumour projections into the surrounding
tissue (arrow). C Ductal carcinoma of the come-
do type with extensive intraductal component as
reflected by typical calcifications
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Tubular and Lobular Carcinoma

In addition to tubuloductal carcinoma, there are two
histologic types of carcinoma that present as spiculated
tumours: tubular carcinoma and lobular invasive carci-
noma. The former is characterized by tubule formation
and usually is small at presentation, axillary metastasis
is relatively infrequent and the prognosis is excellent
(Fig. 8). This type of carcinoma has many similarities
with the so-called radial scar, which is a benign lesion,
unrelated to surgical scars. Its aetiology is unclear, as is
its relationship to tubular carcinoma. It is characterized
by stellate configuration with a hyaline centre and re-
tracted ducts and lobules often containing epithelial
proliferations and sometimes DCIS. Radiographically,
most radial scars have an ill-defined, sometimes radio-
lucent centre with long spicules. Many radial scars are

indistinguishable from a small breast cancer (Fig. 9).
Nonspecific calcifications are often seen adjacent to the
lesion, representing epithelial proliferations/DCIS.

Lobular invasive carcinoma shows several gross
morphologic patterns, some of which are very deceptive
from a diagnostic point of view. In a 10-year series of
lobular invasive carcinoma, 53% presented as a spiculat-
ed density that was usually easy to identify [14].

However, in 16% the main radiographic finding was
architectural distortion and in another 11% either a
poorly defined opacity or parenchymal asymmetry
(Fig. 10). Not infrequently, lobular invasive carcinoma
grows in multiple foci, which is reflected in the MR im-
age (Fig. 10D). Furthermore, in 16% the mammogram
was negative. The radiographic changes were frequently
well seen in only one or two of the three standard views.
This is a reflection of the fact that lobular invasive carci-

Fig. 7. A Mammogram showing a well-cir-
cumscribed slightly lobulated tumour. On
microscopy, a medullary carcinoma with
lymphoid infiltration was found. B Ultraso-
nography showing a well-circumscribed
lobulated hypoechoic tumour with a sug-
gestion of echo enhancement posterior to
the tumour. Microscopy showed a medul-
lary carcinoma with lymphoid infiltration
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Fig. 8. A Screening detected, small, spiculat-
ed tumour. Microscopy showed a tubular
carcinoma. B Specimen showing a spicu-
lated tumour characterized by tubular
structures infiltrating into fatty tissue (ar-
rows) and also showing abundant elastoid
tissue (arrowheads)

Fig. 9. A Radial scar simulating breast 
cancer. B Specimen showing a spiculated
tumour simulating breast cancer. On 
microscopy, a radial scar was found �
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noma microscopically often grows in single rows of cells
(so-called Indian files) that infiltrate the breast tissue
without significantly changing the normal architecture.
If there is only scarce reactive fibrosis and no solid
growth of cancer cells, there may be no significant mass
formation and no significant density on mammogra-

phy. Also, on ultrasonography the findings may be sub-
tle in the form of only slight architectural disruption of
the normal anatomy and multiple small shadowing
artefacts. Even on MRI lobular invasive carcinoma may
not be detected or show an enhancement pattern mim-
icking benign lesions.

Fig. 10. A Mammogram showing a large
area of vague architectural distortion 
(arrows) representing a 4-cm multifocal
lobular invasive carcinoma. B A 50-year-
old woman with nonspecific thickening in
the right breast. Mammography shows an
area of an asymmetrical but otherwise
nonspecific density (arrows). Microscopy
showed a 6 by 4-cm invasive lobular car-
cinoma with 18 positive nodes in the axil-
la. C Specimen showing infiltrating single
rows of small cells (so-called Indian files),
typical for lobular invasive carcinoma.
D MR-examination of a 65-year-old wom-
an showing an asymmetrical enhance-
ment pattern with multiple enhancing 
foci in the lateral part of the left breast.
The time–intensity curves of the major
foci did not show a typical malignant pat-
tern. Mammography was difficult to
interpret and an ultrasound examination
was considered negative. On microscopy,
a multifocal invasive and noninvasive lob-
ular carcinoma was found in a 5-cm area
of the left breast



Chapter 7.1 Invasive Breast Cancer 765

Rare Types

Carcinoma with metaplasia usually presents as circum-
scribed tumour. The metaplasia may be of varying
forms, including squamous cells, spindle cells as well as

colloid and osteoid patterns. The osteoid components
may simulate calcifications on the mammogram
(Fig. 11). Other rare types of breast carcinoma have no
special traits on imaging.

Fig. 11. A 72-year-old woman who had been treated for breast can-
cer 10 years prior to the present examination, which shows a new
dense structure that might represent bone formation. B Micro-

scopic section showing metaplastic carcinoma with cartilaginous
and osseous metaplasia

Fig. 12. A Oedema of the breast. Skin thickening and trabecular pat-
tern in the subcutaneous tissue (arrows). Obvious tumour with
malignant characteristics. On microscopy, a ductal carcinoma with
angiolymphatic invasion was found. B Contralateral normal breast

for comparison. The skin line is barely visible and the subcutane-
ous tissue shows homogeneous fat attenuation. C Ultrasonography
showing dilated lymphatic channels (arrowheads) and skin thick-
ening
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Oedema of the Breast

Any highly malignant type of breast cancer may cause
obstruction of the venolymphatic drainage either by
angiolymphatic invasion in the breast and/or extensive
metastatic disease in the axilla. The dominant radio-
graphic findings are skin thickening, a trabecular pat-

tern which is particularly obvious in the subcutaneous
tissue and in addition a generally increased density in
the breast tissue (Fig. 12). On ultrasonography, dilated
lymphatics may be seen in the subcutaneous tissue in
addition to skin thickening and increased echogenicity
in the fatty tissue.

Fig. 12C
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agement, (b) experienced interpretation, (c) double
reading, (d) correlation of histopathological and radio-
logical findings and (e) documentation (sensitivity,
specificity and accuracy).

To focus on the correlation between pathology and
radiology, an interdisciplinary approach is essential in
cases in which small invasive and noninvasive cancers
are impalpable. If clinical signs are lacking, the images
and the histopathological sections need to be correlated
to ensure that a suspicious area is actually removed.
Apart from the double diagnostic assessment in such
cases, both pathologists and radiologists benefit from
the close cooperation required and gain useful insights
into both fields. It would be highly advisable to include
such cooperation in the training of both radiologists
and pathologists.

The following aspects will be discussed: detection of
small invasive cancers, detection of ductal carcinoma in
situ (DCIS), detection of high risk lesions and detection
in high risk patients.

Detection of Small Invasive Cancers

Breast cancers smaller than 10 mm have a 20-year re-
lapse rate of only 14% [2]. Invasive ductal carcinoma,
not otherwise specified (NOS), is the largest group of
malignant breast tumors. It constitutes 65%–80% of
breast malignancies [1]. Mammography reveals a cir-
cumscribed density, mostly with an irregular, or not
well-defined contour (Fig. 1). Sonographically, it corre-
sponds to a hypoechogenic lesion with an irregular
form, poorly outlined contour, acoustic shadowing and
rupture of the surrounding parenchymal structures.
The smaller the size of the mass, the more difficult it is
to perform a contour analysis.

Diagnostic difficulties arise with both well-circum-
scribed and poorly outlined densities (≤15 mm). The di-
agnostic strategy depends on (a) the extent of the de-
sired sensitivity and (b) the cost-effectiveness accepted
by the health care system.

In the United States a benign to malignant ratio of
5–10:1 is accepted. This involves additional noninvasive

Introduction

The early diagnosis of breast cancer is the most impor-
tant and challenging aspect of breast imaging. Early de-
tection means detection in a preclinical detectable
stage, preferably before dissemination. Data from the
Swedish Two-County Study demonstrated that if tu-
mors are diagnosed under 15 mm in diameter, the prob-
ability of axillary involvement is very low. The European
protocol for breast cancer screening recommends that
in organized screening programs the proportion of tu-
mors less than 10 mm should be more than 50%, the
rate of DCIS more than 20%.

The removal of these small invasive and noninvasive
tumors requires two steps: a preoperative assessment
involving exact localization and possibly marking of the
lesion and postoperative specimen radiography to en-
able a precise correlation of the radiological and histo-
pathological findings. This procedure is also mandatory
when preoperative interventional assessment proce-
dures are performed.

In eight randomized trials, mammography proved to
be the most effective modality for detecting clinically
occult breast cancer. The prerequisites of an organized
screening program include (a) effective quality man-

Chapter

Contents

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . 767

Detection of Small Invasive Cancers  . . . . . . . . . . . . . 767

Detection of Ductal Carcinoma in Situ  . . . . . . . . . . . . 775
The Size of the Lesion . . . . . . . . . . . . . . . . . . . . . . 776
Uncommon Features  . . . . . . . . . . . . . . . . . . . . . . 776
Diagnosis and Size Determination of DCIS 

with Stereotactically Guided Vacuum-assisted 
Core-needle Biopsy . . . . . . . . . . . . . . . . . . . . . . 777

Detection of High-Risk Lesions (ADH, ALH, CLIS)  . . . . . 779

Early Detection in High-Risk Patients  . . . . . . . . . . . . 780

Conclusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 784

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 784

7.2Breast Cancer:
Early Detection

Ingrid Schreer, Jutta Lüttges



768 Ingrid Schreer, Jutta Lüttges

and invasive work-up procedures. The risk of overlook-
ing malignancies is minimized at the expense of a high-
er false-positive rate. In contrast, the European protocol
restricts the assessment strategy for reasons of cost-ef-
fectiveness: in the Netherlands and Sweden, screening
mammography is claimed to have a high positive pre-
dictive value (>0.6). High specificity, however, always re-
sults in lower sensitivity. A compromise between these
two positions should be attempted for the benefit of
early detection. The differential diagnosis of small
poorly outlined densities (Figs. 2–5) encompasses nod-
ular fibrosis, sclerosing papilloma, fibroadenoma and
non-high-grade DCIS. Poorly outlined densities, if
small in size, may be visible in only one view.Additional

magnification with spot compression enables detection
in the second view and makes margin definition easier
and more reliable (poorly outlined in both views, dis-
covery of spicules, brush-border appearance) (Fig. 1).
The location must be defined in both views if histologi-
cal information is needed (minimally invasive percut-
aneous core biopsy, vacuum biopsy, open biopsy).

High-resolution ultrasound also permits detection
of a density only visible in one view. Additional infor-
mation can be gained with this cross-sectional imaging
technique, including the contour, form (depth/width ra-
tio), echogenicity, echo texture and secondary phenom-
ena, even for small nodular lesions.

Fig. 1. A Dense breast tissue. In the upper half of the breast (MLO
view) a small spiculated mass is visible mostly because of its spic-
ulated architectural distortion. B Magnification spot compression
discloses the central opacity and the brush-border contour in ad-
dition to the longer spicules. C Core biopsy histology: invasive duc-
tal carcinoma with tubule formation in dense collagenous stroma
also showing invasion of fat tissue (H&E)
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Fig. 2A–D. Differential diagnosis of small poorly outlined densities:
invasive tubular carcinoma. A Small roundish lesion with spiculat-
ed contour, nonpalpable, in 9 o’clock position (cc view) of the right
breast. B The lesion corresponds sonographically to a 3.7¥5.1-mm
hypoechoic lesion, irregular form and hyperechoic border. C Core

cut biopsy, sonographically guided, documentation of the needle
path. D Tubular carcinoma with fingerlike invasion of the sur-
rounding fat and along fibrous septa appearing as spicules in ra-
diography

Fig. 3A, B. Differential diagnosis of small poorly outlined densities: Nodular fibrosis. A Partly well-outlined, partly poorly outlined density
centrally in the right breast. B Nodular sclerosis
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The final diagnosis of a poorly outlined nonpalpable
density after conducting a complete, problem-solving
imaging examination may result in a recommendation
for an open biopsy. During this process of localization,
excision and specimen radiography (or specimen so-
nography), close correlation of pathological and radio-
logical findings is indispensable. The radiologist is in
charge of localizing the density as exactly as possible
(cosmetic aspects, morbidity) on radiographic images
of the specimen with or without magnification, prefer-
ably in two projections to provide additional informa-
tion on size and margins. Particularly if large tissue
samples have been obtained, it may be helpful to mark
the suspicious area for the pathologist with a needle.

The pathologist must have access to the radiograph-
ic images of the specimen so that he can choose the ap-
propriate area to study. He must also assess the distance
between the tumor and the margin of the specimen and
correlate the histopathological information with the im-
aging features. In a final interdisciplinary conference in-
volving the surgeon, the radiologist and the pathologist,
the diagnostic or therapeutic consequences should be
determined.

The assessment of a nonpalpable well-circumscribed
solitary lesion depends upon the individual risk situa-
tion (age, family history, prior breast-conserving thera-
py). The positive predictive value of a noncalcified, sol-
id, nonpalpable mass with round, oval or lobular con-
tour and circumscribed margins not obscured by adja-
cent tissue has been reported to be 1.8% [3]. It should be
emphasized that these studies were based on specific
interpretative criteria and included ultrasound exam-
ination and a comparison with prior mammograms, if
available, before recommending periodic follow-up in-
stead of an immediate biopsy. If a mammographically
well-outlined lesion is palpable but sonographically not
typical of a benign lesion [4] (ellipsoid, well-circum-
scribed, hypoechoic with edge shadowing, echogenic
pseudocapsule) ultrasound-guided core needle biopsy
for histological diagnosis is recommended. The target-
ing of sonographically detected solid lesion under
10 mm is a challenge and needs standardized technique
and the use of high-end equipment by an experienced
radiologist.

The radiologist should be aware of the possibility of
multifocality, multicentricity and associated noninva-

Fig. 4A–D. Differential diagnosis of small poorly outlined densities:
Sclerosing papilloma. A A 5-mm lesion in the inner half of the left
breast (arrows), ventrally another oval poorly outlined density (ar-
rowhead). B On ultrasound a roundish, poorly outlined hypoecho-

ic lesion, suspicious. C The ventrally located lesion corresponded
to a cyst, the second one, also poorly outlined with ultrasound, hy-
poechoic, sonographically suspicious. D Intraductal papilloma
with sclerosis and tubular component
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sive components even in small cancers. In Fig. 8, a tiny
microcalcification cluster close to the thoracic wall,
completely separate from the small centrally located in-
vasive cancer, turned out to be a DCIS. The patient re-
quired a mastectomy.

Very small invasive ductal or lobular carcinomas
with a pronounced desmoplastic component and small
tubular carcinomas display on mammography architec-
tural distortion without a central mass (Fig. 9). There-
fore they are indistinguishable from a radial scar
(Fig. 10). In such cases neither mammography nor
ultrasound is diagnostic. Open biopsy with preopera-
tive localization is the only possibility to accurately dis-
tinguish these lesions. Core-needle biopsy and even vac-
uum-assisted core-needle biopsy are not recommended
because of the risk of a sampling error. Moreover, it is
impossible to accurately assess the extent of such le-
sions.

Asymmetry in a mammogram without palpable le-
sion often corresponds to an island of asymmetric nor-

Fig. 5A, B. Differential diagnosis of small poorly outlined densities:
Invasive ductal carcinoma. A Tiny density (MLO view) to small to
define its contour. B Sonographically hypoechoic 4.3 mm measur-
ing roundish lesion with discrete hyperechoic border. C Invasive
ductal carcinoma (grade 2), 4 mm in diameter

Fig. 6A, B. A Poorly outlined density combined with pleomorphic
microcalcifications. B Ductal carcinoma in situ with adjacent inva-
sive lobular carcinoma (grade 2)
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Fig. 8. A A 45-year-old woman ML mammogram demonstrates an
ill-defined, highly suspicious central mass as well as a small cluster
of pleomorphic microcalcifications close to the thoracic wall. Both
lesions were localized, the density with sonographic guidance, the
microcalcifications stereotactically guided. B High-resolution
ultrasound: ill-defined hypoechoic lesion, posterior shadowing,

highly suspicious. C Core biopsy: invasive ductal carcinoma with
dense stroma and diffuse infiltration of adipose tissue (left). On
the right, dilation of terminal duct segments by solid nests of atyp-
ical ductal cells with slight nuclear pleomorphism and broad,
weakly eosinophilic to clear cytoplasm (biopsy)

Fig. 7. A A 35-year-old woman with a high familial risk, worried
and anxious about the newly detected well-circumscribed, sono-
graphically not distinguishable density in her right breast. B Ster-
eotactically guided core biopsy. C Core specimen histology: trans-

nodular biopsy of a tiny intramammary lymph node with capsule
formation and marginal sinus structure, no atypical cells (left, low
magnification; right, high magnification)

Fig. 9A–E. Differential diagnosis of architectural distortion: A Dis-
crete star-like lesion (cc projection). B With spot compression
magnification the architectural distortion becomes clearly visible
within dense breast tissue. C On ultrasound a very suspicious hy-

poechoic lesion, poorly outlined with posterior acoustic shadow-
ing. D Tubular lesion, radial appearance of the stroma (core biop-
sy). E Tubular carcinoma with lack of myoepithelial cells, immuno-
histochemical staining for actin
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mal breast tissue. On the other hand, it can be a subtle
sign of malignancy, especially if microcalcifications are
visible under magnification spot compression, as was

the case in the patient in Fig. 11. On open biopsy DCIS,
atypical ductal hyperplasia and a radial scar were de-
tected.

Fig. 10A–F. Architectural distortion: radial scars. A Star-like lesion 
without central density in the upper part of the left breast, impal-
pable. B No mammographic abnormality, but on ultrasound a
small hypoechoic lesion with unsharp, partly radiating contour
and posterior shadowing. C Only sonographically detected 5.4¥
4.5-mm hypoechoic lesion in 12 o’clock position of the right

breast. D Tubular lesion, radial appearance of the stroma (core bi-
opsy). E Resection specimen with radial scar (inset immunohisto-
chemistry for actin). F Tubular lesion surrounded by myoepithelial
cells, which are diagnostic of a radial scar, immunohistochemical
staining for actin (arrow)
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Detection of Ductal Carcinoma in Situ

DCIS encompasses a biologically heterogeneous group
of lesions of varying malignant potential. The new WHO
classification (2003) [5] distinguishes two main groups
of precursor lesions of invasive breast cancer: (1) lobular
neoplasia and (2) intraductal epithelial proliferations,
the latter of which includes two subgroups. The usual
ductal hyperplasia has been retained in this group, al-

though it is regarded as a benign lesion and not accept-
ed as a true precursor lesion (an example of an inconsis-
tency in this WHO concept). True precursor lesions are
ductal intraepithelial neoplasias of varying grades [1–3],
with flat epithelial atypia and atypical ductal hyperplasia
bearing the lowest risk and ductal carcinoma in situ,
grade 3, the highest. Despite some inconsistencies, this
new classification forms the basis for diagnosis, treat-
ment and the evaluation of the prognosis.

Fig. 11. A A 39-year-old woman with a focal asymmetry of the left
breast, known for 4 years. The recent mammogram showed in ad-
dition an architectural distortion and a few noncharacteristic mi-
crocalcifications. B Spot compression magnification (ML view): ar-
chitectural distortion within the asymmetric area together with a

few pleomorphic microcalcifications. C Sonographically the region
presented only microcystic parenchyma. D Specimen radiography
detects clearly the radiating structure and microcalcifications
along the localization wire. Histology: low-grade DCIS, ADH and
radial scar
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Since the early 1990s, as the use of screening mam-
mography has increased, both radiologists and patholo-
gists have been confronted with problems concerning
the diagnosis and morphological aspects that deter-
mine the prognosis of these lesions (nuclear grade, ne-
crosis, size of lesion, architecture, cytonuclear grade
and cytoarchitectural differentiation, cell size).

We refer to chapter 7.3 of this book concerning the
typical morphological appearances and a detailed anal-
ysis of the correlation between different types of calcifi-
cations and histological subtypes of DCIS and would
like to concentrate on three selected topics in which
pathological–radiological correlation is especially cru-
cial.

The Size of the Lesion

If DCIS presents with microcalcifications, the radiolo-
gist is responsible for estimating the extent of the lesion
preoperatively. Two orthogonal magnification views
with spot compression are the prerequisite. A signifi-
cant correlation exists between mammographic appear-
ance and histological findings. Tabár published a study
[5] including 198 cases of DCIS with mammographic
abnormalities, 88 of them (44%) cases of DCIS of high
nuclear grade and 110 corresponding to intermediate or
low nuclear grade. The high-grade lesions correlated
with microcalcifications in 85% of cases (75/88) and
with asymmetric densities in only 15% (13/88). The
microcalcifications typically presented as casting type
(95%) or crushed stone-like (47%) calcifications
(Fig. 13A); a few (4%) showed powdery microcalcifica-

tions. This relation changes in the case of intermediate-
and low-grade DCIS types in favor of crushed-stone
(56%) and powdery (32%) calcifications, with a de-
crease in casting type microcalcifications (12%).

In general, the extent of typical ductal microcalcifi-
cations corresponds fairly well with the histological size
of the lesion. Nevertheless, one must bear in mind that
histologically malignant cells can be detected beyond
the mammographically visible area of microcalcifica-
tions. Furthermore, this correlation is not as clear for
cases of well-differentiated DCIS. Roundish clusters of
powdery microcalcifications may be indistinguishable
from the calcifications of a sclerosing adenosis.

Therefore the radiologist’s task is to ascertain the ex-
tent of an excision (specimen radiography in two views
with magnification to visualize the third dimension, to
mark the one focus or multiple foci of calcifications
within the specimen). Both the tissue specimen and the
radiographic image should be sent to the pathologist.
This is necessary for defining the area to be sectioned
and indispensable for determining the size and answer-
ing the question of whether the microcalcifications are
correlated with DCIS. Margin width seems to be the
most reliable prognostic parameter of recurrence, inde-
pendent of morphological determinants and irradia-
tion [6].

Uncommon Features

Asymmetries and masses were mammographic features
of intermediate- and low-grade DCIS in 20% of the Fa-
lun data [5]. Figure 16 shows an example of a mass,

Fig. 12A, B. Area of asymmetric density in combination with struc-
tural asymmetry: vacuum-assisted core-needle biopsy revealed
DCIS in all cores. In open biopsy, a microinvasive ductal carcinoma

was additionally detected (pT1 mic pTis). B Ductal carcinoma in
situ of high-grade malignancy with calcification and microinva-
sion (inset)
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which was invisible within the extremely dense tissue
on mammography, but detectable on ultrasound as a
hypoechoic, not well-outlined focal area. Two further
examples of DCIS are demonstrated in Figs. 11 and 12.

Diagnosis and Size Determination 
of DCIS with Stereotactically Guided 
Vacuum-assisted Core-needle Biopsy

Vacuum-assisted large core biopsy has been shown to
overcome the limitations of automated Tru-Cut core-
needle biopsy for microcalcifications. Because it allows
much larger contiguous specimens and more total tis-
sue volume to be aspirated without additional morbid-

ity, it has become the method of choice for assessing in-
determinate clusters of microcalcifications. If these mi-
crocalcifications consist of an extremely small group, it
can be completely removed by the vacuum-assisted de-
vice (Fig. 14A, B). Core specimen radiography with
magnification and postbiopsy mammography should
confirm that the entire lesion was removed.

The newly developed technique of vacuum-assisted
biopsy is a powerful tool in diagnostic breast pathology.
A relatively large amount of breast tissue can be ob-
tained with this method, revealing the topography of
the breast lesion. When the radiologist and the patholo-
gist exchange information, however, some aspects have
to be considered to optimize the diagnostic results. The
tissue is gathered bit by bit using the circular movement

Fig. 13. A Segmental cluster of typically ductal microcalcifications
(coarse, granular, pleomorphic, linear, branching) associated with
diffusely denser tissue corresponding to high-grade DCIS. B Duc-
tal carcinoma in situ of high-grade malignancy with dilatation of

the ductal lumen and aggregated coarse calcifications. C Cluster of
mostly fine granular, discretely pleomorphic microcalcifications:
DCIS of intermediate grade. D Ductal carcinoma in situ of low-
grade malignancy forming fine granular calcifications
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of the mammotome. Though not necessary, it is highly
recommendable to number the different parts clock-
wise in the order of aspiration during the tissue embed-
ding procedure, to reflect the topographical aspects of
the lesions. It is important that each sample be sec-
tioned and stained on the histological slides. Step sec-
tioning in at least four steps is sufficient and most reli-
able. The radiographic image of the core specimen

should only be submitted with the tissue if microcalcifi-
cations exist, so that the pathologist can estimate
whether the calcifications seen histologically indeed
correlate with the radiographic findings. It should be
emphasized that only a minimum of training is neces-
sary to diagnose microcalcifications accurately in core
specimens.

Fig. 14A–D. Differential diagnosis of BIRADS 4 – microcalcifica-
tions. A Cluster of granular calcification. B Specimen radiography:
complete removal with vacuum biopsy. Histology, papillary hyper-

plasia. C Ductal papillary hyperplasia. D Higher magnification with
microcalcification (arrows)
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Detection of High-Risk Lesions (ADH, ALH, CLIS)

Page and Anderson [7] define DCIS as a combination of
(a) a uniform population of cells, (b) smooth geometric
spaces between cells of micropapillary formations with
even cellular placement and (c) hyperchromatic nuclei.

Atypical ductal hyperplasia (ADH) is defined as a
non-comedo DCIS [8] less than 2 mm in diameter. This
definition, however, is still controversial.

ALH is characterized by changes similar to those in
lobular carcinoma in situ (CLIS), which, however, do not
fulfill all the requirements for a CLIS. ALH can involve
both lobules and ducts.

In a study by Page and Dupont [9, 10], the risk of de-
veloping breast cancer for a women with ADH was high-
est in the first 10 years after a benign breast biopsy (RR,
9.8), and it fell to 3.6 after 10 years. The risk seems to be
influenced by menopause status and family history.

In view of the promising results of two chemopre-
vention studies (NSABP-P1, MORE Study) [11–13],
high-risk lesions diagnosed at such an early stage could
have the option of being treated with chemoprevention.

Classification of proliferative breast lesions appears
difficult and shows high interobserver variability. The
prevalence of ADH in studies in which a biopsy was per-
formed because of a palpable mass is 2%–4%. When
performed because of microcalcifications, it increases
to as much as 12%.

Whereas CLIS will always remain an incidental find-
ing in mammography, ADH typically is combined with
microcalcifications (Figs. 9, 10), but can also produce
densities (Fig. 7).

No pathognomonic type of microcalcification exists
for ADH lesions. With an increasing frequency of core
biopsy for indeterminate microcalcifications, ADH will
be detected more frequently. Automated devices pro-
duce underestimates of 36%–56%, because after more
than five passes with a 14g-Tru-Cut needle, the tissue
acquisition and the volume of tissue can be insufficient
to permit a diagnosis of DCIS. With the vacuum-assist-
ed device, which can excise larger volumes of tissue, this
underestimation of ADH and DCIS can be reduced.
However, the diagnosis of DCIS with early stromal inva-
sion will remain difficult (Fig. 21B).

Fig. 15. A Triangular group of pleomorphic microcalcifications. B
Magnification spot compression detects the pleomorphic particle
form, even some casting-type calcifications are visible. Histology:
fibrocystic disease. C Ectatic duct with fine granular microcalcifi-
cations
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Early Detection in High-Risk Patients

Three options can be offered to women who are at espe-
cially high risk, (a) close surveillance, (b) prophylactic
mastectomy and (c) chemoprevention.

Close surveillance is the most frequently chosen op-
tion. Consequently, diagnostic imaging strategies need
to be developed and above all evaluated under study
protocol conditions. The sensitivity of mammography
may be limited, so that in the German study protocol

(Consortium Hereditary Breast and Ovarian Cancer
sponsored by the German Cancer Aid) regular high-res-
olution ultrasound examination (6-month intervals)
and contrast-enhanced MRI (yearly) are additionally
offered, starting at the age of 25.

If an abnormality is found by any of these imaging
modalities, a complete work-up should be performed,
including minimally invasive percutaneous core biopsy
to detect breast cancer at as early a stage as possible.

Fig. 16. A A 42-year-old woman without palpable findings. MLO
view showing very dense breast tissue, the sonographically visible
mass hidden by the dense parenchyma. B Ultrasound examination
was added to gain further diagnostic information. An overall, ill-
defined hypoechoic lesion with irregular borders was discovered.
Tru-Cut core-needle biopsy revealed DCIS. C Core biopsy histolo-

gy, dilation of several immediate adjacent ducts by mainly solid
nests of ductal epithelium with minor cribriform component,
overall appearance of solid tumor (DCIS). D Resection specimen:
large defect and resulting hemorrhage with minimal remnants of
the lesion
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Fig. 17. A A 90-year-old woman, presenting with palpable mass of
left breast.A poorly outlined density in 1 o’clock position. B On so-
nography the mass corresponds to a 1.72¥1.57-cm hyperechoic

roundish mass, poorly outlined, strong posterior echo enhance-
ment. C Regression of the lesion after 6 months of Tamoxifen treat-
ment
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Fig. 18. A Mediolateral magnification view mammogram: tiny clus-
ter of segmental distributed punctate and fine granular microcal-
cifications.Vacuum-assisted core biopsy was performed with com-

plete removal of the cluster. B Histology: Fibroadenomatoid hyper-
plasia with dense collagenous stroma and calcifications
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Fig. 19. A Multiple, round, not always well-circumscribed densities
of different sizes in the upper half of the breast. B Magnification
mammography (ML): granular, linear, pleomorphic and amorphic
calcifications within the largest of the masses. Vacuum-assisted

core biopsy was performed. C Histology: complex ductular lesion
with papillary ductal epithelial proliferation and coarse ductal cal-
cifications (left, low magnification; right, high magnification)

Fig. 19C, D

Fig. 20. A Mediolateral magnification view of a tiny cluster of
coarse as well as punctate calcifications. Vacuum-assisted core bi-
opsy removed the entire group. B Dilated ducts with papillary epi-

thelial proliferation and various degrees of nuclear atypia. Exten-
sive calcifications. Left, low magnification, right, high magnifica-
tion
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Conclusion

Early detection of breast cancer and histological-radio-
logical correlation are intimately linked together, be-
cause small invasive and noninvasive cancers are typi-
cally nonpalpable. Additionally, borderline lesions exist
that may be difficult to identify histologically within
small tissue samples.

European quality standards recommend that more
than 70% of all nonpalpable cancers should be con-
firmed histologically before definitive surgery. There-
fore guidance with imaging is mandatory for preopera-
tive core-needle or vacuum-assisted biopsy, for preop-
erative localization and specimen radiography. There
are limitations to imaging-guided interventions related
to the size, localization and type of lesion. Consequent-
ly, incorrect target selection, in case of stereotactically
guided intervention, can result in a sampling error. This
can be minimized by strict adherence to standardized
performance protocols including close histological–ra-
diological correlation at each step of the procedure. This
interdisciplinary approach is a fundamental basis of a
multidisciplinary concept for breast cancer centers.
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be correlated with morphological changes representing
malignancies, and this knowledge is essential for fur-
ther specific diagnostic interventions. Stereotaxic and
ultrasound-guided interventions can provide us cells or
tissue material for morphological assessment and these
reports have to be consistent with the imaging diagno-
sis [3, 4].

Spiculated Densities

The most common type of screening-detected breast
cancer is the spiculated lesion, with or without micro-
calcifications. This type of lesions corresponds to 61%
of all screening-detected breast cancers in our screen-
ing experience [5]. Some of the typical imaging charac-
teristics of cancers appearing as spiculated densities
are:
a. Focal density that is higher than surrounding tissue
b. Spicula that are short, fine and concentric
c. Spicula that are seen at the border zone almost

around the entire density
d. Spicula that do not cross the density under consider-

ation

Details such as the increase in density correspond to an
increased number of cells as compared to the surround-
ing tissue and the spicula correspond to the outward
growth of a malignancy from the centre of the density.
These details are shown in Figs. 1–4.

Ultrasound examinations of these tumours will show
a solid lesion where some of the features such as echog-
enicity (hypoechoic or anechoic), contours (irregular
margins), form (depth greater than width) are typical

Introduction

Breast cancer is the most common malignancy that can
affect a woman during her lifetime. In Sweden it com-
prises 27% of all malignancies in women. During the
last 30 years, the detection of breast cancers has shifted
from palpable tumours in symptomatic women to im-
palpable tumours in asymptomatic women. This is
mainly the result of the widespread use of imaging mo-
dalities, particularly mammography in mass screening
programs [1].

Mammography is today the method of choice to
screen healthy asymptomatic women for breast cancer
and the immediate adjunct method is ultrasound tech-
nology. While mammography does detect small impal-
pable breast cancers, it also has the ability to detect ab-
normalities representing minor non-malignant but
pathological changes. In this respect, the interpretation
of imaging findings with correlation to morphological
changes is mandatory to minimize harm and worries
[2]. There are several typical imaging findings that can
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and Morphological Details

Edward Azavedo

Fig. 1. Sketch of a spiculated density that
shows concentric spicula and a sketch
showing two different sizes of one and
the same tumour
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for malignant lesions [6]. This appearance on sonogra-
phy is rather typical for both spiculated densities and
other kinds of invasive malignancies, even though some
malignant tumours may show quite regular margins to
the surrounding tissue.

Some indirect signs of malignancy often seen in con-
junction with solid malignant lesions are pseudoradio-
lucency around a tumour and effects on the skin near a
tumour. The pseudoradiolucency, also called peritumo-
ral corona, is a radiolucent zone around a tumour, and
this is usually seen when fat surrounds a tumour
(Fig. 3). This peritumoral corona is different and should
be distinguished from the halo sign around solid lesions
with sharp margins that represent a benign lesion [7, 8].
Effects on the skin usually comprise skin thickening
with folded and/or retracted skin near a malignant tu-
mour, indicating contraction of tissue surrounding a tu-
mour.

Developing Density

A developing density in a radiolucent area or an in-
creasing density in an already dense background is an-
other common phenomenon that should worry a breast
imager. Transition from a radiolucent to a radiopaque
area or a focal increase in density in an existing dense
area should mean an increased number of cells until the
contrary is proven. Ultrasound can rather easily differ-
entiate a cystic from a non-cystic increase in density. A
developing non-cystic density warrants action to find
an explanation for the increase in density that in many a
case may be a malignancy, even if benign changes such
as fibrosing adenosis could be the correct diagnosis.
Even if a developing non-cystic density lacks spicula, it
is mandatory to assess the finding morphologically ei-
ther with cytology or histology. When using only cytol-
ogy, one must make sure that the needle positioning is

Fig. 2. Spiculated densities in a case of invasive carcinoma that
shows fine, short and concentric spicula 

Fig. 4. Histopathology of an invasive carcinoma, a spiculated den-
sity on a mammogram, showing the outward-growing cancer cells
that represent the fine and short spicula

Fig. 3. Peritumoral corona (pseudoradiolucency)
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right and that the material obtained through fine needle
aspiration (FNA) is adequate enough to make a cytolog-
ical diagnosis. Lobular carcinomas that grow diffusely
in a dense area may pose a challenge to a cytologist,
since the number of epithelial cells obtained could be
minimal due to the abundant fibrous background con-
taining fibroblasts, collagen, etc. In addition, low-grade
lobular carcinomas are often of the small cell type with

very little cell atypia. Histological assessment with core
biopsies could be a good complement or alternative in
such situations. Rather typical lobular carcinomas are
shown in Figs. 5 and 6.

Medullary and Mucinous Carcinomas

Medullary and mucinous carcinomas can show mixed
features but appear as densities. Medullary carcinomas
occur in less than 5% of all cases but are more common
in younger women where the frequency can be up to
11% in women younger than 35 years of age [9]. On
mammography they show up as round or oval uncalci-
fied lesions, often with lobulated margins and homoge-
neous density. Mucinous carcinomas comprise about
4% of all breast cancers and are often seen in the elder-
ly patients [10, 11]. Clinically, they could be soft and ill-
defined but mammographically they are usually seen as
rather well-defined densities.

Radiating Lesions Without a Central Density

In asymptomatic women, one can sometimes find radi-
ating lesions that do not show a central density. These
lesions can be very obvious in certain projections, while
they may look different in other views. They also have
radiating structures that are thicker and longer than the
fine spicula in a spiculated density. Moreover, the thick
and long radiating structures could be parallel, some-
times 2–3 cm long, and may have fatty tissue between
them.Although these lesions might look like an invasive
carcinoma at first sight, they are not palpable even when
the size of the whole area is as big as 2–4 cm (Figs. 7, 8).
These lesions, sometimes called black stars by some au-
thors, usually represent a non-malignant pathological
lesion that is called a radial scar. In our screening expe-
rience, the frequency of these lesions was 0.06%, but
some authors report a much higher frequency [12]. The
generally accepted management of these lesions is sur-
gical excision, because even if the lesion is non-malig-
nant in itself, there are reports that there could be a car-
cinoma associated with these lesions.

Radial scars have different names and are now gener-
ally considered as a variant of sclerosing adenosis [13].
They usually lack secondary signs involving the skin
such as skin thickening and skin retraction.

Topographic and Other Characteristics 
of Breast Cancers

According to the literature and our own experience, we
find that the majority (50%) of breast cancers occur in
the upper outer quadrant, approximately 25% in central

Fig. 5. A developing density in the upper outer quadrant represent-
ing a lobular carcinoma

Fig. 6. Histopathology of a lobular carcinoma
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areas around the nipple and around 5% in the lower in-
ner quadrant [14, 15].

The more irregular the margins of a density are, the
more suspicious it is of malignancy. The same is true the
more lobulated a density is. The intensity of a density
usually appears too high for its size when the density
represents a malignancy.

The size of a lesion is crucial for correct clinical stag-
ing, which in turn is the basis for adequate manage-
ment. In this respect, there could be quite widespread
discrepancies between sizes as evaluated on imaging

modalities and sizes recorded in clinical examinations
and by pathologists. In general, the size of a lesion is not
enough to differentiate a lesion between benign and
malignant. Comparison between mammographic and
ultrasound sizes with clinical examination could show
differences. If and when there is a desmoplastic reaction
around a tumour, then the clinical estimate of the size of
that tumour could be bigger than the mammographic
size. This is also true when a tumour is situated rather
centrally because the surround tissue up to the skin on
both sides of the tumour will probably make it feel
bigger than its actual size in the breast. We can some-
times also see differences in tumour size as seen on a
mammogram and ultrasound. In some cases a desmo-
plastic reaction may increase the mammographic size
as compared to size on an ultrasound image, but it could
also be the contrary when ultrasound can show diffuse
infiltration around a mass, especially in dense breasts.
The size of a tumour as measured on a surgical speci-
men will be the final figure that will form the basis for
classification and management of a case. In an elongat-
ed or an oval tumour, the recorded size of the tumour on
a surgical specimen could vary depending upon how the
tumour was cut, and this may be discriminatory as com-
pared to imaging modalities (Fig. 1). In many a case mi-
croscopic examination will reveal an extensive intra-
ductal component that cannot always be evaluated on
imaging modalities, and therefore the ultimate tumour
size in these cases will be bigger on surgical specimens
than the imaging modalities [16].

In general malignant disease increases with age and
this is true even for breast cancers. Therefore even well-
defined circumscribed densities should be considered
as potentially malignant in postmenopausal women.
Recent trends with increasing use of HRT in peri- and
postmenopausal women can be a challenge to a breast
imager, who may find focal increases in density secon-
dary to the use of HRT [17]. This demands careful anal-
ysis of every single new density that is seen on mammo-
grams of women using HRT.

Recent advances in studies regarding neoangiogene-
sis have shown that malignant tumours do need in-
creased vascularization to feed growth. Histopathology
can show increased vascularity with direct microscopy,
and recent developments in immunohistopathology
have shown that angiogenesis is quite a common factor
seen and associated with malignancy. Some of these
early signs can be seen with our imaging modalities that
can pick-up neoangiogenesis [18].

In conclusion, breast imagers should have a regular
multidisciplinary contact with surgeons, oncologists
and especially pathologists for a better understanding
and characterization of breast tumours.

Fig. 7. A radiating lesion (stellate lesion) representing a radial scar.
Note the thick and long spicula as compared to the fine spicula
around a carcinoma

Fig. 8.Histopathology of a radial scar showing thick fibrous strands



Chapter 7.3 Breast Cancer: Correlations Between Imaging and Morphological Details 789

References

1. Tabar L,Vitak B, Chen HH, Duffy SW,Yen MF, Chiang CF, Kru-
semo UB, Tot T, Smith RA (2000) The Swedish Two-County
Trial twenty years later. Updated mortality results and new in-
sights from long-term follow-up. Radiol Clin North Am 38 :
625–651

2. Tot T, Tabar L, Dean PB (2000) The pressing need for better
histologic-mammographic correlation of too many varia-
tions in normal breast anatomy. Virchows Arch 437 : 338–344

3. Azavedo E, Svane G and Ringertz H (1991) The role of the ra-
diologist in screening for non-palpable breast tumors in Swe-
den. Invest Radiol 26 : 174–178

4. Azavedo E, Svane G and Auer G (1989) Stereotactic fine nee-
dle biopsy in 2594 mammographically detected non-palpable
lesions. Lancet 1 : 1033–1036

5. Azavedo E, Svane G (1991) Radiologic aspects of breast can-
cers detected through a breast cancer screening program. Eur
J Radiol 13 : 88–90

6. Stavros AT, Thickmann D, Rapp CL et al (1995) Solid breast
nodules: use of sonography to determine between benign and
malignant nodules. Radiology 196 : 123–134

7. Wylie E (1993) Malignant disease. In: Tucker AK (ed) Text
book of mammography. Churchill Livingstone, New York,
pp 81–118

8. Gravelle H (1980) Mammography. In: Sutton D (ed) A text-
book of radiology and imaging. Churchill Livingstone, New
York, pp 1396–1410

9. Meyer JE, Amin E, Lindfor KK, Lipman JC, Stomper PC, Gen-
est D (1989) Medullary carcinoma of the breast: mammo-
graphic and ultrasonic appearances. Radiology 170 : 79–82

10. Haagensen CD (1986) Diseases of the breast. WB Saunders,
Philadelphia

11. Page DL, Anderson TJ (1987) Diagnostic histopathology of
the breast. Churchill Livingstone, New York

12. Azavedo E, Svane G (1992) Radial scars detected mammo-
graphically in a breast cancer screening programme. Eur J Ra-
diol 15 : 18–21

13. Tucker AK (1993) Text book of mammography. Churchill Liv-
ingstone, New York

14. Zuckerman HC (1986) The role of mammography in the diag-
nosis of breast cancer. In: Ariel I, Cleary JB (eds) Breast cancer
diagnosis and treatment. McGraw-Hill, New York

15. O’Higgins N (1984) Malignant disease. In: Taylor S, Chisholm
GD, O’Higgins N, Shields R (eds) Surgical management.
Heinemann, London, p 609

16. Holland R, Hendriks JHCL, Verbeek ALM, Mravunac M,
Schuurmans Stekhoven JH (1990) Extent, distribution and
mammographic/histopathologic correlations of breast ductal
carcinoma in situ. Lancet 335 : 519–522

17. Lundström E, Christow A, Kersemaekers W, Svane G, Azavedo
E, Söderqvist G, Mol-Arts M, Barkfeldt J, von Schoultz B
(2002) Effects of Tibolone and continuous combined hor-
mone replacement therapy on mammographic density. Am J
Obstet Genecol 186 : 717–22

18. Gamagami P (1996) Breast cancer angiogenesis. In: Atlas of
mammography: New early signs in breast cancer. Blackwell
Science, Oxford, pp 167–230



A
ABC  673
acinar cell
– cystadenocarcinoma  431
– cystadenoma  431, 440
– mixed acinar-endocrine carcinoma  421
acquired hemolytic anemia
– autoimmune hemolytic anemia  497
– paroxysmal nocturnal hemoglobinuria

497
acute
– bacterial prostatitis  556
– pyogenic cholangitis  520
– scrotum  565
adamantinoma  664
adenocarcinoma
– atypical adenomatous hyperplasia  166
– biliary  527
– bronchioloalveolar carcinoma  167
– carcinoid  171
– CT angiogram sign  168
– hamartomas  173
– large cell carcinoma  171
– pancoast syndrome  170
– pancoast tumor  170
– peripheral solitary pulmonary nodule

167
– small cell carcinoma  170
– squamous cell carcinoma  169
– S-sign of golden  170
adenoma
– adrenal  585
– bile duct  526
– tubular  307, 310
– tubulovillous  307
– villous  307, 309, 310
adenomatoid tumor
– testis  564
adenomyomatous hyperplasia  511
adenomyosis  537
adenopathy
– mycobacterium avium-intracellulare

456
– reactive  126
– suppurative  126
AIDS
– AIDS-related cholangiopathy  524
– dementia complex ADC  13
air trapping  150
ALH
– CLIS  779
– lobular carcinoma in situ (CLIS)  779
AML  602
amyloidosis  493, 494
analgesic hip  695
aneurysmal bone cyst  733, 739
angiomatosis  751

angiomatous syndrome  751
angiomyolipoma (AML)  362, 602
– kidney  573, 602
angiosarcoma  382
– retroperitoneal  633
– of the spleen  486
ankylosing spondylitis  698
annular fissure  711
annulus fibrosus  703, 704
arthritis  681
astroblastoma  50
astrocytoma
– anaplastic astrocytoma  36
– low-grade diffuse  36
ATRT  75
atypical ductal hyperplasia  774
– non-comedo DCIS  779
atypical teratoid  75

B
bacteria
– acid-alcohol-resistant mycobacteria  4
– curved  4
– gram-negative  4
– gram-positive  4
– helical  4
– Neisseria meningitidis  4
– rod-shaped  4
– spirilla  4
– vibriones  4
bacterial
– abscess of the spleen  487
– meningitis
– – subdural effusion  6
Baker cyst  752
Bartonella henselae  492
Batson plexus  715
beak sign  620
Behcet’s syndrome  698, 701
Bence-Jones protein  722
benign
– cyst  185
– multiocular cystic nephroma  602
– neoplasm  27, 273
– – granular cell tumors  228
– – jugular foramen pseudotumors  32
– – leiomyoma  228
– – leiomyomatosis  229
– – papilloma  227
– – papillomatosis  227
– – paraganglioma  32
– ovarian cyst  547
– peripheral nerve sheath tumor (BPNST)

744
– prostate hyperplasia (BPH)  555
bile duct adenoma  356
biliary

– cystadenocarcinoma  385
– cystadenoma  355
– diverticulum  520
– hamartoma (see also von Meyenberg

complex)  354
Birbeck granule  737
blastoma  719
blood vessel tumor
– angiosarcomas  218
– epithelioid haemangioendothelioma

218
– haemangiomas  218
– haemangiopericytoma  218
Bogaert disease  10
bone
– cyst
– – aneurysmal  673
– destruction
– – geographic  667
– – moth-eaten  668
– – moth-eaten (type II)  668
– – pattern of 667
– – permeative (type III)  668
– island  673
– scintigraphy  652, 675
– tumor  
– – clinical details  663
– – conventional osteosarcoma  665
– – juxtacortical chondroma  666
– – periosteal chondroma  666
– – simple bone cyst  665
bowl of fruit sign  620
BPH  555
BPNST  744, 752
branchial cleft cyst  91
breast cancer
– histologic classifications  757
bronchioles  145
bronchiolitis
– obliterans  147
– exudative  157
– tree-in-bud pattern  157

C
calcification  785
calcium pyrophosphate dihydrate (CPPD)

694
Candida albicans  489
carcinoma in situ
– Fisher’s classification  757
caries sicca  684
Caroli disease  516
Castleman’s disease  469, 498, 641
cat-scratch disease  492
central neurocytoma  36
central-dot sign  517
cerebellar liponeurocytoma  78
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cerebellopontine angle  27, 31
– tumor
– – cerebellopontine angle  81
– – ice cream cone  80
– – meningioma  81
– – mushroom appearance  80
– – vestibular schwannoma  79
cerebral atrophy  13
cervical carcinoma
– cervical intraepithelial neoplasia (CIN)

542
– CIN  542
cholangiocarcinoma  527
– arising from preexisting bile duct disea-

ses  382
– developing from benign biliary tumors

382
– intraductal-growing type  381
– mass-forming type  380
– mucin-hypersecreting  381
– periductal-infiltrating type  381
cholangitis  520
choledochal cyst  517
choledochocele  519
cholesterol polyp  513
chondroblastoma  665, 671, 739
– vertebral  740
chondrocalcinosis  695
chondromyxoid fibroma  665
chondrophyte  691
chondrosarcoma  677, 744
– clear cell  740
– extraskeletal  752
– spinal  740
chondrosis  709
chordoid glioma  54
chordoma  664, 719, 731
choroid plexus
– cacrinoma  74, 75
– papilloma  32, 74, 75
– tumor  49
chromophilic cell carcinoma  605
chromophobic renal carcinoma  609
chronic
– meningitides
– – coccidioidomycosis  6
– – cryptococcosis  6
– – myobacterium tuberculosis  6
– – tuberculosis  6
– osteomyelitis  652
– secondary sclerosing cholangitis  520
circumscribed tumor  765
cirrhosis  
– macronodular  400
– micronodular  400
cisternal neoplasm  27, 31
CJD  13
clivus masses  27, 32
cloaca  649
coccidioidomycosis
– coccidioides immitis  7
collecting (Bellini) duct renal carcinoma

610
colonic cancer  307
colonoscopy  310, 336
colorectal carcinoma  307
– classification to Borrmann  316
comet-tail reverberation artifact  512
congenital
– hepatic fibrosis  353
– lesion  91
cortical
– hyperostosis  669
– interruption  657
– thickening  669

CPPD  694, 696, 697
– crystal  697
craniopharyngiomas  30
Cryptococcus neoformans
– chronic meningitis  7
– monoventricular hydrocephalus  7
Creutzfeldt-Jakob disease (CJD)  
– acute disseminated encephalomyelitis

13
– ADEM  13
– cerebellar dysfunction  13
– HIV leucoencephalopathy  14
– Hurst disease  15
– progressive dementia  13
Crohn
– colitis  333
– disease  
– – acute ischaemia  297
– – asymmetrical involvement  294
– – asymmetry  294
– – cast-like tube  293
– – chronic ischaemia  298
– – chronic radiation enteritis  297
– – cobblestoning  294
– – discrete ulcers  294
– – fibrofatty proliferation  294, 296
– – fistulae  293
– – hide-bound appearance  300
– – inflammatory polyps  295
– – intestinal lymphangiectasia  302
– – ischaemic strictures  298
– – longitudinal  294
– – Meckel’s diverticulum  304
– – mesenteric lymph nodes  295
– – microadenopathy  294
– – nonsteroidal anti-inflammatory drug

(NSAID) enteritis  302
– – pseudodiverticula  294, 300
– – systemic sclerosis  300
– – transverse ulceration  294
– – Tropheryma whippelii  301
– – tuberculosis  297
– – Whipple disease  301
crypt abscess  328, 333
CT myelography  713
CT/MR colonography  321
curtain sign  731
cyst  3, 27
– spleen  476
cystic
– arthritides  697
– dystrophy of the duodenal wall
– – autoimmune pancreatitis  430
– – groove pancreatitis  430
– forms of typically solid pancreatic tu-

mor  440
– mesothelioma  453
– pancreatic tumor  430
– RCC  602
– spindle cell tumor  455
cysticercosis
– Taenia solium  3

D
DCIS  767, 775–777
– non-high-grade  768
demyelination  11
dermatofibrosarcoma protuberans (DFSP)

743, 750
dermoid
– plug  547
– tumor  467
developmental lesion
– annular pancreas  254
– choledochocele  256

– diverticula  256
– duplication  255
– ectopic pancreas  258
– intraluminal diverticulum  256
– myoepithelial hamartoma  258
– pancreatic rest  258
DFSP  743
diffuse
– idiopathic skeletal hyperostosis  700
– infiltrative lung disease (DILD)  135
– lesion
– – encephalitis  4
– – meningitis  4
– – meningoencephalitis  4
– lipomatosis
– – angiolipomas  186
– – cysts  186
– – extramedullary hematopoiesis  186
– – lipoblastomas  186
– – teratoma  186
– panbronchiolitis  157
diffusion MRI
– cerebritis  21
– cysts  20
– echinococcosis  20
– echinococcus  20
– Toxoplasma gondii  20
– toxoplasmosis  21
DILD  135
discography  713
DISH (diffuse idiopathic skeletal hypero-

stosis)  700, 701
disk bulging  710
DNT-like tumor  63
dot dash paint brush appearance  684
double contrast
– barium  334, 335
– examination  312
ductal
– adenocarcinoma  410
– – adenosquamous carcinoma  419
– – mucinous noncystic carcinoma  419
– – osteoclast-like giant cell carcinoma

420
– – undifferentiated (anaplastic) carci-

noma  420
– carcinoma
– – comedo type  758
– – in situ (DCIS)  767
– – NOS  757
– – productive fibrosis  758
– – scirrhous carcinoma  758
– – stellate carcinoma  758
– – tubulo-ductal carcinoma  758
duct-penetrating sign  418
duodenum  253
dysplastic
– cerebellar gangliocytoma  77
– nodule  350

E
eburnation  693
echinococciasis of the spleen  490
Echinococcus
– granulosus  476
– multilocularis  490
effervescent gallbladder  510
elastofibroma  753
embedded organ sign  620
emerging CNS neoplasm  62
emphysematous cholecystitis  509, 520
encephalitis
– acute forms  7
– chronic forms  7
– herpes simplex encephalitis  7
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– immune-mediated forms  8
– progressive multifocal encephalitis  7
– reactivation of latent form  7
– subacute sclerosing panencephalitis  7
– teratogenic forms  8
encephalomalacia  10
enchondroma  671, 673
endocrine tumor
– functioning  425
– gastrinoma  426
– glucagonoma  427
– insulinoma  426
– nonfunctioning  425
– somatostatinoma  427
– vipoma  427
– with cystic degeneration  431
– Zollinger-Ellison syndrome  426
endometrial
– carcinoma  540
– polyp  539
endosteal scalloping  654
enteric
– cyst  451
– duplication cyst  450
enthesis  698
eosinophilic granuloma  737
ependymoma  32, 46, 73
epidermal cyst of the testis  563
epididymitis  560, 565
epidural
– abscess  719
– tail sign  731
epithelial lesion
– adenocarcinoma  261
– adenomas  261
– Brunner gland
– – hyperplasia  262
– – lesions  261
– – tumors  261, 263
– Villous adenoma  264
– Villous tumors  261
epithelioid
– angiosarcoma  482
– hemangioendothelioma  384
– hemangioma  482
esophagus  227
Ewing’s sarcoma  654, 665, 677
exophytic
– astrocytoma  30
– brainstem glioma  33
expiratory CT  150
extra-axial neoplasm  27
extraventricular neurocytomas  62
extrinsic allergic alveolitis  160

F
facet joint  707
familial adenomatous polyposis (FAP) 467
fascial-tail sign  750, 753
fascicular sign  752
fatty liver disease  391
Felty syndrome  492
fibroadenoma  768
fibrolamellar carcinoma  374
fibroma (see also fibrous mesothelioma)

364
fibromatosis (see also desmoid tumor)

743, 750, 753
– mesenteric fibromatosis (MF)  467
– retroperitoneal  624
fibrosarcoma 743
– retroperitoneal  624
fibrosing mesenteritis (see also mesenteric

panniculitis)  466
fibrosis  399

– fulminant pulmonary  158
– peribronchiolar  158
fibrous
– cortical defect  673
– dysplasia  665, 673
– histiocytoma  743
– mesothelioma  364
FIGO
– classification  541
– criteria  543
FNH  347
focal
– encephalitis  13
– lesion
– – abscess  4, 16
– – bacterial abscess  17
– – cerebritis  4, 16
– – cysts  4
– – forms  4
– – granuloma  4, 16, 19
– – immature  16
– – mature  16
– nodular hyperplasia (FNH)  347
foramen magnum masses  27
Forestier’s disease  700, 701
four-segment sign  418
fractional abrasion  541
Frantz tumor  423
functional follicular cyst  547
fungal infection of the spleen  489

G
gallbladder
– adenoma  513
– carcinoma
– perforation  520
– salmonella typhi  514
ganglioneuroblastoma
– retroperitoneal  620
ganglioneuroma  591, 634
– retroperitoneal  620
gastrointestinal stromal tumor (GIST)
– adenocarcinoma  278
– adenomas  276
– adenomatous polyps  276
– annular infiltrating lymphoma  284
– annular narrowing   279
– Brunner’s gland adenomas  277
– carcinoid  283
– – syndrome  287
– – tumor  278
– Dumbell leiomyomas  274, 275
– encasement  283
– filling defects  279
– infiltrating adenocarcinomas  279
– inflammatory fibroid polyps  277
– intraluminal  274
– leiomyomas  274
– leiomyosarcoma  278, 287
– lipomas  277
– lymphoma  278
– mediterranean-type lymphoma  283
– mesenteric involvement  284
– mesenteric lymph nodes  283
– myoepithelial hamartoma  277
– myoepithelial hemangioma  277
– neurilemmoma  278
– neurofibromatosis  278
– neurogenic tumors  278
– Peutz-Jeghers hamartomas  277
– Peutz-Jeghers syndrome  277
– polypoid adenocarcinoma  279, 280
– primary lymphoma  282
– primary malignant small intestinal neo-

plasm  278

– sandwich-like configuration  283
– schwannoma  278
– small intestinal leiomyomas  274
– stricture  279
– subserosal  274
– ulcerated lymphoma  281
– ulceration  274, 279
– villous adenomas  276
Gaucher’s disease  493, 494
GCTTS  743, 750, 753
germ cell tumor
– choriocarcinoma  208
– embryonal carcinoma  208
– malignant germ cell tumors  209
– malignant nonseminomatous germ cell

tumors  208
– mature teratomas  207
– seminoma  208
– teratomas  206
– yolk sac tumor  208
germinoma  30
giant cell tumor  738
– of tendon sheath (GCTTS)  743
glioblastoma multiforme  
– giant-cell glioblastoma  42
– gliosarcoma  42
– multifocal glioblastoma  40
– pilocytic astrocytoma  42
– subependymal giant cell astrocytoma

43
gliomatosis cerebri  51
gliosis  11
goitre  192
gout  684
granuloma
– basal cisterns  6
– calcifications  6
– fibrosis  6
– ventricular dilatation  6
ground glass opacity  136

H
haemochromatosis  697
hamartoma of the spleen  481
Haversian canal  649
HCC  367
– early  373
– infiltrative  373
– rupture  374
– scirrhous  377
– sclerosing  377
helminth
– cestodes  4
– echinococcosis  4
– Taenia solium  4
hemangioblastoma  76
– supratentorial  51
hemangioma  743, 744, 751
– arteriovenous  750
– liver  356
– spleen  478
hemangiopericytoma  481
hematoma  753
– liquefied  750, 752
hemispheric brain tumor  35
hemochromatosis  397
hemorrhagic complication
– deoxyhemoglobin  10
– extracellular methemoglobin  10
– hemosiderin  10
– intracellular methemoglobin  10
hepatic cyst  352
hepatocellular
– adenoma  344
– carcinoma (HCC)  367
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– cholangiocarcinoma  374
hereditary nonpolyposis colorectal cancer

(HNPCC)  315
herniation  704
– extrusion  710
– protrusion  710
hibernoma  362, 626, 750, 751
high-resolution computed tomography

(HRCT)  135
Hippel-Lindau disease  601
HIV encephalitis  12
HNPCC  315
hob-nail  577
Hodgkin disease  202
honeycombing  136
HRCT  135
HRT  788
HSE  10
hyaline cartilage  683
hyaline cartilage  690
hydrocele  565
hydrocephalus
– extraventricular  5
– periventricular effusion  5
– ventricular CSF  5
hyperintensity  10
hyperlucent lung  153
hypersensitivity
– pneumonitis  160
hypointensity in T1  10
hypopharynx
– carcinoma
– – of the piriform sinus  97
– – of the posterior pharyngeal wall  100
– cartilage invasion  100
– chondrosarcoma  106
– cricoid cartilage  103
– glottic carcinoma  96
– hypopharyngeal
– – lipoma  107
– – tumors  96
– laryngeal tumors  96
– melanotic melanoma  108
– non-squamous cell neoplasms  106
– paraganglioma  108
– piriform sinus  99
– postcricoid carcinoma  100, 101
– squamous cell carcinoma  96
– subglottic cancers  97

I
idiopathic
– retroperitoneal fibrosis (see also 

Ormond’s disease)  624
– thrombocytopenic purpura  497
impotence  569
incidentaloma  586
Indian file  764
indirect MRI arthrography  688
infantile hemangioendothelioma  359
infection  3, 671
infiltrating lobular carcinoma  757
inflammatory
– arthropathy  687
– bowel disease  326
– condition
– – Crohn’s disease  260
– – duodenitis  258
– – helicobacter pylori  260
– – infection  260
– – primary duodenal tumors  260
– – regional enteritis  260
– – strongyloides stercoralis  260
– – ulcers  259
– – Zollinger-Ellison syndrome  259

– synovitis  691
infrahyoid neck  89
infratentorial extra-axial masses  32
interface  135
internal
– disk disruption  713
– jugular vein  131
interstitial lung disease  158
intracranial primary neoplasm  27
intracystic carcinoma  761
intraductal
– epithelial proliferation  775
– papillary mucinous tumor  431
intrasellar masses  27, 28
– non-neoplastic cysts  28
– pituitary microadenomas  28
intravertebral haemangioma  734
invasive ductal carcinoma  767
involucrum  649
111In-WBC scintigraphy  652
iron-overload disease  493, 494
ischemic cholangiopathy  525

J
jugular foramen  27
juxtaglomerular tumor  583

K
Klippel-Trenaunay-Weber syndrome  478
Krukenberg’s tumor  549

L
Langerhans cell histiocytosis  493, 494
larynx
– carcinoma of the piriform sinus  97
– carcinoma of the posterior pharyngeal

wall  100
– cartilage invasion  100
– chondrosarcoma  106
– cricoid cartilage  103
– glottic carcinoma  96
– hypopharyngeal lipoma  107
– hypopharyngeal tumors  96
– laryngeal tumors  96
– melanotic melanoma  108
– non-squamous cell neoplasms  106
– paraganglioma  108
– piriform sinus  99
– postcricoid carcinoma  100, 101
– squamous cell carcinoma  96
– subglottic cancers  97
LCH  673
leiomyoma  364, 538
– degeneration  537
– retroperitoneal  629
– uterine  535
leiomyosarcoma  743
Leptomeningitides
– retroperitoneal  629
– B streptococcus  4
– Escherichia coli  4
– Haemophilus influenzae  5
– Listeria monocytogenes  4
– Neisseria meningitidis  5
leukemias of the pancreas  429
leukoencephalopathy  13
Lhermitte-Duclos disease  77
ligament
– anterior longitudinal  708
– interspinous  708
– intratransverse  708
– ligamentum flavum  708
– posterior longitudinal  708
– spinal  708
– supraspinous  708

linear pattern  136
lipoblastoma  751
lipoblastomatosis  751
lipoma  362, 473, 750, 751
– arborescens  690, 750
– mesentary-omentum  459
– retroperitoneal  625
lipomatous tumor  186
liposarcoma  743, 752
– mesentary-omentum  459
– myxoid  750, 751
– – MFH  750
– – variant  627, 629
– pleomorphic  627
– – subtype  629
– retroperitoneal  627
– round cell  627
– undifferentiated form  627
littoral cell angioma  483
lobular
– carcinoma  787
– invasive carcinoma  762
– neoplasia  775
Lodwick’s seminal work  667
lung
– cancer  165
– density  137
– infiltration  135
lymphangioma  364, 448, 751
– of the pancreas  440
– of the spleen  480
– retroperitoneal  632
lymphatic tumor
– benign fibrous tumors  221
– capillary lymphangioma  219
– cavernous lymphangioma  219
– cystic hygromas  219
– cystic lymphangiomas  219
lymphoepithelial cyst of the pancreas  

441
lymphoma  58, 202, 722
– of the pancreas  429
– omentum-mesentary  465
– primary bile duct  530
– spleen  483
lymphoproliferative disorder
– chordomas  30
– eosinophilic granuloma  30

M
Mycobacterium
– avium-intracellulare  458
– tuberculosis hominis  458
macroaneurysm  363
macroregenerative nodule (MRN)  350
malignant
– fibrohistiocytoma (MFH)  624
– retroperitoneal  620
– mesothelioma
– – biphasic or mixed  462
– – carcinomatous  462
– – omentum-mesentary  462
– – peritoneal  462
– – pleural metastases  178
– – sarcomatous  462
– neoplasm  27, 32
– – adenocarcinoma  234
– – Barrett esophagus  234
– – carcinosarcoma  234
– – esophageal lymphoma  231
– – hematogenous metastases  230
– – Kaposi sarcoma  230
– – leiomyosarcoma  235
– – lymphoma  230
– – primary malignant melanoma  235
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– – salivary gland tumors  235
– – small cell carcinoma  235
– – spindle cell carcinoma  234
– – squamous cell carcinoma  230
– omentum-mesentary  463
– peripheral nerve sheath tumor 

(MPNST)  743, 744
mature teratoma (dermoid cyst) 

of the pancreas  440
Mazabraud syndrome  750
mediastinal
– mass  185, 186
– pancreatic pseudocyst  187
mediastinum testis  560
medullary
– carcinoma  757, 761, 787
– infarction  671
medulloblastoma  69
MEN  589
meningioangiomatosis  64
meningioma  27
mesenchymal
– hamartoma  361
– tumor  584
– – lipomas  217
– – lipomatous  217
– – liposarcomas  217
mesenteric
– panniculitis  466
– cystic mass  448
– cyst
– – histologic classification  448
mesoblastic nephroma  581
mesothelial cyst  451
metaiodobenzylguanidine (MIBG)  590
metastases  27, 60, 724
– bile duct  527
– of the pancreas  429
– omentum-mesentary  465
– osteoblastic  728
– spleen  486
MFH  743, 752
– myxoid  625
– pleomorphic  624
MIBG  590
microcalcification  774
microglial proliferation
– high-T2-intensity  11
microorganism  3
Milwaukee shoulder  695
mixed gliomas  46
modic  712
mosaic pattern  151
MPNST  743, 744, 750, 752
MRN  350
MS
– CMV  16
– cytomegalovirus (see also CMV)  16
– rubeolla virus  16
– viral infections  16
99mTc-HMDP(hydromethylene 

diphosphonate)  652
99mTc-MDP (methylene diphosphonate)

652, 722, 728
mucinous
– carcinoma  757, 761, 787
– cystic tumor  431
– non-neoplastic cyst of the pancreas  441
– tumor
– – intraductal papillary-mucinous 

tumor  434, 436
– – mucinous cystic tumor  434
Müllerian duct cyst  554
multicentric reticulohistiocytosis  684
multilocular cystic nephroma  576

multiple
– hepatocellular adenoma  345
– hepatocellular adenomatosis  345
– myeloma  722
– sclerosis  16
mycetes/fungi
– Aspergillus  4
– Candida  4
– Coccidioides  4
– Cryptococcus  4
– Histoplasma  4
mycoplasma pneumoniae
– haemophilus influenzae  153
– interstitial fibrosis  155
– legionella pneumophila  153
– MAI  154
– mycobacterium avium intracellulare

154
– nocardia  153
– nocardia asteroides  153
– pseudomonas aeruginosa  153
myelofibrosis  498
myelogenous leukemia  498
myelolipoma  362, 590
myeloma  719
myositis ossificans  744, 753
myxoid
– stroma  620
– retroperitoneal liposarcoma  620
myxoma  752

N
NAFLD  392
NASH  392
nasopharyngeal carcinoma  27
necrotizing hemorrhagic 

meningoencephalitis  10
neoplasm  69
– benign soft tissue  178
– chest wall  178
– chondrosarcoma  181
– incomplete border sign  178
– lipomas  178
– multiple myeloma  181
– neurogenic  180
neoplastic disease
– advanced carcinomas  238
– benign gastric ulcers  247
– Borrmann type II–IV  239
– carcinoid  244
– early carcinoma  238
– gastric
– – adenocarcinoma  239
– – carcinoid  244
– – carcinoma  237
– – lymphoma  240
– gastrointestinal stromal tumor  242
– H. pylori  238
– – gastritis  246
– – infection  246
– hyperplastic polyps  246
– KIT (CD117)  242, 243
– linitis plastica  238
– low-grade mucosal-associated 

lymphoid tissue (MALT)  241
– malignant ulcers  247
– mesenchymal neoplasm  246
– metastasis  246
– peptic ulcer disease  246
– polypoid masses (Borrmann type I)

239
– ulceration  239
neural tumor
– retroperitoneal  634
neurilemmoma  752

neuroblastoma  634
neuroectodermal tumor  178
neurofibroma  752
– omentum-mesentary  461
– plexiform  636
– retroperitoneal  620
neurogenic neoplasm  743, 752
neurogenic tumor  185
– cystic schwannoma  213
– ganglion cell tumors  215
– ganglioneuroma  215
– lipomas  118
– lipomatous tumors  118
– malignant peripheral nerve sheath 

tumors (MPNST)  211
– MPNST  211, 214
– neurofibromas  115
– neurofibromatosis  115
– neurogenic sarcoma  118
– paraganglioma  118, 216
– schwannomas  115, 211
– solitary neurofibromas  211
neuroma
– Morton neuroma  752
– traumatic  752
neuronal/mixed neural-glial tumor
– central neurocytoma  56
– cerebral neuroblastoma  56
– desmoplastic infantile ganglioglioma

54
– dysembryoplastic neuroepithelial tumor

56
– gangliocytoma  54
– ganglioglioma  54
– supratentorial primitive 

neuroectodermal tumor  58
neuron-specific enolase (see also NSE)

636
neurotoxin  13
Niemann-Pick disease  493, 494
nodal masses
– central nodal necrosis  111
– cervical lymph nodes  109
– extranodal tumor spread  111
– fatty hilar metaplasia  111
– lymphoma  114
nodular
– fasciitis  743, 750
– fibrosis  768
– pattern  136
– regenerative hyperplasia  349
nodule
– dysplastic  401, 40, 405
– malignant hepatocellular  401
– regeneration  401, 404, 405
nonepithelial tumor of the pancreas  428
Non-Hodgkin lymphoma
– lymphoblastic lymphoma  204
– primary large B-cell lymphoma  204
non-neoplastic condition
– CT enterolysis  291
– MR enterolysis  291
– of thymus
– – ACTH  201
– – Cushing syndrome  201
– – somatostatin  201
– – thymolipoma  201
– – Wermer syndrome  201
non-neoplastic tumor
– duplication cysts  227
– fibrovascular polyp  227
non-nodal masses
– lipomas  114
– neurogenic tumors  114
– paragangliomas  114
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non-ossifying fibroma  665
non-pancreatic pseudocyst  452
non-polypoid colorectal cancer  327
non-specific spindle cell sarcoma  743
NSE  636
nucleus
– cleft  712
– pulposus  703, 704

O
obliterative bronchiolitis
– post-transplant  156
oligodendroglioma  44  
omental
– cyst
– – histologic classification  448
– cystic mass  448
oncocytoma, renal  578
orchitis, granulomatous  566
Ormond’s disease  624
osteoblastoma  671, 733
osteochondrosis  709
osteofibrous dysplasia  664
osteoid osteoma  654, 671, 731
– acute osteomyelitis  673
osteomyelitis
– active chronic  656
– acute  648
– acute haematogenous  648
– chronic stages  648, 654
– diabetic foot  656
– inactive chronic  656
– postoperative infection  656
– postsurgical  647
– subacute  648, 654
osteophyte  692
osteosarcoma  677, 744
– extraskeletal  639, 750
– telangiectatic  673
ovarian
– carcinoma  548
– fibroma  536

P
Paget’s disease  728, 760
PAN  492
pancreatic tumor
– classification  409, 410
pancreatoblastoma  421
panencephalitis  
– spongiform encephalopathy  11
pannus  683, 684, 688
PAO (pustular arthrosteitis)  701
papilla
– of Vater  519
– endocrine tumors  267
– periampullary cancer  266
papillary
– glioneural tumor  62
– renal carcinoma  605
papillomatosis, biliary  526
paraganglioma  637
parasellar region  27
parasellar masses  27
– schwannomas  29
paraspinal abscess  715
parathyroid mass  
– ectopic parathyroid gland  193
– mediastinal parathyroid tumor  193
– thymus  193
– thyroid mass  192
pattern recognition
– airspace consolidation  138
– alveolar proteinosis  140
– BOOP  140

– bronchiolitis obliterans with organizing
pneumonia (BOOP)  140

– chronic obstructive lung disease
(COPD)  142

– chronic thromboembolic disease  143
– COPD  142
– dependent ground glass  138
– eosinophilic pneumonia  140
– fibrosing alveolitis  140
– histiocytosis X  140
– honeycomb pattern  140
– micronodular pattern  138
– physiologic variations  138
– pitfalls  137
– postcapillary pulmonary hypertension

143
– pulmonary edema  143
– radiation pneumonitis  140
– sarcoidosis  140
– silicosis  140
pediatric neoplasm  69
PEFR  152
peliosis of the spleen  501
pelvic inflammatory disease  546
penile
– fracture  569
– urethral cancer  569
penumbra sign  654
periosteal
– desmoid  673
– reaction
– – combined/complex  670
– – continuous  668
– – discontinuous  668
– – discontinuous  669
– – divergent spiculated  670
– – interrupted  669
– – interrupted and complex  668
– – lamellated  669
– – onion-skin  669
– – single lamellar  669
– – spiculated  669
– – sunburst  670
periostitis  652
peripheral primitive neuroectodermal 

tumor (PPNT)  639
peritoneal carcinomatosis  465
peritumoral corona  786
pertechnetate scan  687
phantom organ sign  620
pheochromocytoma  588
pigmented villonodular synovitis (PVNS)

685, 743
pilocytic astrocytoma  71
pituitary adenoma  27
plasmacytoma  722
pleomorphic xanthoastrocytoma  36, 43
pleura
– localized fibrous tumor  174
– neoplasms  174
PML  10, 12
– leukoencephalopathy
– – axial spin-echo T1/T2-weighted  12
PNET  36
pneumocystis carinii  491
polyarteritis nodosa (PAN)  492
polycystic liver disease  353
polycythemia vera  497
polyp
– hamartomatous  307, 313
– hyperplastic  307
– inflammatory  307, 313
– – fibroid  315
– metaplastic  307
– neoplastic (adenomatous)  307

– non-neoplastic  307
– postinflammatory  313
– pseudopolyps  313
– unclassified  307
– unclassified  313
polypectomy  
– fiberoptic endoscopy  312
– ridged endoscope  312
polyposis syndrome  315
– metachronous  308
– synchronous adenomas  308
popliteal cyst  752
porcelain gallbladder  514
posterior fossa neoplasm  69
PPNT  639
primary cyst  191
– bronchogenic cysts  187
– oesophageal duplication cysts  190
– pericardial cysts  190
– thoracic duct  191
– thymic cysts  191
primary lymphoma of the liver  386
primitive
– neuroectodermal tumor (PNET)  36
– retroperitoneal synovial sarcoma  640
prion  13
progressive multifocal leukoencephalopa-

thy (PML)  10
prominent feeding artery sign  620
prostate  553
– adenocarcinoma  556
prostatic abscess  556
proton
– density
– – diffusion weighted images (DWI)  10
– – FLAIR  10
– – sequences  10
– – T2 w.i. 10
– MR spectroscopy (1H MRS)
– – anaplastic astrocytoma  64
– – astrocytic tumors  64
– – glioblastoma  64
protozoa
– Entamoeba  4
– Toxoplasma gondii  4
– Trypanosoma  4
protrusio acetabuli  694
PSA  701
pseudocyst  7
– of the pancreas  441
pseudogout  695
pseudoinflammation  719
pseudomyxoma peritonei  456
pulmonary metastasis  174
pustular arthrosteitis  701
PVNS  685, 743, 750, 753
pyosalpinx  546
pyrophosphate arthropathy  697

R
RA  492, 681
radial scar  774
rapidly destructive osteoarthritis  695
recurrent pyogenic cholangitis  523
Reed-Sternberg giant cell  723
Reiter’s syndrome  698, 701
renal
– adenoma  613
– cell carcinoma
– – clear cell subtype  596
– oncocytoma  613
respiratory bronchiolitis
– centrilobular nodules  160
– interstitial lung disease  158
respiratory flow rate (PEFR)  
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– post-viral obliterative bronchiolitis  152
retrolisthesis  707, 709
rhabdoid tumor  75
rhabdomyosarcoma
– retroperitoneal  632
rheumatoid arthritis (RA)  492, 681
Rickettsiae pathogen  4
Rokitansky nodule  547
Romanus lesion  698
rotator cuff 701

S
SAPHO (synovitis, acne, pustulosis 

and osteitis)  701
sarcoidosis  161
– of the spleen  495
sarcomatoid RCC  612
Schmorl’s node  705
schwannoma  27, 636, 752
– of the pancreas  440
– omentum-mesentary  461
– retroperitoneal  620
sclerosing papilloma  768
secondary sclerosing cholangitis  523  
sella region  27
seminal vesicle  553
septic
– arthritis  656, 658, 691
– thrombosis  131
sequestrum  649, 716
seronegative arthritides
– particular psoriasis (PSA)  689
– Reiter’s syndrome  689
serous cystadenoma  
– macrocystic  433
– microcystic variant  433
serous microcystic  431
Sharpey’s fiber  674, 698
sickle cell disease  496
simple testicular cyst  564
SLE  492
small airways disease  136, 145
– cryptogenic obliterative bronchiolitis

152
small foci  673
small intestine
– CT enteroclysis  291
– MR enterolysis  291
– primary tumors  273
soft tissue infection
– cellulitis  127
– fasciitis  127
– myositis  127
– necrotizing fasciitis  127
– tuberculous lymphadenitis  128
solid-pseudopapillary tumor  423, 439
– with cystic degeneration  431
speckled enhancement  620
spermatocele  565
sphincter of Oddi  518
– dysfunction  519
spiculated lesion  785
spinal stenosis  707
spindle cell tumor
– omentum-mesentary  464
Spirochetes differ
– Borrelia  4
– Treponema  4
splenic
– arteriovenous fistula  499
– artery aneurysm  499
– infarction  501
– vein thrombosis  498
splenosis  469
spondylitis  

– acute  715
– chronic  715
– granulomatous  715
– parasitic  719
– pyogenic  715
– tuberculous  719
spondylodiskitis  715, 716
SSPE  10
Staphylococcus
– aureus  647, 658, 715
– epidermidis  647
stomach  237
stress fracture  671
subacute sclerosing panencephalitis

(SSPE)  10
subchondral cyst  691
subependymoma  47, 78
subepithelial lesion
– gastrointestinal stromal tumors (GIST)

268
– GIST  268
– lipoma  269
– lymphoma  270
– secondary tumors  271
– stromal tumors  268
suprasellar masses  27
– arachnoid cyst  29
– craniopharyngiomas  28
– dermoid cyst  29
– epidermoid inclusion  29
– lymphoma  29
– meningioma  28
– metastases  28
– Rathke cleft cyst  29
supratentorial  27
synovial chondromatosis  685, 690, 744,

750, 753
synovial sarcoma  743, 744
synovitis  688
synovium  681
systemic
– lupus erythematosus (SLE)  492
– sclerosis  155

T
Taenia Solium Cysticercosis
– hemorrhagic abscesses  22
– toxoplasmosis  22
target sign  620, 752
technetium-labelled methylene diphos-

phonate (99mTc-MDP)  722
temporal bone tumor  27
teratoma
testicular cancer  
– mesentary-omentum  452
– nonseminomatous tumors  562
– seminomas  562
– testicular intraepithelial neoplasis (TIN)

562
– TIN  562
thalassemia  496
thymic
– lymphoid (follicular) hyperplasia  202
– mass  
– – diffuse enlargement  200
– – follicular thymic hyperplasia  197
– – invasive thymomas  197
– – thymic carcinomas  200
– – thymic lymphoid follicular hyper-

plasia  200
– – thymoma  194
– – thymus  200
thymoma  185
thyroglossal duct cyst  92
thyroid nodule

– adenomas  121
– anaplastic carcinoma  122
– follicular carcinoma  121
– medullary carcinoma  122
– MEN (see also multiple endocrine 

neoplasia)  124
– multinodular  121
– multiple endocrine neoplasia  124
– papillary carcinoma  121
– thyroid cancer  121
trauma
– spleen  501
– testis  568
true thymic hyperplasia  202
tuberculoma  7
tuberculosis  457
– of the spleen  490
tuberculous adenitis  127
tubo-ovarian abscess  547
tubular carcinoma  757, 762
tubulopapillary adenoma  607
tumor osteoid
– cloud to ivory-like  670
– solid (sharp-edged)  670
tumor-like lesion  27
tunica albuginea  569
TURP  556

U
ulcerative colitis  328
utricular  554

V
vacuum-assisted biopsy  777
vacuum-phenomenon  705, 710
vanilmandelic acid (VMA)  636
vascular malformation
– cystic hygroma  95
– lymphangiomas  94
Verner-Morrison syndrome  591
viral
– encephalitis
– – encephalomalacia  9
– – necrosis  9
– meningitides  6
virtual colonoscopy  321–324
virus
– DNA forms  4
– herpes simplex  4
– RNA forms  4
VLAP  556
VMA  589, 636
Volkmann canal  649
von Meyenberg complex  354
von Recklinghausen’s disease  636
V-shaped reverberation artifact  512

W
water-lily sign  491
WDHA  591
Wegener’s granulomatosis  492
whorled appearance  620
Wilson’s disease  697

X
xanthogranulomatous cholecystitis  510
xanthomata  684

Z
Zollinger-Ellison syndrome
– emphysematous gastritis  250
– gastrinomas  248
– Ménétier disease  249
– MEN-I syndrome  248
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