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The practicing radiologist is continually challenged to update his/her competencies so
as to deliver state-of-the-art radiological care. Nowhere is this truer than in the rapidly
evolving world of magnetic resonance imaging, where innovations in both technology
and diagnostic pharmaceuticals have dramatically altered the landscape of practice.
MR imaging plays an important role in the management of patients with liver disease,
permitting not only the detection of benign and malignant hepatic masses but also the
characterization of focal and diffuse liver lesions in a single non-invasive examination.
The excellent soft tissue contrast achievable on MR imaging permits accurate assess-
ment of both the full extent of tumor infiltration and of the relationship of tumors to ad-
jacent vascular structures. This information is vital for decisions as to the appropriate
course of treatment for a given patient.With this in mind, this book is aimed at assisting
busy radiologists to incorporate the experience of experts in MR imaging of the liver in-
to their daily practice. The contributors to this book are highly acclaimed radiologists
with extensive personal experience in abdominal imaging in general and liver MR im-
aging in particular. The product of their efforts is a book that comprehensively reviews
the many diseases that affect the liver, and describes in detail the typical enhancement
features of these diseases on MR imaging. Because a number of very different MR con-
trast agents are now available for use in MR imaging of the liver, a feature of this book is
the comparative enhancement behavior of lesions on post-contrast imaging after ad-
ministration of these agents. For completion, comparison is also made with the typical
enhancement behavior of lesions on alternative diagnostic imaging modalities, namely
ultrasound and computed tomography.

This second edition of “MRI of the Liver” is a revised and extensively updated ver-
sion of the first edition published in 2003. The chapters included in the first edition
have been enriched with the most recent information available in the literature, and by
the inclusion of many additional images; the opportunity to directly observe the char-
acteristic features of the lesions under discussion represents a very efficient learning
tool for practicing radiologists.

Additional chapters included in the second edition are dedicated to MR imaging of
hepatic pseudolesions (Chapter 5), MR imaging of the biliary tree and gallbladder
(Chapter 7), MR imaging of the liver in pediatric patients (Chapter 10) and MR angiog-
raphy in liver disease (Chapter 12). Finally, an entire chapter is dedicated to comparing
the available contrast agents for imaging of specific liver lesions (Chapter 8).

Much of the additional information available in this edition highlights the potential
of MR imaging to be a “one-stop shop” procedure for the comprehensive evaluation of
the liver, hepatic vasculature, and biliary tract. This information is essential in transplant
patients and can also contribute to reducing overall health-care costs by reducing the
number of imaging studies and avoiding unnecessary surgery.

The editors owe a debt of gratitude to the contributors to this book for sharing their
extensive knowledge with the wider radiology community. We are also grateful to Brac-
co for supporting this educational endeavor. Indeed, this kind of academic-industrial
partnership is what helps us provide the best care for our patients. We hope readers find
the contents of this book beneficial, and we welcome feedback on how we might contin-
ue to facilitate the transfer of essential knowledge in the radiological community.

November, 2005 Sanjay Saini, M.D.
Atlanta, USA

Preface to the Second Edition



It is with pleasure that I am writing the foreword for this textbook entitled “MRI of the
Liver: Imaging Techniques, Contrast Enhancement, Differential Diagnosis” by Drs.
Schneider, Grazioli and Saini.

If the liver has become the key organ to image in the abdomen, magnetic resonance
(MR) imaging has become an indispensable modality for its evaluation. The absence of
ionizing radiation, unparalleled soft tissue contrast, inherent multiplanar capability and
high temporal resolution in dynamic gadolinium-enhanced imaging are major advan-
tages over other imaging techniques. Furthermore, the introduction of contrast agents
with liver specific properties has increased the usefulness of MRI for the detection and
characterization of liver lesions.

This book fills a void in the current literature, giving radiologists and other physicians
(primarily hepatologists and liver surgeons) interested in liver diseases the opportunity
to have an up-to-date, single source of knowledge on MRI applied to the liver. This book
is a combination of a manual, a reference textbook and an atlas. The first chapter con-
stitutes a manual of liver MRI including modern imaging techniques and sequences. By
including common imaging protocols tailored for the main manufacturers, it offers to
practicing radiologists cookbook recipes to obtain superb liver MRI studies like the
ones obtained by experts such as the authors. Current approaches to MRI of the liver us-
ing phased-array multicoils, enhanced gradients and motion reduction techniques allow
us to have images with superb contrast resolution and acceptable spatial and temporal
resolution. In chapter two, the authors cover the contrast administration strategy for
MRI of the liver, detailing the use of both extracellular and liver specific contrast agents.
The reasoning for the intravenous administration of extracellular gadolinium contrast
agents as a useful adjunct in liver MRI is discussed. The increase in differences in signal
intensity between normal hepatic parenchyma and hypo- or hypervascular neoplastic
tissues is discussed, as are the specific enhancement patterns observed in different phas-
es of perfusion following gadolinium administration. In addition, the rationale for using
liver specific MR contrast agents is presented, with examples given for both manganese
and iron oxide-based agents.

Chapter three presents a detailed overview of the histological classification of focal
and diffuse liver pathologies, focusing on the essential needs of radiologists. In addition,
possible classifications of focal liver lesions are presented based on their appearance on
both unenhanced and contrast-enhanced MRI. Specifically, flow charts and tables for the
differential diagnoses of liver lesions are presented, thereby consolidating in a single
source the charts and tables found in a multiplicity of books and articles on abdominal
and hepatobiliary imaging.

Chapters four and five constitute a reference on liver MRI of focal liver disease, dis-
cussing the radiological features of benign and malignant focal lesions in a systematic
fashion. All benign and malignant primary liver lesions are presented from the most
common such as hemangioma or hepatocellular carcinoma to the rarest such as nodular
regenerative hyperplasia or epithelial hemangioendothelioma. Both pediatric and adult
liver tumors are included. The sections on secondary liver lesions cover not only metas-
tases and lymphoma, but also inflammatory and parasitic lesions. Where appropriate,
the imaging features observed with other techniques (computed tomography and ultra-
sound) are presented for comparison.

The role of MRI in the characterization and monitoring of diffuse liver disease is rec-
ognized with a whole chapter dedicated to cirrhosis, iron overload and vascular pathol-

Foreword to the First Edition



VIII Foreword

ogy. For completion a chapter is included on MRI of the liver post-surgery/post-abla-
tion, an increasing challenge for abdominal radiologists given the increased frequency
with which these techniques are performed.

This textbook is very well illustrated with more than 600 figures of high quality,
which allow it to be seen as an atlas on liver MRI.

This textbook on MRI of the liver taps on the expertise of three obvious leaders in liv-
er imaging, namely Drs. Günther Schneider, Luigi Grazioli and Sanjay Saini. Their re-
spective institutions, the University Clinic of Homburg-Saar, Germany, the University
Hospital of Brescia, Italy, and the Mass. General Hospital in Boston, USA, are well-known
for their interest in liver radiology and, specifically, liver MRI. This truly international ef-
fort has produced a fully-encompassing source for radiologists anywhere with current
and practical information. I predict that this book will influence the way we practice liv-
er imaging: the protocols will be improved, the differential diagnosis charts will be
copied and pinned up in reading rooms in many departments and overall it will have a
beneficial impact.

I invite you to read the work of Drs. Schneider, Grazioli and Saini with the certainty
that you will enjoy their material and information.

November, 2002 Pablo R. Ros, MD, MPH
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1.1
Introduction

Magnetic resonance imaging (MRI) is establishing
a role as a primary diagnostic technique with evi-
dence showing MR to have advantages over com-
puter tomography (CT) as regards diagnostic sen-
sitivity and specificity for many pathologies of sol-
id organs, bile and pancreatic ducts, bowel, peri-
toneum, and retroperitoneum. MRI is particularly
well-suited to the evaluation of liver pathology
due to an ability to generate contrast by a variety
of mechanisms. This allows specific evaluation 
of important diffuse processes such as abnormal
fat, as may be seen in non-alcoholic steatohepati-
tis, or iron accumulation as seen in hemochro-
matosis. The use of intravenous gadolinium-based
contrast agents allows evaluation of the vascular
supply to benign and malignant tumors, yielding
important diagnostic information. Similarly, per-
fusion and interstitial distribution of gadolinium
contrast agent in the liver parenchyma may be

valuable for sensitive evaluation of the acute and
chronic changes of hepatitis, including cirrhosis.
Dynamic perfusion analysis is obtained by the ac-
quisition of a series of scans at multiple times (see
Chapt. 3). No other imaging technique can provide
the comprehensive evaluation of liver disease pos-
sible on MRI. Use of contrast-enhanced CT for
multiphase examinations is associated with an
ionizing radiation burden that is proportional to
the number of scans obtained during the study.
There are increasing concerns regarding the risks
of radiation and the iodinated contrast agents as-
sociated with CT imaging of the abdomen. For ex-
ample, the National Academy of Science has re-
leased BEIR VII, the seventh in a series of consen-
sus reports on radiation risks, which includes a
section on radiation from diagnostic CT. In brief,
assuming the demographic distribution of the U.S.
population, a single dose of 100 mSv is associated
with an estimated lifetime attributable risk (LAR)
for developing a solid cancer or leukemia of 1 in
100 while a single dose of 10 mSv is associated
with a LAR of 1 in 1000 for developing a cancer.
Given that it is estimated that 60 million CT exam-
inations are performed per year and that utiliza-
tion is increasing [5], the potential tumor burden
to the population should be an important consid-
eration in determining practice patterns for liver
evaluation. The incidence of contrast-induced
nephropathy associated with iodinated contrast
agents used for CT scanning is difficult to ascer-
tain. Although the risk of renal insufficiency for
the general population is estimated at below 2%,
risk factors including pre-existing impaired renal
function, diabetes mellitus, and high contrast
agent volume may significantly elevate the likeli-
hood [16]. Patients with diabetes and mild to mod-
erate renal insufficiency have been estimated to
have a 9%-40% risk, and this estimated risk has
been reported to increase to 50%-90% in various
studies [17, 27]. Conversely, the injectable gadolin-
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ium contrast agents used for MRI have an excellent
safety history, with no significant nephrotoxic ef-
fects.

1.2
MR Imaging Techniques 
and Concepts

One of the major challenges of MRI in the ab-
domen has centered on the problem of acquiring
data from tissue that normally moves in relation to
respiration, with additional undesirable effects
from cardiovascular pulsation and bowel peristal-
sis. MRI of the liver initially relied upon standard
spin-echo (SE) T1-weighted and T2-weighted
methods. However, since these are sequences that
acquire data over a long time window relative to
respiratory movement [3, 8, 13] they require sup-
plemental techniques of respiratory gating, which
in turn adds to the total acquisition time. More-
over, the reliability of the examination is reduced
as even minor inconsistent respiratory gating can
yield non-diagnostic images. Use of these tech-
niques can lead to total procedure times in excess
of 60 min. Currently employed MR techniques fo-
cus on shorter sequences that can be completed
within a breath-hold. These include T1-weighted
fast spoiled gradient echo (SGE) and breath-hold
half-Fourier transform single shot spin-echo
(HASTE or ssfse) methods [3, 8,18, 31, 38, 39] (Fig.
1). Tables 1 and 2 summarize the nomenclature for
the majority of the currently employed recom-
mended sequences. The single shot spin-echo se-
quences are slice selective, performing all of the
preparation and acquisition for an individual slice
in approximately 1 sec, with the central k-space
data acquired over a fraction of that time. As the
image contrast is derived from the central k-space,
single shot techniques are remarkably motion in-
sensitive, and have respiratory-independent char-
acteristics that are useful in non-compliant pa-
tients [39]. T1-weighted 2-dimensional  (2D)  or
3-dimensional (3D) gradient echo sequences tend
to be motion sensitive as these techniques use in-
terleaved phase lines: the phase lines are collected
from each image slice one phase line at a time
moving from slice-to-slice. A consequence is that
even transient motion occurring during only a
fraction of the acquisition will affect all the slices.
T1-weighted techniques with motion insensitive
properties are also available. These use the same
basic concept applied to the T2-weighted single
shot technique: 2D data with rapid filling of the
central k-space are acquired by preparing and an-
alyzing one slice at a time. In this case, however,
spoiled gradient echo sequences that utilize an in-
version or saturation pre-pulse are used to gener-

ate the T1 contrast [7, 35, 42]. These sequences
have been referred to as turbo fast low-angle shot
(turboFLASH) and fast inversion-recovery mo-
tion-insensitive (FIRM).Another development has
been the application of 3D gradient echo se-
quences modified from MR angiographic tech-
niques. These have various vendor-specific names,
including the first description of this technique,
known as Volumetric Interpolated Breath-hold Ex-
amination (VIBE) [33]. This approach facilitates
the generation of high-resolution images of the
liver, particularly out-of-phase resolution, with the
ability to generate near isotropic voxel sizes in the
order of 2-3 mm when combined with interpola-
tion techniques. Such an approach allows better
evaluation of hepatic vascular anatomy, and gener-
ates volumetric datasets that can be used for mul-
tiplanar reconstruction.

Another critical element in T1-weighted breath-
hold imaging is the use of intravenously-adminis-
tered gadolinium contrast agents (see Chapt. 3).
These agents shorten the T1 relaxation rate of tis-
sues resulting in marked elevation of signal on T1-
weighted images. They are used to assess focal liver
lesions based upon characteristic vascular en-
hancement patterns which can be distinguished
from adjacent normal hepatic parenchyma[33, 36].
The liver is unique in having a dual blood supply,
receiving 70-80% of afferent blood flow from the
portal vein, and the remainder from the hepatic ar-
tery. Hepatic tumors develop selective portal-ve-
nous or hepatic arterial blood supply based on
their specific characteristics. Tumors that derive
blood supply from hepatic arterial branches are
best visualized during the hepatic arterial domi-
nant phase of liver enhancement. Hypovascular tu-
mors are predominantly supplied by portal-venous
branches, and demonstrate enhancement-time
curves that are different from normal liver, having
slower and less intense enhancement, which is in
part due to the lack of contribution from the hepat-
ic arterial supply, and in part to their lower total in-
travascular volume per gram of tissue. Over time,
measured in units of minutes, the gadolinium con-
centration may slowly increase in a non-uniform
pattern within these tumors due to leakage of the
contrast agent into the interstitial spaces. There-
fore, a key to diagnostic MR liver exams is dynam-
ic multiphase post-gadolinium SGE imaging, which
provides information regarding the time intensity
curves of hepatic lesions (Fig. 1 and Fig. 2) [20, 21,
26]. Gadolinium contrast agents are extremely safe;
the risk of serious reactions is estimated at around
1 per million while the risk for mild reactions is es-
timated at around 2.5%.

Although contrast agents based on super-para-
magnetic iron oxide (SPIO) and manganese have
also been developed for MR imaging of liver lesions
[11, 12, 19, 30, 46], gadolinium-based agents are



1 • Techniques for Liver MR Imaging 3

Fig. 1a-g. Axial liver breath-hold images from a standard abdominal imag-
ing protocol showing normal liver, including fat-suppressed single shot echo-
train T2-weighted (aa), GRE T1-weighted in-phase (bb) and out-of-phase (cc), fat-
suppressed gradient-echo T1-weighted (dd), and dynamic gadolinium-chelate
enhanced GRE T1-weighted arterial (ee), portal-venous (ff), and equilibrium (gg)
phases of enhancement. Note that an optimally acquired arterial phase exam-
ination has been shown to correspond to when the portal veins have filled
centrally with contrast agent, but the hepatic veins (ee, arrow) are not yet en-
hanced. The portal-venous phase is acquired when the contrast bolus first ar-
rives in the hepatic veins (ff, arrow), and remains filled in the equilibrium phase
(gg, arrow). The equilibrium phase (gg) has been acquired using a fat-suppressed
3D-GRE technique. Current strategies employ a fat-suppressed 3D-GRE tech-
nique for all gadolinium-enhanced phases of the examination, and for the pre-
contrast T1-weighted images. The advantages of this technique are discussed
in the text
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Table 1. Acronyms and abbreviations for commonly used sequences

Acronym Philips GE Siemens
Fast Spin-Echo TSE FSE TSE
Single Shot Fast Spin-Echo SSh TSE SSFSE/RARE HASTE

Snapshot / Ultrafast Gradient Echo TFE Rapid SPGR TurboFlash

FIRM MP RAGE

3D Turbo Field Echo with THRIVE FAME/LAVA VIBE
fat suppression

Fast Field Echo FFE SPGR FLASH
FSPGR FISP
GRASSE GRE
GRE

Steady State Fast Field Echo Balanced FFE FIESTA True FISP
(bFFE, bTFE)

Saturation Bands REST SAT PreSAT

Spectrally Selective Fat Suppression SPIR CHEMSAT FATSAT
SPAIR

Water Excitation Fat Suppression Proset QuickFatSat

Table 2. Definition List of Abbreviations

ceMRA Contrast-enhanced magnetic resonance angiography
CSE Conventional spin-echo
FISP Fast imaging with steady precession
FLASH Fast low-angle shot
FID EPI Echo planar imaging readout of the free induction decay
FSE Fast spin-echo
FSPGR Fast spoiled gradient-recalled acquisition into steady state
GRASE Gradient and spin-echoes
GRASS Gradient-recalled acquisition in the steady state
GRE Gradient-echo imaging, gradient-recalled echo
GRE EPI Echo planar imaging solely using gradient echoes (readout of the free induction decay)
HASTE Half-Fourier acquired single-shot turbo spin-echo
HASTIRM Half-Fourier acquired single-shot turbo spin-echo with preceding inversion pulse, utilizing

only magnitude information
IR Inversion recovery
MP RAGE (33D) Magnetization prepared rapid acquired gradient echoes
MRCP Magnetic resonance cholangiopancreatography
RARE Rapid acquisition with relaxation enhancement
SAR Specific absorption rate
SE EPI Echo planar imaging readout module under a spin-echo technique
SPAIR Spectral Attenuated Inversion Recovery
SPIR Spectral Inversion Recovery
SPGR Spoiled GRASS
SP GRE (SGE) Spoiled gradient (recalled) echo
SSFP Steady-state free precession
TFL Turbo FLASH
TrueFISP True fast imaging with steady precession
TSE Turbo spin echo
T11 FFE T1-weighted fast field echo
T22 FFE T2-weighted fast field echo
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generally considered to be the most useful and
practical, particularly for lesion characterization.

A review of the enhancement characteristics of
benign and malignant lesions reveals that most di-
agnostically important information can be derived
from SGE images acquired during the hepatic arte-
rial phase after the bolus injection of a gadolinium
contrast agent. Most of the information required for
making a specific diagnosis of cyst, hemangioma,
hamartoma, hypervascular FNH or adenoma, or of
a hypervascular HCC in cirrhosis, versus a hyper-
or hypovascular metastasis, is present on these im-
ages. T2-weighted imaging is predominantly used
not for lesion detection, but rather for lesion char-
acterization, to demonstrate high water content,
which is usually associated with benign cysts, he-
mangiomas, or bile duct hamartomas. However, hy-
pervascular metastases can also demonstrate ele-
vated signal on T2-weighted images.

The time delay between initiation of contrast
agent administration and initiation of the SGE
scan for optimal hepatic arterial dominant phase
SGE images is critical, with a narrow time window
of 18-20 sec noted for most patients. Visually, this
can be verified on the resulting images with ideal
results showing contrast enhancement of the cen-
tral portal veins, while the hepatic veins remain
completely unenhanced (Fig. 1). The optimal time
for the portal-venous dominant phase is less criti-
cal; typically the timing delay is 45-60 sec, with
ideal images showing recent filling of the hepatic
veins. The time delay for equilibrium phase images
is the least critical, and can be performed anytime
from 1.5-2 min after contrast agent injection. Al-
though the hepatic arterial dominant phase is di-
agnostically critical, one of the great strengths of
MR imaging is the availability of multiple se-
quences, each delineating different components of
normal and pathological tissues [32].

Improving disease conspicuity involves maxi-
mizing the difference in signal intensities between
diseased tissues and the background tissue. For
disease processes situated within or adjacent to fat,
this is readily performed by manipulating the sig-
nal intensity of fat, which can range from low to
high on both T1-weighted and T2-weighted im-
ages. For example, disease processes that are low in
signal intensity on T1-weighted images, such as
peritoneal fluid or retroperitoneal fibrosis, are
most conspicuous on T1-weighted sequences in
which fat is high in signal intensity (i.e., sequences
without fat suppression). Conversely, disease
processes that are high in signal intensity, such as
subacute hemorrhage or proteinaceous fluid, are
more conspicuous if fat is rendered low in signal
intensity with the use of fat suppression tech-
niques. On T2-weighted images, features that are
low in signal intensity, such as fibrous tissue, are
most conspicuous with sequences that render the

background fat high in signal intensity, such as
echo-train spin-echo sequences. Features that are
moderate to high in signal intensity on T2-weight-
ed images, such as lymphadenopathy or ascites, are
most conspicuous with sequences in which fat sig-
nal intensity is rendered low, such as fat-sup-
pressed sequences.

Gadolinium chelate enhancement is routinely
useful because it permits visualization of the pat-
tern of blood delivery  (i.e., capillary enhancement)
and the size and/or rapidity of drainage of the in-
terstitial space (i.e., interstitial enhancement) both
of which improve the detection and characteriza-
tion of disease [4, 37]. Arterial-phase image acqui-
sition is achieved using a short-duration sequence
initiated immediately after gadolinium injection. A
spoiled  gradient-echo (SGE) sequence, performed
as a multisection 2D or 3D acquisition, is an ideal
sequence to use for arterial phase imaging. The ma-
jority of focal mass lesions are best evaluated in the
arterial phase of enhancement, particularly lesions
that do not distort the margins of the organs in
which they are located (e.g., focal liver, spleen, or
pancreatic lesions). Images acquired 1.5-10 min af-
ter contrast administration are in the equilibrium
phase of enhancement, with the optimal window
being 2-5 min after contrast agent administration.
Diseases that are superficial, spreading, or inflam-
matory in nature are generally well-shown on equi-
librium phase images. The concomitant use of fat
suppression serves to increase the conspicuity of
disease processes characterized by increased en-
hancement on equilibrium phase images including
peritoneal metastases, cholangiocarcinoma, as-
cending cholangitis, inflammatory bowel disease,
and abscesses [8, 18].

The majority of liver diseases can be character-
ized by defining their appearance on pre-contrast
(unenhanced) T1- and  T2-weighted images and
on T1-weighted images acquired during the hepat-
ic arterial, portal-venous and equilibrium phases
after the injection of a gadolinium-based contrast
agent. With the recent approval by the U.S. Food
and Drug Administration (FDA) of Gadolinium-
BOPTA, a gadolinium-based T1-shortening MR
contrast agent is now available in the USA which
permits additional contrast-enhanced T1-weight-
ed imaging during a delayed time-frame for the
improved detection and further characterization
of liver lesions (Fig. 2). This is discussed in detail
in Chapter 3.

1.2.1
T1-Weighted Sequences

T1-weighted sequences are routinely useful for in-
vestigating diseases of the abdomen, and they sup-
plement T2-weighted images for investigating dis-
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eases of the pelvis. The primary information that
precontrast T1-weighted images provide includes:
1) information on abnormally increased fluid and
fibrous tissue content which appears low in signal
intensity on T1-weighted images; and 2) informa-
tion on the presence of subacute hemorrhage or
concentrated protein, which are both high in sig-
nal intensity. T1-weighted sequences obtained
without fat suppression also demonstrate the pres-
ence of fat as high signal intensity tissue. The rou-
tine use of an additional fat attenuating technique
facilitates reliable characterization of fatty lesions.
When gadolinium-enhanced imaging is per-
formed, fat-suppression is critical for improving
the contrast between enhancing soft tissue struc-
tures and adjacent fat. Examples of such soft tissue
structures include retroperitoneal vasculature and
lymph nodes, mesenteric lymph nodes, the pan-
creas, and the peritoneum.

1.2.1.1
Spoiled Gradient-Echo (SGE) Sequences

T1-weighted SGE sequences are the most impor-
tant and versatile sequences for studying abdomi-
nal disease. In combination with a phased-array
multi-coil, these sequences may be used to replace
longer duration sequences such as T1-weighted
spin-echo (SE) sequences. SGE sequences are char-
acterized by a relatively long repetition time (TR)
(approximately 150 msec) to maximize signal-to-
noise (SNR) ratio and the number of sections that
can be acquired in one multisection acquisition,
and a short in-phase echo time (TE) (approxi-
mately 4.2-4.5 msec at 1.5 Tesla (T)). At 1.5 T, pro-
tons in a voxel containing 100% fat will precess ap-
proximately 220-230 Hz more slowly than protons
in a voxel comprising 100% water. The result is that
the precession of protons becomes increasingly

aa bb

cc dd

ee

Fig. 2a-e. Axial dynamically-enhanced T1-weighted GRE liver images using
Gd-BOPTA (MultiHance), including pre-contrast (aa), arterial (bb), portal-venous
(cc), and equilibrium (dd) phases, as described for the images in Fig. 1. In addi-
tion, a 1 hr further delayed image (ee) shows diffuse persistent contrast uptake
and enhancement of the liver; note that the liver is brighter than the spleen on
the 1 hr delayed image as compared to the pre-contrast image (aa). Additional-
ly, contrast agent is filling the gallbladder (arrow). Approximately 3% of Multi-
Hance clearance is from liver uptake and excretion into bile. In contrast to Fig.
1, the entire pre- and post-contrast imaging series was acquired using a breath
hold fat-suppressed 3D-GRE technique
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out-of-phase. The time required for protons to re-
gain a full in-phase orientation is approximately
4.4 msec at 1.5 T. After 2.2 msec (i.e., half this
time) the precession of protons in water and fat
will be 180° out-of-phase. The current generation
of MR software incorporates dual-echo breath-
hold SGE sequences that can acquire two sets of
2D k-space data and two sets of images, one in-
phase and the other out-of-phase, with spatially
matched slices [34]. The flip angle should be ap-
proximately 70-90˚, to maximize the T1-weighted
signal. With the use of phased-array surface coils,
section thicknesses of 5-7 mm result in diagnosti-
cally adequate images. On new MRI machines,
more than 22 sections may be acquired in a 20 sec
breath-hold, or 44 paired sections when using the
dual-echo technique.

1.2.1.2 
Out-of-Phase SGE Sequences

Low levels of intracellular fat accumulation may be
detected on out-of-phase (opposed-phase) SGE
images. This is useful for demonstrating diseased
tissue in which mixtures of fat and water protons
are present within the same voxel (Fig. 3). A voxel
containing predominantly fat or water will not
demonstrate diminished signal on out-of-phase
images. On the other hand, cells that accumulate
lipid, such as hepatocytes with abnormally elevat-
ed cytosolic lipid vacuoles, or lipid-laden adrenal
adenomas, can be found to have a diminished sig-
nal on out-of-phase images, compared to in-phase
images [45]. This is due to a mixed aqueous-lipid
environment within the cells. Lipid in subcuta-
neous or intra-abdominal adipocytes has very lit-
tle free water available, and thus the out-of-phase
effect does not occur.

Another use of dual-echo imaging is to identify
paramagnetic effects associated with iron (Fig. 4)
[41]. Abnormally elevated liver iron deposition
may develop in iron overload from increased red
cell turnover, or from genetic hemochromatosis
(see Chapt. 9, Section 9.4) [2, 9, 10, 14, 40 44]. To
different degrees this may also involve the spleen
and pancreas. On the longer second echo (4.4 msec
at 1.5 T) image, iron will lead to the loss of tissue
signal due to T2* effects [1, 2, 9, 10, 14, 15]. Similar-
ly, paramagnetic surgical clips may be seen to
cause blooming of a dark focus around the clip on
the longer second echo image. At 1.5 T, both fat
and iron cause liver signal decrease on out-of-
phase images acquired using a TE of 6.6 msec, rel-
ative to the in-phase images acquired with a TE of
4.4 msec. Conversely, on 2.2 msec out-of-phase TE
images fat is darker and iron is brighter, relative to
4.4 msec TE images. This is the most important
reason for always adjusting the dual echo acquisi-

tions to obtain the out-of-phase echo at a shorter
TE than the in-phase echo. Generally, using the
shortest possible out-of-phase and in-phase echo
times will assure the best quality images, with bet-
ter signal and fewer susceptibility artifacts.

1.2.1.3
Fat Suppressed SGE Sequences

Fat suppressed (FS) SGE images are routinely ac-
quired before contrast injection for evaluating the
pancreas [23] and for the detection of subacute
hemorrhage [29]. Fat suppression is generally
achieved on SGE images by selectively stimulating
slower-precessing protons associated with fat us-
ing a tuned radio-frequency (RF) pulse, prior to
performing the gradient echo imaging compo-
nents of the sequence. The image parameters are
similar to those for standard SGE sequences. It
may be advantageous to employ a lower out-of-
phase echo time (2.2-2.5 msec at 1.5 T) to benefit
from additional fat-attenuating effects and also to
increase the SNR ratio and the number of sections
per acquisition. On current MRI machines, fat-
suppressed SGE permits the acquisition of 22 sec-
tions in a 20 sec breath-hold with reproducible
uniform fat suppression. One method that modern
systems use to reduce the amount of additional
time that fat suppression adds to the SGE se-
quence, and to acquire a greater number of slices
per breath-hold, is to perform a fat suppression
step after several phase encoding steps, rather than
after every phase encode. Another approach is to
selectively tune the stimulation RF pulse to acti-
vate protons in water, but not in fat. This elimi-
nates the need to add fat saturation pulses [22].

Fat-suppressed SGE images are used to im-
prove the contrast between intra-abdominal fat,
diseased tissues and blood vessels on interstitial-
phase gadolinium-enhanced images. Gadolinium
enhancement generally increases the signal inten-
sity of blood vessels and disease tissue, and fat
suppression diminishes the competing high signal
intensity of background fat.

1.2.1.4 
3D SGE Sequences

3D SGE imaging has been used extensively for MR
angiography (MRA), but only recently has it
evolved into an accepted technique for soft-tissue
imaging in the abdomen and pelvis. This develop-
ment has partly been achieved simply by reducing
the flip angle from the 70-90˚ used for MRA to 12-
15˚.Advantages include the ability to acquire a vol-
umetric dataset that can be sectioned into thinner
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Fig. 3a, b. Axial breath-hold in-phase (aa) and out-of-phase (bb) T1-weighted GRE images through the liver with geographic fatty accu-
mulation and enlargement of the lateral segments of the left liver lobe. Note that the lateral left lobe segments show conspicuous signal
drop on the out-of-phase image (bb, arrows) as compared to the relatively uninvolved adjacent liver and in comparison to the paraspinal
muscles

aa bb

Fig. 4a-c. Coronal single-shot echo-train T2-weighted (aa) and axial in-phase
(bb) and out-of-phase (cc) T1-weighted GRE images demonstrating iron deposi-
tion in both the liver and the spleen. The coronal T2-weighted image shows
abnormal low signal intensity in the liver and spleen (aa). Normally, the spleen
is higher in signal intensity than the liver, and both liver and spleen should be
significantly higher in signal intensity than paraspinal skeletal muscle (Refer to
Fig. 1 and 2 for examples of normal liver signals). The in-phase T1-weighted
GRE image (bb) shows a marked drop in signal intensity throughout the liver
and the spleen, in contrast to the out-of-phase image (cc) and in contrast to
paraspinal muscle. These images show changes resulting from T2* effects of
paramagnetic iron accumulation

aa bb

cc
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sections than typically acquired for 2D images
(generally in the 2.5-3.0 mm per slice range) and to
post-process the data into other imaging planes.
Although there are differences between some of
the sequence features on different MR systems, fat
suppression tends to be superior with greater uni-
formity compared to 2D SGE. On some MR sys-
tems, it is also possible to image a larger volume of
tissue during the same breath-hold period than
with 2D SGE. A potential limitation of 3D SGE im-
aging is diminished contrast-to-noise. However,
this can be improved with the use of gadolinium
enhancement.

The very short TR and TE values achieved with
this technique using the latest generation high-
speed gradients results in significant advantages:
imaging with a greater number of thinner slices
while contiguously covering a larger volume of tis-
sue during a single breath-hold; fat-suppression
without compromising the required slice coverage;
reduction of paramagnetic image artifacts.

1.2.1.5 
Motion-Insensitive SGE

Limitations of both 2D and 3D SGE imaging are a
degree of sensitivity to motion and a requirement
for the patient to cooperate by following breathing
instructions. In uncooperative patients, the SGE se-
quence may be modified to achieve respiratory-in-
dependent images (Fig. 5). Typically, a single shot
approach using the minimum TR possible is
utilised. Such sequences include the so-called mag-
netization prepared rapid acquisition gradient
echo (MP-RAGE), and turbo-fast low angle shot
(Turbo FLASH) sequences. These techniques use
magnetization-prepared SGE, in which an inver-
sion pre-pulse improves the T1-weighted contrast
during a short single slice acquisition. As the pro-
tons recover magnetization, a single slice SGE im-
aging sequence with short TR is performed. An in-
version time of around 0.5 sec provides optimal T1-
weighted contrast, and sufficient time to allow the
protons to recover between slices leads to an effec-
tive slice-to-slice TR of approximately 1.5 sec. This
technique can depict blood flowing through the
imaging plane as either bright or dark, by making
the pre-pulse slice-selective or non slice-selective,
respectively [24] . A limitation of this technique is
the inability to obtain as high a T1-weighted con-
trast as with standard SGE. Another limitation is
that the magnetization-prepared slice-by-slice
technique cannot be used for dynamic gadolinium-
enhanced imaging of the liver, particularly during
the hepatic arterial dominant phase. As each slice
requires around 1.5 sec to acquire, the time differ-

ence accumulated between the top and bottom liv-
er slices is too great to capture the entire liver in
the arterial phase of enhancement. In contrast, the
standard SGE sequences, although motion sensi-
tive, offer superior time resolution for the entire
volume of tissue imaged, with the critical contrast
data acquired in less than 5 sec. With these data
time-averaged throughout the entire set of slices,
the entire liver can be imaged in the same phase of
contrast enhancement.

An alternative strategy developed to deal with
motion is based on motion correction. Older
methods using slow spin-echo sequences that re-
quired several minutes per acquisition used bel-
lows applied around the patient’s lower chest to
detect the respiratory cycle, in order to trigger ac-
quisition of data only during end-expiration. Al-
though similar in strategy, a more accurate
method has been developed in conjunction with
rapid imaging sequences. With this approach a
rapid acquisition MP-RAGE type sequence is used
to acquire a continuous series of sagittal images
across the right hemi-diaphragm at a rate of
greater than one image per second. The liver-lung
interface produces a high contrast border that can
be automatically detected by the specialized soft-
ware, and used to trigger image acquisition at the
same phase of the respiratory cycle. Another ap-
proach uses phase accumulation during motion of
the tissue in order to calculate a correction factor,
which is then used to restore the detected signal to
the location from where it would have originated
had there not been any movement. These methods
are still considered to be under development.

1.2.1.6 
Contrast-Enhanced SGE

In addition to its use in precontrast T1-weighted
imaging, SGE sequences are routinely used for mul-
ti-phase image acquisition after intravenous ad-
ministration of gadolinium contrast agents for in-
vestigation of the liver, spleen, pancreas, and kid-
neys (Fig. 6). An important feature of the multisec-
tion acquisition of SGE images is that the central
phase-encoding steps are generally used to fill the
central k-space, which determines image contrast.
This contrast component of the dataset is acquired
over a 4-5 sec period for the entire dataset, and is
essentially shared by each individual section. As a
result, data acquisition is sufficiently short for the
entire dataset to isolate a distinct phase of enhance-
ment (e.g., hepatic arterial dominant phase). This
ensures that images of organs, such as liver, are
shown in the same phase of contrast enhancement
uniformly throughout the volume of the tissue.
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FFiigg..  5a-e. Uncooperative patient examination of a critically ill patient with immunodeficiency and liver fungal micro-abscesses, including
standard axial T1-weighted GRE (aa), axial single-shot echo-train fat-suppressed T2-weighted (bb), axial magnetization-prepared gadolinium
contrast-enhanced T1-weighted GRE (cc), and the corresponding coronal T2-weighted (dd) and T1-weighted (ee) images. This patient was un-
able to breath-hold, and was examined while breathing freely throughout the study. Standard T1-weighted GRE technique (aa) shows
marked image motion-related deterioration, rendering the image non-diagnostic. However, single shot T2-weighted images (bb and dd) are
inherently resistant to motion-related deterioration, and provide reproducibly high diagnostic quality images, in this case showing ascites,
dark liver and spleen due to abnormal iron accumulation from prior blood transfusions, and tiny sub-centimeter high signal foci in the liv-
er corresponding to micro-abscesses. As an alternative to standard T1-weighted GRE imaging, magnetization-prepared GRE imaging is rel-
atively insensitive to motion-related deterioration (compare contrast-enhanced image (aa) to images (cc) and (ee)). The magnetization-pre-
pared enhanced images (cc and ee) show multiple micro-abscesses as non-enhancing tiny foci (arrows) surrounded by mild perilesional en-
hancement
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1.2.2
T2-Weighted Sequences

Typical information available on T2-weighted se-
quences includes: the presence of increased fluid
in acutely inflamed diseased tissue, which has high
signal intensity; the presence of chronic non-in-
flammatory fibrotic tissue [25], which has low sig-
nal intensity; and the presence of iron deposition
or heme products, which has very low signal in-
tensity.

1.2.2.1 
Standard Spin-Echo and Fast Spin-Echo 
Sequences

Standard T2-weighted spin-echo or fast spin-echo
sequences have relatively long acquisition times
(several minutes are needed to acquire slices
through the abdomen or pelvis) but the achieved-
contrast-to-noise ratio is good. Unfortunately,
breathing-related motion precludes use of these
sequences for abdominal imaging, unless used in
conjunction with a motion correction method,
such as respiratory gating. Not only does this add
to the total scan time, but the achieved motion cor-
rection is not reliable or accurate: usually mild
edge blurring leads to deteriorated resolution.
Typical scan times are 5-7 min, depending on the
respiratory rate and pattern. However, it is not un-
usual for the acquisition to fail, necessitating repe-
tition. Pelvic imaging can be performed without
breath-holding in most patients, with little image
deterioration due to breathing-related motion rel-
ative to the upper abdomen. Motion due to bowel
contraction can cause image deterioration, and
can be reduced using intravenous or intramuscu-
lar glucagon. The latest generation fast spin-echo
techniques inlcude sequences called turbo spin-
echo, or fast spin-echo-xl which are based on in-
termediate length echo-trains. With these se-
quences acquisition times can be reduced to as low
as 2.5 min for the pelvis.

1.2.2.2 
Echo-Train Spin-Echo Sequences

Echo-train spin-echo sequences are single shot
fast spin-echo, turbo spin-echo, or rapid acquisi-
tion with relaxation enhancement (RARE) se-
quences. The principle of echo-train spin-echo se-
quences is to sum multiple echoes within the same
repetition time interval, leading to decreased ex-
amination time, increased spatial resolution, or
both. This is a slice-by-slice technique, in which a
single slice-selective excitation pulse is followed by

a series of echoes, typically 180o pulses, each sepa-
rated by around 3 msec, to fill in the k-space for
the entire slice. Although the theoretical TR is infi-
nite, each slice requires around 1.2-1.5 sec, before
continuing to the next slice. Since the motion sen-
sitive component represents only a small fraction
of the entire acquisition period, this technique is
relatively insensitive to breathing artifacts. Echo-
train spin-echo has achieved widespread use be-
cause of this  advantage. In contrast, conventional
T2-weighted spin-echo sequences are lengthy and
suffer from patient motion and increased exami-
nation time. The major disadvantage of echo-train
sequences is that T2 differences between tissues
are decreased. Although this is usually not prob-
lematic in the pelvis because of the substantial dif-
ferences in T2 values between diseased and nor-
mal tissue, in the liver the T2 difference between
diseased and background normal liver may be
small, and thus a decreased T2 difference may re-
sult from the T2-averaging effects of summed mul-
tiple echoes. This may result in relatively dimin-
ished lesion conspicuity for lesions with mildly el-
evated T2-weighted signal intensity, such as HCC,
as compared to standard spin-echo sequences.
Fortunately, diseases with T2 values similar to
those of liver generally have longer T1 values than
liver, so that lesions  that are poorly visualized on
echo-train spin-echo are generally well-visualized
on native SGE or immediate post-gadolinium SGE
images as low-signal lesions.

Echo-train spin-echo, and T2-weighted se-
quences in general, are important for evaluating
the abdomen and pelvis. For liver masses, it is pre-
dominantly T2-weighted images that are impor-
tant for lesion characterization, while T1-weight-
ed images are important for both lesion detection
and characterization. T2-weighted images are also
important for the assessment of diffuse liver dis-
ease, including iron deposition (Fig. 4), edema re-
lated to active liver disease (Fig. 6), and fibrosis.
Echo-train T2-weighted sequences are important
for the assessment of fluid-filled structures, in-
cluding bile ducts, gall bladder, pancreatic duct,
stomach and bowel, as well as cysts or cystic mass-
es, abscesses or free fluid in the abdomen or pelvis.
The relative resistance of echo-train images to mo-
tion degradation (Fig. 5) generally yields better
resolution of structures internal to cystic masses,
such as the septations within a pancreatic serous
or mucinous tumor. MR cholangiopancreatogra-
phy (MRCP) is based on modified echo-train se-
quences, in which the effective TE is longer, in the
order of 250-500 msec. Lengthening the TE results
in heavily T2-weighted high contrast images that
make most soft tissues dark, while the fluid in bile
ducts, gallbladder, and the pancreatic duct is very
bright. MRCP can be performed in thin sections of
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Fig. 6a-f. Axial liver breath-hold images of an intra-hepatic FNH, in the setting of a diffusely abnormal liver with features of steatohep-
atitis on fat-suppressed single-shot T2-weighted (aa), in-phase (bb) and out-of-phase (cc) T1-weighted, and dynamically gadolinium-en-
hanced T1-weighted arterial (dd), portal-venous (ee), and equilibrium (ff) phase images. A subtle drop in liver signal intensity is noted in con-
trast from in-phase (bb) to out-of-phase images (cc) (compare liver to paraspinal muscle where the liver is hyperintense compared to muscle
on the in-phase image (bb), and isointense compared to muscle on the out-of-phase image (cc)). This is indicative of diffuse fatty liver accu-
mulation. In addition, the arterial phase image (dd) shows diffuse heterogeneous liver enhancement with patchy areas of hyper-enhance-
ment noted towards the periphery of the liver, a finding that has been described in connection with acute hepatitis [28]. This patient also
has a mass in the left hepatic lobe (aa, dd, and ff, arrows) showing features typical of a benign FNH. In particular, the mass demonstrates a cen-
tral focus of high signal on the T2-weighted image (aa, arrow), that corresponds to a slowly enhancing central fibrovascular scar; compare
the arterial phase (dd, arrow) to the equilibrium phase (ff, arrow). This case serves to demonstrate the critical information delineated on the
arterial phase image (dd). If this component of the gadolinium-enhanced tissue perfusion was not included, or incorrectly timed, the ab-
normal liver enhancement of hepatitis and the arterial phase-dominant characteristics of the FNH would not be recognized, as these are
transient features

aa bb

cc dd

ee ff
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3-4 mm for higher spatial resolution, or by using a
single thick slab of 3-4 cm if the need is to include
the majority of the pancreatic and bile duct in a
single image. As a result of the repeated refocusing
echo pulses, echo-train imaging is relatively insen-
sitive to respiratory motion and bowel peristalsis.
Combined with its relative resistance to the para-
magnetic distortion effects of intraluminal bowel
gas, echo-train imaging is therefore particularly
well-suited to imaging the bowel.

Fat is high in signal intensity on echo-train
spin-echo sequences in comparison to convention-
al spin-echo sequences, in which fat is intermedi-
ate in signal intensity. The MR imaging determina-
tion of recurrent malignant disease versus fibrosis
for pelvic malignancies illustrates this difference.
Recurrent malignant disease in the pelvis (e.g., cer-
vical, endometrial, bladder, or rectal cancer) gen-
erally appears high in signal intensity on conven-
tional spin-echo sequences because of the higher
signal intensity of the diseased tissue relative to
the moderately low-signal intensity fat. In contrast,
fat is high in signal intensity on echo-train spin-
echo images, and recurrent disease will commonly
appear relatively low in signal intensity. Unfortu-
nately, the fact that abnormal tissue is not high in
signal intensity on echo-train T2-weighted images
relative to fat is not specific for neoplasm, as fibro-
sis can have a similar appearance. This is particu-
larly problematic in post-therapy patients.

Fat may also be problematic in the liver be-
cause fatty liver is high in signal intensity on echo-
train spin-echo sequences, thereby diminishing
contrast with the majority of liver lesions, which
are also generally high in signal intensity on T2-
weighted images. It is often necessary to use fat
suppression on T2-weighted echo-train spin-echo
sequences for liver imaging. Fat suppression
should generally be applied to at least one set of
images of the abdomen or pelvis, to ensure opti-
mal contrast between high signal abnormalities,
such as fluid collections or cystic masses, and adja-
cent intra-abdominal or pelvic fat.

1.2.3 
The Uncooperative Patient Examination

The single shot T2-weighted technique can acquire
each slice in less than 1 sec, and the critical data for
creating the image during only a small fraction of
that time, rendering this technique relatively insen-
sitive to image deterioration resulting from respi-
ratory motion (Fig. 5). Breath-hold examination is
preferable to reduce spatial misregistration be-
tween adjacent slices. However, if a patient is inca-
pable of following breath-hold instructions, a free
breathing technique can be utilized as part of an
“uncooperative” examination. Gradient echo T1-

weighted techniques are sensitive to motion and
will suffer from respiratory-related image deterio-
ration. However, magnetization-prepared gradient
echo sequences, for example TurboFLASH, which
operates as a slice-by-slice single shot technique,
can generate T1-weighted images that are resistant
to deterioration from respiratory motion. Unfortu-
nately, a limitation of magnetization-prepared gra-
dient echo sequences is that the contrast-to-noise
ratio is inferior to regular gradient echo, and that
the time to image the entire liver is typically 15-20
sec, making it impossible to acquire all of the liver
in the optimal arterial capillary phase of contrast
enhancement after administration of gadolinium
contrast agent. However, in the setting of an unco-
operative patient, this technique provides an alter-
native that can yield some of the diagnostic data
required from pre- and post-contrast T1-weighted
images.

1.3 
Technical Factors

1.3.1 
Surface Coils

Phased-array surface coils provide on average a
three-fold improvement in SNR and should be
considered essential for optimal imaging of the ab-
domen and liver. New technical developments in-
clude increased numbers of coil receiver elements
associated with magnets that are engineered with
a greater number of receiver channels. In combi-
nation with parallel processing techniques such as
SENSE and SMASH [43], these represent methods
that use coil element sensitivity profiles to obtain
spatial information that can lead to reduced acqui-
sition times for gradient echo imaging. As the
number of coil elements and receiver channels are
increased, the degree of acceleration may be in-
creased. In addition, improved coil system designs
facilitate more rapid imaging of multiple body re-
gions in combination, such as the abdomen and
pelvis.

1.3.2 
Magnetic Field Strength

The magnetic field strength of choice currently
employed for body MRI is 1.5 T. At the current
state of development, this field strength provides
an optimal combination of SNR and speed, allow-
ing optimization of rapid acquisition techniques
while staying within government institution-de-
termined energy deposition-rate limits. These sys-
tems also provide a good balance between T1 val-
ues, that are dependent on field strength, and
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achievable contrast effects. In addition, field dis-
tortion and paramagnetic effects that increase
with increasing field strength possibly resulting in
undesirable image artifacts remain within tolera-
ble limits at 1.5 T. There are theoretical considera-
tions favouring development of higher field sys-
tems for body MRI and efforts are well underway
to transfer techniques used at 1.5 T to 3 T. Howev-
er, it has become apparent that the approaches
used previously to migrate from lower to higher
(1.5 T) field systems have not proven successful in
migrating from 1.5 T to 3 T. The relative strengths
of higher field imaging at 3 T, in general, are more
easily realized when using longer acquisition tech-
niques such as fast spin echo (FSE) T1- and T2-
weighted images, or multi-excitation gradient
echo with oversampling. This explains the relative
ease with which implementation of 3 T imaging
has occurred for brain, spine, and musculoskeletal
applications where longer acquisition imaging is
used predominantly (in the order of minutes) and
the relative difficulty in implementing 3 T imaging
for the abdomen, where faster acquisition se-
quences are needed (in the order of seconds). Spe-
cific challenges for body imaging at 3 T are de-
tailed below.

1.3.2.1
SAR and RF Power Deposition

At 3 T the Specific Absorption Ratio (SAR), a
measure of RF energy deposited in the body, in-
creases by a factor of four, and has an undesirable
impact on essential image characteristics includ-
ing contrast, acquisition time, and resolution. The
SAR thresholds as per Food and Drug Administra-
tion guidelines are 2 W/kg in the normal mode
and 4 W/kg in the first level-controlled mode [6].

1.3.2.2 
Magnetic Field Distortions

Susceptibility effects are greater at 3 T. In body im-
aging these may arise from surgical clips or hard-
ware or from air-soft tissue interfaces that arise
from the lungs, gastrointestinal tract or irregular
skin surfaces.

1.3.2.3 
Field-of-View

Fields-of-view in excess of 35-40 cm are common-
ly used for body imaging in the z-direction, plac-
ing high demand on static magnetic field homo-
geneity over a large area. Field homogeneity is sig-
nificantly more challenging at 3 T.

1.3.2.4 
Motion

Motion from respiration, heart and bowel peristal-
sis may cause marked image deterioration. At 3 T
fast acquisition techniques may be limited by SAR
concerns.

1.3.2.5 
Contrast

Sequences have been optimized at 1.5 T to achieve
a balance between speed of acquisition and image
contrast. At 3 T, image contrast may suffer from a
combination of compromises arising from SAR
limitations. In addition, adjustments are required
to adapt to the longer T1 and shorter T2 of soft tis-
sues at 3 T.

1.3.2.6 
Signal-to-Noise Ratio

RF signal generated at 3 T is four times stronger
than at 1.5 T. However, a simultaneous increase in
noise by a factor of two results in a net SNR ratio
increase of only two.A challenge is to be able to re-
alize this theoretical benefit as the increase in SNR
at 3 T is balanced against losses from adjustments
for limitations related to SAR.

1.3.2.7 
Dielectric Effect

This phenomenon is seen as a loss of signal when
the transmitted wavelength approaches the size of
the body structure [47]. For a circular body habitus
there is loss of signal at the periphery, while for an
oval body habitus the signal loss occurs at the pe-
riphery of the short axis. To a certain extent this can
be corrected using phantom-derived algorithms like
body-tuned CLEAR (Philips Medical Systems).

1.4 
Summary

Abdominal MRI should be considered a primary
imaging method for many important disease
processes, and the method of choice for imaging of
both diffuse diseases and tumors of the liver. Re-
producible diagnostic quality liver imaging with
rapid acquisition techniques is feasible using the
techniques discussed in this chapter. Gadolinium-
enhancement is the key to a comprehensive exami-
nation and dynamically acquired images should
include, at a minimum, the capillary-arterial, por-
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tal-venous and equilibrium-interstitial phases. An
additional benefit of the rapid imaging strategies
discussed in this chapter is  shortened examination
times. Ongoing technological developments may
provide greater degrees of simplicity, reproducible
quality, faster examinations, and accessibility to a
broader range of imaging centers, including those
with less experience in MRI.
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2.1
Benign and Malignant Nodular 
Hepatocellular Lesions

2.1.1
Regenerative Lesions

Generally, a regenerative nodule is a well-circum-
scribed area of parenchyma showing enlargement
as a response to necrosis, altered circulation or
other stimuli.

2.1.1.1  
Monoacinar Regenerative Nodule

A monoacinar regenerative nodule is a regenera-
tive nodule limited to one portal tract. Usually,
multiple nodules are found involving most of the
liver. This is referred to as diffuse nodular hyper-
plasia [184].

Diffuse Nodular Hyperplasia without Fibrous
Septa (Nodular Regenerative Hyperplasia,
NRH)

Diffuse nodular hyperplasia can be subdivided in-
to nodular regenerative hyperplasia in which no fi-
brous septa can be found, or diffuse nodular hy-
perplasia containing fibrous septa or occuring in
coexisting cirrhosis.

Nodular hyperplasia is defined by the presence
of non-neoplastic nodules that are not limited by
fibrous septa (Fig. 1). The cells of the surrounding
parenchyma are atrophic (Fig. 2). Nodular hyper-
plasia is usually a regenerative response occurring
after circulatory stress. Portal vein obstruction
may be responsible for widespread hepatocellular
atrophy and secondary hepatic arterial dilatation
(Fig. 3). Increased arterial flow and possible hepa-
totropic factors cause hepatocellular hyperplasia
and nodule formation.

Monoacinar regenerative nodules may also
occur in cases of disturbed circulation, such as
hepatic vein obstruction and circulation disor-
ders of the sinusoids. However, the resulting
nodules are less uniformly distributed and are
accompanied by more congestion and fibrous
septa.

The term NRH was originally applied to livers
with minimal or no parenchymal fibrosis. NRH
can be found in up to 5% of the older population.
A higher prevalence occurs in patients with con-
comitant systemic diseases associated with vascu-
lopathy, such as polycythemia, rheumatoid arthri-
tis and polyarteritis nodosa.

Fig. 1. Cut surface of a nodular regenerative hyperplasia (NRH)

Fig. 2. Nodular regenerative hyperplasia demonstrating a non-
neoplastic nodule with hyperplastic liver cells surrounded by at-
rophic parenchyma

Fig. 3. Histology of diffuse nodular regenerative hyperplasia with
demonstration of multiple nodules (arrows) surrounded by atro-
phy in adjacent liver tissue caused by Budd-Chiari syndrome
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Clinical symptoms, which aid the diagnosis in
affected patients, include esophageal varices,
splenomegaly, moderate increased alkaline phos-
phatase and ascites [118, 176].

Diffuse Nodular Hyperplasia with 
Fibrous Septa or in Cirrhosis 

As described above, this lesion corresponds to
nodular regenerative hyperplasia with concomi-
tant fibrous septa, or which is superimposed on a
previous hepatic cirrhosis [177, 184].

2.1.1.2 
Multiacinar Regenerative Nodule

A regenerative nodule involving more than one
solitary portal tract is called a multiacinar regen-
erative nodule. Normally, it presents in livers with
pre-existing pathology such as cirrhosis, or in cas-
es of severe disease of the portal veins, hepatic
veins, or sinusoids. Usually, multiple nodules oc-
cur within the liver and these can correspond to
cirrhotic nodules if they are surrounded by fibrous
septa. If larger than most cirrhotic nodules of the
same liver or measuring at least 5 mm in diameter,
multiacinar regenerative nodules are also called
large regenerative nodules or macroregenerative
nodules [172] (Fig. 4).

2.1.1.3 
Lobar or Segmental Hyperplasia

Lobar or segmental hyperplasia is defined as the
enlargement of an entire lobe or the major part of
a lobe in one or several liver segments, while other
parts of the liver show atrophy, necrosis or fibrosis.
This pathologic pattern has also been described as
atrophy-hypertrophy complex [71].

Lobar or segmental hyperplasia may occur in
Budd-Chiari syndrome or in primary sclerosing
cholangitis involving the hepatic veins or bile
ducts. It introduces both a hyperplasia and an
atrophy or fibrosis into the liver parenchyma. As
hyperplasia typically arises in regions with in-
creased blood flow in Budd-Chiari syndrome,
the caudate lobe often presents as hyperplastic
because the drainage of this part of the liver is
usually independent of the main hepatic veins.
Normally lobar or segmental hyperplasia meas-
ures at least several centimeters in diameter but
consists of histologically normal liver cells
[164].

2.1.1.4 
Cirrhotic Nodule (Monoacinar Cirrhotic Nodule/
Multiacinar Cirrhotic Nodule)

Generally, a cirrhotic nodule is defined as a regen-
erative nodule in which hepatocytes are partially
or completely surrounded by fibrous septa. It can
be subdivided according to its expansion. Thus, a
monoacinar cirrhotic nodule contains no more
than one terminal portal tract, whereas a multiaci-
nar cirrhotic nodule is composed of two or more
portal tracts. However, this definition is not in ac-
cordance with the classifications micronodule and
macronodule that exist in cirrhosis. This is usually
defined by size with a division point at 3 mm in di-
ameter [14].

2.1.1.5 
Focal Nodular Hyperplasia (FNH)

Focal nodular hyperplasia is defined as a nodule
that consists of benign-appearing hepatocytes
which are accompanied by fibrous stroma and
which may contain ductules that form a character-
istic central stellate scar. It usually occurs in an
otherwise histologically normal or nearly normal
liver.

Similar to adenoma (2.1.2.1), FNH is predomi-
nantly found in female patients. Although oral
contraception does not seem to be causal, continu-
ous enlargement of lesions has been reported con-
comitant with the taking of birth-control pills and
during pregnancy [182].

Multiple FNH occur in 10-20% of all cases
while an association with hemangioma occurs in
5-10% of cases [78, 107].

Macroscopically, FNH shows septations and, in
classical cases, a central scar. However, in up to
30% of all cases a central scar is not present. In
contrast to fibrolamellar carcinoma (2.1.2.5), the

Fig. 4 . Nodular regenerative hyperplasia with a diffuse micro-
nodular pattern



20 MRI of the Liver

scar is not a true one, but rather congeries of blood
vessels and bile ducts and sometimes a focal area
of cirrhosis. An elevated fat- and glycogen-content
can often be demonstrated. FNH is thought to de-
rive from an initial regional vascular arterio-
venous (AV) malformation which undergoes con-
secutive localized overgrowth of all liver con-
stituents. Thus, histologically, FNH consists of ab-
normally arranged normal liver cells (Fig. 5). In
contrast to adenoma, small bile ductules that do
not communicate with larger bile ducts are found.
Kupffer cells are also present although their func-
tion is frequently deficient (Fig. 6).

FNH is currently divided into a classic and a
non-classic type. The classic type presents with an
abnormal nodular architecture, malformed ves-
sels, and cholangiocellular proliferation. The non-
classic type can be further subdivided into 
a) teleangiectatic FNH,
b) FNH with cytologic atypia and
c) mixed hyperplastic and adenomatous FNH

[178].
The gross appearance of classic FNH consists

of nodules surrounded by fibrous septations in a
radiating appearance originating from the cen-
tral scar. On histologic examination there is
nodular hyperplastic parenchyma and often
moderately thickened hepatic plates with normal
hepatocytes. The central scar consists of fibrous
tissue, cholangiocellular proliferation with sur-
rounding inflammation and malformed vessels of
different calibres. In contrast to adenoma, the
blood flows centrifugally from anomalous central
arteries in FNH.

Non-classic FNH typically does not show a cen-
tral scar formation, its appearance is variable, and

often resembles adenoma. The teleangiectatic type
presents with atrophic hepatic plates separated by
dilated sinusoids. Short fibrous septa and bile-duct
proliferation is always found in teleangiectatic FNH.

FNH with cytologic atypia typically exhibit the
appearance of classic FNH, but contain areas of
cell dysplasia.

Mixed hyperplastic and adenomatous FNH
presents features of the teleangiectatic type as well
as a resemblance to adenoma.

A so-called FNH syndrome is present if more
than two FNH co-exist with intracerebral vascular
malformations, meningioma or astrocytoma. If
any of the associated lesions are found in the pres-
ence of a solitary FNH, the syndrome is probably
present with incomplete expression. Since the risk
of rupture is quite low and patients usually do not
present relevant symptoms (90% of all FNH are
discovered by chance), surgical intervention is not
mandatory [88].

Focal Nodular Hyperplasia, Solid Type

The solid type of FNH occurs most commonly.
Solitary lesions are observed in two thirds of indi-
viduals, while two or more lesions may be present
in the remaining one third of individuals.

On cut sections most solid FNH have a central
fibrous stalk region (Figs. 7, 8). However, this is of-
ten absent in lesions smaller than 1 cm in diame-
ter. The stalk region contains an artery that typi-
cally is larger than expected considering its local-
ization. Degenerative changes such as post-throm-
botic arterial fibrosis and cholestasis may be ob-
served in larger lesions.

Fig. 5. Focal nodular hyperplasia consists of liver nodules which
are separated by fibrous septa (arrows). Bile ducts, sometimes nu-
merous, are always present at the interface between liver nodules
and septa.

Fig. 6. Histology of focal nodular hyperplasia demonstrating
Kupffer cells (arrows)
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Focal Nodular Hyperplasia, Teleangiectatic
Type

This type of FNH shows multiple dilated blood
spaces near the center of the lesion, so that large le-
sions may resemble hemangioma or peliosis. Com-
pared with solid FNH, the arteries in the central
region are small and numerous. The teleangiectat-
ic type of FNH is usually observed in cases of mul-
tiple FNH syndrome.

2.1.2 
Dysplastic or Neoplastic Lesions

2.1.2.1 
Hepatocellular Adenoma

Liver cell adenoma has an incidence of 1/1,000,000
and is mainly found in women of child-bearing
age [65].

In contrast to the situation with FNH, oral
contraceptives seem to lead to an increased inci-
dence of hepatocellular adenoma [16]. Moreover,
both lesion size and complication rate seem to
correlate positively with the duration of oral con-
traception [26]. Some authors have noted tumor
regression after discontinuation of oral contra-
ceptives [43].

Androgen therapy, familial insulin-dependent
diabetes, Fanconi anemia and some glycogen stor-
age diseases tend to predispose subjects to adeno-
ma [61].

If subjects have more than ten hepatic adeno-

mas the condition is referred to as liver adeno-
matosis. This entity is independent of gender or
hormone therapy and seems to be associated with
an elevated complication rate.

Adenomas are unencapsulated tumors of light
brown or yellow colour in gross specimen, with
compressed adjacent liver tissue that may mimic
capsule formation.

Biopsy of adenoma reveals enlarged and
glycogen-rich hepatocytes, sometimes surround-
ed by a capsule (Fig. 9). Portal tracts and bile
ducts are characteristically absent and, in con-
trast to FNH, there is a substantially increased
risk of spontaneous bleeding [121] (Fig. 10). He-
patocytes are normal in appearance, but the typ-
ical acinar architecture is missing. Mitoses are of-
ten absent.

The missing bile ducts enable the differential
diagnosis of adenoma from FNH on hepatobiliary
sequence scintigraphy. Around 80% of patients
with liver cell adenoma complain of abdominal
symptoms, which are typically caused by compres-
sion, intratumoral bleeding or even rupture and
hemoperitoneum [154].

Patients with liver cell adenoma should under-
go resection to avoid these complications, and fe-
male patients should discontinue oral contracep-
tion. Some authors report individual cases of ma-
lignancy developing in liver cell adenoma, howev-
er, as yet, there is no valid proof of malignant
transformation [60].

On rare occasions it may be impossible to dis-
tinguish adenoma from well-differentiated hepa-
tocellular carcinoma (HCC) on biopsy.

Fig. 7. Focal nodular hyperplasia with characteristic central fi-
brous region (arrow) and radiating fibrous cords

Fig. 8. Histology of a central stellate scar in FNH demonstrating
thick-walled vessels (arrow) of a large arterial malformation sur-
rounded by fibrous tissue
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2.1.2.2 
Dysplastic Focus

Dysplastic focus is defined as congeries of hepato-
cytes, measuring less than 1 mm in diameter,
which show dysplasia but no histological signs of
malignancy. Dysplastic foci generally occur in cir-
rhosis of any origin and are extremely rare in non-
cirrhotic livers. In addition, patients suffering from
α-1-antitrypsin deficiency, tyrosinemia or chronic
viral hepatitis B or C demonstrate a comparatively
high prevalence of dysplastic foci. Usually, serum
α-fetoprotein is normal or minimally increased.
However, in patients with tyrosinemia, high levels
of serum α-fetoprotein can be found even before
nodules are macroscopically visible [12, 181].

2.1.2.3 
Dysplastic Nodule

A dysplastic nodule is defined as a nodular region
of hepatocytes, measuring at least 1 mm in diame-
ter showing signs of dysplasia but no definite his-
tological signs of malignancy. These nodules are
usually found in cirrhotic livers. Dysplastic nod-
ules may be differentiated into two subgroups on
the basis of the degree of cellular dysplasia [59,
165].

Dysplastic Nodule, Low-grade

A low-grade dysplastic nodule is a lesion with a
mild degree of atypia.

Dysplastic Nodule, High-grade

High-grade dysplastic nodules are lesions with at
least a moderate degree of atypia insufficient for
the diagnosis of malignancy. However, this type of
lesion can be considered a precursor to HCC and
thus resection should be considered. These lesions
may be of any size within the grossly visible range
(Fig. 11), however, as the size of the lesion increas-
es, so too does the likelihood that high-grade or
malignant lesions are present: benign lesions are
usually not greater than 20 mm in diameter.
Necrosis and hemorrhage are not usually seen in
high-grade dysplastic nodules.

Fig. 10. Macroscopic aspect of liver adenoma with large intra-
lesional hemorrhage

Fig. 11. Cross section of a large high-grade dysplastic nodule in a
cirrhotic liver, which can only be differentiated microscopically
from a HCC

Fig. 9. Histology of hepatic adenoma arranged in plates that are
two to three cells thick, separated by sinusoids
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2.1.2.4 
Hepatocellular Carcinoma (HCC)

In Europe and North America the incidence of
HCC is generally below 3/100,000 inhabitants,
while in parts of Asia and Africa it is about thirty
times higher. The endemic occurrence of chronic
hepatitis B and exposure to Aflatoxin B1 seem to
be primary reasons for this [8]. In Europe and
Japan the leading cause of HCC is chronic hepatitis
C with consecutive cirrhosis [53].

Patients with chronic hepatitis or hemochro-
matosis have the highest risk of developing HCC.
On the other hand, alcohol-induced cirrhosis, au-
toimmune hepatitis and α-1-antitrypsin-deficien-
cy do not seem to increase the risk significantly.
Similarly, primary biliary cirrhosis and Wilson’s
disease do not predispose subjects to an increased
incidence of HCC [135].

Generally, the prognosis for patients with HCC
is poor, and is largely dependent upon the extent of
surgical intervention, the size of tumor growth, the
functionality of the remaining liver parenchyma
and the possibility of infiltration of the portal vein
[199] (Fig. 12).

Whereas the ultimate procedure for the poten-
tial cure of patients with HCC remains liver trans-
plantation [153], possibilities for palliative treat-
ment include intraarterial injection of 131Iod-Lipi-
odol or alcohol [55].

The macropathological division of HCC, which
dates from the beginning of the 20th century, cor-
relates relatively well with imaging findings. Three
main types can be distinguished:
• the multinodular type with multiple, sharply-

demarcated tumor nodules,
• the massive type with one single tumor node

and smaller satellite nodules,
• the diffuse type with tumor areas interspersed

throughout the liver.
Additionally, an encapsulated tumor type can

be distinguished, which seems to be an early phase
of the other histological types. Unfortunately, there
doesn’t seem to be a correlation between these
morphological criteria and epidemiological find-
ings or prognosis. The new World Health Organi-
sation (WHO) classification presents a more dif-
ferentiated set of criteria for HCC characterization
[81].

Apart from the above-mentioned pathologies,
it is evident that almost any chronic liver disease
leading to cirrhosis may be complicated by HCC.
Neoplastic development in the liver can be seen as
a multi-step process that is triggered by a variety
of events. Normal liver is mitotically inactive, but
when cells are stimulated to divide as occurs in a
variety of conditions, including liver cirrhosis, the
liver becomes sensitive to carcinogenesis. Howev-
er, HCC also occurs in the absence of cirrhosis in a

small but significant (about 7%) proportion of
cases [100].

A proposal as to how the multi-step develop-
ment of HCC can be interpreted is presented in
Table 1. However, it is important to realize that re-
liable differentiation between pre-cancerous devel-
opments, such as high-grade dysplastic nodules,
and well-differentiated HCC is not always possible
[58, 142].

Microscopically, HCC has several patterns.
HCC is composed of malignant hepatocytes that
differentiate into normal liver structures and mim-
ic normal hepatocyte growth, but do not form nor-
mal hepatic acini (Fig. 13). Cells in well-differenti-
ated HCC are difficult to distinguish from normal
hepatocytes or hepatocellular adenoma cells. Ma-
lignant hepatocytes may even produce bile (Fig.
14). In other cases, there are microscopic varia-
tions, with HCC containing fat (Fig. 15), tumoral
secretions (large amounts of watery material), fi-
brosis, necrosis and amorphous calcifications
(Figs. 16, 17). This variable microscopic presenta-
tion gives rise to different appearances according
to the imaging techniques employed.

Fig. 12. Cut surface of a hepatocellular carcinoma without a cap-
sule, infiltrating the liver parenchyma

Table 1. HCC development and liver cirrhosis

Macro-regenerative nodule

⇓
Low-grade dysplastic nodule

⇓
High-grade dysplastic nodule

⇓
Well-differentiated HCC

⇓
Undifferentiated HCC 
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Fig. 13. Grade 1 HCC consisting of small liver-like tumor cells
arranged in thin trabecular layers, which may be difficult to distin-
guish from liver-cell adenomas and atypical hyperplastic nodules

Fig. 14. Histological aspect of a well-differentiated HCC showing
bile production (arrows)

Fig. 15. HCC with fatty metamorphosis

Fig. 16. Cut section of a HCC with a mosaic pattern containing
fat, solid nodules, necroses, fibrosis and cystic areas

Fig.17. Cut section of a HCC with mosaic pattern, note the fatty
and fibrous areas
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Macroscopically, there are also several patterns
of growth. HCC is referred to as single or massive
when there is either a solitary small or a large
mass, with or without a capsule (Fig. 18). Multifo-
cal HCC, the second most common pattern, is
characterized by multiple separate nodules. The
least common pattern of diffuse or cirrhoto-
mimetic growth consists of multiple small tumoral
foci distributed throughout the liver, mimicking
the nodules of cirrhosis. HCC is said to be encap-
sulated when it is completely surrounded by a fi-
brous capsule. Patients with encapsulated HCC
have a better prognosis due to the increased possi-
bilities for resection. However, vascular invasion of
intrahepatic vessels (portal hepatic vein branches)
and perihepatic vessels (inferior vena cava and
portal vein) is common.

2.1.2.5 
Fibrolamellar Carcinoma (FLC)

This type of hepatocellular carcinoma occurs both
in male and female patients, typically under the
age of 25 years. In contrast to HCC, underlying cir-
rhosis is not usually present in FLC. Pain in the
right upper abdominal quadrant, nausea and
weight loss are the leading symptoms, while jaun-
dice is quite rare. Often the tumors are relatively
large (> 15 cm) at the time of detection. If resected
early, the five year survival rates are about 50%.
Metastases from FLC are mostly located in the
lymph nodes and lungs, and, in roughly half of the
cases, metastatic lymph nodes are present at the
time of diagnosis. Macroscopically, the tumors
have a lobular appearance with fibrous septa and a
central scar, which, in contrast to that in FNH, is a
true scar.

FLC lesions have a distinctive microscopic pat-
tern and are composed of eosinophilic, malignant
hepatocytes containing prominent nuclei. FLCs ex-
press hepatic as well as biliary keratin. The fibrous
component accounts for 50% of the tumoral mass

Fig. 18. Cut section of a HCC with a nodular pattern and fibrous
capsule

Fig. 19. Histology of a fibrolamellar carcinoma demonstrating
tumor cells separated by characteristic parallel lamellae of coarse,
ropy collagen

Fig. 20. Cut section of a fibrolamellar carcinoma with a lobular
arrangement with interconnecting fibrous septa and a central stel-
late scar

Fig. 21. Cut section of a fibrolamellar carcinoma with a nodular
appearance but with minimal demonstration of a central stellate
scar
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and is distributed in multilamellar strands (Fig.
19), except in larger tumors containing large cen-
tral scars (Fig. 20). Satellite nodules are often pres-
ent. The appearance of FLC can be similar to that
of FNH as both tumors have a central scar and
multiple fibrous septa (Fig. 21). In FLC, hemor-
rhage is rare, while necrosis and coarse calcifica-
tions are often present, especially in the central
scar (in approximately 30% of cases). The origin
of FLC is still to be clearly defined, although mixed
FLC/HCC types seem to exist [38].

2.2 
Benign and Malignant Tumors 
of the Biliary Tract

2.2.1 
Bile Duct Adenoma

This tumor is found mainly by chance and its max-
imal size does not usually exceed 2 cm. Microscop-
ically, small bile ducts lined by mucin-producing
cells are embedded in a fibrous stroma. A malig-
nant transformation has not yet been reported [3].

2.2.2 
Bile Duct Cystadenoma

Hepatic cystadenoma is a very rare tumor, al-
though analogous forms are quite common in the
pancreas and ovaries. Most of the patients are
women in their fifth decade of life, and the major
symptoms include pain and jaundice. Infection,
rupture and malignant transformation of these
slowly growing tumors may occur. Surgical resec-
tion is the therapy of choice [98] (Fig. 22).

Microscopically, cystic spaces filled with vis-
cous yellowish or reddish fluid can be seen. The
most common mucinous type should be distin-
guished from the serous and papillary cystic types.
The tumoral stroma may consist of only a thin
hyaline rim, but it may also appear as a compact
layer [79].

2.2.3 
Biliary Papillomatosis

About 50 cases of multiple small papillomas of the
intra- and extrahepatic bile ducts have been de-
scribed. Jaundice may be the only presenting
symptom, although sepsis and hemobilia with a
subsequent fatal outcome may result. A temporary
biliary stoma may bring about some relief, al-
though the only curative method to date involves
liver transplantation. The presence of biliary pa-
pillomas seems to coincide with ulcerative colitis,
Caroli’s syndrome and polyposis coli [124].

2.2.4 
Bile Duct Carcinoma 
(Cholangiocarcinoma, CCC)

Bile duct carcinomas are divided according to their
location, into intrahepatic cholangiocarcinoma [9],
hilar adenocarcinoma (Klatskin tumor) [91] and
carcinoma of the extrahepatic bile ducts [5].

On cut sections, CCC is characterized by the
presence of large amounts of whitish fibrous tissue
(Fig. 23). Inside the tumor, especially in large exam-
ples, a variable amount of central necrosis may be
present, while hemorrhage is rare. Histologically,
the tumor is an adenocarcinoma with a glandular
appearance and cells that resemble biliary epitheli-

Fig. 22a, b. Biliary cystadenoma. The resected tumor (aa) is well-defined and shows a thick capsule. The cut surface (bb) of a biliary cys-
tadenoma, in contrast to congenital simple cysts, demonstrates a multilocular appearence. Cysts may show hemorrhage and fluid-fluid
levels

aa bb
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um with fibrous stroma (Fig. 24). Mucin produc-
tion and calcification can sometimes be demon-
strated. At autopsy there is often a layer of atypical
cells surrounding the main tumor, which probably
propagates relapsing tumor growth after an initial
curative resection. Overall the prognosis is poor.

A large desmoplastic reaction is typical of CCC.
Diagnostic studies often reveal lymph node metas-
tases and hematogeneous spread to the lungs,
bones, adrenals, spleen and pancreas. Intrahepatic
carcinomas often arise in the fifth or sixth decades
of life, and usually later in life than HCC. Non-spe-
cific signs such as pain and weight loss are typical,
while jaundice is generally atypical. The tumor is
usually hypovascular, but it may show late en-
hancement in cases of desmoplastic changes. Early
signs of metastases include finger-like extensions
along lymphatic channels and represent another
reason for the poor prognosis of intrahepatic CCC
(Fig. 25). Infections with Clonorchis sinensis and
Opisthorchis viverrini, hepatolithiasis and congen-
ital anomalies of the bile ducts predispose subjects
to bile duct carcinoma. Other risk factors include
Caroli’s syndrome, sclerosing cholangitis and con-
genital hepatic fibrosis [18, 93, 94, 136].

The most common extrahepatic locations of
CCC are along the common hepatic duct and the
cystic duct. In these cases, painless jaundice is the
leading symptom. Associations with choledochal
cysts, congenital malformations of the bile ducts
and ulcerative colitis have been reported. CCC with
a high cuboid epithelium located in the liver hilum
is typically referred to as Klatskin tumor [91].

2.2.5 
Bile Duct Cystadenocarcinoma

In contrast to bile duct carcinoma, the prognosis
for patients with this tumor is somewhat better.
Bile duct cystadenocarcinoma is quite rare and
metastases are only seldom found. It is usually di-
agnosed by histologic analysis of a resected cystic
mass lesion.

The majority of bile duct cystadenocarcinomas
occur in middle-aged women and cause no symp-
toms until they are quite large in size. Since local
or metastatic spread is quite rare, patients are usu-
ally referred for surgery [79, 108].

Fig. 23. Cut section of a intrahepatic cholangiocellular carcino-
ma diffusely infiltrating the liver with finger-like extensions and
central sclerosis

Fig. 24. Histology of the periphery of a CCC which demonstrates
tumor cells in a tubular pattern in an abundant fibrous stroma en-
trapping normal liver cells

Fig. 25. Macroscopic distribution of diffuse hepatic metastases
of a CCC
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2.2.6 
Gallbladder Carcinoma

This tumor is mainly found in female patients pre-
dominantly in the sixth decade of life. The main
symptoms include right upper abdominal quad-
rant pain, nausea and jaundice. Patients frequently
have gallstones or, on occasion, a so-called “porce-
lain” gallbladder caused by recurrent inflamma-
tion [84].

Whereas adenocarcinoma growth usually in-
volves just the gallbladder, squamous cell carcino-
ma and undifferentiated carcinoma often infiltrate
neighboring structures. Local complications in-
volving fistula, perforation or empyema may arise.
Distant metastases typically occur in advanced
cases [70, 87].

Other quite rare tumor types in the gallbladder
include sarcoma, primary malignant melanoma,
carcinoid and lymphoma [111, 193, 198].

2.3 
Benign Non-Epithelial Tumors

2.3.1 
Hemangioma

The most common liver lesions are hemangiomas,
which are found with a prevalence of 0.4-7.3% and
only rarely cause any clinically relevant symptoms
[78]. Thus, they are most often detected by chance.
Small capillary hemangiomas need to be distin-
guished from larger cavernous hemangiomas,
which are frequently categorized as benign con-
genital hamartomas. Macroscopically, cystic
blood-filled spaces can be visualized. When de-
tected intraoperatively, these lesions can be diag-
nosed as hemangiomas by simple palpation. The
lining of these spaces consists of endothelial cells
and thin fibrous walls. With increasing tumor size,
central thrombosis with consecutive fibrosis, myx-
oid changes or calcification may occur.

Therapeutic intervention should only be con-
sidered in cases of symptomatic or giant heman-
gioma (larger than 10 cm) [192].

Complications such as rupture, thrombocy-
topenia or disseminated intravascular coagulation
(DIC), caused by stasis of blood flow in the dilated
vessels, may occur on rare occasions. Multiple he-
mangiomas are considered part of the syndrome
of systemic hemangiomatosis. Fine needle biopsy
should be avoided because of possible bleeding
and because in many cases only blood is aspirated,
which leads to poor diagnostic results. The diag-
nosis can usually be established by means of blood
pool scintigraphy [166] or MRI.

On cut sections, larger hemangiomas almost al-
ways present a heterogeneous composition with
areas of fibrosis, necrosis and cystic changes and
intratumoral coarse calcifications (Fig. 26). In
some cases abundant fibrous tissue completely re-
places the lesion.

2.3.2 
Infantile Hemangioendothelioma (IHE)

Most of these infantile mesenchymal tumors are
found during the first six months of life, and there
seems to be a slight female predominance [157].

Common symptoms include hepatomegaly or
a palpable mass, sometimes together with dimin-
ished growth or high-output cardiac failure caused
by shunting. Rupture, thrombocytopenia and hy-
pofibrinogenemia may occur on rare occasions.
Surgical intervention may be avoided if no life-
threatening complications appear, as the tumor
tends to regress gradually. Therapeutic strategies
may consist of steroids, chemo- or radiotherapy,
embolization or resection. Macroscopically, IHEs
are usually multiple and diffuse.A solitary lesion is
an uncommon variant. The nodules vary from a
few millimeters to 15 cm or more in size, and are
round, reddish-brown and spongy, or white-yellow
with fibrotic predominance in mature cases.

Microscopically, two types can be distinguished:
• Type 1 has intercommunicating vascular chan-

nels with a single-layered endothelial lining.
Thrombosis and infarction in cavernous spaces
is quite frequent, as is extramedullary
hematopoesis.

• Type 2 demonstrates nuclear atypia and a mul-
ti-layered endothelial lining. There seems to be
some resemblance to angiosarcoma, but the
finding of a metastasizing IHE has not yet been
reported [46].

Fig. 26. Cut section of two large hepatic hemangiomas showing
central fibrosis and hyalin changes (arrows)
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2.3.3 
Lymphangioma

Hepatic lymphangioma are congeries of dilated
lymphatic channels containing proteinaceous fluid
or blood. Lymphangiomas in the liver occur most
frequently as multiple masses, although solitary le-
sions are found on occasions. In some cases con-
comitant hemangiomas can be found. When diag-
nosing hepatic lymphangioma, whole body cross-
sectional imaging is indicated because multiple or-
gans and tissues, (i.e. spleen, kidneys, lungs, gas-
trointestinal tract and skeleton), are usually in-
volved, particularly in children. Thus, the condition
is often referred to as lymphangiomatosis [72, 170].

2.3.4 
Angiomyolipoma

Angiomyolipomas are rare soft tissue tumors
found most frequently in the kidneys and occa-
sionally also in the liver. There is an increased inci-
dence of these tumors in association with tuberous
sclerosis [24, 67, 122].

Angiomyolipomas consist of blood vessels, fat
and smooth muscle [66] (Fig. 27).

2.4 
Malignant Non-Epithelial Tumors

2.4.1 
Angiosarcoma

These tumors are the most frequent sarcomas of
the liver and arise typically in the sixth and sev-
enth decades of life, predominantly in male sub-
jects. Exposure to thorotrast, monomers of vinyl
chloride, steroids, radium and chronic arsenic in-
toxication is known to be associated with an-
giosarcoma. Liver cell hyperplasia with dilatation
of the sinusoids and increased fibrosis leading to

portal hypertension are typical early stages of tu-
mor growth. Macroscopically, angiosarcomas are
ill-defined sponge-like hemorrhagic tumors (Fig.
28). They are composed of malignant endothelial
cells lining vascular channels of variable size, from
cavernous to capillary, which attempt to form si-
nusoids. Metastases to lymph nodes, spleen, lung,
bone and adrenals are rarely found.

Thorotrast particles can be found within the
malignant endothelial cells in cases of Thorotrast-
induced angiosarcoma. The majority of angiosar-
comas present as multiple nodules, often with ar-
eas of internal hemorrhage. When angiosarcoma
appears as a single, large mass, it does not have a
capsule and frequently contains large cystic areas
filled with blood debris [125, 152, 163, 194].

2.4.2 
Malignant Epithelioid 
Hemangioendothelioma (EHE)

This tumor most often arises in female patients in
the fifth decade of life. Patients complain of weight
loss and right upper abdominal quadrant pain,
sometimes in combination with jaundice. There
may be an association with oral contraceptives.
The tumor is most frequently located at subcapsu-
lar sites (50-65%) and macroscopically, it is a solid,
fibrous mass, sometimes with calcifications and
encased by vessels. In contrast to angiosarcoma,
the prognosis seems to be better; increasingly pa-
tients are undergoing hepatectomy and consecu-
tive liver transplantation. Grossly, two different
types of EHE have been described: an early stage
nodular type with small subcapsular lesions,
which in a later stage of the disease tend to become
diffuse with confluent lesions along the hepatic or
portal veins. Typically, in malignant EHE a retrac-
tion of the liver surface can be noted (Fig. 29). The
only other primary liver lesion in which this sign is
observed is CCC. Microscopically, EHEs are com-

Fig. 27. Macroscopic aspect of an angiomyolipoma of the liver

Fig. 28. Cut section of a diffuse infiltrating hepatic angiosarcoma
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posed of epithelioid and dentritic cells within a tu-
mor matrix that may become sclerotic, hyalinized
and calcified. Intratumoral necrosis and hemor-
rhage are common findings [54, 80].

2.4.3 
Undifferentiated (Embryonal) Sarcoma

Along with hepatoblastoma and IHE this is one of
the most frequent primary malignant hepatic tu-
mors in children, arising typically between the
ages of six and ten. Increased girth and weight loss
are common symptoms and a newly discovered
heart murmur induced by a tumor thrombus may
be present on rare occasions. Macroscopically, sar-
comas have solid and cystic areas, hemorrhage or
necroses, and are sometimes surrounded by a
pseudocapsule. In 50% of all cases, extramedullary
hematopoesis can be demonstrated. Complete tu-
mor resection followed by chemotherapy and radi-
ation can increase the five year survival rate to
about 15% [160, 173].

2.4.4 
Rhabdomyosarcoma (Sarcoma Botryoides)

Hepatic rhabdomyosarcoma is a tumor typically
found in children below the age of five. Only on
very rare occasions do they arise in adults. Typi-
cally, the tumor has a grape-like appearance and
grows in the lumina of larger bile ducts. Its pres-
ence leads to intermittent icteric episodes, fever
and weight loss.

The prognosis and treatment modalities are
similar to those of undifferentiated embryonal sar-
coma [76].

2.4.5
Other Primary Sarcomas

Almost every type of sarcoma has been reported
in the liver. They usually occur in middle and old
age, in either sex, and are typically large and at an
advanced stage when discovered. Although most
of the tumors are slow-growing, in most cases
prognosis is poor as complete excision is seldom
possible due to the size and degree of advance-
ment. Leiomyosarcomas may arise from the liga-
mentum teres, the portal and hepatic veins, as well
as from the liver capsule. Other rare malignant
soft-tissue tumors of the liver include fibrosarco-
ma, malignant fibrous histiocytoma, liposarcoma,
osteosarcoma, malignant hemangiopericytoma
and sarcomas with divergent cell lines (malignant
mesenchymoma).

2.4.6 
Primary Lymphoma of the Liver

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma
and leukaemia, as well as histiocytosis and masto-
cytosis, may affect the liver secondarily. Neverthe-
less, an increasing number of primary lymphomas
of the liver are being described [139, 150]. The
recognition of primary hepatic lymphoma is im-
portant as treatment often has a favorable out-
come. The tumor may occur at any age, from child-
hood to adolescence, and is around four times
more likely to occur in males. Patients present with
abdominal pain, hepatomegaly or a mass. Addi-
tional B-symptoms (fever, weight loss) are found
in 50% of cases. On rare occasions the tumor may
be associated with autoimmune disorders, chronic
hepatitis, cirrhosis, infection with hepatitis B virus

Fig. 30. Macroscopic presentation of a solid solitary primary he-
patic manifestation of Hodgkin’s disease

Fig. 29. Cut section of a subcapsular-located malignant epith-
eloid hemangioendothelioma showing a characteristic retraction
of the liver surface (arrow)
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(HBV) or the human immunodeficiency virus
(HIV). Although the tumors most frequently pres-
ent as solitary (Fig. 30) or multiple masses, diffuse
infiltration can also be found on occasions. Upon
histology, most non-Hodgkin lymphomas are de-
scribed as high-grade. Possible misdiagnoses in-
clude metastatic carcinoma, chronic hepatitis and
inflammatory pseudotumor.

Surgical resection gives the best prognosis al-
though multi-agent chemotherapy and/or radia-
tion therapy are also often worthwhile [83].

2.5 
Hepatoblastoma

Hepatoblastoma is typically found in young chil-
dren. Up to one third of patients have concomitant
anomalies such as hemihypertrophy, cleft palate,
Beckwith-Wiedemann or Down’s syndrome. The
tumors are often palpable, while failure to thrive
and weight loss, together with extremely elevated
α-fetoprotein (AFP) levels, are typical symptoms.
Cystic, necrotic and/or hemorrhagic areas as well
as fibrosis and calcifications are common, while
the tumor may also be partially encapsulated. In
20% of cases the tumors are multifocal.

Most tumors are of the epithelial, mixed or
mesenchymal type. In very rare cases of teratoid or
even chondroid hepatoblastoma, muscle or neu-
ronal cells may be found. Epithelial hepatoblas-
toma is composed of fetal and/or embryonal ma-
lignant hepatocytes. A mixed hepatoblastoma has
both an epithelial (hepatocyte) and a mesenchy-
mal component consisting of primitive mesenchy-
mal tissue. Amorphous calcifications are seen in
about 30% of cases. This histological classification
has prognostic implications: the epithelial type has
a better prognosis than the other forms, especially
when there is a predominant hepatocyte presence.
Embryonal epithelial cells are more primitive than
fetal epithelial and mesenchymal cells and tumors
with the former histological type carry a poorer
prognosis.

Surgical resection is the primary treatment al-
though operative mortality is high (about 25%).
Accurate tumor staging is essential to determine
the need for additional chemo- or radiotherapy.
The long term survival rate is about 15-35%. Fac-
tors that contribute to a worse prognosis are age
under one year, large tumor size, involvement of
vital structures and the predominance of anaplas-
tic cells [77, 95, 183].

2.6 
Tumor-like Lesions

2.6.1 
Cysts

The etiology and pathogenesis of solitary liver
cysts have not yet been totally clarified. Moreover,
it is uncertain whether they are developmental or
neoplastic in origin.

2.6.1.1 
Non-Parasitic Cysts

Primary, non-parasitic liver cysts are subdivided
into unilocular and multilocular varieties. Where-
as unilocular cysts are more likely to be develop-
mental in origin, multilocular cysts may be neo-
plastic with an increased, but nevertheless very
low potential for malignant change (Fig. 31). Pri-
mary, non-parasitic liver cysts may occur at any
age although the peak incidence is between the
fourth and sixth decades of life with a male to fe-
male ratio of 4-5:1. Liver cysts smaller than 8-10
cm seldom cause symptoms and are therefore
most often diagnosed by chance. In cases of symp-
tomatic cysts, patients present with an upper ab-
dominal mass and fullness, nausea and occasional
vomiting.An acute abdominal crisis may be due to
torsion, strangulation, hemorrhage into the cyst or
rupture [143].

Fig. 31. Liver surface with diffuse distribution of non-parasitic
uncomplicated liver cysts
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Symptomatic large solitary cysts are twice as like-
ly to be found in the right lobe as in the left. Jaundice
is a frequent complication. Whereas excision has of-
ten been the treatment of choice, aspiration and in-
jection of sclerosing agents such as alcohol, polido-
canol or minocyclin chloride represent an accurate
therapeutic option in many cases [52, 63].

Malignant tumors arising from either type of
solitary cyst may occur on very rare occasions. Al-
though these tumors are usually adenocarcino-
mas, squamous cell carcinomas and even carci-
noids have been reported [20, 167].

2.6.2 
Mesenchymal Hamartoma

Mesenchymal hamartoma most likely represents a
localized abnormality of ductal plate development
that precedes birth. They occur almost exclusively
in young children with an average age of 15 months
and have a predominance in males to females of
2:1. Association with polycystic kidney disease,
congenital hepatic fibrosis and biliary hamartoma
has been described. Children typically present with
progressive abdominal enlargement and imaging
techniques show a cystic mass which is usually
large. Microscopically, a variable mixture of liver
tissue is seen. Extramedullary hematopoiesis is
commonly present. Surgical excision is curative
and malignant transformation has not been report-
ed [49, 161].

2.6.3 
Biliary Hamartoma

Biliary hamartomas often occur as small lesions,
found by chance on fine needle biopsy. They con-
tain irregularly-formed dilated bile ducts in a fi-
brous stroma and may occur together with cystic
kidneys. It is still unclear as to whether cholangio-
carcinomas arise from these lesions [50].

2.6.4 
Inflammatory Pseudotumor (IPT)

A rare differential diagnosis among solid liver tu-
mors is the so-called IPT. This lesion may appear in
almost any tissue and anatomic location and on di-
agnostic imaging mimics other common histologi-
cal and imaging findings. Despite numerous re-
ports, the pathogenesis of IPT remains unclear. Re-
cent publications have explained the etiology of this

lesion as either a post-inflammatory regenerative
process or a primary neoplastic process [11, 34, 47].

The suspicion of neoplasm is based on histo-
logic findings in which an IPT is shown to consist
of myofibroblasts, fibroblasts, lymphocytes and
plasma cells. In such cases the pathologist may be
persuaded to diagnose a sarcoma with primary be-
nign clinical behavior. The suspicion that the le-
sion is of true neoplastic origin may be reinforced
by the presence of histiocytes and spindle cells and
when immunohistochemical and ultrastructural
examinations reveal signs of benign as well as ma-
lignant growth [36].

However, examination of IPT of the ileo-cae-
cum have shown that they may be associated with
infection. The histology of this lesion was shown to
be comparable with that of mycobacterial pseudo-
tumors of the lymph nodes, spleen and lung in a
patient infected with HIV [101].

From this observation it was concluded that the
immune system plays an important role in the
pathogenesis of this kind of mass lesion. Addition-
ally, electron microscopy may demonstrate intracel-
lular bacilliform organisms. Molecular analysis of
DNA fragments was able to identify Pseudomonas
sub-populations that were not known to be infec-
tious in humans. In this regard, pathogenic organ-
isms such as Epstein-Barr virus, actinomyces and
nocardia, especially in hepatic lesions, are suspected
to contribute to the development of IPT [187].

2.6.5 
Other Tumor-like Lesions: Peliosis Hepatis

The microscopic type is characterized by an area
of absent reticulin fibers, thus resulting in a dila-
tion of the sinusoids, which are normally lined by
endothelium [196]. Two varieties have been de-
scribed: the phlebectatic type, in which the blood-
filled spaces are lined with endothelium and are
based on aneurysmal dilatation of the central
veins, and the parenchymal type, in which the
blood spaces are not lined with endothelium and
are usually associated with hemorrhagic parenchy-
mal necrosis.

There seems to be an increased incidence of
peliosis with thiopurine, anabolic steroids, vitamin
A and thorotrast. The macroscopic type of peliosis
shows cystic blood-filled spaces, which occur in
malnutrition, leukemias, tuberculosis, some forms
of vasculitis, lepra and HIV. Due to the large cystic
blood-filled areas, imaging studies may lead to the
misinterpretation of the lesion as hemangioma
[48, 149, 155, 195].

These lesions typically have no clinical rele-
vance, but may cause some difficulties in the dif-
ferential diagnosis of focal liver lesions.
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2.7
Infectious Diseases of the Liver

2.7.1 
Liver Abscess

A liver abscess generally develops by one of three
different routes:
• ascending infection of the bile ducts,
• hematogeneous spread in endocarditis, pneu-

monia and pulmonary AV-malformations,
• purulent infections draining to the portal vein,

e.g. diverticulitis.

The origins of pyogenic abscesses within the
liver are usually not obvious. Contributory factors
include diabetes mellitus, perforated duodenal ul-
cer or diverticulosis. The most common pathogen-
ic germs are E. coli, other coliforms, and Strepto-
coccus milleri. Anaerobes are being reported with
increasing frequency. However, amebiasis and sev-
eral worm infections (ascariasis, clonorchiasis, fas-
cioliasis) of the biliary tree, which predispose sub-
jects to bacterial cholangitis, should be considered
as possible pathogenic agents in the differential di-
agnosis of pyogenic liver abscesses [68].

Infection spread via the biliary tree may be due
to an acute ascending cholangitis complicating a
large bile duct obstructed by stones. In addition,
suppurative cholecystitis, post-operative biliary
stricture, acute or chronic pancreatitis and tumors
in the biliary tree and pancreas may cause focal in-
flammation that spreads to the liver.

Today, bacterial infection via the portal vein is
less common in industrialized nations. Hepatic
spread arises from inflammatory processes in the

appendix, the colon (as in diverticulitis) and the
pancreas, leading to septic portal throm-
bophlebitis and thereafter to liver abscesses. In de-
veloping countries, umbilical sepsis plays a lead-
ing role and is the source of portal pyemia which
may also induce splenic vein occlusion leading to
splenomegaly.

An arterial spread of infection to the liver is
common. Patients usually develop clinical symp-
toms before a visible abscess can be depicted. Path-
ogenic germs include Staphylococcus, Neisseria
gonorrhoeae and Chlamydia trachomatis which
may induce complicated pelvic infections. Chronic
granulomatosis disease facilitates arterial septic
spread to the liver [119].

On rare occasions, acute cholecystitis or liver
trauma may be the cause of a liver abscess.Amebic
abscesses are not very frequent in Europe. While
abscesses might not have a fibrous capsule initial-
ly, they tend to form coagulative necrosis and sub-
sequently liquefy (Figs. 32, 33). Thereafter, abscess-
es may rupture and induce peritonitis, which usu-
ally has a bad prognosis.

Hepatic Aspergillus infection typically demon-
strates multiple small hemorrhagic necrosis. Hy-
phae may also obstruct vessels and lead to infarc-
tion.

Multiple portal or periportal abscesses with
granuloma formation are typical of Candida. In
Cryptococcus infections large abscesses are absent,
but small foci of necrosis may be observed which
sometimes follow the bile ducts in a manner simi-
lar to sclerosing cholangitis [10].

Patients under immunosuppression or with
hematologic disease are particularly at risk of de-
veloping hepatic abscesses.

Fig. 32. Macroscopic aspect of an early-stage intrahepatic ab-
scess formation with the beginning of central necrosis, in a pa-
tient with immune deficiency

Fig. 33. Abscess formation with central liquified necrosis caused
by septic emboli in a patient with AV-malformations of the pul-
monary vasculature
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2.7.1.1
Abscess Formation in Bile Ducts

Usually a cholangitis is induced by biliary obstruc-
tion caused by lithiasis or strictures, and more
rarely by a malignant neoplasm. Ascension from
the gastrointestinal tract is the typical route of
spread.

2.7.2 
Helminthic Infections

2.7.2.1 
Nematodes (Ascariasis)

Transmission of helminths is usually by the fecal-
oral route. Hepatomegaly with an eosinophilic
granulomatous reaction may be present during
migration of the larvae. This may lead to mechan-
ical obstruction of the bile or pancreatic ducts and
subsequent cholecystitis, hepatic abscesses and
septicemia [89].

2.7.2.2 
Cestodes (Echinococcus)

Echinococcus granulosus, which is the cause of the
unilocular hydatosis, is found throughout Europe
and is mainly transmitted by contact with dogs.
The larval oncospheres reach the hepatic
parenchyma via the portal vein. There they form
slowly growing cysts, which may lead to compres-
sion or bacterial infection of the bile ducts. The
cysts may grow to a size of 30 cm, and are typical-
ly surrounded by a fibrous rim which may calcify.
Daughter cysts may also occur. A liver biopsy
should be avoided because of the potential risk of
peritoneal spread, anaphylactic reactions and dis-
semination of disease. Partial liver resection or
sucking of the cysts and treatment with Albenda-
zole may bring about remission.

Unlike the situation with E. granulosus infec-
tion, patients with E. multilocularis infection typi-
cally complain of jaundice and ascites. Untreated
alveolar hydatidosis is frequently fatal. Cysts may
rupture spontaneously. There are typically multi-
ple irregularly formed cysts with a malignant-like
tendency to invade surrounding parenchyma [2,
25] (Fig. 34).

2.7.2.3 
Trematodes (Schistosomiasis)

Worldwide, schistosomiasis is the leading cause of
portal hypertension. Typically, there is a latency
between infection and the phase when trematodes

(S. mansoni, S. japonicum, S. mekongi) are found
in the portal vein, where the female schistosoma
begins egg-laying. This may lead to the so-called
Katayama fever and transient hepato-
splenomegaly. In advanced schistosomiasis, mi-
croscopic examination reveals a periportal fibrosis
(Symmers’ clay-pipe stem fibrosis), which follows
the periportal tracts. Concomitant granulomatous
inflammation occurs with scarring. This leads to
the typical portal hypertension of the presinu-
soidal type. The length and intensity of infection
correlates positively with the degree of portal hy-
pertension [42, 171].

2.8 
Parenchymal Disease

2.8.1 
Hemochromatosis

In hemochromatosis there is typically an increased
uptake of iron in the small intestine despite al-
ready adequate iron storage. This leads to iron
deposition in the liver, pancreas, joints, myocardi-
um and hypophysis. There is both an inherited and
a transfusion-induced type of hemochromatosis.
Typical symptoms include diabetes, arthralgias,
cardiac insufficiency and hypogonadism. To avoid
permanent organic deficiency it is important to di-
agnose the inherited type. Whereas blood exami-
nation is able to hint at the possibility of he-
mochromatosis, a liver biopsy with increased iron
storage in hepatocytes establishes the diagnosis
[56, 144] (Fig. 35).

In MRI the increased iron content can be
demonstrated by calculation of the T2 relaxation
time. This allows diagnosis as well as follow-up un-

Fig. 34. Cut section of a hepatic infection with Echinococcus
alveolaris. Congeries of small hepatic cysts are present which infil-
trate the liver parenchyma
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der therapy to be assessed. Patients suffering from
untreated hemochromatosis typically develop liver
cirrhosis and are at high risk of HCC development.
Consequently, regular imaging studies should be
initiated.

2.8.2 
Transfusional Iron Overload 
(Hemosiderosis)

In some aplastic or hemolytic anemias frequent
transfusions are necessary, which lead to increased
iron storage in the spleen, liver, lymph nodes and
bone marrow. This induces fibrosis of the hepatic
parenchyma. If there is additional iron uptake in
the intestine, such as in thalassemia, there is the
possibility of liver cirrhosis even in young patients
[99].

2.8.3 
Fatty Liver

Pathologically there are two types of fatty liver: the
macrovesicular type in which there are large fat
deposits, and the microvesicular type. Imaging is
unable to distinguish between the two types. Focal
fatty liver on histology typically shows
macrovesicular fat deposits. Generally, these le-
sions do not cause any symptoms and may be soli-
tary or multiple. A general disposition to steatosis
(see Table 2) or a localized hypoxia may be the
cause, although focal fatty infiltration of the liver
may also occur in patients after chemotherapy.

There is a distinct disease entity called non-al-
cohol induced steatohepatitis (NASH) which

demonstrates the transition from steatosis to hep-
atitis and cirrhosis. This was first described in adi-
pose patients after gastrointestinal bypass (see
Table 3) [7].

2.8.4 
Wilson’s Disease

Wilson’s disease is an inherited autosomal-reces-
sive disease typically associated with increased in-
testinal uptake of copper and subsequent deposi-
tion in the liver, basal ganglia and other organs.
There may be an acute or even fulminant hepatitis,
chronic inflammation or cirrhosis. In contrast to
hemochromatosis, these patients do not demon-
strate an increased risk of developing HCC.

Wilson’s disease should be considered when a
low level of coeruloplasmin (less than 1.3 mmol/l)
and an increased quantity of copper is present in
the liver (greater than 250 mg/g dry weight) [159].

Clinical symptoms of patients suffering from
Wilson’s disease seem to be directly related to the
accumulation of copper in the brain, cornea, liver

Fig. 35. Histology of hepatic parenchyma affected by
hemochromatosis. Hemosiderin is predominantly accumulated in
periportal parenchymal cells, which is in contrast to siderosis of
the liver in which iron is stored predominantly in Kupffer cells

Table 2. Causes of steatosis hepatis

• Diabetes mellitus
• Obesity
• Kwashiorkor
• Alcohol- or drug-induced liver injury
• Chronic inflammatory bowel disease
• Hepatitis C
• Malaria
• Immotile cilia syndrome
• Fatty liver in pregnancy
• Reye’s syndrome
• Heat-stroke
• SIDS
• Insect bites 
• Chronic hepatitis B and C in transplanted livers
• Wolman’s disease
• Chemotherapy

Table 3. Causes of non-alcohol induced steatohepatitis (NASH)

• Morbid obesity
• Gastroplasty, gastro-intestinal bypass
• Diabetes mellitus type II
• Drug-induced liver injury
• Parenteral nutrition
• Weber-Christian disease
• Abetalipoproteinemia
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and kidneys. Liver cirrhosis induced by Wilson’s
disease is normally macronodular. However, a
mixed type or a micronodular type can also be ob-
served. Histology reveals nodules of variable size
separated by fibrous septa with minimal cholan-
giocellular proliferation and varying signs of in-
flammation [109].

However, the distribution of copper deposition
does not correlate with the pattern of nodules
[162].

The current treatment of choice is D-Penicil-
lamin, which chelates unbound copper for urinary
excretion [146].

However, liver transplantation can also be con-
sidered as an ultimate therapeutic option [129].

2.8.5 
Primary Sclerosing Cholangitis

An unspecific inflammatory fibrosis of the inter-
mediate and large bile ducts leads to irregular
stenosis and ectasia of the intra- and extrahepatic
bile ducts. This often remains completely asymp-
tomatic and is only diagnosed because of in-
creased levels of alkaline phosphatase (AP), al-
though chronic fatigue, stomach pain and inter-
mittent jaundice may also result [104, 179, 189].

Typically, primary sclerosing cholangitis pre-
dominates among male patients in their fifth
decade of life [188].

The clinical course can be variable, with many
patients dying due to progressive hepatic insuffi-
ciency. The only curative treatment is liver trans-
plantation. About 10% of all patients with primary
sclerosing cholangitis subsequently develop
cholangiocarcinoma or HCC [32].

An association with chronic inflammatory
bowel disease (such as Colitis ulcerosa) has also
been reported. Primary sclerosing cholangitis has
to be distinguished from secondary types of scle-
rosing cholangitis, such as those induced by surgi-
cal intervention, cholelithiasis and even cholangio-
carcinoma [128].

2.8.6 
Cirrhosis

Hepatic cirrhosis is the endpoint of different toxic,
autoimmune, congenital or infectious diseases (see
Table 4). Typically it is a diffuse process involving
fibrosis and nodule formation [13].

Macropathologically, there are micronodular
(nodules < 3 mm), macronodular (nodules > 3 mm)
and mixed types of cirrhosis. In micronodular cir-
rhosis the liver normally displays no irregularity of
shape and there is an increased fibrotic reaction
compared to the macronodular type (Fig. 36). Al-

though hepatomegaly is frequently seen in the early
stages, the size of the liver subsequently decreases.
The macronodular type typically displays an irregu-
lar surface (Fig. 37) and large fibrotic bands.A tran-
sition from the micro- to the macronodular type of
cirrhosis sometimes occurs in patients under treat-
ment or after alcohol abstinence [14].

Although many definitions of cirrhosis can be
found in the literature, the most appropriate and
concise of these states that cirrhosis is “a diffuse
process characterized by fibrosis and a conversion
of normal architecture into structurally abnormal
nodules”. Essential for the diagnosis of cirrhosis is
the presence of both fibrosis and nodules through-
out the entire liver. However, regeneration should
not be present and this must be taken into account
when evaluating histopathologic specimens from
needle biopsies. For this reason, liver cirrhosis is a
diagnosis that should only be assigned by the
pathologist; cross-sectional imaging indicates only
the diffuse nature of the process.

Fig. 36. Cut section of liver affected by macronodular cirrhosis
with a marked variation in size and shape. This is accentuated by
the intervening fibrous stroma which varies from broad scars to
thin delicate bands of fibrotic tissue

Fig. 37. Large nodules in a macronodular cirrhosis on the capsu-
lar surface of the liver
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Fibrosis is an integral part of cirrhosis and dif-
ferentiates it from nodular regenerative hyperpla-
sia. Structurally abnormal nodules may often oc-
cur but sometimes they can only be identified by
means of subtle architectural changes, such as a
disordered or compressed cell plate pattern. Al-
though abnormalities in vasculature and blood
flow are very important, they are not included in
the definition since these changes are a conse-
quence of the other pathologic features rather than
primary abnormalities. Equally, true regenerative
nodules can be a late occurrence in cirrhosis and
therefore regeneration is also excluded from the
definition. Although regeneration is not essential
for the diagnosis of cirrhosis, it is important to
point out that regeneration is a critical factor in-
fluencing the evolution of cirrhosis [13, 147].

2.8.7 
Primary Biliary Cirrhosis

This disease, whose etiology remains obscure, typ-
ically affects small hepatic ducts which become

surrounded by chronic inflammatory infiltrations
and are eventually destroyed. Microscopic exami-
nation frequently reveals portal tracts without 
bile ducts. Women in the fourth and fifth decades
of life are most commonly affected and there
seems to be an association with autoimmune dis-
orders such as Sjögren’s syndrome, Sicca complex,
CREST syndrome and vasculitis. Typical symp-
toms include cholestasis, progredient fibrosis and
cirrhosis [39, 86, 133].

2.8.8 
Secondary Biliary Cirrhosis

This type of cirrhosis is induced by obstruction of
the extrahepatic bile ducts. Choledocholithiasis 
as well as benign strictures or malignant neo-
plasms may be the cause. Since regenerative nod-
ules are typically absent, the condition is more a
diffuse regenerative process than a true cirrhosis.
Portal hypertension without typical morphologi-
cal signs of liver cirrhosis is frequently observed
[137, 151, 185].

Table 4. Different pathologies leading to hepatic cirrhosis

• Toxic
Alcohol Methotrexate 
Isoniazid Methyldopa
Amiodarone

• Infections
Hepatitis B and C Schistosomiasis

• Autoimmune
Chronic active hepatitis Primary biliary cirrhosis

• Metabolic
Wilson’s disease Hemochromatosis
α-1-antitrypsin-deficiency Galactosemia
Glycogen storage disease Tyrosinemia
Diseases of urea cycle Abetalipoproteinemia

• Biliary obstruction
Atresia Cystic fibrosis
Cholelithiasis Strictures
Sclerosing cholangitis

• Vascular
Budd-Chiari syndrome Veno-occlusive disease
Chronic cardiac insufficiency Hereditary hemorrhagic teleangiectasia with AV-shunts

• Others
Neonatal hepatitis-syndrome Indian childhood cirrhosis
Intestinal bypass Sarcoidosis
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2.8.9 
Reye’s Syndrome

Reye’s syndrome is an acute fatty degeneration of
the liver occurring together with encephalopathy.
It typically affects children with viral infections
(influenza B or varicella) who have been treated
with acetylic salicylic acid. There is only limited
hepatomegaly and the steatosis seems to be inter-
mittent. Hence, the only decisive finding for prog-
nosis is the extent of the neurological symptoms
[31, 132].

2.8.10 
Caroli’s Syndrome

This cystic ectasia of small intrahepatic ducts is
typically found diffusely, although cases of seg-
mental occurrence may also be observed.
Cholelithiasis leads to an intermittent obstructive
jaundice with pain and fever and concomitant
cholangitis. Possible complications are similar to
those of choledochal cysts. In cases of segmental
occurrence, a partial hepatic resection is curative.
There is an association with congenital hepatic fi-
brosis and Potter’s sequence [28, 113].

Patients with Caroli’s syndrome have an in-
creased risk of intrahepatic cholangiocellular car-
cinoma, and thus regular imaging studies should
be performed (Fig. 38).

2.8.11 
Liver Disease in Patients with Cystic 
Kidneys

2.8.11.1 
Cystic Liver Disease in Combination with 
Cystic Kidney Disease

Liver cysts are associated with the autosomal dom-
inant as well as the recessive type of renal cysts. In
the dominant type there are hepatic cysts at birth
of up to 10 cm in size, which usually become
symptomatic in the fifth decade of life. The most
common symptoms are hepatomegaly, pain, and
fever in cases of infection. Women seem to be af-
fected more frequently than men, and there is a
correlation with the number of pregnancies. Di-
verticles of the colon, a vitium cordis, ovarian
cysts, inguinal herniation or intracranial
aneurysms may occur concomitantly. Von Meyen-
burg complexes, which involve irregularly-dilated
bile ducts, seem to be associated with the develop-
ment of liver cysts in autosomal dominant cystic
kidney disease [112, 130].

In the autosomal recessive type of disease the
degree of hepatic involvement may vary. Infants
with the perinatal type typically do not live long
because of pulmonary complications.

In the neonatal and infantile type there is a ten-
dency to portal fibrosis and cystic dilation of bile
ducts in combination with renal insufficiency. The
juvenile type presents with portal hypertension.
Microscopically, there is an increased number of
bile ducts in the portal tracts, which are irregular-
ly formed and linked together [21].

2.8.11.2 
Congenital Hepatic Fibrosis and Cystic Kidneys

Congenital hepatic fibrosis together with cystic
kidneys is a distinct entity. Symptoms of cholangi-
tis and portal hypertension are relevant findings.
Patients typically present late with esophageal
variceal bleeding. Macroscopically, the liver seems
to be enlarged and tough, and cysts are not visible.
Concomitant congenital malformations may be
found [64, 96] (see Table 5).

Fig. 38. Macroscopic aspect of a liver affected by Caroli’s disease.
The parenchyma shows yellowish changes due to cystically dilated
bile-ducts and congestion of bile



2 • Histopathologic Classification of Liver Pathologies 39

2.8.12 
Langerhans Cell Histiocytosis

Liver involvement in histiocytosis is found in 29-
71% of all cases. The leading symptoms are scle-
rosing cholangitis with cholestasis, progressive de-
crease of intrahepatic bile ducts and fibrosis with
portal hypertension. Systemic chemotherapy may
lead to an improvement, but in severe pediatric
cases transplantation may be the only curative
treatment [69, 120].

2.8.13 
Storage Diseases

2.8.13.1 
Glycogen Storage Disease

The different forms of glycogen storage disease are
all autosomal recessive inherited diseases. Glyco-
gen storage disease should always be considered in
children with hepatomegaly, hypoglycemia,
growth retardation, an unproportional distribu-
tion of body fat and increased transaminases [117,
140] (Table 6).

2.8.13.2 
Galactosemia

Galactosemia is an inherited autosomal-recessive
condition that manifests primarily through the
first exposure to galactose via lactose in fed milk.
The cause and effect of this disease are mostly due
to a defect in the enzyme galactose-1-phosphate
uridyl transferase [82].

Children with this disease typically present
shortly after birth with growth retardation, nau-
sea, vomiting, diarrhea and jaundice. If untreated,
a cirrhosis may develop by the age of six months
[156].

Table 5. Pathologies and syndromes with concomitant hepatic
cirrhosis

• Congenital hepatic fibrosis
• Familial congenital heart disease
• Pulmonary arterivenous fistula
• Gastric ulcers
• Protein-losing enteropathies syndrome
• Laurence-Moon-Biedl-syndrome

• Similar changes
• Meckel’s syndrome
• Ivemark’s syndrome
• Ellis-van-Crefeld syndrome
• Nephronophthisis – congenital hepatic fibrosis
• Jeune syndrome 
• Vaginal atresia syndrome
• Tuberous sclerosis
• Medullary cystic disease

Table 6. Overview of glycogen storage diseases

Type Hepatic manifestation Other manifestations

• Ia (von Gierke) Hepatomegaly, HCC, Growth retardation, seizures,
hepatic adenoma hypoglycemia, osteoporosis,

gout, glomerulonephritis,
amyloidosis

• Ib Hepatomegaly, HCC, Growth retardation, seizures, 
hepatic adenoma hypoglycemia, osteoporosis, 

gout, glomerulonephritis, 
amyloidosis, neutropenia and 
frequent infections

• II (Pompé) Microscopic changes, Hypotonia, respiratory and 
hepatomegaly cardiac insufficiency (infantile type)

• III (Forbes) Hepatomegaly, cirrhosis, Hypoglycemia, muscle
hepatic adenoma weakness, growth retardation

• IV (Anderson) Hepatomegaly, cirrhosis, Growth retardation, 
focal fatty areas cardiac insufficiency

• VI & IX Hepatomegaly Growth retardation, mild 
hypoglycemia, hyperlipidemia



2.8.14.2 
Chronic Hepatitis

An inflammatory process which lasts longer than
six months without signs of regression is referred
to as chronic hepatitis. Histologically, chronic hep-
atitis is a necro-inflammatory, primarily hepatocyt-
ic disease with or without cirrhosis, in which lym-
phocytes clearly dominate the inflammation. There
is a gradation regarding the degree of inflamma-
tion, its localization and the subsequent fibrosis.

Macroscopically, an enlarged liver can be
demonstrated in the acute phase caused by edema-
tization. Ascites and splenomegaly are signs of a
more fulminant course [45]. The main etiological
categories for chronic hepatitis in addition to virus
infection are listed in Table 7.

2.8.15 
Liver Disease in Congestive Heart Disease

Chronic failure of the right heart leads to an en-
larged liver via congestion. Diffuse cell necrosis
may develop due to the decreased blood flow, in-
creased blood pressure and resulting hypoxemia
(Fig. 39). Cell necrosis thereafter induces a fibrosis
which resembles micronodular cirrhosis. However,
in contrast to other forms of cirrhosis, the micro-
scopic architecture remains intact [97].
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2.8.13.3 
Hereditary Intolerance of Fructose

This inherited disorder of fructose metabolism is
either caused by a deficiency of fructose-1-phos-
phate aldolase or is due to a dysfunction of the en-
zyme fructose-1,6-biphosphatase [15, 62].

Primary symptoms include poor feeding, vom-
iting and failure to thrive. Additionally, hepato-
splenomegaly, hemorrhage, jaundice, fever and as-
cites can be found. Cases with acute liver failure
may occur, and there is frequently steatosis and
subsequent cirrhosis [123].

2.8.13.4 
Mucopolysaccharidosis

Mucopolysaccharidosis is due to the deficient ac-
tivity of enzymes responsible for the catabolism of
glucosaminoglycans. It involves the accumulation
of excessive amounts of mucopolysaccharides in
the somatic and visceral tissue and the excretion of
partial metabolites in the urine.Additionally, accu-
mulations of gangliosides can be found. Mu-
copolysaccharidosis may be subdivided into six
different disorders with each one presenting dif-
ferent clinical features.Although the same catabol-
ic pathway is affected, each case involves a different
specific enzyme. The types that manifest in the liv-
er are type I (Hurler), II (Hunter), III (Sanfilippo),
VI (Maroteaux-Lamy) and VIIb. Macroscopically,
the liver becomes enlarged and extensive fibrosis
or cirrhosis may occur. When present, the fibrosis
is generally diffuse with heavy deposits of collagen
bundles and gradual microdissection of parenchy-
ma into nodules. Cirrhosis in mucopolysacchari-
dosis can present as either a macronodular or a
micronodular type [180].

2.8.14 
Viral Hepatitis

2.8.14.1 
Acute Hepatitis

The various forms of viral hepatitis induced by dif-
ferent viruses have a similar morphology. Macro-
scopically, there is hepatomegaly with an edema-
tous capsule, and distinct necrotic areas which lead
to surface irregularities. In fulminant hepatitis,
necrosis results in liver shrinkage and a relevant
loss of parenchymal volume, however, there might
be complete restitution. If necrosis occurs there
may be scar formation, which is morphologically
similar to that in cirrhosis. Cirrhosis typically de-
velops in cases of chronic hepatitis [126, 169].

Fig. 39. Macroscopic aspect of cardiac liver cirrhosis based on
congestive heart disease, leading to increased intrahepatic blood
pressure and reduced flow with subsequent cirrhosis

Table 7. Etiological categories of chronic hepatitis

• Viral (HBV, HDV, HCV)
• Autoimmune (classic lupoid-type and subtypes)
• Autoimmune overlap syndromes
• Drug induced (e.g. nitrofurantoin, α-methyldopa,

isoniazid and others)
• Cryptogenic
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2.9 
Vascular Changes

2.9.1 
Thrombosis of the Portal Vein

According to Virchow’s triad there are three main
mechanisms leading to a thrombosis: hypercoagu-
lability, stasis and injury to the vascular endotheli-
um (see Table 8). Obstruction of the portal vein
may be intermittent, as can be shown in ultrasono-
graphic and histologic studies. Recanalization is
quite rare once the thrombus formation has
reached the smaller portal branches [19, 168].

2.9.2 
Obstruction of Smaller Portal Branches

The type of portal hypertension caused by obliter-
ation of the smaller portal branches sometimes oc-
curs in systemic vasculitis or rheumatic disease
and may be found prior to a manifest cirrhosis in
primary sclerosing cholangitis (PSC), primary bil-
iary cholangitis (PBC) or sarcoidosis. An infection
with schistosoma – with eggs of the parasite caus-
ing a chronic inflammatory reaction – may lead to
thrombosis and fibrosis. Acute thrombosis of a
small portal vein causes a so-called pseudo-infarc-
tion (Zahn infarction), while thrombosis of larger
branches may induce more diffuse atrophy with
subsequent regenerative hyperplasia [6, 51, 134].

2.9.3 
Budd-Chiari Syndrome

The combination of portal hypertension and he-
patomegaly caused by an obstruction of venous
drainage was first described by Budd in 1845. This

obstruction may be located intrahepatically in the
small hepatic veins or extrahepatically in the larg-
er veins or the inferior caval vein (Fig. 40). The
type of obliterative endophlebitis of small hepatic
veins described by Chiari is called “veno-occlusive
disease”.A principal clinical symptom is slowly in-
creasing portal hypertension. Only a few patients
develop a fulminant disease with acute liver fail-
ure, hepatic encephalopathy and coagulopathy, and
this arises from the sudden obstruction of all larg-
er hepatic veins. This may be caused by any coagu-
lation disorder which predisposes subjects to a
thrombosis, or by a growing neoplasm, a hypertro-
phied caudate lobe or membrane formation in the
inferior caval vein. Treatment options include anti-
coagulation, resection of a mechanical obstruction
or porto-systemic shunting. The last approach may
involve liver transplantation. In acute obstruction

Table 8. Etiological factors leading to portal vein thrombosis

• Hypercoagulability
Polycythaemia vera Idiopathic thrombocytosis
Paroxysmal nocturnal hemoglobinuria CML
Subclinical myeloproliferative disease Oral contraceptives
Pregnancy Protein C deficiency
Antithrombin III deficiency

• Stasis
Cirrhosis HCC
Pancreatic carcinoma Splenectomy

• Vascular injury
Sepsis of the umbilical veins Pylephlebitis
Trauma Catheterization
Schistosomiasis Chronic inflammatory bowel disease

Fig. 40. Cut section of a liver from a patient with Budd-Chiari
syndrome demonstrating thrombus formation in a large hepatic
vein (arrow)
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the liver seems to be enlarged because of a dilation
of the sinusoids. If there is only a partial obstruc-
tion there might be hypertrophy of the areas with
diminished drainage [92, 114, 175] (see Table 9).

2.9.4 
Veno-Occlusive Disease (VOD)

A fibrotic obstruction of the small (< 1 mm) liver
veins leads to hepatomegaly with congestion of the
sinusoids. If longstanding, this results in liver fi-
brosis. Causative agents include pyrrolizidine al-
kaloids, which are found in exotic teas and as con-
tamination in cereals. Azathioprin and cysteamin
are also known to induce VOD, while whole body
irradiation, together with intensive chemotherapy,
is thought to lead to injury of the endothelium of
small hepatic veins. Acute symptoms include sud-
den onset of pain with hepatomegaly and ascites.
More than 50% of all bone marrow-transplanted
patients show signs of VOD. Typical symptoms in
these cases are weight gain, jaundice, thrombocy-
topenia and early stage liver failure. A similar dis-

ease is seen in patients treated with Dacarbazine,
although histologically there is a thrombosis,
rather than fibrotic obstruction, probably induced
by an allergic reaction [23, 40, 57, 186].

2.9.5 
Lobular or Segmental Atrophy

Thrombosis of the portal or hepatic veins may lead
to focal atrophy with subsequent compensatory hy-
pertrophy of the neighboring segments. This is es-
pecially common in patients with cirrhotic livers.
Syphilis and metastatic carcinoma are known to
cause so-called hepar lobatum. Segmental atrophy
may also be due to a congenital anomaly [71, 127].

2.9.6 
Infarction / Ischemia

Usually, an obstruction of the hepatic artery does
not induce hepatic ischemia, as the blood flow via
the portal vein is sufficient to guarantee parenchy-
mal supply. Large infarcts are only possible if both

Table 9. Etiological factors leading to thrombosis of the hepatic veins

• Hypercoagulability
Polycythemia vera Subclinical myeloid dysplasia
Paroxysmal nocturnal hemoglobinuria Promyelocytic leukemia
Chronic myeloid leukemia Oral contraceptives 
Pregnancy Anticardiolipin antibodies
Idiopathic thrombozytopenic purpura Protein C deficiency
Antithrombin III deficiency

• Stasis
Membranous obstruction of the inferior caval vein Congenital anomalies
Cirrhosis Cardiac insufficiency
Constrictive pericarditis Obstruction of the superior caval vein
Atrial myxoma Sickle cell anemia
HCC Hypernephroma
Adrenal carcinoma Hodgkin’s disease
Wilms’ tumor Leiomyoma and leiomyosarcoma
Metastasizing neoplasms Hydatid cysts
Abscess formation Hematoma

• Vascular injury
Trauma Catheterization
Amyloidosis Vasculitis
Tuberculosis Behçet’s disease
Sarcoidosis Filariasis

• Others
Chronic inflammatory bowel disease Protein-losing enteropathy
Multiple myeloma
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vessels have a diminished flow, as occurs in shock,
chronic portal vein thrombosis or cirrhotic livers.
Here, the increased portal tension induces a reduc-
tion of blood flow in the portal vessels. Intravasal
coagulation may also cause liver infarctions [33,
141].

2.10 
HIV-associated Liver Diseases

The liver in HIV is mainly affected by opportunis-
tic infections. About half of all patients with sero-
conversion into mononucleosis-like disease have
hepatomegaly. In almost all HIV patients there are
non-specific hepatic findings such as granuloma-
tous inflammation, peliosis hepatis or amyloidosis
[37, 41].

2.10.1 
Kaposi’s Sarcoma

About 20% of all HIV-infected patients develop
Kaposi’s sarcoma of the liver, which typically
grows from the portal tracts along the bile ducts.
Parenchymal lesions are typically small (5-10
mm), and are located subcapsularly [74].

2.10.2 
Primary Lymphoma of the Liver

Primary liver lymphomas are found more fre-
quently in HIV-infected patients than in non-in-
fected individuals. There may be focal lesions with
necrotic centers, or a more diffuse infiltration of
the liver parenchyma as well as lymphoma of bile
ducts, which may resemble a sclerosing cholangitis
[27, 85].

2.10.3 
Cholangitis

Cryptosporidiae and Microsporidiae may induce a
cholangitis especially if CD4+ counts are below
4/mm3. Sclerosis leads to pain, fever and cholesta-
sis. Furthermore, there is an increased incidence
of bacterial cholangitis, induced by gram-negative
agents [17, 110].

2.10.4 
Fungal Infections

Generally, fungal infections are a major problem
in HIV-positive patients and in patients with man-
ifest AIDS. In these cases fungal infections may oc-

cur either focally or as disseminated infections in
which the liver may be affected. The most impor-
tant pathogenic germs are Candida albicans, Cryp-
tococcus neoformans, Histoplasma capsulatum,
Pneumocystis carinii and Aspergillus. A liver biop-
sy should be performed for an accurate diagnosis.
However, the most sensitive techniques to classify
the fungi responsible for the infection are blood
culture and blood antigenemia tests [73, 190].

2.10.5 
Protozoal Infections

Protozoal infections which may affect the liver of
HIV-positive patients include Toxoplasma gondii,
Leishmania species and Cryptosporidium parvum.

HIV-associated toxoplasmosis usually presents
with focal lesions in the brain. Disseminated toxo-
plasmosis outside this location is uncommon in
AIDS patients and is only occasionally found by
chance or in autopsy material [22].

As the infection with Leishmania depends on
the geographical distribution of this pathogenic
germ; HIV-associated leishmaniosis only occurs in
endemic regions such as southern Europe, South
America and Africa. Inoculated parasites may per-
sist latently in the body for several years, manifest-
ing only as the immunodeficiency progresses [4].

2.10.6 
Bacterial Infections

Bacterial infections which show an increased inci-
dence in HIV-positive patients and which may
manifest in the liver include tuberculosis, infec-
tions with atypical Mycobacteria, bacillary an-
giomatosis, cat-scratch disease and Q fever.

Hepatic foci of tuberculosis may appear as sin-
gle or multiple mass lesions as well as miliary tu-
berculosis. Recent studies have revealed that active
tuberculosis is present in 50% of adults dying of
AIDS and that the liver is involved in 85% of these
cases. Thus, tuberculosis represents the most im-
portant and most frequent hepatotropic HIV-asso-
ciated disease [103].

HIV-associated infection with atypical My-
cobacteria, such as M. avium and M. intracellulare,
depends on geographic distribution and correlates
with the CD4+ lymphocyte count. Infections with-
in the liver manifest with increased serum alkaline
phosphatase indicating either an obstruction of
the bile ducts by enlarged lymph nodes in the liver
hilum, or obstruction of the terminal ductules by
intrahepatic M. avium granulomas. Thus, infec-
tions with atypical Mycobacteria should also be
considered in cases of intrahepatic abscess forma-
tion in HIV-positive patients [106, 174].



44 MRI of the Liver

2.11 
Hepatic Trauma

The spleen and liver are the organs most frequent-
ly involved in trauma by car accident or penetra-
tion. Up to 60% of all patients with hepatic trauma
are hemodynamically unstable and up to 45% have
concomitant splenic involvement. The right liver
lobe is the most frequently traumatized area. Sub-
capsular hematoma often results in a more re-
stricted blood loss and is typically lens-shaped
and causes compression of the neighbouring
parenchyma. Rib fractures are a frequent finding.
Parenchymal contusions and hematoma are less
sharply demarcated. Parenchymal tears of the area
nuda typically run parallel to hepatic veins and
may remain undiscovered in peritoneal lavage.
There may be some intraparenchymal or subcap-
sular air formation one to two days after trauma in
necrotic areas. Trauma of the bile ducts may cause
bile leakage which, on occasion, leads to formation
of a demarcated bilioma. Hemorrhage in bile ducts
may be suspected in cases of increased bile densi-
ty. Generally, acute trauma most often presents
with areas of high bile density, which in the course
of time may lead to the development of more cys-
tic lesions [29, 30, 44].

2.12 
Metastases

Liver metastases are the most frequent malignant
liver lesions. Between 24% and 36% of all patients
who die of a malignancy are known to have hepat-
ic metastases which frequently are below 1 cm in
size [148].

In order of decreasing frequency, the principal

organs which harbour the primary tumors of ori-
gin are the colon, stomach, pancreas, breast and
lung. Hematogeneous spread via the portal vein is
usually found in malignancies of the gastrointesti-
nal tract, whereas lymphogeneous spread occurs
in bile duct and pancreatic carcinoma. Primary tu-
mors such as lung cancer seem to metastasize via
the arterial blood supply of the liver. Hematologic
disease such as lymphoma or leukemia may also
infiltrate the hepatic parenchyma.

Metastases vary in size, consistency, uniformity
of growth, stromal response and vascularity and
can be either infiltrative or expansive. The appear-
ance of metastases depends on the primary source
and mode of propagation. Metastatic adenocarci-
nomas from the gallbladder and colon often con-
tain calcifications and have a slimy cut surface due
to mucin production. Tumors that are expanding
and massive, such as colon cancer metastases, of-
ten have central liquefactive necrosis (Fig. 41).
Metastases that have significant necrosis and/or fi-
brosis can umbilicate the surface of the liver cap-
sule, which is helpful for differentiation from HCC,
where umbilication rarely occurs (Fig. 42). Poorly-
differentiated tumors such as seminomas, oat-cell
carcinomas, non-Hodgkin’s lymphomas and un-
differentiated sarcomas tend to have a uniformly
soft, “fish flesh-like” consistency. Squamous cell
carcinomas have a granular and caseous central
portion that lacks the shiny appearance of most
adenocarcinomas. Individual metastases in the
same liver can vary greatly in appearance because
of differences in blood supply, hemorrhage, cellu-
lar differentiation, fibrosis and necrosis.

Most metastases maintain the microscopic fea-
tures of the primary tumor, including the degree of
stromal growth. Approximately 7-15% of patients
with metastatic liver disease have tumor thrombi
that occlude the portal and/or hepatic veins.

Fig. 41. Histology of a liver metastasis of a colorectal adeno-
carcinoma. Note the central necrosis surrounded by a rim of viable
tumor tissue

Fig. 42. Liver surface with metastasis of a colon carcinoma
demonstrating a typical umbilicus formation
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Metastases that penetrate the large portal veins
disseminate through peripheral portal branches.
The vascular supply of liver metastases is virtually
all arterial and this is the basis of imaging strate-
gies and therapeutic modalities. Although hepatic
metastases from the splanchnic bed originally de-
rive their blood supply from the portal vein, the
blood supply becomes progressively arterial.

2.12.1 
Metastases of Colorectal Adenocarcinoma

Colorectal carcinoma is the second most common
carcinoma in men and women. 15% of all patients
initially present with hepatic metastases due to
vascular drainage via the portal vein (Fig. 43).
Thereafter, local recurrence or distant metastases
can occur during the first two years after the in-
tended curative resection of the primary tumor.
Their prevalence depends on TNM stage and is
about 14% [191, 198].

A second surgical intervention is the only treat-
ment that seems to be beneficial to patients with
hepatic metastases despite the relatively low five
year survival rate of 25% [145]. It seems that sur-
vival increases with the latency of the recurrent tu-
mor growth [158].

Alternative palliative treatment modalities
which may be relevant include chemotherapy with
5-Fluorouracil and Levamisol [115], embolization
of arterial tumor vessels [35], and cryotherapeutic
intervention [138].

2.12.2 
Metastases of Breast Carcinoma

Breast cancer is one of the most frequent malig-
nancies in female patients in the western world.
Patients with known hepatic metastases die rapid-
ly if no therapy is initiated [75]. However, regional
chemotherapy alone or in combination with par-
tial hepatic resection does not seem to be of bene-
fit [102]. Systemic chemotherapy only induces a
partial remission in 30-40% of all patients.

2.12.3 
Carcinoid Metastases

Almost two thirds of all carcinoids are found in the
appendix, while up to one third are located in
some other part of the small intestine. The course
of disease and hence both life expectancy and
quality is mainly dependent upon the extent of
metastatic growth. Typical flush symptoms can of-
ten be relieved by a reduction of the hepatic tumor
burden. The five year survival of patients with he-

patic metastases is about 21% if no therapy is initi-
ated [116]. Hemihepatectomy or segmental resec-
tion in patients with metastatic growth in one liver
lobe and intermittent embolization of hepatic ar-
teries in disseminated disease may improve the
survival to up to 70% [1].As carcinoid tumors usu-
ally display relatively slow tumor growth, liver
transplantation in patients with diffuse metastases
may be another treatment modality. Chemothera-
py with 5-Fluorouracil, Streptozotocine, Doxoru-
bicine or Dacarbacine as a monotherapy is of no
benefit alone [116], although there may be some
tumor regression when conducted in combination
with embolization (Fig. 44).

Fig. 43. Cut section of the liver in metastatic liver disease in a pa-
tient with primary colon carcinoma, demonstrating subcapsular
as well as diffuse intrahepatic metastases

Fig. 44. Histology of hepatic metastasis of a neuroendocrine tu-
mor with glandular differentiation and no signs of tumor necrosis
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2.13 
Infiltration of the Liver in Hematologic 
Diseases

2.13.1 
Non-Hodgkin’s Lymphoma (NHL)

The primary hepatic manifestation in NHL must
be distinguished from secondary involvement. Pa-
tients with primary lymphoma seem to have a fa-
vorable prognosis when initial resection is fol-
lowed by chemotherapy. Typically, well-demarcat-
ed lesions with surrounding necrosis are found,
and diffuse infiltration is rare [150].

However, secondary liver infiltration seems 
to occur quite frequently. Well-differentiated B-
cell lymphomas tend to form multiple small
nodules, whereas more undifferentiated types
show a more diffuse manifestation that is hard
to identify on imaging studies. Unlike other solid
metastatic diseases of the liver, an involvement
of both liver and spleen is typically found in
lymphoma [90].

2.13.2 
Hepatic Hodgkin’s Lymphoma

Secondary infiltration of the hepatic parenchyma
also occurs in patients with Hodgkin’s lymphoma.
Fever and hepatomegaly with jaundice may result.
The morphology varies from diffuse infiltration to
large well-demarcated areas or small nodules. In
some patients there may be concomitant peliosis
hepatis [83, 97].
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3.1
Introduction

The imaging evaluation of patients with suspected
liver masses has three principal purposes:
• lesion detection,
• lesion characterization,
• evaluation of the intra- and extrahepatic extent

of tumor.
All three of the major non-invasive imaging

modalities have roles to play in liver imaging.
Ultrasound (US) has traditionally been used for

the primary screening of patients with abdominal
pain, but the advent of contrast-enhanced US tech-
niques now makes it a highly capable methodology
for both the characterization and improved detec-
tion of liver masses [60, 93]. Computed tomogra-
phy (CT) has generally been considered the imag-
ing approach of choice for the detection of liver
masses principally because of the ease of perform-
ing and interpreting large numbers of examina-
tions, its widespread availability, and its generally
acknowledged superior ability to evaluate the ex-

tra-hepatic abdomen [15]. However, until the ad-
vent of multi-detector CT (MDCT), the value of
conventional CT for the characterization of focal
liver lesions was generally considered to be inferior
to that of contrast-enhanced magnetic resonance
imaging (MRI) [123]. With the recent develop-
ments in MDCT technology, particularly the emer-
gence of 16- and 64-row scanners combined with
highly concentrated iodinated contrast agents, the
impact of CT in both detection, and to a lesser ex-
tent, characterization of focal liver lesions has
markedly improved [30, 61, 117]. In particular, CT
has substantially shorter acquisition times, the pos-
sibility to acquire thin sections on a routine basis
within a single breath-hold, the opportunity to ret-
rospectively calculate thinner or thicker sections
from the same raw data, and improved 3D-postpro-
cessing techniques. These features now permit the
acquisition of similar diagnostic information to
that attainable on contrast-enhanced MRI with
conventional extracellular gadolinium contrast
agents, where information derives from differential
blood flow between the tumor and surrounding
normal liver parenchyma. However, unlike the situ-
ation in MRI, there are as yet no hepatospecific
contrast agents available for CT. Hence, additional
information based on the functionality of liver le-
sions, which is attainable with MRI, is not yet at-
tainable with MDCT. Moreover, concern over the
nephrotoxicity of certain iodinated contrast agents
[128] and the requisite use of ionizing radiation in
CT examinations are factors which should always
be considered when referring patients for diagnos-
tic evaluation of the liver.

In contrast to the situation in CT, several differ-
ent classes of contrast agent are available for rou-
tine clinical use in MRI of the liver [39, 43, 70, 105,
122]. These include non-specific materials that dis-
tribute extracellularly in a manner similar to that
of the iodinated agents used in CT, materials that
are taken up specifically by hepatocytes and ex-

3
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creted in part through the biliary system, and ma-
terials that are targeted specifically to the Kupffer
cells of the reticuloendothelial system (RES) (Ta-
bles 1, 2). The differential use of these agents, de-
pending on the clinical purpose, can maximize the
diagnostic information available to the investigat-
ing radiologist. This chapter describes the proper-
ties and indications for each category of contrast
agent for MRI of the liver.

3.1.1 
Non-Specific Gadolinium Chelates

Chelates of the paramagnetic gadolinium ion that
distribute solely to the extracellular space (i.e. do
not have any tissue-specific biodistribution) have
been commercially available since 1986 [113, 136,

147]. The four non-specific gadoliniumchelates ap-
proved in the USA are gadopentetate dimeglumine
(Magnevist®, Gd-DTPA; Berlex Laboratories/Scher-
ing AG), gadoteridol (ProHance®, Gd-HP-DO3A;
Bracco Diagnostics), gadodiamide (Omniscan®, Gd-
DTPA-BMA; GE Healthcare), and gadoversetamide
(Optimark®, Gd-DTPA-BMEA; Mallinckrodt). Other
non-specific gadolinium agents currently approved
only in Europe include gadoterate meglumine
(Dotarem®, Gd-DOTA; Guerbet) and gadobutrol
(Gadovist®, Gd-BT-DO3A; Schering AG) (Table 2).
Although the safety profiles of these agents are all
extremely attractive, especially in comparison to io-
dinated x-ray contrast agents [39, 54, 70, 79, 80, 82,
105, 107, 127, 132], possible problems associated
with the least stable of these agents (gadodiamide
and gadoversetamide) [54] have recently come to
light. Specifically, both gadodiamide and gadoverse-

Table 1. 

Contrast agent type Manufacturer Principal Mechanism
Extracellular Gd agents

Gadopentetate dimeglumine; 
Gd-DTPA (Magnevist®) Schering1 / Berlex2 T1 shortening

Gadoteridol; 
Gd-HP-DO3A (ProHance®) Bracco3 ,4 T1 shortening

Gadodiamide; 
Gd-DTPA-BMA (Omniscan®) GE Healthcare5 T1 shortening

Gadoversetamide; 
Gd-DTPA-BMEA (OptiMARK®) Tyco Healthcare6 T1 shortening

Gadoterate meglumine; 
Gd-DOTA (Dotarem®) Guerbet7 T1 shortening

Gadobutrol; Gd-BT-DO3A (Gadovist®) Schering1 T1 shortening

Hepatobiliary agent

Mangafodipir trisodium; 
Mn-DPDP (Teslascan®) GE Healthcare5 T1 shortening

Combined extracellular / hepatobiliary agents

Gadobenate dimeglumine; 
Gd-BOPTA (MultiHance®) Bracco3 ,4 T1 shortening

Gadoxetate; 
Gd-EOB-DTPA (Primovist®) Schering1 / Berlex2 T1 shortening

SPIO agent

AMI-25; 
Ferumoxides (Feridex®; Endorem®) Berlex8 / Guerbet7 T2 shortening

USPIO agents
SH U 555 A (Resovist®) Schering1 T1 & T2 shortening

AMI-227 (Combidex®; Sinerem®) Advanced Magnetics8 / T1 & T2 shortening
Guerbet7

1 = Berlin, Germany; 2 = Wayne NJ, USA; 3 = Milano, Italy; 4 = Princeton NJ, USA; 5 = Chalfont St. Giles, UK; 6 = St. Louis MO, USA;  7 = Aulnay-
Sous-Bois, France; 8 = Cambridge MA, USA
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tamide, but none of the other approved gadolinium
agents, have been shown to cause spurious hypocal-
cemia as a result of interference with laboratory
tests for serum calcium [25, 54, 71, 90, 91]. The issue
of gadolinium chelate stability in the case of gado-
diamide has also been raised in a study to deter-
mine the extent to which gadolinium is deposited in
bone following intravenous injection of this agent
[33].

As paramagnetic compounds, gadolinium
chelates shorten T1 tissue relaxation times when
injected intravenously. At recommended doses of
0.1-0.3 mmol/kg their principal effect is to shorten
the T1 relaxation time resulting in an increase in
tissue signal intensity. This effect is best captured
on heavily T1-weighted images [64, 69, 124]. Due to
rapid redistribution of gadolinium chelates from
the intravascular compartment to the extracellular
space, the contrast agents must be administered as
a rapid bolus, typically at 2-3 ml/sec. Thereafter,
imaging of the entire liver is performed in a single
breath-hold during the dynamic phase of contrast
enhancement. This is most commonly undertaken
with a 2D or 3D T1-weighted spoiledGRE sequence
with serial imaging in the arterial dominant phase
(25-30 sec post-injection), the portal-venous phase
(60-80 sec post-injection), and the equilibrium
phase (3-5 min post-injection).

A schematic representation of the enhance-
ment behavior seen after the bolus injection of
non-specific extracellular gadolinium chelates is
shown in Fig. 1. In the hepatic arterial dominant
phase, enhancementoccurs principally in the arte-
rial tree and mainly in arterially-perfused tissues
and tumors [22, 72, 81, 148, 150]. This is important

since most focal lesions, especially primary liver
tumors like hepatocellular carcinoma (HCC) and
metastases are supplied primarily via the hepatic
arteries [41, 72, 148]. Enhancement during the ar-
terial dominant phase is important in order to de-
tect perfusion abnormalities. For example, tran-
sient increased segmental enhancement in liver
segments may indicate that portal-venous flow is
compromised due to compression or thrombosis
[114, 152]. This can be of value in patients where
findings on unenhanced images are equivocal.

Typically, maximal enhancement of the hepatic
parenchyma is seen in the portal-venous phase. In
this phase, hypovascular lesions such as cysts, hy-
povascular metastases and scar tissue are most
clearly revealed as regions of absent or diminished
enhancement [41]. Patency or thrombosis of he-
patic vessels is also bestshown during this phase.

Enhancement of tissues with enlarged extracel-
lular spaces, such as focal liver lesions and scars of
focal nodular hyperplasia (FNH), is usually best
seen in the equilibrium phase. Likewise, typical
signs of malignancy, such as peripheral wash-out
in colorectal metastases, are best seen during the
equilibrium phase. Such features frequently con-
tribute to accurate lesion characterization [73, 74].

Imaging with gadolinium during the arterial
phase has been shown to improve the rate of de-
tection of suspected HCC in cirrhotic patients
compared to unenhanced imaging [81, 150, 152].
For lesion characterization, characteristic en-
hancement patterns have been identified for a va-
riety of benign and malignant masses (Figs. 2, 3) of
both hepatocellular and non-hepatocellular origin
[26, 41, 42, 72–74, 148].

Fig 1. Enhancement scheme of the liver af-
ter injection of extracellular gadolinium
chelates. Extracellular Gadolinium chelates
initially distribute to the intravascular space
and then rapidly filter into the extracellular
space of normal tissue
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Fig. 2a-f. Hemangioma. A large hypoechoic mass noted in the liver on ultrasound (aa) is seen as hyperintense on the T2-weighted MR im-
age (bb). With dynamic T1-weighted imaging following the bolus administration of Gd-DTPA, the lesion demonstrates intense peripheral
nodular enhancement with progressive filling-in on the arterial (cc), early and late portal-venous (dd and ee, respectively) and equilibrium (ff)
phase images. The enhancement pattern is characteristic of a benign hemangioma

aa bb

cc dd

ee

ff
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3.1.2 
Hepatocyte-Targeted Contrast Agents

Hepatocyte-selective contrast agents are taken up
by hepatocytes and are eliminated, at least in part,
through the biliary system. A prototypical, dedi-
cated hepatocyte-selective contrast agent is man-
gafodipir trisodium (Teslascan®, Mn-DPDP; GE
Healthcare) which was approved for clinical use in
1997 [23, 42, 70, 98, 105, 122, 143]. As with gadolin-
ium chelates, mangafodipir trisodium is consid-
ered to have an acceptable safety profile although
injection-related minor adverse events such as
flushing, nausea and dizziness are relatively com-
mon [5, 27, 67, 98]. Moreover, Mn-DPDP dissoci-
ates rapidly following administration to yield free
Mn++ ions [31]) which, in patients with hepatic im-
pairment, may be associated with increased neuro-
logical risk [44, 77].

Like the gadolinium agents, mangafodipir
trisodium is a paramagnetic contrast agent and
primarily affects T1 relaxation times [135]. The in-
creased signal intensity generated in functioning

hepatocytes improves the contrast against non-en-
hancing tissues on T1-weighted images [5, 9, 27,
78, 108, 137].A schematic representation of the en-
hancement behavior seen after administration of
hepatobiliary agents such as mangafodipir trisodi-
um is shown in Fig. 4.

This agent is administered as a slow intra-
venous infusion over 1-2 min, which unfortunately
precludes dynamic phase imaging in the manner
performed with gadolinium-based agents [5, 47].
Moreover, because the 5-10 mmol/kg dose of man-
gafodipir is 10% or less than that of the gadolini-
um agents, imaging with mangafodipir during its
distribution phase in the extracellular fluid com-
partment does not contribute to diagnosis. Doses
above 10 mmol/kg also do not contribute any ad-
ditional enhancement [5, 143]. Liver enhancement
is maximal within 10 min of mangafodipir trisodi-
um infusion and persists for several hours. Since
dynamic images are not acquired with this agent,
any T1-weighted sequences can be used. Fat satu-
ration has been shown to improve contrast [99,
108, 137]. More importantly, higher spatial resolu-

Fig. 3a-d. Focal nodular hyperplasia. A large well-defined mass in the liver is seen as hyperintense in comparison to the normal back-
ground parenchyma on the T2-weighted fast spin-echo image (aa). A bright central scar (arrow) is also evident. Dynamic T1-weighted im-
aging following the administration of Gd-DTPA reveals that the lesion shows intense enhancement during the arterial phase (bb) followed
by rapid wash-out during the portal-venous (cc) phase. The central scar is seen as hypointense on the arterial phase image and as hyperin-
tense on the equilibrium phase image (dd) (arrow)

aa bb

cc dd
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tion imaging can be used effectively even if the en-
tire liver cannot be covered in one data acquisi-
tion. On state of the art scanners, a useful sequence
would be a 2D or 3D spoiled GRE sequence with a
matrix size of 512/256 x 512 (Fig. 5).

Because liver enhancement in patients with cir-
rhosis is limited with mangafodipir trisodium
[69], liver lesion detection on mangafodipir-en-
hanced MR imaging is primarily effective in pa-
tients with normal liver parenchyma. In these pa-
tients, non-hepatocellular focal lesions generally
appear hypointense compared to the normal liver
on post-contrast T1-weighted images [6, 144].

Several studies have shown a benefit for liver
lesion detection with mangafodipir-enhanced he-
patic MR imaging compared with unenhanced
MRI [5, 6, 27, 137, 143, 144]. Moreover, since hepa-

tocellular lesions such as FNH, hepatic adenoma
and HCC generally enhance with mangafodipir, it
is frequently possible to differentiate lesions of he-
patocellular origin from lesions of non-hepatocel-
lular origin [78, 83, 102]. Unfortunately, because
mangafodipir often causes the enhancement of
both benign and malignant lesions of hepatocellu-
lar origin, it is not always possible to differentiate
between benign and malignant lesions [16]. In a
study of 77 patients with histologically-confirmed
diagnoses, the sensitivity and specificity of man-
gafodipir-enhanced MRI for the differentiation of
histologically-confirmed malignant versus benign
lesions was 91% and 67%, respectively, while that
for the differentiation of hepatocellular versus
non-hepatocellular lesions was 91% and 85%, re-
spectively [83]. Enhancement of both benign and

Fig. 5a, b. Detection of liver metastasis with mangafodipir trisodium in a young male patient with primary colorectal cancer. Post-man-
gafodipir-enhanced images obtained with standard (128 x 256) resolution (aa) and high (256 x 512) resolution (bb) are shown. Compared to
the routine T1-weighted gradient-echo image more lesions (arrows, circle) are seen with the high resolution technique

aa bb

Fig. 4. Hepatobiliary agents such as mangafodipir trisodium (Mn-DPDP, Teslascan®) are taken up by hepatocytes and imaging is per-
formed during a delayed hepatobiliary phase

> 30’
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malignant hepatocellular neoplasms limits the
usefulness of this agent for the accurate differenti-
ation of hepatocellular lesions and this, combined
with the frequent need for delayed imaging at 4-24
hrs post-contrast [102], represents the principal
shortcoming of this agent [9, 16, 78, 83, 99] .

Apart from the inability to adequately differen-
tiate benign from malignant lesions of hepatocel-
lular origin, a further potential limitation of man-
gafodipir-enhanced liver MRI appears to be inade-
quate characterization of non-hepatocellular le-
sions. Common benign tumors such as heman-
giomas and cysts, as well as non-neoplastic masses
such as focal fatty infiltration and focal fat sparing
may mimic malignancy in patients with known or
suspected cancer. In these settings Gd-chelate-en-
hanced dynamic multiphase MRI is invaluable for
satisfactory lesion characterization.

Although mangafodipir trisodium is primarily
considered an agent for MRI of the liver, a number
of early studies demonstrated a potential useful-
ness for imaging of the pancreas (Fig. 6) as well
[32, 68, 76].

Moreover, since the Mn++ ion is excreted in part
through the biliary system, mangafodipir trisodium
may prove effective for biliary tract imaging [65].

3.1.3 
Agents with Combined Extracellular and
Hepatocyte-Specific Distribution

In 1998, gadobenate dimeglumine (MultiHance®,
Gd-BOPTA; Bracco Imaging SpA) became available
in Europe for MRI of the liver. Today, gadobenate

dimeglumine is approved in Europe and other parts
of the world for MRI of the liver, and in the United
States, Europe and other parts of the world for MRI
of the central nervous system and related tissues [2,
17, 18, 19, 58, 103, 115]. It is also under development
for other indications including MR angiography
and MRI of the breast and heart [3, 14, 55, 57, 59, 62,
86, 92, 111, 112, 115, 142, 149].

Gadobenate dimeglumine differs from the pure-
ly extracellular gadolinium agents as it combines
the properties of a conventional non-specific
gadolinium agent with those of an agent targeted
specifically to hepatocytes [2, 52, 98]. With this
agent it is possible to perform both dynamic phase
imaging as performed with conventional gadolini-
um-based agents, and delayed phase imaging as
performed with mangafodipir trisodium [37, 49, 50,
51, 87, 89]. Thus, arterial, portal-venous and equi-
librium phase images are readily attainable using
identical sequences to those employed with the con-
ventional non-specific gadolinium agents [116]. Un-
like the conventional agents, however, approximate-
ly 3-5% of the injected dose of gadobenate dimeglu-
mine is taken up by functioning hepatocytes and ul-
timately excreted via the biliary system [129]. As
with mangafodipir, a result of the hepatocytic up-
take is that the normal liver parenchyma shows
strong enhancement on delayed T1-weighted im-
ages that is maximal approximately 1 hr after ad-
ministration [11, 129, 130].

A schematic representation of the enhance-
ment behavior seen after administration of dual
agents such as gadobenate dimeglumine is shown
in Fig. 7.

Fig. 6a, b. Mangafodipir-enhanced MRI of the pancreas in a middle-aged man with a history of sarcoma. Compared to the pre-contrast
T1-weighted image (aa) strong enhancement of the pancreas is seen on delayed images after the administration of mangafodipir (bb). Mul-
tiple metastatic deposits in the pancreas (white arrows) are much better appreciated on the T1-weighted fat-suppressed post-contrast im-
age. Additionally, the conspicuity of the lesions in the liver is improved (black arrow)

aa bb
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Fig. 8a-e. Characterization of FNH with Gd-BOPTA. On the unenhanced T2-
weighted image the lesion (arrows) appears slightly hyperintense against the
surrounding normal parenchyma. A focus of slight hyperintensity (arrowhead)
is indicative of a central scar. The corresponding unenhanced T1-weighted
image (bb) reveals a slightly hypointense lesion with a markedly hypointense
central area (arrowhead) corresponding to the scar. The enhancement pattern
observed following the bolus injection of Gd-BOPTA is typical of that observed
for FNH after the administration of conventional gadolinium agents, i.e. rapid
homogenous enhancement during the arterial phase (cc) followed by rapid
wash-out during the portal-venous phase (dd). The T1-weighted image ac-
quired during the delayed hepatobiliary phase (ee) reveals a lesion that is isoin-
tense against the surrounding normal parenchyma. This indicates that the le-
sion contains functioning hepatocytes that are able to take up Gd-BOPTA in
the same way as normal hepatocytes. The central scar is seen as hypointense
on the delayed image

Fig. 7. Combined extracellular/hepatobiliary agents such as Gd-BOPTA and Gd-EOB-DTPA distribute initially to the intravascular and ex-
travascular spaces and then, like Mn-DPDP, are taken up by hepatocytes via a specific transporter
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90”
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A second feature unique to gadobenate dimeg-
lumine is that the contrast-effective moiety of this
agent interacts weakly and transiently with serum
albumin [12, 20]. This interaction slows the tum-
bling rate of the Gd-BOPTA chelate and results in
a longer rotational correlation time with inner
shell water protons for Gd-BOPTA compared to
gadolinium agents that do not interact with serum
albumin. This in turn results in a T1 relaxivity in
human plasma that is approximately twice that of
the conventional gadolinium agents [20, 88]
(Table 2). Not only does this increased relaxivity
permit lower overall doses to be used to acquire
the same information in the dynamic phase as
available with conventional agents at a standard
dose of 0.1 mmol/kg [116], it also facilitates the
improved performance of gadobenate dimeglu-
mine for both intra- and extrahepatic vascular
imaging [57, 92].

A principal advantage of the selective uptake
by functioning hepatocytes is that the normal liver
enhances, while tumors of non-hepatocytic origin,
such as metastases (Fig. 9) and cholangiocellular
carcinoma (Fig. 10), as well as non-functioning he-
patocytic tumors that are unable to take up Gd-
BOPTA (Fig. 11), remain unenhanced, thereby in-
creasing the liver-lesion contrast-to-noise ratio
(CNR) and hence the ability to detect lesions [11,
89, 104, 129].

Imaging is typically performed with 2D or 3D
T1-weighted GRE sequences while the use of fat
saturation has been shown to improve CNR on de-
layed, hepatobiliary phase images. In the delayed
hepatobiliary phase, high-resolution imaging is
recommended.

Clinical studies and routine clinical practice
have shown that dynamic phase imaging is partic-
ularly important for lesion characterization (Fig.
12), while delayed phase imaging in the hepatobil-
iary phase increases the sensitivity of MRI for liver
lesion detection [11, 87, 89]. However, delayed
phase imaging can also contribute to the improved
characterization of lesions, particularly when the
results of unenhanced and dynamic imaging are
equivocal or when atypical enhancement patterns
are noted on dynamic imaging [35, 36]. A particu-
larly interesting and clinically important finding
concerning the characterization of lesions on de-
layed hepatobiliary phase imaging after gadobe-
nate dimeglumine administration is that focal
nodular hyperplasia can be accurately differentiat-
ed from hepatic adenoma, thereby eliminating the
need for lesion biopsy [37].

In addition to the hepatic imaging capability of
this agent, its partial biliary excretion also facili-
tates its use for biliary tract imaging (Fig. 13), while
the increased relaxivity deriving from weak protein
interaction may prove beneficial for hepatic MR
angiography (Fig. 14). Both of these features have

proven advantageous for the pre-operative evalua-
tion of potential liver donors in transplant surgery
[34, 66]. Finally, preliminary studies have already
indicated its potential for MR colonography [56].

A second agent with combined extracellular
and hepatobiliary properties is gadolinium
ethoxybenzyldiethylenetriaminepentaacetic acid
(Primovist®, Gd-EOB-DTPA; Schering AG, Ger-
many) which has recently been approved for use in
Europe, albeit at a formulation of only 0.25 mol/L
and at an approved dose of only 0.025 mmol/kg
bodyweight [40, 97, 140] (Table 2). Like Gd-BOP-
TA, this agent has a higher T1 relaxivity compared
to the conventional extracellular agents [97] and
distributes initially to the vascular and interstitial
compartment after bolus injection. However,
whereas only 3-5% of the injected dose of Gd-
BOPTA is taken up by hepatocytes and eliminated
in the bile, in the case of Gd-EOB-DTPA, 50% of
the injected dose is taken up and eliminated via
the hepatobiliary pathway after approximately 60
min [40, 118]. The maximum increase of liver
parenchyma signal intensity is observed approxi-
mately 20 min after injection and lasts for approx-
imately 2 hrs [40, 106, 118, 119, 120, 140].

As with Gd-BOPTA, the dynamic enhancement
patterns seen during the perfusion phase after in-
jection of Gd-EOB-DTPA are similar to those seen
with Gd-DTPA. During the hepatobiliary phase,
Gd-EOB-DTPA-enhanced images have been
shown to significantly improve the detection rate
of metastases, HCC, and hemangiomas (Figs.15,
16), compared with unenhanced and Gd-DTPA-
enhanced images [45, 46, 97, 140]. Moreover, Gd-
EOB-DTPA may also be a suitable agent for biliary
imaging [10].

Like Gd-BOPTA [53], Gd-EOB-DTPA has a
safety profile that is not dissimilar from those of
the conventional extracellular gadolinium agents
[8, 40, 97].

3.1.4
RES-Specific Contrast Agents

Iron oxide particulate agents are selectively taken
up by Kupffer cells of the reticulo-endothelial sys-
tem (RES), primarily in the liver [39, 121], but also
in the spleen and the bone marrow. Iron oxide 
particles of different sizes have been developed
which are referred to as superparamagnetic iron
oxides (SPIO, mean size > 50 nm) and ultrasmall
superparamagnetic iron oxides (USPIO, mean par-
ticle size < 50 nm). Of the various formulations,
two have so far been developed clinically for MR
imaging: ferumoxides (Feridex®, Berlex Laborato-
ries and Endorem®, Laboratoire Guerbet) which
has particles ranging between 50 and 180 nm and
SH U 555 A (Resovist®, Schering AG) which has
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Fig. 9a-f. Characterization of hypovascular metastasis with Gd-BOPTA. Unenhanced T2-weighted and T1-weighted images (aa and bb, re-
spectively) both reveal a lesion that is hypointense against the normal liver parenchyma (arrow in aa). The lesion remains hypointense with
a hyperintense peripheral rim on arterial (arrow in cc), portal-venous (dd) and equilibrium (ee) phase images acquired after the administration
of Gd-BOPTA. The hyperintense appearance of the rim is due to the presence of peripheral edema. On the T1-weighted image acquired dur-
ing the delayed hepatobiliary phase (ff) the lesion is still hypointense against a strongly enhanced surrounding normal parenchyma. This in-
dicates that the lesion does not take up Gd-BOPTA and is therefore malignant in nature
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Fig. 10a-f. Characterization of cholangiocellular carcinoma with Gd-BOPTA. The unenhanced T2-weighted image (aa) reveals a liver of low
signal intensity in which a faint area of high signal intensity can be seen in the right lobe (arrows). On the unenhanced T1-weighted image
(bb) a marked area of hypointensity is apparent. In addition, capsular retraction is evident (arrow). The lesion retains an initial hypointense
appearance on the T1-weighted arterial phase image acquired after the bolus administration of Gd-BOPTA (cc), but thereafter demonstrates
progressive delayed heterogeneous enhancement during the portal-venous and equilibrium phase images (dd  and ee, respectively). On the
T1-weighted image acquired during the delayed hepatobiliary phase (ff) the lesion is again hypointense compared to surrounding normal
parenchyma indicating that the lesion is malignant in nature
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Fig. 11a-g. Characterization of hepatocellular carcinoma with Gd-BOPTA. The un-
enhanced T2-weighted and T1-weighted in-phase images (aa and bb, respectively) re-
veal a lesion (arrows in aa) that is essentially isointense with the normal liver
parenchyma. The T1-weighted opposed phase image (cc) reveals an isointense lesion
with faintly hyperintense margins. The lesion demonstrates marked hyperintensity
during the arterial phase after the bolus administration of Gd-BOPTA (dd), but there-
after is seen as homogeneously hypointense on portal-venous (ee) and equilibrium (ff)
phase images due to the rapid wash-out of contrast agent. The lesion retains its hy-
pointense appearance on the T1-weighted image acquired during the delayed he-
patobiliary phase (gg) indicating that the lesion is malignant in nature
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Fig. 12a-f. Characterization of capillary hemangioma with Gd-BOPTA. A markedly hyperintense lesion (arrowhead) on the unenhanced
T2-weighted image (aa) is seen as hypointense on the unenhanced T1-weighted in-phase and opposed phase images (bb and cc, respective-
ly, arrowheads). The lesion demonstrates marked hyperintensity during the arterial phase after the bolus administration of Gd-BOPTA (dd)
and retains this hyperintense appearance on the subsequent portal-venous (ee) and equilibrium (ff) phase images. The persistent hyperin-
tense appearance on the equilibrium phase image is an indication of the benign nature of the lesion
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Fig. 13a, b. The T1-weighted fat-suppressed image (aa) in the hepatobiliary phase after injection of Gd-BOPTA depicts multiple hy-
pointense liver metastases (arrows). In addition, the bile ducts (arrowheads) are shown with a high SI due to the hepatobiliary excretion of
the contrast agent. This high SI of the bile ducts allows for T1-weighted 3D-GRE imaging with calculation of MIP images (bb) from the 3D raw
data. Continuity and normal functionality of the bile duct structures as far as the papillary region is demonstrated due to excretion of the
contrast agent with the bile. For bile duct imaging it is advisable to inject a dose of 0.1 mmol/kg bodyweight Gd-BOPTA and to perform im-
aging approximately 1.5-2 hours post-contrast agent injection to reduce the signal from the background
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Fig. 14. Contrast-enhanced MR angiography (MRA) after injec-
tion of Gd-BOPTA demonstrating normal hepatic vasculature

Fig. 15a-c. Hemangioma after Gd-EOB-DTPA. A hypointense lesion on the unenhanced T1-weighted image (aa) demonstrates the en-
hancement pattern (peripheral nodular enhancement with progressive filling-in) typical of hemangioma on T1-weighted images acquired
during the arterial (bb) and portal-venous (cc) phases after the administration of Gd-EOB-DTPA
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particles ranging between 45 and 60 nm. The safe-
ty profiles of these agents are less attractive than
those of the paramagnetic contrast agents: al-
though serious adverse events are rare, with En-
dorem® approximately 3% of patients experience
severe back pain while the contrast agent is being
administered [4, 101].

The principal superparamagnetic effect of the
larger SPIO particles is on T2 relaxation and thus
MRI is usually performed using T2-weighted se-
quences in which the tissue signal loss is due to the
susceptibility effectsof iron [28, 29, 94, 96] (Fig. 17).
Enhancement on T1-weighted images can also be
seen [84] although this tends to be greater for the
smaller SPIO and especially for the USPIO formula-
tions [95]. Since there is an overall decrease in liver
signal intensity, T2-weighted imaging with SPIO
agents requires excellent imaging techniques that
are free of motion artifacts. Typically, moderate T2-
weighting (TE of approximately 60-80 msec) is ade-
quate for optimizing lesion-liver contrast. Since the
larger SPIO agents need to be administered by slow
infusion to reduce side effects, for these agents im-
aging is generally performed some 20-30 min after
administration [21, 101, 125]. Thus, scanning speed
is not important and both fast breath-hold and con-
ventional SE imaging can be employed. Pulse se-
quences that are sensitive to magnetic field hetero-
geneity tend to be sensitive to the presence of iron
oxide. T2*-weighted gradient echo images are very

sensitive to SPIO agents [21, 28, 29, 84, 101]. T2-
weighted spin-echo sequences are more sensitive
than T2-weighted fast (turbo) spin-echo sequences,
because the multiple rephasing pulses used in the
latter tend to obscure signal losses arising from lo-
cal variations in the magnetic environment [21].
Administration protocols vary but typically precon-
trast T1- and T2-weighted imaging is followed by
post-contrast T2-weighted imaging. Schematic rep-
resentations of the enhancement behavior seen after
administration of SPIO and USPIO agents are
shown in Figs. 18 and 19.

Since SPIO particles are removed by the RES,
the application of these agents is similar to the use
of Tc-sulfur colloid in nuclear scintigraphy. Le-
sions that contain negligible or noKupffer cells re-
main largely unchanged, while the signal intensity
of the normal liver is reduced on T2-weighted im-
ages. As a result the CNR between the normal liver
parenchyma and focal liver lesion is increased [21,
29, 84, 96, 101].

Many well-controlled studies using surgical
pathology or intraoperative ultrasound (IOUS) as
gold standards have supported the efficacy of
SPIO-enhanced MRI [21, 29, 84, 96, 101]. For ex-
ample, an early multi-center Phase III study
showed more lesions in 27% of cases than unen-
hanced MR and in 40% of cases compared to CT
[101]. On the other hand, other early studies were
not able to demonstrate a significant benefit over

Fig. 16a-c. Lesion detection and characterization with Gd-EOB-DTPA-enhanced
MRI in a middle-aged man with carcinoid tumor. Compared to the pre-contrast im-
age (aa), the early arterial phase image acquired after Gd-EOB-DTPA injection (bb)
shows uniform arterial phase enhancement of a large liver lesion. On the delayed
phase image acquired 20 min after Gd-EOB-DTPA administration (cc), the normal liv-
er parenchyma is strongly enhanced due to uptake of the contrast agent by func-
tioning hepatocytes. The lesion-to-liver contrast (conspicuity) is greatly improved
due to the inability of the lesion to take up Gd-EOB-DTPA

aa bb

cc



3 • Contrast Agents for Liver MR Imaging 69

Fig. 17a, b. On the unenhanced T2*-weighted image (aa) a liver metastasis (arrow) from breast cancer is shown with a slightly increased
signal intensity. A drop of liver signal intensity is noted on the corresponding T2*-weighted image acquired after the administration of SPIO
(bb). This is due to the uptake of iron oxide particles by the Kupffer cells of the RES in normal liver parenchyma. The liver lesion does not show
significant uptake of SPIO particles, hence the contrast between the metastasis and surrounding normal liver parenchyma is significantly
increased after the injection of SPIO

aa bb

Fig. 18. Larger SPIO particles such as ferumoxides are administered by drip infusion and T2-weighted images are acquired more than 20
min after injection

Fig. 19. Smaller USPIO particles such as SH U 555 A can be administered as a bolus, whereupon they distribute initially in the intravascu-
lar-extravascular space permitting dynamic T1-weighted imaging. Thereafter, like ferumoxides, SH U 555 A particles are taken up by Kupf-
fer cells allowing T2-weighted delayed imaging

AMI 25
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unenhanced imaging for the depiction of hepatic
tumors [21]. More recent studies, however, have
shown that SPIO-enhanced MRI has significantly
greater detection capability for liver malignancies
compared to spiral CT [125, 134, 145, 146]. Al-
though comparisons of SPIO-enhanced MRI with
other gadolinium-enhanced MR techniques have
been somewhat limited until recently [7, 38, 48, 49,
50, 85, 133, 139], the general conclusion is that
gadolinium-enhanced imaging is the more valu-
able approach for the detection of hepatocellular
lesions such as HCC and FNH [38, 85, 133].

Limitations of SPIO-enhanced MRI include an
increased incidence of false positive lesions due to
the possibility of vessels mimicking lesions against
a background of black liver, and a longer imaging
protocol that requires pre- and post-contrast im-
aging over a period of 30 min or more. Further-

more, the use of SPIO in patients with cirrhosis is
also challenging due to the diminished uptake and
heterogeneous signal arising from fibrosis [24,
151]. However, in this regard a recent study has
suggested a lower dose of SPIO agent might be
useful in patients with cirrhotic liver [1].

The availability of SH U 555 A may go some
way towards overcoming the problems inherent to
the larger SPIO agents in that this agent can be ad-
ministered as a fast bolus in order to observe the
early perfusion characteristics of the liver using
T1- or T2*-weighted sequences [95, 96, 126]
(Fig. 20). This, combined with the enhancement
patterns observed on delayed T1-weighted and T2-
weighted images (Figs. 21, 22) may prove clinical-
ly useful for both the detection and characteriza-
tion of lesions. Unfortunately, the enhancement
observed on SH U 555 A-enhanced dynamic im-

Fig. 20a-d. Dynamic T1-weighted MR imaging of focal nodular hyperplasia with SH U 555 A. A large homogeneously hyperintense lesion
can be seen on the arterial phase T1-weighted GRE images acquired 30 sec after the administration of SH U 555 A (aa). A central hy-
pointense scar is also apparent on this image. On the portal-venous (bb) and equilibrium (cc) phase images acquired after 75 sec and 4 min,
respectively, the lesion is seen as slightly hyperintense compared to the surrounding parenchyma. On the delayed phase image acquired
after 10 min (dd), the lesion appears isointense compared to the surrounding parenchyma while the central scar is seen as slightly hy-
pointense. The isointense appearance on the delayed T1-weighted GRE image indicates that the lesion contains functioning Kupffer cells
that are able to take up SH U 555 A. This suggests the lesion is benign in nature
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Fig. 21a-d. T2-weighted and T1-weighted MR imaging of nodular regenerative hyperplasia with SH U 555 A. The unenhanced GE T1-
weighted image (aa) reveals several faintly hyperintense nodules (arrows) in the right liver lobe. On the corresponding unenhanced TSE T2-
weighted image (bb) these nodules are again seen as slightly hyperintense. On the T1-weighted and T2-weighted images acquired 10 min
after the administration of SH U 555 A (cc and dd, respectively) the nodules appear slightly hypointense against the surrounding parenchy-
ma. This indicates that the lesions are able to take up contrast agent and are therefore likely to be benign in nature

Fig. 22a-d. T2- and T1-weighted MR imaging of peripheral cholangiocellular carcinoma with SH U 555 A. The unenhanced GE T1-
weighted image (aa) reveals a hypointense mass (arrow) in the right liver lobe. Slight capsular retraction is also apparent. The lesion is less
well seen on the corresponding unenhanced TSE T2-weighted image (bb). The lesion does not indicate a capacity to take up the contrast
agent on the delayed T1-weighted image acquired 10 min after the administration of SH U 555 A (cc) and remains slightly hypointense com-
pared to the surrounding parenchyma. On the corresponding post-contrast T2-weighted image (dd) the lesion is clearly delineated with a
peripheral hyperintense rim. This enhancement pattern indicates that the lesion is likely to be malignant in nature
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ages is relatively weak due to the small dose (1 ml)
that is injected from the prefilled syringes. Thus, it
remains to be seen whether this agent will have
widespread clinical impact on MRI of the liver.

In addition to possessing both T1 and T2 ef-
fects, the newer ultrasmall formulations currently
under development have a longer intravascular
residence than the larger SPIO agents. As with the
larger SPIO particles, the Kupffer cells of the RES
take up and eventually clear these USPIO particles
over a period of about 24 hrs. The prolonged im-
aging window, however, allows for more favorable
image resolution and signal-to-noise ratio because
the acquisition parameters are less constrained by
time. For liver imaging, the blood pool effect and
combined T1 and T2 effects have shown promise
for the detection and characterization of lesions
[42, 110]. A specific advantage is that vessels and
lesions show opposite enhancement. On T1-
weighted images vessels are bright while lesions
are dark, whereas on T2-weighted images the re-
verse is true. An additional advantage is that MR
angiography may also be performed with these
agents. An early study to evaluate the abdominal
vasculature on delayed (45 min) images acquired
following the infusion of AMI-227 revealed signif-
icant enhancement of all vessels [75]. Similarly,
time of flight (TOF) MR angiography prior to and
following AMI-227 administration demonstrated
that the depicted renal artery lengths increased
significantly following contrast administration
[131]. Unfortunately, the use of blood pool agents
is hindered at the present time by the presence of
increased background signals and the superimpo-
sition of venous structures.

3.2 
Injection Schemes for Liver MRI with 
Different Contrast Agents

Non-Specific Gadolinium Chelates

Gadopentetate dimeglumine (Magnevist®, Gd-DT-
PA; Berlex Laboratories/Schering AG)
Gadoteridol (ProHance®, Gd-HP-DO3A; Bracco
Diagnostics),
Gadodiamide (Omniscan®, Gd-DTPA-BMA; GE
Healthcare) 
Gadoversetamide (Optimark®, Gd-DTPA-BMEA;
Mallinckrodt) 
Gadoterate meglumine (Dotarem®, Gd-DOTA;
Guerbet) 
Gadobutrol (Gadovist®, Gd-BT-DO3A; Schering
AG)

These contrast agents are injected as a bolus,
typically at a dose of 0.1 mmol/kg bodyweight and

at a flow-rate of 2-3 ml/sec. The injection of the
contrast agent should be followed by a saline flush
of 20 ml at the same injection rate.

Contrast enhanced T1-weighted or T1-weight-
ed fat-suppressed imaging of the entire liver is typ-
ically performed in a single breath-hold at:

20-25 sec post-injection (Arterial phase 
imaging)

60-80 sec post-injection (Portal-venous phase
imaging)

3-5 min post-injection (Equilibrium phase
imaging)

Hepatocyte-Targeted Contrast Agents

Mangafodipir trisodium (Teslascan®, Mn-DPDP;
GE Healthcare)

This agent has to be administered as a drip in-
fusion over a period of approximately 10 min at a
dose of 5 µmol/kg bodyweight (0.5 mL/kg; maxi-
mum dose, 50 mL). Alternatively, some investiga-
tors have used a hand injection over a 1 or 2 min
period, followed by a flush of 10 mL of normal
saline. However, when this fast injection scheme is
employed, there is potentially an increased inci-
dence of adverse events.

Imaging with T1-weighted and T1-weighted
fat-suppressed sequences is usually performed at
15-20 min post-injection.

Agents with Combined Extracellular and Hepa-
tocyte-Specific Distribution

Gadobenate dimeglumine (MultiHance®, Gd-BOP-
TA; Bracco Imaging SpA)
Gadolinium ethoxybenzyldiethylenetriaminepen-
taacetic acid (Primovist®, Gd-EOB-DTPA; Schering
AG, Germany)

Imaging with contrast agents that have a com-
bined extracellular and hepatocyte-specific distri-
bution can be performed during the dynamic
phase of contrast enhancement in a manner iden-
tical to that used with the non-specific Gd-chelates
that have a purely extracellular distribution. For
this purpose, these agents are injected as a bolus,
typically at a dose of 0.05-0.1 mmol/kg BW (0.1-0.2
mL/kg bodyweight) for Gd-BOPTA and 0.025
mmol/kg BW (0.1 mL/kg bodyweight) for Gd-
EOB-DTPA, at a flow-rate of 2-3 ml/sec. The injec-
tion of the contrast agent should be followed by a
saline flush (0.9% sodium chloride solution) of 20
ml at the same injection rate.

Contrast enhanced T1-weighted or T1-weight-
ed fat-suppressed imaging of the entire liver is 
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typically performed in a single breath-hold at:

20-25 sec post-injection (Arterial phase 
imaging)

60-80 sec post-injection (Portal-venous phase
imaging)

3-5 min post-injection (Equilibrium phase
imaging)

In addition to imaging in the dynamic phase of
contrast enhancement, the hepatocyte-specific dis-
tribution of these agents permits imaging to be
performed in a more delayed hepatobiliary phase.
Hepatobiliary imaging after injection of Gd-BOP-
TA is typically performed at 45 min to 3 hrs post-
injection. Conversely, with Gd-EOB-DTPA imaging
in the hepatobiliary phase is usually performed
between 20 min and 2 hrs post-injection.

Typically 2D or 3D T1-weighted and T1-
weighted fat-suppressed GRE images are acquired
in the hepatobiliary phase.

RES-Specific Agents

SPIO Agents:

Ferumoxides (Feridex®, Berlex Laboratories and
Endorem®, Laboratoire Guerbet) 

A SPIO dose of 15 µmol/kg of bodyweight from
the stock solution (0.075 mL/kg bodyweight) is di-
luted in 100 mL of a 5% glucose solution, before
being administered as a drip infusion over a peri-
od of at least 30 min.

The incidence and severity of adverse events
such as back pain, thoracic pain or decreased blood
pressure correlates with the speed of infusion.
Therefore, if patients experience side effects, the
drip infusion should be stopped until the symptoms
disappear and then recommenced at a lower infu-
sion speed under medical supervision. However, if
reactions such as nausea, urticaria or other allergic
skin reactions occur, the administration should be
stopped immediately and not recommenced.

The optimal time-point for imaging in the ac-
cumulation phase after SPIO administration is be-
tween 30 min and 6 hrs after injection of the com-
plete dose of contrast medium.

Imaging protocols typically include T2-weight-
ed TSE sequences, T2*-weighted sequences and in
certain cases T1-weighted GRE sequences.

USPIO Agents:

SH U-555 A (Resovist®, Schering AG) 

Unlike Ferumoxides, this iron oxide-based
agent can be administered as a bolus.

The dose for patients with a bodyweight of less
than 60 kg is 0.9 mL (total iron dose 0.45 mmol);
patients with a bodyweight of more than 60 kg re-
ceive a dose of 1.4 mL (total iron dose 0.7 mmol).
The contrast agent is administered as a bolus using
an included 5 µm-filter followed by a saline flush
(0.9% sodium chloride solution) of approximately
20 mL.

Following bolus injection, dynamic contrast-
enhanced T1-weighted or T2*-weighted GRE im-
aging of the entire liver is typically performed in a
single breath-hold at:

20-25 sec post-injection (Arterial phase 
imaging)

60-80 sec post-injection (Portal-venous phase
imaging)

3-5 min post-injection (Equilibrium phase
imaging)

The time-point for imaging in the accumula-
tion phase after USPIO injection is between 10 min
and 8 hrs post-administration of the contrast
medium.

At this time point T2-weighted or T2*-weighted
SE or TSE images should be acquired. If informa-
tion about the intrahepatic vessels is needed, the
imaging study can be augmented by a TOF MR an-
giography sequence within the first 20 min after
injection. During this time span a fraction of the
administered dose of USPIO is still circulating in
the blood thereby increasing the vessel signal on
TOF images.

3.3 
Radiologic Classification of Focal
Liver Lesions on Unenhanced and
Contrast-Enhanced MRI 

Liver lesions can be classified on the basis of both
unenhanced and contrast-enhanced images (Table
3). On unenhanced imaging, classification can be
based upon the signal intensity and delineation of
lesions on conventional T2-weighted and T1-
weighted images as well as on opposed phase T1-
weighted images or T1-weighted images acquired
with fat suppression. Tables 4 and 5 show the char-
acteristic appearances of many of the more com-
mon lesion types on unenhanced T2-weighted and
T1-weighted images, respectively. Thus, on unen-
hanced imaging, lesions with a high fluid content,
lesions containing fat and lesions with internal
hemorrhage can be detected and readily diag-
nosed. Unfortunately, unenhanced imaging alone
cannot always differentiate reliably between benign
and malignant lesions and, in many cases, addi-
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tional information from contrast-enhanced imag-
ing is necessary for accurate differential diagnosis.

The availability of contrast agents with
markedly different properties means that lesions
can be classified on the basis of different enhance-
ment patterns on contrast-enhanced imaging
(Table 3). Thus, lesions can be classified according
to their behavior on dynamic imaging following
the administration of extracellular contrast agents
(in a similar manner to that which occurs on dual
phase spiral CT imaging), and to their behavior on
delayed imaging following the administration of
contrast agents targeted either to the hepatocytes
or the Kupffer cells.

In the dynamic phase of contrast enhancement
after the administration of gadolinium-based con-
trast agents, lesions can be classified according to
whether they demonstrate hypervascular or hypo-
vascular enhancement patterns or delayed persist-
ent enhancement on T1-weighted acquisitions
during the arterial, portal-venous and equilibrium
phases, respectively (Table 6). Within these three
major groups of lesions, lesions can be classified
further according to the presence or absence of
certain characteristic features. For example, a cen-
tral scar within a hypervascular lesion in a non-
cirrhotic liver that shows low signal intensity on
T1-weighted images and high signal intensity on
T2-weighted images may be indicative of FNH
(Table 7). Similarly, a hypovascular lesion with a
hypervascular rim that shows contrast agent wash-
out at 10-15 min post-injection and a dough-nut
or halo sign on T2-weighted images may be in-
dicative of a metastasis of adenocarcinoma (Table
8). Finally, a lesion that shows nodular enhance-
ment in the arterial phase followed by centripetal
filling-in in the subsequent phases and high signal
intensity on T2-weighted images may be indicative
of a hemangioma (Table 9).

Whereas the enhancement seen on dynamic
T1-weighted imaging gives information on the
morphologic characteristics of lesions, that seen
on delayed phase images after the injection of
agents targeted either to the hepatocytes (e.g. Gd-
BOPTA (Table 10), Gd-EOB-DTPA (Table 11), Mn-
DPDP (Table 12)) or Kupffer cells (SPIO agents
(Table 13), USPIO agents (Table 14, 15 and 16))
gives information on the cellular content and cel-
lular functionality of lesions. In the case of Gd-
BOPTA, the information gained in the delayed
phase is additional to that seen in the dynamic
phase and may serve to distinguish lesions of he-
patocellular origin such as FNH that may be able
to take up the agent, from lesions of hepatocellular
origin such as HCC that have lost this ability and
lesions of non-hepatocellular origin that are also
unable to take up the agent (Table 10). Similarly, le-
sions can be classified into different groups on the
basis of their ability to take up Gd-EOB-DTPA

(Table 11), Mn-DPDP (Table 12) and iron oxide
particles (Tables 13, 14, 15 and 16). However, the
lack of a dynamic imaging capability combined
with the sometimes overlapping levels of enhance-
ment of different primary benign and malignant
liver lesions often makes accurate differential diag-
nosis difficult with these agents.

The tables that follow demonstrate schemati-
cally an approach to the classification of liver le-
sions based on imaging features on unenhanced
MR imaging and enhanced imaging after adminis-
tration of both extracellular and liver-specific con-
trast agents.

3.4 
Summary

Various categories of MR contrast agents are avail-
able for clinical use, all of which permit the
demonstration of more liver lesions than can be
depicted on unenhanced imaging alone. The
biggest impediment to the more widespread use of
contrast agents for liver imaging in the USA in
particular is that reimbursement schemes have not
yet been established. Thus, these products have so
far received only a cautious welcome in the market
place. In addition, the added cost of the extended
imaging time needed for the tissue-specific (RES
and hepatocyte) agents makes their use less attrac-
tive at the current time. On the other hand, it is
possible the added value and cost-effectiveness of
some of the newer agents will become apparent
through clinical use.

Until recently, the absence of an approved con-
trast agent with combined extracellular and hepa-
tobiliary distribution in the USA led various au-
thors to propose sequential same-session imaging
with both a tissue-specific agent and an extracellu-
lar gadolinium agent to improve liver lesion detec-
tion and characterization [63, 109]. The downside
of this approach, however, is the need for two in-
jections of two different contrast agents and the
associated additional costs involved. The develop-
ment of contrast agents such as gadobenate
dimeglumine, which has the characteristics of
both extracellular and hepatobiliary agents, allows
functional information to be gained on hepatobil-
iary phase imaging in addition to that gained on
standard dynamic phase imaging. In this regard,
the use of agents with combined extracellular/he-
patobiliary properties would appear to offer ad-
vantages not only in comparison to other MR con-
trast agents, but also in comparison to other imag-
ing modalities such as MDCT.
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Table  3.  Classification of focal liver lesions

T1w T1w
dynamic imaging

T1w
hepatobiliary

imaging

T2w
iron oxide

enhanced imaging
T2w

unenhanced extracellular
contrast
agents

liver specific
contrast agents

Table 4 Table 5 Tables 6 - 9 Dual
(extracellular and
hepatobiliary)
contrast agents
Gd-BOPTA
Table 10
Gd-EOB-DTPA
Table 11

Hepatobiliary
contrast agent
Mn-DPDP
Table 12

Tables 13 - 16

Table 4.  DDX of focal liver lesions on T2w imaging

hyperintense

Cysts

Hemangioma

Metastases of
neuroendocrine tumors

Cystic metastases

Bilioma

AV malformation
(low flow)

Hemangiosarcoma

slightly
hyperintense

Metastases of
adenocarcinoma

(e.g., colorectal), "halo-sign",
"doughnut-sign"

Undifferentiated
HCC

Focal Fatty
Liver

Regenerative nodules
(low signal caused by
hemosiderin deposits)

Calcification

AV malformation
with high flow

(flow void)

Fibrosis

Non-acute
hemorrhage

isointense hypointense

FNH

Adenoma

Well-differentiated
HCC

Metastases of
neuroendocrine

tumors after
chemotherapy
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Hemorrhage FNH Mets

HCC

Table 5.  DDX of focal liver lesions on T1w images

hyperintense

fat hemorrhage

fluid with
high

protein
content

hemosiderotic
nodules in
cirrhotic

liver

fs
and/or
opposed
phase
imaging

SI

fs
imaging

fs
imaging

fs
imaging

SI SI SI

(due to
magnetic

field
inhomogeneities

=
susceptibility

artefacts)

regenerative
nodule

(T2w SI  )

isointense or
slightly hypointense

with radiating
septa

+/- central scar

- NRH

- Adenoma

- HCC (well-
  differentiated)

- FNH (atypical)FNH

hypointense

most benign and
malignant focal

liver lesions

Table 6.  DDX of focal liver lesions on T1w dynamic imaging
   (extracellular Gd-chelates (e.g., Gd-DTPA),

 dual Gd-chelates (e.g., Gd-BOPTA))

liver lesions with delayed
persistent enhancement

in equilibrium phase

Table 9

hypovascular liver
lesions in arterial /

portal venous phase

Table 8

hypervascular liver
lesions in arterial phase

Table 7
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Table 7.  DDX of hypervascular liver lesions on dynamic imaging

cirrhotic liver

Irregular
internal
lesion

morphology

Homo-
geneous

low SI
in T2w
images

Homogeneous or
inhomogeneous

hyper-
vascularization;
high SI in T2w

images

low SI in T2w
images due to
hemosiderin
deposition,

homogeneous SI,
homogeneous
vascularization

no cirrhosis

Central scar no scar
hemorrhage
regressive
changes

true scar with
low SI in T1w

and T2w images;
no delayed

enhancement of
central scar

Central scar
with low SI
in T1w and
high SI in

T2w images;
delayed

enhancement
of central scar

Typically young
female patients,
related to use of

oral contraceptives

+/- known primary
neoplasm

Homogeneous,
typically very

high SI in T2w
images, strong
vascularization

Inhomogeneous
high SI in T2w

images, necrotic
areas

Homogeneous
SI in T2w

images, slightly
but homo-

geneous hyper-
vascularization,

isointense in
images 5 min

after CMA

Incidental
regional
hyper-

vascularization

Focal
attenuation
difference

(FAD)

Hepatocellular
carcinoma (HCC)
(pseudocapsule,
diffuse, solitary

or micronodular)

Dysplastic
nodule

Metastases
of neuro-
endocrine

tumors (e.g.,
insulinoma,
gastrinoma,
carcinoid)

Metastases
of

leiomyo-
sarcoma

Metastases
of different

primary
neoplasms
[e.g., hyper-
nephroma,

pheochromo-
cytoma,

melanoma,
breast cancer

(also hypo-
vascular)]

Fibrolamellar
carcinoma

(FLC)

Focal nodular
hyperplasia

(FNH)

Hepatocellular
Adenoma

Table 8.  DDX of hypovascular liver lesions on dynamic imaging

Sharply
demarcated,
no irregular

regional
vascularization

low SI rim,
internal

septation,
daughter

cysts

Wash-out sign
10-15 min
after CMA,

T2w: doughnut
sign / halo sign

Cystic
appearance,

irregular
cyst wall with
focal cystic

areas
internal

septation

Irregular areas
of low SI in T1w

images, increased
SI or isointense
in T2w images

High SI in T2w
images (almost

cystic appearance),
occasionally gas

formation

Cystic
appearance,

tends to
increase in

size,
dislocation
of vessels,
high SI in

T2w images

Irregular
borders,
inhomo-

geneous SI
in T1w and

T2w images,
hyperintense

rim due to
extracellular

methemoglobin,
with time

increase of
central SI

cystic appearance hypervascular rim
in arterial phase

Hypovascular in
arterial and portal

venous phase,
isointense on images

5 min after CMA

Hypervascular rim
with persistent
enhancement,

no central CM uptake

History of abdominal
trauma or surgery

- Cysts
  (solitary,
  multiple)
- Caroli´s
  disease
- polycystic
  kidney
  disease

Echino-
coccal

disease

Metastases of
adeno-

carcinoma
(pancreas,

colon,
stomach,
and other
primary
tumors)

Cystic
metastases

(e.g., ovarian
cancer or

after
chemo-
therapy)

Non-Hodgkin´s
lymphoma
Hodgkin´s

disease

Liver
abscess

Bilioma Liver
hematoma/

rupture
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Table 9.  DDX of liver lesions with delayed persistent enhancement

Centrifugal or
irregular

filling, irregular
borders

High SI in T2w
images, iso- or
hyperintense

in delayed-phase
images

Irregular, partially nodular
enhancement in arterial
phase, irregular filling

Homogeneous,
sometimes early

enhancement, irregular
shape

- Hemangiosarcoma
- Hemangioendothelioma
- Hemangiopericytoma

Peliosis hepatis

High SI in T2w
images (light bulb

appearance), in large
lesions central areas

may remain unenhanced
after CM application

due to thrombosis/fibrosis
sharply demarcated

Nodular peripheral
enhancement

in arterial phase,
centripetal filling

Hemangioma

Hypovascular with
hypervascular

peripheral
enhancement in
arterial phase

infiltrating along
portal tracts, segmental

biliary obstruction

Intrahepatic
cholangiocellular
carcinoma (CCC)

Hypo- or slightly
hypervascular in
arterial phase,
low SI in T1w
and high SI in
T2w images,
sometimes
peripheral
wash-out

+/- known primary
neoplasm

Metastases of
leiomyosarcoma

and gastrointestinal
stromal tumors

(GIST)

Table 10.  DDX of focal liver lesions in the hepatobiliary phase
 after Gd-BOPTA

homogeneous inhomogeneous

more than
normal liver

tissue

less than
normal liver

tissue

no contrast agent uptake

- FNH
(except central
scar is present)

- NRH

- Adenoma
(without hemorrhage/
regression)

- HCC
(well-differentiated)

[- FNH (atypical)

 - NRH (atypical)]

- Adenoma
(with hemorrhage/
regression)

- HCC

- FLC

- Cysts
- Metastases
(often peripheral wash-out and
unspecific CM-retention in
regressive changes)

- CCC
- HCC (undifferentiated)

- hemangioma
   (-> diagnosis made by T2w SI
         and dynamic imaging)

contrast agent uptake     SI

FNH HCC Cysts Mets
FLC
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Table 11.   DDX of focal liver lesions in the hepatobiliary phase
 after Gd-EOB-DTPA

homogeneous inhomogeneous

more than
normal liver

tissue

less than
normal liver

tissue

no contrast agent uptake

- FNH
(except central
scar is present)

- NRH

- Adenoma
(without hemorrhage/
regression)

- Adenoma
(with hemorrhage/
regression)

- HCC
(well-differentiated)

[- FNH (atypical)

 - NRH (atypical)]

- HCC

- FLC

- Cysts
- Metastases
(often peripheral wash-out and
unspecific CM-retention in
regressive changes)

- CCC
- HCC (undifferentiated)

- hemangioma
   (-> diagnosis made by T2w SI
         and dynamic imaging)

contrast agent uptake     SI

Table 12.  DDX of focal liver lesions in the hepatobiliary phase
 after Mn-DPDP

homogeneous inhomogeneous

comparable or
higher than
normal liver

tissue

contrast agent
uptake

no contrast agent
uptake

- FNH

- NRH

- Adenoma

- HCC
(well-differentiated)

- HCC (undifferentiated)

- CCC

- Metastases

- Hemangioma

- HCC

- FLC

Metastases
of

neuroendocrine
tumors
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Table 13.  DDX of focal liver lesions on SPIO enhanced T2w images
in the RES-specific phase

comparable to
liver tissue

less than liver
tissue

slightly less than
liver tissue

FNH

HCC
(well-differentiated)

HCCAdenoma

FLCNRH

- Cysts

- Metastases

- CCC

- HCC (undifferentiated)

- +/- hemangioma

iron oxide uptake
(SI  )

no iron oxide uptake
(CNR  )

Table 14.  DDX of focal liver lesions on USPIO enhanced T1w and T2*w
dynamic CE imaging

FNH

NRH

HCC
(early wash-out effect)

Metastases

hypervascularized discretely
hypervascularized

delayed persistent
enhancement hypovascularized

FNH

Adenoma

HCC
(early wash-out effect)

Hemangioma

CCC
(rim enhancement)

Cysts

Metastases
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Table 15.  DDX of focal liver lesions on USPIO enhanced T1w images
in the RES-specific phase

FNH

NRH

Hemangioma

hyperintense slightly
hyperintense isointense hypointense

FNH

Adenoma

HCC
(well-differentiated)

FLC

Adenoma

HCC
(well-differentiated)

CCC

Cysts

HCC
(undifferentiated)

Metastases

Table 16.   DDX of focal liver lesions on USPIO enhanced
T2w/T2*w images in the RES-specific phase

no iron oxide uptake
(CNR  )

comparable to
liver tissue

less than liver
tissue

slightly less than
liver tissue

iron oxide uptake
(SI  )

FNH

HCC
(well-differentiated)

HCCAdenoma
FLC

NRH

iso- slightly
hyper- hyperintense

hemangioma

- Cysts

- Metastases

- CCC

- HCC (undifferentiated)

hyperintense
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4.1 
Primary Benign Liver Lesions

Each of the cellular components of the liver - he-
patocytes, biliary epithelium and mesenchyme -
can give rise to benign tumors.

It is possible to classify these tumors based on
their cellular origin:

Hepatocellular Origin
Hepatocellular adenoma
Hepatocellular hyperplasia

Focal nodular hyperplasia (FNH)
Nodular regenerative hyperplasia

Cholangiocellular Origin
Hepatic cyst

Simple hepatic cyst
Congenital hepatic fibrosis or polycystic liv-
er disease

Mesenchymal Origin
Mesenchymal hamartoma
Hemangioma
Lipoma, Angiomyolipoma, Myelolipoma
Leiomyoma

Most benign tumors are incidental findings dur-
ing abdominal ultrasonography. The most com-
mon entities are simple cysts, cavernous heman-
giomas, and focal nodular hyperplasia.

4.1.1
Hemangioma

Hepatic hemangioma is the most common pri-
mary liver tumor; the incidence of this lesion in
the general population varies in published reports
from 0.4% to 20%. Hemangiomas may be multiple
in up to 50% of cases, but may also be found in
conjunction with other neoplasms. An association
with focal nodular hyperplasia occurs in 10-20%
of cases [18, 53].

There are two forms of this neoplasm: those
that occur in childhood and those that occur in
adults. Infantile hepatic hemangioma frequently
resolves spontaneously. However, it may also be-
come life-threatening due to arterio-venous shunt-
ing and resulting cardiac failure. In such cases, the
lesion requires aggressive surgical intervention.
Hemangiomas in adults occur most frequently in
the fourth and fifth decades of life and there is a
much higher incidence in women (about 80%). Es-
trogen replacement therapy may play a role in the
pathogenesis of this type of tumor [24]. Hemor-
rhage is the most common reason for prophylactic
resection, although this occurs relatively infre-
quently.

Hemangioma, whether solitary or multiple, is a
well-defined lesion that ranges in size from a few
mm to more than 20 cm. Hemangiomas larger

4
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than 10 cm are considered “giant” hemangiomas.
Microscopically, they are tumors composed of
multiple vascular channels lined by a single layer
of endothelial cells supported by a thin, fibrous
stroma. Large lesions almost always have a hetero-
geneous composition with areas of fibrosis, necro-
sis, cystic changes and intratumoral coarse calcifi-
cations. In some cases, abundant fibrous tissue
completely replaces the lesion [1, 107].

As demonstrated in many studies on the natu-
ral history of hemangioma, a large proportion are
asymptomatic, and liver function tests are normal.
Nevertheless, in some cases, symptoms of liver he-
mangioma may be misleading. Rarely, patients
present with abdominal pain, and in exceptional
cases, with fever, leukocytosis, thrombocytopenia,
consumptive coagulopathy (Kasabach-Merritt
Syndrome) or cholestasis. Occasionally, very large
hemangiomas may cause symptoms by compress-
ing adjacent organs [80].

On ultrasound (US) examination, heman-
giomas are typically homogeneously hyperechoic
with well-defined margins, and may exhibit faint
acoustic enhancement. The echogenicity may vary
because these tumors may contain cystic and fi-
brotic regions; this is especially true in large he-
mangiomas (Fig. 1). Color Doppler US demon-
strates filling vessels in the periphery of the tumor
but no significant Color Doppler flow deep within
the hemangioma itself (Fig. 2).

Power Doppler, however, may detect flow with-
in hemangiomas but the pattern is non-specific
and can also be seen in other primary hepatic liver
lesions such as hepatocellular carcinoma (HCC)
and focal nodular hyperplasia (FNH) [23].

Contrast-enhanced US allows monitoring of
the dynamic enhancement behavior of heman-
gioma. During the arterial phase, both capillary
and cavernous hemangiomas generally demon-
strate an early and strong peripheral enhance-

Fig. 1a, b. Hemangioma on US: ultrasound reveals (aa) a well-defined homogeneously hyperechoic lesion (arrow) or (bb) a tumor with het-
erogeneous echogenicity (arrowheads)

aa bb

Fig. 2. Hemangioma on color Doppler US. On color Doppler ultra-
sound the lesion demonstrates a homogeneous structure with no
flow within the nodule
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ment. In the portal-venous phase, hemangiomas
show a tendency for centripetal filling, and during
the late phase, the vascular components of both
capillary and cavernous hemangiomas tend to ap-
pear hyperechoic compared to the surrounding
normal liver parenchyma. In the late phase, how-
ever, cavernous hemangiomas tend to be more het-
erogeneous due to incomplete filling of the lesion
(Fig. 3) [7, 56].

Hemangiomas typically appear as low density
masses on computed tomography (CT) imaging,
with well-defined lobulated margins on unen-
hanced scans. During the arterial phase, heman-
giomas demonstrate an initial peripheral nodular
enhancement on spiral CT; this enhancement is iso-
dense with the the aorta and progresses centrally
with time. On delayed scans, the lesion becomes hy-
perdense or isodense compared with normal liver
parenchyma (Fig. 4). The early nodular peripheral
enhancement corresponds to large peripheral feed-

ing vessels. The presence of nodular enhancement
which is isodense with the aorta has been found to
be about 70% sensitive and 100% specific in differ-
entiating hemangioma from hepatic metastases
[59].Although small lesions often fill-in rapidly and
completely (Fig. 5), large tumors may show central
non-enhanced areas corresponding to scar tissue,
myxoid changes or cystic cavities (Fig. 4) [118].

Hemangiomas are revealed as focal defects on
both hepatobiliary and sulfur colloid scans against
underlying liver which shows normal isotope up-
take. Tagged red blood cell scans can be virtually
diagnostic of this lesion; there is a defect in the
early phases that shows prolonged and persistent
“filling-in“ on delayed scans [41].

Evaluation of hemangiomas of the liver is one
of the major applications of magnetic resonance
(MR) imaging, particularly in oncology patients
with atypical hemangiomas detected on CT or US
examinations (Fig. 6).

Fig. 3a-c. Hemangioma on SonoVue-enhanced US. During the arterial phase
after contrast administration (aa) a large hyperechoic lesion (arrows) id detect-
ed and hyperechoic peripheral vessels (arrowheads) are visible. In the portal-
venous (bb) and equilibrium (cc) phases the lesion shows progressive centripetal
enhancement, appearing heterogeneously isointense on the equilibrium
phase image

aa bb

cc
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On unenhanced T1-weighted MR images, he-
mangiomas are most commonly visualized as well-
defined, typically homogeneous, hypointense
masses with lobulated borders. On T2-weighted
images they characteristically show marked homo-
geneous hyperintensity with occasional low signal
intensity areas corresponding to areas of fibrosis
(Fig. 7) [63, 92].

After administration of an extracellular Gd-
agent, or an agent with both extracellular and liv-
er-specific properties, three types of enhancement
pattern may be seen, depending on the size of the
lesion. The majority of small lesions under 1.5 cm
in diameter show uniform early enhancement dur-
ing the arterial phase at 25–30 sec post-contrast, or

peripheral nodular enhancement progressing cen-
tripetally to uniform enhancement in the late arte-
rial and portal-venous phases (Fig. 8).

The second pattern is frequently seen in medi-
um-size lesions between 1.5 and 5 cm, but may al-
so be seen in large hemangiomas. These lesions
typically show a peripheral nodular enhancement
that progresses centripetally to a uniform en-
hancement in the equilibrium phase at 3-5 min
post-contrast. In particular, large hemangiomas
may show peripheral nodular enhancement with
persistent central hypointensity corresponding to
fibrosis and or cystic areas (Fig. 9).

Peripheral nodular enhancement, in particular,
detected during the arterial phase of dynamic MR

Fig. 4a-d. Cavernous hemangioma. On the unenhanced CT scan (aa) the lesion (asterisk)is homogeneously hypodense with well-defined
margins. During the arterial phase (bb), hyperdense peripheral nodular enhancement is seen, which progresses centrally during the portal-
venous phase (cc). Stromal components within the lesion are demonstrated during the equilibrium phase (dd), as areas of incomplete filling-
in (arrow)

aa bb

cc dd
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aa bb

dd

Fig. 5a-d. Hypervascular hemangioma.
On the unenhanced CT scan (aa) the he-
mangioma appears slightly hypodense
(arrow). Rapid filling-in is seen in the arte-
rial phase (bb), which persists into the por-
tal-venous phase (cc). During the delayed
phase (dd) the hemangioma is isodense
with the surrounding liver tissue

cc

Fig. 6a-d. Atypical hemangioma. Patient with history of renal cell carcinoma. The precontrast CT scan (aa) shows a large, slightly hypo-
dense lesion (arrows) located in segment VIII of the right liver lobe. In the arterial phase of the dynamic study after contrast medium ad-
ministration (bb) the hemangioma demonstrates an irregular and marked enhancement with progressive but incomplete filling in the por-
tal-venous (cc) and equilibrium (dd) phases

aa bb

cc dd
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Fig. 7a, b. Hemangioma. On the unenhanced GE T1-weighted MR image (aa), the hemangioma is seen as a well-defined hypointense
mass. Conversely, on the T2-weighted image (bb), the lesion (arrowhead) is markedly hyperintense

aa bb

aa bb

ddcc

Fig. 8a-d. Hypervascular hemangioma after Gd-BOPTA .The lesion is markedly hyperintense (arrow) on the Turbo SE T2-weighted image
(aa) and hypointense on the GE T1-weighted image (bb). Rapid enhancement on images acquired during the arterial phase (cc) after the bo-
lus injection of Gd-BOPTA is noted, which persists and becomes homogeneous during the portal-venous phase (dd)
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imaging of the liver, is a very useful discriminating
feature for the differential diagnosis of heman-
giomas and metastases [59]. The third pattern of
enhancement includes lesions that enhance homo-
geneously and thus may be difficult to differentiate
from hypervascular metastases, which may
demonstrate similar enhancement behavior. For
these lesions, the combination of T2-weighted and
serial dynamic post-contrast T1-weighted images
facilitates a confident diagnosis of hemangioma
(Fig. 10) [94].

Liver-specific contrast agents have also been
evaluated for the characterization of heman-
giomas. As in the case of purely extracellular Gd
agents, a “nodular” centripetal pattern of en-
hancement on dynamic imaging after Gd-BOPTA
and Gd-EOB-DTPA administration is considered
highly specific for hemangioma in a manner sim-

ilar to the finding of rim enhancement in the case
of liver metastases. In the delayed liver-specific
phase, hemangiomas tend to be isointense or hy-
pointense compared to the surrounding liver
parenchyma, and often contain low intensity areas
indicative of fibrotic or cystic components. While
contrast agent pooling of intralesional compo-
nents may be seen a peripheral wash-out as ob-
served in metastases is not observed in heman-
giomas.

Superparamagnetic iron oxide (SPIO) contrast
agents have also been evaluated for the characteri-
zation of hemangiomas, especially when these ap-
pear atypical on other imaging modalities. After
administration of SPIO, hemangiomas appear hy-
perintense on post-contrast T1-weighted images
compared to surrounding liver parenchyma, the
reverse of their appearance on pre-contrast T1-

aa bb

cc dd

ee

Fig. 9a-e. Cavernous hemangioma after Gd-BOPTA. The mass (asterisk) is het-
erogeneously hyperintense on the SE T2-weighted image (aa) and hypointense
on the precontrast GE T1-weighted image (bb). During the arterial phase (cc),
multiple focal areas of nodular enhancement (arrows) that are isointense with
the aorta are seen in the periphery. Centripetal filling-in has occurred when the
equilibrium phase is reached (dd). During the delayed liver-specific phase after
Gd-BOPTA (ee), the lesion appears slightly heterogeneously hypointense
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Fig. 10a-e. Capillary hemangioma. On the unenhanced T2-weighted TSE im-
age (aa) the capillary hemangioma (arrow) is markedly hyperintense, whereas
on the GRE T1-weighted image (bb) it is hypointense. During the dynamic study
after contrast agent administration, rapid, almost complete filling-in is seen in
the arterial phase (cc) which persists, completely and homogeneously, into the
portal-venous (dd) and equilibrium (ee) phases

aa bb

cc dd

ee

aa bb

Fig. 11a, b. Hemangioma after SPIO. On the unenhanced GE T1-weighted image the hemangioma appears hypointense (aa). On the post-
contrast T1-weighted image after SPIO administration (bb) the lesion shows increased signal intensity compared to the surrounding liver tis-
sue (T1 effect)
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weighted images. This signal enhancement is
caused by a T1 effect due to low SPIO concentra-
tion in the vascular channels of hemangiomas.
However, this effect can only be observed on T1-
weighted delayed phase images, which are not rou-
tinely acquired after administration of SPIO
(Fig.11) [35].

With the use of ultrasmall superparamagnetic
iron oxide (USPIO) contrast agents, which are ulti-
mately cleared by the reticuloendothelial system
but which reside in the intravascular compartment
immediately after injection, hemangiomas en-
hance on T1-weighted dynamic images and appear
hyperintense compared with the normal liver
parenchyma (Fig. 12). On T2-weighted scans the
lesions decrease in signal intensity and, at higher
doses of USPIO, may become isointense with the
liver [90].

Hemangiomas usually do not contain signifi-
cant amounts of Kupffer cells or normal hepato-
cytes and therefore do not take up SPIO particles
or Mn++ after the infusion of mangafodipir trisodi-
um. Specifically, on delayed phase T2-weighted im-
ages after SPIO administration, hemangiomas ap-
pear hyperintense, whereas on T1-weighted im-
ages in the hepatobiliary phase after administra-
tion of mangafodipir trisodium hemangiomas
generally appear hypointense.

4.1.2 
Focal Nodular Hyperplasia

FNH is a benign tumor-like lesion of the liver
which is considered to be the result of a hyperplas-
tic response of the hepatocytes to the presence of a
pre-existing vascular malformation. It is thought
that increased arterial flow hyperperfuses the local
parenchyma leading to secondary hepatocellular
hyperplasia [111].

In support of this theory, FNH has been found
in association with cavernous hemangioma and in
some cases FNH has been associated with vascular
malformations of various other organs and with
neoplasms of the brain (Fig. 13) [111].

In frequency, FNH is the second most common
benign hepatic tumor after hemangioma and has
been shown to constitute about 8% of primary he-
patic tumors at autopsy. It usually occurs in
women of childbearing- and middle-age, but cases
have been reported in men and children as well.
Most investigators agree that oral contraceptives
are not the causal agents of FNH [9]. However es-
trogens could have a trophic effect on FNH by in-
creasing the size of nodules and contributing to
the vascular changes [111].

Clinically, this tumor is usually an incidental
finding at autopsy, elective surgery or on diagnos-

aa

cc

bb

Fig. 12a-c. Hemangioma after USPIO. The same case as shown in Fig. 11. A
hypointense lesion (arrowhead) is seen on the unenhanced T1-weighted im-
age (aa). During the dynamic phase after the bolus injection of SHU 555 A (bb, cc),
the hemangioma (arrows) demonstrates weak nodular peripheral enhance-
ment that progresses with time
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tic liver imaging performed for other reasons. Less
than one third of cases are discovered because of
clinical symptoms, usually comprising right upper
quadrant or epigastric pain. Although most pa-
tients are asymptomatic at discovery, in sympto-
matic cases pain is usually caused by larger lesions,
which expand the Glisson capsule or have a focal
mass effect on surrounding organs.

The natural history of FNH is characterized by
the absence of complications. Therefore, typical
asymptomatic FNH should be managed conserva-
tively in association with the discontinuation of

oral contraceptives. Rarely, when symptoms are
particularly severe, surgical resection may be indi-
cated.

FNH is usually a solitary, subcapsular nodular
mass, but cases with several nodules have been de-
scribed (Fig. 14). FNH is a homogeneous tumor,
which only infrequently demonstrates hemorrhage
and necrosis. On cut section the majority of these
tumors have a central fibrous scar and although
the margin is sharp, generally there is no capsule
[19].

Often FNH has a mean diameter of 5 cm at the

Fig. 13a-f. Focal nodular hyperplasia (FNH) / Hemangioma. Unenhanced T2-weighted images (aa) show a slightly hyperintense lesion
with a small hyperintense central scar (arrow) compressing the gallbladder. An additional subcapsular lesion (arrowhead) with homoge-
neous high signal intensity (light-bulb phenomenon indicative of hemangioma) can be seen. On the unenhanced T1-weighted GE echo im-
age (bb), the suspected hemangioma appears homogeneously hypointense with distinct borders while the lesion compressing the gall-
bladder shows isointense signal intensity and lobulation. On arterial phase images after the bolus administration of Gd-BOPTA (cc), the le-
sion located near the gallbladder shows strong hyperintensity with a central hypointense scar. On portal-venous phase images (dd), this le-
sion is still hyperintense and clearly delineated and the central scar is still hypointense. The second lesion demonstrates nodular peripher-
al enhancement typical of hemangioma. Imaging during the equilibrium phase 5 min after Gd-BOPTA administration (ee) reveals enhance-
ment of the central scar, a typical enhancement pattern of pseudoscar formation in FNH. The second lesion shows homogeneous contrast
agent uptake. In the hepatobiliary phase (ff), the lesion close to the gallbladder appears isointense compared to the surrounding parenchy-
ma, indicating a lesion consisting of functioning hepatocytes able to take up Gd-BOPTA. The imaging pattern is consistent with that of an
FNH. The second lesion is again hypointense and the imaging pattern is consistent with that of a hemangioma

aa bb
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ee ff



4 • Imaging of Benign Focal Liver Lesions 99

time of diagnosis, although sometimes it is possi-
ble to find neoplasms that replace an entire lobe of
the liver, as in the lobar FNH form.

Currently, FNH is divided into two types, clas-
sic and non-classic. Classic FNH is characterized
by the presence of abnormal nodular architecture,
malformed vessels, and cholangiocellular prolifer-
ation. The non-classic type comprises three sub-
types: a) teleangiectatic FNH, b) FNH with cyto-
logic atypia and c) mixed hyperplastic and adeno-
matous FNH.

Non-classic FNH may lack the nodular abnor-
mal architecture and malformed vessels, which
characterize the classic type, but they always show
bile ductular proliferation [73].

The gross appearance of classic FNH consists
of lobulated contours and parenchyma that is
composed of nodules surrounded by radiating fi-
brous septa originating from a central scar that
contains malformed vessels. A classical form of
FNH with a stellate scar is seen in about 50% of
cases; however, variant lesions are increasingly be-
ing detected. These variant lesions are often small
with atypical features, such as the absence of a cen-
tral scar or teleangiectatic changes. The most char-
acteristic microscopic features of classic FNH are
fibrous septa and cellular areas of hepatic prolifer-
ation. The hepatic plates may be moderately thick-
ened and contain normal hepatocytes. The central
scar typically consists of fibrous connective tissue,
cholangiocellular proliferation with inflammatory
infiltrates and malformed vessels, including tortu-
ous arteries, capillaries and veins.

The arterial blood in FNH, as opposed to that
in adenoma, flows centrifugally from the anom-
alous central arteries. Both classic and non-classic
types contain a variable content of Kupffer cells.

In contrast, the gross appearance of non-classic
FNH is heterogeneous and globally resembles that
of adenoma, with lobulated contours and no
macroscopic central scar. The histological findings
of non-classic FNH depend on the subtype [9, 73].
The teleangiectatic type consists of hepatic plates
that frequently appear atrophic. The plates are one
cell thick and are separated by dilated sinusoids. Fi-
brous septa can be found in all cases of teleang-
iectatic FNH that contain some degree of bile duct
proliferation. In this type of FNH arteries have a
hypertrophic muscular media but no intimal pro-
liferation. In contrast to the classic form, these ab-
normal vessels drain directly into the adjacent si-
nusoids, while in classic FNH connections to the si-
nusoids are almost never seen. Necrotic areas and
hemorrhage can be found within teleangiectatic
FNH; these features are often responsible for the
appearance of the tumor and the presence of ab-
dominal pain [73, 111]. FNH with cytological atyp-
ia have the gross and histological features of classic
FNH but contain areas of large cell dysplasia. The

mixed hyperplastic and adenomatous form of FNH
has two variants, one resembling the teleangiectat-
ic type, the other simulating adenoma [73].

When multiple, FNH lesions tend to be associ-
ated with other lesions, such as hepatic heman-
gioma, meningioma, astrocytoma, teleangiectasia
of the brain, and systemic arterial dysplasia. FNH
has also been described in association with hepa-
tocellular adenoma and liver adenomatosis. In
these cases it appears that FNH lesions may be sec-
ondary to systemic and local abnormalities of vas-
cular growth induced by oral contraceptives, tu-
mor-induced growth factors, thrombosis or local
arteriovenous shunting [9].

On US images, classic FNH appears as a homo-
geneous well-demarcated nodule which may be
hypoechoic, isoechoic or slightly hyperechoic rela-
tive to the normal liver parenchyma (Fig. 15). Dis-
placement of contiguous hepatic vessels may be
the only detectable abnormality. Some lesions may
show a hypoechoic halo surrounding the lesion;
this halo most likely represents compressed hepat-
ic parenchyma and is more evident around nod-
ules with fatty infiltration or which are located in
steatotic liver tissue.

The central scar and the fibrous septa are often
difficult to visualize on US. However, when appar-
ent, the central scar is usually hyperechoic while
the fibrous septa are hypoechoic. Characteristic
findings at color Doppler US include the presence
of a central feeding artery with a stellate or spoke-
wheel pattern, which corresponds to vessels run-
ning into the radiating fibrous septa from the cen-
tral scar (Fig. 16). The spectral analysis may show
an intratumoral pulsatile waveform with high di-
astolic flow and low resistive index corresponding
to malformed arteries, and a continuous waveform
which could represent a draining vein of the neo-
plasm [112]. US in general is a non-specific imag-
ing method for the characterization of non-classic
FNH.

The hypervascularity of the lesion is detected
using SonoVue-enhanced US. In the arterial phase
of the dynamic study the intralesional vessels are
typically of the stellate or spoke-wheel configura-
tion and the lesion appears homogeneously hyper-
echoic compared to the normal liver parenchyma.
In the portal-venous phase, FNH remains hypere-
choic and the nodule gradually becomes isoechoic
with the adjacent liver in the later phases of dy-
namic imaging. Conversely the central scar is de-
picted as a hypo- or anechoic area within the hy-
perechoic lesion during both the arterial and por-
tal-venous phases, while it shows uptake of con-
trast in the later phases (Fig. 17) [57].

On unenhanced CT FNH is usually isoattenuat-
ing or slightly hypoattenuating. When the lesion is
isoattenuating compared to the normal liver
parenchyma, it may be detectable only because of
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Fig. 14a-j. Multiple focal nodular hyperplasia. Unenhanced axial and coronal T2-weighted images (aa, bb) reveal several slightly hyperin-
tense liver lesions (arrows) with one lesion in the left liver lobe demonstrating a central scar (arrowhead). On the unenhanced T1-weight-
ed image (cc) the lesions are slightly hypointense. Arterial phase images acquired after the bolus injection of Gd-BOPTA reveal strong hy-
pervascularization of all the lesions (dd-ff), and a central scar in three of the lesions (arrows). In the portal-venous phase (gg) the lesions are
slightly hyperintense. In the equilibrium phase (hh), the central scar of the lesion in the left liver lobe shows late enhancement (arrow). This
is typical for FNH in which the central scar is more an arterio-venous malformation than a true scar. T1-weighted images acquired during
the hepatobiliary phase (ii), show enhancement of the liver lesions. This is more obvious on T1-weighted fs images (arrows) acquired at the
same time point (jj) and is indicative of the lesions containing functioning hepatocytes that are able to take up Gd-BOPTA. The fact that the
lesions enhance to a higher degree than the surrounding liver tissue is indicative of the benign nature of the lesions and of the fact that the
biliary system of FNH is malformed, leading to a slowing of biliary excretion

Fig.15a, b. Classic focal nodular hyperplasia on US. The ultrasound examination reveals a homogeneous lesion (arrows) that is either hy-
poechoic (aa) or hyperechoic (bb) compared to the surrounding normal liver tissue

aa bb

aa bb

Fig. 16a, b. Classic focal nodular hyperplasia on color Doppler US. On ultrasound (aa) the lesion (asterisk) is isoechoic and only a dis-
placement of the middle hepatic vein is appreciable (arrowhead). Color Doppler US (bb) shows vascularization within the lesion, correspon-
ding to vessels running in the radiating fibrous septa, demonstrating a spoke-wheel pattern
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its mass effect. FNH generally only appears hyper-
attenuating to unenhanced liver when there is he-
patic steatosis or when the liver is otherwise ab-
normally decreased in attenuation. However, in
rare cases FNH may still be isoattenuating or hy-
poattenuating on unenhanced CT in patients with
hepatic steatosis when there is fatty infiltration of
the FNH itself [67]. In a third of cases, a low-densi-
ty central area is seen, corresponding to the central
scar [95].

During the arterial phase of contrast-enhanced
CT, FNH enhances rapidly and becomes hyper-
dense compared to normal liver. The low-attenua-
tion scar appears conspicuous against the hyper-
dense tissue, and foci of enhancement represent-
ing feeding arteries may be seen within the scar. In
the portal-venous phase of enhancement, the dif-
ference in attenuation between FNH and normal
liver decreases and FNH may become isodense
with normal liver parenchyma. The central scar is
almost always seen as hypoattenuating to the re-
mainder of the FNH on unenhanced and enhanced
dynamic phase scans. On delayed scans, however,
there is retention of contrast material within the fi-
brous scar, giving it an isoattenuating or, more fre-
quently, a hyperattenuating appearance (Fig. 18).
Detection of the central scar is related to the size of

the lesion; while a central scar may be identified in
as many as 65% of larger FNH, it may be seen in
only about 35% of lesions smaller than 3 cm in di-
ameter [15, 19]. 3D multidetector CT angiography
is very useful in demonstrating the intratumoral
vascularization of FNH which is characterized by
hepatic venous drainage and by the absence of
portal-venous supply (Fig. 19) [17].

On MR, FNH are considered classic when they
appear as homogeneously isointense or slightly hy-
perintense on T2-weighted images, and isointense
or slightly hypointense on T1-weighted images be-
fore contrast agent administration. Typical behav-
ior during the dynamic phase of contrast enhance-
ment is marked and homogeneous signal intensity
enhancement during the arterial phase, rapid and
homogeneous signal intensity wash-out during the
portal-venous phase, and signal isointensity (with
the exception of the scar) during the equilibrium
phase (Fig. 20). A typical scar appears as a hyper-
intense central stellate area on T2-weighted images
and as a hypointense area on T1-weighted images.
During the dynamic phase of contrast enhance-
ment a typical scar is hypointense during the arte-
rial and portal-venous phases and slightly hyper-
intense in the equilibrium phase (Fig. 20).

Atypical features of FNH generally consist of le-
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Fig. 17a-d. Focal nodular hyperplasia with SonoVue. Precontrast US (aa) reveals a well defined isoechoic nodule (arrow) surrounded by a
hypoechoic halo. In the arterial phase (bb) after SonoVue administration the FNH (arrow) appears homogeneously hyperechoic compared to
the normal liver parenchyma. Rapid contrast wash-out occurs in the portal-venous (cc) and equilibrium (dd) phases
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Fig. 18a-d. Focal nodular hyperplasia on CT. On the unenhanced CT scan (aa) the FNH (arrows) is isoattenuating to the liver. During the
arterial phase (bb) after contrast medium administration, the nodule enhances rapidly and homogeneously while the central scar (arrow-
head) remains hypodense. In the portal-venous and equilibrium phases (cc and dd, respectively) the FNH appears isodense compared to the
normal liver parenchyma (arrows in cc). In the equilibrium phase (dd) the central scar is depicted as hyperattenuating (arrow)

Fig. 19. Focal nodular hyperplasia on 3D multidetector CT an-
giography. 3D multidetector CT angiography shows the intratu-
moral vascularization, characterized by an arterial vessel leading
directly into the lesion (arrowhead) and hepatic venous drainage
(arrows)
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Fig. 20a-f. Focal nodular hyperplasia. On the Turbo SE T2-weighted and HASTE T2-weighted images (aa and bb, respectively), the nodule
(arrows) is isointense compared to the surrounding liver tissue and possesses a hyperintense “stellate” central scar. On the unenhanced T1-
weighted image (cc), the FNH (arrows) appears as an isointense lesion with a hypointense central scar. This lesion shows intense and ho-
mogeneous enhancement during the arterial phase after contrast agent administration (dd) and rapid wash-out in the portal-venous phase
(ee). In the equilibrium phase (ff), the lesion is again isointense. The central scar is typically hypointense during the arterial and portal-venous
phases. However, it appears hyperintense (arrow) in the equilibrium phase comparable to that seen in CT imaging
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Fig. 21a-h. Atypical focal nodular
hyperplasia with Gd-DTPA. On the
precontrast HASTE T2-weighted im-
age (aa) the nodule (arrow) is slightly
hyperintense compared to the sur-
rounding normal liver parenchyma,
whereas on the GRE T1-weighted
“in-phase” image (bb) it appears het-
erogeneously isointense (arrow). On
the GRE T1-weighted “out-of-phase”
image (cc) it appears heterogeneously
hypointense. In the arterial phase of
the dynamic evaluation after con-
trast agent administration (dd) the le-
sion shows marked enhancement,
with persistent uptake of contrast
material in the portal-venous (ee) and
equilibrium (ff) phases. On late GRE
T1-weighted “in-phase” (gg) and
“out-of-phase” (hh) images the nod-
ule appears as a well defined, slightly
hypointense lesion. This behavior
could be related to sinusoidal dilata-
tion
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sion heterogeneity, hyperintensity on T1-weighted
images, strong hyperintensity on T2-weighted im-
ages and hypointensity in the portal-venous or
equilibrium phases. Hyperintensity on T1-weight-
ed images may be due to different pathologic
changes, including fat deposition, copper accumu-
lation, high protein concentration, blood degrada-
tion products or sinusoidal dilatation. Persistent
contrast agent uptake in teleangiectatic FNH could
be related to sinusoidal dilatation (Fig. 21).

Other atypical features include the absence of a
central scar in a lesion greater than 3 cm in size,
scar hypointensity on T2-weighted images and

scar hypointensity in the equilibrium phase fol-
lowing injection of contrast agent. Finally, the
presence of a pseudocapsule, seen as a complete
hyperintense perilesional ring during the equilib-
rium phase can be considered atypical (Fig. 22)
[38]. In rare cases, hemorrhage, calcification, or
necrosis can be observed in non-classic forms of
FNH.

The use of contrast-enhanced dynamic MR im-
aging provides the greatest diagnostic sensitivity
among the imaging techniques in current use, es-
pecially when combined with the information
available on precontrast T1- and T2-weighted im-

Fig. 22a-e. Atypical focal nodular hyperplasia. On the unenhanced T2- and T1-weight-
ed images (aa and bb, respectively), the lesion (asterisk in aa) is isointense as compared
with the normal liver tissue and is delineated by a thin hypointense rim (arrowheads in
bb). During the early arterial (cc) and portal-venous (dd) phases after contrast agent admin-
istration, the lesion (arrowheads) is seen as highly vascularized. The lesion remains
slightly hyperintense in the equilibrium phase (ee) when a hyperintense peripheral rim
can also be seen
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Fig. 23a, b. Focal nodular hyperplasia after mangafodipir trisodium administration. On the precontrast T1-weighted image (aa), the FNH
is seen as isointense with a stellate hypointense central scar. On the delayed image after mangafodipir administration (bb), the lesion is
again isointense compared to the surrounding parenchyma

aa bb

aa bb

Fig. 24a, b. Atypical focal nodular hyperplasia after Gd-BOPTA. The same case as presented in Fig. 22. On the precontrast T1-weighted
image (aa) the FNH is isointense to partially slightly hypointense compared to the normal liver tissue. During the hepatobiliary phase 3 h af-
ter the bolus administration of Gd-BOPTA (bb), the lesion is again isointense to the surrounding liver parenchyma, indicating functioning he-
patocytes. This enables the diagnosis of FNH
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ages. However, the high frequency of atypical fea-
tures does not permit the accurate characteriza-
tion of FNH in every case. In this regard diagnosis
on dynamic MR imaging with conventional extra-
cellularly-distributed Gd agents relies on the same
morphologic and hemodynamic features as heli-
cal CT [38].

The availability of liver-specific MR contrast
agents increases the potential for accurate lesion
characterization. FNH are depicted as either hy-
perintense or isointense during the delayed phase

after administration of Gd-BOPTA, Gd-EOB-DT-
PA or Mn-DPDP, reflecting the abnormal biliary
drainage within the lesion (Figs. 23, 24).

Gd-BOPTA in particular offers both a dynamic
and delayed phase imaging capability, thereby per-
mitting both morphological and functional infor-
mation to be acquired for the characterization of
these lesions (Figs. 25, 26) [38].

In the same way, Gd-EOB-DTPA is helpful in
the characterization of FNH because FNH contains
hepatocytes that take up this agent, resulting in

Fig. 25a-f. Focal nodular hyperplasia after Gd-BOPTA. On the unenhanced T2-weighted HASTE and T1-weighted GE images (aa, bb) as well
as on post-contrast T1-weighted images acquired during the dynamic (cc, dd, ee) and delayed (ff) phase after administration of Gd-BOPTA, typ-
ical findings of FNH are clearly depicted. Importantly, it is possible to characterize the nodule according to both morphological and func-
tional criteria
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Fig. 26a-e. Atypical focal nodular hyperplasia after Gd-BOPTA
On the unenhanced SE T2-weighted image (aa), the lesion (asterisk) shows lobulated
margins, exophytic growth and heterogeneous hyperintensity. On the pre-contrast
GE T1-weighted image (bb), the lesion appears with heterogeneous hypointensity.
During the arterial phase (cc) after Gd-BOPTA administration, the nodule shows in-
tense but heterogeneous enhancement. The lesion remains slightly hyperintense
during the equilibrium phase (dd). The signal intensity and enhancement pattern are
not typical for FNH. On the hepatobiliary phase image (ee), however, the lesion ap-
pears slightly hyperintense due to the uptake of Gd-BOPTA by normal hepatocytes
and subsequent impaired biliary excretion. This finding is consistent with the char-
acterization of FNH

aa bb

cc dd

ee



110 MRI of the Liver

iso- or hyperintensity of the lesion compared with
the normal liver parenchyma on delayed T1-
weighted images; the enhancement pattern is very
similar to that which is observed after Gd-BOPTA
administration (Figs. 27, 28) [62].

On delayed phase T2-weighted images after
SPIO administration, typical FNH demonstrate a
loss of signal due to uptake of iron oxide particles
by Kupffer cells within the lesion (Fig. 29) [34]. The
degree of signal loss on SPIO-enhanced T2-weight-
ed images is significantly greater than that in other
focal liver lesions such as HCC and hepatocellular
adenoma; however, overlap may occur due to the
lack of function of Kupffer cells in some FNH [75].

In a large series it was demonstrated that only
39% of FNH showed significant signal drop after

SPIO. The remaining 61% of nodules did not show
significant signal drop and appeared homoge-
neously, but more frequently heterogeneously, hy-
perintense on T2-weighted images after SPIO (Fig.
30) [39].

On dynamic T1-weighted images after bolus
USPIO administration (SH U 555 A), FNH in many
cases demonstrate an initial, moderate signal in-
crease followed by an early decrease of signal in-
tensity due to contrast pooling (Fig. 31). The hy-
pervascularity depicted on arterial phase images
is generally inferior compared to that observed on
Gd-enhanced arterial phase imaging. On dynamic
T2-weighted images after USPIO administration,
FNH demonstrate a decrease of signal intensity
over time [44].

Fig. 27a-d. Focal nodular hyperplasia after Gd-BOPTA. On the pre-contrast T1-weighted image (aa) the FNH is seen as isointense com-
pared with surrounding liver tissue. The intense and homogeneous enhancement seen during the arterial and portal-venous phases (bb and
cc, respectively), as well as the delayed isointensity demonstrated during the hepatobiliary phase (dd), is typical for FNH
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Fig. 28a-d. Focal nodular hyperplasia after Gd-EOB-DTPA. The same case as shown in Fig. 27. The enhancement pattern after Gd-EOB-
DTPA is very similar to that observed after Gd-BOPTA; a slightly hypointense lesion on the unenhanced T1-weighted image (aa) demon-
strates strong hyperintensity during the arterial phase (bb) after the administration of Gd-EOB-DTPA. The subsequent portal-venous phase
image (cc) reveals persistent enhancement typical of FNH. On the hepatobiliary phase image (dd) the lesion demonstrates an iso/slightly hy-
pointense appearance compared with the surrounding parenchyma. With this contrast agent the hepatobiliary phase image was acquired
after 20 min

Fig. 29a, b. Focal nodular hyperplasia before (aa) and after (bb) SPIO administration. After SPIO administration (bb), the FNH (asterisk in aa)
shows significant signal drop compared with that seen on the pre-contrast image (aa)

aa bb
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Fig. 30a, b. Focal nodular hyperplasia before (aa) and after (bb)) SPIO administration. The same case as shown in Figure 26. The FNH (as-
terisk) appears slightly heterogeneously hyperintense on the SE T2-weighted image (aa). After SPIO administration (bb), the nodule is still
heterogeneously hyperintense compared to the surrounding normal liver. Note that compared with the unenhanced image (aa), the signal
drop in FNH is less pronounced than in normal liver parenchyma

aa bb

Fig. 31a-g. Focal nodular hyperplasia after SH U 555 A. On precontrast TSE T2-
weighted (aa) and T1-weighted (bb) images, the FNH (arrows) appears as an isoin-
tense nodule compared with the normal liver. The lesion is slightly hypointense
using a VIBE sequence (cc). During the arterial phase (dd), after SH U 555 A adminis-
tration the nodule shows a moderate uptake of contrast agent witch washes out
rapidly in the portal-venous phase (ee). In the equilibrium phase (ff) the lesion ap-
pears slightly hypointense. The reticuloendothelial phase (gg) reveals a typical,
marked signal drop, similar to that observed in the normal liver
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4.1.3 
Hepatocellular Adenoma

Hepatocellular adenoma (HA) is a rare benign tu-
mor of hepatocellular origin which is most com-
mon in middle-aged women. The term HA is used
to describe a spectrum of lesions associated with
different pathological and etiological factors that
give rise to a variety of histological forms. A new
classification of adenomas has been proposed, ac-
cording to which anabolic steroid-associated type
HA is considered separate from the classical form
[55]. This is due to its distinct histologic appear-
ance, which often resembles that of hepatocellular
carcinoma. An additional separate form is liver
adenomatosis (LA) which is characterized by the
presence of ten or more adenomas within an oth-
erwise normal liver, without a history of glycogen
storage disease or chronic anabolic steroid use.

Typical HA is defined as a tumor composed of
hepatocytes arranged in cords, that only occasion-
ally produces bile. The tumor lacks portal tracts
and terminal hepatic veins [65]. Although the pre-
cise pathogenic mechanism of HA is unknown, the
use of estrogen-containing [110] or androgen-con-
taining [98] steroid medications clearly increases
their prevalence, number and size within the af-
fected population and often within individual pa-
tients. Moreover, this causal relationship is related
to dose and duration, with the greatest risk en-
countered in patients taking large doses of estro-
gen or androgen for prolonged periods of time
[98]. In women who have never used oral contra-
ceptives the annual incidence of HA is about 1 per
million. This increases to 30-40 per million in
long-term users of oral contraceptives [83]. With-
drawal of estrogen derivates may result in regres-
sion of the HA.

Another risk group for HA are patients affected
by glycogenosis, in particular, type I glycogen stor-
age disease. In these patients, the possible patho-
genetic mechanisms include glucagon/insulin im-
balance, cellular glycogen overload, and proto-
oncogene activation [8]. The adenomas are also
more likely to be multiple and to undergo malig-
nant transformation, although the latter is still
quite rare. Patients with diabetes mellitus have de-
creased circulating insulin levels and elevated
serum glucose, therefore they share a similar
pathogenetic mechanism as patients affected by
glycogenosis.

A recognized association is that of congenital
or acquired abnormalities of the hepatic vascula-
ture. An association with portal vein absence or
occlusion [71] or portohepatic venous shunts [54]
has been noted, particularly in patients with LA
[37]. Although the adenomas in LA are histologi-
cally similar to other adenomas, they are not
steroid-dependent, but are multiple, progressive,

symptomatic, and more likely to lead to impaired
liver function, hemorrhage, and perhaps malig-
nant degeneration [26, 37].

Recently, some authors [11, 22] have suggested
a genetic alteration in the origin of HA. Specifical-
ly, a combination of a β-catenin mutation and a
deletion locus on chromosome 12 was found in pa-
tients with HA.

An association with pregnancy has also been
described, probably due to increased levels of en-
dogenous steroid hormones [103]. HA occurs spo-
radically in patients without known predisposing
factors and rarely in children and adult males.

Most patients with only one or few HA are
asymptomatic and almost invariably have normal
liver function and no elevation of serum tumor
markers such as α-fetoprotein. Large HA may
cause a sensation of right upper quadrant fullness
or discomfort. However, the classic clinical mani-
festation of HA is spontaneous rupture or hemor-
rhage, leading to acute abdominal pain and possi-
bly progressing to hypotension and even death
[58].

HA is solitary in 70-80% of cases, but it is not
unusual to encounter two or three HA in one pa-
tient, particularly at multiphasic CT or MR imag-
ing [49, 77]. Patients with glycogen storage disease
or LA may have dozens of adenomas detected at
imaging and even more at close examination of re-
sected specimens [26, 37, 86]. Individual lesions
vary in size from less than 1 cm to more than 15
cm. The typical steroid-related adenoma often
comes to clinical attention when it reaches about 5
cm in diameter. Large and multiple lesions are
more prone to spontanoeous hemorrhage [58].
The propensity to hemorrhage reflects the histo-
logical characteristics of HA, in which the cord-
like arrangement of cells structured in large plates
are separated by dilated sinusoids. Because adeno-
mas lack a portal-venous supply, they are perfused
by arterial pressure derived solely from peripheral
arterial feeding vessels. The extensive sinusoids
and feeding arteries contribute to the hypervascu-
lar nature of HA, which together with the poor
connective tissue support, predisposes the lesions
to hemorrhage. Because a tumor capsule is usually
absent or incomplete, hemorrhage may spread into
the liver or abdominal cavity [65].

Kupffer cells are often found in adenomas, but
in some cases can be reduced in number and with
little or no function, as reflected by absent or di-
minished uptake of technetium (Tc)-99m sulfur
colloid [89]. A key histological feature that helps
distinguish HA from FNH is the notable absence of
bile ductules in HA [13]. Adenoma cells are gener-
ally larger than normal hepatocytes and may con-
tain large amounts of glycogen and lipid. Intra- and
intercellular lipid may manifest as macroscopic fat
deposits within the tumor [49] and are responsible
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for the characteristic yellow appearance of the cut
surface of adenoma. Evidence of lipid at CT or MR
imaging can be helpful in diagnosing HA.

In many cases HA is seen as a large, predomi-
nantly hypoechoic lesion on US with central ane-
choic areas corresponding to areas of internal
hemorrhage (Fig. 32) [117].Adenomas may under-
go massive necrotic and hemorrhagic changes
which give the lesion a complex appearance on US
with large cystic components. Non-complicated
HA may appear as an iso- or hypoechoic mass
with a relatively homogeneous aspect (Fig. 32a).
However, fatty components within the lesion may
result in focal hyperechogenicity. A peripheral

pseudocapsule, which is present in about one third
of HA lesions, is seen as a hypoechoic peripheral
rim on US.

Color Doppler US reveals peripheral arteries
and veins which correlate well with both gross and
angiographic findings. In addition, Color Doppler
may identify intratumoral arteries. This finding is
absent in FNH and may be a useful discriminating
feature for HA (Fig. 33) [30]. Contrast-enhanced
US allows depiction of the characteristic vascular
behavior of HA. During the arterial phase, an ear-
ly and homogenous enhancement of non-necrotic,
non-hemorrhagic portions of the tumor can be
seen. Pericapsular feeding blood vessels are best

Fig. 32a, b. Hepatocellular adenoma on US. A small, non-complicated adenoma (aa) is shown as a homogeneous, isoechoic nodule (as-
terisk) with a thin, hypoechoic peripheral rim. Larger adenomas are often heterogeneous in echogenicity (bb), with both hyperechoic (ar-
row) and hypoechoic areas (arrowhead), which correspond to areas of hemorrhage, necrosis and fatty infiltration

aa bb

Fig. 33a, b. Hepatocellular adenoma on color Doppler US. Color Doppler ultrasound (aa) reveals the intratumoral and peripheral vessels
characterizing this lesion as hypervascular. A Color Doppler scan (bb) reveals the presence of arterial vessels within the lesion, together with
a characteristic arterial Doppler-spectrum

aa bb
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visualized during the early arterial phase. In the
late arterial phase and in the early portal-venous
phase, the contrast wash-out of HA is initially
faster than the progressive wash-in of the sur-
rounding liver parenchyma; therefore the neo-
plasm remains slightly hypoechoic. In the late por-
tal-venous and sinusoidal phases, HA generally
shows the same behavior as the surrounding liver
parenchyma (Fig. 34).

On unenhanced CT, HA may appear as a hypo-
dense mass due to the presence of fat and glycogen
within the tumor. However, hyperdense areas cor-
responding to acute or subacute hemorrhage can
be noted frequently in large, complicated lesions
(Fig. 35). On contrast-enhanced dynamic CT scan-
ning, non-complicated HA generally enhances rap-
idly and homogeneously and have increased atten-
uation relative to the liver. A pseudocapsule is fre-
quently seen in larger lesions as a hypodense and
hyperdense rim on non-contrast and equilibrium
phase CT images, respectively (Fig. 36) [46]. The
enhancement in adenomas typically does not per-
sist because of arteriovenous shunting [88]. Larger
or complicated HA may have a more heterogeneous
appearance than smaller lesions (Fig. 37) [46].

On MR images, HA frequently show heteroge-
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Fig. 34a-d. Hepatocellular adenoma with SonoVue. The precontrast US examination (aa) shows an isoechoic lesion (asterisk) with lobu-
lated margins, located in the left lobe of the liver. Dynamic evaluation after SonoVue administration reveals homogeneous enhancement
of the nodule in the arterial phase (bb) and rapid wash-out in the portal-venous (cc) and equilibrium (dd) phases

Fig. 35. Hemorrhagic hepatocellular adenoma. The pre-contrast
CT scan reveals a large and inhomogeneous hypodense lesion (ar-
rows) with a hyperdense component (asterisk) corresponding to
acute hemorrhage
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neous hyperintensity on unenhanced T2-weighted
images and heterogeneous hypointensity on unen-
hanced T1-weighted images. Areas of increased
signal intensity on T1-weighted images indicate
the presence of fat and hemorrhage, while areas of
reduced signal intensity indicate necrosis (Fig. 38)
[77]. Sometimes HA have a hypointense peripher-
al rim, corresponding to a fibrous capsule. In most
cases, the rim is of low signal intensity on both T1-
and T2-weighted images (Fig. 38) [3]. Because
non-complicated HA frequently have a homoge-
neous iso- or slightly hyperintense signal on T2-

weighted images and an iso- or hypointense signal
on T1-weighted images they may be hard to distin-
guish from surrounding normal liver parenchyma
(Fig. 39). The presence of glycogen in HA may in-
crease the signal intensity on T1-weighted images.
Similarly, the homogeneous or heterogeneous ap-
pearance of HA may be determined by the pres-
ence of intranodular fat (Fig. 40).

Dynamic MR imaging is able to demonstrate
the early arterial enhancement that results from
the presence of large subcapsular feeding vessels.
This finding, however, is not specific for HA; the

Fig. 36a, b. Non-complicated hepatocellular adenoma. On the pre-contrast CT scan (aa), the mass appears homogeneously hyperdense
compared to the surrounding liver tissue, demonstrating fatty changes. During the arterial phase after the administration of contrast
medium (bb), the density of the lesion markedly increases in a homogeneous manner
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Fig. 37a, b. Complicated hepatocellular adenoma. On the precontrast CT scan (aa) the mass (asterisks) appears heterogeneously hyper-
dense due to intratumoral hemorrhage. Associated subcapsular hematoma (arrowheads) can also be seen. Due to the degenerative
changes, the lesion shows heterogenous enhancement in the portal-venous phase (bb)

aa bb
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Fig. 38a, b. Complicated hepatocellular adenoma. Diffuse intratumoral hemorrhage within the lesion appears heterogeneously hyper-
intense on the T2-weighted spin-echo image (aa) and heterogeneously hypointense on the corresponding unenhanced T1-weighted spin-
echo image (bb). A peripheral hypointense rim (arrows) representing a fibrous capsule is visible on both images

aa bb
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Fig. 39a, b. Non-complicated hepatocellular adenoma. A non-complicated HA (asterisk) located in the left lobe of the liver, appears
slightly hyperintense on the unenhanced HASTE T2-weighted image (aa) and isointense on the corresponding unenhanced GRE T1-weight-
ed image (bb)



118 MRI of the Liver

specific MR appearance of HA is generally that of
a fat-containing or hemorrhagic lesion with in-
creased peripheral vascularity. On portal-venous
and equilibrium phase images HA generally ap-
pear isointense or slightly hypointense, with focal
heterogeneous hypointense areas of necrosis, cal-
cification or fibrosis.

On delayed liver-specific phase images after
Gd-BOPTA administration, the common appear-
ance is hypointensity of the solid, non-hemor-
rhagic components of the lesion (Figs. 41, 42).
This is one of the main features that differenti-
ates FNH from HA in non-complicated, but also
in calcified lesions. The hypointensity of HA re-
flects the lack of biliary ducts. This enhancement
pattern of HA in the liver-specific phase after in-
jection of Gd-BOPTA is opposite to that observed
in FNH. The overall difference in enhancement
behavior of FNH and HA on hepatobiliary phase
images can be ascribed to the different structural
and functional features of the lesions; in HA the
absence of biliary ductules within the lesion re-
sults in altered hepatocellular transport com-
pared with that occurring in normal hepatocytes.
Thus, while the mechanism of entry of Gd-BOP-
TA into the hepatocytes of HA may be unaltered,

the absence of the intracellular transport gradi-
ent due to the lack of any active transport across
the sinusoidal membrane manifests as hy-
pointensity against enhanced normal liver
parenchyma on images acquired in the hepato-
biliary phase.

A recent study has highlighted the ability of
Gd-BOPTA to accurately differente of FNH from
HA [40]: at 1-3 hours after Gd-BOPTA administra-
tion almost all FNH appeared hyper- or isointense,
while all HA appeared hypointense.

Conversely, after mangafodipir trisodium ad-
ministration HA appear iso- or slightly hyperin-
tense, similar to the appearance of FNH (Figs. 41,
42). This limits the possibility to make a correct
differential diagnosis.

Dynamic T1-weighted imaging after USPIO ad-
ministration can reveal slight arterial enhance-
ment which in some cases is better seen at the pe-
riphery of the lesion and corresponds to the
prominent vascular portion of the adenoma. The
uptake of SPIO in the accumulation phase depends
on the amount and functional status of the Kupffer
cells in the tumor as well as in the periphery of the
lesion (Fig. 43) [44].

Adenomas in some cases may take up SPIO, re-

Fig. 40a-d. Non-complicated hepatocellular adenoma. (aa) and (bb) represent a case of liver adenomatosis (LA) in which one lesion shows
a hyperintense signal (arrow) on the “in-phase” T1-weighted image (aa) because of intronodular fat. On the corresponding “out-of-phase”
image ( bb) the lesion shows a signal drop because of the intranodular fat. Multiple other fat-containing lesions of LA can also be seen (ar-
rows in bb). (cc) and (dd) in contrast demonstrate a case of HA with intranodular glycogen. Due to the T1-effect of intranodular glycogen, the
HA (arrow) appears as a slightly hyperintense nodule on the T1-weighted “in-phase” image (cc). On the corresponding “out-of-phase” im-
age (dd), in contrast to the case of LA, no signal-drop is visible since the high signal of the nodule is caused by intranodular glycogen, rather
than intranodular fat 
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Fig. 41a-g. Hepatocellular adenoma: Gd-BOPTA versus Mn-DPDP. A lesion (ar-
rows) appears isointense compared to surrounding liver tissue with intratumoral
hyperintense areas on the HASTE T2-weighted image (aa) and heterogeneously
isointense on the pre-contrast T1-weighted image (bb). During the arterial phase
after the bolus injection of Gd-BOPTA the lesion demonstrates heterogeneous en-
hancement (cc). On the subsequent portal-venous and equilibrium phases (dd and
ee, respectively) the lesion appears mainly isointense compared to the liver. In the
liver specific phase after administration of Gd-BOPTA (ff) the lesion is seen as hy-
pointense but shows some internal hyperintense peliotic areas. This may be
caused by reduced uptake of Gd-BOPTA into the hepatocytes in HA as well as by
the absence of bile ductules in HA: in normal liver tissue contrast agent in the he-
patocytes as well as in the bile ductules contributes to the increased signal inten-
sity. Conversely, on delayed phase images acquired after the administration of
mangafodipir (Mn-DPDP) (gg) the lesion demonstrates non-specific uptake of
Mn++ and thus appears isointense compared to normal liver tissue
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Fig. 42a-i. Complicated hepatocellular adenoma: Gd-BOPTA versus Mn-
DPDP. HASTE T2-weighted (aa) and Turbo SE T2-weighted images (bb) reveal a
large heterogeneous hyper-hypointense mass (asterisk) in the right lobe.
This lesion is seen as heterogeneously hypointense on the unenhanced GE
T1-weighted image (cc). T1-weighted imaging during the arterial (dd), portal-
venous (ee) and equilibrium (ff) phases after the bolus injection of Gd-BOPTA
reveals enhancement only in the periphery of the lesion (asterisks in dd); a
large hypointense central area corresponding to intratumoral hemorrhage
does not show any enhancement. On the delayed hepatobiliary phase image
after the administration of Gd-BOPTA (gg) the lesion appears hypointense.
Conversely, the cellular peripheral component shows enhancement and ap-
pears isointense with the surrounding liver parenchyma on delayed phase
T1-weighted (hh) and T1-weighted fat-suppressed (ii) images after man-
gafodipir (arrows in hh, ii)
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sulting in a decreased signal on T2-weighted im-
ages. However the uptake of SPIO is usually poor
in HA compared to FNH [108].

LA is a separate clinical entity which is character-
ized by the presence of multiple (>10) adenoma le-
sions, by the absence of any correlation with steroid
medication, by its equal presence in both men and
women, and by abnormal increases in serum alka-
line phosphatase and γ-glutamyltransferase levels
[26].

The conditions that may predispose patients to
LA are poorly understood, although one of the
more intriguing speculations is that congenital or
acquired abnormalities of the hepatic vasculature

may be involved [37]. Other investigators [27, 49]
have noted that both FNH and HA occur more of-
ten in patients who have coexistent vascular tu-
mors, portal-venous absence or occlusion, or he-
patic portovenous shunts. It is thought that a focal
disturbance of the hepatic blood supply somehow
facilitates the hyperplastic development of these
two similar benign liver lesions [37].

Patients with LA are at increased risk for devel-
opment of HCC, and should be closely monitored
with CT or MR imaging and by serum α-fetopro-
tein or other tumor marker examinations [58, 86].

Clinically, patients with LA can be asympto-
matic or have chronic or acute abdominal pain.

Fig. 43a-f. Non-complicated adenoma after USPIO. Same case as shown in Fig. 39. The nodule (asterisk) appears isointense with the nor-
mal liver tissue on the precontrast T2-weighted image (aa), and slightly hypointense on the precontrast VIBE image (bb). The lesion does not
show significant enhancement on arterial phase images after SH U 555 A administration (cc), whereas in the portal-venous (dd) and equilib-
rium (ee) phases the HA appears hypointense. On the accumulation phase (ff) the HA appears heterogeneously hyperintense due to a re-
duced number of Kupffer cells, which are more frequent at the periphery of the lesion
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The multiple adenomas in LA may have a variety
of appearances, but the CT and MR characteristics
of individual lesions are similar to those reported
for sporadic or solitary HA (Fig. 44) [49, 77].

Management of LA remains difficult because
there is no predictive sign of its potential compli-
cations other than the size of the individual le-
sions. Therefore close follow-up is mandatory to
evaluate progression. Liver resection is the pre-
ferred option because LA is essentially a benign
disease that does not impair hepatocellular func-
tion. Liver transplantation remains a difficult deci-
sion, although it is sometimes the last option in
progressive forms, or in liver disease that impairs
socio-professional day-to-day life in young pa-
tients, particularly in young women trying to be-
come pregnant [4].

4.1.4 
Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (NRH) of the liv-
er is a condition characterized by diffuse micro-
nodular transformation of the hepatic parenchyma
without the formation of fibrous septa between the
nodules [115].

The nodules vary in size (0.1 to 3 cm) but are
usually smaller than 1 cm. Various systemic dis-
eases and drugs are often associated with NRH:
myeloproliferative syndromes (polycythemia vera,
chronic myelogenous leukemia, and myeloid meta-
plasia); lymphoproliferative syndromes (Hodgkin’s
and non-Hodgkin’s lymphoma, chronic lympho-
cytic leukemia, and plasma cell dysplasia); chronic
vascular disorders (polyarteritis nodosa); rheuma-
tologic disorders (rheumatoid arthritis, Felty’s syn-
drome, scleroderma, calcinosis cutis, Raynaud’s
phenomenon, sclerodactyly and teleangiectasia),
lupus erythematosus; steroids and anti-neoplastic
medication [25, 99, 114].

Disturbance in the hepatic microcirculation is

believed to be the primary cause of NRH [115].
Several different combinations of vascular obliter-
ation can lead to a variegated parenchyma with at-
rophy and secondary hyperplasia [116]. The par-
ticular pattern of obliteration determines the size
and distribution of the nodules. Uniform small
nodules are usually produced by small portal vein
obliteration. This commonly occurs because of in-
flammatory lesions in the small portal tracts, typi-
cally in early-stage primary biliary cirrhosis and
various rheumatologic conditions. In these two ex-
amples, the primary lesion involves small ducts
and small arteries, respectively, and the oblitera-
tion of the adjacent portal veins is a bystander ef-
fect. Because the tissue involvement is patchy,
some small portal veins remain patent, giving a
variegated pattern of patent and obliterated veins,
which explains the presence of both atrophy and
hyperplasia. Increased flow through the portal
vein in the presence of splenomegaly could exacer-
bate nodule formation in those acini with a patent
portal vein [10]. After thrombosis of large portal
veins, there are often large contiguous regions of
parenchyma near the hilum that retain portal flow
and escape atrophy. This situation also leads to
large regenerative nodules (macronodular hyper-
plasia, partial nodular transformation). This vari-
ant is characterized by large nodules several cen-
timeters in diameter near the large portal tracts,
and atrophy together with small nodules in pe-
ripheral parts of the liver [50, 66, 96, 102].

In addition to this simple response to variegat-
ed portal vein flow, secondary arterial hyperemia
and arterial growth may enhance the topographic
variegation of blood flow. Arterial growth leads to
large regenerative nodules that resemble FNH
[100]. In non-cirrhotic conditions, the hepatic
venules are usually normal despite severe portal
vein disease. Nodular hyperplasia may result from
primary outflow obstruction with either hepatic
vein thrombosis or congestive heart failure [14]. In
these situations, the nodules are less uniformly

Fig. 44a-i. Liver Adenomatosis: Gd-BOPTA versus Mn-DPDP. The HASTE T2-weighted
image (aa) reveals several large, slightly hyperintense nodules with the biggest (asterisk)
located in the caudal lobe. These nodules appear isointense compared with the sur-
rounding parenchyma on the unenhanced GE T1-weighted image (bb). The lesions do
not show significant enhancement on arterial phase images acquired after the bolus ad-
ministration of Gd-BOPTA (cc), whereas on the portal-venous (dd) and equilibrium (ee)
phase images the lesions appear iso- to hypointense. On delayed phase images ac-
quired after the administration of Gd-BOPTA (ff and gg), several hypointense nodules (ar-
rows) are visible. Conversely, after mangafodipir administration (hh and ii), the lesions are
isointense with the normal liver and not clearly delineated
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distributed and are accompanied by sinusoidal
congestion and fibrous septation [100, 113].

NRH occurs in all ages with a mean age of 50
years, with no gender predilection. It is rarely re-
ported in childhood but when present, it is associ-
ated with portal vascular abnormalities, such as
congenital absence of the portal vein (Fig. 45) [36].
It may also occur in the setting of diffuse fatty liv-
er due to toxic or hormonal changes (Fig. 46).

The lesions are frequently found incidentally
during surgery or imaging studies. Symptoms and

signs, when present, can be divided into the fol-
lowing broad categories:
• symptoms of the underlying disease (Felty’s

syndrome, myeloproliferative disorders),
• manifestations of portal hypertension such as

esophageal varices, splenomegaly and ascites,
• hepatic failure,
• acute abdominal crisis following rupture of a

large nodule with hemoperitoneum,
• symptoms of hypersplenism.
Liver function tests are usually either normal or

Fig. 45a, b. Nodular regenerative hyperplasia. A T1-weighted fat suppressed MR image (aa) in the hepatobiliary phase after injection of
Gd-BOPTA shows multiple, well-defined, hyperintense nodules (arrows) in both lobes of the liver. Note as well the absence of portal vein
branches in the liver parenchyma. Portography (bb) confirms the absence of the portal vein and the presence of a shunt (arrow) between the
splenic vein and the inferior caval vein
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Fig. 46a-k. Nodular regenerative hyperplasia in a fatty liver: Gd-BOPTA ver-
sus USPIO. Due to diffuse fatty infiltration of the liver, the NRH nodule (arrow)
in the right liver lobe appears hypointense on both T2-weighted images (aa)
and T1-weighted images (bb). However, on fat-suppressed T1-weighted images
(cc), the lesion appears hyperintense. This is more apparent on opposed phase
imaging (dd), indicating diffuse fatty infiltration of the liver. On contrast en-
hanced imaging using Gd-BOPTA, strong enhancement of the lesion in the ar-
terial phase can be noted (ee). The lesion appears slightly hyperintense in the
portal-venous phase due to contrast agent pooling (ff). Arterial phase imaging
after the bolus injection of USPIO (SH U 555 A) (gg) suggests that the lesion is
perfused. However, the lesion once again appears hypointense in the portal-
venous phase (hh). The lesion appears slightly hyperintense on T1-weighted
images acquired during the hepatobiliary phase after Gd-BOPTA (ii). This is
more obvious on T1-weighted fs images acquired at the same time point (jj)
and is due to the fact that the NRH contains functioning hepatocytes that are
able to take up more Gd-BOPTA than the surrounding fatty liver tissue. This be-
havior clearly underlines the diagnosis of a benign lesion. On T2-weighted im-
ages acquired after SH U 555 A injection (kk) the lesion is even more hy-
pointense compared with unenhanced images (aa). This indicates that the le-
sion contains functioning Kupffer cells
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may be slightly altered. The most common abnor-
malities observed are elevation of alkaline phos-
phatase and γ-glutamyltransferase (GGT) levels.

In most cases NRH is not visible on US due to
the same echogenecity as the surrounding
parenchyma. In other cases, well-delineated hy-
poechoic or isoechoic nodules can be seen (Fig.47)
[76, 105].

Hyperechoic nodules have been reported on
very rare occasions [20] while on other occasions,
a diffusely heterogeneous hepatic parenchyma can
be seen. Color Doppler examination in many cases
demonstrates arterial supply within the nodules.

On CT imaging, approximately half of the cases
appear normal, while the nodules in the remaining
cases are typically hypoattenuating relative to the

Fig. 47a, b. Nodular regenerative hyperplasia on US. An ultrasound scan (aa) reveals a well demarcated homogeneous hypoechoic nod-
ule.  Color Doppler may show vascularity within the lesion. NRH may also appear as multiple, well-delineated, hypoechoic nodules (arrows)
of variable size (bb)
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Fig. 48a-d. Nodular regenerative hyperplasia on CT. Whereas the pre-contrast CT scan (aa) appears normal, on arterial phase images ac-
quired after the administration of contrast medium (bb), the NRH nodule (arrowhead) enhances markedly and homogeneously. In the por-
tal-venous (cc) and equilibrium (dd) phases, the nodule is seen as slightly hyperdense and isodense, respectively
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adjacent normal hepatic parenchyma [25, 78]. Usu-
ally the nodules enhance homogeneously to differ-
ent degrees after the intravenous administration of
contrast media (Figs. 48, 49) [16].

On unenhanced T1-weighted MR images the le-
sions are generally almost isointense or slightly hy-
perintense compared to the surrounding liver
parenchyma, while on unenhanced T2-weighted
images the nodules appear iso- or slightly hy-
pointense. A peripheral hypointense rim is often
visible in large lesions on T1- and T2-weighted im-
ages. On dynamic MR imaging, the nodules are usu-
ally hyperintense in the arterial phase, and iso- or

slightly hyperintense in the portal-venous and equi-
librium phases. In the delayed, liver-specific phase
after Gd-BOPTA administration, the lesions may
appear isointense or hyperintense since they consist
of benign hepatocytes with abnormal biliary system
drainage (Fig. 50). The peripheral hypointense rim
is better seen in larger lesions, particularly in the liv-
er-specific phase, and probably represents an is-
chemic perinodular area (Fig. 51) [16].

After injection of iron oxide particles, the le-
sions usually show a significant uptake of contrast
agent due to the presence of abundant Kupffer cells
within the nodule (Fig. 52).
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Fig. 49a-d. Nodular regenerative hyperplasia on CT. The pre-contrast CT examination (aa) reveals numerous nodules (arrowheads), that
are slightly hyperdense compared to the normal liver and surrounded by a thin hypodense rim. Weak enhacement is seen during the dy-
namic study after contrast medium administration (bb-dd). Note that the thin hypodense rim is well appreciable in all phases
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Fig. 50a-g. Nodular regenerative hyperplasia after Gd-BOPTA. The same case as
shown in Fig. 48. The lesion is isointense compared with normal liver tissue on the
pre-contrast T2- and T1-weighted images (aa and bb, respectively) but is strongly hy-
perintense on arterial phase images after the bolus injection of Gd-BOPTA (cc). The le-
sion retains a slightly hyperintense appearance during the subsequent portal-ve-
nous (dd) and equilibrium (ee) phase images and is seen as homogeneously hyperin-
tense on the delayed, liver-specific phase image (ff). Gross pathology of NRH (gg)
shows an ischemic perinodular area around the lesion, corresponding to the periph-
eral hypointense rim
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Fig. 51a-g. Nodular regenerative hyperplasia. T2-weighted TSE images (aa) and True
FISP images (bb) reveal numerous iso- to hypointense nodules (arrows) with some of
the nodules demonstrating a hypointense rim. These nodules are homogeneously
isointense or slightly hyperintense on unenhanced T1-weighted GE images (cc) and
show weak enhancement on T1-weighted arterial phase images acquired after the bo-
lus administration of Gd-BOPTA (dd). The lesions remain slightly hyperintense on the
subsequent portal-venous (ee) and equilibrium (ff) phase images. The delayed, hepato-
biliary phase image (gg) reveals numerous hyperintense nodules (arrowheads) with a
peripheral hypointense rim. The delayed hyperintensity after Gd-BOPTA reflects ab-
normal biliary system drainage
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4.1.5 
Cysts

Primary hepatic cysts should be distinguished from
other cystic masses of the liver. A true cyst of the
liver or bile duct is defined by the presence of an ep-
ithelial lining on the inner surface of the cyst. A
simple hepatic cyst, on the other hand, is defined as
a single unilocular cyst with a wall composed of a
thin layer of fibrous tissue. If more than 10 cysts are
seen, adult polycystic kidney and/or liver disease
should be considered. The incidence of simple he-
patic cysts is about 15% in autopsy series and they
are more common in women than in men. Cysts are
usually discovered incidentally, although up to 20%
have been reported in surgical series of patients
who presented with symptoms caused by mass ef-
fect such as abdominal pain, and jaundice [91].

On US examination, uncomplicated simple
cysts present as anechoic, round, well-defined le-
sions with smooth borders, no septations and no
mural calcifications. Although there is no acoustic
shadow, often an acoustic enhancement can be ob-
served.

On CT uncomplicated hepatic cysts are seen as
round, well-defined water attenuation masses
with smooth thin walls, and no internal septa or
solid nodules. They show no enhancement after
administration of contrast medium.

On T2-weighted MR images simple uncompli-
cated hepatic cysts are extremely hyperintense
with a homogeneous appearance. On T1-weighted
images they typically have a homogeneous hy-
pointense appearance. However, the intensity of
the cysts on T1-weighted images can vary if pro-

tein and/or hemorrhage are present within cyst
fluid. These materials can shorten the T1-relaxivi-
ty and therefore cause a hyperintense appearance.

Congenital hepatic fibrosis is part of the spec-
trum of hepatic cystic disease, and is characterized
by aberrant bile duct proliferation and periductal
fibrosis. Cysts are usually not visible due to their
very small size in typical congenital hepatic fibro-
sis (Fig. 53). In polycystic liver disease, numerous
large and small cysts coexist with fibrosis. In cases
of polycystic liver and/or kidney disease, the liver
parenchyma surrounding the cyst is not normal,
frequently containing von Meyenburg complexes
and increased fibrous tissue (Fig. 54) [55].

Hepatic involvement occurs in approximately
30-50% of patients with polycystic kidney disease.
Clinically, the majority of patients present in child-
hood, when congenital hepatic fibrosis predomi-
nates with bleeding, varices and other manifesta-
tions of portal hypertension. In patients with pre-
dominating polycystic liver disease, the lesions are
usually identified incidentally. Approximately 70%
of patients with polycystic liver disease also have
adult polycystic kidney disease. Congenital hepat-
ic fibrosis is also related to Caroli’s disease. Cross-
sectional images reveal multiple cysts in the liver
that are often associated with multiple renal cysts
[12]. In this clinical setting, the cysts may have
variable signal intensity, presumably caused by
proteinaceous content within the cysts and/or in-
tracystic hemorrhage.

Acquired hepatic cysts, also called peribiliary
cysts, are more conspicuous in the peribiliary tis-
sue, and are associated with chronic diseases such
as cirrhosis, ascending cholangitis, obstructive

Fig. 52. Nodular regenerative hyperplasia on pre-contrast T2*-weighted (aa) and post-contrast USPIO-enhanced T2*-weighted images (bb).
The isointensity of the nodules (arrows in aa) on SH U 555 A enhanced images is related to the presence of abundant Kupffer cells

aa bb



4 • Imaging of Benign Focal Liver Lesions 131

Fig. 53a-g. Congenital hepatic fibrosis in polycystic kidney disease. In con-
trast to the situation in adult polycystic kidney disease, the liver is not affected
by cysts in congenital fibrosis associated with infantile polycystic kidney dis-
ease. Images aa-cc show fibrosis of the liver with cirrhotic changes and dilatation
of the peripheral bile ducts (arrows). Additionally, hypertrophy of Segment 1
and the left liver lobe can be noted. In (cc), polycystic kidneys are displayed.
These are better appreciated on the coronal image (dd). On T1-weighted im-
ages (ee), the liver has a homogenous signal, however, the bile ducts are irreg-
ularly shaped and show dilatation due to fibrosis. In the equilibrium phase af-
ter contrast agent injection, the dilated bile ducts appear hyperintense while
the liver parenchyma shows homogenous enhancement (ff). Due to liver fibro-
sis and resulting portal hypertension in this 14-year old girl, a splenorenal
shunt was initiated. This is demonstrated on contrast-enhanced MR angiogra-
phy (gg) in which early filling of the shunt (arrow) and the renal vein as well as
of the inferior caval vein (arrowhead) can be observed. Note additionally, the
small caliber of the renal arteries due to polycystic kidney disease
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jaundice, systemic infections and in patients with
polycystic liver disease and portal hypertension.
Microscopically, acquired cysts are serous or muci-
nous in content and are caused by periductal gland
obstruction.

Peribiliary cysts are generally located near the
intra- and extrahepatic main ducts.

Although patients are usually asymptomatic,
large lesions can cause biliary obstruction and
jaundice (Figs. 55, 56).
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Fig. 54a-f. Polycystic liver and kidneys in adult polycystic kidney disease.
Both the kidneys and the liver show multiple high signal intensity cysts on T2-
weighted images (aa-cc). On T1-weighted images (dd) the liver cysts appear hy-
pointense whereas some of the kidney cysts appear hyperintense due to hem-
orrhage (arrows). After contrast medium injection, homogenous enhance-
ment of liver parenchyma can be noted in both the arterial phase (ee) and por-
tal-venous phase (ff). The remaining kidney parenchyma also shows homoge-
nous enhancement. Since the risk of developing renal cell carcinoma is in-
creased in patients with polycystic kidney disease, a very precise evaluation of
the renal cysts is necessary
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Fig. 55a-e. Peribiliary cysts on US and CT. On the US scan (aa) numerous
small, well-defined, hypo- to anechoic lesions (arrows) are demonstrated. On
the pre-contrast CT scan (bb), the cysts appear as hypodense, round lesions.
They do not show significant enhancement after contrast medium adminis-
tration (cc-ee). Note the “rosary beads” - like arrangement (arrowheads in cc) of
the cysts
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Fig. 56a-f. Peribiliary cysts on MR after Gd-BOPTA. On MR imaging, peribiliary cysts are characteristically markedly hyperintense lesions
on T2-weighted images (aa), and hypointense on T1-weighted GE “in-phase” (bb) and “out-of-phase” (cc) images. The cysts remain hy-
pointense during the dynamic study after bolus administration of Gd-BOPTA (dd, ee) and do not show enhancement in the hepatobiliary
phase (ff) due to the absence of communication between the cysts and the biliary tree
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4.1.6
Miscellaneous Tumors

4.1.6.1
Lipomatous Tumors

Benign hepatic tumors composed of fat cells in-
clude lipoma, and combined tumors such as an-
giomyolipoma (fat and blood vessels), myelolipo-
ma (fat and hematopoietic tissue) and an-
giomyelolipoma [32].

Grossly, lipomatous tumors are usually solitary,
round and well-circumscribed masses occuring in
non-cirrhotic livers [31]. They contain variable
proportions of adipose and smooth muscle tissue
with thick-walled blood vessels. Flow cytometry
shows a DNA-diploid pattern consistent with a be-
nign lesion [104]. Hematopoietic foci may be pres-
ent, and when prominent, the term myelolipoma
[74] or angiomyelolipoma is used.

Angiomyolipomas are rare, usually asympto-
matic solitary tumors. However, these tumors occa-
sionally bleed, causing abdominal pain. Liver an-
giomyolipomas usually range in diameter from 0.3
to 36 cm and occur predominantly in women [47].

Liver angiomyolipomas may occur in associa-
tion with Bourneville-Pringle syndrome. In this
clinical setting, the lesions are generally multiple,
progressive, and symptomatic.

Angiomyolipomas are often highly echogenic
on US and are essentially indistinguishable from
hemangiomas, although they may also present a
mixed hyper-hypoechoic pattern (Fig. 57) [81].

Density measurements on unenhanced CT are
characteristic of fat (–20 to –115 HU). Pure lipo-
mas do not enhance, but variable enhancement oc-
curs in lesions containing angiomatous elements
(Fig. 58) [51, 81].

On MR imaging, the fatty and angiomatous
components of angiomyolipomas lead to a high

signal intensity on both T1- and T2-weighted im-
ages [69]. Hepatocellular carcinomas containing
fat deposits may have a similar appearance. The
early phase of contrast-enhanced dynamic CT or
MR imaging may be useful in discriminating be-
tween angiomyolipomas and HCC with fat, be-
cause the fatty areas of angiomyolipoma are well-
vascularized and enhance early. Conversely, the ar-
eas of fatty changes in HCC are relatively avascu-
lar, and enhancement is less obvious.

MR imaging with fat suppression techniques is
useful to characterize hepatic angiomyolipomas,
since lipid components show a typical signal drop
with these sequences [48]. In contrast to the high
signal intensity on T1- and T2-weighted images,
the lesions appear hypointense compared to the

Fig. 57. Lipomatous tumors in Bourneville-Pringle syndrome on
US. On US, multiple well-defined, hyperechoic (arrows) as well as
small hypoechoic lesions (arrowheads) can be seen

Fig. 58a, b. Lipomatous tumor in Bourneville-Pringle syndrome on CT. Pre-contrast CT (aa) reveals multiple hypodense lesions (asterisk)
and mixed lesions (arrows). The hypodensity of the largest lesion reflects the abundant fatty content. After administration of contrast medi-
um (bb), some nodules enhance homogeneously (arrowheads) whereas others enhance heterogeneously (asterisk). Note the presence of
angiomyolipomas in both kidneys as well
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normal liver parenchyma on images obtained with
fat suppression.

The appearance on contrast-enhanced MR im-
aging with gadolinium agents may mimic the pat-
tern observed in hemangioma with peripheral
nodular enhancement or irregular non-nodular
vascular enhancement. However, arterial hyperin-
tensity is also a common pattern of enhancement
(Fig. 59).

4.1.6.2 
Leiomyoma

This extremely rare lesion is a well-circumscribed
smooth muscle tumor arising in the liver [45]. Sev-
eral cases of leiomyoma have been reported in
adults and children infected with the human im-
munodeficiency virus, suggesting that there may
be a clinical association between these two entities
[68, 109].

Leiomyoma has non-specific radiological char-
acteristics. On US, leiomyomas may appear solid
or hypoechoic with internal echoes [85, 109].
Leiomyomas are of low attenuation relative to nor-
mal liver on unenhanced CT scans, but following
contrast agent administration, may display two
distinct enhancement patterns: either peripheral
rim enhancement, similar to that seen in abscesses,
or homogeneous enhancement, which may some-

times be delayed [68, 109]. On MR imaging,
leiomyomas are hypointense relative to the liver on
T1-weighted images and hyperintense on T2-
weighted images [85, 109]. Enhancement patterns
after contrast agent administration are similar to
those described for CT imaging.

4.2 
Secondary Benign Liver Lesions

4.2.1 
Pyogenic Abscess

Abscesses of the liver may be caused by bacterial,
amebic or fungal infections, resulting in the local-
ized collection of inflammatory cells and destruc-
tion of the surrounding parenchyma [82]. Hepat-
ic abscesses can develop via five major routes
[29]:
• the biliary route, due to ascending cholangitis,

benign or malignant biliary obstruction and
choledocholitisis,

• the portal vein route, due to pylephlebitis from
appendicitis diverticulitis, proctitis, infected
hemorrhoids, inflammatory bowel disease and
others,

• the hepatic artery route, subsequent to sep-
ticemia,

Fig. 59a-i. Lipomatous tumor in Bourneville-Pringle syndrome. Same case as shown in Fig. 58. On the unenhanced HASTE T2-weighted
image (aa) numerous hyperintense lesions (asterisks) can be seen in the liver. On the unenhanced GE T1-weighted image (bb) some of the le-
sions are hypointense. Several of these lesions (arrows) demonstrate a decrease of signal intensity on the T1-weighted “out-of-phase” im-
ages due to the fat component (cc). On the unenhanced coronal VIBE image (dd) the nodules are seen as predominantly hypointense. Some
lesions are seen as hypointense while others are hyperintense during the arterial phase after the administration of Gd-BOPTA (ee). Numer-
ous lesions remain hyperintense on the portal-venous phase image (ff). On GE T1-weighted axial (gg) and coronal (hh) fat-suppressed images
acquired during the delayed hepatobiliary phase, all of the lesions appear hypointense. MR angiography obtained with the VIBE sequence
(ii) reveals dilated and tortuous tripod celiac and hepatic arteries (arrow)
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• the direct extension route, from contiguous or-
gan infections,

• the traumatic route, from blunt or penetrating
injuries.
Before the era of antibiotics, pylephlebitis of

the portal vein through seeding from appendicitis
or diverticulitis was the most common cause of
hepatic abscesses. Pyogenic abscesses today are
most often associated with benign or malignant
obstruction with cholangitis. About 50% of pyo-
genic abscesses are caused by anaerobic organisms
or mixed anaerobic and aerobic organisms. Es-
cherichia Coli is most frequently isolated in adults,
while Staphylococci organisms are most often iso-
lated from hepatic abscesses in children.Abscesses
of biliary tract origin are multiple and frequently
involve both hepatic lobes (Fig. 60). Abscesses of

portal vein origin are often solitary and mainly lo-
calized in the right lobe.

The clinical symptoms of patients with hepatic
abscesses include fever, malaise, abdominal pain in
the right upper quadrant, nausea and vomiting.
Tender hepatomegaly is the most common clinical
sign and leukocytosis, elevated serum alkaline
phosphatase levels and hypoalbuminemia are the
most common laboratory abnormalities. Generally
the onset of symptoms is acute [29].

Ultrasound can detect hepatic abscesses as
small as 1.5 cm with a sensitivity of up to 90%.
Pyogenic hepatic abscesses are extremely variable
in shape and echogenicity and may appear as ane-
choic (50%), hyperechoic (25%) or hypoechoic
(25%) (Fig. 61). Septa and fluid-fluid internal
necrosis are frequently seen, while calcifications

Fig. 60a-e. Diffuse biliary abscess formation in ascending cholangitis. Dif-
fusely distributed areas of high signal intensity can be noted on the unen-
hanced T2-weighted image (aa). On the corresponding unenhanced T1-weight-
ed image (bb) these areas appear hypointense. During the arterial phase of the
dynamic series (cc) peripheral hypervascularization of the affected areas (ar-
rows) can be noted. In the portal-venous phase (dd), the cystic-appearing re-
gions remain hypointense. On fat suppressed images in the equilibrium phase
(ee) a hyperintense rim surrounding the affected areas (arrows) is indicative of
an inflammatory process
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and gas may also be detected. Early lesions tend to
be echogenic and poorly demarcated [72].

CT is a valid method for detecting hepatic ab-
scesses with high sensitivity. On CT, hepatic ab-
scesses appear as hypodense lesions with an inter-
nal pattern of varying density. The lesions general-
ly appear as rounded masses that show minimal
contrast enhancement. Most abscesses have a pe-
ripheral rim that shows contrast enhancement
predominantly in the equilibrium phase. The “clus-
ter” sign is suggestive for abscesses and represents
smaller lesions surrounding a large abscess. An-
other CT sign, the “double target”, is seen with ear-
ly abscesses, and represents a hypodense lesion
surrounded by a hyperdense rim, and an outer
low-density region (Fig. 62). The presence of cen-
tral gas, either air bubbles or an air-fluid level, is a
specific sign of pyogenic hepatic abscess, but is
present in fewer than 20% of cases [6, 87].

On MR imaging pyogenic abscess appears as an
area of decreased signal intensity on T1-weighted
images and increased signal intensity on T2-

Fig. 61. Pyogenic abscess on US. Ultrasound reveals a heteroge-
neous hypo- to isoechoic lesion with ill-defined margins (arrows)

Fig. 62a-d. Pyogenic abscess on CT. On an unenhanced CT scan (aa) the abscess (asterisk) appears as a heterogeneously iso- to hypodense
lesion. Peripheral rim enhancement is seen on the arterial phase image after the administration of contrast medium (bb). This is better seen
in the portal-venous (cc) and equilibrium phase (dd) images due to peripheral edema (arrowhead in cc)
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weighted images. Perilesional edema, character-
ized by high signal intensity on T2-weighted im-
ages, is seen in one third of cases. The abscess cav-
ity may appear with homogeneous or heteroge-
neous signal intensity.After administration of con-
trast material, abscesses typically show rim en-
hancement followed by a slower increase in signal
intensity within the center of the lesion (Fig. 63).
Small lesions may enhance homogeneously in a

manner similar to that seen with small heman-
giomas [5].

Peripheral edema may be seen on delayed
phase images as a rim of high signal intensity after
administration of contrast agents with hepatobil-
iary properties. Similarly, decreased signal intensi-
ty after SPIO administration may be indicative of
peripheral edema due to the high content of Kupf-
fer cells and macrophages.

Fig. 63a-g. Pyogenic abscess after Gd-BOPTA. The abscess (arrows) has a
high signal intensity on Turbo SE T2-weighted images (aa) and T2-weighted
images acquired with fat saturation (bb). On unenhanced GE TI-weighted im-
ages (cc) the abscess has low signal intensity. Rim enhancement (arrow in ff) is
seen on dynamic phase images acquired after the administration of Gd-BOPTA
(dd-ff). The central area of necrosis does not show enhancement. Central con-
trast agent pooling due to diffusion of the contrast agent is seen on the de-
layed hepatobiliary phase image (gg)
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4.2.2 
Amebic Abscess

Amebiasis caused by the parasite Entamoeba his-
tolytica is an endemic disease of tropical areas,
such as Mexico, Central and South America, Africa
and Asia. Amebic liver abscess develops after in-
festation of colonic mucosa by the parasites, which
lodge in the portal system. The liver can be invad-
ed in one of three ways:
• via the portal vein (most common),
• through lymphatics,
• via direct extension through the colon wall into

the peritoneum and then through the liver cap-
sule.
Amebic liver abscess is the most common ex-

traintestinal manifestation. Most patients with
amebic liver abscesses present with a tender liver
and abdominal pain in the right upper quadrant.
Amebae are not usually found in the stool of pa-
tients with an amebic liver abscess. Because the
clinical features and findings of stool examina-
tions for amebae are usually not specific or are
negative, serologic tests are helpful in detecting
suspected amebic abscess; such tests are positive in
about 90% of patients [61, 84].

On US studies, amebic abscesses are usually
large, round, sharply-defined, hypoechoic masses
with fine, low-level internal echoes at high gain
settings (Fig. 64) [64].

The CT appearance of amebic abscess is non-

specific and variable; the lesion is usually round or
oval and demonstrates peripheral hypodensity. A
slightly hyperdense peripheral rim can be seen on
unenhanced scans, which generally shows marked
enhancement after administration of contrast ma-
terial (Fig. 65). Lesions may appear as unilocular
or multilocular masses, with internal debris and
nodularity of the margins [106].

Amebic abscesses are well-defined structures
with rim-like areas of varying signal intensity on
both T1- and T2-weighted MR images. Within the
abscess cavity, the signal intensity is decreased on
T1-weighted images compared with the normal
hepatic parenchyma. On T2-weighted images the
lesion is hyperintense with a homogeneous or het-
erogeneous appearance and is often surrounded
by areas of even higher signal intensity that corre-
spond to edema within the normal liver tissue. No
enhancement is seen in the central necrotic area
after contrast agent administration, whereas het-
erogeneous enhancement can be observed at the
periphery of the lesion, corresponding to inflam-
matory tissue. Persistent enhancement on late he-
patobiliary phase images can be observed in this
inflammatory tissue when contrast agents with he-
patobiliary properties are used (Fig. 66). MR also
offers the advantage of multiplanar capabilities to
clearly depict the extension of the lesion. It is also
helpful in follow-up studies to evaluate response
to therapy.

Fig. 64. Amebic abscess on US. The ultrasound scan reveals two
large lesions (arrows) with different echogenicity

Fig. 65. Amebic abscess on CT. The CT scan reveals hypodense le-
sions with a thin hyperdense peripheral rim. The hypodense ap-
pearance is due to the high liquid content
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Fig. 66a-g. Amebic abscess after Gd-BOPTA. HASTE T2-weighted images acquired
in the axial plane (aa) and True-FISP images acquired in the coronal plane (bb) reveal a
large heterogeneous hyperintense lesion (asterisk in aa). The lesion is seen as an ill-
defined iso- to hypointense mass on unenhanced GE T1-weighted images (cc). En-
hancement is seen mainly in the periphery of the lesion during the arterial phase (dd)
after the administration of Gd-BOPTA. This enhancement increases during the por-
tal-venous (ee) and equilibrium (ff) phases when septations and internal necrosis are
depicted more clearly. This is even better demonstrated on the T1-weighted fat sup-
pressed image acquired during the delayed hepatobiliary phase (gg)
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4.2.3 
Candidiasis Infection

Hepatic candidiasis is relatively frequent in im-
munocompromised patients and it is found in
more than 50% of patients with acute leukemia or
lymphoma.

On US scans, three major patterns of candidia-
sis are seen:
• “wheel within a wheel”, in which a peripheral

zone surrounds an inner echogenic area,
• “Bull’s eye”, a lesion with a hyperechoic center

surrounded by a hypoechoic rim,
• uniformly hypoechoic, the most common ap-

pearance, attributable to progressive fibrosis.
After therapy, the lesions may increase in

echogenicity and decrease in size, although in
some cases sonographic heterogeneity of the liver
may persist for several years after treatment [33].

On CT the abscesses are generally multiple,
small round hypodense areas on both pre- and
post-contrast images. Calcifications can be seen
within the lesions [97].

On MR imaging, candida lesions are generally
hyperintense on fat suppressed T1-weighted im-
ages and have variable signal intensity on conven-
tional T1-weighted spin-echo images. Contrast
agent administration leads to the detection of
more lesions, which are mainly round, ill-defined,
focal hypointense areas. Frequently, percutaneous
needle biopsy is needed to achieve a definitive di-
agnosis [93].

4.2.4 
Echinococcal Cyst

Hydatid disease is caused by the parasite
Echinococcus granulosus. The disease is mainly
present in rural areas where dogs are used for
herding live stock, especially sheep, and occurs fre-
quently in Mediterranean countries, in Australia,
and in South America.

Dogs are the normal host for the adult parasite,
and hundreds of worms may exist in their intestin-
al tract. Sheep, cattle, herbivores and humans are
intermediate hosts for the parasite and are infected
after contact with dog feces. In heavily endemic ar-
eas, about 50% of dogs and up to 90% of sheep and
cattle are infected with E. granulosus. Eggs are
passed by the dogs and can be ingested by inter-
mediate hosts.

Once inside the intermediate host, the parasitic
eggs hatch and embryos penetrate the intestinal
mucosa to enter lymphatic and venous channels.
Most embryos are filtered by the liver and lungs
with the remaining parasites reaching other or-
gans, including the brain, spleen, kidneys, and the
musculoskeletal system.Viable embryos transform

into cysts which grow at a rate of approximately
1cm per year. The wall of the hydatid cyst is com-
posed of two layers: the endocyst, a germinal layer,
and the ectocyst, a proteinaceous membrane. A
dense fibrous capsule containing collagen, the per-
icyst, is formed by the host.

Echinococcal cysts usually develop in the liver
(75% of cases) but may occur in any part of the
body. The lesions are often asymptomatic for
many years and are discovered incidentally on US
or CT scans. Hydatidosis can also be detected by
serologic tests. Classic symptoms of hepatic hy-
datid cyst include upper abdominal pain and he-
patomegaly [2, 60].

Treatment consists of surgical removal of the
cyst or antiparasitic drug therapy. If left untreated,
a hepatic hydatid cyst may rupture into surround-
ing structures such as the liver parenchyma, bil-
iary system, peritoneum, GI tract, or pleura. Hy-
datic cyst rupture is the major complication of
echinococcal disease [2, 21, 87].

On abdominal plain film, curvilinear or ring-
like calcifications can be seen in the right upper
abdominal quadrant in about 20–30% of cases.
However, calcifications do not necessarily indicate
death of the parasite.

The appearance of the hydatic cyst on US is
variable and depends on the stage of evolution and
maturity. The lesion may appear as a well-defined
anechoic cyst, as an anechoic cyst except for hy-
datid sand, as a multiseptate cyst with daughter
cysts, as a cyst with a floating membrane, or final-
ly, as a densely calcified mass (Fig. 67) [21, 42].

US has also been used to monitor the efficacy
of medical antihydatid therapy: positive responses
include cyst size reduction, membrane detach-
ment, increased echogenicity and mural calcifica-
tion.

On CT, hydatid disease appears as unilocular or
multilocular well-defined cysts. Daughter cysts are
seen as areas of lower density and are usually ori-
ented towards the periphery of the lesion (Fig. 68).
Daughter cysts can also float in the lumen of the
mother cyst. Curvilinear ring-like calcification or
grossly diffuse calcification are also common fea-
tures. The peripheral walls may show enhance-
ment after contrast medium administration (Fig.
69) [70, 87].

On MR imaging, the cystic component of
echinococcal disease is similar to that of other
cysts, with long T1 and T2 relaxation times. A low
intensity rim around the cyst is present in most
cases and is more conspicuous on T2- than T1-
weighted sequences. This rim corresponds to the
pericyst which is rich in collagen and has a short T2
relaxation time [2]. This rim and a multiloculated
or multicystic appearance are distinctive features
(Fig. 70). Floating membranes have low signal in-
tensity on both T1- and T2-weighted images (Fig.
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Fig. 67a-c. Echinococcal cyst on US. Ultrasound reveals either a well-defined
anechoic cystic-like lesion (aa), a cystic lesion with a floating membrane (ar-
row) (bb), or a dense and heterogeneous nodule (arrowhead) (cc)

Fig. 68. Echinococcal cyst on CT. CT after contrast medium ad-
ministration reveals a large well-delineated cystic lesion. Peripher-
al round areas of lower density (asterisks) are indicative of daugh-
ter cysts
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aa bb

Fig. 69a, b. Echinococcal cyst on CT. CT after contrast medium administration (aa) reveals a multilocular well-defined cystic lesion (aster-
isk) with thick hyperdense walls and septa. Additional nodules with a heterogeneous appearance and gross calcifications (arrowheads) can
be seen around the bigger lesion. The almost complete replacement of the lesion by central calcification indicates the death of the cyst (bb)

Fig. 70a-e. Echinococcal cyst on MR. T2-weighted images acquired in the
coronal and axial planes (aa and bb, respectively) reveal a large multiloculated
hepatic mass. The cystic component is seen as hyperintense with a hy-
pointense fibrous capsule. On the unenhanced T1-weighted image (cc), the le-
sion is mainly hypointense with peripheral hypointense wall (arrows). Slight
enhancement is seen in the wall but not in the cystic component on arterial
phase images acquired after the injection of gadolinium (dd). The cystic mass
appears hypointense on the subsequent portal-venous phase image (ee)
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71). Small cystic extensions from the main lesion
are seen as peripheral areas of increased signal in-
tensity on T2-weighted images and probably repre-
sent the active portions of the disease [52, 79].
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5.1
Pathophysiologic Background

The liver uniquely receives a dual blood supply;
approximately 1000-1200 ml/min of blood arrives
via the portal vein and approximately 400 ml/min
arrives via the hepatic artery. In a non-cirrhotic
liver, blood perfusion occurs at pressures of ap-
proximately 7 mmHg and 100 mmHg, via the por-
tal vein and hepatic artery, respectively. Arterio-
portal parenchymal perfusion demonstrates the
degree of reciprocity of the arterial and portal ve-
nous contributions by virtue of vascular flux
through dynamic microcirculatory arterioportal
shunts (APS), largely at the level of the portal triad
by transplexal, transvasal, or even transtumoral
routes [20, 24]. These shunts can transiently open
under the influence of angiogenic modulators but
are frequently related to a pathology that either

compromises portal flow or increases arterial per-
fusion. APS can open to a further extent in re-
sponse to significant portal blood flow reduction
or stoppage, which in turn results in a compensa-
tory increase of the arterial flow through the cor-
responding liver segments.

Connections between the intrahepatic vascular
systems are not restricted to arterioportal commu-
nication but may also occur between the portal
vein and the hepatic or systemic veins, as seen in
conditions such as portal hypertension.

Transsinusoidal shunts are governed by an ar-
teriolar inlet sphincter under the influence of an-
giogenic factors such as vascular endothelial
growth factor (VEGF) and angioproteins. These
shunts occur in Budd-Chiari syndrome, or may
arise for no apparent reason or in response to focal
infection or nodules of disease that compromise
the portal perfusion of the subtended liver.

The peribiliary plexus or transplexal route is
the most prominent venous system, and is com-
posed of vessels that run around the lobular ducts.
This system plays an important role when the por-
tal vein is compromised.

Transvasal plexus often occurs in conjunction
with peribiliary shunting and via the vasa vaso-
rum of the portal vein. It most commonly occurs
in the setting of portal vein occlusion or in cases of
invasive hepatocellular carcinoma (HCC) [20].

Small areas of liver tissue may be supplied by
another venous system, the “third inflow” which
comprises aberrant veins that enter the liver di-
rectly, independently of the portal venous system.
Such veins communicate with intrahepatic portal
branches to various degrees and lead to focally de-
creased portal perfusion. However, little overall
change in the hepatic arterial perfusion is seen.
Because this hemodynamic state is persistent, focal
metabolic changes are occasionally observed, typ-
ically as sparing in the fatty liver or as accumula-
tions of fat [20].

5
Hepatic Pseudolesions
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5.1.1
Anatomic Variants of the Hepatic 
Circulation

Anatomic vascular variants of the hepatic circula-
tion may involve the hepatic artery, the portal vein,
and the hepatic veins, and may occur in the follow-
ing manner:
A) The hepatic artery may have many collateral

vessels including the pancreatic-duodenal ar-
teries, the gastro-duodenal artery, and the
phrenic inferior right artery. Collateral routes
by aberrant hepatic arteries may originate from
the superior mesenteric artery, the left gastric
artery or by extrahepatic collateral arteries,
such as the left gastroepiploic artery, the gas-
troduodenal artery, and the right gastric artery.
Outside the celiac trunk, collateral flow may oc-
cur via the inferior phrenic artery [36].

B) The portal vein has variants and collateral ves-
sels. Frequently, portal vein variants result in a
“third inflow” in which aberrant veins that are
not connected with the portal vein system en-
ter the liver directly. These aberrant veins,
which are not derived from the gut venous
drainage, are poor in nutritional factors. The
third inflow may involve the cystic vein, which
drains the gallbladder bed, and the parabiliary
venous system, which is within the hepatoduo-
denal ligament just anterior to the main trunk
of the portal vein. The parabiliary venous sys-
tem collects venous blood from the head of the
pancreas, the distal part of the stomach, and
the biliary system near the gallbladder [13, 32].
These veins usually join the main trunk of the
portal venous system’s major branches, but oc-
casionally enter the liver directly around the
porta hepatis, which sometimes results in iso-
lated perfusion.
The epigastric-paraumbilical venous system is
another variant of the portal vein and consists
of small veins around the falciform ligament
that drain the venous blood from the anterior
part of the abdominal wall directly into the liv-
er. These veins are roughly divided into three
subgroups: the superior and inferior veins of
Sappey that drain the upper and lower portions
of the falciform ligament, respectively, and the
vein of Burow [47]. When obstruction of the
vena cava occurs, each of these veins may serve
as collateral channels for blood flow into the
liver.

C) There are numerous hepatic vein variants and
accessories. Most hepatic vein variants drain
directly into the inferior vena cava. These usu-
ally enter the vena cava on the right side both
caudally and dorsally with respect to the level
of the portal vein. The detection of these ves-
sels is important in Budd-Chiari syndrome and

also for surgical planning, since they represent
the main drainage route from the right liver
lobe [47].

5.1.2 
Vascular Abnormalities

Due to the interrelationship between different ves-
sels, when individual vessels become compro-
mised, this immediately changes the blood flow in
surrounding vessels (Fig. 1).

5.1.2.1 Portal Vein Compromise

A decrease in portal blood flow may occur in re-
sponse to thrombosis, stenosis, or to compression
of the main portal trunk or peripheral intrahepat-
ic branches. On dynamic computer tomography
(CT) or magnetic resonance (MR) studies of the
liver, the decreased portal blood flow leads to areas
of parenchymal enhancement during the arterial
phase, referred to as transient hepatic attenuation
difference (THAD). This area of enhancement,
representing increased compensatory arterial flow,
is no longer visible during the subsequent portal
venous phase due to rapid equilibration of con-
trast density. Potential clinical problems associated
with THAD are that focal liver lesions may be ob-
scured if they are located within the areas of hy-
perattenuation, and that the THAD areas them-
selves may be mistaken for hypervascular lesions if
they have a round or oval shape.

THAD are frequently seen around liver ab-

Fig. 1. Liver vessels. Schematic representation of the inter-rela-
tionship between different vessels in the liver, demonstrating
changes in the blood flow when an individual vessel is compro-
mised. (HA=Hepatic Artery, PV=Portal Vein, HV=Hepatic Veins)
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scesses or acute cholecystitis and these may devel-
op as a result of increased arterial perfusion deriv-
ing from local hyperemia related to the inflamma-
tory process itself and/or because of locally re-
duced portal flow due to parenchymal compres-
sion by the lesion. In cirrhotic and non-cirrhotic
patients, THAD are typically fan- or wedge-shaped
and may be lobar, segmental, subsegmental, or
subcapsular in location.

Another cause of reduced portal blood flow to
the liver, especially at the periphery, is portal cav-
ernoma [10].

5.1.2.2
Hepatic Artery Compromise

The hepatic arteries communicate with each other
in the central portion of the liver and thus the
blockage of these large arteries induces new routes
of flow. However, acute obstruction of peripheral
arterial flow does not induce recognizable changes
in portal blood flow [43].

5.1.2.3
Hepatic Vein Compromise

When the hepatic vein is acutely obstructed, the
portal vein becomes a draining rather than a sup-
plying vein. The result is a compensatory increase
in hepatic arterial flow as a result of functional
portal flow elimination. Liver tumors may obstruct
the hepatic vein, in which case prominent hepatic
enhancement is induced at a site that corresponds
to the area of obstructed hepatic venous drainage.

A reduction in the afferent blood flow via the
hepatic vein is seen in Budd-Chiari syndrome. In
the acute phase, the post-sinusoidal obstruction
causes a severe reduction in the portal vein flow
and a compensatory increase in the arterial flow
delivered through the hepatic artery. Since blood
flow is not able to perfuse the more peripheral liv-
er areas properly, and because there is a pressure
gradient between the arterial vessels and liver
veins, functional intrahepatic APS develop, that
may ultimately lead to complete flow reversal with-
in the portal vein. In the latter phases of liver en-
hancement, the appearance of the parenchyma is
characterized by stasis. This imaging finding is al-
so seen in right side cardiac failure, and is ascrib-
able to the same hemodynamic effects.

In the chronic phase of Budd-Chiari syndrome,
an intrahepatic network of venous collateral ves-
sels is prominent, which develops to bypass the ob-
struction. These abnormal vessels are more evi-
dent at the periphery, and are most prominent
around the caudate lobe, due to its separate au-
tonomous venous drainage [31].

5.2 
Parenchymal Pseudolesions

Hepatic pseudolesions are non-neoplastic abnor-
malities which may be sub-divided into parenchy-
mal pseudolesions and vascular pseudolesions.
Parenchymal pseudolesions include focal fatty
change, focal sparing, inflammatory pseudotumor,
confluent fibrosis, pseudotumor hypertrophy and
hepatic peliosis. Vascular pseudolesions, on the
other hand, are non-neoplastic hepatic pseudole-
sions such as APS, THAD, and vascular abnormal-
ities associated with Budd-Chiari syndrome.

Non-neoplastic abnormalities are clearly de-
picted with modern imaging techniques and arise
principally due to blood flow abnormalities. These
pseudolesions often occur focally and can be
found in both cirrhotic and non-cirrhotic livers.
The main clinical difficulty is to detect and dis-
criminate these non-neoplastic lesions from be-
nign and malignant hepatic neoplasms [32].

5.2.1 
Focal Fatty Liver

Fatty liver infiltration is a common, metabolic
complication of a variety of toxic, ischemic and in-
fectious insults to the liver, such as obesity, dia-
betes mellitus, alcoholic liver disease, malnutri-
tion, and chemotherapy. Other causes include hy-
peralimentation, inherited metabolic disturbance,
inflammatory bowel disease, severe hepatitis, en-
dogenous and exogenous steroid use, and preg-
nancy [1]. Generally, fat is deposited in response
to different metabolic changes, such as increased
hepatic synthesis of fatty acids (ethanol), de-
creased hepatic oxidation or utilization of fatty
acids (carbon tetrachloride, tetracycline), impaired
release of hepatic lipoproteins (steroids), or exces-
sive mobilization of fatty acids from adipose tissue
(alcohol, steroids). The prevalence of focal fatty in-
filtration of the liver increases significantly with
advancing age; whereas it is uncommon in infants
and young children, it is present in roughly 10% of
the adult population [23].

There are both diffuse and focal forms of fatty
liver infiltration. Approximately 30-40% of cases
occur focally, either as solitary areas (10% of cas-
es), or as multiple areas with a more widespread
distribution (20-30% of cases). Most cases of fatty
liver infiltration are of the diffuse type with a seg-
mental, lobar, or irregular distribution. A common
site of fatty liver infiltration is the ventro-medial
portion of the medial segment adjacent to the fal-
ciform ligament [6]. Portal flow decrease leading
to hepatic nutritional ischemia is a common find-
ing at this site and it is this decrease in portal flow
that induces the deposition of fat. Frequently, sys-
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temic veins, such as the inferior vein of Saffey, sup-
ply this area in the absence of portal hypertension.
Other common sites for the focal deposition of fat
include subcapsular regions and the dorso-medial
portion of the medial segment.When irregular fat-
ty liver or multiple focal fat deposits are seen, they
are typically distributed widely with no obvious
relationship to vascular flow. In many cases fatty
liver may be transient, appearing and disappear-
ing comparatively rapidly. Moreover, it is often re-
versible with substance abstinence.

On ultrasound (US), a key indication for fatty
liver infiltration is accentuation of the brightness
of parenchymal echoes. While diffuse forms of fat
infiltration typically have a homogeneous appear-
ance, in some cases an extremely heterogeneous or
pseudonodular appearance is noted, simulating dif-
fuse nodularity. In the case of focal fatty infiltra-
tion, areas of fat deposition may be seen as solitary
hyperechoic areas, multiple confluent hyperechoic
areas, hyperechoic skip nodules, or irregular hyper-
and hypoechoic areas (Fig. 2). Color Doppler exam-

inations typically reveal no mass effect or vascular
distortion (Fig. 3).

Some studies have examined the sensitivity
and specificity of US for recognizing fat, as as-
sessed on liver biopsy in patients suspected of hav-
ing liver disease. Not surprisingly, the sensitivity
of US imaging for the detection of fat increases
with increasing degrees of steatosis. The mean sen-
sitivity and specificity values vary from 60% to
90%, and from 80% to 95%, respectively. Unfortu-
nately, US is not able to differentiate simple steato-
sis from non-alcoholic steatohepatitis, both of
which may co-exist [17, 22].

On CT, the attenuation of the normal liver is
generally 50-70 Hounsfield units (HU). Increased
hepatic fat leads to a reduction of the mean hepat-
ic attenuation.Whereas in mild cases the CT atten-
uation of the liver might approximate that of the
spleen, in advanced cases the liver may appear par-
ticularly hypodense, albeit less dense than the por-
tal and hepatic veins (Fig. 4). All forms of liver fat
deposition (diffuse, lobar, irregular, and focal dis-

Fig. 2a-d. Focal fatty liver on US. On US examinations, focal fatty areas in the liver may appear with different patterns: (aa) as hyperechoic
nodules (arrows), (bb) as multiple, confluent hyperechoic lesions (arrowheads), (cc) as hyperechoic skip nodules (arrowheads), and finally (dd)
as irregular hyper- (asterisk) and hypoechoic areas (arrowheads)

aa bb

cc dd
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tribution) are detectable on CT (Fig. 5). On unen-
hanced CT a diffuse distribution is seen as a gen-
eral decrease of attenuation throughout the organ.
Conversely, focal depositions of fat are identifiable
as low-density, poorly demarcated, spherical or
non-spherical areas that show no mass effect and
which have a central core of inconspicuous hepat-
ic tissue of normal density. However, multifocal
fatty liver disease that simulates multiple lesions
may also be seen (Fig. 6) [25].

On unenhanced T1- and T2-weighted MR im-
aging, fat deposition is typically characterized by
slight hyperintensity relative to the normal liver
parenchyma. Whereas conventional spin-echo se-
quences are relatively insensitive to fat deposition,
the use of short tau inversion recovery (STIR) or
other fat-suppression techniques may reveal the

presence of fat deposition as areas of lower signal
intensity. On the other hand, possibly the best im-
aging technique to detect and discriminate intra-
cellular fat is chemical-shift imaging. On in-phase
images, the signals from fat and water are additive,
while on opposed-phase images the fat signal is
subtracted from the water signal. Lesions or areas
containing fat and water therefore show a loss of
signal intensity on opposed-phase images when
compared with in-phase images (Fig. 7).

On T1-weighted images acquired during the ar-
terial phase of contrast enhancement after the bo-
lus injection of a gadolinium contrast agent, focal
fat depositions generally appear as isointense or
slightly hypointense compared to the surrounding
liver parenchyma, depending on the degree of
steatosis (Fig. 8). Conversely, during the liver-spe-
cific hepatobiliary phase after Gd-BOPTA the typ-
ical appearance of focal fat depositions is slightly
hypointense compared to the normal liver. This
occurs because of “hepatocyte ballooning” which
impedes the ability of the otherwise normal hepa-
tocytes to take up Gd-BOPTA. This is particularly
apparent on opposed-phase chemical shift imag-
ing (Fig. 9).

With regards to diffuse fatty liver, this is typical-
ly seen during the liver-specific hepatobiliary phase
after Gd-BOPTA administration, as a marked ho-
mogeneous increase in liver parenchyma signal in-
tensity.

The appearance of focal fat areas on T2-weight-
ed images after the administration of superpara-
magnetic iron oxide (SPIO) contrast agents is de-
pendent on the Kupffer cell presence in the area of
fatty change. Whereas some reports have suggest-
ed that fatty areas are not visible because of the
overall marked decrease in signal intensity after
SPIO accumulation [28], other studies have shown

Fig. 3. Focal fatty liver on color Doppler US. On color Doppler eval-
uation, a vascular structure (arrowheads) courses, without distor-
tion, between the hyperechoic nodules that represent focal fatty
infiltration

Fig. 4a, b. Focal fatty liver on CT. Pre-contrast CT scans show that in moderate forms of focal fatty liver (aa) the ROI values of the liver are
lower than those of the spleen. Conversely, in advanced focal fatty liver (bb) the liver is markedly hypodense with ROI values near 0 HU. Note
that in advanced focal fatty liver, vessels are seen as hyperdense compared with normal liver tissue

aa bb
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aa bb

cc dd

ee ff

gg

Fig. 5a-g. Focal fatty liver on CT. Fatty liver with lobar distribution (aa, bb) is repre-
sented by a large pseudolesion (asterisk) on the pre-contrast CT scan (aa) that appears
slightly hypodense after contrast medium administration (bb). In focal fatty liver with
irregular distribution (cc, dd) numerous small, ill-defined, hypodense nodules (arrow-
heads) on the pre-contrast scan (cc) demonstrate heterogeneous enhancement in the
portal venous phase after contrast medium administration (dd). Fatty liver with a focal
distribution (ee-gg) is characterized by a well-defined hypodense nodule (arrow) on the
pre-contrast examination (ee) which does not show significant enhancement after
contrast medium administration (ff, gg). Note the presence of an aberrant vessel with-
in the pseudolesion (arrowhead)
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Fig. 6a-d. Multifocal fatty liver. On the US examination (aa) multiple ill-defined, slightly hyperechoic nodules are detected (arrows). The
corresponding pre-contrast CT scan (bb) reveals numerous, ill-defined, slightly hypodense areas (arrows), which do not show significant en-
hancement during the arterial (cc) and portal venous (dd) phases after contrast medium injection. Note some vascular structures within the
focal fatty areas (arrowheads in dd)

aa bb

cc dd

aa bb

cc dd

Fig. 7a-d. Diffuse fatty liver. On the pre-contrast HASTE T2-weighted image (aa) and the GRE T1-weighted “in-phase” image (bb) the sig-
nal intensity of the liver is homogeneously increased. Conversely, on the GRE T1-weighted “out-of-phase” image (cc) the signal intensity is
markedly and characteristically decreased. GRE T1-weighted fat suppressed sequences (dd) are not sufficiently sensitive to small quantities
of fat, and so the liver appears hyperintense as compared with the spleen
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aa bb

cc dd

ee ff

Fig. 8a-f. Focal fatty liver. On the pre-contrast T2-weighted image (aa) the liver appears homogeneously, slightly hyperintense, whereas
on the pre-contrast GRE T1-weighted “in-phase” image (bb) it appears heteogeneous, and ill-defined slightly hyperintense areas (arrows)
can be seen. The corresponding pre-contrast GRE T1-weighted “out-of-phase” image (cc) shows diffuse hypointense areas (arrowheads) in
both liver lobes indicating focal fatty infiltration. During the T1-weighted dynamic study after contrast agent administration, weak and het-
erogeneous intralesional enhancement can be detected in the arterial phase (dd). Note that some vascular structures are clearly visible in the
affected areas. In the portal venous phase (ee), areas of focal fatty infiltration (arrows) appear as slightly hypointense compared to sur-
rounding normal liver tissue. In the hepatobiliary phase after Gd-BOPTA administration (ff) the liver is relatively homogeneous in appear-
ance, although some of the areas of focal fatty infiltration show slightly decreased signal intensity. The signal intensity of these areas is rel-
atively unchanged compared with the unenhanced images; however, these areas appear slightly hypointense because of the increased sig-
nal intensity of the surrounding normal liver tissue



5 • Hepatic Pseudolesions 159

a decreased uptake of SPIO in non-diffuse areas of
fat deposition [18].

While focal fat depositions may mimic the ap-
pearance of focal liver lesions, it is equally the case
that focal fatty lesions such as lipoma and an-
giomyolipoma, but more frequently HCC or hepat-
ic adenoma, may mimic focal fat. In order to dis-
tinguish focal fat depositions from lesions with
fatty metamorphosis, the signal intensity on T2-

weighted images, the prominent vascularity, the
presence of intratumoral areas of hemorrhage or
necrosis, specific imaging signs such as pseudo-
capsule, and the enhancement behavior after ad-
ministration of liver-specific contrast agents
should all be taken into account (Fig. 10).

aa bb

cc dd

Fig. 9a-d. Focal fatty liver. An oval shaped, well-defined, slightly hyperintense area (arrowheads) in the posterior portion of segment IV
can be detected on the pre-contrast GRE T1-weighted “in-phase” image (aa). The lesion is heterogeneously hypointense on the pre-contrast
GRE T1-weighted “out-of-phase” image (bb). In the hepatobiliary phase after Gd-BOPTA administration (cc, dd) the area of focal fatty infiltra-
tion appears isointense on the T1-weighted “in-phase” image (cc) and hypointense on the T1-weighted “out-of-phase” image (dd). The de-
creased uptake of Gd-BOPTA is due to the altered metabolic function in the area of focal fatty infiltration
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aa bb
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Fig. 10a-f. HCC with fatty metamorphosis. The pre-contrast Turbo SE T2-weighted image (aa) and the corresponding GRE T1-weighted
“in-phase” image (bb) reveal a well-defined round nodule (arrow) which is slightly hyperintense and heterogeneously isointense compared
to the normal liver parenchyma, respectively. The signal intensity is reduced on the GRE T1-weighted “out-of-phase” image (cc) due to the
fatty content of the lesion. On dynamic T1-weighted imaging after Gd-BOPTA administration (dd, ee) the lesion shows strong enhancement
in the arterial phase (dd) and a thin, hypointense pseudocapsule (arrowhead) in the portal venous phase (ee). On the delayed hepatobiliary
phase image (ff) the nodule is slightly hypointense, suggesting that the lesion is malignant in nature. In this case, however, the neoplastic
cells in the well-differentiated HCC still have some capability to take up Gd-BOPTA and to produce bile
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5.2.2 
Focal Spared Areas in Fatty Liver

Focal sparing of fatty infiltration most frequently
occurs around the gallbladder and in the dorso-
medial portion of the medial segment where sup-
ply to the hepatic parenchyma may derive from
systemic veins such as the cystic vein of the gall-
bladder or an aberrant right gastric vein, rather
than from the portal vein. Focal sparing can also
occur adjacent to a tumor due to the presence of
an arterioportal shunt or as a rim around an ex-
pansively growing tumor.

Unlike focal fat deposits, focal spared areas have
a hypoechoic appearance on US. However, neither
focal fat deposits, nor focal spared areas determine
a mass effect with respect to vessels (Fig. 11).

On multiphasic CT, focal sparing has a hyper-
dense appearance that is variable with the amount
of fatty liver infiltration. As in the case of focal fat
infiltration, round areas of focal sparing may mim-
ic hepatic tumors (Fig. 12).

On hepatobiliary phase T1-weighted MR im-
ages after the administration of Gd-BOPTA, focal
sparing in fatty liver has an isointense or slightly
hyperintense appearance (Fig. 13). A similar ap-
pearance is seen after the administration of other
hepatobiliary agents such as Gd-EOB-DTPA or Mn-
DPDP. Conversely, on T1- and T2-weighted images
after SPIO administration, focal spared areas in fat-
ty liver are seen as areas of relatively low signal in-
tensity reflecting the relatively high uptake of SPIO
in these areas compared with reduced uptake in fat-
ty areas of the liver [18]. Whereas focal fatty infil-
tration and focal spared areas with a round, regular
appearance may mimic hepatic tumors (Figs. 12,
13), irregular or diffuse areas of infiltration or spar-
ing may obscure focal liver lesions (Fig. 14).

5.2.3
Inflammatory Pseudotumors

Hepatic inflammatory pseudotumor is an unusual
and rare tumor-like condition that is increasingly
recognized as an important differential diagnosis in
patients presenting with liver masses. Synonyms
used to define this lesion include xanthogranulo-
ma, fibrous xantoma, plasmacellular granuloma,
histiocytoma, pseudolymphoma, and plasmocy-
toma, all of which reflect the histologic components
of the lesion. Most commonly, the condition occurs
in children and in young men. Although the etiolo-
gy is unknown, some authors have suggested oblit-
erans phlebitis starting from the portal vein as a
possible cause, with secondary biliary stasis and de-
generation and necrosis of the biliary ducts, leading
to periductal abscess or xanthogranuloma [27].

Macroscopically, the inflammatory pseudolesion

is usually yellow-grey in color and solitary, although
multifocal inflammatory pseudotumor of the liver
has been described. The most frequent microscopic
components are plasmacellular cells, although vari-
able amounts of histiocytes, macrophages, fibromy-
oblasts, and fibrous tissue are also observed. Three
histologic subtypes have been identified on the ba-
sis of the prevalence of single components, thus
xanthogranulomatous type lesions have a histiocyt-
ic prevalence, plasmacellular type lesions contain
mainly plasma cells, and sclerotic type lesions have
a predominantly fibrotic component [46].

Typically, symptoms and laboratory findings
indicate an acute inflammatory process, and recur-
rent pyogenic cholangitis is the most frequent clin-
ical manifestation. Large lesions may cause a sen-
sation of right upper abdominal quadrant fullness
or discomfort, with malaise, fever and weight loss.
Liver function tests sometimes demonstrate the el-
evation of alkaline phosphatase and γ-glutamyl-
transferase.

Features are non-specific on US, with lesions
presenting as heterogeneously hypoechoic or mo-
saic patterns, similar to those observed in other fo-
cal liver neoplasms such as HCC [19]. Similarly, the
appearance of an inflammatory pseudolesion is
non-specific on unenhanced CT, with lesions in-
variably appearing hypodense. After contrast
medium administration, an early intense and pe-
ripheral enhancement is usually followed by ho-
mogeneous, complete and persistent enhancement
(Fig. 15). After a few minutes, peripheral enhance-
ment and a hypodense core can be observed, the
former comprising fibroblastic cells, and the latter
chronic inflammatory cells [19].

On unenhanced T1-weighted MR images, in-
flammatory pseudotumor is typically hypointense,
particularly in the central portion. Conversely, on
T2-weighted images the lesion frequently demon-
strates isointensity or slight hyperintensity (Fig.
16). However, the appearance is variable in relation
to the histologic components: for example, slight
hypointensity may be observed on T2-weighted
images in lesions with a strong fibrotic predomi-
nance while a stronger hyperintense appearance is
indicative of a greater predominance of inflamma-
tory cells.

Early peripheral enhancement is typically seen
on T1-weighted dynamic imaging after bolus in-
jection of contrast agent, reflecting the cellular
components and inflammatory changes within the
lesion. Hepatobiliary phase imaging after adminis-
tration of Gd-BOPTA or another hepatospecific
contrast agent, frequently reveals a hypointense
area representing the absence of hepatocytes with-
in the lesion (Fig. 17) [19, 37].

A drop in signal on T2-weighted images after
SPIO administration may reveal residual Kupffer
cell function in liver parenchyma in and sur-
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Fig. 12a-d. Focal sparing. Patient with Burkitt lymphoma after chemotherapy. On the US examination (aa) the liver is extremely bright
due to hepatic steatosis, and a round, hypoechoic nodule (arrowhead) is visible in segment IV of the liver. On the CT study (bb-dd) the lesion
(arrowhead) does not show significant enhancement. This is indicative of focal sparing in fatty liver
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Fig. 11a, b. Focal sparing on US. B-mode US (aa) reveals a hypoechoic area (arrowhead) with a triangular shape near the surface of the liv-
er. On color Doppler US (bb) an intralesional vessel is clearly visible. Note the absence of any mass effect. This is typical of focal sparing in fat-
ty liver
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Fig. 13a-f. Focal sparing. Patient with history of breast cancer and chemotherapy. US evaluation (aa) reveals an oval shaped, hypoechoic
area (arrowhead) within a diffuse fatty liver. This is considered suspicious for metastasis. On the MR examination, this focal area (arrow) ap-
pears slightly hypointense on the pre-contrast TSE T2-weighted image (bb), isointense on the GRE T1-weighted “in-phase” image (cc), and
hyperintense on the GRE T1-weighted “out-of-phase” image (dd). On the dynamic images after Gd-BOPTA administration (ee, ff) the lesion
does not reveal increased perfusion or wash-out. This is more indicative of an area of focal sparing in a fatty liver than of a metastasis
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Fig. 14a-f. Focal fatty liver. Patient with history of renal cell carcinoma and chemotherapy. On the CT examination (aa-cc), and on the pre-
contrast GRE T1-weighted “in-phase” and GRE T1-weighted “out-of-phase” images (dd, ee), the heterogeneous, diffuse fatty infiltration does
not permit the confident definition of any lesion and in particular a small and ill-defined area (arrowhead) in liver segment II. On the cor-
responding HASTE T2-weighted image (ff) two markedly hyperintense lesions (arrows) can be seen, and the signal intensity is suggestive of
hemangioma
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Fig. 15a-e. Inflammatory pseudotumor. Patient with primary immunodeficiency.
On the US examination (aa) a well-defined hypoechoic nodule (arrow) is detected. On
the corresponding pre-contrast CT examination (bb) a well-defined, oval, homoge-
neously hypodense lesion (arrow) is demonstrated in segment IV of the liver. After
the bolus administration of contrast medium, early peripheral enhancement (arrow-
head) is evident in the arterial phase (cc), while an isodense homogeneous appear-
ance is seen in the portal venous (dd) and equilibrium (ee) phases
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Fig. 16a-g. Inflammatory pseudotumor. On the pre-contrast HASTE T2-weighted
image (aa) a slightly hyperintense lesion (arrows) in the area of the liver hilum is visible.
On the corresponding pre-contrast T1-weighted image (bb) the lesion is hypointense.
The lesion shows heterogeneous enhancement in the arterial (cc) and portal venous (dd)
phases of dynamic imaging after injection of Gd-BOPTA. In the equilibrium phase (ee)
central wash-out of contrast agent is evident, and the lesion now demonstrates a hy-
perintense rim (arrowheads). This most likely corresponds to an inflammatory reaction
and edema of the surrounding liver tissue. In the hepatobiliary phase (ff) the lesion is
hypointense in the center, surrounded by a slightly brighter rim. A HASTE T2-weight-
ed image (gg) acquired during a follow-up examination performed six months after
antibiotic therapy reveals complete restitution and no residual tumor
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Fig. 17a-f. Inflammatory pseudotumor. Same case as demonstrated in Fig.15. On the pre-contrast T2-weighted sequence (aa) and on the
GRE T1-weighted image (bb) the lesion (arrow) appears hyperintense and heterogeneously hypointense respectively, compared to the sur-
rounding normal liver parenchyma. Enhancement is seen in the periphery of the lesion during the arterial phase (cc) after Gd-BOPTA ad-
ministration. During the portal venous phase (dd), the lesion appears slightly hyperintense, particularly in the central portion. During the he-
patobiliary phase (ee) the nodule appears hypointense, due to the absence of hepatocytes. Follow-up MR imaging after six months (ff) does
not reveal any focal lesions
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rounding the inflammatory pseudotumor. Howev-
er, some authors have described lesions that show
no SPIO particle uptake [37].

As it is difficult to diagnose inflammatory
pseudotumor of the liver on MR imaging alone,
supplemental lesion biopsy should also be per-
formed [26].

5.2.4 
Peliosis Hepatis

Peliosis hepatis is a rare entity characterized by
blood-filled cystic cavities in the liver. Peliosis he-
patis frequently develops in association with ma-
lignancies and chronic wasting diseases, such as
tuberculosis. However, it has also been described
in association with renal transplantation, hemato-
logical disorders and infection with human im-
munodeficiency virus (HIV), as well as in patients
on long-term treatment with anabolic steroids,
oral contraceptives, hormones, estrogen or Azathi-
aprine. Regression is generally observed after such
agents have been stopped or after appropriate an-
tibiotic therapy [44, 45].

Macroscopically, peliosis is characterized by
cystic dilated sinusoids filled with red blood cells
and bound by cords of liver cells. Two varieties
have been described: the phlebectatic type, in
which the blood-filled spaces are lined with en-
dothelium and are based on aneurysmal dilata-
tion of the central veins, and the parenchymal
type, in which the blood spaces are not lined with
endothelium and are usually associated with he-
morrhagic parenchymal necrosis. Peliosis can be

differentiated from hemangioma by the presence
of portal tracts within the fibrous stroma of the
blood-filled spaces. Numerous theories have been
proposed for the cause of peliosis hepatis, includ-
ing outflow obstruction and hepatocellular
necrosis leading to cystic blood-filled forma-
tions. Peliosis hepatis is usually found incidental-
ly at autopsy but, rarely, it can cause hepatic fail-
ure or liver rupture with hemoperitoneum or
shock. Patients sometimes have non-specific
signs such as hepatomegaly and portal hyperten-
sion [44].

US findings are not specific for the diagnosis of
peliosis hepatis; the hepatic echopattern is usually
non-homogeneous with both hyperechoic and hy-
poechoic areas [30].

On CT images after the bolus administration of
iodinated contrast material, these lesions usually
appear initially hypodense, and become isodense
over time [42].

On unenhanced T2-weighted MR images, pe-
liosis hepatis frequently demonstrates high signal
intensity similar to that seen in hemangioma. Con-
versely, low signal intensity is usually seen on un-
enhanced T1-weighted images. After gadolinium
administration, the lesions may show homoge-
neous or heterogeneous hypervascularization de-
pending on flow, and may appear iso- or hyperin-
tense on portal venous and equilibrium phase im-
ages after Gd-BOPTA administration.

In the hepatobiliary phase after the administra-
tion of Gd-BOPTA, Mn-DPDP or Gd-EOB-DTPA,
the lesion again appears hypointense because of
the absence of hepatocytes within the cystic dilat-
ed sinusoids (Fig. 18).

Fig. 18a-j. Peliosis hepatis. Patient with non-Hodgkin lymphoma during chemotherapy. The pre-contrast HASTE T2-weighted MR image
(aa) reveals multiple ill-defined areas (arrowheads) with high signal intensity. On the corresponding unenhanced GRE T1-weighted image
(bb) these areas have low signal intensity. During the dynamic evaluation after administration of Gd-BOPTA, the lesions show homogeneous
hypervascularization in the arterial phase (cc) and remain hyperintense during the portal venous (dd) and equilibrium (ee) phases. Because of
the absence of hepatocytes within the dilated sinusoids, the lesions appear hypointense on T1-weighted (ff) and T1-weighted fat-sup-
pressed (gg) images acquired during the hepatobiliary phase after Gd-BOPTA administration. A follow-up examination performed one year
after chemotherapy (hh-jj) shows complete resolution of the parenchymal changes
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5.2.5 
Confluent Hepatic Fibrosis

Confluent hepatic fibrosis is a mass-like fibrosis
seen in approximately 15% of patients with ad-
vanced cirrhosis who are candidates for liver
transplantation. The imaging findings of confluent
fibrosis result in it being characterized due to its
specific location in the liver, which is frequently
the medial segment of the left and/or right lobe.
Calcifications or dilatation of the biliary ducts are
very rare.

Imaging techniques such as US are not specific
for the diagnosis of confluent hepatic fibrosis; con-
fluent fibrosis typically appears as an ill-defined
hyperechoic, heterogeneous area, often with a
pseudonodular aspect.

On unenhanced CT, confluent fibrosis often ap-
pears as a wedge-shaped focal area of low-density.
After contrast material administration the lesion
again demonstrates a low level of vascularity but
may appear slightly hyperdense in the equilibrium
or later phases due to the pooling effect of fibrotic
tissue. Typical features such as retraction of the
overlying liver capsule are evident on CT (Fig. 19).

Morphologic information on confluent fibrosis
is available also after MR imaging, although the
MR signal characteristics are not unique and do
not permit accurate differentiation of this lesion
from hepatic neoplasms. Whereas fibrotic tissue is
typically hypointense with either a homogeneous
or heterogeneous appearance on unenhanced T1-

and T2-weighted images, confluent hepatic fibrosis
appears as a region of lower signal intensity com-
pared to that of the adjacent liver parenchyma on
T1-weighted images, and as a region of higher sig-
nal intensity on T2-weighted and STIR images.
The hyperintense appearance of confluent hepatic
fibrosis on T2-weighted images reflects edema
within the fibrotic area [40, 41].

The appearance of confluent fibrosis on dy-
namic phase images after the bolus injection of a
gadolinium contrast agent is similar to that ob-
served on CT, with hyperintensity typically seen
during the equilibrium phase. During the hepato-
biliary phase after the administration of a he-
patospecific contrast agent, confluent fibrosis typ-
ically has a heterogeneously hypointense appear-
ance due to the reduced number of hepatocytes
(Fig. 20).

Confluent fibrosis on SPIO-enhanced T2-
weighted images characteristically presents as a
wedge-shaped area of high signal intensity with
internal areas of low signal intensity. While the
area of high signal intensity corresponds to the
distribution of fibrosis, the low signal intensity re-
gions reflect residual functioning liver parenchy-
ma that is able to take up SPIO particles [33].

The differential diagnosis of confluent fibrosis
in cirrhotic patients includes non-neoplastic
processes such as segmental fatty liver or hepatic
infarction and neoplastic processes such as infil-
trative sclerosing HCC.Although irregular fatty in-
filtration may appear with variable shape and dis-

Fig. 19a-d. Confluent hepatic fibrosis. The pre-contrast CT scan (aa) reveals a hypodense area (arrows) located in segment VIII of the liv-
er, associated with capsular retraction. After contrast medium administration, this area shows minor enhancement in the arterial phase (bb),
while the density increases progressively in the portal venous (cc) and equilibrium (dd) phases
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Fig. 20a-f. Confluent hepatic fibrosis. Same case shown in Fig.19. On the pre-contrast T2-weighted image (aa) and on the GRE T1-weight-
ed image (bb) an area (arrows) located in segment VIII of the liver appears homogeneously, slightly hyperintense and heterogeneously,
slightly hypointense, respectively. The enhancement behavior during the dynamic series after administration of Gd-BOPTA is similar to that
seen on CT imaging: the area does not show significant enhancement on arterial phase images (cc) but shows a progressive increase in sig-
nal intensity during the portal venous (dd) and equilibrium (ee) phases (arrows). On the hepatobiliary phase image (ff) after injection of Gd-
BOPTA this area appears slightly hypointense compared with the normal liver
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tribution, the absence of capsular retraction or
segmental shrinkage is often sufficient to distin-
guish this lesion from confluent fibrosis. Similarly,
hepatic infarction can appear as a well-demarcated
wedge-shaped area, but these areas typically show
little or no enhancement. Moreover, hepatic infarc-
tion is rare in cirrhotic patients, occurring more
frequently in patients with hematologic disorders
after vascular surgery or transplantation. In the
case of infiltrative sclerosing HCC, this lesion can
be seen as a nearly wedge-shaped or peripheral
band-like lesion, although it is usually hypervas-
cular during the arterial phase of the dynamic
study, showing wash-out in the portal venous
phase. Moreover, HCC is frequently associated
with a pseudocapsule and often contains areas of
necrosis, hemorrhage or fatty metamorphosis
within the lesion [40, 41].

5.2.6
Segmental Hypertrophy

In conditions such as cirrhosis, Budd-Chiari syn-
drome or primary sclerosing cholangitis the liver
may be dysmorphic in appearance. In the chronic
phase of Budd-Chiari syndrome, the abnormal
vascularization tends to be located more peripher-
ally and to be most prominent around the caudate
lobe due to its separate autonomous venous
drainage. Consequently, this liver portion may in-
crease in volume.

In sclerosing cholangitis, atrophy and compen-
satory hypertrophy of the liver parenchyma are
consequences of chronic obstruction of the seg-
mental bile duct. This leads to atrophy of the af-
fected segments and compensatory hypertrophy in
other segments in which bile flow is maintained
(Fig. 21). On CT and MR imaging the resulting liv-
er hypertrophy appears more hyperdense and hy-
perintense on T1-weighted images respectively,
compared to that of the surrounding parenchyma

(Figs. 22, 23). In some cases the segmental hyper-
trophy has a pseudotumoral aspect.

5.2.7
Parenchymal Compression

Diaphragmatic compression of liver parenchyma
due to contraction of diaphragmatic muscle bun-
dles may create hypodense pseudonodular areas
especially in segments VII and VIII of the liver.
This is a typical occurrence at the time of the CT
or MR examination when patients inspire deeply
causing a focal increase in tissue pressure in the
sub-capsular region. The result is a decrease in
portal perfusion while the hepatic arterial perfu-
sion remains relatively unchanged (Fig. 24).

Pseudolesions due to rib compression are ob-
served in approximately 15% of patients, and are
most commonly seen in the sub-capsular region of
liver segments V and VI [47].

Fig. 21. Segmental hypertrophy. Patient with primary sclerosing
cholangitis. Color Doppler US reveals prominent vascular structures
located around segment I of the liver. This segment demonstrates a
progressive increase in size due to atrophy of other segments af-
fected by sclerosing cholangitis

Fig. 22a, b. Segmental hypertrophy. Same case as demonstrated in Fig. 21. On the CT examination the liver is dysmorphic in appearance,
with pseudotumoral hypertrophy of segment I (asterisk). This segment appears hyperdense on the pre-contrast image (aa) as compared
with the surrounding liver parenchyma that is affected by the sclerosing cholangitis. Note the dilatation of-bile ducts as typically seen in
primary sclerosing cholangitis (arrows). On the post-contrast image (bb) the hypertrophy shows normal perfusion and is seen with compa-
rable density to the surrounding liver tissue
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Fig. 24a-c. Parenchymal compression. On the pre-contrast T2-weighted (aa) and
GRE T1-weighted (bb) images, a round, slightly hypointense lesion (arrow) can be
seen. In the arterial phase after contrast agent administration (cc) the area appears
hypointense due to changes in hepatic arterial perfusion
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Fig. 23a-e. Segmental hypertrophy. On the GRE T1-weighted “in-phase” (aa) and
“out-of-phase” (bb) images the liver hypertrophy (arrows) appears slightly hyperin-
tense. The dynamic study after contrast agent administration (cc-ee) shows normal
vascularization compared to the surrounding liver
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5.3
Vascular Pseudolesions

5.3.1 
Transient Hepatic Attenuation Differences
(THAD)

THAD is associated with numerous intrahepatic
vascular conditions, particularly intrahepatic
shunts.

Intrahepatic shunts can be divided into arterio-
portal, arteriosystemic, and portosystemic, de-
pending on the vascular connection. APS are the
most common form of intrahepatic shunts, and are
commonly associated with HCC or with iatrogenic
causes, such as liver biopsy (Fig. 25) or radio-fre-
quency (RF) ablation (Fig. 26). In APS a direct
communication between the feeding arterial ves-
sels of the neoplasm and the draining portal
venules leads to increased arterial flow around the
tumor [29].

Early enhancement of portal vein branches
during the arterial phases of CT and MR dynamic
studies is often indicative of APS. APS can some-
times be seen in association with small heman-
giomas and seems to be related to the hyperdy-
namic vasculature of this tumor. APS are common
in liver cirrhosis, due to the damaged hepatic flow
(Figs. 27, 28), and can be a source of potential con-
fusion with HCC, especially when they appear as
small, round areas during the arterial phase (Figs.
29, 30).

Non-tumoral round APS show signal loss after
SPIO administration, comparable to that occur-
ring in the normal liver parenchyma. Homoge-
neous uptake of hepatospecific contrast agents
such as Gd-BOPTA is generally observed, resulting
in an isointense appearance relative to the normal
parenchyma (Fig. 30 f, g) [48]. Well-differentiated
small HCC may demonstrate the same enhance-
ment behavior and the same uptake after SPIO and
hepatospecific contrast agents. As a result, differ-
ential diagnosis may be difficult and biopsy or
strict follow-up should be performed.

Direct communication between the portal vein
and systemic veins results in intrahepatic por-
tosystemic venous shunts. These are frequent in
the setting of liver cirrhosis with portal hyperten-
sion, and may be accompanied by extrahepatic
portosystemic collateral circulation.

THAD can be classified according to morphol-
ogy (sectoral, segmental, and lobar), etiology (as a
result of benign or malignant tumors, arteriopor-
tal shunting, liver cirrhosis, or venous thrombo-
sis), or pathogenesis (due to low portal inflow, phl-
ogosis, or sump effect). In the absence of a direct
relationship to neoplasm, the most common cause
of THAD is thrombosis of the portal vessels. The

most frequent etiopathogenesis is therefore low
portal inflow due to obstruction or compression of
the portal vein [21]. Low portal inflow could be a
result of APS. In this case, diversion of the portal
flow by arterial flow under higher pressure results
in relatively low portal flow and induces compen-
satory collateral arterial flow which intensifies and
perpetuates the phenomenon. Thus, when THAD
is related to APS there is no portal block, but rather
a mixing of arterial and venous blood. This patho-
genesis is frequently seen in hemangioma and
HCC [9], as well as in arterial phenomena not as-
sociated with focal liver lesions.

Sectoral THAD are usually triangular in shape.
If the lesion is present in the medial portion, low
flow is induced by compression and the THAD is
fan-shaped. However, if the lesion is central the
low flow is usually related to thrombosis or APS
and the THAD is wedge-shaped [21] (Fig. 31). On
the other hand, it is well known that APS arising in
the context of cirrhosis may produce THAD that
sometimes display a round or pseudo-round mor-
phology (the axial section of the conical shape
may appear round or oval). Thus, THAD is poorly
distinguishable from small HCC in cirrhotic pa-
tients, or from hypervascular metastases in non-
cirrhotic patients [11]. Occasionally, THAD may
occur as a prelude to an otherwise occult focal le-
sion [12] and can sometimes mask the underlying
lesion.

5.3.2 
Vascular Malformations

According to the Mullicken and Glowacki Classifi-
cation, vascular malformations can be subdivided
into: a) fast-flow forms, that comprise arteriove-
nous malformations and arterioportal fistulas, b)
slow-flow forms, that comprise portosystemic
shunts and venous as well as lymphatic malforma-
tions, and c) combined forms [38]. The vast major-
ity of vascular pseudolesions are due to fast-flow
form malformations.

5.3.2.1
Arteriovenous Malformations (AVMs)

AVMs are congenital abnormalities in the forma-
tion of blood vessels that shunt blood through di-
rect arteriovenous connections, without neoplastic
tissue between these anomalous vessels. Clinically,
these congenital abnormalities can be observed in
neonates with congestive heart failure, he-
patomegaly, portal hypertension, and anemia, or
in late childhood and in adults in the clinical set-
ting of hereditary haemorrhagic teleangiectasia
associated with congestive heart failure, hepatic is-
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Fig. 25a-d. Arterioportal shunts. HCC after liver biopsy. On the pre-contrast CT scan (aa) a hypodense, round, well-defined nodule (ar-
rowhead) can be seen. In the arterial phase after contrast medium administration, a markedly hyperdense, triangular area (arrow) is visi-
ble near the nodule (bb). In the portal venous phase (cc) the area again appears isodense due to wash-out of contrast medium from this area
and enhancement of the surrounding liver. Catheter angiography (dd) confirms the presence of APS (arrow)
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Fig. 26a-c. Arterioportal shunts. HCC following treatment by RF ablation. On the
pre-contrast CT scan (aa) a well-defined, slightly hypodense nodule (arrow) surround-
ed by a hypodense rim is demonstrated in segment VII of the right liver lobe. During
the arterial phase (bb) after contrast medium administration a markedly hyperdense
area (arrowhead) is seen near the necrotic lesion. This area becomes isodense in the
portal venous phase (cc) and represents an APS post RF ablation
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Fig. 27a-c. Arterioportal shunts. Patient with liver cirrhosis. On the pre-contrast CT
scan (aa) no focal lesions are visible. During the arterial phase (bb) after contrast medi-
um administration numerous, hyperdense areas (arrowheads) of variable size are
appreciable. In the portal venous phase (cc) these areas demonstrate rapid contrast
medium wash-out resulting in isodensity. Unlike HCC, these lesions are not hypo-
dense and there is no indication of a pseudocapsule on the portal venous phase scan
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Fig. 28a-c. Arterioportal shunts. Patient with liver cirrhosis. On the pre-contrast CT
scan (aa) the liver is homogeneous in density. On the dynamic study, a round,
markedly hyperdense lesion (arrowhead) can be detected in the arterial phase (bb).
Rapid contrast medium wash-out occurs in the portal venous phase (cc) but the lesion
still appears slightly hyperdense compared to the surrounding liver parenchyma
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Fig. 29a-d. Arterioportal shunts. On the pre-contrast CT scan (aa) no focal lesions are visible. On the arterial phase image (bb) after contrast
medium administration, several hyperdense lesions (arrowheads) with different shapes are visible in the left lobe of the liver. These areas
appear isodense in the portal venous (cc) and equilibrium (dd) phases
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Fig. 30a-g. Arterioportal shunts. Same case as demonstrated in Fig. 29. On pre-con-
trast T2-weighted (aa) and GRE T1-weighted (bb) images, diffuse ill-defined areas of sig-
nal heterogeneity (arrows) can be seen. On the arterial phase image (cc) after injection
of Gd-BOPTA, the lesions (arrows) located in the left lobe appear markedly hyperin-
tense. Rapid wash-out of contrast agent occurs from these lesions during the portal ve-
nous (dd) and equilibrium (ee) phases. The liver shows homogeneous signal intensity on
T1-weighted (ff) and T1-weighted fat-suppressed (gg) images acquired during the he-
patobiliary phase. This appearance makes the diagnosis of focal liver lesions unlikely
and favours the diagnosis of APS
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Fig. 31a-d. THAD, focal sparing and HCC. On the pre-contrast GRE T1-weighted “out-of-phase” image (aa) a triangular area of focal spar-
ing (arrows) is clearly demarcated in an otherwise diffuse steatosis of the liver. Within the focal sparing a round hypointense lesion (ar-
rowhead) representing an HCC can be detected. On the arterial phase image (bb) after contrast agent administration a THAD reproduces the
triangular focal spared area. In the portal venous phase (cc) the signal intensity in the focal spared area is similar to that observed in the pre-
contrast phase, and the round lesion is not clearly visible. On the corresponding SE T2-weighted image (dd) the focal spared area is not de-
lineated, but a round hyperintense lesion (arrow) corresponding to the HCC is recognizable
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Fig. 32a, b. Arteriovenous malformations. On the arterial phase CT image (aa), multiple, irregular and tortuous arterial vessels (arrow-
heads) are visible near the dome of the liver. The left portal branch (asterisk) is malformed, increased in size and shows early opacification.
The portal vein is better delineated in the early portal venous phase (bb) and further malformed venous vascular structures (arrowheads) are
apparent surrounding the left portal branch
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chemia, and portal hypertension [4, 7]. Frequently,
AVMs may occur between the hepatic artery and
the hepatic vein, as well as between the hepatic ar-
tery and the portal venous system.

On US, AVMs can appear as a nest of tortuous,
enlarged, anechoic vessels located usually in one
lobe of the liver. Color Doppler US generally
demonstrates significant flow with high peak
shifts both in arteries and veins, a low arterial re-
sistive index (RI), and increased pulsatility of
veins. In late stages of the disease, an arterialized
spectral pattern can be seen in the hepatic veins
[5].

On unenhanced CT, AVMs generally appear as
hypoattenuating areas within the liver. In the arte-
rial and early portal venous phases after contrast
media administration these lesions enhance in-
tensely and homogeneously. Thereafter, contrast
medium equilibration results in a similar contrast
density to that observed in the surrounding vascu-
lar structures (Fig. 32).

Typical findings on dynamic MR images of the
liver for singular AVMs post-biopsy or surgery in-
clude a dilatation of the draining hepatic vein and
an early enhancement of the hepatic veins during
the arterial phase. Shunts between the hepatic ar-
tery and the portal venous system typically lead to
increased portal venous pressure and thus to the
usual findings of portal hypertension.

MR imaging is a very useful tool for distin-
guishing AVMs from hemangiomas. Specifically,
signal hypointensity on T2-weighted images and
the absence of progressive enhancement during
the dynamic series of acquisitions after contrast
agent administration make the diagnosis of AVM
most probable (Fig. 33) [5, 8]. On MR angiography,
AVMs are found with poor regional demarcation
of the lesion, arteriovenous shunting, variable
pooling of contrast material in vascular spaces,
and no parenchymal blush.

5.3.2.2
Arterioportal Fistulas 

Arterioportal fistulas may be acquired or congeni-
tal, and may have an intra- or extrahepatic loca-
tion. Common causes of acquired arterioportal fis-
tulas are cirrhosis and hepatic neoplasms, blunt or
penetrating trauma, percutaneous liver biopsy,
gastrectomy, transhepatic cholangiography, and
biliary surgery (Fig. 34). In the case of congenital
arterioportal fistulas, these are typically associated
with hereditary hemorrhagic teleangectasia, bil-
iary atresia, and Ehlers-Danlos Syndrome. Often
asymptomatic within the first year of life, the first
symptom of arterioportal fistula is usually portal
hypertension associated with splenomegaly, hy-
persplenism, variceal formation, and ascites [2].

US with color Doppler is the most useful imag-
ing technique for making the diagnosis of arterio-
portal fistula. At Doppler US, common features in-
clude enlargement of the hepatic artery and dilata-
tion of the segment of the portal vein in which the
fistula is located. In congenital arterioportal fistu-
la, hepatofugal flow in the portal vein can be de-
tected along with color speckling in the hepatic
parenchyma adjacent to the fistula, which is due to
vibration artifact [14].

Imaging features of arterioportal fistulas on
dynamic CT and MR include marked enhance-
ment of the main portal vein, segmental branches,
or major tributaries, with attenuation or signal in-
tensity approaching that of the aorta during the
arterial phase. Perfusion anomalies of the sur-
rounding liver parenchyma such as regional in-
creases in arterial inflow as a response to inverted
portal flow, and increased portal vein inflow due to
the shunt itself, may also be observed [16].Angiog-
raphy is often indicated for possible embolization.

5.3.2.3
Hereditary Haemorrhagic Telangiectasia (HHT)

HHT, also called Rendu-Osler-Weber disease or
Osler’s disease, is a vascular, hereditary, autosomic
dominant disorder that occurs with a frequency of
approximately 10-20 cases/100,000 [15]. HHT is
characterized by the presence of mucocutaneous
or visceral angiodysplastic lesions, the latter most
frequently seen in the liver, lung, brain, and gas-
trointestinal tract. Hepatic involvement accounts
for 10-40% of cases and is characterized by the
presence of intrahepatic shunts (arterioportal, ar-
teriosystemic, venous portosystemic), diffuse
telangiectases, and vascular mass-forming lesions
[3]. AVMs are usually distributed diffusely
throughout the liver and may be associated with
enlargement of the hepatic artery and increased
tortuousity of vessels in the liver hilum and in the
central portions of the liver lobes. In Osler’s dis-
ease, increased arterial perfusion of the liver tissue
frequently leads to secondary nodular hypertro-
phy, which may be misinterpreted as a malignant
hepatic tumor. These pseudotumors, as in focal
nodular hyperplasia, represent a localized over-
growth of hepatocellular tissue and are not real liv-
er tumors. Patients with hepatic involvement can
be asymptomatic, but heart failure, portosystemic
encephalopathy, cholangitis, portal hypertension,
and cirrhosis have been reported [34].

Focal or diffuse changes in hepatic circulation
are detectable on all of the imaging modalities. US,
particularly in association with color Doppler,
shows intrahepatic shunts with arterial and venous
vessels frequently increased in size. However, this
imaging method has comparatively low sensitivity
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Fig. 33a-f. Arteriovenous malformations in a healthy young patient. An US scan (aa) shows an abnormal communication (arrow) between
an arterial branch and a venous vessel. On pre-contrast T1- and T2-weighted MR images (bb, cc) a small, hypointense area (arrowheads) is vis-
ible in the lower parts of segment VII of the liver. On the arterial phase image (dd) the lesion (arrowhead) shows intense and homogeneous
enhancement. Early enhancement of a right portal vein branch (arrow) is also evident. The lesion shows the same signal intensity as ob-
served in surrounding vascular structures in the portal venous (ee) and equilibrium (ff) phases
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and spatial resolution for demonstrating small ar-
teriovenous shunts [39].

On multidetector CT, the possibility to perform
a selective, multiphase study of hepatic vascular
structures permits both arterial and venous ves-
sels to be visualized. Hence, the visualization of ar-
teriosystemic shunts is improved. Compared with
conventional spiral CT, multidetector CT improves
image quality, and permits better multiplanar and
angiographic reconstruction. Consequently, the
capability to identify and characterize the vascular
lesions typical of HHT is improved [8]. Thus
telangiectases, which are present in more than 60%
of cases of HHT, are seen as small vascular spots
that are readily recognizable on reconstructed
multiplanar reformatted and maximum intensity
projection (MIP) images. Likewise, large confluent
vascular masses, which are present in about 25% of
HHT cases, are seen as large shunts or multiple
telangiectases that coalesce. In a recent study, mul-
tidetector CT (MDCT) was able to detect hepatic
vascular alterations in about 80% of patients with

a confirmed or suspected diagnosis of HHT [35].
In this study arterioportal shunts and arteriosys-
temic shunts were detected as the only vascular al-
terations in roughly 50% and 20% of patients, re-
spectively, while both shunt types were detected in
approximately 30% of patients.

On MR imaging, telangiectases appear as small
hypo- to isointense lesions on unenhanced T1-
weighted images and as iso- or hyperintense le-
sions on T2-weighted images (Fig. 35).Whereas ar-
teriovenous shunts are poorly detected on unen-
hanced T1- and T2-weighted images, dilatated and
tortuous vessels can usually be seen near the arte-
riovenous shunts.

Dynamic MR imaging reveals strong arterial
phase enhancement and subsequent isointensity
with the surrounding liver tissue in the portal ve-
nous and equilibrium phases. Normal enhance-
ment of the affected tissue in the hepatobiliary
phase can be noted with the use of contrast agents
with hepatocellular properties such as Gd-BOPTA
(Fig. 36).

Fig. 34a-e. Arterioportal fistula in a cirrhotic patient. On the T2-weighted (aa) and
T1-weighted (bb) MR images, the fistula (arrows) appears as a hypointense, round
area, with a signal void close to that observed in the aorta and portal vein. In all phas-
es of the dynamic evaluation after contrast agent administration (cc-ee) the enhance-
ment of the vascular area is similar to that occurring in the aorta and the left branch
of the portal vein that indicates an arterioportal fistula
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Fig. 35a, b. Hereditary haemorrhagic teleangiectasia. The pre-contrast T2-weighted fat-suppressed TSE image (aa) reveals almost com-
plete exchange of normal hepatic structure by diffuse small, round markedly hyperintense lesions. On the GRE T1-weighted image (bb) the
lesions demonstrate similar hypointensity to that observed in the vessels

aa bb
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Fig. 36a-c. Hereditary haemorrhagic teleangiectasia. Diffusely distributed
AV-malformations in a patient with Osler’s disease. On the T2-weighted image
(aa) areas of flow void (arrows) in the liver can be noted indicating increased
flow in branches of the hepatic artery. Additionally, some nodular-appearing
liver lesions (arrowheads) in the right liver lobe can be seen. These lesions (ar-
row) are clearly hypervascular on the arterial phase image after injection of Gd-
BOPTA (bb). In the hepatobiliary phase one hour after injection of Gd-BOPTA (cc),
the lesions appear hyperintense compared to the surrounding liver tissue due
to uptake of the contrast agent into hepatocyctes. These liver lesions corre-
spond to a localized overgrowth of hepatocellular tissue similar to that which
occurs in FNH. The lesions appear hyperintense in the hepatobiliary phase due
to the delayed excretion of Gd-BOPTA into the newly formed and malformed
bile ductules
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6.1
Primary Malignant Liver Lesions

6.1.1 
Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most com-
mon primary hepatic malignancy and one of the
most prevalent visceral malignances worldwide
[21]. HCC usually occurs in the setting of cirrhosis
with a known cause, such as chronic viral hepatitis
or alcoholism. Regarding alcoholism as a cause of
cirrhosis, it is thought that alcoholism promotes
hepatic malignancies indirectly via its immuno-
suppressive effects. These effects facilitate the de-
velopment of hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections. Furthermore, alcoholic
cirrhosis is triggered by the well-known oxidative
effects that deplete the anti-oxidative defense sys-
tem [35]. Whereas in Asia HCC occurs almost ex-
clusively in patients with chronic liver damage
from hepatitis, in North America many patients
develop HCC without cirrhosis or known risk fac-
tors [74]. In these latter patients it is possible that
steroid hormones may play a role in carcinogene-

sis, as tumors occurring in non-cirrhotic livers
have been associated with the use of exogeneous
steroids such as anabolic steroids and oral contra-
ceptives, as well as with genetic factors [52]. Envi-
ronmental and dietary factors are known to play
major etiological roles; in this context aflatoxins,
nitrosamines, and other chemical carcinogens
have been implicated in non-cirrhotic HCC [18,
22]. HCC is much more common among males
than females. In high-incidence countries, the
male-to-female ratio may be as high as 7 or 8 : 1,
but in the United States, it is approximately 2 : 1
[57]. The occurrence of HCC increases progres-
sively with age, although again this varies by coun-
try. Thus, in high-incidence countries, the mean
age at diagnosis is in the third decade of life, while
in low-incidence countries, it occurs 2 to 3 decades
later. HCC is well documented in childhood; most
childhood cases are associated with HBV infection
or metabolic diseases, such as tyrosinemia [49].

Chronic liver disease, including liver cirrhosis,
is one of the most important factors in HCC, which
is characterized by the development of a spectrum
of nodules ranging from benign regenerative nod-
ules to overt HCC.

In carcinogenesis of the cirrhotic liver, the first
step in the development of an overt HCC may be
the formation of a benign regenerative nodule
which then develops in a multistep fashion
through the intermediate phases of ordinary low-
grade dysplastic nodule (LGDN), high-grade dys-
plastic nodule (HGDN), and early HCC [90, 17].

Since dysplastic nodules (DNs) containing ma-
lignant foci and early well-differentiated HCC con-
tain a great deal of fat, it has been postulated that
fat deposition in dysplastic nodules is closely relat-
ed to malignancy [53]. The same author reported
that 20% of liver specimens resected with the diag-
nosis of HCC contained DNs and 40% of those
DNs were HGDNs or DNs containing foci of HCC.
The presence of DNs containing foci of HCC rep-

6
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resents strong evidence that DNs are premalignant
lesions [53].

Microscopically, HCC is composed of malig-
nant hepatocytes that attempt to differentiate into
normal liver structures, mimicking hepatocyte
growth, but are unable to form normal hepatic aci-
ni. In well-differentiated HCC, tumor cells are dif-
ficult to distinguish from normal hepatocytes or
hepatocytes in hepatocellular adenoma. Malignant
hepatocytes may even produce bile. In other cases,
there are microscopic variations, with HCC con-
taining fat, tumoral secretions (large amounts of
watery material), fibrosis, necrosis and amorphous
calcification [73].

The most frequent pattern of HCC is the trabec-
ular pattern, in which the tumor cells grow in thick
cords that attempt to recapitulate the cell-plate pat-
tern seen in normal liver tissue. The trabeculae are
separated by vascular spaces with very little or no
supporting connective tissue. Sometimes tumor se-
cretions are in the center of the trabeculae, giving
the tumor a pseudoglandular pattern. If the trabecu-
lae grow together, they produce a solid pattern [71].

Macroscopically, there are also several patterns
of growth. HCC is designated single or massive
when there is a solitary small or large mass, with
or without a capsule. Multiple separate nodules
characterize multifocal HCC, the second most
common pattern. The least common pattern of
diffuse or cirrhotomimetic growth is multiple
small tumoral foci distributed throughout the liv-
er, mimicking nodules of cirrhosis. HCC is de-
scribed as encapsulated when it is completely sur-
rounded by a fibrous capsule. Encapsulated HCC
has better prognosis due to its greater resectability.
In general, vascular invasion of intrahepatic and
perihepatic vessels is common in HCC [24, 86].

The symptoms associated with HCC include
malaise, fever, abdominal pain, and weight loss,
while jaundice is rare [86]. Often the neoplasm is
detected in asymptomatic patients, and the liver
function tests are normal or slightly altered except
for elevation of α-fetoprotein levels. These values
are high in more than 50% of cases and generally
are considered suggestive of HCC when they ex-
ceed 200 ng/ml. Proteins produced by HCC may
give rise to numerous paraneoplastic syndromes
such as erythrocytosis, hypercalcemia, hypo-
glycemia and hirsutism [49]. Several investigators
[74, 104] have consistently reported that HCC oc-
curring in the non-cirrhotic liver has different fea-
tures: patients are younger and are more likely to
present with symptoms. Frequently, these patients
have a single or dominant mass and have reduced
mortality if liver resection is performed [95].

Ultrasound (US) is considered a screening
method for patients at risk of HCC, and often de-
tects neoplasms smaller than 2–3 cm (the so-called
“small HCC”), even when α-fetoprotein levels are

still normal. On US scans, the echogenicity of the
HCC neoplasm varies with the size of the lesion.
Thus, nodules smaller than 3 cm are usually well-
defined, hypoechoic, and homogeneous, with pos-
terior acoustic enhancement (Fig. 1). Conversely,
lesions larger than 3 cm are often heterogeneous,
with a mosaic or mixed pattern arising from a
combination of areas of necrosis, hemorrhage, fat-
ty degeneration and interstitial fibrosis (Fig. 2). In
the diffuse form, tumor infiltration tends to cause
a disruption of the hepatic echo structure [16].
When visible, the capsule of an encapsulated HCC
usually appears as a thin, hypoechoic, peripheral
band with characteristic lateral acoustic shadows
[86].

Color Doppler US sometimes reveals a “basket”
pattern, which is indicative of hypervascularity
and tumor shunting, and the “vessel within the tu-
mor” pattern, with vessels that have peripheral-to-
central directed flow (Fig. 3). Power Doppler US is
often considered superior to color Doppler US for
the depiction of vascular flow because of its high
sensitivity to slow flow, lack of angle dependency,
and absence of aliasing [59]. Recently, various har-
monic imaging techniques, such as tissue harmon-
ic imaging, harmonic power Doppler US, and color
coded harmonic angiography, have been devel-
oped and used, also in combination with contrast
media such as SonoVue, to improve the character-
ization of HCC.

The goal of contrast-enhanced US (CEUS) in
cirrhotic patients is the differentiation of HCC
from regerative nodules (RNs) and DNs (Fig. 4).
On CEUS, the characteristic pattern of HCC is rep-
resented by an intense and fast peak of enhance-
ment in the arterial phase, followed by a relatively
quick wash-out (Fig. 5). Chaotic peritumoral and
intralesional tortuous vessels may be seen in the
arterial phase and feeding vessels can be identified
in most cases [14, 48, 50].

Fig. 1. Well-differentiated hepatocellular carcinoma. Ultrasound
reveals a well-defined, homogeneous, and hypoechoic lesion (as-
terisk)
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Fig. 2. Moderately-differentiated hepatocellular carcinoma. On
ultrasound, the lesion is heterogeneous with hypoechoic and hy-
perechoic areas (arrowheads). A thin, hypoechoic rim correspon-
ding to a pseudocapsule borders the lesion (arrows)

Fig. 3. Hepatocellular carcinoma on color Doppler. Color Doppler
ultrasound reveals internal vascularization and a peritumoral hy-
pervascular rim giving the characteristic ‘basket’ pattern. The ves-
sels flow from the periphery through the center

Fig. 4a-d. Dysplastic nodule with focus of hepatocellular carcinoma with SonoVue®. On the pre-contrast US scan (aa), a heterogeneous
isoechoic nodule is demonstrated (arrows). In the arterial phase of the dynamic evaluation after SonoVue® administration (bb) the lesion (ar-
rows) appears hypoechoic at the periphery with a hyperechoic central nodule representing a focus of hepatocellular carcinoma (asterisk).
The feeding vessel supplying the hepatocellular carcinoma is also shown (arrowhead in bb). The lesion becomes isoechoic in the portal-ve-
nous (cc) and equilibrium (dd) phases

aa bb

cc dd
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On CT scans, the appearance of HCC depends
largely on tumor size and histologic tumor grade,
with low sensitivity for detection of small neo-
plasms that are difficult to differentiate from un-
opacified vessels [38]. Unenhanced CT scans often
reveal a hypodense nodule. Occasionally, central
areas of lower attenuation corresponding to tumor
necrosis can be seen [51]. Small HCCs have a pro-
portionately greater arterial hepatic blood supply
and, as a result, they may be visible only on hepat-
ic arterial phase images. They tend to demonstrate
hyperattenuation on early arterial phase images
and rapid wash-out in the subsequent portal-ve-
nous phase (Fig. 6) [76]. In larger lesions, the por-
tal vein may also contribute significantly to the
blood supply of the HCC, enabling its visualization
on portal-venous phase images as well [45]. How-
ever, because large tumors may contain areas of
hemorrhage or necrosis, they may be seen as ei-
ther hyper- or hypoattenuating compared with the
surrounding liver tissue during the arterial phase
of hepatic enhancement, and as hypoattenuating
in the portal-venous phase (Fig. 7). Nodular HCCs
possess a peripheral capsule in about 50 to 80% of
cases (Fig. 8) [32, 51, 70, 80].

Non-encapsulated tumors frequently appear as
ill-defined, irregular, often hypervascular masses,
showing a variable degree of vascular or bile duct
infiltration (Fig. 9).

The role of CT in the detection of dysplastic
nodules in the cirrhotic liver has been evaluated in
several studies [37, 61]. These studies indicate that
many DNs are isoattenuating to the adjacent liver
parenchyma and thus cannot be detected on CT
scans because the blood supply to these nodules is

similar to that of the normal liver parenchyma.
On MR imaging, DNs are usually hyperintense

on T1-weighted images, and iso- to hypointense
on T2-weighted images. Conversely, HCCs are 
often hyperintense on T2-weighted images, and
hypointense on T1-weighted images. However
several studies [15, 54, 70] have stated that an ac-
curate distinction between DNs and HCCs cannot
usually be made on the basis of signal intensity
characteristics on unenhanced MR, because of
the overlapping signal intensities from multiple
nodules.

DNs, particularly LGDNs, do not usually show
significant arterial enhancement after the bolus in-
jection of gadolinium contrast agents, however in
about 5% of HGDNs arterial enhancement can be
detected, possibly because of neoangiogenesis
(Figs. 10, 11, 12). On delayed phase images ac-
quired after the administration of hepatobiliary
contrast agents, DNs generally show a contrast
agent uptake similar to that observed in the sur-
rounding parenchyma. Since DNs contain identi-
cal or slightly increased numbers of Kupffer cells
compared to the normal liver parenchyma, they
are not readily seen on T2-weighted fast spin-echo
images acquired after the administration of super-
paramagnetic iron oxide (SPIO) contrast material
[62].

Contrast-enhanced dynamic MR imaging is an
important tool for differentiating DNs, DNs with a
focus of HCC, and overt HCC (Fig. 13). Indeed,
contrast-enhanced dynamic MR is useful for the
detection and characterization of HCCs in general
[69]. Generally, most HCCs, because of their hy-
pervascular nature, are homogeneously hyperin-
tense compared to the liver in the arterial phase,
and hypointense in the portal-venous and equilib-
rium phases. Tumors smaller than 3 cm in diame-
ter tend to show a homogeneous enhancement
(Fig. 14), and in about 20% of cases are visible
mainly in the arterial phase (Fig. 15).

Irregular mosaic-like or peripheral enhance-
ment is usually seen in larger neoplasms, depend-
ing on the internal architecture [82, 106, 107].

In moderately differentiated trabecular or
pseudo-glandular HCCs, a peak of enhancement is
usually seen during the arterial phase, followed by
a rapid decrease during the subsequent portal-ve-
nous and equilibrium phases. Gradually increas-
ing enhancement over time is found in poorly-dif-
ferentiated scirrhous HCCs, whereas minimal or
no contrast enhancement is seen in small, well-dif-
ferentiated neoplasms. Sometimes a mixture of
variably-differentiated areas may be found in large
HCCs (Fig. 16).

Dynamic MR imaging is also helpful for the as-
sessment of HCC pseudocapsules (Figs. 10, 14).
When present, HCC pseudocapsules containing
abundant granulation tissue usually enhance

Fig. 5. Hepatocellular carcinoma on contrast-enhanced ultra-
sound: During the arterial phase, after the bolus injection of
Sonovue®, the lesion shows intense and homogeneous enhance-
ment, and becomes hyperechoic (arrow). Hyperechogenicity re-
flects the hypervascular nature of the tumor
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Fig. 6a-c. Small hepatocellular carcinoma on CT. On the unenhanced CT scan (aa) the
hepatic parenchyma appears homogeneous. A hypervascular nodule (arrow) can be
seen in the arterial phase after the administration of contrast material (bb) but is no
longer seen in the portal-venous phase (cc)
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Fig. 7a-c. Hepatocellular carcinoma on CT. On the unenhanced CT scan (aa), a
large hepatocellular carcinoma (arrows) appears as a well-defined hypodense nod-
ule with a central area of lower attenuation corresponding to tumor necrosis (ar-
rowhead). After administration of contrast medium, the nodule is seen as hetero-
geneously hyperattenuating during the arterial phase (bb), becoming hypoattenu-
ating compared to the surrounding parenchyma in the portal-venous phase (cc)
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Fig. 8a-c. Encapsulated hepatocellular carcinoma. The unenhanced CT scan (aa)
shows a well-defined isodense nodule (asterisk). The lesion shows discrete enhance-
ment during the arterial phase (bb) and is seen as hypodense in the portal-venous
phase (cc) with a peripheral hyperintense rim (arrowheads)
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Fig. 9a-d. Non-encapsulated hepatocel-
lular carcinoma. On the unenhanced CT
scan (aa) the nodule (asterisk) is seen as an
ill-defined hypodense mass. The lesion
enhances markedly during the arterial
phase after the administration of contrast
material (bb) and subsequently shows right
portal vein infiltration (arrow) in the por-
tal-venous phase (cc). During the equilibri-
um phase (dd) the lesion becomes hetero-
geneously isodense



6 • Imaging of Malignant Focal Liver Lesions 193

aa bb

cc dd

ee ff

Fig. 10a-f. Dysplastic nodule. On the unenhanced T2-weighted image (aa) the lesion (asterisk) is seen as isointense against the normal
parenchyma, while on the corresponding T1-weighted image (bb), it is seen as hyperintense. The lesion does not show significant en-
hancement on images acquired during the arterial phase after Gd-BOPTA administration (cc), but reveals a thin enhancing peripheral rim
during the portal-venous and equilibrium phases (dd and ee, respectively). In the delayed hepatobiliary phase (ff) the dysplastic nodule
demonstrates uptake of Gd-BOPTA
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Fig. 11a-f. Dysplastic nodule. On the precontrast T2-weighted image (aa) the lesion is isointense compared to the normal liver parenchy-
ma, while on the GE T1-weighted “in-phase” (bb) and “out-of-phase” (cc) images the nodule (arrow in bb) appears hyperintense due to an in-
creased glycogen content. The nodule enhances during the arterial phase (dd) after the bolus injection of hepatobiliary contrast agent Gd-
BOPTA) but shows rapid wash-out of contrast agent during the subsequent portal-venous phase (ee) rapid wash-out can be observed. On a
T1-weighted fat suppressed GRE image in the delayed hepatobiliary phase (ff) the lesion is isointense compared to the surrounding normal
liver parenchyma
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Fig. 12a-i. Dysplastic nodule in cirrhotic liver. On HASTE T2-weighted images (aa)
the liver parenchyma appears heterogeneous with a large isointense nodule (aster-
isk). On fat-saturated T2-weighted images (bb), many hypointense nodules with vari-
able signal intensity are detected. On GE T1-weighted in- and out-of-phase images
(cc-dd) the biggest lesion shows signal drop on the “out-of-phase” image due to fatty
infiltration (arrow). Dynamic evaluation does not reveal significant enhancement of
the nodules (ee-gg). On hepatobiliary phase GE T1-weighted images with and without
fat suppression acquired 1h after injection of Gd-BOPTA (hh-ii), many nodules show
contrast agent uptake. In particular, the biggest nodule in the left liver lobe appears
isointense (arrowhead in hh). Note the high signal intensity in the common bile duct
due to the excretion of Gd-BOPTA (arrow in ii)
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Fig. 13a-f. Dysplastic nodule with focus of hepatocellular carcinoma. This figure shows the same case as Fig.12, on a follow-up study one
year later. On the precontrast T2- weighted image (aa) the nodule now contains a heterogeneous hyperintense area (arrowhead) that ap-
pears slightly hypointense on the T1-weighted GE “out-of-phase” image (bb). During the dynamic study after the bolus administration of
Gd-BOPTA, the lesion shows enhancement of the internal portion in the arterial phase (cc) with a “nodule within nodule” aspect. Discrete
wash-out of contrast agent is apparent in the portal-venous phase (dd). On the hepatobiliary phase T1-weighted image (ee) the nodule is het-
erogeneous in signal intensity, the hypointense area (arrowhead) corresponds to a focus of hepatocellular carcinoma. A PET-CT scan (ff) con-
firms the presence of a hot-spot area within the lesion (arrowhead)
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Fig. 14a-f. Hepatocellular carcinoma. On the unenhanced T2-weighted image (aa) the lesion appears hyperintense (arrow), while on the
unenhanced T1-weighted image (bb) the nodule is slightly hypointense with a thin hypointense peripheral rim. In the arterial phase after
the bolus administration of Gd-BOPTA (cc) the mass becomes heterogeneously hyperintense due to hypervascularization, whereas the pe-
ripheral rim remains hypointense. In the portal-venous phase (dd) the contrast agent persists within the lesion and the pseudocapsule be-
comes hyperintense as well. During the equilibrium phase (ee) the nodule appears slightly hyperintense and well-circumscribed by a pe-
ripheral hyperintense pseudocapsule. In the delayed hepatobiliary phase (ff) the neoplasm appears homogeneously hypointense and well-
delineated, since unlike normal liver hepatocytes, the malignant hepatocytes of the hepatocellular carcinoma are unable to take up the
contrast agent
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Fig. 15a-i. Diffuse hepatocellular carcinoma. Diffuse lesions in the liver
parenchyma can be noted on T2-weighted images before (aa) as well as after (bb)
the injection of iron oxide particles (SH U 555 A). However, the nature of the le-
sions remains unclear since no signs of cirrhosis are present. On unenhanced T1-
weighted images the lesions appear hypointense (cc). Arterial phase images ac-
quired after the injection of Gd-BOPTA (dd) clearly reveal numerous hypervascular
lesions (arrows). These lesions demonstrate rapid wash-out in the portal-venous
phase (ee) and hypointensity in the equilibrium phase (ff). In contrast, the hyper-
vascular nature of the lesions is not clearly depicted on dynamic imaging after the
bolus injection of SH U 555 A (gg, hh) although the lesions are more obvious and ap-
pear hypointense on the portal-venous phase image (hh), hence the differential di-
agnosis remains unclear. An increase of contrast between the hypointense liver
lesions and surrounding normal liver tissue can be observed (ii) on hepatobiliary
phase T1-weighted images after the injection of Gd-BOPTA, indicating the malig-
nant nature of the lesions. This case shows the importance of dynamic imaging
for differential diagnosis, since the only clue towards diagnosis in a patient with-
out obvious signs of liver cirrhosis is the hypervascular nature of the lesions
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prominently in the portal-venous phase. There-
after, enhancement persists with signs of wash-out
into the equilibrium phase due to slow flow in the
abundant blood vessels that are present in fibrous
tissue (Fig. 17) [32]. With regard to the delayed
phase, several authors have shown that heteroge-
neous delayed retention of contrast agent in HCC
is not specific to particular tumors, and may corre-
spond to abundant fibrous stroma, as found in
scirrhous HCC [28, 82].

In the delayed liver-specific phase after Gd-
BOPTA, well-differentiated and moderately-differ-
entiated HCCs show superior signal enhancement
ratios to poorly differentiated HCCs [31, 64]. This
is likely to be a consequence of the first two neo-
plastic forms retaining sufficient residual hepato-
cytic activity to take up Gd-BOPTA. These forms
may also produce bile, which may also correlate
with the degree of contrast enhancement. Never-
theless, fewer than 20% of well-differentiated and
moderately-differentiated HCCs appear iso- or hy-
perintense on hepatobiliary phase images after ad-
ministration of Gd-BOPTA (Fig. 18); most poorly-
differentiated (Fig. 19) and large HCCs are hy-
pointense compared to the normal liver on de-
layed, hepatobiliary phase images (see also Fig.
17).

SPIO agents are helpful for detecting small
HCCs in cirrhotic livers. A recent report [40] in-
vestigated the relationship between the number of
Kupffer cells in HCCs and DNs and the degree of
SPIO uptake. This study showed that the ratio be-
tween the number of Kupffer cells in tumorous
versus non-tumorous tissue decreased with the
degree of cellular differentiation. Thus, the ratio of
the signal intensity of the neoplastic lesion com-
pared with that of the non-neoplastic area on
SPIO-enhanced imaging correlated well with the

number of Kupffer cells present (Figs. 20, 16).
On dynamic T1-weighted imaging after the bo-

lus administration of SH U 555 A, the hypervascu-
larity of HCC nodules can be visualized in the ear-
ly arterial phase as a moderate hyperintense signal
due to the T1-effect of this agent. Using a dynamic
T2-weighted protocol, a sudden drop-out phenom-
enon can be observed in hypervascular HCCs after
administration of SH U 555 A, with a rapid signal
loss in the perfusion phase followed by a short in-
crease in signal intensity. On the delayed phase im-
ages after administration of SH U 555 A, poorly-
differentiated HCCs generally do not show signifi-
cant contrast medium uptake and thus appear hy-
perintense (Fig. 21). Conversely, well-differentiated
HCCs may show a variable degree of signal drop
due to the presence of Kupffer cells within the le-
sion [34].

HCC generally do not show significant uptake
of mangafodipir trisodium (Mn-DPDP) and thus
appear as hypointense masses against enhanced
normal parenchyma on mangafodipir-enhanced
T1-weighted images [68]. However, well-differenti-
ated HCCs may show uptake of Mn++ (Figs. 22, 23).
Unfortunately, considering only the hepatobiliary
phase, other malignant lesions, such as metastases
of neuroendocrine tumors or benign lesions, such
as hepatic adenoma or FNH, may also present a
similar uptake, and thus differential diagnosis may
be difficult. Although mangafodipir is sometimes
employed to differentiate benign hepatocellular le-
sions from non-hepatocellular tumors, a dynamic
imaging capability usually provides important ad-
ditional information for the characterization of fo-
cal liver lesions (Fig. 24). Thus, dual MR contrast
agents such as Gd-BOPTA or Gd-EOB-DTPA that
allow both dynamic and hepatocyte-specific imag-
ing may be of greater benefit.
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Fig. 16a-j. Hepatocellular carcinoma with different stages of differentiation. On unenhanced T2-weighted images (aa) a large heteroge-
neously hyperintense lesion can be noted in the right liver lobe (arrows). On the corresponding T1-weighted image (bb) the lesion again
shows heterogeneous signal intensity with regions of hypo-, hyper- and isointensity. The hypervascularity of the lesion and the presence
of numerous nodules is clearly depicted on arterial phase images after the bolus injection of Gd-BOPTA (cc). In the portal-venous phase im-
age (dd), the more anterior aspect of the lesion demonstrates contrast agent wash-out (arrow), while the more posterior parts show contrast
agent pooling. In the equilibrium phase (ee) most of the lesion shows wash-out compared to normal liver tissue, thereby indicating a he-
patocellular carcinoma. On arterial (ff) and portal-venous (gg) phase images after the injection of iron oxide particles (SH U 555 A) the hy-
pervascular nature of the lesion cannot be appreciated to the same extent as after the application of a Gd-agent. In the hepatobiliary phase
after the injection of Gd-BOPTA (hh), parts of the lesion appear hypointense and others isointense compared to the surrounding liver tissue.
This is indicative of both well-differentiated and undifferentiated areas of the hepatocellular carcinoma. The same holds true for iron oxide-
enhanced T1-weighted (ii) and T2-weighted (jj) images in which parts of the lesion lose signal due to uptake of contrast agent by Kupffer
cells (arrow) while other parts show higher signal intensity compared to normal liver tissue due to the lack of uptake
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Fig. 17 a-f. Large hepatocellular carcinoma. On T2-weighted HASTE (aa) and TrueFISP (bb) images the hepatocellular carcinoma (asterisk) ap-
pears as a heterogeneous, slightly hyperintense mass. Conversely, on the unenhanced GE T1-weighted image (cc) the lesion is seen as marked-
ly hypointense. In the arterial phase, after the administration of Gd-BOPTA (dd) the mass appears as heterogeneously hyperintense while in the
portal-venous phase (ee) it is heterogeneously hypointense with a well-defined peripheral hyperintense pseudocapsule (arrowheads). In the
delayed hepatobiliary phase (ff), the lesion is again hypointense due to the lack of contrast medium uptake by the malignant hepatocytes. A rim
of intermediate signal intensity surrounds the lesion while central areas of necrosis show non-specific contrast agent retention (arrow)
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Fig. 18a-f. Well-differentiated hepatocellular carcinoma. On the precontrast T2-weighted image (aa) the nodule (arrows) appears isoin-
tense compared to the normal liver parenchyma, with a thin peripheral rim. On the corresponding precontrast GE T1-weighted image (bb)
the lesion appears isointense with a hypointense rim.  The lesion shows marked enhancement in the arterial phase (cc)  of the dynamic se-
ries after the bolus administration of Gd-BOPTA, followed by rapid  wash-out of contrast agent in the portal-venous phase (dd). Note that a
hyperintense pseudocapsule is well demonstrated on the portal-venous phase scan. On the hepatobiliary phase GE T1-weighted (ee) and T1-
weighted fat suppressed images (ff), the nodule is isointense and hyperintense respectively. This example demonstrates that the malignant
cells in a well-differentiated hepatocellular carcinoma sometimes retain the ability to take up the contrast agent and to produce bile
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Fig. 19a, b. Poorly-differentiated hepatocellular carcinoma. On the unenhanced GE T1-weighted image (aa) and on the image acquired
during the delayed hepatobiliary phase after Gd-BOPTA administration (bb) the nodule is seen as hypointense compared to the liver

Fig. 20a, b. Hepatocellular carcinoma. On the unenhanced Turbo SE T2-weighted image (aa) the nodule is well-defined and slightly hy-
perintense (arrows). On the image acquired during the delayed liver-specific phase after SPIO administration (bb) the contrast-to-noise ra-
tio is improved. The lesion does not show uptake of SPIO and remains hyperintense
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Fig. 21a-f. Poorly differentiated hepatocellular carcinoma with USPIO. On the precontrast T2-weighted image (aa), a well-defined, round,
slightly hyperintense nodule (arrow) is visible, while on the GRE T1-weighted sequence the lesion appears homogeneously hypointense
(bb). The dynamic evaluation after bolus injection of USPIO (cc-ee) reveals weak uptake of contrast medium, which is slightly more evident in
the equilibrium phase (ee). On a T2-weighted image acquired during the delayed liver specific phase after USPIO administration (ff) the he-
patocellular carcinoma appears hyperintense due to the lack of Kupffer cells within the lesion
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Fig. 22a-c. Hepatocellular carcinoma. The precontrast GRE T1-weighted image (aa)
reveals a small, well-defined hypointense nodule (arrow). The lesion (arrow) appears
slightly hyperintense on the T2-weighted image (bb). On the hepatobiliary phase im-
age after Mn-DPDP administration (cc) the nodule appears homogeneously hy-
pointense compared to the surrounding normal liver parenchyma
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Fig. 23a-c. Hepatocellular carcinoma. On both the unenhanced T2-weighted im-
age (aa) and the unenhanced T1-weighted image (bb) the nodule is slightly hy-
pointense compared to the liver (arrows in aa). The lesion is seen as strongly hyperin-
tense on delayed phase images after mangafodipir administration (cc) and no other
lesions are visible
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6.1.2 
Fibrolamellar Hepatocellular Carcinoma

Fibrolamellar hepatocellular carcinoma (FLC) is
an uncommon tumor with clinical and pathologi-
cal features different from those of hepatocellular
carcinoma [19]. This neoplasm occurs predomi-
nantly in young adult patients, who have no histo-
ry of cirrhosis or chronic liver disease [20]. Macro-
scopically, tumor size varies from 5 to 20 cm. The
appearance of FLC is somewhat similar to that of
focal nodular hyperplasia, with a central scar and
multiple fibrous septa. Although hemorrhage is
rare in FLC, necrosis and coarse calcifications have
been reported in 20 to 60% of cases, especially in
the central scar [20, 25, 39]. Most commonly, FLC is
present as a solitary mass, although sometimes it
may appear as bi-lobed or as a mass with small pe-
ripheral satellite lesions. Only rarely is FLC present
as a diffuse multifocal mass. FLC lesions are usual-
ly intrahepatic, although sometimes pedunculated
neoplasms may be found [97].

Histologically, FLC is composed of sheets of
large polygonal tumor cells separated by abundant
collagen bundles arranged in parallel lamellae. The
tumor cells have a cytoplasm that is deeply
eosinophilic and granular due to the presence of mi-
tochondria. Sometimes FLCs contain bile [6, 72, 77].

The clinical presentation is variable, although
patients commonly have abdominal pain, he-
patomegaly, a palpable right upper quadrant ab-
dominal mass, and cachexia [20]. Less frequently,
the disease is accompanied by pain and fever,
which simulates a liver abscess, gynecomastia in
men, venous thrombosis, or jaundice. The gyneco-
mastia is a result of the conversion of circulating
androgens into estrogens by the enzyme aro-
matase, which is produced by the malignant hepa-
tocytes.

Venous thrombosis can occur due to invasion
of the hepatic venous system or the inferior caval
vein. Alternatively, it may form part of a paraneo-
plastic syndrome (Trousseau syndrome). Jaundice
is a very rare condition, and can be caused either
by invasion or compression of the biliary vessels
by the tumor or by compression of the biliary ves-
sels by enlarged lymph nodes [1, 25].

The echostructure of this neoplasm is variable
on US scans. Often the tumor contains both hyper-
and iso-echogenic components, and thus is not ho-
mogeneous. The central scar, when present, is fre-
quently seen as a central area of hyperechogenici-
ty (Fig. 25) [10, 66].

On unenhanced CT images, FLC is usually seen
as hypoattenuating compared to the liver and as
well-defined with lobulated margins. Areas of low-
density within the tumor correspond to the central
scar or to necrosis and hemorrhage, while calcifica-
tion may be seen in 15 to 30% of all central scars
[39]. During the arterial and portal-venous phases
after contrast material administration, FLC is pre-
dominantly, but heterogeneously, hyperattenuating

Fig. 24a, b. Hepatocellular carcinoma. The same case as presented in Fig. 23. In the arterial phase after the bolus administration of Gd-
BOPTA (aa), the lesion shows intense enhancement. Another small satellite nodule can be seen only in this phase of contrast enhancement
(arrowheads). In the portal-venous phase (bb) the larger lesion is seen as mildly hypointense with a slightly hyperintense rim, while the
smaller lesion cannot be seen
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Fig. 25. Fibrolamellar carcinoma on US. Ultrasound reveals a het-
erogeneous hyper- to isoechoic lesion (arrows) with a hyperechoic
central area (arrowhead) that corresponds to the central scar
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[39]. On delayed phase images, parts of the non-
necrotic portions of the tumor, which mainly com-
prises fibrous tissue, may increase in attenuation
relative to the liver [39]. The central scar usually
shows minimal enhancement on arterial and por-
tal-venous phase images and is best seen during the
delayed phase (Fig. 26). The appearance of the le-
sion in the arterial and portal-venous phases re-
flects the enhancement of the cellular and vascular
components of the tumor and the presence of fi-
brous and necrotic components. The relative homo-
geneity of the tumor observed on delayed images
may indicate wash-out of contrast material from
the more vascular areas, together with delayed en-
hancement of the fibrous lamellae (Fig. 27) [39, 96].

FLC is usually either hypointense or, rarely,
isointense compared to the liver on T1-weighted
MR images. On T2-weighted images, 90% of the le-
sions are hyperintense and the remaining 10% are
isointense. The purely fibrous nature of the scar
means that it is hypointense on both T1- and T2-
weighted images (Fig. 28) [39].

FLC becomes heterogeneously hyperintense

during the arterial phase after administration of
gadolinium, and appears as isointense or slightly
hypointense during the portal-venous and equilib-
rium phases (Fig. 29) [19, 39]. As on CT scans, the
central scar shows minimal or no enhancement on
hepatic arterial and portal-venous phase images,
but may sometimes show persistent enhancement
on equilibrium phase images (Fig. 30).

On images acquired during the hepatobiliary
phase after Gd-BOPTA or mangafodipir trisodium
administration, FLC usually appears as heteroge-
neously isointense or hypointense with areas of
low signal intensity due to necrosis or, less fre-
quently, hemorrhage (Fig. 31). Irregular hyperin-
tense areas, if present, may be related to the pres-
ence of fibrotic components. The lack of enhance-
ment on delayed phase images is helpful in distin-
guishing FLC from FNH (Fig. 32) [39].

FLC does not enhance significantly on SPIO-
enhanced images. This absence of enhancement is
helpful in distinguishing FLC from FNH in larger
lesions, but may be less helpful in smaller lesions
[66].

Fig. 26a-d. Fibrolamellar carcinoma on CT. On an unenhanced CT scan (aa), the neoplasm appears as a hypodense mass compared to the
liver, with coarse calcification (arrowhead) and a small area of necrosis (asterisk). On arterial and portal-venous phase images after the ad-
ministration of contrast material (bb and cc, respectively), the nodule is seen as heterogeneously hyperattenuating with a hypodense central
scar (arrows in bb). In the delayed phase (dd) the neoplasm is hypodense and the central scar hyperdense (arrows)
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Fig. 27a-f. Fibrolamellar carcinoma on CT. On the precontrast CT scan (aa) a large, heterogeneous lesion is demonstrated (asterisk). In the
arterial phase (bb) of the dynamic evaluation after contrast medium administration, markedly hyperdense intralesional vessels can be de-
tected (arrowhead), and the lesion shows a heterogeneous density with a central hypodense scar. In the portal-venous phase (cc) the mass
is hypodense with a peripheral hyperdense capsule. The central scar remains hypodense in the portal-venous phase but demonstrates in-
creased contrast density in the equilibrium phase (dd). MIP reconstructions in coronal (ee) and sagittal orientation (ff) show the intratumoral
vascularization (arrows)

Fig. 28a, b. Fibrolamellar carcinoma. Unenhanced T1-weighted (aa) and T2-weighted (bb) images reveal a neoplasm that is hypointense
and hyperintense compared to the normal parenchyma, respectively. On both images a hypointense central scar (arrowhead) is evident
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Fig. 29a-g. Fibrolamellar carcinoma. On the unenhanced T2-weighted image (aa),
a large hyperintense lesion can be noted in the dome of the liver. On the correspon-
ding unenhanced T1-weighted image (bb) this lesion appears as heterogeneously hy-
pointense. Dynamic imaging after the bolus injection of Gd-BOPTA reveals hyper-
vascularization of the periphery of the lesion during the initial arterial phase (cc) fol-
lowed by filling-in in the subsequent portal-venous phase (dd). During the equilibri-
um phase (ee) a hypointense appearance is evident even in peripheral areas. In con-
trast to focal nodular hyperplasia (FNH), the central scar of this lesion shows no en-
hancement in the equilibrium phase. On T1-weighted images acquired during the
hepatobiliary phase 1h after the injection of Gd-BOPTA (ff, gg) the lesion shows pe-
ripheral wash-out and a hypointense central scar. Non-specific enhancement due to
diffusion of the contrast agent into different parts of the lesion can be noted. Addi-
tionally, peripheral satellite nodules (arrows in gg) can be seen in images acquired
more caudally (gg). In contrast to FNH, the lesion shows a higher signal intensity on
unenhanced T2-weighted images and more pronounced hypointensity on unen-
hanced T1-weighted images. In the equilibrium phase no enhancement of the cen-
tral scar can be noted and no uptake of Gd-BOPTA by the lesion is apparent on he-
patobiliary phase images. This behavior is consistent with the presence of non-func-
tioning hepatocytes and hence malignancy
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Fig. 30a-e. Fibrolamellar carcinoma. On the unenhanced T2-weighted image (aa),
a large heterogeneously hyperintense lesion can be seen (arrows). On the corre-
sponding unenhanced VIBE image (bb) the lesion appears heterogeneously hy-
pointense. Dynamic evaluation after the  bolus injection of Gd-BOPTA reveals het-
erogeneous hypervascularization of the lesion during the arterial phase (cc) followed
by contrast agent wash-out in the subsequent portal-venous (dd) and equilibrium (ee)
phases
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Fig. 31a, b. Fibrolamellar carcinoma after contrast agents. On the hepatobiliary phase after the injection of Gd-BOPTA (aa) the lesion ap-
pears hypointense with a hyperintense central scar (arrowheads). In a similar way, the mass appears hypointense in the hepatobiliary
phase after injection of Mn-DPDP with a markedly hypointense central area corresponding to the scar (bb)
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6.1.3 
Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a
rare malignant hepatic neoplasm of vascular ori-
gin that develops in adults. It is more common in
women than in men. No risk factors or specific
causes have been identified [102].

Macroscopically, two different types of EHE
have been described [27]. The nodular type repre-
sents an early manifestation of the disease. In the
majority of cases there are multiple nodular le-
sions ranging in size from 1 to a maximum of 3
cm. Frequently, the nodules are found in both
lobes of the liver and are located at sub-capsular
sites in 50 to 65% of cases. Lesions adjacent to the
capsule often cause capsular retraction [27]. The
diffuse type of EHE develops in the later stages of
the disease. It originates from the nodular type,
with the nodules increasing in size until they final-
ly coalesce, forming extensive peripheral lesions
[67]. The route of lesion spread follows the hepatic
veins or the different branches of the portal vein
[26].

Histologically, EHE is composed of fibrous
myxoid stroma with a relatively hypocellular cen-
ter and two cell types: epithelioid and dendritic.
The epithelioid cells stain positive for factor VIII-

related antigen, indicating the vascular nature of
this neoplasm which distinguishes it from metas-
tasis. Intratumoral necrosis and hemorrhage are
common [67].

The clinical manifestations are non-specific
and variable, ranging from the complete absence
of symptoms to hepatic failure. When present, the
typical symptoms include right upper quadrant or
epigastric discomfort or pain, weight loss, and
weakness. Less common symptoms at initial pres-
entation include jaundice, fever, and tiredness.
Raised levels of serum alkaline phosphatase (AP)
are found in approximately 70% of patients. Occa-
sionally, rupture with hemoperitoneum may be
present [41, 58]. Hepatomegaly and abdominal
pain are present in 50 to 70% of cases.

On US, EHE is usually well-defined and hypoe-
choic, although hyperechoic examples are occa-
sionally seen. Sometimes it is possible to find hy-
poechoic and hyperechoic lesions with a peripher-
al hypoechoic rim in the same patient (Fig. 33)
[67]. Echo-color Doppler may show vasculariza-
tion within the nodule. When the lesions appear
hyperechoic, differential diagnosis with heman-
gioma is possible; capsular retraction in EHE,
which is commonly not observed in hemangioma,
is another important feature for differential diag-
nosis.

Fig. 32a-d. Fibrolamellar carcinoma after Gd-BOPTA. Fibrolamellar carcinomas do not show significant enhancement on delayed hepa-
tobiliary phase images after the bolus administration of Gd-BOPTA (aa and bb, respectively). Conversely, focal nodular hyperplasia generally
appears hyperintense on delayed liver-specific phase images after Gd-BOPTA due to the accumulation of contrast agent within the nodule
and impaired biliary excretion (cc and dd, respectively)
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On unenhanced CT images, the nodular type of
EHE is of low attenuation, corresponding to myx-
oid stroma. After intravenous administration of
contrast material, areas of high density can be ob-
served in the periphery of the tumor, however, the
center of the tumor shows very few or no contrast-
enhancing areas [11, 67, 100]. In the diffuse type of
EHE, CT scans reveal large, hypodense, diffuse ar-
eas throughout the liver extending toward the pe-
riphery. The outline is usually irregularly shaped.
Focal calcifications within the tumor are found in
about 20% of cases. Compensatory hypertrophy of
unaffected liver segments, as well as splenomegaly,
are common findings. The liver capsule is not usu-
ally affected, although confluent nodules may pro-
duce capsular retraction (Fig. 34). After intra-
venous administration of contrast material, en-
hancement at the periphery of the tumor can be
observed, corresponding to a proliferating zone of
active growth. Hypervascular areas, indicative of
the vasoformative structure of the tumor or of a
more distinct representation of blood vessels due
to an obstruction of the portal vein, can some-
times be detected within the tumor [67, 100]. The
tumor itself takes up only a small amount of con-

trast medium. During the delayed phase, the tu-
mor becomes increasingly isodense, which makes
it difficult to distinguish from normal liver tissue.
Slightly ill-defined areas can be seen in the delayed
phase (Fig. 35). However, the extension of the tu-
mor is often better defined on unenhanced CT im-
ages [11].

The MR imaging features of EHE are similar to
the CT findings: either peripheral nodules or larg-
er confluent lesions are seen. The tumors are hy-
pointense on T1-weighted images and hyperin-
tense on T2-weighted images, although a hy-
pointense center corresponding to calcification,
necrosis and hemorrhage may be seen on both se-
quences. After intravenous administration of ex-
tracellularly distributed contrast material, moder-
ate peripheral enhancement, progressive filling-in
and delayed central enhancement can usually be
seen, particularly in larger lesions. Peripheral
wash-out can also be seen, which is useful for
characterization. Lesions are generally seen as hy-
pointense on delayed hepatobiliary phase images,
compared to the surrounding liver parenchyma
and to pre-contrast images after the administra-
tion of Gd-BOPTA (Fig. 36) [100].

Fig. 33a-c. Epithelioid hemangioendothelioma on US. Ultrasound reveals an iso-
lated well-defined hypoechoic lesion (asterisk) (aa), numerous well-delimited hyper-
echoic nodules (arrows) (bb), or hypoechoic and hyperechoic lesions (arrowheads)
with peripheral hypoechoic rims (cc)

aa bb
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Fig. 34a-d. Epithelioid hemangioendothelioma on CT. Unenhanced CT (aa) reveals large hypodense, confluent diffuse nodules (asterisks).
Arterial (bb) and portal-venous (cc) phase images acquired after the administration of contrast material reveal enhancement at the periph-
ery of the nodules but few contrast-enhancing areas at the center of the lesions. In the equilibrium phase (dd) the nodules become hetero-
geneously hyperdense compared to normal liver, while compensatory hypertrophy and capsular retraction can be clearly seen
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Fig. 35a-d. Epithelioid hemangioendothelioma (diffuse type). On unenhanced CT (aa) several hypodense peripheral nodules (arrow-
heads) can be seen; several of these lesions show central calcification. Dynamic evaluation of these lesions after administration of contrast
material reveals peripheral enhancement in the early post-contrast phases (bb and cc) but isodensity with the normal parenchyma on images
acquired in the equilibrium phase (dd)
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6.1.4
Hepatic Sarcomas

6.1.4.1 
Angiosarcoma

Hepatic angiosarcoma (HAS) is a very rare neo-
plasm that occurs more frequently in males than in
females and most typically in the seventh decade
of life. In the general population, HAS accounts for
only 1.8% of all primary hepatic neoplasms and is
30 times less common than HCC [43]. It is associ-
ated with previous exposure to toxins such as
Thorotrast, vinyl chloride, arsenicals, steroids, ra-
dium and possibly copper [9, 99] and also with
chronic idiopathic hemochromatosis [98] and von
Recklinghausen disease [2]. Angiosarcoma repre-
sents approximately 25% of liver tumors in pa-
tients with proven thorium exposure. Although

40% of patients have hepatic fibrosis or cirrhosis
at autopsy, the nature of the association between
chronic liver disease and HAS is unknown. Further
study is also required to delineate the cause of HAS
in the remaining 60% of cases without a definitive
etiologic association.

Histologically, HAS is composed of malignant
endothelial cells lining vascular channels of vari-
able size, from cavernous to capillary, which at-
tempt to form sinusoids. Thorotrast particles can
be found within the malignant endothelial cells in
cases of Thorotrast-induced HAS [46].

Macroscopically, the majority of angiosarco-
mas present as multiple nodules, often with areas
of internal hemorrhage. When present as a single,
large mass, there is no capsule and frequently large
cystic areas filled with blood debris [11].

The clinical presentation is non-specific, with
abdominal pain, weakness and weight loss as fre-
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Fig. 36a-f. Epithelioid hemangioendothelioma. This figure shows the same case as Fig. 35. The lesions (arrowheads) are seen as hyper-
intense and hypointense on unenhanced T2-weighted (aa) and T1-weighted (bb) images, respectively. Peripheral enhancement and pro-
gressive filling-in of the lesions are seen on arterial (cc) and portal-venous (dd) phase images after the bolus injection of Gd-BOPTA. In the
equilibrium phase (ee) the lesions are seen as either completely or incompletely hyperintense against the normal parenchyma. Images ac-
quired during the delayed hepatobiliary phase (ff) show the lesions to be homogeneously hypointense compared to the normal liver
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quent complaints, and with hepatomegaly, ascites
and jaundice as common findings. Liver function
parameters are usually altered but no parameter
or set of parameters is specific for the tumor. The
occurrence of thrombocytopenia and disseminat-
ed intravascular coagulation is characteristic of
HAS and may be related to the local derangement
of clotting factors and blood cells by the tumor.
Massive intra-abdominal hemorrhage is a compli-
cation which occurs in 25% of cases and is proba-
bly related to the high incidence of coagulation
deficits and to the vascular nature of the neoplasm
[44, 63].

On US scans, angiosarcomas are seen as either
single or multiple hyperechoic masses. The echo
architecture is usually heterogeneous due to the
presence of hemorrhage of various ages [87].

CT images reveal the reticular pattern of depo-
sition of Thorotrast extremely well in both liver
and spleen. Circumferential displacement of
Thorotrast in the periphery of a nodule is a char-
acteristic finding of HAS. When there is no evi-
dence of Thorotrast deposition, angiosarcomas
present on unenhanced CT as single or multiple
hypodense masses containing hyperdense areas of
fresh hemorrhage. Many angiosarcomas are hy-
poattenuating compared to the liver on both arte-
rial and portal-venous phase images after the ad-
ministration of contrast material. However, a few
lesions are hyperattenuating on arterial phase im-
ages, becoming isoattenuating on portal-venous
phase images [81]. Centripetal contrast enhance-
ment simulating the pattern of enhancement in
hemangioma may occur. The earlier CT reports of
angiosarcoma mimicking hemangioma can likely
be attributed to imaging in a single temporal
phase, often during the delayed phase of contrast
enhancement, and to the evaluation of lesion en-
hancement relative to liver parenchyma rather
than the aorta or hepatic artery. Temporal assess-
ment by means of multiphasic helical CT of the
various patterns of angiosarcoma enhancement in
comparison with the pattern of normal vascular
enhancement allows confident exclusion of the di-
agnosis of hemangioma [81].

On T1-weighted MR images, angiosarcomas
are usually seen as hypointense with areas of hy-
perintensity corresponding to hemorrhage. Con-
versely, on T2-weighted images, the signal intensi-
ty is predominantly high, with areas of low signal
[105]. Experience of contrast-enhanced MR imag-
ing of HAS is very limited. On dynamic contrast-
enhanced MR images, the enhancement pattern of
HAS is usually different to that of cavernous he-
mangioma and similar to that observed with spiral
CT [81]. Generally, diffuse or central enhancement
is seen, although in some cases peripheral en-
hancement and centripetal filling-in of the lesion
is observed. In these cases, irregular borders may

contribute to the diagnosis. On equilibrium phase
images, the lesion appears as a homogeneous, well-
defined hyperintense mass (Fig. 37).

6.1.4.2 
Undifferentiated Embryonal Sarcoma

Undifferentiated embryonal sarcoma (UES) is a
very rare neoplasm in adult patients but is the
fourth most common hepatic neoplasm in chil-
dren, behind hepatoblastoma, hemangioendothe-
lioma and hepatocarcinoma. Clinical and radio-
logical findings for this lesion type are described
in Chapter 10, “MR Imaging of the Liver in Pedi-
atric Patients”.

6.1.4.3 
Hepatobiliary Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is the most common
neoplasm of the biliary tree in children, but occurs
only rarely in the adult population. Clinical and ra-
diological findings for this neoplasm are described
in Chapter 10, “MR Imaging of the Liver in Pedi-
atric Patients”.

6.1.4.4 
Leiomyosarcoma, Malignant Fibrous 
Histiocytoma and Fibrosarcoma 

These neoplasms are very rare tumors of the liver
which usually occur in patients between 40 and
60 years of age, without gender predilection.
Leiomyosarcoma is the most common of these le-
sions but to date only 54 cases have been described
in the literature [29]. Microscopically, leiomyosar-
comas originate from mesenchymal elements of
the liver, and are composed of large smooth mus-
cle spindle cells. Malignant fibrous histiocytoma
was first described as a separate pathologic entity
in the 1960s and 1970s. This lesion is composed of
primitive cells that demonstrate partial histiocytic
and fibroblastic differentiation. Finally, fibrosarco-
ma is a malignant tumor of soft tissue that is com-
posed of undifferentiated cells derived from colla-
gen-producing fibroblasts [42, 23]. Macroscopical-
ly, each of these lesions appears as a large, typical-
ly solitary mass in a non-cirrhotic liver. Sometimes
it is possible to find necrotic and hemorrhagic ar-
eas.

On US these neoplasms appear as large, solid,
and well-defined masses, with variable echo pat-
terns depending on the degree of hemorrhage and
necrosis. On CT, they appear as well-defined slight-
ly hypodense, heterogeneous masses before con-
trast medium administration, and show progres-
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Fig. 37a-f. Angiosarcoma. The unenhanced T2-weighted image (aa) reveals a high signal intensity mass with hypointense areas that rep-
resent large vessels with flow void (arrows). The signal intensity of the lesion is comparable to that seen with hemangioma. On the corre-
sponding unenhanced T1-weighted gradient echo image (bb), the mass is again sharply demarcated and shows homogeneous signal in-
tensity. In contrast to hemangioma, enhancement is seen in central areas of the lesion on arterial phase images (cc) with subsequent cen-
trifugal filling-in of the lesion in the portal-venous phase (dd). The peripheral areas of the lesion still do not show enhancement on T1-
weighted images acquired 5 min after contrast agent injection (ee) (arrows). However, by 10 min after contrast agent administration (ff) ho-
mogeneous enhancement of the lesion can be observed, comparable to a hemangioma. The clue for diagnosis in this case is the centrifu-
gal enhancement in the lesion rather than the nodular peripheral enhancement typically observed in hemangioma
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sive enhancement after contrast medium adminis-
tration which is more evident in the equilibrium
phase. Areas of necrosis and hemorrhage are non-
enhancing on post-contrast CT images.

These lesions demonstrate inconsistent signal
intensity on pre-contrast T2- and T1-weighted MR
images although frequently the signal is slightly
hyperintense on T2-weighted images and hy-
pointense on T1-weighted images compared with
normal liver parenchyma. Typically, internal, hy-
perintense areas which correspond to necrosis and
acute or subacute hemorrhage can be seen. After
contrast agent administration, these neoplasms
show a slight but often homogeneous enhance-
ment compared to the surrounding normal liver
parenchyma [65, 83].

6.2 
Secondary Malignant Liver Lesions

6.2.1
Non-Hodgkin’s Lymphoma and Hodgkin’s
Disease

Hepatic lymphoma is usually a secondary liver le-
sion that occurs  in more than 50% of patients with
Hodgkin’s disease (HD) or non-Hodgkin’s lym-
phoma [75]. Although primary hepatic lymphoma
does exist, it is extremely rare because the amount
of lymphatic tissue in the liver is very small, pres-
ent only in the periportal spaces.

Primary hepatic lymphoma has been reported
in middle-aged men infected with the human im-
munodeficiency virus, in patients under pharma-
cologic immunosuppression, and in organ trans-
plant recipients. In the first two groups of patients,
the lymphomatous process includes a spectrum of
lymphoproliferation from benign B-cell hyperpla-
sia to malignant monoclonal non-Hodgkin’s lym-
phoma. An association has been identified be-
tween post-transplant lymphoproliferative disor-
ders and Epstein-Barr virus infection. At the time
of lymphoma diagnosis, more than 80% of post-
transplant patients are infected with the Epstein-
Barr virus [36, 94].

Whereas numerous miliary small nodules may
be present in the liver in well-differentiated non-
Hodgkin’s lymphoma, in less well-differentiated
non-Hodgkin’s lymphomas, the lesions are often
larger and more infiltrative. In Burkitt’s lym-
phoma, subcapsular infiltration may also be found
as a consequence of peritoneal spread [47].

In Hodgkin’s lymphoma, the hepatic involve-
ment may range from multiple small nodes to
large infiltrations. This involvement occurs more
frequently with lymphocyte depletion and mixed
cellular subtypes than with the lymphocyte-rich

subtype of HD. Concomitant peliosis hepatis may
also be present [92].

Hepatic lymphoma initially spreads in the por-
tal areas in which the majority of the lymphatic tis-
sue is present [88]. In HD, a Reed-Sternberg variant
cell-type can be detected microscopically. In non-
Hodgkin’s lymphoma the lymphocytic form tends
to be miliary, whereas the large cell or hystiocytic
varieties appear as nodular masses [47].

Clinically, patients with primary non-Hodgkin’s
lymphoma most often present with pain in the right
upper abdominal quadrant or with hepatomegaly.
Secondary lymphomas, as well as Hodgkin’s lym-
phoma, may induce jaundice, fever and he-
patomegaly, but unfortunately these signs are non-
specific and in some cases may even result from
chemotherapy [7].

On US, both Hodgkin’s and non-Hodgkin’s
lymphoma commonly appear as single or multiple
hypoechoic masses, often with indistinct margins.
Multiple hypoechoic lesions may mimic the ap-
pearance of a diffuse infectious process such as
candidiasis. In the diffuse lymphomatous form the
echogenicity of the hepatic parenchyma may be
normal or heterogeneous and the overall architec-
ture of the liver may be altered. Occasionally, pa-
tients with non-Hodgkin’s lymphoma have
echogenic or target-like lesions [103]. If there is
bleeding within the tumor, the ultrasonographic
characteristics of a cyst may be seen [93].

On non-enhanced CT images, HD and non-
Hodgkin’s lymphoma generally appear as homoge-
neously hypodense, sharply marginated nodules.
After contrast medium administration the lesions
appear hypodense, although a weak enhancement
may be detected (Fig. 38). In the miliary form, a dif-
fuse decreased attenuation may be observed, which
is indistinguishable from fatty infiltration [84].

On MR images, focal hepatic lymphoma is gen-
erally seen as homogeneously hypointense com-
pared to the normal parenchyma on unenhanced
T1-weighted images and hyperintense on T2-
weighted images. Dynamic imaging after the ad-
ministration of a gadolinium contrast agent typi-
cally reveals a hypointense appearance on arterial
phase images, followed by homogeneous, delayed
enhancement on portal-venous phase images and
isointensity on equilibrium phase images (Figs. 39,
40). Susceptibility artifacts may be caused by hem-
orrhage in pre-treated focal infiltrations and may
be more clearly delineated on fat-suppressed T1-
weighted images [4]. Although lymphoma is read-
ily distinguishable from normal liver, the differ-
ence in relaxation times from metastases and HCC
is not significant.

In cases of diffuse infiltrative lymphoma, no
significant differences are seen between normal
liver parenchyma and the lymphomatous liver in-
filtration.



218 MRI of the Liver

6.2.2 
Metastases

Metastases are the most common malignant focal
liver lesions in the non-cirrhotic liver. However,
metastases are relatively uncommon in the cir-
rhotic liver where HCC is more frequent. The liver
is second only to regional lymph nodes as a site of
metastatic disease; autopsy series of patients with
primary tumors indicate that at the time of death,
approximately 50% of patients have metastatic dis-
ease of the liver [78]. Although metastases can de-
velop in the liver via hematogenous spread from
most solid tumors, certain primary neoplasms are
a particularly virulent cause of liver-dominant dis-
ease and often isolated liver metastases. These in-
clude colorectal cancer and neuroendocrine tu-
mors, gastrointestinal sarcomas, uveal melanomas
and other neoplasms [30].

The gross features of liver metastases vary. Le-
sions may be expansive, infiltrative, surface-
spreading, or miliary, depending on the origin of
the primary tumor. Within each of these cate-
gories, metastatic lesions may be massive, nodular,

or diffuse and may range in size from less than 1
mm to many centimeters in diameter. Metastases
from colon carcinoma usually appear as a few
large nodules with central umbilication. Nodules
from breast or lung carcinoma have an early cen-
tral umbilication. Metastatic lesions of the miliary
type are seen more frequently from breast,
prostate or stomach cancers. Microscopically,
metastases resemble the primary tumors. Fibrous
reaction to the metastatic tumor is common in
breast and pancreatic carcinomas, while a “fish
flesh” texture is common in cellular and undiffer-
entiated tumors such as small cell cancer, adeno-
carcinoma of the lung, non-Hodgkin’s lymphoma,
some sarcomas, and melanoma [30, 56]. Clinically,
hepatomegaly is the most common finding, fol-
lowed by ascites, jaundice, and varices [21].

On US, metastases to the liver usually take on
one of the following appearances: hypoechoic,
mixed echogenicity, target pattern, hyperechoic,
cystic, heterogeneous or coarse echo texture with-
out focal mass [3]. Most metastatic lesions exhibit
a hypoechoic halo. This hypoechoic halo is com-
posed of compressed normal liver parenchyma,

Fig. 38a-c. Primary  hepatic  lymphoma  on  CT.  On the unenhanced CT image (aa)
a huge, slightly hypodense mass (asterisk) can be seen. The lesion shows weak, het-
erogeneous, and mainly peripheral enhancement during the arterial phase (bb), and
remains heterogeneously hypodense in the portal-venous phase (cc)
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Fig. 39a-g. Primary hepatic lymphoma. The pre-contrast T2-weighted TSE image
(aa) shows a huge, heterogeneous, well-defined, hyperintense mass (asterisk) locat-
ed in the right lobe of the liver. The lesion appears hypointense on the correspon-
ding unenhanced GE T1-weighted image (bb). On VIBE images during the dynamic
evaluation after the bolus administration of Gd-BOPTA the mass becomes hetero-
geneously hyperintense in the arterial phase (cc), with progressive enhancement
and  heterogeneous isointensity in the portal-venous (dd) and equilibrium (ee) phas-
es. On hepatobiliary phase images (ff, gg) the lesion is hypointense with hyperintense
fibrous septa (arrowheads)
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new proliferating tumor edema, and a rim of hy-
pervascularity in the periphery of the lesion (Fig.
41). In addition to a halo, metastases may take on
a target or bull’s-eye appearance due to alternat-
ing layers of hyper- and hypoechoic tissue (Fig.
42). These three patterns are highly suggestive for
malignancy [79]. Hypoechoic metastases tend to
be hypovascular, and can be secondary to lym-
phoma, melanoma, breast or lung carcinoma. Hy-
perechoic metastases in many cases correspond to
hypervascular lesions, and frequently arise from
colon, renal, breast, and islet cell carcinomas (Fig.
43). Cystic metastases are rare, and include those
from sarcomas, ovarian cancer (Fig. 44), colon
cancer, and squamous cell carcinoma. Calcified
metastases derive frequently from mucinous ade-
nocarcinomas of the colon (Fig. 45), pancreas and
ovary [79].

Liver metastases reveal neoangiogenetic phe-
nomena. Microvessels are detected within the tu-

mor, while macrovessels are rare within the lesion
but are commonly found at the periphery of the
nodules. The blood supply derives predominantly
from arterial vessels rather than from the portal-
venous system. Vascularization in general appears
to be more conspicuous in small, non-necrotic
nodules.

While color and power Doppler can demon-
strate peripheral circulation of the lesions, detec-
tion of vascularization within the lesion is relative-
ly rare.

Contrast-enhanced US in the arterial filling
phase reveals that virtually all secondary lesions
have an inflow that varies depending on the nature
of the primary tumor and the presence of necrosis.
A peripheral ring-shaped enhancement occurs in
the arterial and portal-venous phases in about
50% of metastases with a diameter of less than 3
cm. Virtually all metastases have a hypoechogenic
appearance in the portal-venous and late phases,

Fig. 40a-e. Hodgkin’s disease of the liver. Unenhanced T2-weighted images
(aa) reveal a slightly hypointense to isointense lesion (arrow) in the right liver
lobe. On unenhanced T1-weighted images (bb), this lesion is clearly hy-
pointense compared to the surrounding liver parenchyma. On arterial phase
imaging after the bolus administration of Gd-BOPTA (cc) the lesion demon-
strates hypovascularity with subsequent enhancement in the portal-venous
phase (dd). During the equilibrium phase (ee) the lesion is isointense compared
to surrounding liver parenchyma due to diffuse infiltration
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compared to the surrounding normal liver
parenchyma (Fig. 46) [5].

Contrast-enhanced CT is widely used in the fol-
low-up of secondary hepatic lesions. Since the ma-
jority of liver metastases are supplied by the he-
patic artery and do not have a significant vascular
supply from the portal system, most metastases
are hypovascular relative to the normal liver
parenchyma. These metastases nearly always
demonstrate decreased attenuation compared to
normal liver parenchyma on unenhanced CT
scans. Non-contrast CT imaging is helpful for de-
tecting calcifications, necrosis and hemorrhage
within lesions, which occur in many types of
metastases, most frequently from colon and ovari-
an cancers [79]. Hypovascular metastases are best
seen during the portal-venous phase of contrast

enhancement following the administration of con-
trast material when the normal liver parenchyma
is maximally enhanced (Fig. 47) [55]. Hypovascu-
lar metastases most commonly arise from colon,
stomach, pancreas, lung, breast, and cervix neo-
plasms.

On the other hand, hypervascular metastases
tend to be more vascular than normal liver
parenchyma and are best seen during the arterial
phase of contrast enhancement when they are
maximally enhanced. During the portal-venous
phase these lesions are often isodense compared
to  the  normal  liver  and  are  difficult  to detect
(Fig. 48). Metastases of this type include those de-
rived from renal cell carcinoma, breast carcinoma,
islet cell tumors, melanoma and sarcomas,
pheochromocytoma, carcinoid and thyroideal car-
cinoma [8].

Regardless of the hypo- or hypervascular na-
ture of the lesion, some experts consider that arte-
rial phase imaging is essential for the visualization
of metastases smaller than 1 cm in size. This is due
to the fact that the predominant blood supply de-
rives from the hepatic artery in small lesions [38].
Since small tumors do not usually outgrow their
blood supply, they generally do not have necrotic,
and thus hypovascular, central areas. Furthermore,
visualization of the hyperdense rim of typical hy-
povascular lesions, such as colon carcinoma
metastases, is frequently best achieved during the
arterial phase [13]. The equilibrium phase, howev-
er, enables an evaluation of enhancement pattern
and contrast wash-out and is thus important for
lesion characterization. In this phase some metas-
tases show central pooling and peripheral wash-
out due to desmoplastic reaction and peripheral
edema (Fig. 49).

The signal intensity of metastases varies con-

Fig. 41. Metastases with halo pattern. Ultrasound reveals a hy-
perechoic lesion (asterisk) surrounded by a regular hypoechoic rim
(arrowheads). Another metastatic homogeneous hypoechoic nod-
ule (arrow) coexists in the same patient

Fig. 42. Metastases with bull’s-eye pattern. Ultrasound reveals
two large nodular lesions (asterisks) with hyper- and hypoechoic
peripheral layers (arrowheads)

Fig. 43. Hyperechoic metastases from renal cancer. A large lobu-
lated, homogeneous, hyperechoic nodule simulating a heman-
gioma can be seen in liver segment VII (asterisk)
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Fig. 44. Cystic metastases from ovarian cancer. An anechoic nod-
ule with slighty irregular margins (asterisk) is surrounded by a thick
hyperechoic and a thin hypoechoic rim

Fig. 45. Calcified metastases from colon cancer. Ultrasound re-
veals a nodular lesion with irregular margins (arrows) and numer-
ous small calcifications with acoustic shadow

Fig. 46a-d. Metastasis from breast cancer. The pre-contrast US scan (aa) reveals a heterogeneous, slightly hypoechoic nodule (arrow-
heads), located in segment VII of the right liver lobe. In the arterial phase of the dynamic evaluation after SonoVue® administration (bb) the
lesion shows homogeneous enhancement and a thin peripheral hyperechoic rim (arrow). Conversely, the lesion appears heterogeneously
hypoechoic in the portal-venous (cc) and equilibrium phases (dd)
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Fig. 47a-c. Hypovascular metastases from colon cancer.  On unenhanced CT (aa)
a large heterogeneous hypodense lesion (asterisk) can be seen clearly. Another small
ill-defined slightly hypodense lesion (arrowhead) is less clearly seen. During the ar-
terial phase (bb) the lesion shows less vascularity than the surrounding liver parenchy-
ma. The lesions appear hypodense with increased conspicuity in the portal-venous
phase (cc)
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Fig. 48a-c. Hypervascular metastases from renal cancer. On unenhanced CT (aa) no
lesions are detected. During the arterial phase (bb) two homogeneous hypervascular
nodules (arrowheads) are seen. The nodules are isodense on the portal-venous
phase image (cc)
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siderably on MR, depending on the degree of vas-
cularity, necrosis, and hemorrhage. Generally, on
unenhanced T1-weighted images metastases have
low signal intensity compared to the surrounding
parenchyma, but may demonstrate increased sig-
nal intensity whenever intralesional hemorrhage
is present. On T2-weighted images, metastases
usually demonstrate high signal intensity relative
to the surrounding liver parenchyma, although the
signal intensity is generally lower than that typi-
cally observed in hemangiomas and cysts. The
presence of coagulative necrosis, fibrous tissue or
calcifications decreases the signal intensity on T2-
weighted images, while colliquative necrosis or
edema leads to an increase of signal intensity (Fig.
50). For metastases from adenocarcinomas, a char-
acteristic “doughnut” or “target” sign is often seen
on T2-weighted images, in which a central hy-
pointense area corresponding to necrosis is sur-
rounded by a less hypointense area corresponding
to the growth margins of the tumor.

During the arterial phase after the administra-
tion of an extracellularly-distributed contrast
agent, weak peripheral heterogeneous enhance-
ment can usually be seen, while nodular or globu-
lar enhancement patterns are rarely seen (Fig. 50).
A hypointense rim caused by edema may delineate
the lesion in the portal-venous and equilibrium
phases (Fig. 51). Often, larger metastases demon-
strate heterogeneous enhancement due to the
presence of non-enhancing central necrotic areas
(Fig. 50). On equilibrium phase T1-weighted im-
ages, lesions are typically heterogeneously hy-
pointense, often with a characteristic  “target”,
“halo”, “peripheral  wash-out” or  “doughnut” ap-
pearance (Fig. 51). Hypervascular metastases are
usually hypo- to isointense on unenhanced T1-
weighted images and tend to reveal strong tran-
sient enhancement in the arterial phase followed
by isointensity in the portal-venous and equilibri-
um phases (Fig. 52) [60].

The use of contrast agents with liver-specific
properties is generally considered appropriate for
both the detection and diagnosis of metastases.
Both positive and negative contrast agents signifi-
cantly improve detection capability compared to
spiral CT [12, 33, 85, 91]. Dual contrast agents such

as Gd-BOPTA and Gd-EOB-DTPA, which have
both extracellular and hepatobiliary properties,
enable improved characterization that can be par-
ticularly important in cases where benign and ma-
lignant lesions coexist in the same patient (Fig. 53).

On dynamic phase images the pattern of en-
hancement seen after Gd-BOPTA or after bolus in-
jection of another Gd-chelate may provide useful
information on the extent of tumor vasculariza-
tion, and thus aid in tumor characterization (Fig.
54). Lesion detectability can also be improved on
MR by the acquisition of liver-specific delayed
scans after administration of Gd-BOPTA or other
liver-specific contrast agents. The greatest improve-
ment in detection has been observed for metastases
smaller than 1 cm in diameter (Figs. 55, 56) [89].

With mangafodipir trisodium, metastases usu-
ally appear hypointense against a strongly en-
hanced normal liver (Fig. 57) [101]. In some cases,
it is possible to observe a rim of peripheral en-
hancement surrounding the metastasis, which can
be useful for discriminating metastases from other
liver lesions such as cysts and hemangiomas [85].
Unfortunately, metastases from neuroendocrine
tumors may show enhancement after man-
gafodipir trisodium. Moreover, some heman-
giomas may be confused with metastases, due to
the low signal intensity on T2-weighted images
and hypointensity on delayed hepatobiliary phase
T1-weighted images (Fig. 58).

SPIO contrast agents are particularly helpful
for lesion detection. Due to the absence of Kupffer
cells, metastases generally do not show significant
signal drop after SPIO administration and thus ap-
pear as hyperintense nodules against a darkened
normal liver (Fig. 59). However, the lack of a dy-
namic imaging capability means that SPIO agents
often present the same problem as mangafodipir
trisodium when the need is to differentiate be-
tween metastases and coexisting benign lesions. To
a certain extent this problem, inherent to SPIO
agents, may be overcome by USPIO agents for
which both dynamic and late phase imaging is
possible. Dynamic T1-weighted evaluation after
SH U 555 A administration may reveal enhance-
ment of liver metastases, most frequently at the pe-
riphery on arterial phase images (Fig. 60) [33].
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Fig. 49a, b. Metastases with central pooling from colon cancer. The unenhanced CT scan (aa) shows numerous ill-defined hypodense
nodules (arrows). In the equilibrium phase (bb) the nodules demonstrate central contrast agent pooling and peripheral wash-out (arrow-
heads)

aa bb

Fig. 50a-d. Metastases from gallbladder cancer. On the unenhanced Turbo SE T2-weighted image (aa) and the GE T1-weighted image (bb)
the nodules (arrowheads in aa) appear heterogeneously hyperintense and hypointense, respectively. Some nodules are confluent resulting
in a large mass (asterisk). During the arterial phase after contrast agent administration (cc) peripheral enhancement is evident in many nod-
ules. These nodules are more conspicuous during the portal-venous phase (dd)

aa bb  

cc dd
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Fig. 51a-e. Hypovascular metastases from colon cancer. The unenhanced SE
T2-weighted image (aa) and the GE T1-weighted image (bb) reveal two hetero-
geneous hyperintense and hypointense lesions (arrows) in segments IV and
VIII. The arterial phase image (cc) reveals poor and heterogeneous enhance-
ment of the larger lesion. A low intensity peripheral rim due to hepatic
parenchymal edema is also apparent. In the portal-venous phase (dd), both le-
sions remain hypointense compared with normal liver tissue. The equilibrium
phase image (ee) reveals irregular enhancement in the larger lesion and pe-
ripheral enhancement of the smaller lesion

aa bb

cc dd

ee
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Fig. 52a-d. Hypervascular metastases from gastrinoma. On the unenhanced Turbo SE T2-weighted image (aa) the nodule (white arrow)
is seen as homogeneously hyperintense with distinct borders. The GE T1-weighted image (bb) reveals a sharply demarcated, hypointense le-
sion with homogeneous signal intensity. During the dynamic study after the administration of gadolinium contrast agent, the lesion
demonstrates initial strong homogeneous hypervascularization during the arterial phase (cc) followed by isointensity in the portal-venous
phase (dd) due to rapid wash-out

aa bb

cc dd

Fig. 53a-e. Detection and characterization of liver metastases from
melanoma with Gd-BOPTA. On unenhanced Turbo SE T2-weighted images (aa)
three nodules (arrowheads) demonstrating different degrees of hyperintensi-
ty can be seen. On the GE T1-weighted image (bb) two of these lesions are seen
as hypointense while the third small nodule (arrowhead) appears slightly hy-
perintense. Dynamic evaluation (cc, dd) after Gd-BOPTA administration charac-
terizes two lesions as hemangiomas (arrows in dd), due to the presence of pe-
ripheral nodular enhancement, centripetal filling-in and complete filling-in.
The metastatic lesion (arrowhead in dd) shows homogeneous enhancement in
the arterial phase (cc) and wash-out in the equilibrium phase (dd). While the
metastasic lesion appears as an ill-defined hypointense nodule in the equilib-
rium phase, the hemangiomas are both hyperintense. Each of the lesions is
seen as hypointense on the hepatobiliary phase image (ee)

aa bb

cc

ee

dd
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Fig. 54a-e. Hypervascular metastases from neuroendocrine pancreatic tu-
mor. The unenhanced GE T1-weighted image (aa) shows a hypointense sub-
capsular nodule (arrow) with a slight retraction of the liver surface. On the
HASTE T2-weighted image (bb) an additional small lesion (arrows) adjacent to
the right hepatic vein can be depicted. Both lesions show strong homoge-
neous hypervascularization in the arterial phase (cc) after the administration of
Gd-BOPTA followed by near isointensity in the portal-venous phase (dd). Hepa-
tobiliary phase images (ee) reveal much better contrast between the lesions
and the surrounding parenchyma in comparison to that seen on unenhanced
T1-weighted images

aa bb

cc

ee

dd
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Fig. 55a-f. Metastases from endocrine tumor. A small, slightly hyperintense lesion (arrow) can be seen on the HASTE T2-weighted image
(aa). The lesion appears as hypointense on the unenhanced T1-weighted image (bb). On dynamic imaging after the bolus administration of
Gd-BOPTA the lesion demonstrates initial enhancement during the arterial phase (cc) and wash-out in the portal-venous phase (dd). On the
hepatobiliary phase image (ee) the nodule does not show any capacity to take up Gd-BOPTA and appears hypointense. Another very small
nodule (white arrow) can be seen only in the hepatobiliary phase (ff)

aa bb

cc

ee ff

dd
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aa bb

cc dd

ee ff

Fig. 56a-f. Metastases from melanoma. On the unenhanced T2-weighted HASTE sequence (aa) no focal lesions can be detected. Con-
versely, a small, well-defined hyperintense nodule with a thin hypointense rim (arrowhead) is clearly depicted on the pre-contrast GE T1-
weighted “in-phase” (bb) and “out-of-phase” (cc) images. The nodule is isointense compared to the surrounding liver during the dynamic
study after the bolus administration of Gd-BOPTA (dd-ee).  In the hepatobiliary phase (ff) the lesion (arrowhead) again appears markedly hy-
perintense compared to the normal liver parenchyma due to presence of melanin

Fig. 57. Metastases from pancreatic cancer. After administration of man-
gafodipir the liver metastases (arrowheads) appear as hypointense nodules
against the surrounding enhanced normal liver parenchyma
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aa bb

cc

Fig. 58a-c. Metastases from melanoma. This figure shows the same case as
Fig 53. All lesions are hypointense on the hepatobiliary phase image after the
administration of mangafodipir. On the sole basis of the signal intensity on
unenhanced and hepatobiliary phase images, it is difficult to distinguish
metastases from hemangioma

Fig. 59a, b. Metastases from colon cancer. Several small hyperintense nodules are demonstrated on the unenhanced Turbo SE T2-
weighted image (aa). After SPIO administration (bb) the lesions (arrowheads) do not show a signal drop and are therefore better delineated.
Additional nodules can also be seen

aa bb



232 MRI of the Liver

Fig. 60a-f. Metastases from melanoma. On the unenhanced Turbo SE T2-weighted image (aa) a small hyperintense nodule (arrow) can be
seen. On the GE T1-weighted image (bb) the lesion is seen as hyperintense and well-delimited. On dynamic phase images after the bolus in-
jection of SH U 555 A , the nodule does not show significant enhancement (cc-dd). On GE T1-weighted images acquired 10 min after SH U 555
A administration (ee) the signal of the parenchyma is decreased compared to that of the lesion indicating the inability of the latter to take
up USPIO . On the delayed phase Turbo SE T2-weighted image (ff) the lesion appears brighter and better delineated compared to the un-
enhanced images

aa bb

cc dd

ee ff
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7.1
Introduction - Imaging Technique

The imaging techniques employed to evaluate the
biliary system are usually selected on the basis of
the diagnostic information required, the clinical
presentation, and the body habitus. Although ultra-
sound (US) and computed tomography (CT) are the
primary non-invasive imaging modalities for
screening patients with biliary tree pathology, MR
cholangiopancreatography (MRC) is rapidly assum-
ing a more important role in non-invasive evalua-
tion of the intra- and extrahepatic bile ducts. Percu-
taneous transhepatic cholangiography (PTC) and
endoscopic retrograde cholangiopancreatography
(ERCP) are able to provide detailed information on

ductal anatomy and pathology through direct
opacification of the bile ducts [72]. These tech-
niques are also very useful as non-surgical thera-
peutic methods for biliary drainage, stent place-
ment, stone removal and stricture dilatation.

US is generally used to screen patients with
suspected biliary ductal disease. It is usually per-
formed using the highest-frequency transducer at
3.5 MHz in obese patients and 5 MHz in thin pa-
tients. However, whereas the choledochal and com-
mon hepatic ducts can usually be seen, the intra-
hepatic ducts are rarely seen unless they are dilat-
ed. Usually the common hepatic duct and the com-
mon biliary duct are evaluated using parasagittal
scans and appear as tubular hypoechoic struc-
tures. The common hepatic duct is identified ante-
riorly and laterally to the proximal main portal
vein or the undivided right portal vein. The right
hepatic artery passes between the posteriorly lo-
cated portal vein and the anteriorly located com-
mon hepatic duct which can usually be measured
at this level. The common bile duct is difficult to
evaluate in the distal portion because of overlying
gas in the duodenum and hepatic flexure. Howev-
er, visualization can be improved by scanning the
patient in a semi-erect position [67]. Color
Doppler US is very helpful in distinguishing bile
ducts from small hepatic vessels, especially in the
left lobe where parallel branching hepatic anterior
and portal veins may mimic dilated left intrahep-
atic ducts.

Frequently, US is able to visualize not only the
dilated ducts in patients with biliary obstruction,
but also the lesion associated with the duct dilata-
tion. Biliary dilatation may also be observed in the
absence of obstruction in patients who have un-
dergone prior biliary surgery and cholecystecto-
my, or in subjects with resolved obstruction [54].

Whereas most abdominal US examinations are
performed after prolonged fasting, the administra-
tion of a fatty meal prior to examination of the bil-
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iary tree is an adjunctive maneuver that provides
functional information in addition to increasing
the accuracy of obstruction detection. Whereas a
normal, non-obstructed duct decreases in size or
does not change in caliber, an increase in caliber of
2 mm or more suggests some degree of ductal ob-
struction and the need for further evaluation [58].

On CT, bile ducts appear as water-dense tubular
branching structures converging at the porta he-
patis. The common hepatic duct and the common
biliary ducts have a similar shape, and are general-
ly visible within the hepatoduodenal ligament. The
distal common biliary duct appears on cross-sec-
tion as a circular, low-density structure in the pan-
creatic head. The normal hepatic duct on CT scans
is 3-6 mm in diameter, and the common bile duct
is 6-7 mm in diameter. Most CT examinations are
performed in three phases (pre-contrast, arterial
and portal-venous), frequently after the ingestion
of 500-800 ml of water to distend the gastrointesti-
nal tract.

Multi-detector computed tomography (MDCT)
has greatly enhanced the capabilities of CT to as-
sess the upper abdomen, and is increasingly prov-
ing useful for the evaluation of biliary duct dis-
ease. In addition, because the total length of the
common bile duct can be delineated more com-
pletely, MDCT may be a more useful means of pre-
cisely defining the site and cause of biliary ob-
struction. This imaging modality permits precise
evaluation of biliary tract abnormalities such as
choledocholithiasis, hepatolithiasis, cholangiocar-
cinoma, extrinsic lesions obstructing the biliary
tract, and congenital biliary tract anomalies [26].

MR imaging (MRI) has become more useful for
biliary system imaging since the introduction of
fast imaging strategies, gradient echo sequences,
fast spin-echo sequences, and half-Fourier acquisi-
tion single-shot sequences (HASTE). MRC in asso-
ciation with morphologic imaging using T1- and
T2-weighted sequences, has emerged as an accu-
rate, non-invasive alternative to diagnostic endo-
scopic retrograde cholangiography (ERC) for the
evaluation of diseases of the biliary tract [75].

MRC is performed using heavily T2-weighted
sequences that depict the hyperintense fluid con-
tained within the bile ducts with high signal inten-
sity, whereas suppression of the signal of sur-
rounding, non-fluid containing structures is
achieved due to the long echo-time. MR images are
acquired in the coronal and axial planes, typically
with the use of a phase-array imaging coil to in-
crease overall accuracy [48].

MRC is usually performed using a multisection
technique involving the acquisition of multiple 1-3
mm thick source images of the pancreaticobiliary
tract. Because of the orientation of the normal bile
duct, the biliary tract is usually partially visualized
on each of several images rather than visualized in

its entirety on a single image. Although diagnostic
decisions are usually made on the basis of the
source images, three-dimensional (3D) images can
be obtained with maximum intensity projection
(MIP) and multiplanar reconstruction (MPR)
techniques. Moreover, 3D images are able to pro-
vide a road map of the obstructed ductal system,
delineate complex strictures, and assist in the
planning of percutanous, surgical, and endoscopic
procedures [19].Another approach, which obviates
the need for MIP post-processing, is to employ a
single-shot projection technique to obtain a 30-70
mm thick image, during a three second acquisi-
tion.

The availability of MR contrast agents with he-
patobiliary properties such as Gd-BOPTA, Mn-
DPDP and Gd-EOB-DTPA, which are in part elim-
inated through the hepatobiliary system, permit
the biliary tree to be visualized on T1-weighted
images. This approach may prove useful for evalu-
ating leakage from the biliary tree after hepatic re-
section or liver transplantation [21, 23].

7.2
Anatomy

7.2.1
Normal Anatomy

The liver is divided into the left and right lobe, and
each lobe is divided into segments on the basis of
its vascular anatomy and biliary drainage. The in-
trahepatic bile ducts generally follow the internal
hepatic segmental anatomy. In the left lobe, a left
medial segment duct and a left lateral segment
duct normally join to form the main left hepatic
duct. The right hepatic duct branches near its ori-
gin at the common hepatic duct. Frequently, the
right hepatic duct has a dorso-caudal branch,
draining the posterior segment of the right lobe,
and a ventro-cranial branch, draining the anterior
segment of the right lobe. Ductal drainage of the
caudate lobe is variable and may be related to the
left or right ductal system. The left and right he-
patic ducts unite just outside the liver to form the
common hepatic duct, which is usually 3-4 cm in
length. The common hepatic duct courses ventral-
ly and inferiorly with the hepatic artery and the
portal vein from the porta hepatis in the hepato-
duodenal ligament. The common hepatic duct
joins the cystic duct to form the common bile duct
that averages 6-7 cm in length. The common bile
duct is divided into suprapancreatic, intrapancre-
atic, and ampullary segments, and enters the pos-
terior-medial aspect of the second portion of the
duodenum through a 1-2 cm long intramural tun-
nel terminating at the major duodenal papilla
(Papilla of Vateri). The common bile duct in many
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cases joins the pancreatic duct in the duodenal
wall, and has a short common channel. The
sphincter of Oddi surrounds the common channel
and the choledochal sphincter surrounds the com-
mon bile duct from its entrance into the duodenal
wall to its junction with the pancreatic duct. Mi-
croscopically, the extrahepatic ducts are composed
mainly of elastic fibers, and are sparse in muscle
fibers. This explains their change in size in re-
sponse to fluctuations in intraductal pressure.

The gallbladder is an elliptical organ that strad-
dles the intersegmental plane between liver seg-
ments IV and V. The gallbladder is divided into four
parts: the fundus, the body, the infundibulum, and
the neck. Usually the organ is attached to the liver
by the parietal peritoneum. When relaxed, the nor-
mal gallbladder is approximately 10 cm long, 3-5
cm in diameter and has a capacity of approximate-
ly 50 ml. The gallbladder wall is usually 2-3 mm
thick and composed of columnar epithelium. Lym-
phatic drainage of the gallbladder descends around
the bile duct and involves cystic and perichole-
dochal lymph nodes. From the pericholedochal
nodes the drainage continues to nodes found poste-
rior to the pancreas, portal vein, and common he-
patic artery, until finally the lymphatic flow reaches
the lymph nodes of the interaortocaval region, celi-
ac artery, and superior mesenteric artery. The gall-
bladder communicates with the common bile duct
via the cystic duct, which is 2-4 cm in length, and
contains tortuous folds known as the spiral valves
of Heister near the neck of the gallbladder. The cys-
tic duct usually joins the common hepatic duct ap-
proximately halfway between the porta hepatis and
the ampulla of Vateri to form the common bile duct.

7.2.2 
Biliary Tree and Gallbladder Anomalies

The primitive liver is composed of bipotential em-
bryonic cells that can differentiate into either
parenchymal or biliary cells. Biliary differentiation
occurs when the embryonic cells are in contact
with the mesenchyme surrounding the portal vein
ramifications; this cell layer ultimately forms an
epithelial cylinder called the ductal plate. Some
segments of the cylindrical lumen form tubular
structures that are gradually incorporated into the
portal mesenchyme. This results in the portal triad
acquiring a tubular bile duct surrounded by portal
connective tissue. Abnormalities in ductal plate
development can affect any level of the biliary tree,
thereby explaining the diversity of congenital bile
duct abnormalities [15].

Biliary tree malformations, with the exception
of choledocal cysts, are often asymptomatic.
Therefore the diagnosis is frequently not made un-
til adulthood.

7.2.2.1
Choledochal Cyst and Cystic Dilatation of the
Bile Duct

Choledochal cysts are anomalies of the biliary sys-
tem characterized by dilatation of the extrahepatic
or intrahepatic bile ducts. These anomalies are
more frequent in females with a ratio of 4:1. In
about 60% of cases the diagnosis is made in the
first ten years of life, although choledochal cysts
may become evident at any age (see Chap. 10,“MR
Imaging of the Liver in Pediatric Patients”, section
10.3.6, “Choledochal Cyst and Cystic Dilatation of
the Bile Duct”).

Choledochal cysts are considered to arise as a
result of an anomalous junction of the pancreatic
duct and common bile duct resulting in a long
common channel [28]. This was first recognized in
1969 by Babbitt [4], who suggested that this long
common channel allowed reflux of pancreatic en-
zymes into the common bile duct, with subsequent
inflammation and weakening of the common bile
duct wall with progressive dilatation.

Until recently, the Todani Classification [64]
(Fig. 1) was used to categorize cystic dilatation of
the biliary ducts. According to this classification,
type I, the most common type, comprises cystic
(IA), focal segmental (IB), and fusiform chole-
dochal dilatations (IC); type II cysts are true di-
verticula arising from the common bile duct; type
III cysts, also known as choledochoceles, are di-
latations of the intraduodenal portion of the com-
mon bile duct; type IV cysts are multiple intra-
and extrahepatic cysts (IVA) or multiple extrahep-
atic cysts (IVB); and type V choledochal cysts, also
known as Caroli’s disease, are multifocal cystic or
saccular dilated intrahepatic bile ducts that may
diffusely involve the liver, or less commonly in-
volve only the left segment of the liver.

A more recent classification scheme, the Miyano
Classification [47] (Fig. 2), now classifies chole-
dochal cysts according to an association with the
common channel. The disease is thus classified as:
1) associated with the common pancreatic bile

duct: A (cystic), B (with intrahepatic biliary tree
dilatation), C (fusiform),

2) without common pancreatic bile duct associa-
tion: D (diverticula), E (sub-stenosis of the
papilla with distal dilatation), F (intrahepatic
dilatations – Caroli’s disease).
Choledochal cysts typically vary from 1-10 cm,

in size, although larger forms exist which may con-
tain 5-10 l of bile. Histopathologically, the wall is
usually thickened by inflammation and fibrosis,
and is stained with bile; islets of cylindrical or
columnar epithelium and intestinal metaplasia
may be present.

The classic clinical triad of pain, a mass in the
right upper abdominal quadrant and jaundice oc-
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curs in fewer than a third of patients with chole-
dochal cysts. In newborns and infants, obstructive
jaundice is the most common presentation, while
in older children and adults the signs and symp-
toms are those of ascending cholangitis [65].

From the surgeon’s point of view, road mapping
is important for planning the operative approach
to choledochal cysts. Information on the anom-
alous arrangement of the pancreaticobiliary duct
system and the morphology of the duct is ex-
tremely important for determining the appropriate
surgical procedure. Surgeons are concerned about
the exact location of the pancreatic duct, the site of
entry in the duodenum, and the length of the com-
mon channel.

At US these malformations appear as anechoic,
hypoechoic fusiform or cystic lesions in the region
of the porta hepatis, with communication to the
biliary tree (Fig. 3). The gallbladder is always
wellseparated from the cyst. Often it is possible to
observe intraluminal sludge or stones within the
biliary tree. Color-Doppler US shows the absence
of vascularization within the cyst (Fig. 4). Unfortu-
nately, the precise extent of cystic dilatation of the
biliary system, the relationship of the cyst to the
gallbladder and pancreatic duct, and the angle and
site of the junction with the duodenum may be dif-
ficult to assess using US [36].

ERCP is frequently used to study the biliary
tree in patients with choledochal cysts. However, it

Fig. 1. Todani Classification of cystic dilatation
of the biliary ducts

Fig. 2. Miyano Classification of cystic dilatation
of the biliary ducts
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is a diagnostic procedure that demands technical
expertise and a number of safety measures, and it
is not without complications. These include devel-
opment of sepsis in an obstructed system, perfora-
tion of the viscera pancreatitis, and overdose of
contrast agent.

At present, CT cholangiography (CTC) and in-
creasingly, MRC, are effective non-invasive imag-
ing alternatives to invasive cholangiography and
ERCP, particularly in adult patients. MRC in par-
ticular appears to offer similar information to ER-
CP without the potential complications [45]. Both
MRC and CTC offer comparable performance in
establishing a diagnosis of choledochal cyst in pe-
diatric patients [36].

MRC is based on imaging of stationary fluids on
heavily T2-weighted pulse sequences. Since bile and
pancreatic secretions have high signal intensity,
choledochal cysts are characterized by a hyperin-
tense tubular, fusiform or cystic structure (Fig. 5).

For the detection of intraductal stones CTC
seems to be slightly superior to MRC. This could

be related to the fact that the signal within the bil-
iary tree is generated by the long T2 of bile. Since
the T2 is shortened by protein plugs and stones,
these may be more difficult to see on MRC com-
pared to CTC. Nevertheless, when MRC is used, 2D
reconstruction appears to be superior to 3D recon-
struction for the detection of intraductal stones
(Fig. 6).

7.2.2.2 
Caroli’s Disease

Caroli’s disease, also known as communicating
cavernous ectasia of the biliary tree, is a rare con-
genital disorder characterized by non-obstructive,
saccular or fusiform dilatations of the intrahepatic
bile ducts. It corresponds to type V of the Todani
Classification and to type F of the Miyano Classifi-
cation and occurs with equal frequency in males
and females.

Two types of the disease have been described:
the real, so-called “pure” type, and the more com-
mon type associated with congenital hepatic fibro-
sis. The less common pure form is characterized
by saccular, digitate, or moniliform estasia of the
intrahepatic bile ducts, with no other histologic
abnormalities. The abnormalities typically pre-
dominate in one segment, usually in the left lobe,
and may be diffuse or localized. The ectasias com-
municate freely with the bile ducts, promoting sta-
sis and sludge formation, which can lead to lithia-
sis and cholangitis. Biliary infection and stones ac-
count for the usual presenting symptoms of fever
and abdominal pain. Cholangiocarcinoma devel-
ops in approximately 5-10% of cases [46].

The more common form presents in childhood
with abnormalities related to hepatic fibrosis and
portal hypertension. In contrast to congenital he-
patic fibrosis that arises due to the abnormal de-
velopment of small interlobular bile ducts, the

Fig. 3a, b. Choledochal cyst. US scans of choledochal cysts show an anechoic fusiform lesion (aa, arrowhead) and a cystic lesion (bb, aster-
isk) in the region of the liver hilum

Fig. 4. Choledochal cyst. On Color Doppler US the choledochal
cyst does not show any vascularization

aa bb



242 MRI of the Liver

aa bb

cc dd

ee ff

gg

Fig. 5a-g. Choledochal cyst type IC. On heavily T2-weighted sequences (aa-ff), the
choledochal cyst appears as a fusiform, markedly hyperintense structure (arrow-
heads). The cyst shows reduction in calibre (cc-ff) just above the union with the
Wirsung duct (arrow). 3D MR cholangiography (gg) shows the ductal dilatation that
involves the right hepatic duct (arrowhead). Note the normal calibre (arrow) below
the conjunction between the choledochal cyst and Wirsung duct
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more common form of Caroli’s disease affects the
large intrahepatic bile ducts. Histologically, intra-
hepatic bile duct ectasia and proliferation are as-
sociated with severe periportal fibroses. Compared
with “pure” Caroli’s disease, biliary duct dilatation
is less marked in this form and cholangitis and bil-
iary stone formation are usually absent. However
severe problems may arise due to liver failure or
complications associated with portal hyperten-
sion.

Proposed mechanisms for bile duct malforma-
tion include abnormal growth of the developing
biliary epithelium and supporting connective tis-
sue, and a lack of normal involution of the ductal
plates that surround the portal tracts, resulting in
epithelium-lined cysts surrounding the portal tri-
ads [34]. In the complex form, the genetic factor
that causes the arrest in ductal plate remodeling
seems to act not only during the early phase of em-
bryogenesis, but also later during development of
the more slender intrahepatic bile ducts and inter-
lobular ducts. This results in the development of
hepatic fibrosis at a more peripheral level of the
biliary tree. Both forms of Caroli’s disease can oc-
cur in combination with kidney abnormalities
such as infantile polycystic kidney disease and
medullary sponge kidney as well as other types of
choledochal cysts. If all levels of the biliary tree are
involved, features of both congenital hepatic fibro-
sis and Caroli’s disease are present. This condition
is often termed Caroli’s syndrome [34, 41, 46].

Macroscopically, the intrahepatic cystic dilata-
tions are round or lanceolate, from a few millime-
ters up to 5 cm in size, and may be separated by
stretches of essentially normal duct. Microscopi-
cally, the dilated ducts frequently show chronic in-

flammation, and varying degrees of fibrosis and
hyperplasia. Patients typically suffer from bouts or
recurrent fever and pain, and jaundice may occur
when sludge or stones block the common bile
duct.

In the pure form of Caroli’s disease, cholan-
giography reveals multiple communicating sacculi
of the intrahepatic biliary tree. Stones are common
and appear as filling defects. Bile duct strictures
and wall irregularities may occur as a consequence
of recurrent cholangitis.A similar appearance may
be observed with magnetic resonance cholan-
giopancreatography (MRCP).

On US and CT examinations, the sacculi appear
as well-defined intrahepatic cystic anechoic and
hypodense areas, respectively (Fig. 7, 8). Color
Doppler US usually reveals a characteristic “dot
sign” related to the presence of portal vein branch-
es at the periphery of the bile duct dilatation. The
presence of stones and/or sludge may increase
echogenecity and density, and the content may ap-
pear heterogeneous. Demonstration of communi-
cation between sacculi and the bile duct is impor-
tant in distinguishing Caroli’s disease from poli-
cystic liver disease, but this is not easy to detect
when the disease is in the early stages [46].

On MR imaging, the sacculi appear as homoge-
neously hypointense areas on T1-weighted images
and as homogeneously hyperintense areas on T2-
weighted images (Fig. 9). The signal intensity is
generally homogeneous but may appear heteroge-
neous if stones, sludge, or phlogistic material are
present within the sacculi and bile ducts (Fig. 10).
In this latter situation, the surrounding liver
parenchyma may also show changes in signal in-
tensity [3]. MRCP is a valid tool for demonstrating

aa bb

Fig. 6a, b. Choledochal cyst. 2D MR-cholangiography in coronal orientation (aa) demonstrates a choledochal cyst and well-defined,
round, hypointense intraductal structures (arrowheads) that correspond to stones. On 3D MR-cholangiography (bb) the number and size of
stones (arrowhead) is less accurately defined
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Fig. 7. Caroli disease. On US, round and tubular, hypoechoic struc-
tures (arrowheads) are visible

Fig. 8. Caroli disease. On unenhanced CT, numerous hypodense
lesions (arrows) with variable shape can be seen in both lobes of
the liver, but predominantly in the right liver lobe

Fig. 9a, b. Caroli disease. On pre-contrast T1-weighted GRE (aa) and T2-weighted TSE (bb) images, diffuse intrahepatic round lesions (ar-
rows), corresponding to intrahepatic sacculi, are homogeneously hypointense and homogeneously hyperintense, respectively

aa bb

aa bb

Fig. 10a, b. Caroli disease. Pre-contrast T1-weighted GRE (aa) and T2-weighted TSE (bb) images show heterogeneity within the sacculi (ar-
rowheads) due to the presence of intraductal stones
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communication between sacculi and bile ducts
(Fig. 11), which is positively demonstrated with
Gd-BOPTA and other hepatobiliary contrast
agents if contrast material is present within the
sacculi and bile ducts during the hepatobiliary
phase after administration (Fig. 12).

Differential diagnoses of Caroli’s disease in-
clude primary sclerosing cholangitis, recurrent
pyogenic cholangitis, and polycystic liver disease.
Primary sclerosing cholangitis and recurrent pyo-
genic cholangitis may be associated with duct di-
latation, stenosis, intrahepatic calculi, and malig-
nancy. The ductal dilatation in primary sclerosing
cholangitis is typically more isolated and fusiform
than saccular (Fig. 13), and is not characteristic of
Caroli’s disease. Recurrent pyogenic cholangitis is
the most difficult diagnosis to exclude because pa-
tients with pyogenic cholangitis present with sep-
sis and have intra- and extrahepatic biliary dilata-

tion. Saccular dilatation favors the diagnosis of
Caroli’s disease because it is not typical in recur-
rent pyogenic cholangitis. Hepatic cysts of poly-
cystic liver disease do not communicate with the
bile ducts (see Fig. 54, Chapter 4).

7.2.2.3 
Biliary Atresia

Biliary atresia is an obliterative cholangiopathy
that may affect not only the extrahepatic but also
the intrahepatic bile duct system, with complete
obliteration or discontinuity of the hepatic or
common bile ducts at any point from the porta he-
patis to the duodenum. Obstruction of bile flow
leads to cholestasis, progressive fibrosis, and ulti-
mately, cirrhosis. The disorder occurs once every
10,000-15,000 live births and is more common in
girls than in boys [5]. It accounts for approximate-
ly one third of all cases of prolonged neonatal
cholestatic jaundice (see Chapter 10,“MR Imaging
of the Liver in Pediatric Patients”, Section 10.5.2,
“Biliary Atresia”).

Although factors such as developmental malfor-
mation, perinatal viremia (cytomegalovirus, rubel-
la, retroviruses), and toxicity of bile constituents
have been implicated, the actual cause of biliary
atresia remains unknown [9, 22]. A single, unifying
cause appears unlikely, and it seems more probable
that there is etiologic heterogeneity that results in a
progressive sclerosis; for example, an inflammatory
process that affects the extrahepatic biliary tract
leading to ductular luminal obliteration [5].

Biliary atresia occurs in two clinical forms, the
embryonic or fetal type, and the perinatal type.
The latter form is more frequent, and accounts for
more than 60% of cases. The fetal variant may be
associated with congenital malformations such as
polysplenia, cardiovascular defects, abdominal si-
tus inversus, intestinal malrotation, and anomalies
of the portal vein and hepatic artery [22].

Fig. 11. Caroli disease on MRCP. Same case as demonstrated in
Fig. 9. MRCP demonstrates diffuse, hyperintense, round and cystic
lesions, distributed in both lobes of the liver, with a flower tree ap-
pearance

Fig. 12a, b. Caroli disease. On the unenhanced T1-weighted GRE image (aa) the cystic sacculi are heterogeneously hypointense. On the
T1-weighted GRE image (bb) acquired during the hepatobiliary phase after the administration of Gd-BOPTA (0.1 mmol/kg BW) the cystic sac-
culi demonstrate an increase of signal intensity due to the presence of contrast agent within the cysts

aa bb
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Biliary atresia can be classified in three ways
according to the site of the obstruction:
• type I, obstruction at the level of the common

bile duct;
• type II, obstruction at the level of common he-

patic duct;
• type III, obstruction at the level of the porta he-

patis.
The latter type is considerably more frequent

and accounts for more than 90% of cases [9].
The macroscopic aspect of the liver varies ac-

cording to the stage of the disease. At first it en-
larges and is dark green in color, becoming finely
nodular as cirrhosis develops. In untreated cases
cirrhosis may take between 1 and 6 months after
birth to develop. Microscopically, cholestasis, peri-
portal ductal proliferation, and the presence of bile
plugs in cholangioles and interlobular bile ducts
are apparent. Fibrosis is progressive with a peri-
portal and perilobular distribution. Linkage of
portal areas is frequent and secondary biliary cir-
rhosis is a possible development [5]. In biliary
atresia the liver parenchyma can be normal in
structure, or demonstrate signs of biliary cirrhosis
with a prominent hepatic artery.

Signs on US that may be related to biliary atre-
sia include the shape and contractility of the gall-
bladder and the presence of the “triangular cord”.

In cases of biliary atresia, the gallbladder has a
ghostlike appearance and these features have been
described as the “gallbladder ghost triad” [25].
This consists of an atretic gallbladder of less than
1.9 cm in length, an absent or thinned smooth
echogenic mucosal lining with indistinct walls, and
a knobbly, irregular, or lobular contour (Fig. 14). A
triangular- or tubular-shaped echogenic density
on transverse or longitudinal scans represents a fi-
brous cone at the porta hepatis known as the tri-
angular cord (Fig. 15). This focal hyperechogenici-
ty associated with perivascular hyperechogenicity
is related to progressive fibrosis and ductal sclero-
sis, and is very useful for the diagnosis of biliary
atresia (Fig. 16) [12, 32].

Although scintigraphy is not used routinely,
Technetium TC 99m iminodiacetic acid derivatives
are rapidly excreted from the blood by hepatocytes
and excreted into the bowel through the biliary
system. With biliary obstruction, this material ac-
cumulates in the liver and none appears in the
bowel (Fig. 17). When employed for imaging of in-
fants, phenobarbital should be given for five days
before the study. This is because phenobarbital in-
creases bilirubin conjugation and excretion and
has a choleretic effect, and thus enhances and ac-
celerates the uptake of iminodiacetic acid ana-
logues by the liver [17].

Fig. 13a-c. Primary sclerosing cholangitis. T2-weighted images (aa, bb) show
intrahepatic, fusiform, hyperintense, ductal dilatation (arrows) associated with
ductal stenosis (arrowheads). The intrahepatic ductal dilatation and stenosis
are well depicted on the 3D-MRC image (cc)cc

aa bb
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Fig. 14a, b. Biliary atresia. US scans of two different patients with biliary atresia show different gallbladder shapes. In (aa) a very small,
atretic gallbladder (arrows) is apparent, while in (bb) an enlarged gallbladder (asterisk) with a thinned wall is seen

aa bb

Fig. 15a, b. Biliary atresia. US scans show the triangular cord (arrowheads) as tubular (aa) or triangular (bb) hyperechoic tissue located at
the porta hepatis

aa bb

Fig. 16a, b. Biliary atresia. On US B-mode (aa) and color Doppler US (bb) scans, perivascular hyperechogenicity (arrowheads) corresponding
to progressive fibrosis is clearly seen
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On T2-weighted MR imaging, moderately high
signal intensity along the portal tract that extends
peripherally from the porta hepatis correlates with
periductal edema and inflammatory cell infiltra-
tion. Although biliary atresia can be reliably diag-
nosed on the basis of the lack of visualization of ei-
ther the common bile duct or the common hepatic
duct, findings on MRC should still be interpreted
in relation to clinical information [22, 29, 52].

The prognosis of untreated biliary atresia is ex-
tremely poor, with death from liver failure usually
occurring within two years. However, hepato-por-
to-enteroanastomy can restore bile flow in many
cases if surgery is performed sufficiently quickly
after diagnosis. Additional predictors of a poor
outcome are caucasian race, the severity of the in-
trahepatic biliary cholangiopathy, the presence of
cirrhosis on initial biopsy, and absence of ducts at
the level of the liver hilus. The outcome correlates
directly with the size of the bile duct remnants
identified in the porta hepatis at surgery. Bile duct
profiles of more than 150 mm and lined with
columnar epithelium have been associated with a
good surgical result [11, 24].

7.2.2.4 
Agenesis of the Gallbladder

Failure of development of the caudal foregut diver-
ticulum or failure of vacuolization after the solid
phase of embryonic development results in agene-
sis of the gallbladder. In about two thirds of pa-
tients with gallbladder agenesis it is possible to ob-

serve other congenital anomalies, such as congen-
ital heart lesions, polysplenia, imperforate anus,
absence of one or more bones, and rectovaginal
fistula [66].

Patients may be asymptomatic or present with
right upper abdominal pain, jaundice, and vomit-
ing. The preoperative diagnosis of gallbladder age-
nesis is difficult.Whereas imaging techniques such
as US and CT may suggest the diagnosis, confir-
mation of gallbladder agenesis is usually an intra-
operative finding, when its absence is discovered at
cholangiography.

MR cholangiography can be considered an al-
ternative non-invasive imaging method. The pos-
sibility of visualizing the biliary tree by means of
3D-reconstructions and to assess the absence of
the gallbladder permits information to be acquired
that is similar to that available by intraoperative
cholangiography.

7.2.2.5 
Duplication of the Gallbladder

Gallbladder duplication occurs when there is ex-
cessive budding of the caudal diverticulum. It is
caused by incomplete revacuolization of the prim-
itive gallbladder resulting in a persistent longitudi-
nal septum that divides the gallbladder lengthwise.
Gallbladder duplication may also occur due to the
occurrence of separate cystic buds. Cholecystitis
with cholelithiasis is a relatively frequent occur-
rence in these patients. The duplicated cystic ducts
frequently enter the common bile duct separately,
or alternatively, unite to form a common cystic
duct. Less frequently they drain independently in-
to the hepatic ducts.

US is not specific for the demonstration of this
anomaly since entities such as choledochal cyst,
bilobed gallbladder, and gallbladder diverticulum
may mimic gallbladder duplication. MRC reliably
demonstrates the presence of two gallbladders as
hyperintense sacs, and can depict the type of
drainage into the common bile duct [53].

7.2.2.6 
Anomalies of Gallbladder Shape

Phrygian cap is the most common abnormality of
gallbladder shape. The term “Phrygian cap” de-
rives from a resemblance to folded hats worn in
the ancient country of Phrygia. It is characterized
by a fold or septum of the gallbladder between the
body and fundus (Fig. 18). Although clinically
unimportant, it may be mistaken on radiological
examination for a stone or a pathological septum.

Multiseptate gallbladder is characterized by the
presence of multiple internal septa of various sizes

Fig. 17. Biliary atresia on scintigraphy. On Technetium 99m imin-
odiacetic scintigraphy scans, TC 99m is progressively accumulated
in the liver and does not appear in the bowel
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which divide the gallbladder lumen into several
chambers.Although these chambers communicate
with one another by means of one or more orifices,
these septations may lead to stasis of bile and gall-
stone formation. On US, multiple, communicating,
hyperechoic septations and locules can be seen
bridging the gallbladder lumen with a honeycomb
pattern [56].

MRC is not routinely performed for evaluation
of this type of anomaly although it is able to
demonstrate morphologic abnormalities and the
internal septa.

7.3 
Benign Biliary Neoplasms

7.3.1 
Biliary Cystadenoma 

Biliary cystadenoma is a rare cystic neoplasm that
represents less than 5% of all intrahepatic cysts of
biliary origin that arise from intra- and extrahep-
atic bile ducts [27]. This neoplasm may occur any-
where along the intra- or extrahepatic bile ducts,
although about 80% of lesions are found partly or

completely within the liver. The cause of biliary
cystadenoma is unknown, although it could be re-
lated to a congenital anomaly of the biliary primi-
tive bud.

This neoplasm can be classified as either a) cys-
tadenoma with ovarian-like stroma, or b) cystade-
noma without ovarian-like stroma. The variant
without ovarian-like stroma is observed primarily
in males and is considered more aggressive and
more inclined to malignant degeneration. The
form that develops predominantly in females has
an ovarian-like stroma and follows an indolent
course. Most lesions are more than 10 cm in diam-
eter at diagnosis, with internal septa, and without
solid components.

Microscopically, biliary cystadenoma has a
mucin-secreting columnar epithelium lining the
cysts. The lining cells have a pale eosinophilic cyto-
plasm and basally-oriented nuclei, typical of bil-
iary-type epithelium. The epithelium is supported
by a mesenchymal stroma which is compact and
cellular [16].

Biliary cystadenoma is regarded as a pre-malig-
nant tumor. Malignant transformation into cys-
tadenocarcinoma may occur in up to 15% of cases.
In situ carcinoma with papillary growth into the
cysts may be the only lesion present although inva-
sive adenocarcinoma may also be seen [35, 68].

Approximately 90% of these neoplasms occur in
middle-aged women. When present, the symptoms
are those of a growing abdominal mass. Right up-
per quadrant abdominal pain, occasionally irradi-
ating to the scapula, is the main symptom [8].

On US, biliary cystadenoma is seen as a large
hypoechoic, multiloculated cystic-like lesion with
intralesional septa (Fig. 19). Occasionally mural
nodules occur in benign cystadenoma, although
these are more common within cystadenocarcino-
ma, in which they sometimes form a mass. Gener-
ally the liquid content is anechoic and homoge-
neous although complications such as hemorrhage
or inflammation can increase the liquid echo-
genecity [33].

Fig. 18. Phrygian cap gallbladder. On US a hyperechoic septum
(arrow) in the gallbladder is easily visible. This corresponds to a fold
or septum of the gallbladder between the body and fundus

aa bb

Fig. 19a, b. Biliary cystadenoma. US scans (aa, bb) reveal hypo- to anechoic lesions with thin septa (arrows)
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On CT, these tumors are large, low-attenuating
intrahepatic masses with lobulated margins and
generally thin irregular walls with fibrous septa.
Although the cystic parts of the lesions do not en-
hance following the intravenous administration of
contrast material, the internal septations, mural
nodules and papillary projections do show en-
hancement (Fig. 20) [1, 33].

On MR imaging, biliary cystadenoma appears
as a multiloculated septated mass, whose signal in-
tensity on T1- and T2-weighted images depends
on the presence of solid ovarian-like stroma and
the composition of the cystic fluid, which may be

serous, mucinous, bilious, hemorrhagic, or a com-
bination of these fluids (Fig. 21, 22). Low signal in-
tensity within the wall on T2-weighted images may
represent hemorrhage. Following the administra-
tion of intravenous contrast agents, the internal
septations, mural nodules and papillary projec-
tions enhance [8]. On hepatobiliary phase images
after administration of hepato-specific contrast
agents, no contrast material is seen within the cys-
tic cavities, and no significant accumulation is de-
tected in the solid components. Thus the solid
components are seen as hypointense areas com-
pared with the surrounding liver parenchyma.

aa bb

cc

Fig. 20a-c. Biliary cystadenoma on CT. A hypodense lesion with thin septa is seen
on the pre-contrast CT scan (aa). The septa show enhancement after administration of
iodinated contrast medium (bb, cc)

Fig. 21a, b. Biliary cystadenoma on MR. T2-weighted HASTE images acquired in the axial plane (aa) and True-FISP images acquired in the
coronal plane (bb) reveal large, lobulated cystic lesions in the right liver lobe. The lesions are homogeneously hyperintense due to the fluid
component and thin septa are visible (arrowhead)

aa bb
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Fig. 22a-g. Biliary cystadenoma on MR. On the unenhanced T2-weighted HASTE image
(aa), a hyperintense, cystic lesion with internal septa is visible. On the corresponding T1-
weighted fat-suppressed (bb) and T1-weighted (cc) images, the lesion shows homogeneous
low signal intensity. On dynamic contrast-enhanced imaging (dd, ee) (Gd-BOPTA, 0.05
mmol/kg BW) the lesion does not show any vascularization and the surrounding liver
parenchyma shows normal perfusion. On the T1-weighted fat-suppressed image in the equi-
librium phase (ff), the septa and the capsule of the lesion (arrows) show contrast enhance-
ment. However, Gd-BOPTA is not visible within the lesion on the T1-weighted image ac-
quired during the hepatobiliary phase (gg)
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7.3.2 
Bile Duct Adenoma

This is a rare benign epithelial liver tumor which is
mainly found incidentally at laparotomy or autop-
sy. Its maximal size often does not exceed 1-2 cm.
Bile duct adenoma represents about 1% of all pri-
mary liver tumors. They occur both in children
and elderly people, and may be present as solitary
nodules or as multiple nodules throughout the liv-
er [62].

Bile duct adenomas are typically located on the
surface of the liver. Microscopically, small bile
ducts lined by mucin-producing cells are embed-
ded in a fibrous stroma. Based on immunhisto-
chemical studies, the most likely pathogenesis is a
reaction to a focal bile ductular injury. Histologi-
cally, bile duct adenomas comprise a mass of dis-
organized mature peribiliary gland acini and duc-
tules within a variable amount of connective tissue
stroma showing signs of chronic inflammation
and collagenization. The composition of bile duct
adenoma has resulted in it being termed a peribil-
iary gland hamartoma [6]. Although the tumor is
benign in nature, there has been the suspicion of
malignant transformation. Pathological differen-
tial diagnoses to be considered include bile duct
hamartoma, cholangiocellular carcinoma, metas-
tasis and hepatic granuloma.

On US, bile duct adenoma appears as a hypere-
choic area with an acoustic shadow sometimes
surrounded by a hyperechoic rim. Similar small
hyperechoic liver lesions are hemangioma, focal
nodular hyperplasia (FNH), hepatocellular carci-
noma (HCC) and metastasis.

On unenhanced CT, bile duct adenoma is usu-
ally hypodense. However, the presence of calcifica-
tions may give the lesion a hyperdense appear-
ance. On delayed contrast-enhanced CT, the le-
sions usually demonstrate heterogeneous en-
hancement, although homogeneous enhancement
has also been described. The presence of fibrous
stroma within the tumor results in the lesion
demonstrating prolonged enhancement on con-
trast-enhanced CT.

The tumor is typically hypointense on unen-
hanced T1-weighted images and hyperintense on
T2-weighted scans. Enhancement of bile duct ade-
nomas on dynamic phase imaging after the injec-
tion of gadolinium contrast agent may be hetero-
geneous, ring-shaped or homogeneous. As in con-
trast-enhanced CT, the presence of fibrous stroma
within the tumor leads to prolonged enhancement
on post-contrast T1-weighted MR imaging.

Due to its small size and peripheral localiza-
tion, bile duct adenoma is often difficult to detect.
It should be included among the diseases to be dif-
ferentiated from hyperechoic hepatic tumors on
US and from hepatic tumors showing delayed en-

hancement on contrast-enhanced CT and MRI.
Bile duct adenomas can frequently be distin-

guished from other liver tumors by their smaller
size, their localization beneath the liver capsule,
and their prolonged enhancement [62].

7.3.3
Biliary Hamartoma

Biliary hamartoma is a benign neoplasm com-
posed of a proliferation of small, round, normal-
appearing ducts with cuboidal, slightly basophilic
cells that have regular nuclei but lack any evidence
of dysplasia or increased mitotic activity. In this
lesion there is always a fibrous supporting stroma.
This neoplasm occurs mainly in patients of older
age, shows no sex predilection, and is often associ-
ated with adult polycystic kidney disease. The le-
sion may be up to 4 cm in diameter but most are 1
cm or less at diagnosis. An association between
cholangiocellular carcinoma and multiple biliary
hamartoma has been reported [43], and it has pre-
viously been considered a reactive process rather
than a true neoplasm or malformation.

Biliary hamartoma is sometimes confused with
bile duct adenoma but it is usually multiple and
distributed throughout the liver, forming part of
the spectrum of fibropolycystic diseases of the liv-
er due to ductal plate malformation. Biliary
hamartomas are asymptomatic and are therefore
usually incidental findings at fine needle biopsy,
laparotomy or autopsy.

Imaging findings are usually not specific since
these lesions often mimic metastases or abscesses.
Therefore biopsy is usually required for a defini-
tive diagnosis.

On US, the typical form of the lesion is charac-
terized by multiple, small, hypoechoic lesions that
affect all segments of the liver giving a “honey-
comb” pattern.

On pre-contrast CT images, numerous, round,
small, hypodense lesions throughout the liver can
be seen. These lesions usually do not show en-
hancement after contrast medium administration.

On pre-contrast T1- and T2-weighted MR im-
ages, lesions appear hypointense and hyperintense,
respectively, and are generally well-defined (Fig.
23). The nodules do not show enhancement after
administration of hepatospecific contrast agents,
because the lesions are independent and do not
communicate with the biliary system [50].

7.3.4 
Biliary Papillomatosis

Biliary papillomatosis is an extremely rare condi-
tion characterized by the presence of multiple be-
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nign papillary adenomas in the bile ducts, that are
similar to adenomas observed in the intestinal
tract. Papillomas can be present in the intra- and
extrahepatic bile ducts, including the common bile
duct. The lesion can occasionally be found in the
gallbladder and in the major pancreatic duct. The
papillary excrescences are composed of mucus-se-
creting columnar epithelial cells supported by thin
fibrovascular stalks. In some cases it is possible to
observe variable degrees of structural and cyto-
logical atypia. Clinically, patients have episodes of
obstructive jaundice, sepsis, and hemobilia [61]. A
variable degree of biliary duct dilatation can be
observed on imaging studies; in some cases intra-
ductal tissue masses are present which may be
variable in size.

7.4 
Malignant Biliary Neoplasms

7.4.1 
Cholangiocellular Carcinoma

Cholangiocellular carcinoma (CCC) is a primary
malignant tumor arising from the bile duct epithe-
lium and comprises 10-25% of all liver and biliary
tract cancers. CCC is usually classified as intra- or
extrahepatic based on the location of the involved
ducts. Intrahepatic CCC can be further subdivided
into peripheral and hilar. A tumor that arises pe-
ripheral to the secondary bifurcation of the left or
right hepatic duct is considered a peripheral intra-
hepatic CCC, whereas a tumor that arises from one
of the hepatic ducts or from the bifurcation of the
common hepatic duct is considered to be a hilar
CCC or “Klatskin tumor”, according to Klatskin’s
description in 1965 (Fig. 24) [31]. Peripheral or
lobular intrahepatic CCC arises from the epitheli-
um of the internal wall of the small peripheral in-
trahepatic bile ducts and represents about 10% of
all tumors. It tends to grow exophytically into the
liver parenchyma as a large focal mass and may be
polypoid or focally stenotic. Intrahepatic hilar
CCC account for approximately 25% of all CCC
and are usually scirrhous. Extrahepatic CCC ac-
count for approximately 65% of all CCC [31].

The liver cancer study group of Japan has re-
cently proposed a new classification for intrahep-
atic CCC as mass-forming, periductal-infiltrating,
or intraductal-growing based on their growth
characteristics (Fig. 25) [42]. In the mass-forming
type, the lesion may be solitary or multiple and
possess satellite nodules around the main mass.
The periductal infiltrating type of CCC grows

Fig. 23. Biliary hamartoma. The MRC image reveals multiple,
well-defined hyperintense round lesions (arrowheads) in both
lobes of the liver

Fig. 24. Bismuth classification of hilar
cholangiocellular carcinoma (Klatskin tu-
mors)
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along the bile duct wall, resulting in concentric
thickening of the wall along the bile duct leading
to an elongated, spiculated, or branch-like appear-
ance. The bile ducts are narrowed or nearly com-
pletely obstructed, and the involved segments vary
in length. The intraductal-growing variant is char-
acterized by the presence of intraluminal papillary
tumors of the intra- or extrahepatic bile ducts as-
sociated with partial obstruction and dilatation of
the bile ducts. The tumor fills sometimes and oc-
cludes the bile ducts.

Primary sclerosing cholangitis, choledochal
cyst, familial polyposis, congenital hepatic fibrosis,
infection with the Chinese liver fluke Clonorchis
sinensis, and history of exposure to Thorotrast are
risk factors for CCC [14, 38]. A mutation in the p53
tumor suppressor gene has been demonstrated in
peripheral-type CCC, in contrast to the k-ras mu-
tations observed in lesions that affect the extra-
hepatic bile ducts [39, 63].

Patients diagnosed with CCC tend to be older
than those with HCC; CCC occurs most frequently
in patients in their sixth decade, although patients
with risk factors may develop the neoplasm at a
much younger age. CCC occurs slightly more fre-
quently in men than in women.

The histologic variants of CCC include: adeno-
carcinoma, mixed CCC-HCC, squamous-, mu-
coepidermoid-, cystadeno- and granular cell carci-
noma. Adenocarcinoma comprises 95% of the cas-
es, and can range from well-differentiated mucin-
producing, to poorly-differentiated [44]. Distin-
guishing morphological features allow further
sub-classification of bile duct adenocarcinomas
into papillary, sclerosing, and nodular variants.
The sclerosing type is most common, followed by

papillary and nodular cholangiocarcinoma [73].
The gross appearance of CCC is a grayish-

white, firm/solid, fibrous mass. The cut section
usually presents as sclerotic gray-white or pale
white, with dense fibrous stranding. Typically, CCC
has a large central core of fibrotic tissue that is rel-
atively devoid of neoplastic cells. Cancer cells are
mainly located at the periphery of the tumor.
Daughter nodules can be found throughout the liv-
er, both close to and distant from the main mass.
Generally CCC is not highly vascularized, and
hemorrhage and necrosis are uncommon.

CCC arising from the common bile duct ap-
pears as a rounded, relatively small intraluminal
mass. It is usually located within the mid-extra-
hepatic biliary tree either at the distal common he-
patic duct or at the common bile duct. The neo-
plastic cells have abundant connective tissue stro-
ma and produce a variable desmoplastic reaction.
The surrounding liver parenchyma is generally
non-cirrhotic. Histologically, it is often difficult to
distinguish CCC from metastases of adenocarci-
noma. In more than 60-70% of cases, hilar or hepa-
toduodenal ligament lymph nodes are involved.

The clinical signs and symptoms are related to
the site of origin of the tumor. In intrahepatic
CCC, the symptoms are usually vague until the tu-
mor is at an advanced stage when patients fre-
quently present with anorexia, weight loss, abdom-
inal pain, and a palpable mass in the upper ab-
domen. Fever may occur but is uncommon. Jaun-
dice is rarely a presenting symptom in intrahepat-
ic CCC, although it is common in hilar or ductal
CCC [31]. There are no specific tumor markers for
CCC, although elevations of serum carcinoembry-
onic antigen (CEA) and CA 19-9 are often found

Fig. 25. Intrahepatic cholangiocellular carcino-
ma: new classification of the liver cancer study
group of Japan 
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[71]. Elevation of alkaline phosphatase and γ-glu-
tamyltransferase may be seen and patients may be
hypoalbuminemic and mildly anemic.

On US scans, CCC may have mixed echogenicity
or may be predominantly hypoechoic or hypere-
choic. The sonographic features of Klatskin’s tumor
include duct dilatation, isolation of the right and left
bile duct segments, mass or bile duct wall thicken-
ing at the hilus as well as lobar atrophy with crowd-
ed, dilated bile ducts. US is accurate for revealing the
level of bile duct obstruction, but it shows tumor
mass in only 20-70% of patients. When a mass is
seen, it is usually poorly defined and echogenic, a
reflection of the submucosal, scirrhous nature of
this fibrotic neoplasm (Fig. 26) [10, 20].

Peripheral CCC may appear as an ill-defined
mass with mixed echogenecity (Fig. 27) with or
without segmental bile duct dilatation. A hypoe-
choic halo is observed in 33% of cases. Some-
times the central portion of the tumor appears
hypoechoic due to the presence of necrosis. Hy-
perechoic spots with acoustic shadowing indicate
the presence of calcifications. The infiltrative pat-

tern of growth of CCC appears as diffuse archi-
tectural changes in the hepatic lobe. Satellite nod-
ules may be seen. Color Doppler US shows scanty
color signal because of CCC hypovascularity. This
is a useful sign for the differential diagnosis of
HCC, which is typically a hypervascular neo-
plasm. Focally stenotic or papillary CCC often
cause segmental bile duct dilatation and may in-
duce lobar atrophy if the location of the tumor is
central.

CCC is usually hypodense or isodense relative
to the normal liver parenchyma on unenhanced
CT scans. After administration of contrast materi-
al, most CCC remain hypodense during the por-
tal-venous phase but thereafter show enhance-
ment on delayed phase images. This pattern of en-
hancement reflects the hypovascular, desmoplas-
tic composition of most CCC; therefore, most le-
sions are better appreciated 15-20 minutes after
contrast medium administration. Small necrotic
regions are common in larger lesions. Segmental
or diffuse bile duct dilatation is a common finding
in hilar CCC (Fig. 28) [10].

Fig. 26a, b. Hilar cholangiocellular carcinoma. US (aa) reveals an ill-defined heterogeneous mass (asterisk) with dilated bile ducts (white
arrows). An ill-defined infiltrative mass (asterisk) from the hilus through the hepatic parenchyma is also seen (bb). Some bile ducts around
the mass appear dilated (white arrowheads)
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Fig. 27a, b. Peripheral cholangiocellular carcinoma . On US, the neoplasm (asterisk) appears as a well-defined heterogeneous nodule (aa)
or as an ill-defined mass (bb) compared to the surrounding parenchyma
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Peripheral type CCC may simulate other hepat-
ic neoplasms, such as metastases or hypovascular
HCC. Its most common pattern consists of a hypo-
dense ill-defined lesion on unenhanced CT scans,
poor, rim-like enhancement during the arterial
and portal-venous phases, and iso- or hyperdensi-
ty on delayed phase images (Fig. 29). Other factors
such as the grade of the tumor, distribution of fi-
brosis, and contrast pooling can affect the delayed
enhancement. Peripheral wash-out is another sign
that can be seen on contrast-enhanced CT of pe-
ripheral CCC.

CCC is either isointense or hypointense relative
to the normal liver on T1-weighted MR images, but
may range from markedly to mildly hyperintense
on T2-weighted images. The signal intensity of the
tumor is variable, and depends on the amount of
mucinous material, fibrous tissue, hemorrhage and
necrosis within the tumor [70]. On dynamic T1-
weighted MR images acquired after the intra-
venous administration of gadolinium, minimal or
moderate incomplete enhancement is seen at the
tumor periphery on early images, whereas pro-
gressive central contrast-enhancement is seen on
later images (Fig. 30) [70].

The degree of enhancement varies with the
type of tumor. Greater peripheral enhancement is
noted in the early phases in large CCC, whereas
greater enhancement is noted in the fibrous core of
scirrhous CCC on delayed phase images (Fig. 31).
Small, incidentally discovered intrahepatic CCC, as
well as mixed CCC/HCC tumors can show intense,
homogeneous enhancement during the arterial
phase with prolonged enhancement on delayed
phases due to marked hypervascularity [70, 74].

Generally, lesions show peripheral hypointensi-
ty and central iso- or hyperintensity on delayed
phase images after the administration of contrast
agents with liver-specific properties (Fig. 30, 31).
However, the central area may also show incom-
plete enhancement. Satellite nodules are seen in
about 10-20% of CCC cases and are chiefly respon-
sible for the poor prognosis of this lesion (Fig. 32).
Pooling of contrast within the tumor, and periph-
eral wash-out on delayed MR images are sugges-
tive findings of CCC in non-cirrhotic patients. This
characteristic enhancement pattern reflects the
large amounts of fibrous tissue, neovascularity,

and neoplastic cells at the periphery of the lesion.
A significant signal drop of the lesion is not de-

tected after SPIO administration, and therefore the
neoplasm appears significantly more hyperintense
than normal liver parenchyma.

The use of MRC in conjunction with MRI per-
mits the extent of the tumor in bile ducts to be de-
termined. With this technique hilar obstruction
and some segment dilatations can be easily diag-
nosed.

A common finding on all imaging techniques is
the presence of lymphoadenopathy. Lymph nodes
are typically large and round and hypoechoic, hy-
podense, and hypo- or hyperintense on US, CT,
and MR studies, respectively, and show uptake of
isotope on positron emission tomography (PET)
examinations (Fig. 33).

7.4.2 
Biliary Cystadenocarcinoma

Biliary cystadenocarcinoma is a rare cystic neo-
plasm that can arise within liver cysts, bile ducts,
and in the context of polycystic liver disease. It al-
so arises as a result of the malignant transforma-
tion of biliary cystadenoma. Since malignant de-
generation of biliary cystadenoma may require as
few as ten years, resection of cystadenoma is rec-
ommended.

As in biliary cystadenoma, there exists two
forms of biliary cystadenocarcinoma, those with
and those without ovarian-like stroma. Microscop-
ically, the neoplasm may contain either mucinous
or serous material although mucus is more com-
mon. These lesions are sometimes asymptomatic
and are therefore discovered incidentally. More
frequently patients present with pain, jaundice,
nausea, and fever [51].

Unlike cystadenoma, biliary cystadenocarcino-
ma appears as a multiloculated complex cystic
mass with irregular wall thickness, internal septa-
tions, and papillary projections on US and CT. MR
imaging reveals irregular walls, internal septa-
tions, mural nodules and papillary projections
within the lesion. The solid portions show en-
hancement after intravenous administration of
gadolinium contrast agent [8].
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Fig. 28a-c. Hilar cholangiocellular carcinoma. On unenhanced CT (aa) and early
post-contrast dynamic phase CT (bb), the neoplasm (white arrows) appears as an ill-
defined hypodense mass located near the hilum. Bile duct dilatations (arrowhead)
are also evident. On delayed phase images after contrast medium administration
the lesion is seen as hyperattenuating (cc)

Fig. 29a-c. Peripheral cholangiocellular carcinoma.  On unenhanced CT (aa) the lesion
(asterisk) appears as a well-defined hypodense mass. Minimal enhancement is seen on
images acquired during the portal-venous phase after administration of contrast materi-
al (bb) while in the equilibrium phase (cc) the neoplasm is seen as heterogeneously hyper-
dense compared to the liver, which is due to abundant fibrotic desmoplastic reaction
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Fig. 30a-h. Hilar cholangiocellular carcinoma.  On the unenhanced T2-weighted TSE image (aa) the neoplasm (white arrows) appears
slightly heterogeneously hyperintense compared to the normal liver and involvement of the bile duct system can be seen. On the unen-
hanced T1-weighted GRE image (bb) the lesion appears as a slightly hypointense ill-defined mass. Poor enhancement is seen during the ar-
terial phase after the bolus administration of Gd-BOPTA (cc). However, desmoplastic reaction causes a progressive increase of contrast en-
hancement in subsequent acquisitions during the portal-venous and equilibrium phases (dd and ee, respectively). After 20 minutes the lesion
(arrowhead) appears hyperintense (ff). Due to the large amount of fibrotic tissue which causes non-specific contrast agent retention, the le-
sion retains this hyperintense appearance on images acquired one hour after Gd-BOPTA administration (gg). Nevertheless, the presence of
a hypointense peripheral rim indicates the malignant nature of the lesion. The involvement of hilar bile ducts (arrow) is clearly demon-
strated with MRCP (hh)
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Fig. 31a-f. Peripheral cholangiocellular carcinoma. The neoplasm (white arrow) appears heterogeneously hyperintense on unenhanced
T2-weighted images (aa) and hypointense on unenhanced T1-weighted images (bb). Moderate peripheral enhancement is seen on images
acquired during the arterial (cc) and portal-venous (dd) phases after the administration of Gd-BOPTA. On the equilibrium and delayed phase
images (ee and ff, respectively) the enhancement appears progressive and complete due to desmoplastic reaction. A hypointense rim (white
arrowheads) indicating peripheral wash-out can be seen on the delayed-phase image
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Fig. 32a, b. Cholangiocellular carcinoma. On the unenhanced T2-weighted image (aa) a large heterogeneously hyperintense mass (as-
terisk) and numerous satellite nodules (arrowheads) can be seen. On the image acquired during the hepatobiliary phase after injection of
Gd-BOPTA (bb), the biggest nodule shows central enhancement and peripheral wash-out while the smaller satellite nodules (arrowheads)
remain hypointense

aa bb

Fig. 33a, b. Cholangiocellular carcinoma. The post-contrast CT scan (aa) shows a homogeneous, slightly hypodense, lymphoadenopathy
(arrow) adjacent to the portal vein. The lesion is confirmed on the PET examination (bb) as a nodule that shows isotope uptake (arrow)

aa bb
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7.5 
Benign Neoplasms 
of the Gallbladder

7.5.1 
Gallbladder Adenoma 

Gallbladder adenoma is a rare benign neoplasm of
glandular epithelium that is usually polypoid, sin-
gle, and well-demarcated. The neoplasm is more
common in middle-aged women and can also oc-
cur in children, although more rarely. Adenomas
are classified as tubular, papillary, or tubulopapil-
lary according to their pattern of growth. Micro-
scopically they are classified as pyloric, gland type,
intestinal type, and biliary type [2]. Gallbladder
adenomas are usually small and asymptomatic,
and are usually discovered incidentally during
cholecystectomy. Occasionally, however, they can
be large or multiple, with typical symptoms in-
cluding upper right abdominal pain, jaundice, and
vomiting. Sometimes adenomas of the gallbladder
occur in association with Peutz-Jegher syndrome
or Gardner’s syndrome [2].

On US adenomas appear as homogeneously hy-
perechoic small, broad-based, non-shadowing, pe-
dunculate or sessile polypoid defects (Fig. 34).
These lesions do not move with gravitational ma-
neuvers, and the echogenicity is inferior to that ob-
served with stones.

In general, CT and MR imaging are not used
for the diagnosis of gallbladder adenoma.

7.6 
Malignant Neoplasms 
of the Gallbladder

7.6.1 
Gallbladder Carcinoma

Gallbladder carcinoma is the fifth most common
malignancy of the gastrointestinal tract [37].
While there doesn’t appear to be any difference be-
tween males and females in the incidence of gall-
bladder carcinoma, there are indications of demo-
graphic differences in the age of patients diag-
nosed with this neoplasm: in the United States the
average age at diagnosis is about 70 years, while in
India it is 40-50 years.

The four most important factors associated
with the development of gallbladder carcinoma
are genetic anomaly, gallstones, congenital abnor-
mal choledocho-pancreatic junction, and porce-
lain gallbladder. With regards to genetic factors, a
mutation of the k-ras gene, overexpression of the
c-erbB-2 gene and decreased expression of the
nm23 gene have been observed in patients with
gallbladder carcinoma [13, 18]. An association be-
tween gallbladder carcinoma and gallstones is well
known, and this causal relationship is the reason
for performing cholecystectomy for cholelithiasis
as a preventive measure for gallbladder carcinoma.
Gallbladder carcinoma is associated with an ab-
normal choledocho-pancreatic junction because
in this condition pancreatic juice can reflux into
the common bile duct. The mixture of pancreatic
juice and bile leads to chronic inflammation of the
gallbladder with subsequent metaplasia, dysplasia,
and carcinoma [30]. Finally, porcelain gallbladder,
which is a diffuse calcification of the gallbladder
wall, is also a predisposing factor: an estimated
22% of patients with porcelain gallbladder develop
carcinoma [7, 55].

Approximately 60% of all neoplasms originate
in the fundus of the gallbladder, while 30% origi-
nate in the body and 10% in the neck. Nearly 85%
of primary carcinomas of the gallbladder are ade-
nocarcinomas; the remainder are anaplastic or
squamous cell carcinomas. The adenocarcinomas
can be subdivided into various subtypes, includ-
ing well-differentiated, papillary, intestinal, pleo-
morphic giant cell, poorly-differentiated small cell,
and clear cell types.

Histologically, gallbladder carcinomas have
three major patterns of presentation:
1) focal or diffuse thickening of the gallbladder

wall;
2) polypoid mass originating in the gallbladder

wall and projecting into the lumen;
3) mass obscuring or replacing the gallbladder, of-

ten invading adjacent liver, with or without
multiple satellite nodules [59, 60].

Fig. 34. Gallbladder adenoma. US reveals a small, well-defined,
hyperechoic, sessile lesion (arrow)
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Lymph node involvement is also a common
finding in gallbladder carcinoma. Most patients
with carcinoma of the gallbladder present with ei-
ther acute cholecystitis or symptoms of malignan-
cy, including constant right upper abdominal
quadrant pain, malaise, weight loss, and jaundice.
Patients sometimes have a long history of episodic
cholecystitis. Gallbladder carcinoma is occasional-
ly an incidental finding on abdominal imaging
studies [40].

On US, gallbladder carcinomas may cause mild
to marked mural thickening in a focal or diffuse
pattern with irregular and mixed echogenicity.

Carcinomas confined to the gallbladder mucosa
may present as flat or slightly raised lesions with
mucosal irregularities that are difficult to appreci-
ate sonographically. On the other hand, polypoid
carcinomas may be hyperechoic, hypoechoic, or
isoechoic relative to the liver. These lesions are
fixed to the gallbladder wall, and do not cause an
acoustic shadow. Gallstones are usually present, in
which case a large mass obscuring or replacing the
gallbladder is a common presentation (Fig. 35).
The echotexture of this manifestation is often
complex with regions of necrosis and small
amounts of pericholecystic fluid often present [60,
69]. Color Doppler US usually shows a hypovascu-
lar mass. However, a color signal may be seen at
the periphery due to the hypervascularity of the
peripheral components [69].

CT is inferior to US for evaluating the gallblad-
der wall for mucosal thickening or irregularity. Fo-
cal malignant wall thickening and polypoid can-
cer are both usually hyperdense on CT images ac-
quired after the administration of intravenous
contrast material. However, infiltrating carcinoma
that replaces the gallbladder often shows irregular
contrast enhancement with scattered regions of in-
ternal necrosis (Fig. 36) [60]. Invasion of the liver,
satellite lesions, and bile duct dilatation are com-
mon findings in this form of gallbladder carcino-
ma [69].

The MR findings for gallbladder carcinoma are
similar to those reported for CT. The tumor usual-

Fig. 35. Gallbladder carcinoma. US reveals an heterogeneous, hy-
po- and hyperechoic mass (white arrows) that replaces the gall-
bladder. A coarse stone with acoustic shadow can be seen within
the mass (arrowhead)

aa bb

cc dd

Fig. 36a-d. Gallbladder carcinoma on CT. Unenhanced CT (aa) reveals an ill-defined slightly hypodense mass (white arrows) surrounding
a coarse irregular, and heterogeneous stone (white arrowhead). In the arterial phase after contrast material administration (bb) the neo-
plasm remains poorly-delineated and poorly-enhanced. In the portal-venous phase (cc) the lesion appears heterogeneously isodense, but
better defined against the normal liver. In the equilibrium phase (dd) the neoplasm is more homogeneous and a thin hyperdense peripher-
al rim can be seen
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ly has increased signal intensity relative to the liv-
er on T2-weighted images and poorly-delineated
contours. These lesions are either isointense or hy-
pointense relative to the liver on T1-weighted im-
ages. The tumor generally shows poor and hetero-
geneous enhancement on dynamic phase imaging
and often appears hyperintense on fat-suppressed
T1-weighted images in the equilibrium phase [57].
On delayed hepatobiliary phase images after the
administration of Gd-BOPTA, the tumor appears
as a heterogeneous hypointense mass (Fig. 37). A
significant signal drop is usually not seen after

SPIO administration and the lesion is usually 
hyperintense compared to the normal liver
parenchyma [57].

7.6.2 
Gallbladder Carcinoid

Gallbladder carcinoid is a rare tumor that repre-
sents less than 1% of all digestive tract carcinoids.
Patients are usually young or middle-aged adults
and there is no clear sex predominance. Associa-

Fig. 37a-g. Gallbladder carcinoma on MR. On T2-weighted images (aa) a gallbladder stone
(arrow) together with some solid material in the gallbladder can be seen infiltrating the sur-
rounding liver tissue of the right liver lobe. On the corresponding T1-weighted image the
infiltrating tissue appears hypointense (bb). On T1-weighted fat-suppressed images (cc) some
hyperintense areas indicative of hemorrhage can be noted inside the solid components. Ar-
terial phase T1-weighted images acquired after the bolus administration of Gd-BOPTA re-
veal irregular enhancement of the periphery of the infiltrated right liver lobe (dd). Enhance-
ment (arrow) of papillary solid areas in the gallbladder can also be detected on portal-ve-
nous phase images (ee). This is even more obvious on T1-weighted fat-suppressed images in
the equilibrium phase (ff) in which tumor growth in the gallbladder is clearly visualized (ar-
row). Additionally, homogeneous enhancement of the infiltration of the right liver lobe due
to desmoplastic reaction can be noted, which is typical for cholangiocellular carcinoma. In
the hepatobiliary phase (gg), the infiltrated areas of the right liver lobe are once again hy-
pointense, evidencing the malignant nature of the lesion. Note the excretion of the contrast
agent in the bile duct (arrow) and the enhancement of the surrounding liver tissue com-
pared with the unenhanced T1-weighted image.

aa bb cc

dd ee ff

gg
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tions of gallbladder carcinoid with Zollinger-Elli-
son syndrome, multiple endocrine neoplasia, and
carcinoid syndrome have previously been shown.

Macroscopically, these tumors appear as grey
to yellow intramural nodules measuring from a
few millimetres to 3-4 cm. The neoplastic cells are
composed of uniform, small cells with eosinophilic
granular cytoplasm. Most carcinoids are argy-
rophilic.

Small carcinoids of less than 1 cm are usually
incidental findings in cholecystectomy specimens
[49]. On imaging, gallbladder carcinoids manifest
as polypoid masses that sometimes obstruct the
cystic duct.
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8.1
Introduction

A practical approach to the characterization of fo-
cal hepatic lesions by computed tomography (CT)
and magnetic resonance (MR) has traditionally fo-
cused on the distribution of conventional iodine
and gadolinium (Gd) chelates to extracellular fluid
spaces. This approach facilitates both the detection
and characterization of lesions, the latter relying
upon the recognition of distinctive patterns of en-
hancement of liver lesions. On the basis of their
handling of these contrast agents, lesions are
broadly classified as being hypervascular, hypo-
vascular or as having delayed persistent enhance-
ment (See Chap. 3, “Contrast Agents for Liver

Imaging”, section 3.3,“Radiologic Classification of
Focal Liver Lesions on MRI”).

Hypovascular lesions include clearly avascular
lesions such as cysts and abscesses, and also tu-
mors that demonstrate only marginal peripheral
enhancement, if any, compared to the surrounding
liver parenchyma. The majority of metastases to
the liver are hypovascular lesions from primary
sources such as the colon, lung, and pancreas. The
few primary sites from which hypervascular liver
metastases derive include renal, thyroid, neuroen-
docrine (pancreatic islet cell), and sarcoma. Breast
and melanoma metastases to the liver may be vas-
cular, but generally less so than those of other tu-
mors. Imaging of hypovascular tumors at dynamic
SonoVue-enhanced ultrasound (US), iodine-en-
hanced CT or dynamic Gd-enhanced MR relies on
imaging the liver before and during peak enhance-
ment in order to maximize liver-lesion contrast
before the equilibrium phases are reached.

The group of hypervascular liver lesions in-
cludes a wide number of lesion types, ranging
from physio-pathologic to pathologic. Among
these are benign and malignant lesions of both he-
patocellular and non-hepatocellular origin. En-
hancement characteristics can help narrow a dif-
ferential diagnosis or, in many cases, achieve a de-
finitive diagnosis.

Other lesions may be classified as demonstrat-
ing delayed persistent enhancement. This group of
lesions principally comprises capillary and cav-
ernous forms of hepatic hemangioma, although
cholangiocellular carcinoma (CCC) also falls into
this category, especially when an abundant fibrotic
reaction is present. Additionally, some metastases
from colon cancer may have a fibrotic component
and thus appear with delayed central enhancement.

On hepatobiliary phase images after Gd-BOP-
TA, Gd-EOB-DTPA and Mn-DPDP, hepatocellular
lesions may appear iso-, hyper- or hypointense
compared to the normal liver parenchyma, de-
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pending on whether the lesion has preserved he-
patocellular activity, modified pathways of biliary
excretion, or poor or absent hepatocyte activity, re-
spectively. Similarly, hepatocellular lesions on
reticuloendothelial phase images after administra-
tion of superparamagnetic iron oxide (SPIO)
agents may appear iso-, hypo- or hyperintense.
Iso- and hypointensity reflect a signal drop due to
the presence of abundant and functioning Kupffer
cells. Conversely, lesion hyperintensity reflects
scarce or absent Kupffer cell activity.

Non-hepatocellular lesions such as metastases
and hemangiomas generally appear hypo- and hy-
perintense, respectively, on hepatobiliary phase
and reticuloendothelial phase images. (For a de-
scription of the characterization of liver lesions by
unenhanced and contrast-enhanced MR imaging
using different contrast agents see also: Chap. 3,
section 3.3,“Radiologic Classification of Focal Liv-
er Lesions on MRI”).

8.2
Benign Focal Liver Lesions of
Hepatocellular Origin

8.2.1
Focal Nodular Hyperplasia (FNH)

The cellular structure of FNH is similar to that of
the normal hepatic parenchyma apart from the
presence of an abnormal biliary system. Since FNH
contains the same elements as normal liver but
with a disordered architecture, it mimics the ap-
pearance of normal liver and may be difficult to de-
tect using any of the imaging modalities without
exogenous contrast agents. On unenhanced MR
imaging, the lesion is iso- to hypointense compared
to normal liver on T1-weighted images, frequently
with a hypointense central fibrous scar. On T2-
weighted images it is isointense to mildly hyperin-
tense compared to normal liver, with a hyperin-
tense central scar. On dynamic Gd-enhanced T1-
weighted images, the lesions show intense enhance-
ment in the arterial phase that washes out rapidly
on portal-venous and subsequent equilibrium
phase images. A key characteristic of this enhance-
ment is a homogeneous appearance (other than the
central scar) which aids in differentiating these le-
sions from fibrolamellar hepatocellular carcinoma.

Typical of fibrous tissue, the central scar is
slower to allow entry of extracellular-type contrast
materials and slower to allow wash-out. This leads
to a characteristic hypointense appearance on ear-
ly arterial phase images but an iso- to hyperintense
appearance on portal-venous and equilibrium
phase images due to a prolonged retention of con-
trast agent compared to the wash-out from normal

liver parenchyma. This can be very helpful in dif-
ferentiating the central scar of FNH from the tu-
mor necrosis often seen in malignant tumors.

Although Gd-enhanced MRI is considered the
most sensitive method for the characterization of
FNH, atypical features can frequently confound 
interpretation: in a recent study 86% of small 
(< 3 cm) FNH did not have a visible scar on unen-
hanced or enhanced dynamic phase scans [6].
Similar findings have been reported for CT [13].
Although the absence of a scar in small FNH can-
not be considered “atypical”, it may make it more
difficult to distinguish these lesions from other hy-
pervascular neoplasms on dynamic imaging alone.
Hence, the availability of MR contrast agents with
liver-specific properties may be helpful for the ac-
curate characterization of FNH.

Gd-BOPTA and Gd-EOB-DTPA offer the possi-
bility to perform both dynamic and delayed phase
imaging, unlike conventional Gd agents and some
SPIO agents. Gd-BOPTA-induced enhancement of
FNH on T1-weighted dynamic phase imaging is
indistinguishable from that of conventional non-
specific Gd agents (Fig. 1). Thereafter, Gd-BOPTA
offers the advantage over conventional agents of
permitting additional hepatobiliary phase T1-
weighted imaging (Fig. 2). On these delayed T1-
weighted images, substantial enhancement is usu-
ally noted within the parenchyma of the vast ma-
jority of FNH lesions indicating the presence of
functioning hepatocytes able to take up Gd-BOP-
TA. Conversely, the central scar, which is the prin-
cipal site of biliary metaplasia, appears consistent-
ly hypointense.

FNH lesions typically appear iso- or hyperin-
tense compared to the surrounding liver parenchy-
ma on hepatobiliary phase images after Gd-BOP-
TA, with three different patterns of enhancement
frequently observed: homogeneous, peripheral or
heterogeneous [6]. Similar findings have been ob-
served with mangafodipir trisodium (Fig. 3) [3],
although the inability to perform dynamic imag-
ing with this agent is an obvious limitation (see
Chap. 4, Figs. 23, 25).

Since FNH lesions usually contain Kupffer cells
and are thus able to take up SPIO and ultrasmall
superparamagnetic iron oxide (USPIO) particles,
the lesions typically demonstrate reduced signal
intensity (SI) on delayed post-iron oxide T2-
weighted images (Fig. 4). However, this finding is
not specific, as well-differentiated HCC may also
take up iron oxide particles, although usually to a
lesser extent. Moreover, the amount and distribu-
tion of Kupffer cells within the nodules can vary
and yield different patterns of signal decrease:
some small FNH (< 3 cm) show a homogeneous
signal drop similar to that observed in the sur-
rounding parenchyma, while large FNH may show
a heterogeneous signal drop. The central scar does
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Fig. 1a-e. Typical focal nodular hyperplasia. On the pre-contrast HASTE T2-weighted
(aa) and GRE T1-weighted (bb) images the lesion (arrows in aa) appears homogeneously
slightly hyperintense and slightly hypointense, respectively, compared to the surround-
ing normal liver parenchyma. Conversely, the central scar (arrowhead in aa) is hyperin-
tense on the HASTE image and hypointense on the GRE image. On the arterial phase im-
age (cc) of the dynamic series of acquisitions after administration of Gd-BOPTA, the lesion
demonstrates marked enhancement, with a hypointense central scar. Rapid wash-out
occurs during the portal-venous phase (dd) resulting in an almost isointense appearance
in the subsequent equilibrium phase (ee). The central scar during these phases is hy-
pointense and hyperintense, respectively

aa bb
Fig. 2a, b. Typical focal nodular hyperplasia after Gd-BOPTA. Same case as Fig. 1. On the pre-contrast GRE T1-weighted image (aa) the le-
sion appears homogeneously slightly hypointense compared to the normal liver parenchyma. In the hepatobiliary phase after Gd-BOPTA
administration (bb), the lesion appears hyperintense due to the uptake of Gd-BOPTA by normal hepatocytes. Conversely, the central scar is
still hypointense (arrow)
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Fig. 3a, b. Typical focal nodular hyperplasia after Mn-DPDP. Same case as Fig. 1 and 2. On the pre-contrast GRE T1-weighted image (aa)
the lesion appears homogeneously slightly hypointense. In the hepatobiliary phase after Mn-DPDP administration (bb), the lesion appears
isointense with a hypointense central scar, similar to the appearance after Gd-BOPTA administration
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Fig. 4a-e. Typical focal nodular hyperplasia after SH U 555 A. Same case as Fig. 1, 2 and
3. The lesion is homogeneously slightly hypointense on the pre-contrast GRE T1-weight-
ed image (aa). Slight enhancement of the cellular components can be seen during the T1-
weighted dynamic evaluation after SH U 555 A administration (bb-dd), while the scar ap-
pears hypointense. During the reticuloendothelial phase (ee) the nodule shows a discrete
signal drop due to the uptake of iron oxide particles by Kupffer cells within the lesion
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not contain Kupffer cells and is therefore usually
seen as a hyperintense central stellate area that
corresponds to the high signal area seen on pre-
contrast T2-weighted images. The possibility of
performing dynamic phase T1-weighted imaging
is an added advantage of the USPIO agents (Fig. 4).

A recent intraindividual comparison of Gd-
BOPTA and ferumoxides in 50 patients with 83
FNH revealed that whereas all 83 (100%) FNH
were seen during the examination with Gd-BOP-
TA, only 62 FNH were seen during the examina-
tion with ferumoxides [8]. Importantly, Gd-BOPTA
detected, and was able to diagnose correctly, all 17
FNH in 12 patients with previous neoplasia, while
ferumoxides was able to detect only nine of these
17 lesions (52.9%) and to accurately characterize
only seven (Fig. 5).

8.2.2
Nodular Regenerative Hyperplasia (NRH)

NRH of the liver is not a specific entity but is a sec-
ondary and non-specific tissue adaptation to a
heterogeneous distribution of blood flow. NRH is
characterized by multiple monoacinar regenera-
tive nodules without fibrous septa. The lesions are
not usually visible until a confluent macroaggrega-
tion of sufficient size has been achieved. NRH oc-
curs in 5-6% of individuals over 80 years of age
and with increased frequency in patients with
Budd-Chiari syndrome, systemic arthritis,
polymyalgia rheumatica, massive tumor infiltra-
tion, mineral oil deposition and other disorders of
liver blood flow [31, 33].

On unenhanced MR imaging, NRH displays a
broad spectrum of SI characteristics and may ap-
pear hypo-, iso- or hyperintense compared to the
normal liver parenchyma on T1- and T2-weighted
images [31]. On dynamic phase MR imaging with
Gd-BOPTA and other extracellularly-distributed
Gd agents, about 90% of these lesions appear hy-
perintense during the arterial phase and iso- or
slightly hyperintense during the portal venous and
equilibrium phases [31].

As in the case of FNH,NRH demonstrates abnor-
mal biliary system drainage, which does not derive
from or communicate with that in the surrounding
normal liver parenchyma. Consequently, like FNH
these lesions appear iso- or hyperintense compared
to the surrounding liver parenchyma in the hepato-
biliary phase after both Gd-BOPTA and Gd-EOB-
DTPA.A peripheral hypointense rim is often seen in
the biggest nodules, which represents ischemic areas
with focal peripheral steatosis (Fig. 6, 7).

These lesions also appear iso- or hyperintense
compared to the surrounding liver parenchyma in
the hepatobiliary phase after mangafodipir
trisodium (Fig. 8).

The appearance of NRH after SPIO administra-
tion has not yet been fully described. However, be-
cause NRH typically contains abundant function-
ing Kupffer cells, its behavior can be expected to be
similar to that of FNH (Fig. 9).

8.2.3
Hepatocellular Adenoma (HA)

Hepatocellular adenoma (HA) consists of plates or
cords of cells that are larger than normal hepato-
cytes and may contain large amounts of glycogen
and lipid. Lipid accumulation is responsible for the
characteristic yellow appearance of the cut surface
of adenomas at pathology, and evidence of lipid on
CT or MR imaging can be suggestive in diagnosing
HA. The plates are separated by dilated sinusoids,
which are thin-walled capillaries perfused by arte-
rial pressure, while a portal venous supply is lack-
ing. A tumor capsule may be present (see Chap. 4,
Figs. 40, 41).

Kupffer cells are often found in HA but may be
reduced in number and function. Even though HA
have functioning hepatocytes they lack bile ducts,
a key histologic feature that distinguishes these le-
sions from FNH [20]. For this reason, bilirubin me-
tabolism is blocked within HA, as confirmed by
the absence of bile within resected lesions.

The appearance of HA on unenhanced MR im-
aging has been variously described as hyper-, iso-,
and hypointense [1, 24]. Areas of increased SI on
T1-weighted MR images can result from fat and
hemorrhage while low SI areas correspond to
necrosis, old hemorrhage or calcifications [24].
Some 47%-74% of HA are predominantly hyperin-
tense on T2-weighted images while the remainder
are iso- or hypointense. Most lesions are heteroge-
neous, demonstrating a combination of hyper- and
hypointensity on T2-weighted images due to hem-
orrhage and necrosis. One third of HA have a pe-
ripheral rim corresponding to a fibrous capsule [1]
that is typically hypointense on T1- and T2-
weighted images.

Dynamic Gd-enhanced MR imaging can reveal
early arterial enhancement, which is usually ho-
mogeneous and intense in non-complicated and
small (< 5 cm) HA. However, in large lesions or in
lesions with previous hemorrhage, the arterial en-
hancement may be heterogeneous (see Chap. 4,
Fig. 42). On portal venous phase images, this early
enhancement usually fades, revealing an iso- or
hypointense lesion.

Since HA lack bile ducts, there is altered hepa-
tocellular transport compared to normal hepato-
cytes. Thus, while HA may contain functioning he-
patocytes able to take up Gd-BOPTA, the absence
of an intracellular transport gradient due to the
lack of active transport across the sinusoid mem-
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Fig. 5a-g. Atypical focal nodular hyperplasia after SH U 555 A and Gd-BOPTA in a
patient with breast cancer. The pre-contrast HASTE T2-weighted image (aa) and the
corresponding GRE T1-weighted image (bb) reveal a large nodule (asterisk in aa) in
segments IV and II of the liver. The lesion appears homogeneously slightly hyperin-
tense on the T2-weighted image and homogeneously slightly hypointense on the
T1-weighted image. The lesion demonstrates atypical nodular hyperintensity on the
T2*-weighted images acquired before (cc) and after (dd) administration of SH U 555 A.
The post-contrast appearance is suggestive of a breast cancer metastasis. On the ar-
terial phase image (ee) of the dynamic study after Gd-BOPTA administration, the le-
sion appears characteristically and markedly hyperintense. The enhancement per-
sists into the portal-venous phase (ff). In the hepatobiliary phase (gg) the lesion is typ-
ically isointense to slightly hyperintense, strongly suggesting the presence of a be-
nign lesion
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Fig. 6a-h. Nodular regenerative hyperplasia after Gd-BOPTA in a patient with previous testicular cancer. A large slightly hyperintense
nodule (arrow) and a smaller round hypointense nodule (arrowhead) are visible on the pre-contrast TSE T2-weighted image (aa). On the cor-
responding pre-contrast GRE T1-weighted “in-phase” image (bb), numerous slightly hypointense nodules (arrows) are visible. These lesions
appear slightly hyperintense in a diffuse fatty liver on the pre-contrast GRE T1-weighted “out-of-phase” image (cc). The lesions show
marked and homogeneous enhancement on the arterial phase image (dd) of the dynamic study after Gd-BOPTA administration, followed by
rapid wash-out in the portal venous (ee) and equilibrium (ff) phases. In the hepatobiliary phase (gg, hh) the lesions appear slightly hyperin-
tense, due to the abnormal biliary system drainage which results in a reduced rate of bile elimination. 
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Fig. 7a-f. Nodular regenerative hyperplasia after Gd-BOPTA. No liver lesions are visible on the pre-contrast TSE T2-weighted image (aa).
Conversely, the pre-contrast GRE T1-weighted “in-phase” (bb) and “out-of-phase” (cc) images reveal numerous slightly hyperintense nodules
(arrows) surrounded by a thin hypointense rim. During the dynamic evaluation after Gd-BOPTA administration (dd, ee) the lesions show weak
enhancement, which is more evident in the portal venous phase (ee). In the hepatobiliary phase (ff), multiple well-defined hyperintense le-
sions with a thin hypointense peripheral rim can be seen
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Fig. 8a, b. Nodular regenerative hyperplasia after Mn-DPDP. Same case as Fig. 7. The pre-contrast GRE T1-weighted image (aa) reveals nu-
merous slightly hyperintense nodules (arrows) surrounded by a thin hypointense rim. In the hepatobiliary phase after Mn-DPDP adminis-
tration (bb), the nodules are homogeneously hyperintense due to uptake of Mn++ into the lesion, similar to the appearance after Gd-BOPTA
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Fig. 9a-f. Nodular regenerative hyperplasia after SH U 555 A. Same case as Fig. 6. The pre-contrast T2*-weighted image (aa) reveals nu-
merous slightly hyperintense nodules. Conversely, no lesions are visible on the pre-contrast T1-weighted VIBE image (bb). In the arterial
phase (cc) of the dynamic study after SH U 555 A administration, numerous well-defined hyperintense lesions are visible. These lesions
demonstrate rapid contrast wash-out in the portal venous (dd) and equilibrium (ee) phases. In the reticuloendothelial phase (ff) the nodules
show a marked signal drop due to the uptake of iron oxide particles by Kupffer cells, similar to the observation in FNH
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brane results in these lesions appearing hy-
pointense on delayed hepatobiliary phase images
against normal enhanced liver parenchyma in
which enhancement derives from the presence of
Gd-BOPTA in both the hepatocytes and adjacent
biliary system. This has proven a highly accurate
means of differentiating HA from FNH [7].

HA typically appear iso- or hyperintense on
delayed hepatobiliary phase images after man-
gafodipir trisodium administration because the
Mn++ ion non-specifically enters the HA lesion he-
patocytes via ionic channels. Unfortunately, since a
similar enhancement pattern is seen with FNH, the
accurate differentiation of these lesions is not pos-
sible using this contrast agent (Figs. 10, 11).

Due to the variable number and activity of
Kupffer cells in different HA, variable uptake of
SPIO particles occurs, leading to a different ap-
pearance on post-contrast T2-weighted images
(Figs. 12 , 13) [7]. Uptake of SPIO particles in HA
may also be due to pooling of the contrast agent
within the peliosis-like dilated vessels.

In liver adenomatosis, which is characterized
by the presence of multiple adenomas in the same
patient, the lesions may appear small or large, non-
complicated or complicated. Moreover, some nod-
ules may appear with fatty metamorphosis while
others may have a homogeneous appearance. For
these reasons the enhancement behavior typically
varies for different lesions (Fig. 14).

aa bb

cc dd
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Fig. 10a-k. Non-complicated hepatic adenoma after Gd-BOPTA and Mn-DPDP. A large nodule (asterisk), located in the left lobe of the liv-
er, appears slightly hyperintense on the pre-contrast TSE T2-weighted image (aa), isointense on the pre-contrast GRE T1-weighted “in-
phase” image (bb) and homogeneously hypointense on the GRE T1-weighted “out-of-phase” image (cc). The lesion demonstrates homoge-
neous enhancement in the arterial phase (dd) of the dynamic series after administration of Gd-BOPTA, followed by rapid wash-out in the
portal venous (ee) and equilibrium (ff) phases. The lesion is hypointense in the hepatobiliary phase after Gd-BOPTA administration (gg, hh) due
to a decreased hepatocyte uptake of Gd-BOPTA as well as to the absence of bile ductules. Conversely, the lesion is isointense compared to
the normal liver parenchyma on hepatobiliary phase images (ii, jj) after the administration of Mn-DPDP. This is due to the fact that Mn++ ions
non-specifically enter the hepatocytes of the lesion via ionic channels. The gross specimen (kk) shows a heterogeneous, well-defined, non-
hemorrhagic and non-necrotic mass
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Fig. 11a-i. Coexisting hepatic adenoma and focal nodular hyperplasia after Gd-BOPTA and
Mn-DPDP. The pre-contrast TSE T2-weighted image (aa) reveals a large lesion (arrows) with
heterogeneous signal intensity indicative of two different nodules. On the corresponding
pre-contrast GRE T1-weighted “in-phase” (bb) and “out-of-phase” (cc) images, the lesion is
isointense compared to the surrounding liver parenchyma. Unusual enhancement behavior
is noted on dynamic phase images after the bolus injection of Gd-BOPTA (dd-ff). On the arteri-
al phase image (dd) the larger nodule (asterisk) appears slightly hyperintense while the small-
er nodule (arrowheads) appears strongly hyperintense compared to the normal liver
parenchyma. In the portal venous phase (ee) both nodules appear homogeneously hyperin-
tense with rapid wash-out of enhancement noted in the equilibrium phase (ff). In the hepa-
tobiliary phase after Gd-BOPTA administration (gg) the larger nodule is markedly hypointense
while the smaller nodule is slightly hyperintense. The enhancement behavior of the two
nodules is characteristic for HA and FNH, respectively. In the hepatobiliary phase after Mn-
DPDP administration (hh), both nodules are isointense compared to the surrounding liver, in-
dicating non-specific entry of Mn++ ions into hepatocytes. The gross specimen (ii) confirms
the different composition of the lesions: the FNH has a more homogeneous appearance (ar-
rows) while the HA has a heterogeneous appearance due to hemorrhagic areas
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Fig. 12a-f. Non complicated hepatic adenoma after SH U 555 A. Same case as shown in Fig. 10. The lesion is isointense compared to the
liver on the pre-contrast T2*-weighted image (aa) and homogeneously hypointense on the pre-contrast VIBE image (bb). The lesion is ho-
mogeneously enhanced in the arterial phase (cc) of the dynamic evaluation after administration of SH U 555 A. Note the presence of feed-
ing vessels (arrowhead). The lesion appears hypointense in the subsequent portal venous (dd) and equilibrium (ee) phases. In the reticu-
loendothelial phase (ff) the lesion shows heterogeneous uptake of iron oxide particles characterized by a peripheral drop in signal
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Fig 13a-f. Coexisting hepatic adenoma and focal nodular hyperplasia after SH U 555 A. Same case as Fig. 11. The lesion appears isoin-
tense on the pre-contrast T2*-weighted image (aa), while on the VIBE image (bb) the smaller nodule appears isointense at the periphery and
hypointense in the central portion (arrow). On the arterial phase image (cc) of the dynamic series after the administration of SH U 555 A, the
bigger nodule appears slightly heterogeneously hyperintense while the smaller nodule is homogeneously hyperintense. In the portal ve-
nous (dd) and equilibrium (ee) phases the FNH (smaller nodule) appears hypointense, while the HA remains heterogeneously slightly hyper-
intense. In the reticuloendothelial phase (ff) both lesions show a signal drop due to the presence of Kupffer cells, however the signal drop
is less pronounced in the smaller FNH nodule
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Fig. 14a-h. Liver adenomatosis and FNH after Gd-BOPTA, Mn-DPDP and SPIO. The pre-contrast TSE T2-weighted image (aa) and the GRE T1-
weighted “in-phase” image (bb) reveal a small, round, hypointense lesion (arrowhead) located in segment II of the liver. In segment I an isoin-
tense nodule (arrow) with a hyperintense (T2-weighted image) and hypointense (T1-weighted image) central scar is visible. On the pre-con-
trast GRE T1-weighted “out-of-phase” image (cc) the small nodule in segment II appears hyperintense while two other hyperintense lesions
(arrowheads) are visible in the right lobe. The lesion located in segment I appears slightly hyperintense. During the arterial phase after Gd-
BOPTA administration (dd) the nodules (arrows) in segments II and I appear markedly hyperintense; conversely the two nodules located in the
right lobe are isointense. In the portal venous phase (ee) all the lesions appear isointense. On the hepatobiliary phase image (ff) acquired after
Gd-BOPTA administration, several hypointense nodules, suggestive of HA, are visible. The nodule in segment I of the liver appears isointense,
which is suggestive of FNH. After Mn-DPDP administration (gg) some hyperintense nodules are visible in the right lobe of the liver, while the
nodules located in segments II and I appear isointense. On the reticuloendothelial phase image (hh) after SPIO administration all the nodules
are isointense compared to the normal liver, due to the presence of Kupffer cells within the lesions. This case illustrates that HA is more eas-
ily differentiated from FNH with Gd-BOPTA
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8.3
Malignant Focal Liver Lesions 
of Hepatocellular Origin

8.3.1
From Regenerative Nodules to 
Hepatocellular Carcinoma (HCC)

According to the terminology established by an In-
ternational Working Party in 1994, there are three
steps in the development of HCC: regenerative
nodule, dysplastic nodule (low-grade; high-grade;
with focus of HCC) and small (< 2 cm) HCC.

Regenerative nodules are benign lesions with
an exclusive portal venous blood supply. Low-
grade dysplastic nodules, on the other hand, show
slight cytologic atypia with mainly large cell
changes, while high-grade dysplastic nodules are
considered pre-malignant lesions. The develop-
ment of new non-triadal arterial flow to small
HCC and dysplastic nodules can result in some en-
hancement of dysplastic nodules at contrast-en-
hanced CT and MR and thus simulate HCC. How-
ever, this is comparatively rare [11, 17]. Small foci
of carcinoma can be found in about one third of
high-grade dysplastic nodules. When elements of
HCC are found in lesions smaller than 2 cm in size,
they are termed “small HCC”.

Dysplastic nodules are commonly encountered
pathologically in severe cirrhosis. However, only
about 15% of such nodules are detected at MR im-
aging.When visualized, dysplastic nodules are typ-
ically hyperintense on T1-weighted images and hy-
pointense on T2-weighted images [14]. However,
since most are not seen, the most common appear-
ance is therefore isointense compared to the sur-
rounding liver parenchyma. Although arterial
phase enhancement can increase the sensitivity for
characterization of dysplastic nodules, this is at the
expense of decreased specificity because of the
overlap with the much more commonly seen arte-
rial phase enhancement in HCC.

The nature of nodular regeneration in cirrho-
sis, and the development of dysplastic nodules may
lead to additional false-positive diagnoses of HCC.
MR imaging is now widely considered the most
successful imaging modality for differentiating re-
generative and dysplastic nodules from HCC. Re-
generating nodules may have altered SI depending
on whether or not they contain hemosiderin. Re-
generating nodules without hemosiderin are typi-
cally iso- to slightly hyperintense on T1-weighted
images and iso- or mildly hypointense on T2-
weighted images. Those with hemosiderin are
more hypointense on T2-weighted images due to
their iron content (Fig. 15, 16). While dysplastic
nodules have been reported to have low SI foci on
T2-weighted images, and slightly hyperintense foci

on T1-weighted images, most dysplastic nodules
remain isointense with the cirrhotic liver, and it is
generally only large, occasional dysplastic nodules
that are identified at MR. The signal changes in
dysplastic nodules also reflect the accumulation of
iron and hemosiderin products (Fig. 17).

The macroscopic appearance of HCC has been
classified as expanding, spreading and multifocal.
On the basis of histological differentiation they
can be classified as belonging to one of four
grades, from I to IV. A frequent occurrence in
small HCC is fatty degeneration. However, while
this is seen microscopically, it is only rarely appre-
ciated at imaging.

The formation of a pseudocapsule around the
lesion (constructed usually from connective fi-
brous tissue) and of a septum within the tumor is
frequently observed in larger HCC. This may de-
rive from an interaction between tumor and host
liver and may interfere with the growth and inva-
sion of the HCC [9]. The internal septation process
as well as the heterogeneity inherent within larger
lesions due to macroscopic fat accumulation, hem-
orrhage, necrosis, and fibrosis creates a relatively
characteristic ‘mosaic’ appearance (see Chapter 6,
Fig. 16, 17) [29].

Kupffer cells are usually present in HCC. Al-
though the number of Kupffer cells tends to be
lower in cancerous compared to non-cancerous
tissue, particularly as the tumor size increases and
histologic grade decreases, there are typically few
differences in Kupffer cell number in small well-
differentiated HCC and non-cancerous tissues.

Many factors affect the visualization of primary
HCC during unenhanced and/or contrast-en-
hanced MR imaging of the liver: the dimensions,
composition and degree of vascularization of the
lesion, and the functionality of the normal hepatic
parenchyma and the residual hepatic function of
the neoplastic cells themselves. Unfortunately such
factors vary from patient to patient, often making
the behavior of a given HCC lesion difficult to pre-
dict. Studies aimed at correlating the appearance
of HCC on MR imaging with the pathologic char-
acteristics of the lesion reflect the difficulty in
drawing firm conclusions on the behavior of such
lesions [5].

A large number of usually small HCC are isoin-
tense on T1- and T2-weighted imaging. When vi-
sualized, HCC typically appear mildly to moder-
ately hyperintense at turbo spin echo (TSE) T2-
weighted and/or short TI inversion-recovery
(STIR) imaging. On T1-weighted images, increased
SI correlates more strongly with a well-differenti-
ated histologic grade than does iso- or hypointen-
sity [22]. Hyperintensity on T1-weighted images is
related to several factors, such as fatty metamor-
phosis, glycogen, clear cells and copper.

Dynamic T1-weighted imaging during the arte-
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Fig. 15a-g. Regenerative nodule after Gd-BOPTA. The pre-contrast T2-weighted
image (aa) reveals a small, round hypointense nodule (arrows). The lesion is slightly
hyperintense on the pre-contrast GRE T1-weighted “in-phase” image (bb) and ho-
mogeneously markedly hyperintense on the corresponding GRE T1-weighted “out-
of-phase” image (cc). Significant enhancement is not seen during the dynamic T1-
weighted series (dd-ff) after Gd-BOPTA administration. On the T1-weighted fat-sup-
pressed image (gg) acquired during the hepatobiliary phase, the regenerative nodule
appears isointense, due to the uptake of Gd-BOPTA
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Fig. 16a-f. Regenerative nodule after SH U 555 A. On the pre-contrast HASTE T2-weighted image (aa) a round, well-defined slightly hy-
perintense nodule (arrows) with a thin hypointense rim is visible. On the pre-contrast GRE T1-weighted “in-phase” image (bb) the lesion ap-
pears homogeneously hyperintense, while on the corresponding GRE T1-weighted “out-of-phase” image (cc) it appears slightly hy-
pointense. On the pre-contrast VIBE image (dd) the lesion appears isointense compared to the surrounding normal liver parenchyma. Dur-
ing the arterial phase after SH U 555 A injection (ee) the nodule does not show enhancement, while in the reticuloendothelial phase (ff) the
lesion shows significant signal drop, which indicates a benign lesion containing Kupffer cells
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Fig. 17a-h. Dysplastic nodule after Gd-EOB-DTPA and Gd-BOPTA. The pre-contrast T2-weighted image (aa) reveals a slightly hypointense
lesion (arrows) located in segment VIII of the liver. On the pre-contrast GRE T1-weighted image (bb) the nodule appears hyperintense, while
on the pre-contrast VIBE image (cc) it appears slightly hyperintense, coexisting with a round, vascular malformation near the right branch
of the portal vein (asterisk in bb). The solid lesion does not show evident enhancement on the arterial phase image (dd) acquired during the
dynamic study after Gd-EOB-DTPA administration. During the portal venous (ee) and equilibrium (ff) phases the lesion appears heteroge-
neously hypointense. In the hepatobiliary phase after Gd-EOB-DTPA (gg), the nodule is slightly hypointense compared to the normal liver
parenchyma. On the hepatobiliary phase image (hh) acquired after Gd-BOPTA administration the nodule is isointense with respect to the
surrounding liver parenchyma
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rial phase is important for the detection of small
HCC, because these may be occult at other pulse
sequences and on portal venous and equilibrium
phase images (Fig. 18). As HCC is a hypervascular
lesion, characterized by abundant neoangiogene-
sis, these lesions typically demonstrate arterial en-
hancement at dynamic imaging. The enhancement
is mainly intense and homogeneous in small non-
necrotic lesions, while it may appear heteroge-
neous and less intense in large necrotic or hemor-
rhagic nodules. In about 10% of cases HCC may
appear hypointense (Figs. 19, 20). Contrast agent
wash-out during the portal venous phase is also
typical of HCC.

The pseudocapsule of HCC usually appears hy-
pointense on unenhanced T1- and T2-weighted
images. On enhanced MR imaging with Gd-based
contrast agents, enhancement of the pseudocap-
sule is seen principally on portal venous phase im-
ages although initial enhancement may be seen in
the late arterial phase. As is typical of fibrous tis-
sues, the enhancement usually persists into the
equilibrium phase. Contrast agent wash-out from
the lesion parenchyma means that the capsule is
usually more prominent in the equilibrium phase
[9].

Whereas dynamic phase imaging of HCC with
Gd-BOPTA and Gd-EOB-DTPA gives similar re-
sults to that seen with conventional Gd agents, de-
layed phase imaging reveals a number of different
enhancement patterns, with both iso-, hypo- and
hyperintense patterns possible (Figs. 19, 20, and
see Chap. 6, Fig. 16). Generally, moderately-differ-
entiated lesions tend to enhance to a greater extent
on delayed images than well-or poorly-differenti-
ated lesions [5]. In a recent retrospective analysis
of 94 HCC evaluated with Gd-BOPTA, 89.4% were
hypointense in the delayed phase, compared with
only 3.2% and 7.4% that were hyper- and isoin-
tense, respectively [5] (Figs. 21, 22). Elsewhere it
has been shown that well- and moderately-differ-
entiated HCC demonstrate superior signal en-
hancement ratios to poorly-differentiated HCC on
images acquired at 0.5 Tesla at 60-120 min after
Gd-BOPTA administration [18]. This finding re-
flects the retention of sufficient hepatocytic activ-
ity in these lesions to allow take-up of Gd-BOPTA.
In this regard, a significant correlation has been
observed between the presence of intra-lesional
bile and the degree of lesion enhancement after
Gd-BOPTA administration [5, 18].

HCC typically show heterogeneous enhance-
ment with the hepatobiliary agent mangafodipir
trisodium [21]. Well-differentiated HCC enhance
to a greater extent than poorly-differentiated HCC.
A rim-like enhancement on mangafodipir trisodi-
um–enhanced MR images may be indicative of
peritumoral infiltration of malignant cells into
neighboring normal liver parenchyma resulting in

intermingling of malignant cells with normal
functioning hepatocytes in the peripheral region.
However, such a finding has also been reported for
CCC and metastases and may be due to compres-
sion of the surrounding normal liver tissue.

Post-mangafodipir trisodium MR imaging has
been shown to result in a more accurate differenti-
ation between benign (FNH) and malignant
(HCC) hepatocellular tumors than unenhanced
MR imaging alone, although overlapping enhance-
ment behavior is more common with this agent
than with Gd-based hepatobiliary agents [3]. On
delayed images after mangafodipir trisodium infu-
sion, most moderate and well-differentiated le-
sions are hypointense (Fig. 23).

HCC lesions generally do not show a significant
decrease in SI after administration of SPIO con-
trast agents, although SI loss has been seen in
some individual HCC [12].

The conspicuity of HCC after SPIO depends on
differences in the number of Kupffer cells between
the lesion and the surrounding liver. Typically,
moderately- or poorly-differentiated HCC show
large differences in the number of Kupffer cells
compared to the surrounding liver and thus
demonstrate a high contrast-to-noise ratio at
SPIO-enhanced MR imaging, particularly in cir-
rhotic livers (see Chap. 6, Figs. 21a, 21f). Dysplastic
nodules and most well-differentiated HCC, on the
other hand, contain nearly the same number of
Kupffer cells as the surrounding cirrhotic hepatic
parenchyma and therefore are not well-depicted
on T2-weighted MR images [12]. Focal HCC de-
generation within dysplastic nodules can be de-
tected with SPIO agents as areas of hyperintensity
which do not show significant signal drop in com-
parison with the surrounding dysplastic non-neo-
plastic portion. This results in a typical “nodule in
nodule” appearance (Fig. 24).

As regards the detection of HCC, there are con-
flicting reports as to whether dynamic Gd-en-
hanced MR imaging or SPIO-enhanced imaging is
preferable. Tang et al. [30] found significantly more
lesions on Gd-enhanced MR images than on SPIO-
enhanced MR images in 53 patients (97 of 103 ver-
sus 80 of 103, P < 0.01) (see Chapter 6, Fig.15)
whereas Vogl et al. [32] detected more HCC lesions
with SPIO-enhanced MR imaging than with dy-
namic Gd-enhanced MR imaging. Pauleit et al. [23]
found that unenhanced and Gd-enhanced MR im-
aging was significantly more sensitive and accu-
rate than SPIO-enhanced imaging for the detec-
tion of small HCC but that SPIO-enhanced imag-
ing was superior for the detection of large HCC,
albeit non-significantly. Analysis of all HCC re-
vealed no significant differences for Gd- and SPIO-
enhanced imaging.
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Fig. 18a-e. Small HCC on unenhanced and dynamic imaging after Gd-BOPTA. On
the pre-contrast T2-weighted (aa) and T1-weighted (bb) images, no focal lesions are
visible. During the arterial phase (cc) after Gd-BOPTA administration, a well-defined
hyperintense nodule (arrows) can be seen. Rapid contrast agent wash-out from the
lesion occurs during the portal venous phase (dd), resulting in the lesion appearing
slightly hyperintense to isointense in the equilibrium phase (ee). A thin hyperintense
pseudocapsule (arrowhead) can be seen in the equilibrium phase
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Fig. 19a-f. Hypovascular HCC and cavernous hemangioma after Gd-BOPTA. On the pre-contrast T2-weighted image (aa) a round hetero-
geneous, slightly hyperintense nodule (arrows) and a heterogeneously hyperintense lesion (arrowheads) can be seen. The corresponding
pre-contrast GRE T1-weighted image (bb) reveals a well-defined heterogeneous, slightly hypointense nodule (arrows), and a homoge-
neously hypointense lesion (arrowheads) (bb). On the arterial phase image (cc) of the dynamic series after Gd-BOPTA injection, the round
nodule (arrow) shows weak and irregular enhancement, while an initial nodular peripheral enhancement (arrowheads) can be observed in
the other lesion. This latter behavior is suggestive of hemangioma. On the portal venous (dd) and equilibrium (ee) phase images the cav-
ernous hemangioma shows progressive centripetal enhancement, while the round nodule appears consistently hypointense with a thin
hyperintense pseudocapsule (arrowhead in dd). This enhancement pattern is suggestive for HCC. Both lesions are heterogeneously hy-
pointense on the delayed hepatobiliary phase image (ff)
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Fig. 20a-d. Hypovascular HCC and cavernous hemangioma after Gd-EOB-DTPA. Same case as shown in Fig. 19. The pre-contrast GRE T1-
weighted image (aa) reveals a well-defined heterogeneous, slightly hypointense nodule (arrows) and a homogeneously hypointense lesion
(arrowheads). During the dynamic study after Gd-EOB-DTPA administration (bb, cc), the enhancement behavior is similar to that observed af-
ter Gd-BOPTA administration. Likewise, both lesions appear hypointense compared to the normal liver during the hepatobiliary phase (dd)
after Gd-EOB-DTPA administration
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Fig. 22a, b. Poorly-differentiated HCC in liver cirrhosis after Gd-BOPTA. The pre-contrast GRE T1-weighted image (aa) reveals a homoge-
neously isointense nodule (arrows) with a thin peripheral hypointense rim. Note the micronodular transformation of the liver by advanced
cirrhosis. In the hepatobiliary phase after Gd-BOPTA administration (bb), the nodule appears homogeneously hypointense compared to the
normal liver parenchyma. In poorly-differentiated HCC the malignant cells are not able to take up Gd-BOPTA
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Fig. 21a, b. Well-differentiated HCC after Gd-BOPTA. The pre-contrast GRE T1-weighted image (aa) reveals an isointense nodule (arrows)
with a thin peripheral hypointense rim. In the hepatobiliary phase after Gd-BOPTA administration (bb), the nodule is slightly hyperintense
compared to the normal liver parenchyma. The malignant cells in the well-differentiated HCC retain the ability to take up Gd-BOPTA
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Fig. 23a-h. Moderately-differentiated HCC after Gd-BOPTA and Mn-DPDP. The pre-contrast HASTE T2-weighted image (aa) reveals a
round, heterogeneously hyperintense nodule (arrows). On the pre-contrast GRE T1-weighted “in-phase” (bb) and “out-of-phase” (cc) images
the lesion appears hyper- and hypointense, respectively, compared to the normal liver parenchyma. On the arterial phase image (dd) of the
dynamic series after Gd-BOPTA injection, the nodule demonstrates marked and heterogeneous enhancement. Rapid wash-out of contrast
agent is noted in the subsequent portal venous (ee) and equilibrium (ff) phases. In the hepatobiliary phase after Gd-BOPTA (gg) and Mn-DPDP
(hh) administration the lesion is hypointense due to the lack of contrast agent uptake by the malignant hepatocytes
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8.4
Benign Focal Liver Lesions of non-
Hepatocellular Origin

8.4.1
Cavernous and Capillary Hemangioma

Hemangiomas represent tortuous caverns of
blood-filled spaces that are usually well-circum-
scribed, ranging in size from a few millimeters to
more than 20 cm. Microscopically, they are com-
posed of multiple vascular channels lined by a sin-
gle layer of endothelial cells supported by a thin, fi-
brous stroma.

Small (typically < 2 cm) hemangiomas that
show complete and immediate filling with contrast
material during the initial arterial phase have been
referred to as capillary hemangiomas, but this dis-
tinction is without any clinical indication. Such
small ‘flash-filling’ hemangiomas can simulate a
vascular neoplasm if only the arterial phase char-
acteristics are considered. However, the enhance-
ment usually persists into the portal venous and
delayed phases in capillary hemangiomas while
contrast material wash-out usually occurs from
small vascular tumors, rendering these lesions iso-
or hypoattenuating/intense on later phases com-
pared to the normal liver.

On cut sections, larger hemangiomas are al-
most always heterogeneous with areas of fibrosis,
necrosis and cystic change; sometimes abundant
fibrous tissue completely replaces the lesion.

Marked hyperintensity on T2-weighted images

has historically been relied upon to establish the
diagnosis of hemangioma particularly when using
a long echo time (TE) (~ 120 ms). This is generally
a useful technique, although high SI on heavily T2-
weighted sequences with long TE may occasional-
ly be seen in cystic tumors and uncommonly in
hypervascular metastases from sarcoma, islet cell
tumor, pheochromocytoma, carcinoid and renal
cell carcinoma. On pre-contrast T1-weighted im-
ages hemangiomas are most commonly seen as
well-defined and slightly hypointense with lobu-
lated borders. In the majority of cases the combi-
nation of T2-weighted and serial dynamic T1-
weighted Gd images allows a confident diagnosis
of hemangioma [19, 27].

The dynamic imaging characteristics of heman-
giomas after administration of Gd-BOPTA and Gd-
EOB-DTPA are the same as with conventional Gd
agents. Specifically, peripheral nodular enhance-
ment which progresses centripetally to uniform en-
hancement is typical for cavernous haemangiomas,
whereas rapid and complete enhancement during
the arterial phase is typical for smaller capillary
haemangiomas. Hemangiomas usually appear hy-
pointense compared to the surrounding liver
parenchyma on delayed phase images after these
agents, as well as on delayed images after man-
gafodipir trisodium infusion (Fig. 25).

Because hemangiomas generally do not con-
tain Kupffer cells, reticuloendothelial uptake of
SPIO particles does not occur. However, uptake of
USPIO particles does occur because of their
blood-pool effect, resulting in a loss of SI on US-
PIO-enhanced T2-weighted images. Dynamic

ii

Fig. 24a-i. Dysplastic nodule and focal HCC degeneration after SH U 555 A. The pre-contrast HASTE T2-weighted image (aa) reveals a
round, well-defined slightly hypointense nodule (arrows). On the pre-contrast GRE T1-weighted “in-phase” (bb), “out-of-phase” (cc), and VIBE
(dd) images, the lesion appears hyperintense, most likely due to glycogen content. Only minimal enhancement is seen on images acquired
during the dynamic series after SH U 555 A administration (ee-gg) although a thin and complete hyperintense peripheral rim is clearly visible.
The VIBE image (hh) acquired during the delayed phase reveals an intra-lesional round, slightly hyperintense nodule (arrowhead). A corre-
sponding delayed GRE T1-weighted image (ii) reveals a marked hyperintensity of the intranodular lesion (arrowhead), giving it the “nodule
within a nodule” aspect suggestive of focal HCC in a dysplastic nodule
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Fig. 25a-e. Cavernous hemangioma after Gd-BOPTA. The hemangioma (asterisk)
is heterogeneously hyperintense on the SE T2-weighted image (aa) and hypointense
on the pre-contrast GRE T1-weighted image (bb). During the arterial phase (cc) of the
dynamic series after Gd-BOPTA injection, multiple focal areas of nodular enhance-
ment (arrows) that are isointense with the aorta are seen in the periphery. Cen-
tripetal filling-in is seen during the equilibrium phase (dd). During the delayed hepa-
tobiliary phase after Gd-BOPTA administration, the lesion appears slightly heteroge-
neously hypointense (ee)
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phase T1-weighted imaging after administration
of SH U 555 A reveals the hyperintense globular
enhancement and centripetal filling-in that is typ-
ical of dynamic phase imaging after administra-
tion of Gd contrast agents. Hemangiomas fre-
quently appear hyperintense on delayed images
acquired 10 min after SPIO administration [26]
(see Chap. 4, Fig.12).

8.5
Malignant Focal Liver Lesions of
non-Hepatocellular Origin

8.5.1
Hypervascular Metastases

Hypervascular metastases derive from highly vas-
cular tumors such as carcinoid, islet cell tumor, re-
nal carcinoma, thyroid carcinoma, pheochromocy-
toma, melanoma, and breast carcinoma. On unen-
hanced T1-weighted images these lesions are usu-
ally hypointense, while on T2-weighted images
they are slightly hyperintense and/or heteroge-
neous in SI compared to the background liver tis-
sue. Some hypervascular metastases may have
higher SI on T2-weighted images and thus mimic
hemangiomas (Fig. 26) [16].

Whereas hypovascular lesions are best imaged
during the portal venous phase, maximum en-
hancement of vascular metastases usually occurs
during the arterial phase after Gd injection. In the
portal-venous phase these lesions usually show
some rapid peripheral wash-out which, on subse-
quent images, results in a hypointense halo ap-
pearance. Hence, lesion characterization is best
performed during the equilibrium phase, when the
pattern of enhancement and degree of contrast
agent wash-out can be determined [16]. Larger hy-
pervascular metastases receive arterial blood more
in the periphery of the lesion than in the less per-
fused center, and may therefore demonstrate a pe-
ripheral rim of enhancement.

The dynamic enhancement patterns on Gd-
BOPTA and Gd-EOB-DTPA–enhanced dynamic
MR imaging is the same as that seen with conven-
tional Gd-based contrast agents. However, whereas
the SI between liver and lesions thereafter equili-
brates with conventional Gd-based agents, on de-
layed hepatobiliary phase images after Gd-BOPTA
and Gd-EOB-DTPA, all metastases demonstrate
marked hypointensity compared to the surround-
ing enhanced normal liver parenchyma (Fig. 27)
[2]. Although some retention of contrast agent
may occasionally be observed in the necrotic cen-
ter of the lesion on delayed images, repetition of
the delayed sequence at 2 to 3 h post-injection
when complete washout from the interstitial space

has occurred is usually sufficient to confirm that
this central enhancement is not due to hepatocytic
accumulation (Figs. 28, 29).

Hypervasuclar metastatic lesions typically ap-
pear hypointense compared to the surrounding
liver parenchyma also after infusion of man-
gafodipir trisodium. However, uptake of Mn++ and
a resulting hyperintense appearance has been ob-
served after mangafodipir trisodium infusion in
hepatic metastases from non-functioning en-
docrine tumors of the pancreas [25].

On SPIO-enhanced T2- or T2*-weighted im-
ages, hypervascular metastases appear hyperin-
tense compared to the low SI of the surrounding
normal liver parenchyma due to the lack of any sig-
nificant uptake of SPIO particles [10, 28] (Fig. 30).

8.5.2
Hypovascular Metastases

Hypovascular metastases are the most frequent
malignancies in the liver. In the United States,
colon cancer is the most common primary site and
approximately 50,000 cases of hepatic colorectal
metastases are encountered annually.

Lesion detection is size-related, with lesions
smaller than 1 cm being difficult to identify with
conventional techniques. Unfortunately, a post-
mortem assessment of the size of liver metastases
has shown that the ratio between metastases larger
than 1 cm and those smaller than 1 cm is approxi-
mately 1:1.6 for metastases of colorectal adenocar-
cinoma and 1:4 for other liver metastases [4].
Therefore an ability to accurately detect and char-
acterize metastases under 1 cm in size is clearly
warranted in order to accurately detect and stage
the tumor extent within the liver.

Hypovascular metastatic lesions tend to be
round in shape although metastases larger than 3
cm from colorectal adenocarcinoma commonly
have a cauliflower aspect. The SI of these metas-
tases is lower than that of surrounding hepatic tis-
sue on unenhanced T1-weighted images and typi-
cally moderately higher on T2-weighted images. A
hypointense peripheral rim around tumor nodules
may be seen on T2-weighted images in about 25%
of colorectal hepatic metastases. The histopatho-
logic changes associated with this rim include
compression of hepatic parenchyma, hepatocellu-
lar atrophy, fibrosis, inflammation, and congested
sinusoids.

It remains a matter for debate whether the de-
tection of hypovascular metastases is improved on
contrast-enhanced images using conventional Gd
agents compared to unenhanced images. On the
other hand, even hypovascular tumors may show
some enhancement that occasionally helps to de-
tect or characterize the lesion. On hepatic arterial
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Fig. 26a, b. Metastases from cholangiocellular carcinoma on unenhanced imaging. The pre-contrast T2-weighted image (aa) reveals a
round, well-defined, hyperintense lesion (arrow) in segment VI of the liver. On the corresponding pre-contrast GRE T1-weighted image (bb)
the lesion (arrow) is homogeneously hypointense

Fig. 27a-e. Metastases from cholangiocellular carcinoma after Gd-BOPTA.
Same case as Fig. 26. On the pre-contrast GRE T1-weighted image (aa) the le-
sion (arrow) is homogeneously hypointense. The nodule appears markedly
hyperintense on the arterial phase image (bb) after Gd-BOPTA administration.
This hyperintensity persists into the portal venous phase (cc). In the equilibri-
um phase (dd) the lesion is isointense with a thin peripheral hypointense rim
(arrowhead). In the hepatobiliary phase image (ee) the nodule is homoge-
neously, markedly hypointense
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Fig. 28a-f. Metastases from gastrointestinal stromal tumor (GIST) after Gd-EOB-DTPA. On the pre-contrast T2-weighted image (aa), two
round, well-defined, markedly hyperintense lesions (arrows) can be seen in segments IV and II of the liver. On the pre-contrast GRE T1-
weighted image (bb) the nodules appear homogeneously hypointense. No enhancement is seen on arterial (cc) and portal venous (dd) phase
images acquired during the dynamic series after Gd-EOB-DTPA administration, indicating large necrotic components within the lesions. In
the hepatobiliary phase (ee-ff) 20 min after injection of contrast agent, the nodules appear isointense with a thin hypointense peripheral rim.
This is due to non-specific intra-lesional pooling of the contrast agent in the necrotic components
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Fig. 29a-d. Metastases from gastrointestinal stromal tumor (GIST) after Gd-BOPTA. Same case as Fig. 28. On the pre-contrast GRE T1-
weighted image (aa) the nodules (arrows) appear homogeneously hypointense. In the arterial phase (bb) of the dynamic series after Gd-BOP-
TA administration the nodules appear hypointense and are surrounded by a hyperintense peripheral rim. Partial wash-out is apparent on
the portal venous phase image (cc). In the hepatobiliary phase (dd) 1 h after contrast agent administration, the lesion located in segment IV
of the liver appears slightly hypointense, due to non-specific intra-lesional pooling of the contrast agent in the necrotic components of the
lesion. The lesion in segment II appears homogeneously hypointense
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Fig. 30a-f. Metastases from malignant melanoma after SH U 555 A. The pre-contrast TSE T2-weighted image (aa) reveals a small, round
hyperintense nodule (arrow) in segment VI of the liver. On the corresponding pre-contrast GRE T1-weighted image (bb), the lesion is hy-
pointense. During the dynamic study after injection of SH U 555 A (cc-ee), the nodule shows weak and progressive enhancement, mainly in
the equilibrium phase (ee), and a thin peripheral hyperintense rim is easily visible. In the reticuloendothelial phase (ff) the lesion appears hy-
perintense, due to the lack of uptake of SH U 555 A since there are no functioning Kupffer cells in the lesion



300 MRI of the Liver

phase images metastases can show a fleeting ring
enhancement that blurs the margins of the lesion.
This corresponds to desmoplastic reaction, inflam-
matory infiltration and vascular proliferation in
the tumor-liver parenchymal margin. The en-
hancement progresses centrally with concomitant
peripheral wash-out. In the equilibrium phase
around 10 min after administration of contrast
agent, some lesions may show a peripheral hy-
pointense rim (“peripheral wash-out” sign).

Dynamic phase imaging after Gd-BOPTA ad-
ministration reveals identical enhancement pat-
terns to those seen with conventional extracellular
Gd-based contrast agents. Since the lesions are un-
able to take up Gd-BOPTA they appear as homoge-
neously hypointense on delayed T1-weighted im-
ages [2]. For metastases showing desmoplastic re-
action, an accumulation of Gd-BOPTA in the fi-
brotic part may be observed, which can remain for
several hours. In these cases, the observation of a
peripheral hypointense halo is highly suggestive of
the malignant nature of the lesion (Fig. 31).

The enhancement pattern after mangafodipir
trisodium is similar to that after Gd-BOPTA; an in-
crease of the liver-to-lesion contrast-to-noise ratio
occurs because of the lack of Mn++ uptake (Fig. 32).

Since metastases do not contain Kupffer cells,
the contrast-to-noise ratio and hence lesion detec-
tion and conspicuity is improved after SPIO injec-
tion when compared to unenhanced T2-weighted
images (Fig. 33) [28].

Due to the non-specific behavior of malignant
liver lesions after SPIO injection, some authors
have proposed a dual contrast study in order to
improve lesion characterization. With this ap-
proach, pre- and post-SPIO images are obtained,
followed, after bolus injection of a conventional
Gd agent, by multiphasic dynamic T1-weighted
GRE images. Contrast agents such as Gd-BOPTA
and Gd-EOB-DTPA, which inherently have both
dynamic extracellular characteristics and delayed
hepatospecific characteristics, have clear advan-
tages over such an approach.

8.5.3
Cholangiocellular Carcinoma (CCC)

Cholangiocellular carcinoma (CCC) is usually
classed as “intrahepatic” or “extrahepatic” depend-
ing on the site of origin. Intrahepatic cholangio-
carcinoma (ICC) is a malignant neoplasm arising
from the epithelium of the intrahepatic bile ducts
and represents approximately 10% of all CCC. Hi-
lar (Klatskin’s) and bile duct cholangiocarcinomas

account for the remaining 90% of the lesions. The
neoplasm is usually a large, firm mass and in 10-
20% of cases there are several satellite nodules
around the main lesion. Pathologically, the stroma
can contain extremes of dense fibrous material or
mucinous glandular material or a combination of
both. The pattern that predominates has a sub-
stantial impact on the imaging appearance. Vari-
able amounts of central necrosis may be present
within the tumor, especially in large lesions, al-
though hemorrhage is rare.

On pre-contrast T1-weighted images CCC is
generally iso- to hypointense relative to the nor-
mal liver. Conversely, on T2-weighted images the
SI of the tumor ranges from markedly hyperin-
tense to mildly hyperintense. Tumors with a high
fibrous content tend to have lower SI on T2-
weighted images, while those with high mucin
content tend to have very high SI [34].

On serial dynamic T1-weighted images en-
hanced with conventional Gd agents, CCC usually
show minimal or moderate incomplete rim en-
hancement at the tumor periphery on arterial
phase images with progressive central contrast en-
hancement on portal venous and early equilibri-
um phase images [34]. Rarely, small homoge-
neously enhancing tumor nodules that simulate
HCC can be seen on arterial phase imaging. Con-
trast enhancement is frequently better seen on
portal venous and delayed equilibrium phase im-
ages in CCC with dense fibrous stroma [15].

Imaging with Gd-BOPTA is similar to imaging
with conventional non-specific Gd-based contrast
agents during the dynamic phase of contrast en-
hancement. However, delayed imaging with Gd-
BOPTA during the hepatobiliary phase reveals
contrast enhancement in the fibrotic areas of the
lesion. The degree of enhancement depends on the
type of CCC: greater peripheral enhancement is
noted in large CCC, whereas stronger enhance-
ment in the fibrous core is noted in the case of
“scirrhous” CCC [35].

Significant uptake of Mn++ mangafodipir
trisodium infusion is not observed on delayed T1-
weighted images and hence the lesions generally
appear hypointense. However, some peripheral
rim enhancement may be observed. The hepato-
biliary phase after administration of liver-specific
contrast agents may add useful information for the
identification of small satellite lesions.

Analogously, no significant uptake is observed
after SPIO administration due to the absence of
Kupffer cells within CCC. Consequently, there is in-
creased liver-to-lesion contrast-to-noise ratio on
delayed T2-weighted images.
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Fig. 31a-e. Hypovascular metastases from colon cancer after Gd-BOPTA.
The pre-contrast TSE T2-weighted image (aa) reveals a heterogeneous, slightly
hyperintense nodule (arrows). On the corresponding pre-contrast GRE T1-
weighted image (bb) the lesion is heterogeneously hypointense. Rim enhance-
ment can be seen in the arterial phase (cc) after the bolus injection of Gd-BOP-
TA while progressive enhancement and a peripheral hypointense rim (arrow-
head) can be seen in the subsequent equilibrium phase (dd). In the hepatobil-
iary phase (ee) the lesion does not show any capacity to take up Gd-BOPTA, and
appears heterogeneously hypointense

Fig. 32a, b. Metastases from cholangiocellular carcinoma after Mn-DPDP. The pre-contrast GRE T1-weighted image (aa) reveals a small,
round, homogeneously hypointense nodule (arrow). In the hepatobiliary phase after Mn-DPDP administration (bb), the nodule is better de-
lineated and appears markedly hypointense. Two additional small lesions (arrowheads) can be seen on the post-contrast image
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Fig. 33a-f. Metastases from colon cancer after SH U 555 A. On the pre-contrast TSE T2-weighted image (aa), several small, slightly hyper-
intense nodules (arrowheads) can be seen. Conversely, on the pre-contrast GRE T1-weighted image (bb) the lesions (arrowheads) are het-
erogeneous in appearance, presenting as either hypo- or hyperintense. In the arterial (cc) and portal venous (dd) phases of the dynamic eval-
uation after SH U 555 A administration, the nodules do not show significant enhancement. Conversely, in the equilibrium phase (ee) they ap-
pear homogeneously hyperintense. In the reticuloendothelial phase (ff) the lesions do not show significant signal drop, and are therefore
better delineated. Additional nodules can also be seen
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8.6
Summary
In summary, tumors of the liver exhibit variable
appearances on MR. The key to accurately detect-
ing and characterizing liver lesions is the proper
use of the variety of MR contrast agents now avail-
able for clinical use. An understanding of the un-
derlying pathology and histology of the spectrum
of liver tumors and how these affect the appear-
ance on unenhanced and contrast-enhanced MR
images is also important in order to optimize diag-
nostic potential.
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9.1
Steatosis Hepatis

Accumulation of fat within hepatocytes is com-
monly found in diabetic or obese patients or in pa-
tients who have been exposed to ethanol or other
chemical toxins. In addition, in patients with ad-
vanced malignant neoplasms, fatty changes of the
liver may be present due to poor nutrition and the
hepatotoxic effects of chemotherapy. In most cas-
es, fatty liver is associated with elevated levels of
hepatic transaminases [48, 74].

Fatty changes are distributed either diffusely,
giving rise to a patchy pattern, or are present as fo-
cal lesions. Frequently, the deposition of fat in the
liver reflects regional differences in perfusion. Re-
gions with a decreased portal flow accumulate less

fat than areas that have normal or increased perfu-
sion [2].

Generally, fatty changes of the liver have a char-
acteristic pattern. In cases of entire fatty infiltra-
tion of the liver, the medial segment of the left lobe
adjacent to the falciform ligament tends to accu-
mulate fat, while the other side of the medial seg-
ment adjacent to the portal vein usually does not
show any pathological changes [78].A characteris-
tic wedge-shape in certain regions of the liver is
frequently indicative of fatty infiltration. Unfortu-
nately, these findings are not sufficiently specific
to enable a definitive diagnosis.With computed to-
mography (CT) imaging, the absence of a mass ef-
fect and the presence of normal vascular struc-
tures within the focal fatty lesions can be consid-
ered helpful for diagnosis, particularly in very
large lesions. With magnetic resonance imaging
(MRI), conventional T1-weighted spin-echo se-
quences are relatively insensitive to fatty infiltra-
tion, with differences in signal intensity (SI) of on-
ly 5-15% between normal liver tissue and tissue
containing at least 10% triglycerides.

T2-weighted images, moreover, are especially
insensitive to fatty infiltration. Thus, the diagnosis
of a diffuse or focal fatty infiltration of the liver is
based upon the exclusion of a focal or diffuse
pathological process. In particular, comparison of
CT scans that show regions of decreased attenua-
tion with T2-weighted MR images that show no
pathological changes, and T1-weighted images
that depict a slightly bright lesion, may indicate
fatty infiltration. With the evolution of chemical
shift imaging, an accurate differential diagnosis of
fatty lesions in the liver is now possible. Thus, fatty
infiltration of the liver no longer represents a ma-
jor diagnostic problem for MRI [32, 77].

In chemical shift imaging, the signal from wa-
ter and fat is separated on the basis of differences
in resonance frequency. This allows an absolute di-
agnosis of focal or diffuse fatty infiltration. Apart

9
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from the case of lipoma of the liver, out-of-phase
images are more sensitive for the detection of fatty
liver than fat suppressed images. The intensity on
out-of-phase images is determined from the ab-
solute value of water intensity minus the fat inten-
sity. Thus, whereas most tissues (including fat) ap-
pear similar on in-phase and out-of-phase images,
fatty liver will be noticeably darker. If, for example,
in a given case of focal fatty infiltration, fat ac-
counts for 10% of the lesion’s SI and water ac-
counts for 90% on in-phase images, fat suppres-
sion, assuming that the fat signal is totally sup-

pressed, will lead to an image in which the lesion
still has 90% of the signal. However, if out-of-phase
imaging is applied, using the same repetition time
(TR) as on in-phase images, the SI of the lesion
will drop to 80% of the in-phase signal (90% water
signal minus 10% fat signal) thereby making it
easier to detect the signal drop on MR images.

In the case of liver lipoma which contains only
fat, the signal of the lesion will not change to any
noticeable extent on out-of-phase images. On the
other hand, the SI of the lesion will drop signifi-
cantly on fat suppressed images (Fig. 1-3).
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Fig. 1a-f. Diffuse focal fatty infiltration of the liver. A 54-year old female patient six months after high-dose chemotherapy for breast can-
cer. A follow-up CT study showed multiple hypodense liver lesions suspected to be metastases. Whereas T2-weighted (aa) and T1-weight-
ed (bb) unenhanced images showed hardly any SI variations, out-of-phase images (cc) show diffusely distributed hypointense areas (arrows).
On dynamic and delayed imaging at arterial phase (dd), portal-venous phase (ee) and hepatobiliary phase (ff) after Gd-BOPTA (0.05 mmol/kg
BW), no regional changes of hepatic blood flow and no differences in Gd-BOPTA uptake can be seen, indicating that no focal liver lesions
are present. Overall, MRI allows the diagnosis of diffuse focal fatty infiltration of the liver following high-dose chemotherapy
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Fig. 2a-d. Focal fatty infiltration of the liver in the area of the portal vein bifurcation in a 62-year old female patient with a history of sig-
moid colorectal cancer. Routine follow-up US detected a focal liver lesion near the liver hilum, indicative of a metastasis of colorectal car-
cinoma. Both T2-weighted (aa) and T1-weighted (bb) MR images reveal a focal hyperintense liver lesion (arrows). The high SI on both T1-
weighted and T2-weighted images makes the diagnosis of a liver metastasis of colorectal carcinoma unlikely. Both out-of-phase (cc) and fat
suppressed T1-weighted (dd) images reveal a significant drop in SI, which allows the accurate diagnosis of focal fatty infiltration of the liv-
er. In this case, the high fat content means that even fat suppressed T1-weighted images show a significant drop in SI compared to the nor-
mal parenchyma

aa bb
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Fig. 3a-d. Diffuse fatty liver in a 26-year old obese female patient. Both T2-weighted (aa) and T1-weighted (bb) unenhanced images reveal
an unusually high SI of the liver parenchyma. In this case, fat suppressed T1-weighted imaging (cc) does not allow the diagnosis of diffuse
fatty liver because the SI of the liver is not markedly different from that on T1-weighted images without fat suppression. However, out-of-
phase images (dd) readily allow the diagnosis of diffuse fatty liver because of the dramatic reduction of liver parenchymal SI
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9.2
Inflammatory Disease

9.2.1
Viral Hepatitis

Acute viral hepatitis is diagnosed primarily by
clinical or serological examination; cross-sectional
imaging is not normally part of the primary diag-
nostic approach. Typical MR findings in acute viral
hepatitis are hepatomegaly combined with edema
of the liver capsule. In fulminant forms of acute vi-
ral hepatitis, diffuse or focal necrosis may be de-
tected on MR images.

In patients suffering from chronic hepatitis,
cross-sectional imaging, especially MRI, is per-
formed to determine the presence of cirrhosis or
ascites and to screen for the presence of hepato-
cellular carcinoma (HCC). A region of high SI sur-
rounding the portal vein branches can frequently
be found on T2-weighted images in patients suf-
fering from acute or chronic active hepatitis, but is
considered a non-specific sign [38]. In addition,
diffuse or regional high signal areas can be identi-
fied on T2-weighted images [58, 59].

Patients with viral hepatitis typically have en-
larged lymph nodes at the liver hilum presenting
as solitary or confluent. However, in contrast to
lymph node metastasis, the portal veins and other
structures are not compressed and maintain their
shape.

9.2.2
Sclerosing Cholangitis

Sclerosing cholangitis is a disease that affects the
intra- and extrahepatic biliary system. Although it
may have a variety of pathogenic origins, the
histopathological changes are generally compara-
ble. The biliary tracts, in particular, are affected by
an intense inflammatory fibrosis [10].Additionally,
enlarged lymphatic nodules localized in the liver
hilum may be found. Although the hepatic
parenchyma usually presents as normal, a fulmi-
nate form of sclerosing cholangitis may occur, lead-

ing to liver failure and portal hypertension [80].
Typical findings with MRI are diffusely distrib-

uted regions of biliary dilatation and areas of peri-
portal inflammation. These features are best dis-
tinguished on heavily T2-weighted images when
the biliary dilatation presents as areas showing a
fluid-equivalent signal localized along branches of
the portal veins. On the other hand, periportal in-
flammation shows decreased SI on T1-weighted
images, while a signal intermediate between that
of liver tissue and bile is seen on T2-weighted im-
ages. These imaging findings are typically local-
ized in the liver hilum and accompany the intra-
hepatic portal tracts surrounding the portal vein
branches, but not the hepatic veins, which are un-
affected by the disease. For the differential diagno-
sis of sclerosing cholangitis, periportal inflamma-
tion, biliary obstruction, hepatitis and periportal
neoplasm all have to be taken into consideration.

Patients suffering from sclerosing cholangitis
frequently develop an occult thrombosis of the
main or segmental portal vein as a result of the
periportal inflammatory process. This may subse-
quently lead to a segmental atrophy [9, 28] (Fig. 4).
Another important finding in sclerosing cholangi-
tis is the increased risk of developing cholangio-
carcinoma (CCC). For this reason imaging studies
should always focus on the detection of focal le-
sions as well (Fig. 5).

9.2.3
Radiation-Induced Hepatitis

Due to its size and anatomical location in the ab-
domen, the liver is frequently affected secondarily
by radiation therapy of extrahepatic malignancies.
Within six months of radiation injury, diffuse ede-
ma of the liver can be seen, appearing as increased
SI on T2-weighted images and decreased SI on T1-
weighted images [68].

Portal flow is generally reduced in patients with
radiation injured regions of the liver, and, as in the
case of patients with concomitant fatty infiltration,
the deposition of fat in these areas is usually re-
duced [22].



9 • Imaging of Diffuse Liver Disease 309

aa bb

cc dd

ee ff

gg hh

Fig. 4a-h. Primary sclerosing cholangitis. T2-weighted images (aa-dd) show diffusely distributed regions of biliary dilatation (arrows) as
well as segmental atrophy (arrowhead in bb) of segments II and III of the liver. Due to the already advanced stage of the disease, hypertro-
phy of segment I (cc) can be detected. Unenhanced T1-weighted images (ee) reveal decreased SI of the liver parenchyma. Irregular en-
hancement due to inflammatory changes can be seen on T1-weighted dynamic imaging in the arterial phase (ff) and portal-venous phase
(gg). In the hepatobiliary phase after injection of 0.05 mmol/kg BW Gd-BOPTA (hh), a patchy pattern can be detected that corresponds to the
affected areas of liver parenchyma where uneven uptake and excretion of Gd-BOPTA has occured
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Fig. 5a-g. Primary sclerosing cholangitis and development of CCC. The T2-
weighted HASTE image (aa) reveals inflammation in the area of the left main
intrahepatic bile duct (arrows) and some minor dilatations of intrahepatic
ducts (arrowheads). At one year follow-up, an analogous T2-weighted HASTE
study (bb) reveals development of a tumor in the area of the biliary bifurcation
(arrow). On the corresponding T1-weighted image (cc) the tumor is markedly
hypointense and shows diffuse infiltration along the biliary tracts. The arterial
phase image (dd) acquired during the dynamic series after injection of 0.05
mmol/kg BW Gd-BOPTA reveals that the tumor is hypovascular. On the subse-
quent portal-venous phase image (ee), indistinct margins are apparent. In the
equilibrium phase (ff), the tumor shows delayed homogeneous uptake of Gd-
BOPTA and only some central parts remain hypointense compared to normal
liver tissue. This behavior is typical of CCC. In the hepatobiliary phase (gg), the
tumor is again hypointense and indistinct margins and infiltration along the
bile ducts are again visible
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9.3
Cirrhosis

Hepatic cirrhosis is a disease that leads to irre-
versible fibrosis of the parenchyma. It is localized
in the spaces between the portal tracts and de-
stroys the normal hepatic architecture. However,
the development of cirrhosis in patients suffering
from viral hepatitis is frequently inhibited by
treatment with interferon [14].

Generally, diagnosis of liver cirrhosis is
achieved by histological examination of a liver
biopsy, whereas imaging is performed to deter-
mine the anatomical distribution of the disease.

Typical features of advanced hepatic cirrhosis
on diagnostic imaging are nodular contours and
enlargement of the caudate lobe and lateral seg-
ment of the left lobe, combined with atrophy of the
right lobe [26, 59]. However, regional hypertrophy
of certain liver segments, such as the caudate lobe,
and atrophy of the right lobe are less likely to oc-
cur in alcohol-induced liver cirrhosis, which is one
of the more frequent causes of cirrhosis [24].

As liver atrophy seems to be localized around
the portal vein and the liver hilum, an empty region
in the gallbladder fossa is typically seen, which con-
tains periportal fat. Although cirrhosis affects the
entire organ, the actual volume of fibrous scar tis-
sue is very small compared with the whole liver vol-
ume and thus it has little influence on the relaxation
times of hepatocellular tissue. For this reason, cir-
rhosis alone is difficult to depict on MRI [25].

However, as liver cirrhosis is often accompa-
nied by hepatitis or inflammation, cirrhotic livers
frequently show prolonged T1 and/or T2 relax-
ation times [66].

Furthermore, cirrhotic livers tend to accumu-
late iron, which leads to decreased hepatic SI. Fre-
quently, the distortion and nodular appearance of
intrahepatic vessels is helpful for the diagnosis of
cirrhosis on MR images.

Similarly, the decreased caliber of segmental

veins compared with the intrahepatic inferior cav-
al vein can be interpreted as a sign of liver cirrho-
sis [42] (Fig. 6).

9.3.1
Regenerative Nodules

Regenerative nodules frequently arise in cirrhotic
livers as a result of heterogeneous regeneration in
the grossly distorted liver architecture. These le-
sions, which are usually less than 5 mm in diame-
ter, show a heterogeneous pattern on MR images.
Larger regenerative nodules, measuring more than
5 mm in diameter, can be found in about one third
of cirrhotic livers, while nodules larger than 10
mm only occur in about 10% of cases [72].

Regenerative nodules on ultrasound (US) and
CT may mimic neoplasms such as HCC, a misin-
terpretation frequently underlined by the fact that
intrahepatic vessels are displaced by mass effects.
MRI is superior for the diagnosis of regenerative
nodules because of its better soft tissue contrast.
The typical nodular pattern which is due to in-
flammatory fibrous septa surrounding each regen-
erative nodule is best depicted on mildly T2-
weighted images [49].

Approximately 25% of regenerative nodules
show an increased deposition of iron compared to
surrounding normal liver cells [65]. Hence, their
identification as regions with decreased SI on T2-
weighted or T1-weighted gradient echo images is
improved [64].

Furthermore, the contrast between the fibrous
septa and the normal liver parenchyma can be in-
creased by the application of exogenous iron ox-
ide-based contrast agents [18].

As liver cirrhosis with regenerative nodules
may also occur in patients suffering from fatty in-
filtration or presenting with fatty regenerative
nodules, out-of-phase T1-weighted imaging is of-
ten appropriate to clarify the diagnosis. Since re-

aa bb

Fig. 6a, b. Typical findings in hepatic cirrhosis. T2-weighted images (aa, bb), show nodular contours of the surface of the liver, enlargement
of the caudate lobe (arrow in aa), ascites and atrophy of the right liver lobe with subsequent hypertrophy of the left lobe. Additionally, a typ-
ically empty region in the gallbladder fossa (arrow in bb) can be depicted, corresponding to periportal fat
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generative nodules consist of normal hepatic cells,
MRI is the imaging modality of choice to exclude
HCC, which can usually be differentiated from re-
generative nodules due to its increased SI on T2-
weighted images. In some cases, regenerative nod-
ules may appear as slightly hyperintense on T1-
weighted sequences. This is particularly the case
when the signal of the surrounding liver parenchy-
ma is reduced due to fibrosis and in cases in which
the nodules have accumulated fat [39] (Fig. 7).

Regenerative nodules should be distinguished
from nodular regenerative hyperplasia, which is
characterized by multiple hyperplastic nodules oc-
curring in a non-cirrhotic liver. These nodules may
sometimes mimic cirrhosis, however, they do not
show the tendency to accumulate fat or iron [13].

9.3.2
Portal Hypertension

Portal hypertension is frequently a systemic com-
plication of liver cirrhosis, however different
pathologies such as obstruction at the post-sinu-
soidal (e.g. hepatic vein), sinusoidal (e.g. cirrhosis)
or pre-sinusoidal (e.g. portal vein) level may also
cause portal hypertension [27].

The most common cause of portal hyperten-
sion is liver cirrhosis.Associated complications in-
clude variceal bleeding, ascites and splenomegaly.
A primary consequence of the increased pressure
in the portal tract is dilatation of vessels. Later, as a

result of the development of porto-systemic shunt-
ing, the blood flow to the liver diminishes and the
size of the portal vessels is again reduced. In-
creased porto-systemic shunting results in less ef-
fective metabolism of absorbed nutrients and ac-
cumulation of toxic metabolites such as ammonia
in the blood. This may lead to the clinical manifes-
tations of hepatic encephalopathy. As decreased
portal flow correlates with the presence of liver at-
rophy, porto-systemic shunting or portal hyper-
tension contributes to the further regression of
liver parenchyma in patients suffering from cir-
rhosis [35].

An important consequence of portal hyperten-
sion is the development of esophageal varices, the
rupture of which, either spontaneously or as a re-
sult of vomiting, may lead to life-threatening hem-
orrhage. Esophageal varices are the result of porto-
systemic shunting through the lienal vein to the
left gastric (coronary) veins, which secondarily
drain to thoracic veins such as the vena azygos or
hemiazygos [79].

Concomitant varices in the spleno-renal venous
system and the paraumbilical venous net, as well as
the presence of anorectal shunts, may reduce the
risk of rupture of the esophageal varices, but at the
increased risk of hepatic encephalopathy [43].

Therapy of esophageal varices consists of scle-
rotherapy or surgical intervention to create alter-
native porto-systemic shunts. Esophageal varices
are usually well depicted on T1-weighted or flow
sensitive gradient echo images; these are localized
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Fig. 7a-c. Diffuse regenerative nodules in a cirrhotic liver. On moderately
T2-weighted images (aa), a nodular pattern of liver parenchyma can be ob-
served. On T1-weighted images (bb), some of the regenerative nodules (arrows)
display high SI due to iron or fat content. On T1-weighted contrast-enhanced
images (cc) the diffuse nodular pattern is displayed more clearly
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anterior to the aorta at the level of the diaphrag-
matic hiatus [7].

Flow sensitive MRI can give results compara-
ble to those of digital subtraction angiography and
endoscopy. As the neighboring aorta and heart
may induce pulsatile artifacts, low flip angles or
electrocardiogram (ECG) gating should be used
for gradient echo sequences. However, if
esophageal varices are not seen, then dilated left
gastric veins in the gastro-hepatic ligament may
indicate the diagnosis.

Whereas spleno-renal shunts, retroperitoneal
shunts and puborectal shunts are difficult to
demonstrate on ultrasonography, they are well vi-
sualized using MR angiography techniques. More-
over, reversed flow in the central portion of the
splenic vein can be considered diagnostic [50].

Paraumbilical shunting may be best diagnosed
by following the left portal vein to the superficial
veins at the umbilicus through the ligamentum
teres hepatis. Dilated veins adjacent to the abdom-
inal wall have a characteristic spider-web appear-
ance, called caput medusae.

In patients with large gastroepiploical veins
along the greater curvature of the stomach,
esophageal varices induced by a single splenic vein
occlusion (e.g. caused by pancreatitis), should be
taken into account as a differential diagnosis.

Enlargement of the gastroepiploic veins can be
considered a specific sign of splenic vein occlusion
since they are not present in patients with portal
hypertension in whom splenic veins are patent. In
contrast, occlusion of the splenic vein can be ex-
cluded as a primary cause of portal hypertension
in patients with paraumbilical varices. However,
gastroesophageal and retroperitoneal collaterals
may be seen in both conditions [36].

Portal vein velocity and flow volume may be as-
certained on MRI using two-dimensional phase
contrast techniques. With this imaging modality,
increased portal flow is frequently seen in patients
with cirrhosis in cases of recompensation. On the
other hand, decreased or even reversed flow with-
in the portal tract has been demonstrated in pa-
tients suffering from severe cirrhosis [63].

A thickened gallbladder wall is frequently
found in patients with cirrhosis, independent of
the primary diseases of the gallbladder.

Further clinical manifestations of portal hyper-
tension are ascites and splenomegaly. So-called
Gamna-Gandy bodies, representing siderotic nod-
ules within the spleen, can arise in patients with
portal hypertension and may be detected on T2-
weighted or contrast-enhanced T1-weighted MRI
[54] (Fig. 8).

9.4
Iron Overload

Since the liver is a central organ of digestive and
reticuloendothelial function, it is heavily involved
in the deposition and distribution of iron.Accumu-
lated iron in the liver originates both from intesti-
nally absorbed dietary iron and particulate iron
from damaged erythrocytes. Normally, accumulat-
ed iron in the liver is metabolized and delivered to
the bone marrow in order to be used for red blood
cell production. However, several diseases which
increase the uptake of intestinal iron or the libera-
tion of physiologically bound iron may lead to an
excessive accumulation of iron in the liver.

As iron reduces the T2 and T2* relaxation
times significantly, MRI is a sensitive and specific
imaging modality for the depiction of iron over-
load and its anatomical distribution. The most fre-
quent diseases that lead to an increased accumula-
tion of iron in the liver are hemochromatosis,
siderosis (due to transfusional iron overload), he-
molysis and cirrhosis. In addition to an examina-
tion of the liver, whole body MRI may be helpful to
evaluate the underlying disease by revealing the
pattern of increased iron accumulation in extra-
hepatic tissues.

9.4.1
Hemochromatosis

Hemochromatosis is a disease caused by an in-
creased intestinal absorption of dietary iron,
bound as ferritin or hemosiderin, and is charac-
terized by excessive parenchymal iron accumula-
tion [29].

The primary organs affected by hemochro-
matosis are the liver, pancreas and heart. Thus, liv-

Fig. 8. Gamna-Gandy bodies of the spleen in a patient with portal
hypertension due to liver cirrhosis. The T1-weighted image shows
diffuse low signal intensity lesions in the spleen, representing
siderotic nodules arising due to portal hypertension. Additionally,
typical signs of liver cirrhosis including ascites, hypertrophy of the
left liver lobe and liver segment I, and concomitant hypotrophy of
the right liver lobe can be seen
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er cirrhosis, diabetes mellitus and cardiomyopathy
frequently occur in untreated patients. Patients
with longstanding disease and liver cirrhosis are
significantly more at risk of developing HCC,
thereby worsening their overall prognosis. Addi-
tional clinical manifestations include dermal hy-
perpigmentation, decreased libido and a slightly
increased incidence of extrahepatic malignancies.

In general, menstruating women tend to show
only a moderate development of the disease [47].

Patients with hemochromatosis also demon-
strate decreased reticuloendothelial function and
thus iron storage is mainly limited to the hepatic
parenchyma [40]. In contrast, patients without
hereditary hemochromatosis who ingest massive
amounts of iron demonstrate both parenchymal
and reticuloendothelial iron overload.

Hemochromatosis should be differentiated
from hemosiderosis, in which increased accumula-
tion of iron arises due to transfusional iron over-
load, typically in patients with hematological dis-
eases who need regular blood transfusions. In pa-
tients with hemosiderosis, iron accumulates pri-
marily in the reticuloendothial cells of the liver
and spleen, while hepatocytes, pancreas and other
parenchymal organs are relatively excluded. This
difference is of major importance since parenchy-
mal overload has more toxic consequences. How-
ever, an accumulation of iron within liver cells may

also be seen in certain patients after massive blood
transfusions [16, 46].

Since in most cases hemochromatosis is a pri-
mary genetic disease, familial screening should be
performed in order to detect early liver cirrhosis
or HCC. Moreover, the prognosis of patients with
hemochromatosis can be improved significantly
by reducing serum iron levels by means of repeat-
ed phlebotomy [3].

As measurements of serum iron levels and fer-
ritin are not specific and CT findings do not pro-
vide satisfactory results, a definitive diagnosis has
to be obtained by means of histological examina-
tion [58].

Since iron decreases the T2 relaxation time, he-
mochromatosis is seen as areas of decreased SI on
T2- or T2*-weighted MR images [55]. In addition
to the liver, the pancreas and heart are also affect-
ed. Therefore, the suspicion of hemochromatosis
can be confirmed if each of these organs demon-
strates decreased SI on MR images. Parenteral iron
accumulation (e.g. in transfusional iron overload),
can be excluded as the pathogenic factor in he-
mochromatosis if the spleen presents with a nor-
mal SI (Fig. 9).

In normal individuals the liver parenchyma
shows increased SI compared with the skeletal mus-
cles on all sequences. As skeletal muscles are not af-
fected by hemochromatosis, they represent a suit-
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Fig. 9a-d. Longstanding hemochromatosis. The liver and pancreas show decreased SI on T2-weighted (aa, bb) and T1-weighted (cc, dd) im-
ages, while the spleen demonstrates essentially normal SI. Note that the atrophy of the pancreas is displayed best on T2-weighted images
(arrows). As a result of the atrophy, this patient with longstanding disease developed diabetes mellitus
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able reference tissue to interpret and quantify the
decreased signal of affected liver parenchyma [12].

In the early stages of the disease the SI of the
pancreas remains normal, particularly in menstru-
ating women. However, as the disease progresses,
the signal within the pancreatic tissue decreases.
This is particularly evident in symptomatic he-
mochromatosis. Since MRI is able to demonstrate
the progression of iron accumulation and the
clearing of hepatic iron, it may possibly serve as a
monitoring modality in place of the histological
follow-up examinations performed at present.

Cirrhosis of the liver frequently occurs in pa-
tients suffering from untreated hemochromatosis.
With MRI, hemochromatosis may be detected due
to the fact that fibrous septa demonstrate in-
creased SI compared to the low SI of the parenchy-
ma. However, in many cases of hemochromatosis-
induced cirrhosis, a micronodular pattern is pres-
ent that is difficult to visualize on MRI [64].

As dysplastic liver cells in HCC do not tend to
accumulate iron to the same extent as liver
parenchyma in hemochromatosis, HCC usually
appear with high SI compared to the low SI of liv-
er tissue. However, similar high signal areas are
generally seen on all sequences for most focal liver
lesions in cases of hepatic iron overload (Fig. 10).

Liver transplantation is usually indicated for
patients with hemochromatosis and advanced liv-
er cirrhosis (Fig. 11). Although the transplanted
organ also tends to accumulate iron, the hepato-
toxic effect of the accumulation develops over a
long time and so prognosis is significantly im-
proved. Interestingly, patients suffering from he-
mochromatosis may serve as donors for liver
transplantation because the transplanted liver rap-
idly clears the accumulated iron [15].

9.4.2
Siderosis

In patients suffering from transfusional siderosis,
the liver shows a similar decrease in SI as that seen
in hemochromatosis. However, transfusional
siderosis can easily be distinguished by examination
of the SI of the spleen and pancreas. While the
spleen demonstrates decreased SI in patients with
transfusional siderosis, it usually does not show any
SI decrease in cases of hemochromatosis. In con-
trast, the pancreas usually demonstrates a signifi-
cant drop of SI in cases of hemochromatosis, but re-
mains unchanged in patients with transfusional
siderosis; only in cases of extreme transfusional
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Fig. 10a-d. A 74-year old male patient with longstanding hemochromatosis, significantly elevated AFP levels and HCC. The unenhanced
T2-weighted (aa) and T1-weighted (bb) images reveal decreased SI of the liver parenchyma and a hyperintense liver lesion (arrows) in the
right liver lobe. In this case, iron deposition in the hepatocytes serves as an intrinsic contrast agent enabling the HCC to appear with high
SI since iron storage does not take place in the tumor cells. With dynamic imaging after injection of Gd-BOPTA, strong hypervascularity of
the lesion can be seen in the arterial phase (cc) and portal-venous phase (dd), clearly suggesting the presence of a HCC
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Fig. 11a-j. Patient with longstanding hemochromatosis and subsequent development of liver cirrhosis and portal hypertension. The T2-
weighted images (aa-ff) show typical signs of liver cirrhosis with hypertrophy of liver segment I and a nodular surface of the liver. Due to the
already advanced liver cirrhosis, the SI of the liver parenchyma is not as low as in cases of hemochromatosis without cirrhosis since the in-
flammatory changes in cirrhosis increase the SI of the liver. However, a decreased SI of the pancreatic tissue (bb-dd) can be noted together
with the beginnings of pancreatic atrophy. The spleen is enlarged and multiple collateral vessels in the splenic hilum can be depicted,
draining into the left renal vein (bb-ff) (arrows). On pre-contrast T1-weighted images (gg), multiple small areas of low SI can be noted that cor-
respond to areas of increased iron storage. The nodular appearance of the cirrhotic liver is much more obvious on dynamic images after Gd-
BOPTA, shown here in the arterial phase (hh) and portal-venous phase (ii). Additionally, irregular portal-venous collaterals (arrow) can be
seen near the small curvature of the stomach on the portal-venous phase image (ii). Only a slight increase of liver parenchymal SI can be
noted on the hepatobiliary phase image (jj), although excretion of Gd-BOPTA into the gall bladder is evident
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iron overload (i.e. after transfusion of >100 units of
blood) is the SI of the pancreas affected [55].

Comparable findings are observed with cardiac
MR imaging. Whereas no changes in imaging
characteristics are seen in the myocardium of pa-
tients with transfusional siderosis, in cases of he-
mochromatosis the myocardium usually demon-
strates decreased SI.

Transfusional siderosis frequently occurs in pa-
tients suffering from hematological diseases in
which erythrocyte transfusion needs to be per-
formed regularly [52].

In addition, parenteral iron overload may oc-
cur in patients with rhabdomyolysis in which the
bound iron of myoglobin is liberated into the
blood and absorbed secondarily by reticuloen-
dothelial cells [53] (Fig. 12, 13).

9.4.3
Iron Overload in Liver Cirrhosis

A mild accumulation of iron is frequently found in
cirrhotic livers, particularly if the cirrhosis is in-

duced by alcohol abuse. However, since the SI of
the parenchyma is not greatly reduced in such cas-
es, the misdiagnosis of hemochromatosis, in which
the parenchyma demonstrates a massive reduction
of SI, can be avoided [4].

9.4.4
Hemolysis

Systemic accumulation of iron may be caused by
hemolysis in which hemoglobin is liberated from
red blood cells. While extravascular (e.g. splenic)
hemolysis leads to a reticuloendothelial deposition
of iron, intravascular hemolysis causes hepatocel-
lular accumulation, since the released hemoglobin
binds to plasma haptoglobin, which is taken up by
hepatocytes. If the serum hemoglobin level ex-
ceeds the transport capacity of haptoglobin, it is
filtered through renal glomeruli, reabsorbed and
stored within proximal convoluted tubule epithe-
lial cells. For this reason, intravascular hemolysis is
characterized by an accumulation of iron in the
liver and renal cortex, but not in the spleen. Dis-
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Fig. 12a, b. Transfusional siderosis in a 7-year old boy after multiple blood transfusions and chemotherapy for right-sided nephroblas-
toma. Both T2-weighted (aa) and T1-weighted (bb) images reveal decreased SI of the liver and spleen, while the SI of the pancreas is unaf-
fected. This is due to the presence of iron storage in the macrophages of the spleen and liver, rather than in hepatocytes, as occurs in he-
mochromatosis (see Fig. 13)
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Fig. 13a, b. Hemochromatosis. Both T2-weighted (aa) and T1-weighted (bb) images reveal a dramatically decreased SI of the liver
parenchyma while the SI of the spleen remains normal. This permits the differential diagnosis of transfusional siderosis (see Fig. 12) to be
excluded since the SI of the spleen is also affected in transfusional siderosis
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eases which lead to intravascular hemolysis and
thus show this characteristic imaging pattern in-
clude paroxysmal nocturnal hemoglobinuria and
sickle cell disease [61].

9.5
Vascular Pathologies

9.5.1
Portal Vein Thrombosis

The etiology of portal vein thrombosis falls into
the Virchow trias, comprising reduced blood flow
within the vessel, changes in the consistency of
blood which affects flow properties, and patholo-
gies of the vessel wall. Thus, etiological factors of
portal vein thrombosis are slow flow secondary to
cirrhosis, obstruction of the vessel by porto-hepat-
ic lymphadenopathy, direct invasion by cancer, in-
flammatory changes secondary to pancreatitis,
sclerosing cholangitis, abdominal infections, poly-
cytemia vera and benign masses [1, 45, 51, 75].

While portal vein thrombosis often occurs in
cases of HCC, it may also be the result of other pri-
mary or secondary neoplasms of the liver.

In cases of portal vein occlusion, portal perfu-
sion is maintained due to the periportal collateral
veins.With progression, the draining collaterals di-
late while the thrombosed portal vein retracts to
form a “cavernous transformation” which on US
may be misinterpreted as patency of the portal
vein [44, 76].

MRI is an accurate method to non-invasively
depict portal-venous blood flow, intraluminal
thrombus and collateral circulation and can be
generally carried out without the administration
of contrast medium. Moreover, as it is not restrict-
ed by body habitus, ascites or abdominal gas, it is
superior to duplex sonography [19, 34, 67, 81, 82].

MRI not only aids in the diagnosis of portal
vein thrombosis, but also in the planning of shunt
surgery and hepatic transplantation, and in the
monitoring of shunt patency following surgery [5,
17, 60].

Patency of the portal vein can be interpreted on
spin-echo images by the demonstration of a flow
void within the vessel. However, increased SI is fre-
quently seen at the confluence of the splenic and
the mesenteric veins. In cases of portal vein occlu-
sion, the thrombosis is usually isointense compared
to the liver parenchyma on T1-weighted images,
and hyperintense on T2-weighted images [34].

A diagnosis of portal vein thrombosis is likely
when the lesion is present on all sequences with
comparable size and shape. The suspicion of portal
vein thrombosis may be confirmed or excluded
following acquisition of flow sensitive gradient
echo images [56].

Chronic occlusion of a branch of the portal
vein may be accompanied by segmental atrophy
and compensatory hypertrophy of other segments
[35].

Tumoral obstruction of lobal or segmental por-
tal branches may present on T2-weighted images
as wedge-shaped regions of increased SI. In such
cases the apex usually points to the obstructing tu-
mor, and therefore, MR images should be exam-
ined carefully [31].

In livers with preexisting fatty infiltration, the
area affected by segmental portal vein obstruction
shows a decreased accumulation of fat, as fat deliv-
erance correlates with portal flow [2] (Fig. 14).

9.5.2
Budd-Chiari Syndrome (Acute, Chronic)

Budd-Chiari syndrome is defined as an obstruc-
tion of the venous outflow from the sinusoidal bed
of the liver. It leads to portal hypertension, ascites
and progressive hepatic failure [57].

The treatment of Budd-Chiari syndrome de-
pends on the cause of the obstruction and, hence,
careful examination of the hepatic veins, the infe-
rior caval vein (ICV) and the right atrium is neces-
sary [37, 73]. For example, a membranous occlu-
sion of the ICV is a common cause of obstruction
in the Asian population. In such cases, mem-
branectomy should be performed. On the other
hand, if a solitary occlusion of the ICV is present
without the hepatic veins being affected, a shunt-
ing from the ICV to the right atrium should be the
primary treatment of choice.

If only the hepatic veins are obstructed, a shunt
between the superior mesenteric vein and the ICV,
a so-called “mesocaval shunt”, may be inserted to
lower the pressure in the portal-venous system. On
the other hand, when both the ICV and the hepat-
ic veins are occluded, the appropriate therapy
would be a bypass from the superior mesenteric
vein to the right atrium, a so-called “mesoatrial
shunt”. For patients in whom a neoplasm is the
primary cause of Budd-Chiari syndrome, exten-
sive surgery is often contraindicated.

Given the different therapeutic approaches
available, accurate imaging in Budd-Chiari syn-
drome not only serves for diagnosis but should al-
so indicate the most appropriate therapy for the
patient. Ultrasonography may be used to detect
hepatic vein occlusion (Fig. 15), however, the ICV
is not reliably visualized on ultrasonography and
ascites in Budd-Chiari syndrome may interfere
with the appropriate depiction of the hepatic con-
fluence [41].

In contrast, MRI, which is not affected by the
individual constitution of the patient, represents a
non-invasive imaging modality for the evaluation
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of both the intra- and extrahepatic vascular anato-
my in Budd-Chiari syndrome and the possible in-
tra- or extrahepatic causal pathologies [38].

However, if portocaval shunting is planned, the
examination frequently has to be completed by
means of venography in order to determine the
presence or absence of a significant pressure gra-
dient across the ICV. Even if a patent ICV is
demonstrated by non-invasive imaging modali-
ties, a pressure gradient may be present, in most
cases due to hypertrophy of the caudate lobe. In
such cases, portocaval shunting is contraindicated
and shunting should be performed from the por-
tal-venous system to either the right atrium or the
left inferior pulmonary vein [5, 60, 61].

Vascular findings. MR imaging is an accurate
modality for the demonstration of the diverse pat-
tern of vascular changes indicative of Budd-Chiari
syndrome. Frequently, a significant reduction in
caliber or a complete absence of hepatic veins may
be found or, alternatively, newly arising intrahep-
atic collateral veins with a comma-like shape may
be seen. Other findings include a constriction of
the intrahepatic ICV or, less commonly, the hepat-
ic veins appear patent but do not show any con-
nection to the ICV. Since thrombus formation in
the hepatic veins may be located some centimeters
from the ICV, patent central hepatic veins and a
normal hepatic confluence may be seen.

MRI not only permits the diagnosis of Budd-
Chiari syndrome but may also reveal the etiologi-
cal cause. For example, it is possible to visualize an
obstruction of the ICV or the right atrium caused
by neoplasms, such as primary sarcomas of the
vein, or tumors of the liver, kidney or adrenal
gland, and the resulting tumor thrombus forma-
tion.

Increased coagulability of the blood causing
thrombosis of the hepatic veins (such as in poly-
cytemia vera or paroxysmal nocturnal hemoglo-
binuria), may be identified by MRI. In patients with
polycytemia vera, a diffusely decreased intensity of
the bone marrow together with splenomegaly can
point to the diagnosis. In patients suffering from
paroxysmal nocturnal hemoglobinuria, an SI de-
creased in the liver and renal cortex but normal in
the spleen is observed [57, 69].

Morphologic features. In most cases of Budd-
Chiari syndrome, the hepatic venous outflow is
not eliminated completely since a variety of acces-
sory hepatic veins may drain above or below the
principal site of obstruction. The most frequent
accessory site of venous drainage occurs at the in-
ferior right hepatic vein and the veins of the cau-
date lobe that drain directly into the inferior por-
tion of the ICV. Additional collaterals draining to
other systemic veins may be present, such as the

azygos and the vertebral and/or intercostal veins
which show characteristic enlargement if present.
Reversed flow in some portal vein branches may
occur, since connections between the portal and
the hepatic veins are relatively common [62, 70].
However, the main portal flow usually remains
antegrade [30]. Since some hepatic venous
drainage is usually preserved for the caudate lobe
and for central portions of the right and left liver
lobes, a compensatory hypertrophy of the caudate
lobe may develop. However, this may lead to a sec-
ondary obstruction of the ICV. Although subcap-
sular hepatic veins may also contribute to collat-
eral blood flow, the resulting venous drainage is
usually insufficient to prevent peripheral atrophy
of the liver.

In patients with a completely obstructed ve-
nous outflow, shunting is performed from the he-
patic veins and arteries to the portal veins, which
thereafter demonstrate reversed flow [11].

As a result of collateral venous drainage, Budd-
Chiari syndrome is typically associated with pe-
ripheral hepatic atrophy and, conversely, caudate
and central hypertrophy which, together, may lead
to a displacement of the porta hepatis towards the
anterior portion of the liver [20]. These morpho-
logical changes can be visualized on MRI, together
with a clear depiction of the occluded liver veins.
Other findings include regional differences in liver
SI due to central lobular necrosis and hepatocellu-
lar fat or iron content. Dynamic MR imaging of
acute Budd-Chiari syndrome after bolus injection
of extracellular contrast agents (Fig. 16) frequent-
ly reveals atypical parenchymal enhancement,
which indirectly indicates the presence of in-
creased vascular resistance. Unlike patients with
liver cirrhosis, patients with acute Budd-Chiari
syndrome demonstrate acute clinical symptoms
and a large tender liver without signs of nodular
changes. However, in chronic disease, nodular re-
generative hyperplasia may develop which may
lead to the misdiagnosis of liver cirrhosis [33]
(Fig. 17).

Another disease leading to hepatic venous ob-
struction is the so-called “hepatic veno-occlusive
disease”. This is often caused by chemotherapy, es-
pecially after bone marrow transplantation [8]. In
this disease, the post-sinusoidal venules are usual-
ly obstructed while the major hepatic veins and
ICV do not show pathological changes and remain
patent (Fig. 18). Since diagnosis by means of MRI
is difficult in most cases, confirmation needs to be
established either by histopathological examina-
tion of a biopsy or by wedge hepatic venography.
Dynamic CT and MR imaging of the liver in the
arterial and portal-venous phases may indicate an
increased arterial perfusion of the affected regions
and a prolonged liver transit time of the contrast
agent [60] (Figs. 19, 20).
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Fig. 14a-r. Subacute portal vein thrombosis. T2-weighted images (aa, bb) reveal intermediate to high SI in the area of the portal vein with-
out any flow void (arrows). Additionally, perihepatic and perisplenic ascites can be noted. On T1-weighted images (cc-ee), again no flow void
in the portal vein can be noted although a mass with hypointense and hyperintense areas (arrows) does seem to be present in the portal
vein. Flow sensitive gradient echo images (ff-kk) clearly depict a thrombus within the portal vein (arrows) with some residual peripheral flow
indicated by a peripheral high SI rim. The thrombosis can be followed to the confluence of the mesenteric and splenic veins. Irregular en-
hancement of the liver parenchyma can be noted on arterial phase images after contrast agent injection (ll-nn). On portal-venous phase im-
ages (oo-rr), again the thrombus in the portal vein is clearly depicted and can be followed into the periphery (arrow). Note that the mesen-
teric vein is also occluded (rr, arrow)
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Fig. 15a-c. Acute Budd-Chiari syndrome. On US (aa), the middle hepatic vein
is displayed with an enlarged diameter and in the more peripheral parts some
internal echo is visible due to thrombus formation within the vessels. On the
corresponding Color Doppler study (bb, cc) no flow signal can be detected with-
in the liver veins and the spectrum shows no flow signs (cc)

Fig. 16a-j. Acute Budd-Chiari syndrome. T2-weighted images (aa, bb) reveal diffuse swelling of the liver and perihepatic and
perisplenic ascites. The large intrahepatic liver veins show no signs of flow void and the periphery of the liver parenchyma, espe-
cially in the right liver lobe, shows increased SI. On the corresponding T1-weighted images (cc, dd), again the liver veins are depicted
only as small hypointense bands and low SI areas (arrows) can be noted in the more caudal parts of the liver. On contrast-enhanced
images during the arterial phase (ee, ff), only enhancement of the periphery of the liver can be seen (arrows). The more central parts
do not show obvious enhancement due to increased vascular resistance. Still no enhancement of portal-venous branches is visible
on the portal-venous phase images (gg, hh), although enhancement of the central parts of the liver can now be noted. Homogenous
enhancement of the left liver lobe and central parts of the right liver lobe is more apparent on equilibrium phase images (ii, jj). Pe-
ripheral hypointense areas (arrows) can still be depicted in the right liver lobe in this phase. These areas correspond to liver necro-
sis due to acute Budd-Chiari syndrome



9 • Imaging of Diffuse Liver Disease 323

aa bb

cc dd

ee ff

gg hh

ii jj



324 MRI of the Liver

aa bb

cc dd

ee ff

gg hh



9 • Imaging of Diffuse Liver Disease 325

ii jj

kk ll

mm nn

Fig. 17a-n. Longstanding Budd-Chiari syndrome. Unenhanced T2-weighted images (aa, bb) reveal a comma-like shape of the intrahepat-
ic collateral veins (arrows) that is typical of Budd-Chiari syndrome. These veins (arrows) appear with low SI on unenhanced T1-weighted
images (cc, dd) due to flow void, and show a flow signal on flow sensitive gradient echo sequences (ee, ff). As in the case of acute Budd-Chiari
syndrome (see Fig. 16), delayed enhancement of the liver can be noted on dynamic imaging. Although diffuse enhancement of the liver
parenchyma can already be observed on arterial phase images (gg, hh), full homogeneous enhancement is not yet seen even on portal-ve-
nous phase images (ii, jj). On the other hand, nodular enhancement due to regenerative processes is visible. Some hypointense areas in the
liver parenchyma are still apparent on images acquired 5 min after contrast agent injection (kk, ll) indicating decreased blood flow. Isoin-
tensity with the surrounding liver tissue is finally observed on images acquired 15 min after contrast agent administration (mm, nn)
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Fig. 18. Hepatic veno-occlusive disease in a 21-year old patient
during chemotherapy for acute lymphoblastic leukemia. On Color
Doppler US, the right hepatic vein is narrowed, however the ICV
and hepatic veins are patent
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Fig. 19a-d. Hepatic veno-occlusive disease. Same case as demonstrated in Fig. 18. On the unenhanced CT scan (aa), the liver parenchyma
shows heterogeneous density and streaky hypodense areas. In the arterial phase after contrast medium administration (bb), the liver shows
heterogeneous enhancement with some peripheral areas (arrows) of increased arterial perfusion. On the portal-venous phase scan (cc),
again the streaky signal of the liver parenchyma is visible and the liver veins are poorly delineated (arrows). The diameter of the hepatic
veins seems to be reduced and splenic infarction is apparent. Perfusion-related differences in density of the liver parenchyma cannot be vi-
sualized in the equilibrium phase (dd)
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Fig. 20a-f. Hepatic veno-occlusive disease. Same case as demonstrated in Fig. 18 and 19. On the pre-contrast T1-weighted image (aa), the
liver shows heterogeneous SI with some areas of increased signal and other areas of decreased signal. The T1-weighted out-of-phase im-
age (bb) reveals that these differences of SI are not related to fatty liver, since no signal drop is observed. The hepatic veins near the conflu-
ence are patent. On the arterial phase image (cc) after the bolus injection of Gd-BOPTA (0.1 mmol/kg BW), the liver shows heterogeneous,
predominantly peripheral arterial perfusion (arrows), most likely related to increased intrahepatic resistance. In the portal-venous phase
(dd), the liver veins are contrasted but a very heterogeneous enhancement of the liver parenchyma is seen, with large, streaky areas of de-
creased perfusion. Note the missing enhancement of large areas of the spleen due to splenic infarction. The T1-weighted (ee) and T1-
weighted fat suppressed (ff) images acquired in the hepatobiliary phase reveal streaky enhancement of the liver with preferential uptake of
Gd-BOPTA in the peri-venous liver tissue. Uptake of Gd-BOPTA in more distant areas of the liver is considerably more limited due to veno-
occlusive disease
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9.5.3
Arterio-Venous Malformations

Arterio-venous (AV) malformations of the liver are
rare and are caused either iatrogenically in liver
biopsy and liver surgery, or are distributed diffuse-
ly in patients with hereditary hemorrhagic teleang-
iectasia (HHT; “Osler’s disease”) [23]. In general,
AV-malformations may occur between the hepatic
artery and the hepatic vein, as well as between the
hepatic artery and the portal-venous system.

Typical findings on dynamic MR images of the
liver for singular AV-malformations post-biopsy or
surgery include a dilatation of the draining hepat-
ic vein and early enhancement of the hepatic veins
(Fig. 21). Shunts between the hepatic artery and
the portal-venous system typically lead to in-
creased portal-venous pressure and thus to the
usual findings of portal hypertension [21].

In contrast, AV-malformations in Osler’s dis-
ease are diffusely distributed throughout the liver

and may be associated with enlargement of the he-
patic artery and increased tortuousity of the ves-
sels in the liver hilum and in the central portions
of the liver lobes. In Osler’s disease, increased arte-
rial perfusion of the liver tissue leads frequently to
secondary nodular hypertrophy that may be mis-
interpreted as a malignant hepatic tumor. These
pseudotumors, as in focal nodular hyperplasia
(FNH), represent a localized overgrowth of hepa-
tocellular tissue and are not real liver tumors. Dy-
namic MRI reveals that these lesions show strong
arterial phase enhancement and subsequent isoin-
tensity with the surrounding liver tissue in the
portal-venous and equilibrium phases. Normal en-
hancement of the affected tissue in the hepatobil-
iary phase can be noted with the use of contrast
agents with hepatocellular properties such as Gd-
BOPTA [71] (Fig. 22).

Severe cases of AV shunting in Osler’s disease
may lead to right heart failure and, at present, the
only curative treatment is liver transplantation [6].
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Fig. 21a-f. AV shunt of the liver. Unenhanced T1-weighted images (aa, bb) reveal dilatation of the draining hepatic veins in AV shunting (ar-
rows). The corresponding T2-weighted image (cc) again reveals flow void in the vessels. Early enhancement of the draining liver veins indi-
cating an AV malformation can be depicted clearly on early arterial phase images (dd-ff) after intravenous injection of paramagnetic contrast
agent
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Fig. 22a-r. Diffusely distributed AV-malformations in a patient with Osler’s disease and development of hyperplastic nodules. Flow sen-
sitive gradient echo images (aa-cc) reveal enlarged tortuous vessels in the liver hilum and in the more centrally located liver parenchyma (ar-
rows), indicating increased flow in the hepatic artery. On contrast-enhanced MRA (dd), the dilatation of the hepatic artery is even more ob-
vious. Again, the tortuous vessels and diffusely distributed small AV malformations in the liver are observed. On T2-weighted images (ee-gg)
areas of flow void in the liver can be noted, indicating increased flow in branches of the hepatic artery (arrows). Additionally, some nodu-
lar-appearing liver lesions (arrowheads) in the right liver lobe can be seen. On pre-contrast T1-weighted images (hh-jj) these liver tumors
show an almost isointense SI compared with the surrounding liver tissue. However, in the arterial phase after injection of Gd-BOPTA (kk-mm)
these liver lesions (arrows) are clearly hypervascular. On portal-venous phase images (nn, oo) the lesions are isointense with the surrounding
liver tissue. In the hepatobiliary phase one hour after injection of Gd-BOPTA (pp-rr), the lesions appear hyperintense compared to the sur-
rounding liver tissue due to uptake of Gd-BOPTA into hepatocyctes. These liver lesions correspond to a localized overgrowth of hepatocel-
lular tissue similar to that which occurs in FNH. The lesions appear hyperintense in the hepatobiliary phase due to the delayed excretion of
the contrast agent into the newly formed bile ductules
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10.1
Introduction

In order of frequency, the liver accounts for ap-
proximately 6% of all abdominal tumors, and is
third after the kidneys and adrenal glands for the
occurrence of abdominal neoplasms in pediatric
subjects. Hepatic tumors may be either primary or
metastatic; the non-hepatic primary neoplasms
that metastasize most frequently to the liver are
Wilms’ tumor, neuroblastoma, lymphoma and

leukemia. Of the primary hepatic tumors, roughly
two thirds are malignant in nature.

From the point of view of classification, malig-
nant primary hepatic neoplasms can be distin-
guished on the basis of their cells of origin and the
patient’s age at onset. Concerning the cells of ori-
gin, liver cancers can be divided into epithelial and
mesenchymal neoplasms. The liver malignancies
of epithelial origin are more common and include
hepatoblastoma (HB) and hepatocellular carcino-
ma (HCC). Those of mesenchymal origin comprise
mainly sarcomas, i.e. angiosarcoma, myxoid mes-
enchymal sarcoma and rhabdomyosarcoma. These
latter neoplasms are usually undifferentiated, al-
though differentiated forms may occasionally de-
velop.

The age of onset is an important classification
parameter. Up to the age of five, the principal liver
malignancies are HB and metastases of Wilms’ tu-
mor or neuroblastoma. In children older than five
years of age, the most frequent neoplasms are
HCC, undifferentiated embryonal sarcoma, fibro-
lamellar carcinoma and metastases (Table 1).

As in adult patients, other clinical parameters,
such as signs, symptoms and α-fetoprotein (AFP)
levels, are relevant factors to consider when radio-
logically assessing liver malignancy in pediatric
subjects.

The fundamental role of imaging is to establish
the extent of the lesion and its relationship with
the liver’s lobular and segmental anatomy, as well
as with the vascular structures. This is essential in
the preoperative work-up not only because sur-
gery is often the treatment of choice, but also be-
cause of the need to monitor the neoplasm’s re-
sponse to chemotherapy and radiotherapy. A wide
range of diagnostic methods are available to meet
these objectives, including ultrasound (US), com-
puted tomography (CT), magnetic resonance im-
aging (MRI) and angiography.

Though it is rarely used, direct x-ray of the ab-

10
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domen can reveal hepatomegaly, elevation of the
diaphragm, dislocation of the intestinal loops and
the presence of calcifications, although this latter
sign is non-specific.

US can identify the solid or cystic nature of a
neoplasm, although the echo structure of solid le-
sions provides little information concerning its
histology; in this context the use of Color Doppler
US can help to ascertain the degree and type of
vascularization.

CT and MR imaging are fundamental and irre-
placeable tools for the diagnostic assessment of
liver neoplasms in pediatric subjects because of
their high accuracy in determining the full extent
and resectability of a lesion. Of these two imaging
modalities, MRI is usually the preferred technique
because of the better soft tissue contrast and, im-
portantly, because of the absence of ionizing radia-
tion.

Due to the small size and frequent non-compli-
ance of pediatric subjects, the techniques em-
ployed for liver imaging in these patients need to
be adapted from those routinely employed in the
adult population.

10.2
Techniques in Pediatric Liver Imaging

The results of pediatric liver CT and MR imaging
depend mainly on good sedation and thus an in-
terdisciplinary approach to evaluation is neces-
sary. Significant changes in the examination
method are needed in both helical CT and MRI
when dealing with pediatric patients.

The CT protocol typically requires image ac-
quisition during the arterial and portal-venous
phases and also, whenever necessary, the equilibri-
um phase. The slice thickness is typically 5 mm or
less with a pitch ranging from 1 to 1.5. The con-
trast medium is usually administered in quantities
of 2 ml/kg, either by means of a mechanical injec-
tion method or by manual injection, depending on
the caliber of the vein used for access. The arterial
phase usually begins 10-15 sec after injecting the
bolus of contrast medium, while the portal-venous
phase begins immediately after the conclusion of
the arterial phase, generally after a delay of 20-40

sec. In the event of a suspected malignant neo-
plasm, the chest must also be examined to check
for the presence of lung metastases.

MRI examinations typically involve acquisition
of T1- and T2-weighted spin echo (SE) or turbo
spin echo (TSE) sequences in axial and coronal
orientation, and T2-weighted fast spin echo (FSE)
or, preferably, single-shot sequences in the axial
plane. If necessary, gradient echo (GRE) images
can also be acquired to examine vascular struc-
tures. In addition, T1-weighted fat-suppressed im-
ages should be acquired to evaluate the fat content
of lesions. This can be important for the evalua-
tion of teratoma in children. Generally, the slice
thickness should be 5 mm or less with an interslice
gap of less than 10%.

In order to optimize imaging results, different
techniques of respiratory gating can be applied in
children. Either an external trigger signal from a
breathing belt or navigator techniques can be used
to overcome motion artifacts from breathing. Al-
ternatively, motion insensitive single shot T2-
weighted HASTE sequences or motion insensitive
T1-weighted spoiled GRE single shot sequences
can be applied for imaging the pediatric abdomen
and liver. For further details and limitations of
these techniques, please refer to Chapter 1.

After the administration of a gadolinium (Gd)-
based contrast agent, GRE images can be acquired at
different time points. Typically, these are acquired
in the axial orientation and usually with fat sup-
pression. The arterial phase image of liver perfusion
in pediatric patients should be acquired approxi-
mately 10-15 sec after the start of contrast agent in-
jection. The portal venous phase follows at approxi-
mately 20-30 sec post-injection. Generally the ac-
quisition time for the entire liver should be below 15
sec. Since there are no restraints on MRI regarding
radiation exposure, the T1-weighted sequence
should be repeated continuously 4 or 5 times to reli-
ably achieve all phases of liver perfusion. In addi-
tion to dynamic imaging of the liver, steady state
imaging should be performed in the equilibrium
phase after contrast agent injection. Usually, this is
performed using T1-weighted and T1-weighted fat-
suppressed imaging sequences [89].

Contrast enhanced MR angiography (CE-
MRA) can very precisely evaluate the arterial and

Table 1. Classification of liver neoplasms in relation to age

Under five years of age Over five years of age
Hepatoblastoma Hepatocellular carcinoma
Hemangioendothelioma Undifferentiated embryonal sarcoma
Mesenchymal hamartoma Fibrolamellar carcinoma
Metastases from Wilms’ tumor or neuroblastoma Metastases
Sarcoma Adenoma
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venous vascular anatomy of the liver in pediatric
patients, but this method is usually reserved for
cases requiring detailed preoperative vascular
mapping or for cases in which chemo-emboliza-
tion is required. To achieve maximum results,
MRA studies should be performed under general
anesthesia and controlled ventilation to allow for a
sufficient breath-hold interval to acquire a high
resolution contrast-enhanced 3D dataset.

10.3
Benign Liver Lesions in Pediatric
Patients

10.3.1
Infantile Hemangioendothelioma (IHE)

IHE is the most common benign liver tumor in
children. It is a vascular tumor derived from en-
dothelial cells that proliferate and form vascular
channels. IHE is relatively common and accounts
for 10-15% of all childhood hepatic tumors [24].
Ninety percent of IHE are discovered within the

first six months of life and females are affected
more than males.

IHE are usually multiple or diffuse; a solitary le-
sion is an uncommon variant [59]. The nodules
vary from a few millimeters to 15 cm or more in
size. Typically, they are round, red-brown and
spongy or white-yellow with fibrotic predominance
in mature cases [82]. Microscopically, IHE repre-
sent a proliferation of small vascular channels lined
by endothelial cells. Cavernous areas, as well as foci
of hemorrhage, thrombosis, fibrosis and calcifica-
tion, are common. The multinodular type may also
involve other organs, as well as the skin [43].

Clinical findings, if present, may include he-
patomegaly, congestive heart failure, thrombocy-
topenia caused by the trapping of platelets by the
tumor (Kasabach-Meritt syndrome), and occa-
sionally rupture with hemoperitoneum [53]. In
symptomatic cases, as often occurs with the dif-
fuse form (Fig. 1), treatment modalities include
steroid administration, chemo- and radiotherapy,
embolization or ligation of the hepatic artery and
resection.

The natural history of IHE is benign, and le-
sions tend to regress gradually over a period of

Fig. 1a-e. Diffuse form of infantile hemangioendothelioma. On the respiratory
gated T2-weighted TSE image (aa) multiple high SI lesions throughout the liver can
be observed. The corresponding T1-weighted image (bb) reveals some larger vessels
with flow void (arrowheads) that clearly supply one of the lesions (arrow). On the dy-
namic study following contrast agent injection (cc, dd), early and strong enhancement
of the lesions occurs during the arterial phase (cc), which persists into the portal ve-
nous phase (dd). Persistent enhancement is also seen on the T1-weighted fat-sup-
pressed image acquired in the equilibrium phase (ee), which points to a diagnosis of
multiple vascular tumors. Due to heart insufficiency caused by the shunt flow from
multiple hemangioendothelioma, steroid administration was performed and most
of the lesions disappeared within 6 weeks of treatment

aa bb
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months [72]. However, malignant transformation
of IHE into angiosarcoma may occur on rare occa-
sions.

The ultrasonographic features of IHE are var-
ied. Typically, there is a complex liver mass with
large, draining hepatic veins [101]. Single or multi-
ple lesions may be seen, and the lesions may range
from hypoechoic to hyperechoic. These lesions
may involute slowly over a period of months and
develop increased echogenicity [21, 72].

On unenhanced CT examinations, IHE appear
as hypodense masses with or without calcifica-
tions [74]. Early enhancement of the edge of the
mass with variable delayed central enhancement is
usually seen after administration of contrast medi-
um [74].

Vascular channels and cyst-like components,
which are usually well-defined, determine the hy-
pointensity of the lesions on unenhanced T1-
weighted MR images. On T2-weighted images the
lesions usually appear homogeneously hyperin-
tense, although some hypointense areas indicative
of hemorrhage, thrombosis, fibrosis or calcifica-
tion may be present (Fig. 2). After contrast agent
administration, intense, peripheral enhancement
or, less frequently, globular enhancement may be
seen. Complete or incomplete filling-in during the
portal-venous and equilibrium phases is also ob-
served. On delayed phase images after Gd-BOPTA,
IHE tend to be iso- or hypointense compared to
the surrounding liver parenchyma (Fig. 3) [69, 72].

10.3.2
Focal Nodular Hyperplasia (FNH)

FNH in children is a very rare benign hepatic tu-
mor [16, 48, 55] (Fig. 4). The characteristics of FNH
in children do not differ from those in adults in
terms of pathogenesis, macroscopic and micro-
scopic morphology, prognosis and therapeutic
consequences (see Chapt. 4 “Imaging of Benign
Focal Liver Lesions”, section 4.1.2, “Focal Nodular
Hyperplasia”). Likewise, the radiologic character-
istics of pediatric FNH are indistinguishable from
those of FNH in adult subjects.

10.3.3
Hepatocellular Adenoma (HA)

HA in the pediatric age group occurs very rarely,
although a steroid-associated form is increasingly
being recognized in patients after corticoid thera-
py. As in the case of FNH, the gross pathologic fea-
tures and radiologic characteristics of HA in pedi-
atric patients resemble those of HA in adults (see
Chapt. 4,“Imaging of Benign Focal Liver Lesions”,
section 4.1.3, “Hepatocellular Adenoma”).

10.3.4
Hemangioma

Although hemangioma of infancy (HOI) is the
most common benign tumor of childhood, occur-
ring most frequently in the head and neck region
and involving the skin, hepatic hemangioma in
the pediatric age group is rare. However, when
present, the pathologic and radiologic features of
this lesion are similar to those of adult liver he-
mangioma (see Chapt. 4, “Imaging of Benign Fo-
cal Liver Lesions”, section 4.1.1, “Hepatic Heman-
gioma”). The most important differential diag-
noses in this context are angiosarcoma and IHE
of the liver.

Whereas solitary hepatic hemangioma in the
pediatric age group is a rare occurrence, multiple
hemangiomas in the context of viscerocutaneous
hemangiomatosis (Fig. 5) may be found in the liv-
er. Multifocal cutaneous hemangiomas (generally
defined as five or more) have a “localized” type of
morphology and a well-recognized potential for
concomitant visceral hemangiomas. The term “dis-
seminated neonatal hemangiomatosis” has been
used to describe this uncommon presentation of
several hundreds of small, multifocal heman-
giomas of the skin in association with extracuta-
neous, most commonly hepatic hemangiomas
[35].

Hepatic hemangiomas in this context may
manifest with coagulopathy, heart failure, and/or
respiratory distress. Internal hemorrhage is also of
significant concern with hemangiomas in hepatic
or gastrointestinal locations. Often patients be-
come symptomatic shortly after birth. Therapeutic
options for hepatic and gastrointestinal heman-
giomas may include surgical resection, emboliza-
tion, corticosteroids, and interferon-α [8]. Imaging
findings are similar to the findings in adults, al-
though rapid filling is more common in the pedi-
atric forms (Fig. 5).

10.3.5
Mesenchymal Hamartoma

Mesenchymal hamartoma is an uncommon lesion
accounting for about 10% of all childhood liver tu-
mors. It most likely represents a localized abnor-
mality of ductal plate development that precedes
birth; it is therefore usually considered a benign
cystic developmental lesion rather than a true neo-
plasm. It occurs almost exclusively in young chil-
dren (average age: 15 months) with a male to fe-
male ratio of approximately 2:1. Children typically
present with progressive abdominal enlargement,
and an association with polycystic kidney disease,
congenital hepatic fibrosis and biliary hamartoma
has been described.
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Fig. 2a-i. Infantile hemangioendothelioma in a 3 month old girl. On respiratory gat-
ed T2-weighted (aa) and T2-weighted fat-suppressed (bb) TSE images, a large lesion (ar-
rows in aa) with high SI is visible in the left liver lobe. Although some central areas of
low SI are apparent (arrowhead), the SI for most of the lesion is relatively homoge-
neous and the lesion is sharply demarcated from the surrounding liver tissue. On the
corresponding unenhanced T1-weighted image (cc) the lesion shows homogeneous
low SI with some larger vessels in the periphery of the lesion (arrowheads) demon-
strating flow void. On the dynamic study after contrast agent administration (dd-gg), the
lesion shows strong initial peripheral enhancement with subsequent centripetal fill-
ing-in. On equilibrium phase T1-weighted (hh) and T1-weighted fat-suppressed (ii) im-
ages the lesion shows almost complete filling-in. Only the central parts (arrow), which
were hypointense on the T2-weighted image, appear hypointense. These areas corre-
spond to fibroses and thromboses which are common findings in larger IHE. Addition-
al lesions were noted in this case (images not shown),which confirmed the diagnosis
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Fig. 3a-f. Infantile hemangioendothelioma. The nodule is homogeneously hyperintense compared to the adjacent liver tissue on the pre-
contrast T2-weighted image (aa), and is hypointense on the pre-contrast T1-weighted image (bb). Dynamic phase imaging after the admin-
istration of Gd-BOPTA reveals peripheral intense enhancement during the arterial phase (cc), incomplete filling-in during the portal venous
phase (dd) and complete filling-in during the equilibrium phase (ee). The nodule is well-defined and hypointense with central contrast agent
pooling (arrow) on the delayed hepatobiliary phase image (ff)
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Fig. 4a-g. Focal nodular hyperplasia. A 13 year old boy presented with an unclear
liver lesion on US, and had a medical history of chemotherapy and surgery for neu-
roblastoma. On the T2-weighted HASTE image (aa), an isointense lesion (arrow) sur-
rounded by a hypointense rim is visible in segment VII of the right liver lobe. The le-
sion is slightly hypointense on the corresponding T1-weighted “in-phase” image (bb),
and hyperintense on the T1-weighted fat-suppressed (cc) and T1-weighted “out-of-
phase” (dd) images. Note the diffuse steatosis of the liver indicated by the reduced liv-
er SI on the out-of-phase image due to preceding chemotherapy. On the arterial
phase image (ee) after administration of Gd-BOPTA (0.05 mmol/kg), the lesion shows
intense hypervascularisation with depiction of a central scar. On the portal venous
phase image (ff), the central scar shows uptake of contrast agent; this is characteris-
tic for FNH. This diagnosis is confirmed by the behavior of the lesion on the T1-
weighted fat-suppressed image in the hepatobiliary phase, in which the lesion
shows stronger contrast enhancement than the surrounding (gg) liver tissue. This in-
dicates a lesion that contains benign functioning hepatocytes and abnormal biliary
drainage. This is the characteristic feature of FNH
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On imaging studies mesenchymal hamartoma
is a large, predominantly cystic mass frequently
measuring 15 cm or more in diameter at the time
of diagnosis. The tumors are generally well-de-
fined and encapsulated or pedunculated. Cysts are
present in 80% of cases [40].

On cut sections, mesenchymal hamartomas
have either a solid appearance reflecting a mes-
enchymal predominance, or a multiloculated cystic
appearance reflecting a cystic predominance. His-
tologically, the tumor consists of the cystic rem-
nants of portal triads, hepatocytes and fluid-filled
mesenchyma [80]. Extramedullary hematopoiesis
is commonly present. Malignant transformation of
mesenchymal hamartoma has not yet been report-
ed and surgical excision is usually curative.

On US, a mesenchymal hamartoma has the ap-
pearance of a large cyst with internal septa (cystic
appearance), or, less commonly, as a smaller cyst
with thick septa (mesenchymal appearance).

On CT, the tumor appears as a well-defined
mass with central hypodense areas and internal

septa. Both solid and cystic components may be
distinguished, although calcifications have not
been reported. Both the septa and the solid com-
ponents enhance following the administration of
contrast material [80].

The MR appearance of mesenchymal hamar-
toma depends on the predominance of the stro-
mal and cystic components. For lesions with a
stromal predominance, the signal intensity (SI) on
T1-weighted images is lower than that of the nor-
mal liver, because of increased fibrosis. Converse-
ly, if the cystic component predominates, the ap-
pearance is similar to that of other cystic masses
with marked hyperintensity on T2-weighted im-
ages. Multiple septa traversing the tumor can be
seen, indicating that the lesion is not a simple cyst
[80].

The SI of the different locules may vary, indi-
cating different concentrations of proteinaceous
material.After the injection of contrast agent, both
the mesenchymal component and the septa en-
hance in a manner similar to that observed on CT.
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Fig. 5a-e. Multiple hemangioma in a case of viscerocutaneous hemangiomatosis
in a newborn. The T2-weighted HASTE image (aa) as well as the respiratory gated T2-
weighted TSE image (bb) show multiple hyperintense lesions (arrows in aa) in both liv-
er lobes. On the corresponding unenhanced T1-weighted image (cc) the lesions are
hypo- to almost isointense compared to the normal liver parenchyma. The unen-
hanced T1-weighted fat-suppressed image (dd) reveals multiple tortuous vessels (ar-
rowheads) with flow void that lead to the lesions. The lesions show pooling of con-
trast agent in the equilibrium phase (ee) after contrast agent administration, indicat-
ing vascular tumors
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10.3.6
Choledochal Cyst and Cystic Dilatation of
the Bile Duct

Choledochal cysts are anomalies of the biliary sys-
tem characterized by dilatation of the extra- or in-
trahepatic bile ducts (see Chapt. 7,“Imaging of the
Biliary Tree and Gallbladder Diseases”, section
7.2.2.1,“Choledochal Cyst and Cystic Dilatation of
the Bile Duct”). Although choledochal cysts may
become evident at any age, diagnosis is made with-
in the first ten years of age in about 60% of cases.
They are more frequent in females than in males
with a ratio of about 4:1.

In newborns and infants, obstructive jaundice
is the most common clinical presentation, while in
older children and adults the signs and symptoms
are those of ascending cholangitis [3, 96].

US is usually the first imaging modality to di-
agnose a choledochal cyst in pediatric patients.
The appearance of these malformations is similar
to their appearance in adult patients and the same
limitations apply regarding visualization of the full
extent of cystic dilatation, the relationship of the
cyst to the gallbladder and pancreatic duct, and the
angle and site of junction with the duodenum. In
young children this may be related to the presence
of gas in the bowel [50].

Although endoscopic retrograde cholan-
giopancreatography (ERCP) has been reported to
be safe in infants and small children suspected of
having choledochal cyst, CT and MR cholangiog-
raphy (MRC) are frequently used as alternative im-
aging techniques [50]. Of these techniques, MRC is
the preferred modality in pediatric patients be-
cause it offers similar information to ERCP with-
out the potential complications inherent in the lat-
ter procedure and without the need for ionizing
radiation [57].

Bile and pancreatic secretions have high SI on
MRC performed with heavily T2-weighted pulse
sequences.With these sequences choledochal cysts
can usually be seen as hyperintense tubular,
fusiform or cystic structures (Fig. 6).

Unfortunately, the signal-to-noise ratio is re-
duced in small patients, and image quality is fre-
quently sub-optimal because of respiratory motion
artifacts associated with the need to acquire images
using non breath-hold sequences. These limitations
render imaging of non-dilated pancreatic ducts and
intrahepatic ducts more difficult and explain why
the quality of MRC images is often inferior to that of
CT cholangiography (CTC) images in some patients
[50]. The availability of respiratory triggering may
overcome many of the drawbacks associated with
non breath-hold sequences and permit satisfactory
imaging of even non-dilated bile ducts. Similarly,
single-shot fast SE sequences have been shown to
be effective for imaging of the biliary tree in infants

and children unable to hold their breath [44].
The use of secretin further improves bile duct

visualization in pediatric subjects. This is because
the secretin increases pancreatic juice secretion,
which increases the pancreatic duct visualization,
particularly at the distal portion. This may be im-
portant for visualization of the common channel.

10.3.7
Inflammatory Pseudotumor

Inflammatory pseudotumor, also called inflamma-
tory myofibroblastic tumor or plasma cell granulo-
ma, is a rare lesion that affects both children and
adults [91, 97]. Histologically, it is characterized by
a proliferation of spindle-shaped cells, myofibrob-
lasts mixed with inflammatory plasma cells, lym-
phocytes,and,occasionally,histiocytes (see Chapt.5,
“Hepatic Pseudolesions”, section 5.2.3,“Inflamma-
tory Pseudotumors”). The lesion arises in a variety
of tissues and organs including the lungs, mesen-
tery of the intestines, omentum, stomach, and liver
[36, 87]. The lesion is generally considered to be be-
nign, but some inflammatory pseudotumors may
recur or metastasize, and some patients die of the
disease. On the other hand, it is known that some
inflammatory pseudotumors regress and complete-
ly resolve without treatment [27].

An inflammatory reaction is believed to cause
inflammatory pseudotumor. Affected patients have
varying degrees of non-specific symptoms and in-
flammatory responses, such as fever, impaired
growth, leukocytosis, anemia, thrombocytosis, hy-
pergammaglobulinemia, and an increase in the ery-
throcyte sedimentation rate or C-reactive protein
(CRP). In some patients, inflammatory pseudotu-
mor arises after trauma, surgery, or infection.

The radiologic findings for inflammatory
pseudotumor are non-specific on all imaging
modalities. On US, lesions typically present het-
erogeneously hypoechoic or mosaic patterns that
are similar to those observed for other focal liver
neoplasms [36].

The lesion is usually hypodense on unen-
hanced CT but presents an early intense and pe-
ripheral enhancement immediately after contrast
medium administration, followed by homoge-
neous, complete and persistent enhancement.
Thereafter peripheral enhancement and a hypo-
dense core can often be observed. These features
are due to the presence of fibroblastic cells and
chronic inflammatory cells, respectively [30, 36].

The signal characteristics on MRI are similarly
non-specific [27]. On unenhanced T1-weighted
MR images inflammatory pseudotumor is often
hypointense in the central portion, while on T2-
weighted images the lesion frequently demon-
strates isointensity or slight hyperintensity (Fig. 7).
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Fig. 6a-e. Cystic dilatation of the bile ducts in an asymptomatic 3 year old. The T2-
weighted HASTE images in sagittal (aa, bb) and coronal (cc) orientation demonstrate
cystic dilatation of the bile ducts (arrows) corresponding to type IVa of the Todani
Classification (for details see Chapter 7). Massive dilatation (asterisk) of the chole-
dochal duct surrounded by a small rim of pancreatic tissue (arrowheads) is apparent
on the unenhanced axial T1-weighted fat-suppressed image (dd) at the level of the
pancreatic duct. The post-contrast T1-weighted fat-suppressed image (ee) reveals
normal enhancement of the pancreatic tissue. Increased enhancement of the wall of
the choledochal duct wall, which would indicate inflammation, is not seen
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Fig. 7a-i. Inflammatory pseudotumor of the liver. On the T2-weighted respiratory-gated TSE image (aa) and on the single-shot T2-
weighted HASTE image (bb) the lesion demonstrates slight hyperintensity with a hyperintense rim (arrowheads in aa). The corresponding
single-shot HASTE image in sagittal orientation (cc) shows pleural reaction (arrow) neighbouring the lesion. On the unenhanced T1-weight-
ed image (dd), the inflammatory pseudotumor is hypointense. Peripheral enhancement is seen on the T1-weighted dynamic images (ee-hh)
after the bolus injection of contrast agent; this reflects the cellular components and inflammatory changes within the lesion. On the T1-
weighted fat-suppressed image in the equilibrium phase (ii), a hyperintense rim surrounding the lesion is seen together with enhancement
of the central portions of the lesion. The hyperintense rim is due to edema of the surrounding liver tissue



346 MRI of the Liver

However, the appearance on T2-weighted images
may vary in relation to the histologic components:
a strong fibrotic predominance may result in slight
hypointensity compared to the normal liver
parenchyma while a greater predominance of in-
flammatory cells may produce a stronger hyperin-
tense appearance. Early peripheral enhancement is
typically seen on T1-weighted dynamic imaging
after the bolus injection of Gd contrast agent. This
reflects the cellular components and inflammatory
changes within the lesion. In the equilibrium phase
a hyperintense rim may be seen due to edema of
the surrounding liver tissue. During this phase the
central portions of the lesion are typically hyper-
intense [65].

10.4
Malignant Liver Lesions in Pediatric
Patients

10.4.1
Hepatoblastoma (HB)

HB is the most common primary hepatic malig-
nancy in children and represents approximately
45% of all pediatric liver neoplasms. It is generally
detected in children younger than five years of age;
in roughly 66% of cases the mean age for detec-
tion is one year. From an etiological point of view,
a correlation has been observed with prematurity,
with a gestational age of <37 weeks, and with a
birth weight of <1000 g. Other risk factors are tri-
somy 18, hemi-hypertrophy, Beckwith-Wiede-
mann syndrome, familial adenomatous polyposis,
fetal alcoholic syndrome, maternal use of go-
nadotropin, and maternal exposure to metals or
petroleum products [47, 74, 89]. Liver cirrhosis is
not considered a risk factor.

HB can be considered the infantile form of
HCC. Histological classification divides HB into
two main types: a pure epithelial form and a mixed
epithelial-mesenchymal form. The pure epithelial
form includes fetal, embryonal, macrotrabecular
and undifferentiated small cell variants. Fetal ep-
ithelial HB is composed of cells that are smaller
than normal hepatocytes and which have an
eosinophilic cytoplasm. They have a relatively low
nucleus to cytoplasm ratio and although some nu-
cleoli are present, mitoses are rare and growth oc-
curs with a compact trabecular pattern. The em-
bryonal variant has a high nucleus to cytoplasm
ratio, a basophilic cytoplasm and ductal elements
with cells that can form acini, tubules and pseudo-
rosettes. Mitoses are frequent in this form of HB.
The macrotrabecular form is a variant comprising
a recurrent combination of both the fetal and the

embryonal cell types in cords or plaques. The cell
dimensions of this form frequently exceed those of
normal hepatocytes. The anaplastic small cell type
of HB is composed of typically round or oval cells
that may be fusiform but which always have a high
mitotic index. Infiltration of the adjacent hepato-
cytes is normally observed, with vascular invasion
and necrosis.

The mixed epithelial-mesenchymal form con-
tains an epithelial component identical to that of
epithelial HB, plus a mesenchymal component with
osteoid, chondroid and rhabdomyoblastic ele-
ments. It is often associated with areas of calcifica-
tion, hemorrhage and necrosis [34, 90].

The histological classification of HB carries
marked prognostic implications; the survival rate
for patients with the pure fetal variant is 90%,
compared with 54% for the mixed form and 33%
for the embryonal variant. Unfortunately the sur-
vival rate for patients with the anaplastic variant is
0% [13].

HB frequently presents as a single, large, bulky
mass, most often in the right lobe of the liver.
Macroscopically, its appearance varies according
to the histological type: epithelial HB has a typi-
cally homogeneous appearance whereas the mixed
form possesses calcifications, fibrotic bands and
osteoid and cartilaginous material, and is conse-
quently more heterogeneous in appearance [83].

The nodules may sometimes be multiple, in
which case they may affect both lobes of the liver.
A diffuse variant involving the whole organ has
been reported but is less common. The presence of
multifocal nodules, diffuse involvement, and vas-
cular invasion is encountered in approximately
50% of cases overall and is indicative of unre-
sectability and a worse prognosis. In 30% of cases,
remote metastases are detected; the organs most
often involved are the lung, kidney, brain and ab-
dominal lymph nodes [46].

The variable presentation of HB means that the
lesion can be defined as belonging to one of two
categories according to the potential risk: (1) stan-
dard risk hepatoblastoma for patients with single
or apparently multifocal neoplasms involving no
more than three hepatic segments in the absence
of metastases and extrahepatic abdominal involve-
ment, (2) high risk hepatoblastoma with neoplastic
disease extending to four or more liver segments
and evidence of extrahepatic spread [90]. HB can
be seen, albeit infrequently, in older children, in
which case it tends to have clinical and anatomo-
pathological characteristics in common with HCC
and the prognosis is worse than in children of
younger age. In older children HB may acquire
macrotrabecular features similar to the trabecular
characteristics of HCC, with vascular invasion and
recurrence, as well as cholangiocellular differentia-
tion [90].



10 • MR Imaging of the Liver in Pediatric Patients 347

Approximately 50% of children with HB are
symptom-free; the diagnosis is often made during
a medical check-up due to the incidental finding of
a palpable mass or an increase in abdominal cir-
cumference.Abdominal pain, fever, loss of appetite
and weight loss are reported in 25% of patients,
whereas jaundice occurs in fewer than 10% of cas-
es [89, 90].

In addition to histological type, factors that
suggest the likely evolution of the disease include
the number of lesions, the presence of metastases,
and - of considerable relevance - the level of α-fe-
toprotein (AFP).

AFP is a protein produced exclusively in the fe-
tal liver that disappears from the serum in the first
few weeks of life. Its values rise in the presence of
certain tumors, such as HB, HCC and endodermal
breast tumors, and it is occasionally found in the
serum of patients with pancreatic and gastric car-
cinoma.AFP positivity in pediatric HB and HCC is
much higher than in adult HCC, with high values
being detected in 96% of cases. The values of this
tumor marker are indicative of a worse prognosis
when they are higher than 1,000,000 ng/mL or low-
er than 100 ng/mL. The reason for such low values
in the latter case, which corresponds to undifferen-
tiated neoplasm, is that the cells are too immature
and malignant to produce the protein [98]. High
values of human chorionic gonadotropin (HCG)
are sometimes observed and in these cases HB is
associated with signs of early puberty. Thrombo-
cytosis is also present in 93% of cases [34].

Prognosis and long-term survival depend on
the feasibility of completely resecting the tumor,
hence the fundamental role of imaging diagnos-
tics in accurately assessing the extent of the neo-
plasm and its relationship with the intra- and ex-
tra-hepatic vascular structures.

The correct diagnosis and staging of HB, and
its assignation to the correct risk category, can be
achieved using most imaging modalities. A
straightforward standard abdominal x-ray, howev-
er, reveals alterations that are generally non-spe-
cific. This approach merely shows a solid mass or
calcifications (in 50% of cases) and therefore con-
tributes little towards the distinction between be-
nign and malignant lesions. The areas of calcifica-
tion probably represent dystrophic calcifications
in necrotic portions of the lesion [62].

US findings vary according to the histological
type. Masses are normally well-defined, multilobu-
lated and septate. The epithelial variant of the tu-
mor is normally homogeneously hypo- or hypere-
chogenic while the mixed form invariably presents
as a heterogeneous mass with hyper- and hypoe-
chogenic areas that reflect calcification and tumor
necrosis, respectively. Color Doppler assessment is
very sensitive to the rich neo-vascularization of
the tumor (Fig. 8) [5, 90].

CT is of fundamental importance for the stag-
ing of HB, not only to assess the intrahepatic ex-
tension of the neoplasm correctly and thus decide
on its resectability or non-resectability, but also to
determine the presence or absence of metastases
to the abdomen and chest. In the latter case, a fur-
ther problem is posed by the frequent presence of
atelectasis in the lower thoracic portions that may
confound or mask lung nodes. For this reason it is
often necessary to repeat the scans in the prone
position. This method is also necessary during fol-
low-up [90].

During the staging procedure, the SIOPEL pro-
tocol of June 1998 [90] recommends performing
the examination before and after the administra-
tion of intravenous contrast medium. Prior to the
administration of contrast medium the epithelial
variant of HB is typically homogeneously hypo-
dense and any calcifications that are present are
usually small and punctiform (Fig. 9). Conversely,
the mixed form of HB tends to be more heteroge-
neous (Fig. 10), often with larger and coarser calci-
fications. After injection of contrast medium, HB
typically demonstrates enhancement during the
arterial phase, which subsequently fades in the
portal venous phase. Enhancement may be patchy
and is usually inferior to that of the healthy
parenchyma.A peripheral ring or hyperdense sep-
ta may be apparent in the late phase. This is due to
the stromal component [34, 89, 90].

On MR imaging the SI of the tumor varies in
relation to the histological type. Epithelial HB is
seen as hypointense on T1-weighted images (Fig.
11) and as hyperintense on T2-weighted images.
As in CT, the mixed form is much more heteroge-
neous due to the variable presence and extent of
necrosis, hemorrhage and fibrosis. In this variant,
hypointense bands and high signal areas are often

Fig. 8. Hepatoblastoma. Color Doppler US reveals a slightly hy-
perechoic and hypervascular mass (asterisk). An impression of the
portal vein (PV) and of the right branch of the portal vein (RPV) can
be seen
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Fig. 9a-d. Hepatoblastoma (epithelial variant). The unenhanced CT scan (aa) reveals a homogeneously hypodense lesion with a small and
punctiform calcification (arrow). The lesion shows enhancement in the arterial phase after contrast medium administration (bb) and wash-
out of the contrast medium in the portal-venous (cc) and equilibrium (dd) phases. Note the retraction of the liver capsule (arrowhead in cc)
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Fig. 10a-d. Mixed hepatoblastoma. On the unenhanced CT scan (aa) the neoplasm (arrows) is heterogeneously iso- and hypodense. Dur-
ing the arterial phase after contrast material administration (bb), the cellular component of the lesion (asterisk) enhances. However, this be-
comes hypodense in the portal-venous (cc) and delayed (dd) phases. Conversely, the stromal component (asterisk in dd) enhances markedly
in the delayed phase
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observed on both T1- and T2-weighted images, the
latter being due to areas of hemorrhage. Unfortu-
nately, calcifications cannot be diagnosed reliably
using this technique. Unenhanced GRE T1-weight-
ed sequences permit evaluation of the vascular
components of both the tumor and the healthy
parenchyma [34, 75].

Early enhancement and rapid wash-out are
typical features of HB on post-contrast dynamic
phase imaging (Fig. 12) [89]. In the arterial phase
most lesions appear as heterogeneously hyperin-
tense due to the presence of fibrotic and necrotic
areas. Thereafter, in the portal-venous and equilib-
rium phases, the neoplasm is isointense and hy-
pointense, respectively, with hyperintense areas
corresponding to the stromal component. In the
delayed hepatobiliary phase after the injection of
Gd-BOPTA, the lesion is usually heterogeneously
hypo- or isointense (Fig. 13).

Catheter angiography can reveal malignant tu-
moral neo-vascularization, vascular distortion and
stretching, and invasion or encompassing of the
portal vein or hepatic artery; occasionally it can
also visualize a characteristic spoke wheel pattern
due to the presence of multiple septa and fibrous
bands [34]. Unfortunately, catheter angiography
requires the use of ionizing radiation which is not
ideal in young children. The availability of 3D CE-
MRA has recently been shown to permit accurate
preoperative evaluation of the liver vasculature in
children with HB [33, 71].

10.4.2
Hepatocellular Carcinoma

HCC is the second most common malignant liver
tumor of infancy. Whereas hepatoblastoma typi-
cally occurs in children under five years of age,

HCC demonstrates two peak periods of onset, one
between four and five years of age and the other
between 12 and 14 years of age [74]. Etiological
and predisposing factors for HCC include
glycogenosis types I, III, IV, VI and IX, galac-
tosemia, thyroxinosis, biliary cirrhosis secondary
to atresia of the bile ducts, and hepatitis B or C vi-
ral infection. The incidence of HCC is slightly
greater among boys [34, 90].

Histologically, pediatric HCC is composed of
cells with an increased volume, a polygonal shape,
abundant granules, acidophilic and glycogen-rich
cytoplasm and an acidophilic nucleolus. The histo-
logical features are similar to those described for
HCC in adult subjects (see Chapt. 6, “Imaging of
Malignant Focal Liver Lesions”, section 6.1.1,“He-
patocellular Carcinoma”).

A variety of substances, such as Mallory bodies,
AFP and α-1-antitrypsin, can be produced by the
neoplastic hepatocytes. Adipose and glycogenic
components may also be detectable in the cell cy-
toplasm. If the adipose component is abundant, the
tumor is referred to as a hepatic clear cell carcino-
ma [51, 83].

Macroscopically, three different growth patterns
may be observed. The lesion may be a massive soli-
tary mass which may or may not be encapsulated.
The multifocal variant is characterized by the pres-
ence of numerous distinct, sometimes confluent
nodules that can simulate metastases. Finally, the
less common diffuse form can involve the whole
liver and is characterized by multiple small neo-
plastic foci that mimic the regeneration nodules of
cirrhosis. Necrosis is sometimes extensive and can
lead to the formation of cysts. HCC is defined as
encapsulated when it is contained in a peripheral
ring composed of fibrous tissue [29, 34, 58, 61].

At diagnosis, the most common clinical symp-
toms and signs are anorexia, fever, abdominal pain,

Fig. 11a, b. Hepatoblastoma. The unenhanced T1-weighted image (aa) reveals a large, well-defined, lobulated hypointense mass with a
small central area of lower SI (arrowhead) that corresponds to calcification. After contrast agent administration (bb), the neoplasm demon-
strates early, inhomogeneous enhancement
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Fig. 12a-h. Hepatoblastoma in a 2 year old girl. A slightly hyperintense lesion compared with the surrounding liver tissue can be seen on
the unenhanced T2-weighted image (aa). On the unenhanced T1-weighted image (bb), the lesion is revealed as a giant inhomogeneous hy-
pointense mass with small areas of hyperintensity indicative of hemorrhage. The unenhanced T1-weighted fat-suppressed image (cc) more
clearly reveals the areas of high SI (arrows) indicative of hemorrhage and regressive changes. The lesion appears slightly hypointense in
comparison to the normal liver parenchyma. On dynamic imaging after the bolus administration of Gd-BOPTA (dd-gg), the more ventrally lo-
cated parts of the lesion show hypervascularity (arrows in dd and ee), whereas most of the remaining parts show only slightly inhomoge-
neous contrast agent uptake. Due to the mass effect of the lesion, inhomogeneous perfusion of the remaining liver tissue can also be not-
ed (arrowhead in ee). T1-weighted fat-suppressed images acquired during the delayed hepatobiliary phase (hh) reveal inhomogeneous up-
take of Gd-BOPTA. The lesions have a multinodular appearance with hypointense areas indicative of regressive changes



10 • MR Imaging of the Liver in Pediatric Patients 351

Fig. 13a-g. Hepatoblastoma in a 12 year old boy. Same case as shown in Fig. 9. On
the unenhanced T2-weighted image (aa), a slightly hyperintense lesion with retraction
of the liver capsule is visible. The lesion is heterogeneously hypointense on the corre-
sponding T1-weighted image (bb) due to internal hemorrhage. The lesion shows
strong enhancement in the arterial phase (cc) of the dynamic study after contrast agent
injection (Gd-BOPTA, 0.05 mmol/kg) with subsequent early wash-out in the portal-
venous phase (dd). The T1-weighted fat-suppressed image in the equilibrium phase (ee)
reveals a heterogeneously hypointense lesion. The lesion is clearly hypointense on
the T1-weighted (ff) and T1-weighted fat-suppressed (gg) images acquired during the
hepatobiliary phase 1 h after administration of Gd-BOPTA. This indicates a tumor that
does not possess functioning hepatocytes. Note the high SI of the bile ducts (arrows),
which is indicative of the hepatobiliary excretion of Gd-BOPTA
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jaundice, and hepatomegaly; at times, its onset can
be violent and sudden, with acute abdominal pain
and hemoperitoneum due to rupture of the tumor
or to rupture or erosion of the superficial vessels.
The AFP values are high in more than 50% of cases
and generally exceed 1000 ng/mL [7, 34, 89].

The prognosis for HCC is worse than that for
HB, with a survival rate between 15% and 30%.
This is due primarily to the large number of cases
in which the cancer is multifocal or unresectable
[89].

The appearance of HCC on US, CT and MR im-
aging is described in Chapter 6,“Imaging of Malig-
nant Focal Liver Lesions”, section 6.1.1, “Hepato-
cellular Carcinoma”.

10.4.3
Fibrolamellar Carcinoma (FLC)

FLC is a slow-growing neoplasm of unknown eti-
ology with different clinical and pathological fea-
tures of HCC and HB. It is frequently detected in
patients of adolescent age and has no predilection
for either gender [19]. It generally occurs in the
non-cirrhotic liver with normal AFP levels. There
are no known risk factors and the prognosis is bet-
ter than for HCC due to the better chances of sur-
gical resection.

The most common symptoms are the same as
those encountered in adult patients: abdominal
pain, hepatomegaly, anorexia, weight loss, and less
frequently, pain, fever and jaundice. In two out of
three cases a mass is appreciable in the right
hypochondrium.

As with HCC, the imaging features of FLC on
US, CT and MR imaging in pediatric subjects are
largely indistinguishable from those in adult sub-
jects (see Chapt. 6, “Imaging of Malignant Focal
Liver Lesions”, section 6.1.2, “Fibrolamellar Hepa-
tocellular Carcinoma”).

10.4.4
Undifferentiated Embryonal Sarcoma (UES)

UES was first recognized as a clinical pathological
entity in 1978 [93]. This neoplasm had previously
been attributed various terms, including embryonal
sarcoma, primary sarcoma, fibromyxosarcoma, and
malignant mesenchymoma. Although rare, UES is
the fourth most frequent hepatic neoplasm in infan-
cy after HB, hemangioendothelioma and HCC.

UES occurs predominantly in children between
six and ten years of age [22], although it has also
been known to affect adults [9]. The incidence is
almost the same in males and females [25, 47, 52].

Histologically, UES is composed of undifferen-
tiated fusiform cells resembling primitive embry-

onal cells, and myxoid stroma [38]. A relationship
has been suggested between UES and mesenchy-
mal hamartoma [23]. However, these two neo-
plasms are distinguished not only by their histol-
ogy, but also by their time of onset and clinical
presentation: mesenchymal hamartoma is typical-
ly observed in small children, aged between four
months and two years, whereas UES occurs in old-
er children. Moreover, whereas the former is symp-
tom-free, UES is usually symptomatic [25].

Macroscopically, UES presents as a large mass,
located more frequently in the right lobe of the liv-
er. It is often well-defined and sometimes complete
with a pseudo capsule; it can reach 20 cm in diam-
eter and may contain cystic, hemorrhagic and/or
necrotic areas, as well as having a cellular compo-
nent. The cystic variants are more frequent than
the solid forms and reflect the rapid growth of the
neoplasm [64, 81].

UES frequently presents as a palpable abdomi-
nal mass with or without pain, fever, jaundice and
weight loss [25, 64, 89]. Sometimes, the tumor may
rupture, leading to acute abdominal crisis [82].
There are no reliable changes in laboratory data,
although mild leukocytosis and anemia may be
seen in 50% of cases and elevated liver enzymes in
30% of cases. Typically, serum AFP levels are nor-
mal [20, 99].

In cases of UES, the prognosis depends on the
possibility of achieving complete resection of the
neoplasm. Although this is often difficult, when
combined with adjuvant chemotherapy it offers
the best chance of cure [99, 100].

On US this neoplasm can present either as a hy-
poechogenic mass with multiple hyperechogenic
septa of variable thickness, or as an echogenic le-
sion containing numerous small cystic collections.
This diversity of echostructure depends on the
greater or lesser prevalence of the myxoid, solid,
and hemorrhagic or necrotic components [9, 41,
64, 81, 89].

At CT imaging, UES generally presents as a
large intrahepatic mass that has lower attenuation
than the surrounding liver parenchyma. The abun-
dant myxoid matrix of the tumor may be the cause
of the hypodense appearance on CT. Conversely,
lesions with higher-density contain hemorrhagic,
necrotic or solid material. In some cases, a dense,
peripheral enhancing thin rim corresponding to
the fibrous pseudocapsule may be depicted on CT
images. Likewise, hyperdense septations may also
be seen in some cases [64, 81].

The MR findings are related to the cystic de-
generation and the hemorrhagic-necrotic compo-
nents of the tumor. On unenhanced T1-weighted
images the neoplasm is typically hypointense due
to cystic degeneration, with areas of higher SI re-
flecting hemorrhagic events. On T2-weighted im-
ages the SI reflects the cystic or solid predomi-
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nance of the lesion, with marked signal hyperin-
tensity in the case of a cystic lesion (Fig. 14). The
fibrous pseudocapsule and septations, if present,
are typically hypointense on both T1- and T2-
weighted images [10, 81, 89, 105].

Catheter angiography generally reveals a hypo-
or avascularized neoplasm and the extent of vas-
cularization is inversely proportional to the cystic
transformation. There are signs of macro-
aneurysms, arterio-venous shunts, and stasis of
the contrast medium in the solid portion of the tu-
mor. Though these angiographic aspects are non-
specific, the macro-aneurysms observed in the
vascularization of the neoplasm have not been re-
ported in any other hepatic malignancies, apart
from UES [105].

10.4.5
Hepatobiliary Rhabdomyosarcoma (RMS)

Although RMS is the most common neoplasm of
the biliary tree in children, it is a rare disease, ac-
counting for approximately 1% of all RMS in pedi-
atric patients. RMS usually occurs in children of
about three years of age and is rarely seen after the
first decade of life. There may be a slight predomi-
nance among males [84].

Although the early histological classification of
RMS was different in the United States [37] and
Europe [12], a universal classification now exists
[66]. Hepatobiliary RMS in childhood can be of the
embryonal or botryoid types [84]. It may arise in
the liver or intrahepatic bile ducts [54] in intra-
hepatic cysts [85], the gallbladder [60], the cystic
duct [49], the extrahepatic bile duct [49], the am-
pulla [14], or in choledochal cysts [73].

Microscopically, RMS contains spindle cell tu-
mors in a myxoid stroma. A few cells have
eosinophilic cytoplasmic tails resembling rhab-
domyoblasts with or without cross striations [38].
Macroscopically, RMS tends to be well-demarcated
from the surrounding tissue with a “pushing” mar-
gin. The mean diameter at diagnosis is usually
about 8 cm [38, 84].

The most common clinical features are jaun-
dice and abdominal distension. Pain, nausea, vom-
iting and fever are less frequent. AFP values are
normal [84, 85].

US typically reveals biliary dilatation and an in-
traductal mass [28, 32]. Although the portal vein
may be displaced by a large tumor, portal vein
thrombosis has not been described. Larger masses
may have fluid, cystic areas within them, possibly
reflecting tumor necrosis [63]. When the tumor
arises in the liver, there may be no distinguishing
US features (Fig. 15). Color Doppler US may reveal
numerous abnormal tumor arteries with low resis-
tive index [79]. The same is seen on catheter an-
giography, indicating a malignant neoplasm
(Fig.16).

CT also reveals an intraductal mass with or
without biliary dilatation (Fig. 17). Hypodense
and heterogeneous attenuation patterns have
been described [32] and areas of low attenuation
within the tumor may be present [14, 54, 63, 73].
Enhancement patterns after the administration of
contrast material have been described as strong
heterogeneous, incomplete globular, mild and
none [79], indicating that enhancement may be
variable.

RMS is generally hypointense on unenhanced
T1-weighted MR images and moderately or
markedly hyperintense on T2-weighted images.

Fig. 14a, b. Undifferentiated embryonal sarcoma. On the unenhanced T1-weighted image (aa), a large cystic septated lesion (asterisk) in-
volving a large part of the liver can be seen. On the coronal T2-weighted image (bb), the mass appears hyperintense and multiloculated
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Fig.15. Hepatobiliary rhabdomyosarcoma. US reveals a large
mass with internal cystic areas (arrows) that reflect tumor necrosis
and dilated bile ducts

Fig. 16. Hepatobiliary rhabdomyosarcoma. Catheter angiography
demonstrates numerous abnormal tumor vessels, indicative of a
malignant liver tumor, within a hepatobiliary rhabdomyosarcoma
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Fig. 17a-c. Hepatobiliary rhabdomyosarcoma. The unenhanced CT image (aa)
shows a hypodense tumor with heterogeneous attenuation pattern. Low attenua-
tion areas are apparent within the tumor. Following the injection of contrast medi-
um, the tumor shows heterogeneous enhancement in the arterial phase (bb) with de-
piction of multiple irregular vessels within the tumor. In the portal-venous phase (cc)
most of the tumor shows wash-out of contrast medium resulting in a more hetero-
geneous appearance. Multiple cystic areas within the tumor (arrows) and displace-
ment of the portal vein by the tumor (arrowheads) can be noted
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Following the administration of a Gd contrast
agent, intense but inhomogeneous contrast en-
hancement is usually seen (Fig. 18) [79].

10.4.6
Hepatic Angiosarcoma (HAS)

HAS is an extremely rare neoplasm in pediatric
subjects, with only a few dozen cases having been
reported. HAS is frequently considered to be the
malignant form of IHE [1]. In this regard, expo-
sure to comparatively high levels of arsenic, both
during pregnancy and in the postnatal period, has
been shown to contribute to the onset of HAS in
the presence of IHE [26].

The mean age of onset of HAS in children is
four years. Histologically, this neoplasm is com-
posed of malignant endothelial cells lining vascu-
lar channels of various dimensions, which tend to

form sinusoids. Macroscopically, two forms of
HAS can develop: a multifocal or multinodular
form (Fig. 19, 20), and a large, solitary mass. Both
forms are associated with areas of necrosis and
hemorrhage [10].

The clinical signs are non-specific, with pro-
gressive abdominal distension and a palpable mass
in the right hypochondrium, often associated with
abdominal pain, asthenia and weight loss. Hemor-
rhagic ascites is a common sign and hemoperi-
toneum is sometimes observed. This is a complica-
tion related to the vascular nature of the neoplasm
on the one hand, and to the resulting thrombocy-
topenia on the other. The neoplasm usually pres-
ents with normal serum AFP values [10, 83].

Imaging findings for HAS in pediatric subjects
on US, CT and MRI can be considered similar to
those for the adult form of the lesion (see Chapt. 6,
“Imaging of Malignant Focal Liver Lesions”, sec-
tion 6.1.4.1, “Angiosarcoma”).

Fig. 18a-e. Hepatobiliary rhabdomyosarcoma. Same case as shown in Fig. 17.
The unenhanced T2-weighted HASTE images in axial (aa) and coronal (bb) orientation
show a large hyperintense tumor with heterogeneous SI and multiple cystic areas.
The corresponding unenhanced T1-weighted image (cc) reveals a tumor with low SI
in which areas of bright signal (arrows) indicate intratumoral hemorrhage. Follow-
ing the injection of contrast agent (dd, ee), the solid portions of the tumor show ho-
mogeneous enhancement whereas the cystic areas remain hypointense. Note
again that the tumor has displaced the portal vein and is sharply demarcated from
the surrounding liver tissue
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Fig. 19a, b. Angiosarcoma. US images (aa, bb) reveal a multinodular tumor growth which forms a large mass (arrowheads). The borders of
the involved region are indistinct and small satellite lesions are visible
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Fig. 20a-c. Angiosarcoma. The unenhanced CT scan (aa) reveals enlargement of
both the liver and the spleen with multiple hypodense nodules. Following contrast
medium injection (bb), the diffuse nodular tumors in the liver are much more evident
and some hypervascularization (arrowheads) is apparent in the periphery. Multiple
lesions can also be seen in the spleen. The coronal reconstruction (cc) highlights the
massive enlargement of the liver and spleen due to tumor infiltration
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10.4.7
Hodgkin’s and Non-Hodgkin’s Lymphoma
(NHL), Burkitt Lymphoma

Primary lymphoma of the liver is a very rare ma-
lignancy with a frequency of about 0.016% of all
cases of NHL. The most frequent form of primary
liver lymphoma is diffuse large B-cell NHL which
occurs primarily in immunodeficient patients. To
determine the primary nature of a hepatic lesion,
systemic lymphoproliferative disease should first
be ruled out.

Secondary liver involvement as a result of
Hodgkin’s lymphoma and NHL is more frequent. In
advanced cases the incidence varies from 25-50%.

Typical symptoms include weight loss, fever
and night sweats, while physical examination of-
ten reveals asthenia, hepatomegaly, jaundice and
ascitis. Obstructive jaundice may occur as a late
manifestation of NHL resulting from encasement
of the common bile duct by the tumor. Imaging
studies usually reveal a solitary mass in the liver
although multiple masses may occur, albeit less
frequently.

Primary lymphoma is usually hypoechoic or
anechoic on US and hypodense on CT. On pre-con-
trast T2-weighted MR imaging, most lesions are
homogeneously hyperintense with a SI that is com-
parable to or higher than that of the spleen (Fig.
21). Other lesions, however, may be isointense on
T2-weighted images but appear as slightly hy-
pointense on T1-weighted images (Fig. 22). Gener-
ally, the SI of lymphoma is comparable on “in-
phase” and “out-of-phase” T1-weighted images.
Lymphomas typically do not show significant en-
hancement on arterial phase images after the ad-
ministration of Gd contrast agents, although a
slight increase in SI may sometimes be seen in the
late portal-venous phase. However, most lesions are
isointense with the normal liver parenchyma on
T1-weighted images acquired during the equilibri-
um phase. The SI of lymphomas that have a peri-

portal distribution is non-specific, which may lead
to an initial misdiagnosis of metastasis [17, 31]
(Fig. 23).

Most patients are treated with chemotherapy,
although some physicians employ a multimodal
approach involving additional surgery and radio-
therapy.Although the prognosis is variable, a good
response may be achieved if aggressive combina-
tion chemotherapy is performed early after onset
[18, 39, 56, 67, 76].

Burkitt’s lymphoma is a mature B-cell lym-
phoma associated with Epstein-Barr-virus that is
characterized by rapid proliferation and a propen-
sity for extranodal sites of involvement such as the
gastrointestinal tract and central nervous system.
It affects primarily children and young adults.
Since sonography is often the first imaging proce-
dure performed in these patients, knowledge of the
wide range of sonographic appearances is helpful
for the recognition of Burkitt’s lymphoma.

Burkitt’s lymphoma appears to be curable in a
high proportion of cases if treated with aggressive
multiagent chemotherapy regimens. The use of au-
tologous stem cell transplantation appears to ben-
efit patients who have had chemotherapy-sensitive
relapses [6, 106].

10.4.8
Metastases

Primary neoplasms that metastasize most fre-
quently to the liver in the pediatric age group are
Wilms’ tumor, neuroblastoma, lymphoma and
leukemia (Fig. 24). In contrast to liver metastases
in adults, metastases to the liver in pediatric pa-
tients are much more uncommon. However, with
regard to imaging studies, the same imaging char-
acteristics are observed as in adult patients. Fur-
ther details can be found in Chapter 6,“Imaging of
Malignant Focal Liver Lesions”, section 6.2.2,
“Metastases”.
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Fig. 21a-h. Primary hepatic large cell lymphoma. The T2-weighted image (aa) reveals a giant hyperintense, sharply demarcated mass in
the right liver lobe. Displacement of the portal vein (arrow) can be seen on the true FISP image (bb). The lesion is homogeneously hy-
pointense on the unenhanced T1-weighted image (cc) and shows slight but homogeneous enhancement on T1-weighted fat-suppressed
dynamic images following the bolus injection of Gd-BOPTA (dd-ff). The tumor is again hypointense on T1-weighted fat-suppressed (gg), and
T1-weighted (hh) images acquired during the hepatobiliary phase after injection of Gd-BOPTA. Distinct tumor margins are again depicted
clearly
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Fig. 22a-g. Hepatic lymphoma. The diffuse lymphomatous form of non-Hodgkin’s
lymphoma is isointense on the unenhanced T2-weighted image (aa). Dilatation of
the bile ducts can be seen without depiction of an underlying mass. Conversely, T1-
weighted (bb) and T1-weighted fat-suppressed (cc) images reveal the presence of a
distinct tumor that is hypointense compared to the normal liver parenchyma. The tu-
mor shows homogeneous enhancement on dynamic T1-weighted fat-suppressed
images (dd, ee) after the injection of Gd-BOPTA. Note that veins can be seen traversing
the lesion without invasion or distortion (arrows in ee). The tumor is markedly hy-
pointense with a more nodular appearance on the T1-weighted image (ff) acquired
during the hepatobiliary phase after Gd-BOPTA administration. On a corresponding
MRC image (gg) dilatation of the bile ducts towards the liver hilum is visible
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Fig. 23a-g. Secondary periportal infiltration of the liver by a Burkitt lymphoma..
The unenhanced T2-weighted single-shot HASTE images in axial (aa, bb) and coronal
orientation (cc) reveal a large, heterogeneous mass (arrows in a) infiltrating from the
hilum along the portal tracts into the liver. On the unenhanced T1-weighted fat-
suppressed image (dd) the lesion appears homogeneously hypointense. The lesion
shows heterogeneous enhancement on dynamic phase images acquired after the
administration of contrast agent (ee-gg). Note that encasement of the portal vessels is
clearly visible (arrows in ee). Note, in addition, the tumor masses surrounding the
gallbladder (arrows in gg) and the infiltration of the kidneys (arrowheads in gg)
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Fig. 24a-h. Liver metastases from neuroblastoma. The unenhanced T2-weighted images (aa, bb) reveal multiple, diffusely distributed hy-
perintense lesions (arrows) throughout the liver. The lesions appear slightly hypointense on the corresponding unenhanced T1-weighted
image (cc). Dynamic contrast-enhanced T1-weighted images (dd-gg) acquired after the bolus injection of contrast agent reveal the hypervas-
cular nature of the metastases and contrast agent pooling. On the T1-weighted fat-suppressed image in the equilibrium phase (hh) the le-
sions have homogeneous high SI and are clearly demarcated from surrounding liver tissue
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10.5
Diffuse Liver Disease in Pediatric 
Patients

10.5.1
Steatosis

Whereas focal fatty infiltration of the liver is pres-
ent in roughly 10% of the adult population, it is
uncommon in infants and young children. Howev-
er, its prevalence increases with age. The most fre-
quent underlying causes in children are malnutri-
tion with or without diabetes mellitus, obesity
(Fig. 25), metabolic diseases and chemotherapy
(Fig. 26).

As in the adult population, there are both dif-
fuse and focal forms of fatty liver infiltration. Ap-
proximately 30-40% of cases occur focally, either
as solitary areas (10% of cases) or as multiple areas
with a more widespread distribution (20-30% of
cases). Most cases of fatty liver infiltration are of
the diffuse type with a segmental, lobar, or irregu-
lar distribution. More details on imaging of fatty
liver are given in Chapter 5, “Hepatic Pseudole-
sions”.

10.5.2
Biliary Atresia

The causes and clinical presentation of biliary
atresia in pediatric subjects are as described in
Chapter 7, “Imaging of the Biliary Tree and Gall-
bladder Diseases”, section 7.2.2.3,“Biliary Atresia”.

Most infants with biliary atresia are chemically
jaundiced from birth. Jaundice is obstructive in
type, with dark urine and pale stools. Initially, the
infants have hepatomegaly with minimal or no
splenomegaly. Later, progressive fibrosis and sub-
sequent cirrhosis (Fig. 27) lead to all the complica-
tions of portal hypertension [11]. Cholestasis with
prolonged conjugated hyperbilirubinemia of more
than 4.5 mg/dL is typical. Usually, the jaundiced
patients also have increased levels of serum γ-glu-
tamyltransferase.

US is frequently employed for screening infan-
tile cholestasis. The imaging characteristics on US
are as described in Chapter 7, “Imaging of the Bil-
iary Tree and Gallbladder Diseases”, section
7.2.2.3,“Biliary Atresia”.

MRC is a well-established non-invasive modal-
ity used to define the biliary system in children.
Biliary atresia can be diagnosed reliably on the ba-
sis of the non-visualization of either the common
bile duct or the common hepatic duct (Fig. 27).
Nevertheless, MRC findings must be interpreted in
relation to clinical information [45, 68].

The prognosis of untreated biliary atresia is ex-
tremely poor, with death from liver failure usually
occurring within two years. Whereas hepato-por-
to-enteroanastomy can restore bile flow in most
infants, the technique is usually not curative. With
this surgical procedure, the timing of the surgery
correlates with outcome. Thus, while bile flow is
successfully re-established in more than 80% of in-
fants if surgery is performed within 90 days of
birth, the benefit of surgery gradually decreases if
surgery is performed after 90 days [15, 42].
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Fig. 25a-c. Focal steatosis in an obese 14 year old boy. On the T2-weighted single
shot HASTE image (aa) the SI of the liver is slightly elevated. Increased SI of the liver is
again seen on the unenhanced T1-weighted “in-phase” image (bb) although distinct
areas of steatosis cannot be seen. Conversely, on the T1-weighted “out-of-phase”
image (cc) multiple areas (arrows) of low SI indicating focal steatosis can be identified
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Fig. 26a-g. Diffuse nodular steatosis in a 14 year old patient post-chemotherapy.
The US image (aa) reveals multiple hyperechoic lesions (arrowheads) in the liver
which could be mistaken for metastases. The SI of the liver is heterogeneously in-
creased on the T2-weighted HASTE image (bb), but more homogeneously increased
on the corresponding T1-weighted “in-phase” image (cc). Conversely, the T1-weight-
ed “out-of-phase” image (dd) reveals multiple hypointense lesions (arrowheads) in-
dicative of diffuse nodular steatosis. The lesions do not show any enhancement on
the T1-weighted arterial phase image (ee) acquired during the dynamic phase after
the bolus administration of Gd-BOPTA (0.05 mmol/kg) and are clearly hypointense
on the portal-venous phase image (ff). On the T1-weighted fat-suppressed image (gg)
acquired during the hepatobiliary phase the lesions show slightly decreased SI due
to the altered uptake of Gd-BOPTA in the areas of nodular steatosis
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Fig. 27a-f. Biliary cirrhosis in a 4 month old child. The respiratory gated T2-weighted image (aa) reveals liver cirrhosis with multiple re-
generative nodules. Note the absence of any intra- or extrahepatic bile ducts. On the corresponding T1-weighted (bb) and T1-weighted fat-
suppressed (cc) images multiple regenerative nodules (arrows) are visible as areas of increased SI due to iron storage. The T2-weighted
HASTE sequence in coronal orientation (dd) reveals the characteristic complications of liver cirrhosis, such as portal hypertension and mas-
sive ascites. Following contrast agent administration (ee, ff) the regenerative nodules are seen as hypointense whereas the cirrhotic tissue
shows prolonged enhancement
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10.5.3
Liver Fibrosis

Congenital hepatic fibrosis is part of the spectrum
of hepatic cystic diseases, and is characterized by
aberrant bile duct proliferation and periductal fi-
brosis. More details on this disease are given in
Chapter 4, “Imaging of Benign Focal Liver Le-
sions”, section 4.1.5,“Cysts”.

In typical congenital hepatic fibrosis, cysts are
not visible due to their very small size. Hepatic in-
volvement in patients with polycystic kidney dis-
ease occurs in approximately 30-50% of cases.
Clinically, the majority of patients present in child-
hood, when congenital hepatic fibrosis predomi-
nates with bleeding, varices and other manifesta-
tions of portal hypertension. In patients with pre-
dominating polycystic liver disease, the lesions are
usually identified incidentally. Approximately 70%
of patients with polycystic liver disease also have
adult polycystic kidney disease. Congenital hepat-
ic fibrosis is also related to Caroli’s disease.

10.5.4
Storage Disease, Metabolic Diseases

A considerable number of metabolic diseases
cause liver injury in infants and children. In many
cases, the liver is the sole organ clinically affected
by the metabolic disease. In other metabolic dis-
eases, other organs/tissues are affected but liver
disease still constitutes a major cause of morbidity
and mortality. Some of the diseases are relatively
common. For instance, α-1-antitrypsin deficiency
affects approximately 1 in 1,800 live births, while
the incidence of cystic fibrosis is as high as 1 in
1,700 in some populations. Taken together, genet-
ic/metabolic liver diseases account for approxi-
mately 30% of children who undergo liver trans-
plantation.

In most cases, metabolic diseases affecting the
liver ultimately lead to cirrhosis. Typically, the im-
aging findings in these cases are similar to those in
adults in whom liver cirrhosis arises for other rea-
sons. In other cases, however, the findings may be
more subtle. Frequently hepatomegaly or fatty liv-
er is the main finding during the early stages of
disease.

Alpha-11-antitrypsin Deficiency. Alpha-1-antit-
rypsin deficiency is the most common metabolic
liver disease affecting children [94]. It also predis-
poses adults to HCC and causes emphysema, par-
ticularly in adults who smoke cigarettes. Recent
studies have provided further information about

the biochemical basis of the deficiency, and about
the cellular mechanisms that account for the wide
variation in phenotypic expression of liver disease.
These studies have shown that this disease is pro-
totypic for many genetic diseases associated with
misfolded proteins and disturbances in the funda-
mental cellular pathways that respond to misfold-
ed proteins, or stressors [95]. Recent studies have
also provided evidence for the feasibility of
chemoprophylaxis with a novel class of com-
pounds called “chemical chaperones” that may
have broad applicability to metabolic liver disease.

Glycogen Storage Disease. Another of the more
common metabolic liver diseases is glycogen stor-
age disease (GSD), a group of disorders that are as-
sociated with glycogen accumulation in the liver
and other tissues due to specific defects in
glycogenolysis. In this disease, mainly GSD type Ia
is of interest with regard to imaging studies, since
hepatomegaly with development of liver cell ade-
noma is a common finding. In GSD type Ia, there is
developmental delay, hypoglycemia, metabolic aci-
dosis, elevated triglycerides and uric acid levels in
the blood, hepatomegaly, hepatic adenomas (Fig.
28), and HCC due to defects in the catalytic sub-
unit of glucose-6-phosphatase. In GSD type Ib, the
patients also have neutrophil dysfunction and re-
current infections due to a primary defect in a mi-
crosomal glucose-6-phosphate transporter. In GSD
type III, in which there is a defect in the glycogen
debrancher enzyme, hepatomegaly occurs but liver
dysfunction is rare. In GSD type IV, in which there
is deficiency of the glycogen branching enzyme,
there is progressive liver dysfunction and liver fail-
ure. GSD type VI is due to defects in liver phos-
phorylase kinase. Nutritional therapy and the use
of dietary cornstarch have had a major impact on
GSD type Ia, whereas cytokine therapy has recent-
ly provided marked improvement in the lives of
patients with GSD type Ib.

Wilson’s Disease. A third common form of meta-
bolic liver disease in children is Wilson’s disease. It
is a progressive disorder characterized by abnor-
malities of the motor system, psychiatric symp-
toms, and hepatic disease resulting in cirrhosis. A
specific defect in copper transport results in pro-
gressive accumulation of copper in target tissues
which leads to cirrhosis. Although copper is para-
magnetic, substantial changes in liver SI are not
found in patients with Wilson’s disease. The main
findings are liver cirrhosis and sometimes SI
changes in the brain, especially the nucleus lentic-
ularis, in which the concentration of copper may
be much higher than in the liver.
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11.1
Introduction

The liver is a common site of metastatic disease,
which occurs following initial spread to the lymph
nodes. It is the most common site of metastatic dis-
ease from primary cancer within the abdomen be-
cause it is the first major organ reached by venous
blood draining from the intestinal tract. For pa-
tients with systemic spread of metastases, curative
treatment is generally not possible and general
chemotherapeutic approaches for treatment are in-
dicated. On the other hand, if the liver remains the
only site of metastatic disease, surgical resection
may represent the only means of cure. Unfortunate-
ly, the average survival of patients with untreated
hepatic metastases is between 2 and 8 months [19].

Only about 30% of patients with hepatic metas-
tases represent cases suitable for surgical resection,
even when intervention is performed in centers
with expertise in hepatic surgery. Thus, there has
been growing interest in interstitial approaches
aimed at destroying liver metastases in situ. Local
ablative therapeutic approaches include ther-
motherapy and chemotherapy and are alternatives
to major surgery. Each of these has the advantage of

being repeatable in cases of recurrent metastatic le-
sions [1].

Thermotherapeutic approaches to tumor re-
duction include the application of physical energy
in radio-frequency (RF) ablation, laser-induced in-
terstitial therapy (LITT) and cryotherapy.
Chemotherapeutic approaches include the local
instillation of drugs, alcohol injection, chemother-
apeutic drug instillation and regional transarterial
chemoembolization (TACE) [22].

11.2
Surgical Resection

The role of surgical resection in the treatment of
hepatic metastases of primary colorectal carcino-
mas is well-recognized and may contribute to the
five year survival of 25% to 37% of affected pa-
tients [9]. However, the approach to the surgical
treatment of hepatic metastases from primary tu-
mors other than colorectal cancer is less obvious,
and is highly dependent upon the type of primary
tumor. Nevertheless, a reported five year survival
rate of 21% after resection of metastases from
non-colorectal carcinomas can be considered
comparable to that for metastases from colorectal
carcinomas [12]. While outstanding results are ob-
tained when metastases from neuroendocrine tu-
mors are resected, less favorable results are fre-
quently obtained from the resection of metastases
from gastric or breast cancer.

As only about 30% of the patient population
with hepatic metastatic disease is eligible for liver
resection, preoperative magnetic resonance imag-
ing (MRI) provides detailed information for surgi-
cal therapy planning, as it can help determine the
number and location of intrahepatic lesions [32].
Exact anatomic description of the tumor spread in
correlation with the segmental distribution and the
course of major hepatic vascular structures is es-

11
Imaging of the Liver Post-Surgery and/or
Post-Ablative Therapy
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sential. Infiltration of central hilar vascular struc-
tures such as the portal vein, hepatic artery and
central hepatic bile ducts almost always excludes a
possible treatment by liver resection. Moreover, ex-
trahepatic tumor growth and infiltration into adja-
cent organs should be carefully evaluated.

Post-operative MRI of the liver within the first
four weeks is helpful for the detection of surgical
complications such as hematoma or abscess for-
mation, perfusion disturbances or bilioma forma-
tion. Bilioma or abscess formations are character-
ized by a hypo- to hyperintense signal on T1-
weighted images and by typically high signal in-
tensity on T2-weighted images. A lack of central
enhancement is seen both with bilioma and ab-
scess formations, however if a pronounced periph-
eral enhancement, indicating an abscess wall, can
be identified, the patient may require intervention-
al drainage or surgical revision (Fig. 1). As regards

bilioma formations, follow-up studies are advised
since some bilioma formations resolve sponta-
neously with time. In the case of port-surgical bil-
iary leaks, the precise location of the leak can fre-
quently be accertained with the use of MR contrast
agents such as Gd-BOPTA that are excreted in part
through the hepatobiliary system. In this regard,
T1-weighted images acquired during the hepato-
biliary phase at around 2h after injection will usu-
ally reveal the location of the leak through contrast
extravasation at the site of bile duct damage.

In most cases, surgical resection involves the
removal of two or more liver segments and post-
surgical follow-up imaging does not differ greatly
from pre-surgical imaging. However, if the bor-
ders of the resected liver lesions are within 2 cm of
the resection margin, special attention should be
paid to the neighboring areas at follow-up. Using
T1-weighted imaging, detailed evaluation of the

aa bb

cc dd

ee ff

Fig. 1a-f. Pre- and post-surgical imaging in a patient with liver metastases from colorectal cancer and postoperative bilioma formation.
The preoperative imaging studies show a metastasis with high SI on the T2-weighted image (aa, arrow) and typical peripheral wash-out on
the contrast-enhanced T1-weighted fat-suppressed image post-injection of Gd-BOPTA (bb). On post-surgical imaging, three weeks after re-
section of the liver metastases (cc-ff), a triangular defect from atypical resection of the lesion is visible on axial (cc) and coronal (dd) T2-weight-
ed HASTE images (arrows). The resulting defect is filled with a high SI fluid, which aspiration showed to be a bilioma formation. Note sus-
ceptibility artifacts from surgical clips on the unenhanced T1-weighted image (ee, arrows). In the equilibrium phase post-contrast agent in-
jection (0.05 mmol/kg BW Gd-BOPTA) no enhancing rim surrounding the defect is visible, which excludes an inflammatory process or ab-
scess formation
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resection margins is sometimes difficult due to
susceptibility artifacts caused by surgical clips
(Fig. 1e). Follow-up evaluations may also be diffi-
cult in cases of atypical resection. Likewise, when
liver lesions are enucleated with a margin of 2-3
cm a clear identification of the resection margins
may not always be possible. Additionally, signal
intensity on unenhanced T1-weighted and T2-
weighted images as well as on T1-weighted dy-
namic imaging may be influenced by hemorrhage,
seroma formation, inflammation and ischemia of
surrounding liver tissue, particularly during the
first one to two months after resection. Thus fol-
low-up imaging is usually best performed at three
or more months after resection, in order to mini-
mize the influence of post-surgical changes. In
such cases, hyperintense nodular regions on T2-
weighted images, hypointense areas on unen-
hanced T1-weighted images and irregular vascu-
larization on T1-weighted dynamic images is usu-
ally indicative of a recurrent tumor (Fig. 2). Since
the majority of patients develop recurrent metas-
tases after surgical resection, careful restaging is
mandatory.

Furthermore, in post-surgical follow-up imag-
ing, special care should be taken to detect intra-
hepatic or intraperitoneal seeding of tumor cells
from surgery. This is particularly important in in-
stances of atypical resection of liver metastases.

11.3
Radio-Frequency (RF) Ablation

RF ablation of focal liver lesions uses an alternat-
ing current at frequencies above 250 kHz, induced

by mono- or bipolar probes. This is used to gener-
ate heat and thus destroy tissue without causing
stimulation of nerves or muscles. The slow appli-
cation of electrical energy with low current densi-
ty leads to the heating and eventual dehydration
of cells and, thereafter, to the degeneration of col-
lagenous structures and proteins [6].

Multiple probe arrays or cooled-tip RF elec-
trodes with 2-3 cm of exposed metal tip, both of
which are connected to a frequency generator (up
to 200 Watts), are usually used to deliver the RF en-
ergy to the tissue. During the ablation procedure, a
thermocouple measures the local temperature, and
tissue impedance is monitored continuously while
the generator output is increased slowly to 950 -
1100 mA. Careful monitoring is necessary in order
to prevent the tissue from boiling and subsequent-
ly carbonizing. Thus, if the impedance increases by
> 10 Ohm, the current needs to be reduced until
stable impedance is again observed [5]. The stan-
dard RF application generally lasts for 12-25 min-
utes and results in typical coagulation necrosis di-
ameters of 2.5-3.7 cm. The maximum diameter
reached is 7 cm [18, 33].

Histologically, ablated areas consist of necrotic
tumor tissue surrounded by necrotic liver tissue.
The safety margin of surrounding necrotic liver
tissue should have a thickness of > 1 cm, corre-
sponding to the surgical resection borders. This
zone is encircled by a homogeneous rim of edema-
tous inflammatory tissue of variable thickness,
which is maximal at about two weeks after the in-
tervention [34].

In cases of complete tumor destruction, T2-
weighted MR images acquired post-RF ablation
typically show an area of low signal intensity
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Fig. 2a-c. Recurrent tumor after atypical liver resection. On the unenhanced T2-
weighted TSE image (aa), an area of slightly increased SI surrounds the resection de-
fect (arrows). On the T1-weighted arterial phase image (bb) after bolus injection of
contrast agent (0.05 mmol/kg BW Gd-BOPTA), an irregular shaped margin of in-
creased enhancement is visible (arrows), which is separated by a tissue rim from the
resection defect. This rim of tissue represents recurrent tumor which on the hepato-
biliary phase T1-weighted image (cc) 1 hour after contrast agent administration,
shows no uptake of contrast agent. This indicates a recurrent tumor rather than just
a post-surgery perfusion abnormality
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which corresponds to necrotic tumor and liver tis-
sue. A hyperintense rim encircling this area repre-
sents edematous liver and granulation tissue. Con-
versely, treated lesions typically present as hyper-
intense with a hypointense rim on unenhanced
T1-weighted images (Fig. 3). In the equilibrium
phase following the injection of an extracellular
Gd-chelate, T1-weighted images of completely de-
stroyed liver lesions reveal a hypointense, non-per-
fused central area that is surrounded by a thin hy-
perintense rim (Fig. 4). The increased peripheral
enhancement in completely destroyed liver lesions
reflects the inflammatory reaction as well as sinu-
soidal obstruction and portal-venous perfusion at
the edge of the ablated area. Typically, the periph-
eral wash-out that is characteristic of viable liver
metastases, is not observed in completely RF-de-
stroyed liver metastases.

On the other hand, if hyperintense irregular
or nodular foci are detected on T2-weighted im-
ages, together with irregularity or interruption of
the enhancement at the boundaries, or enhance-
ment within the lesion on post-contrast T1-

weighted images, this could indicate residual tu-
mor or local tumor regrowth. Similarly, signs of
peripheral wash-out in areas of the RF ablation
should be interpreted as possible tumor regrowth
or residual tumor tissue (Fig. 5). Wedged-shaped
arterial perfusion as an expression of arteriopor-
tal shunting can sometimes complicate the evalu-
ation of the surrounding normal liver tissue [35].

Commonly described complications of RF ab-
lation are: hemorrhage, central bile duct injury, in-
traperitoneal abscess formation and, rarely, burn-
ing injuries of adjacent organs such as bowel,
stomach or kidney. Due to the high sensitivity of
MR imaging, major complications are easily de-
tected.

Hemorrhage is detected on T1-weighted fat su-
pressed images with intermediate to high SI de-
pending on when the bleeding occurred. In RF ab-
lation special attention should be paid not only to
complications such as hemorrhage and inflamma-
tion, but also to intrahepatic diffusion of the tu-
mor and to seeding along the puncture canal with-
in the liver and abdominal wall.
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Fig. 3a-c. Patient with liver metastases from colon cancer treated with radio-fre-
quency (RF) ablation. Due to diffuse coagulative necrosis, the RF-lesion (arrow) ap-
pears slightly hypointense on the T2-weighted image (aa) and slightly hyperintense
on the T1-weighted image (bb). No enhancement of the RF-lesion is seen during the
equilibrium phase after Gd-BOPTA administration (cc), indicating complete tumor de-
struction
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Fig. 4a-d. Patient with solitary metastasis of breast cancer treated with radio-frequency (RF) ablation. Imaging was performed three days
after ablation. On the unenhanced T2-weighted HASTE images in axial (aa) and coronal (bb) orientation, the RF-lesion (arrows) shows a low
SI, surrounded by a rim of even lower SI. Note the inflammation of the surrounding liver parenchyma, which has an increased SI. These
changes are most likely caused by impairment of hepatic perfusion due to RF-ablation. In the equilibrium phase (cc) after contrast agent in-
jection (0.05 mmol/kg BW Gd-BOPTA), T1-weighted images show a closed, hyperintense rim surrounding the lesion. The lesion itself
demonstrates no enhancement, indicating complete tumor destruction. In the hepatobiliary phase one hour after Gd-BOPTA administra-
tion (dd), heterogeneous contrast agent uptake of the liver tissue surrounding the RF-lesion is demonstrated, the lesion shows no en-
hancement and is sharply demarcated from the surrounding liver
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11.4
Laser-Induced Interstitial Therapy
(LITT)

Interstitial laser-induced hyperthermia is based on
the conversion of laser light into heat. This is typi-
cally performed using a Nd:YAG laser at a wave-
length of 1064 nm. The technique involves the in-
vasive insertion of a laser catheter into the lesion
using a light-conducting quartz fiber. To avoid ear-
ly carbonization around the tip of the optic fiber, a
closed cooling system based on circulating saline
solution decreases the temperature peak around
the applicator tip [23]. The success of the treat-
ment is highly dependent upon the optimal posi-
tioning of the laser applicator in the center of the
lesion. Hence, precise monitoring during therapy
is mandatory. The conversion of laser light into
heat in LITT results in cell death followed by coag-

ulative necrosis and secondary degeneration. Sub-
sequent atrophy results in tumor shrinkage with
minimal damage to surrounding structures. Dur-
ing the procedure, monitoring of thermo-induced
signal changes in the treated tissue is possible on
the basis of T1-weighted fast low angle GRE se-
quences in which a rise of the temperature is rep-
resented by a signal decrease [24].

The size of the heated volume depends on the
power of the laser, the irradiation time and the op-
tical and thermal characteristics of the treated tis-
sue. Frequently, lesions with a diameter of up to 5
cm can be treated successfully [21].

T2-weighted MR images acquired approxi-
mately two to three months after LITT interven-
tion typically reveal a hyperintense lesion sur-
rounded by a hypointense rim. No enhancement
of the lesion should be seen on T1-weighted equi-
librium phase images acquired after injection of a
Gd-chelate (Fig. 6).
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Fig. 5a-d. Incomplete RF-ablation of a liver metastasis from colorectal carcinoma. The unenhanced T2-weighted HASTE image (aa) shows
tissue with increased SI surrounding the hypointense RF-lesion (arrow). On the corresponding T1-weighted image (bb) the RF-lesion has a
slightly increased SI (arrows), whereas the residual tumor tissue is depicted with a low SI. After contrast agent injection (0.05 mmol/kg BW
Gd-BOPTA) the T1-weighted equilibrium phase image (cc) shows a hyperintense rim surrounding the RF-lesion (arrows). Similarly a rim sep-
arates the residual tumor tissue from the surrounding liver parenchyma (arrowheads). A coronal T1-weighted fat-suppressed image in the
hepatobiliary phase after contrast agent injection (dd) clearly demonstrates residual tumor tissue (arrowheads) separated from the RF-lesion
by a hyperintense rim (arrows)
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Fig. 6a-f. Patient with metastases from colorectal cancer treated by LITT intervention. The T2-weighted HASTE images in axial (aa) and
coronal (bb) orientation demonstrate a hyperintense lesion (arrow), surrounded by some hypointense tissue which again is demarcated
from the normal liver parenchyma by a hyperintense rim. On the corresponding T1-weighted (cc) and T1-weighted fat suppressed images
(dd) the more peripheral parts of the lesion show signs of hemorrhage (arrow in dd). On T1-weighted (ee) and T1-weighted fat suppressed (ff)
images, acquired during the equilibrium phase after contrast agent injection, the lesion is distinguished from surrounding liver tissue by a
hyperintense rim. The absence of contrast agent uptake in the center of the lesion indicates complete tumor destruction
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Local tumor recurrence should be considered if
T2-weighted images reveal nodular areas of medi-
um to high signal intensity within the hypointense
rim surrounding the lesion, or if nodular regions
within the hyperintense necrosis, which differ
from the signal intensity of the necrosis itself, can
be detected. The same applies for contrast-en-
hanced T1-weighted images in which recurrent tu-
mor growth is indicated if enhancement is seen in
central areas of the lesion or if enhancing periph-
eral nodular structures are detected [2, 23, 25].

11.5
Cryotherapy

Cryosurgery is defined as local tumor destruction
in situ caused by the rapid freezing of tumor cells.
Cryosurgery was introduced as an ablative tech-
nique mainly in patients with prostatic malignan-
cies and, in some centers, also for the treatment of
patients with liver metastases and primary liver
tumors such as hepatocellular carcinoma (HCC).

Since cryotherapy does not destroy the walls of
large vessels such as the inferior caval vein or large
liver veins and portal branches, this approach is
particularly well-suited to the treatment of unre-
sectable lesions located near these vessels.

Frequently, resection and cryotherapy are com-
bined during a single invasive procedure. More-
over, cryosurgery is appropriate as an adjunct to
liver surgery (so-called “edge cryotherapy”) in cas-
es in which a very close or histological-positive re-
section margin is anticipated. During this proce-
dure, flat cryoprobes are positioned at the resec-
tion edge of the remaining liver and adequate
freezing is performed to a depth of at least 1.5 cm
into the liver tissue.

The mechanism of tumor cell destruction in
cryotherapy depends on the location of the tu-
mor tissue in relation to the cryoprobe. In areas
close to the cryoprobe temperatures rapidly fall
to –190 °C, causing ice crystals to form within
and around the cells. Subsequent thawing and re-
hydration results in rupture of the cell membrane
and hence tissue death. At distances slightly fur-
ther from the cryoprobe, the temperature drops
more slowly and ice forms within the small ves-
sels. Since cell membranes impede intracellular
ice crystal formation in this case, the parenchy-
mal cells dehydrate to equilibrate the resulting
chemical gradient. This results in cellular disinte-
gration and expansion of the blood vessels, which
rupture upon thawing, resulting in tissue hypox-
ia. Thus, cell death in cryotherapy is a combina-
tion of intra- and extracellular ice crystal forma-
tion, cellular dehydration, rupture of small ves-
sels and hypoxia from small vessel destruction
[10, 20]. Cellular damage can be increased by re-

peated application of consecutive freeze-thaw cy-
cles [28].

Cryotherapy within the liver has experienced a
renaissance with the availability of intraoperative
ultrasound (US) as a real-time control for the abla-
tive procedure. Nevertheless, the expansion of the
forming ice ball cannot be detected opposite the
ultrasound transducer, since the ice front orientat-
ed towards the transducer builds a reflection wall
with a “shadow zone” behind it [26]. MR imaging
can overcome this disadvantage, showing excellent
contrast between ice formation and unaffected
perfused liver tissue on the basis of decreased T2
relaxation time of the frozen tissue [27].

As a result of the histopathologic changes, le-
sions after cryotherapy may show signs of hemor-
rhage on unenhanced T1-weighted and T1-weight-
ed fat-suppressed images and appear hyper- or
rarely isointense on T2-weighted images. On con-
trast-enhanced T1-weighted images, the destroyed
tissue is seen as a hypovascular region. In cases of
complete tumor destruction, contrast-enhanced
T1-weighted images acquired during the equilibri-
um phase reveal a hypointense lesion typically sur-
rounded by a closed hyperintense rim, most likely
formed by fibrovascular granulation tissue (Figs. 7,
8). If this rim is interrupted, the site of the inter-
ruption should be considered as indicating resid-
ual or recurrent tumor, since typically neither a
homogeneous rim nor evidence of edema is seen
in unaffected tumor tissue. Often the size of the re-
sulting cryo-lesions remains relatively stable for
three to six months. Thereafter lesions begin to
shrink until they are either no longer visible or can
be identified only by the presence of a small scar
(Fig. 9) [2, 26].

11.6
Loco-Regional Drug Application

11.6.1
Percutaneous Ethanol Injection (PEI)

Several studies have shown that PEI is an effective
alternative to surgery in cases of small HCC. Tu-
mor cell destruction is achieved by alcohol-in-
duced immediate coagulative necrosis of the af-
fected tissue as a consequence of protein denatu-
ration and cellular dehydration [16].

The maximum diameter of HCC lesions that
can be treated successfully by PEI is approximate-
ly 3 cm. Larger lesions are less amenable to treat-
ment with this technique because the ethanol dis-
tributes less homogeneously, resulting in incom-
plete necrosis of the lesion. This applies equally for
the treatment of liver metastases where PEI is of
limited effectiveness for local tumor control [8].

T2-weighted MR images acquired post-PEI
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typically demonstrate areas of markedly decreased
signal intensity, corresponding to regions of
ethanol-induced coagulative necrosis. The possi-
bility of tumor recurrence should be considered if
an area of increased signal intensity is observed
within the lesion. However, in rare cases, necrosis
with high signal intensity may be observed in the
center of the lesion. This is indicative of liquefac-
tive necrosis and should be borne in mind for dif-
ferential diagnosis.

Contrast-enhanced T1-weighted images in the
equilibrium phase reveal a hypovascular area.

Recurrent or residual tumor should be consid-
ered if enhancement is detected within three to six
months post-therapy (Fig. 10) [11, 17]. In cases of
treated HCC, special attention should be paid to
early enhancing areas in the arterial phase of the
dynamic series of acquisitions since early enhance-
ment is highly indicative of recurrent tumor.

On post interventional T1-weighted images a
fan-shaped hypointense area of normal liver tissue
adjacent to the treated HCC with a corresponding
hyperintense signal on T2-weighted images can
sometimes be observed and might be mistaken for
residual tumor. This area, which typically en-
hances strongly on T1-weighted images after ad-
ministration of contrast agent, represents patho-
logic changes in the normal liver tissue as a toxic
reaction to the injected ethanol.Awareness of such
abnormalities is important for the correct evalua-
tion of therapeutic efficacy [29].

11.6.2
Regional Transarterial
Chemoembolization (TACE)

Neither systemic or local chemotherapy nor
chemoembolization are primary techniques nor-
mally used with the aim of curing liver metastases.
They are mainly considered a second-line treat-
ment in patients with metastases of colorectal car-
cinoma.

On the other hand TACE is frequently used for
curative treatment of HCC, especially in Asia.

TACE therapy is based on the differential
blood supply of normal liver tissue and hepatic
tumors. Whereas arterial perfusion accounts for
about 25% of the blood supply in normal liver
parenchyma, it may account for as much as 95% in
hepatic neoplasms, depending on the histology of
the tumor. Thus, solid liver tumors are frequently
accessible to arterial embolization and/or intra-
arterially applied chemotherapy, while surround-
ing liver tissue is not affected to the same extent
due to its mainly portal venous blood supply. The
direct superselective arterial application of
chemotherapeutics leads to an increased concen-
tration of the chemotherapeutic drug within the

lesion with a concomitant reduction of systemic
side effects [3].

Typically, chemoembolization involves the in-
jection of an emulsion of iodized oil (e.g. lipiodol)
followed by a chemotherapeutic drug (e.g. doxoru-
bicin) and embolization particles applied via an
arterial catheter that is advanced into the segmen-
tal or subsegmental arteries that feed the tumor
tissue.

Chemoembolization may lead to a partial re-
duction of tumor volume which may secondarily
allow surgical resection or interventional ablation
in the case of inaccessible tumors. Frequently it is
performed in cases in which systemic chemothera-
py is ineffective and in cases of therapy-resistant
pain arising from dilatation of the liver capsule
[21, 30].

TACE is generally contraindicated in a number
of situations: when significant reduction of syn-
thetic liver function is apparent, when 75% or
more of the liver tissue is affected by the neoplasm,
in cases of ascites where the Karnowski Index is
less than 50%, and in cirrhotic livers when the liv-
er parenchyma unaffected by the tumor has an in-
creased arterial supply. Additionally, TACE may
only be performed in cases of portal-venous ob-
struction if sufficient collaterals are present [14].

MRI is increasingly being used for follow-up
studies in patients after injection of iodized oil.
MRI is generally preferred to computed tomogra-
phy (CT) for post-TACE imaging since the high
concentration of lipiodol within the tumor can
make it very difficult to recognize possible disease
recurrence on CT imaging. This is due to the hy-
perdensity of lipiodol which tends to mask the hy-
pervascular areas of residual or recurrent tumor
which are also hyperattenuating after injection of
iodinated contrast material [13, 31].

Follow-up imaging after TACE is possible be-
tween the first week and approximately two to
three months after the procedure. If T1-weighted
dynamic imaging is performed within the first
week after TACE, the increased signal intensity seen
in tumor nodules that accumulate lipiodol can
sometimes make it difficult to detect residual hy-
pervascular tumor tissue (Fig. 11). On the other
hand, persistent lipiodol retention for more than
four weeks indicates therapeutic effectiveness. De-
creased signal intensity on T2-weighted images
may also be observed within one week of treat-
ment. However, remaining areas of higher signal
intensity on T2-weighted images may not necessar-
ily indicate residual tumor tissue, since the T2 re-
laxation time is also influenced by early concomi-
tant modifications, such as ischemia, hemorrhage,
edema and initial colliquative necrosis [4, 31].

Whereas early follow-up after TACE is often in-
conclusive for the detection of recurrent tumor,
follow-up T2-weighted and arterial phase con-
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Fig. 7a-k. Liver lesions post-cryotherapy / no residual tumor. Pre-cryotherapy, the T2-
weighted (aa) and contrast-enhanced T1-weighted equilibrium phase (bb) images show a
partially necrotic metastasis of colorectal cancer (arrows). One week after cryotherapy,
the T2-weighted image (cc) shows a partially hyperintense, partially hypointense region
surrounded by a high SI rim. On the corresponding T1-weighted (dd) and T1-weighted fat-
suppressed (ee) images, high SI areas within the cryolesion can be detected, indicating
hemorrhage. Dynamic imaging in the arterial phase (ff) reveals segmental hypervascular-
ization of the affected liver segment, which is even more obvious in the portal-venous
phase (gg). However, no peripheral enhancement of the cryolesion is detected, indicating
no residual tumor. In the equilibrium phase (hh) a closed hyperintense rim (arrows) sur-
rounding the lesion is observed without any enhancement of central areas. This indicates
complete destruction of the tumor tissue. 
A T2-weighted image acquired six months after cryotherapy (ii) shows that the cryolesion
still has heterogeneous, partially high SI. On the corresponding T1-weighted image (jj),
heterogeneously high SI can be observed. On contrast-enhanced images in the equilibri-
um phase (kk), enhancement of the central areas of the lesion is still not visible and a
closed hyperintense rim surrounding the lesion can still be seen
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Fig. 8a-g. Liver lesion post-cryotherapy showing no residual tumor in a patient with previous liver resection. 
On the unenhanced T2-weighted (aa) and T1-weighted (bb) images pre-cryotherapy, a metastasis (arrows) can be seen in the left liver lobe.
Note that the patient underwent previous right hemi-hepatectomy. The T2-weighted image (cc) acquired one month following cryothera-
py, shows a heterogeneous, predominantly high SI lesion. On the T1-weighted image (dd), this lesion is hypointense with some high SI ar-
eas indicative of hemorrhage. On dynamic imaging, segmental hypervascularization can again be noted in the arterial phase (ee) with ho-
mogeneous signal in the portal-venous phase (ff). The equilibrium phase image (gg) again shows a closed hypervascular rim surrounding the
lesion, indicating complete destruction of the metastasis
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Fig. 9a-g. Patient post-cryotherapy demonstrating late recurrent disease. T2-weighted (aa) and contrast-enhanced T1-weighted equilib-
rium phase (bb) images acquired three weeks after cryotherapy show two large cryolesions (arrows). Hyperintense rims surrounding the le-
sions are apparent on the T1-weighted equilibrium phase image (bb). Significant reduction of the size of the cryolesion can be noted on both
T2-weighted (cc) and contrast-enhanced T1-weighted equilibrium phase (dd) images acquired six months post-cryotherapy. No signs of
residual tumor or local recurrence are apparent. However, on a T2-weighted image acquired 12 months post-cryotherapy (ee), again a ho-
mogeneous high SI lesion (arrow) in the area of one of the former cryolesions can be seen. On the corresponding T1-weighted image in the
arterial phase after contrast agent injection (ff), an irregular peripheral enhancement of the affected region is evident. In the equilibrium
phase (gg), no hyperintense rim can be observed. Taken together, these observations indicate local recurrent disease
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Fig. 10a-f. HCC post-percutaneous ethanol injection (PEI) / residual tumor. The nodule (arrow) appears hypointense with slightly hy-
perintense peripheral areas on the T2-weighted image (aa) and hyperintense on the T1-weighted image (bb) after PEI treatment. A focal hy-
pervascular area (arrowhead), representing focal residual tumor, is seen during the arterial phase after the bolus injection of Gd-BOPTA (cc).
The portal-venous and equilibrium phase images (dd and ee, respectively) reveal contrast agent wash-out from the residual tumor and an
overall hypointense appearance. The delayed hepatobiliary phase image (ff) indicates that the residual tumor does not significantly take up
Gd-BOPTA. This case is typical of residual tumor in HCC treated by percutaneous ethanol injection. The arterial phase image after contrast
agnet injection is most sensitive for the detection of residual or recurrent tumor in cases of HCC or other hypervascular lesions
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trast-enhanced T1-weighted MRI performed two
to three months after therapy is very sensitive for
detecting or excluding recurrent tumors. Typically,
a reduction of the T2 relaxation time, resulting in a
decrease of signal intensity, can be observed in
completely destroyed tumors on T2-weighted im-
ages acquired two to three months post-TACE. At
this time-point, the decreased T2-weighted signal
intensity is more likely to be a result of coagulative
necrosis induced by TACE than an effect of lipi-
odol [15].

Completely destroyed tumors are similarly de-
picted as areas of low signal intensity on T1-
weighted images. Thus, dynamic imaging after the
injection of Gd-based contrast agents is very sen-
sitive for the detection of tumor recurrence, espe-
cially in hypervascular lesions such as HCC, since
good contrast between the necrosis and viable tu-
mor can be achieved (Fig. 12). Two to three months
after treatment, areas of high signal intensity on
T2-weighted images and hypervascular areas on
contrast-enhanced T1-weighted dynamic arterial
phase images can be considered as indicative of tu-
mor recurrence [4, 31].

11.7
Multimodality Treatment of Hepatic
Lesions
Only about 30% of patients with hepatic metastat-
ic disease are suitable for hepatic resection. The
majority of patients with liver metastases or pri-
mary malignant liver tumors are not candidates
for this therapeutic approach due to advanced he-
patic tumor spread [1]. To overcome this dilemma,
a multi-modality treatment approach involving
combined surgical, interventional, focal ablative
and chemotherapeutic methods has been pro-
posed to achieve a better five year patient survival.

With the development of focal ablative proce-
dures, including local application of cold, heat, or
drugs to destroy tumor tissue, a functional tissue
sparing method has been developed. In patients
with bilobar tumor spread, these new techniques al-
low for a combined therapeutic approach with open
surgical liver resection of one liver lobe, in combina-
tion with focal ablative therapies such as cryothera-
py, laser- or radio-frequency induced thermal tumor
destruction in the contralateral lobe in order to pre-
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Fig. 11a, b. T1-weighted (aa) and T1-weighted fat-suppressed (bb) imaging of an HCC within the first week after TACE.
Increased SI is seen within the treated tumor nodule due to accumulation of lipiodol (arrows). This can make it difficult to detect residual
hypervascular tumor tissue on dynamic Gd-enhanced liver imaging

Fig. 12. Recurrent HCC post-TACE. Three months post-TACE therapy of an HCC, re-
current hypervascularization of the treated area is visible (arrowhead) on a T1-
weighted arterial phase image after Gd-injection. In addition, a satellite lesion adja-
cent to the treated lesion is visible (arrow)
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serve the functional surrounding liver tissue [36,
37]. To achieve this objective, precise pretherapeutic
imaging is necessary to characterize the tumor’s lo-
cation, size and segmental distribution, in order to
allow accurate planning of the therapeutic strategy.
In some cases the calculation of tumor volume in re-
lation to residual liver parenchyma might be helpful
to determine the post-operative outcome in terms
of liver function [38]. The method of intraoperative
or interventional preconditioning of one liver lobe,
for example, gives a better functional result after he-
patic resection or thermal therapy [39]. The liver
lobe to be preserved can be stimulated to regenerate
by selective interventional occlusion of one portal
venous branch on the opposite side. The volume in-
crease can be detected precisely by MR volume cal-
culation [38, 40].

Surgical resection of hepatic tumors should be
performed if the lesion is surrounded by healthy
liver tissue in order to leave a resection safety mar-
gin of 1 cm. Tumor locations near larger blood ves-
sels or bile duct structures may make it difficult to
achieve this safety margin. Therefore, cryotherapy
of the resection edge with a specially designed flat-
tened cryo-probe can be performed as a therapeu-
tic adjunct to achieve tumor-free resection mar-
gins [41-43]. On post-operative MR imaging the
resulting cryonecrosis is characterized by a flat-
tened elliptical area (Fig. 13) with identical periph-
eral imaging features as endohepatic cryotherapy.
Criteria for detection of residual tumor should be
applied analogously.

In the large proportion of patients not suit-
able for curative treatment, systemic or intra-ar-
terial chemotherapy has been established as a
second-line therapy to achieve prolonged patient
survival. Nevertheless, the five year survival of
patients with colorectal carcinoma undergoing
conventional chemotherapeutic treatment with
5-fluorouracil and leucovorin has proven to be
very poor [44]. Newer strategies using a combi-
nation of irinotecan, oxaliplatin and modified
delivery regimes have demonstrated better re-
sponse rates [45]. This improved efficacy not on-
ly results in prolonged patient survival, but in
some patients also offers the possibility of a cur-
ative treatment by surgery after down-staging
[46]. Another strategy of preinterventional tu-
mor downsizing is neoadjuvant transarterial
chemoembolization. With the combination of
chemotherapeutic drugs (e.g. mitomycin) and
embolization materials such as microspheres
and lipiodol, a significant reduction in tumor
volume is possible which then allows treatment
options with curative intention, such as surgical
resection or focal ablative techniques. Neverthe-
less, further prospective randomized trials are
needed to evaluate this strategy [24]. In this set-
ting, MRI plays an important role in characteriz-
ing tumor volume and perfusion before and after
neoadjuvant therapy in order to accurately eval-
uate the effectiveness of treatment and to evalu-
ate the possibility of subsequent curative treat-
ment.

Fig. 13a-c. Cryotherapy of the resection edge during atypical liver resection. The
T2-weighted unenhanced image (aa) shows a decreased size of the liver due to hemi-
hepatectomy and additional atypical resections of metastases. To spare as much
residual liver tissue as possible, the actual resection was performed with a small re-
section margin with concomitant cryotherapy of the resection margins (black ar-
row). On the unenhanced T1-weighted image (bb) the lesion shows low SI. On the T1-
weighted equilibrium phase image (cc) after contrast agent injection the lesion
(white arrow) is sharply demarcated from surrounding liver tissue. No signs of resid-
ual or recurrent tumor tissue are visible

aa bb

cc
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12. 1
Introduction

Recent developments in magnetic resonance
(MR) scanner hardware and the advent of fast
three dimensional (3D) gradient echo sequences
have rapidly advanced the role of MR imaging for
the evaluation of abdominal vasculature. Nowa-
days it is possible to accurately image both the ar-
terial and venous vasculature of the abdomen and
to acquire sufficient information to accurately de-
tect and diagnose underlying pathologies of these

vessels. In particular, depiction of anatomic vari-
ants of the arterial blood supply and demonstra-
tion of collateral circulation of the liver is easily
performed non-invasively on contrast-enhanced
MR angiography (CE MRA). The possibility to
perform rapid time-resolved imaging permits
evaluation of both the arterial and portal-venous
systems in the same session, thereby rendering CE
MRA a one-stop-shop for the work-up of patients
with suspected vascular disease of the liver. The
rapid improvements in CE MRA methodology
permit accurate non-invasive evaluation of poten-
tial living donors and of patients scheduled for
liver transplantation.

12.2
Technique

MRA does not require extensive patient preparation
prior to the examination. Patients are not required
to fast before the examination; on the contrary,
high-caloric meals prior to the examination may in-
crease the splanchnic flow, thereby improving the
depiction of small branching arteries. On the other
hand, physiological peristalsis may cause motion ar-
tifacts in some patients; this can be reduced by ap-
plication of glucagon or N-butyl-scopalamine.

Imaging is usually performed with the patient
in the supine position in the magnet. Typically, a
body array surface coil that covers the abdomen is
used. The arms should be elevated above the head
in order to avoid aliasing artifacts. For accurate in-
jection of contrast agent, an intravenous feed
should be placed in the right antecubital vein. For
most examinations the contrast agent and saline
flush should be injected at a minimum flow rate of
2 ml/sec in order to achieve a sufficiently tight con-
trast agent bolus [25].

12
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12.2.1
Time-of-Flight MRA

In order to achieve adequate signal in the vessels of
interest, time-of-flight MR angiography (TOF
MRA) generally requires the orthogonal acquisi-
tion of images. TOF MRA is therefore not suitable
for depiction of the abdominal vasculature be-
cause of the typically tortuous course of the ves-
sels. Although the proximal parts of the main ab-
dominal branches in which most vascular patholo-
gies are located may theoretically be assessed on
TOF MRA, the long acquisition times for these se-
quences preclude the possibility of acquiring im-
ages in one breath-hold. Moreover, since flow in
the aorta is perpendicular to that in the branching
arteries, major artifacts which may mimic stenoses
are common.

12.2.2
Phase-Contrast MRA

The abdominal vasculature may be evaluated with
phase-contrast (PC) MRA using both two dimen-
sional (2D) and 3D techniques [4, 14, 15, 21]. 2D PC
MRA with electrocardiogram (ECG) or pulse trig-
gering has been shown to provide functional in-
formation of the mesenteric vasculature [4, 14, 15,
21]. By segmenting the acquired phase with the
cardiac cycle, quantitative measurements of flow
velocity and volume may be acquired.

An important advantage of 3D PC MRA over
2D PC MRA is that images can be acquired in any
plane [34]. However, due to the relatively long ac-
quisition times, respiratory motion artifacts fre-
quently impair the quality of the image. Moreover,
image quality may be further reduced by ghost ar-
tifacts derived from inhomogeneous or turbulent
flow during systole. Although this problem may be
resolved by cardiac gating, this further increases
the acquisition time without necessarily improv-
ing the image quality.

12.2.3
Contrast-Enhanced MRA

The acquisition of high quality images of the
mesenteric vessels became feasible with the intro-
duction of CE MRA [18, 26, 27]. Moreover, the
technique permits the visualization of very small
vessels that are not discernible using non-en-
hanced imaging techniques.

Imaging in the coronal plane permits evaluation
of the aorta, splanchnic arteries and portal vein in

one examination. A partition thickness of 3-5 mm
is acceptable if zero padding is available for inter-
polation. In the absence of an interpolation algo-
rithm, the slice thickness should be less than 3 mm.
To evaluate stenotic disease of the celiac trunk or
the proximal mesenteric arteries, imaging should
be performed in the sagittal plane.Aliasing is not as
severe for acquisitions in the sagittal plane, so it is
possible to utilize a rectangular field-of-view with a
high spatial resolution acquisition matrix (e.g. 512 x
256). If a slower MR system is used, it is advanta-
geous to acquire images in the sagittal plane so that
fewer sections or partitions are required to cover
the aorta, celiac artery (CA), superior mesenteric
artery (SMA), and inferior mesenteric artery
(IMA). Imaging parameters should be adjusted to
allow for image acquisition during breath-hold.Ax-
ial imaging may be useful if the primary goal is
evaluation of the hepatic arteries, hepatic parenchy-
ma or portal vein. However, one difficulty with the
axial orientation is aliasing in the slice direction,
which tends to be severe with the extremely short
radio frequency (RF) pulses used in 3D CE MRA. To
minimize aliasing, a coil should be used in which
the cranial-dimension is only slightly larger than
the caudal-dimension of the imaging volume. Fat
saturation or chemically selective fat inversion
pulses should also be considered. These will help
minimize unwanted signal from pericardial and ab-
dominal fat wrapping onto the image volume.

3D CE MRA datasets should be acquired be-
fore, during and after completion of intravenous
contrast agent administration. Pre-contrast images
should be checked to ensure that the imaging vol-
ume is positioned correctly. These images can also
be used subsequently for digital subtraction to im-
prove image contrast. Accurate timing of the con-
trast agent bolus is essential for arterial phase ac-
quisitions. This can be achieved with automatic
triggering (SmartPrep or Care Bolus), fluoroscopic
triggering (Bolus Track) or by means of a test bo-
lus to the mid-abdominal aorta. After arterial
phase imaging, acquisition of a delayed image
dataset is useful to show the portal-venous and he-
patic venous anatomy. Arterial phase 3D CE MRA
is best evaluated by first acquiring multiple over-
lapping maximum intensity projection (MIP) re-
constructions in the coronal plane. Thereafter, ref-
ormations and subvolume MIP reconstructions
can be prepared in perpendicular planes through
each major abdominal aortic branch vessel, in-
cluding the celiac trunk, and the SMA and IMA. It
is also useful to assess the iliac arteries, especially
the internal iliac arteries, as they may represent an
important collateral pathway in patients with
chronic mesenteric ischemia.
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12.3
Imaging of the Arterial System

12.3.1
Normal Anatomy and Variants

The blood supply to the intra-abdominal organs
derives from three major branches of the abdom-
inal aorta: the celiac artery (CA), the SMA and the
IMA. Although numerous anatomical variants ex-
ist, in the majority of cases CE MRA allows a de-
tailed depiction of the typical and atypical vascu-
lar anatomy of the splanchnic vessels [2, 11, 17,
33]. Of principal interest for the arterial supply of
the liver are the CA and the SMA, however, since
collateral supply between the three major branch-
es exists, all of these branches will be discussed
(Fig. 1).

12.3.1.1
Celiac Artery (CA)

The CA is typically located at the level of the T12
to L1 vertebral body. It arises from the ventral part
of the abdominal aorta and supplies the upper ab-
dominal viscera. In about two thirds of patients the
CA branches into the common hepatic artery, the
splenic artery and the left gastric artery (Fig. 2).
However, in the remaining one third of individu-
als, anatomical variants exist in which the com-
mon hepatic artery, the splenic artery and the left
gastric artery arise from either the SMA or direct-
ly from the aorta.

The common hepatic artery divides into the
proper hepatic artery and the gastroduodenal ar-
tery. In about 75% of cases the gastroduodenal ar-
tery thereafter branches into two further vessels;

the right gastroepiploic artery and the superior
pancreaticoduodenal artery. The superior pancre-
aticoduodenal artery forms an anastomosis with
the inferior pancreaticoduodenal artery which de-
rives from the SMA.

In about 50% of cases the proper hepatic artery
divides into the left and right hepatic arteries. The
remaining 50% of individuals show variants or ac-
cessory hepatic arteries. The main variants are
shown in Fig. 3.

12.3.1.2
Superior Mesenteric Artery (SMA)

The SMA usually arises about 1 cm distal to the
celiac artery at the anterior aspect of the aorta. In
rare cases, a common single celio-mesenteric
trunk is present. The first branch from the SMA is
the inferior pancreaticoduodenal artery which
forms an anastomosis with the superior pancreati-
coduodenal artery deriving from the celiac artery.
The jejunal and ileal branches arise from the prox-
imal and left side of the SMA, forming multiple ar-
cades. Right sided branches are the ileocolic artery,
the right colic artery and the middle colic artery
(Fig. 4).

A common variant is the origin of the right he-
patic artery from the SMA or even the origin of
the common hepatic artery from the SMA.

12.3.1.3
Inferior Mesenteric Artery (IMA)

The IMA arises from the abdominal aorta at ap-
proximately the level of the third lumbar vertebra.
Compared to the other main abdominal branches

bbaa

Fig. 1a, b. Maximum intensity projection (aa) and volume rendered (bb) displays of a 3D CE MRA dataset acquired in the early arterial phase
demonstrate the arterial vascular anatomy of the abdomen. Beyond the aorta and both renal arteries, branches of the celiac trunk and the
SMA are well-depicted.
AA Celiac artery (CA). BB Splenic artery. CC Common hepatic artery. DD Superior mesenteric artery (SMA). EE Inferior mesenteric artery (IMA).
aa Left renal artery. bb Right renal artery. cc Left gastric artery. dd Gastroduodenal artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), p 233. Springer, 2005
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Fig. 2. Normal anatomy of the celiac trunk.
AA Celiac artery (CA). BB Splenic artery. CC Common hepatic artery. DD
Superior mesenteric artery (SMA).
11 Proper hepatic artery. 22 Right hepatic artery. 33 Left hepatic ar-
tery. 44 Left gastric artery. 55 Gastroduodenal artery. 66 Right gastric
artery. 77 Right gastroepiploic artery. 88 Left gastroepiploic artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005

Fig. 3. Schematic representation of variants of the hepatic vasculature.
AA Celiac artery (CA). BB Superior mesenteric artery (SMA).
aa Left gastric artery. bb Gastroduodenal artery. cc Splenic artery. hhaa Hepatic arteries
From Magnetic Resonance Angiography, Schneider G. et al (eds.), p 238. Springer, 2005



12 • MR Angiography in Liver Disease 393

it is a relatively thin vessel, measuring only 1-6 mm
in diameter. For this reason the IMA is often diffi-
cult to depict on MRA.

The left colic artery usually represents the first
branch of the IMA. This forms the so-called anas-
tomosis of Riolan with the middle colic artery de-
riving from the SMA (Fig. 5). In cases of severe
stenosis or occlusion of the SMA, this anastomosis
can serve as a collateral supply for the SMA. Giving
off the sigmoid branches, the IMA becomes the su-
perior rectal artery.

Variations in the splanchnic arterial anato-
my occur in more than 40% of patients (Fig. 3).
For this reason, pre-operative vascular planning
for hepatic resections, liver transplantations, re-
section of retroperitoneal masses, chemoinfu-
sion pump placement, surgical shunting, or oth-
er abdominal operations may require accurate
mapping of the visceral arterial anatomy. Gener-
ally, this is achieved by conventional angiogra-
phy because of the fine detail needed to identify
variations involving tiny arteries. However, to
evaluate the origins of the splanchnic artery and
major branches, 3D CE MRA is frequently suffi-
cient.

The most common variation is a replaced
(17%) or accessory (8%) right hepatic artery, most
commonly from the SMA (Figs. 6, 7). Less common
variations include the left hepatic artery arising
from the left gastric artery (Fig. 8), the common
hepatic artery arising from the SMA (2.5%) (Fig. 9)
or directly from the aorta (2%) (Fig. 10), the left
gastric artery arising from the aorta (1-2%) (Fig.
11), or a celio-mesenteric trunk (<1%). Other
more complex variations may also occur.

Although the main indication for arterial imag-
ing of the hepatic vasculature is the evaluation of
vascular anatomy, there are other indications for
which CE MRA may be helpful. For example, in the
case of liver tumors such as pedunculated adeno-
ma or focal nodular hyperplasia (FNH), preopera-
tive CE MRA may help to optimize the therapeutic
approach by displaying the arterial supply and ve-
nous drainage of the lesion (Fig. 12). Imaging of
vascular pathologies such as aneurysms of the
splanchnic arteries can also be performed in a
non-invasive manner using CE MRA (Fig. 13) and
therapeutic approaches, if necessary, can be
planned.

Fig. 4. Normal anatomy of the superior mesenteric artery.
DD Superior mesenteric artery (SMA).
11 Gastroduodenal artery. 22 Medial colic artery. 33 Right colic ar-
tery. 44 Iliocolic artery. 55 Jejunal- and ilieal arteries.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005

Fig. 5. Normal anatomy of the inferior mesenteric artery.
DD Superior mesenteric artery (SMA). EE Inferior mesenteric artery
(IMA).
11 Left colic artery. 22 Sigmoid arteries. 33 Superior rectal artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005
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Fig. 6. A volume rendered 3D CE MRA (0.1 mmol/kg Gd-BOPTA)
dataset shows an anatomic variation of the arterial supply of the liv-
er in a patient with liver transplantation planned. Note that the right
hepatic artery (arrow) branches from the SMA, whereas the left he-
patic artery (arrowhead) branches from the celiac trunk. The small
caliber of the vessels is the result of a longstanding inflammatory
process that resulted in liver fibrosis

Fig. 7a, b. Whereas the MIP reconstruction (aa) reveals multiple
renal arteries (arrowheads) together with an obvious abnormal
course of the right hepatic artery (arrow), the volume-rendered im-
age (bb) clearly displays the anatomic variation of a right hepatic ar-
tery originating from the SMA (arrow). This example shows that
evaluation of vascular anatomy is sometimes easier on volume-
rendered images than on MIP reconstructions

aa

bb

Fig. 8a, b. Left hepatic artery (arrowhead) arising from the left gastric artery (ar-
row) on a CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (aa) and on a volume-
rendered image (bb). Note again that the vessels are better appreciated on the vol-
ume-rendered imageaa

bb
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aa

aa

bb

bb

Fig. 9a, b. CE MRA in a 3 year old girl with transposition of the great arteries.
Whole-body MIP reconstruction (aa) reveals an abnormal course of the ascending
aorta due to transposition of the great arteries and dextro-positio cordis. In addition,
the splenic (arrowhead) and hepatic arteries (arrow) both seem to originate from the
celiac trunk. However, a subvolume MIP reconstruction (bb) clearly reveals that the
common hepatic artery (arrow) branches from the SMA while the splenic artery (ar-
rowhead) originates from the celiac trunk

Fig. 10a, b. CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (aa) reveals mul-
tiple stenoses (arrowheads) of the hepatic artery due to vasculitis. However, deter-
mining the origin of the hepatic artery is difficult. The corresponding volume-ren-
dered image (bb) reveals separate branching of the hepatic artery (arrow) from the
aorta. Information regarding this anatomic variation is extremely important for plan-
ning liver transplantation

aa

bb

Fig. 11a, b. The volume-rendered image in AP-projection (aa) demonstrates the left hepatic artery originating from the left gastric artery
(arrow). The lateral view (bb) reveals additional separate branching of the left gastric artery from the aorta (arrow)
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bbaa

cc dd

ee ff

gg

Fig. 12a-g. Pedunculated FNH of the liver. The volume-rendered image (aa) of the
arterial phase 3D CE MRA (0.1 mmol/kg Gd-BOPTA) dataset reveals a dilated hepat-
ic artery with an abnormal course supplying the FNH (arrowheads). The correspon-
ding venous phase MIP reconstruction (bb) clearly shows the venous drainage (ar-
rows) of the FNH (arrowheads). Additional coronal multiplanar reconstructions from
the venous phase dataset (cc-gg) demonstrate the supplying hepatic artery (arrow in
cc) as well as the FNH itself (asterisk in ee, ff), together with the central scar (arrow in gg)
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12.4
Imaging of the Portal-Venous System

3D CE MR portography is regarded as a safe, quick
and robust imaging modality for evaluation of the
portal-venous system. This technique has been
shown to be advantageous compared to currently
used techniques such as ultrasonography, catheter
angiography, computed tomography (CT), and
non-enhanced MR angiography with TOF and
phase contrast (PC) techniques [22].

There are no major differences between MRA
of the abdominal arterial system and MR portog-
raphy in terms of patient management, coil selec-
tion and MR sequences. After acquisition of a pre-
contrast coronal 3D gradient echo dataset, contrast
agent is injected and image acquisition com-
mences. Typically, image acquisition on MR por-
tography is timed to the arterial vessel system with
an additional acquisition delay of 40-60 sec after
contrast agent injection prior to acquisition of the
portal-venous dataset. At post-processing, the pre-
contrast and CE arterial phase datasets are sub-
tracted from the portal-venous phase dataset to
enable visualization of the portal-venous system
without arterial overlay. MIP reconstruction and
multiplanar reformation techniques permit accu-
rate evaluation of the portal-venous system.

The simultaneous availability of coronal source
images permits demonstration of parenchymal le-
sions of the liver, pancreas, biliary tract and spleen.
Precise and reliable assessment of the portal-ve-
nous system in patients with hepatic cirrhosis and
portal hypertension is essential before liver trans-
plantation, non-surgical transjugular shunting or
surgical portosystemic shunting. In patients with
portal hypertension and a history of gastro-
esophageal bleeding, it is mandatory to ascertain
whether the portal-venous system is patent or if
the portal vein or its main branches are throm-
bosed [28].

12.4.1
Normal Anatomy and Variants

The portal vein represents a confluence of the su-
perior mesenteric vein (SMV) and the main
splenic vein into which drains the pancreatic vein,
left gastroepiploic vein, short gastric vein, and in-
ferior mesenteric vein (IMV) (Fig. 14). The IMV
receives its supply from the left colic, sigmoid and
superior hemorrhoidal veins. It usually joins the
splenic vein prior to the junction of the splenic
vein with the SMV. The SMV receives its contribu-
tion from the jejunal, ileal, right colic, and middle
colic veins. The right and left gastric veins usually
drain directly into the portal vein.

The portal vein then divides into the right and
left portal branches at the hepatic hilum. Approxi-
mately 50% of individuals demonstrate a bifurca-
tion of the portal vein outside the liver capsule. A
common anomaly of the portal-venous system is a
trifurcation of the main portal vein, which occurs
in about 8% of patients. In this case, the main por-
tal vein divides into the right posterior segmental
branch, the right anterior segmental branch and
the left portal vein [11, 19].

12.4.2
Clinical Implications

3D CE MR portography permits accurate evaluation
of the intra- and extrahepatic portal-venous system
as well as the hepatic veins (Fig. 15). Due to the large
field of view, the short time of acquisition, the lack of
radiation, the non-invasive nature of the procedure
and the low risk of complications, MR portography
is regarded as superior to conventional catheter dig-
ital subtraction angiography (DSA). Clinical appli-
cations of 3D CE MR portography include the as-
sessment of portal hypertension (portosystemic
shunt, portal vein obstruction, hepatic vein obstruc-

bbaa

Fig. 13a, b. Volume-rendered images (aa, bb) in different orientations of a 3D CE MRA (0.1 mmol/kg Gd-BOPTA) dataset reveal multiple
aneurysm formations in the celiac trunk (arrow in bb) and hepatic arteries (arrowheads) due to systemic vascular disease
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Fig. 14. Normal anatomy of the portal-venous system.
AA Portal vein. BB Superior mesenteric vein (SMV). CC Inferior
mesenteric vein (IMV). DD Lienal (splenic) vein.
II Right branch of the portal vein. IIII Left branch of the portal vein.
aa Coronary and pyloric veins. bb Right and left gastroepiploic veins.
cc Superior hemorrhoidal vein. dd Hemorrhoidal plexus. ee Middle
and inferior hemorrhoidal veins. From Magnetic Resonance An-
giography, Schneider G. et al (eds.), p 243. Springer, 2005

Fig. 15a, b. Normal anatomy of the portal-venous system on CE MRA MIP reconstruction (aa) and volume-rendered image (bb).
AA Portal vein. BB Superior mesenteric vein (SMV). CC Inferior mesenteric vein (IMV). DD Lienal (splenic) vein.
II Right branch of the portal vein. IIII Left branch of the portal vein

aa

bb
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tion), hepatic encephalopathy, ascending portal
thrombophlebitis, hepatocellular carcinoma (HCC)
and pancreatobiliary tumors, gastrointestinal hem-
orrhage, and differentiation of splanchnic arterial
disease from portal-venous disease [22, 33].

In patients with portal hypertension, 3D MR
portography can be used to evaluate portosys-
temic shunts, hepatorenal collateral pathways, and
obstruction of the portal or hepatic veins. In plan-
ning treatment for hepatic encephalopathy, it is
important to identify the causative portosystemic
shunt. In suspected cases of ascending portal
thrombophlebitis, it is important to assess the
severity of portal vein obstruction as well as portal
collateral vessels. In patients with HCC or pancre-
atobiliary tumors, the presence or absence of por-
tal vein invasion should be determined when plan-
ning treatment.

12.4.3
Evaluation in Liver Transplantation

Imaging proof of a patent portal vein is required in
order for a patient to be placed on the liver trans-
plant waiting list. Ultrasound (US) can image the
portal vein, but is not 100% reliable. When US fails
to adequately visualize the portal vein, 3D CE MRA
offers a safe, accurate, and comprehensive assess-
ment of portal-venous anatomy without requiring
iodinated contrast medium [10, 12]. 3D CE MRA is
also able to evaluate the splenic vein, SMV, IMV, in-
ferior caval vein (ICV) and potential varices. Fol-
lowing liver transplantation, rising liver function
tests may raise a suspicion of allograft ischemia.
Since blood supply to the liver occurs primarily via
the portal vein, this is the most important vessel to
evaluate. The most common site of obstruction is
at the anastomosis. Usually, anastomoses are easy
to identify because of the caliber change between
donor and recipient portal veins [23]. Stenosis of
the transplant arterial anastomosis may be seen on
the arterial phase of a portal-venous study, but its
smaller size and often folded, tortuous course can
make it difficult to assess. Occlusion of the trans-
plant artery is important to detect because it re-
sults in ischemia to the donor common bile duct
and can lead to biliary strictures and leaks. It is al-
so important to assess the ICV since supra- and in-
frahepatic ICV anastomoses may also become nar-
rowed and flow limiting.

12.4.4
Portal Vein Thrombosis and Cavernous
Transformation

Thrombosis of the portal vein is a pathology that
is frequently found in liver cirrhosis, pancreatitis,
ascending portal thrombophlebitis or after scle-
rotherapy of a gastroesophageal varix [1]. In this
condition it is important to acquire accurate infor-
mation regarding portal-venous patency (Fig. 16).
3D CE MR portography provides detailed infor-
mation not only about the location and length of
portal vein obstruction, but also about portal col-
lateral pathways (Fig. 17). Over time, a network of
small collateral vessels develops to bypass the por-
tal-venous occlusion. This network of collaterals,
known as a cavernous transformation, is identified
by its characteristic enhancement pattern in the
hepatic hilum during the portal-venous and equi-
librium phases of imaging (Fig. 18).

While color Doppler ultrasonography often
fails to evaluate portal venous patency, 3D CE MR
portography usually provides accurate informa-
tion [7]. Furthermore, CE MRA can be used to as-
sess surgical portosystemic shunts which are fre-
quently placed to reduce portal-venous pressure.
In this scenario CE MRA is used to evaluate the
patency of the shunt (Fig. 19) and possible compli-
cations such as stenosis at the anastomosis.

12.4.5
Tumor Encasement

In patients with pancreatobiliary tumors, it is im-
portant to evaluate portal vein invasion before sur-
gery. Whereas CT and DSA are often used for this
purpose, 3D CE MR portography is also an accu-
rate means to diagnose portal vein invasion [16,
30]. Invasion of the portal vein makes tumor re-
section with clear margins nearly impossible, thus
removing the patient as a surgical candidate. Tu-
mors in the pancreatic head may encase the SMV,
portal vein, and medial splenic vein. Because these
tumors cause biliary obstruction, they are usually
detected quickly and are therefore more often re-
sectable. Tumors in the body and tail of the pan-
creas cause less biliary obstruction and therefore
frequently become larger before being detected.
These tumors commonly occlude the splenic vein.
Splenic vein occlusion has a tendency to produce
short gastric varices which serve as venous collat-
erals. These can usually be seen on delayed images.
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Fig. 16a-l. A 64 year old patient undergoing high dose chemotherapy, with portal vein
thrombosis. The  3D CE MRA MIP reconstruction (aa) in the portal-venous phase shows oc-
clusion of the right branch of the portal vein (arrows). In addition, the portal vein is sup-
plied by collaterals from the splenic vein (arrowhead), while the superior and inferior
mesenteric veins are not displayed. To further evaluate the anatomic situation, sagittal
(bb), axial (cc), and coronal (dd-ll) thick slab multiplanar reconstructions were prepared. The
sagittal reconstruction reveals thrombus material in the superior mesenteric vein (arrow
in bb), while the axial reconstruction reveals additional thrombus material in the intra-
hepatic portions of the portal vein (arrows in cc). The coronal reconstructions (dd-ll) reveal
the full extent of the thrombosis, which affects the superior and inferior mesenteric veins
as well as the splenic vein (arrows). Note the hypoperfusion of hepatic tissue due to pe-
ripheral portal vein thrombosis (arrowheads in ff)
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Fig. 17a, b. Extensive collateral mesenteric vessels in a patient after splenic vein thrombosis due to pancreatitis. Imaging was performed
to rule out portal vein thrombosis.
The 3D CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (aa) reveals an extensive number of collateral vessels (arrow) in the area of the
gastric veins. In addition, collateral vessels (arrowheads) that drain blood from the splenic hilum to the abdominal wall and into the supe-
rior mesenteric vein are also visible. However, both the MIP reconstruction (aa) and the volume-rendered image (bb) reveal a patent portal
vein with normal intrahepatic branching (arrow in bb) 
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Fig. 18a-c. Cavernous transformation post portal vein occlusion.
The unenhanced T2-weighted image (aa) reveals multiple dilated vessels (arrows)
that demonstrate flow void in the area of the liver hilum. The vessels are markedly
enhanced on the corresponding post-contrast T1-weighted image (bb). This appear-
ance is characteristic of cavernous transformation. On the 3D CE MRA MIP recon-
struction (cc), the cavernous transformation (arrowheads) is only faintly enhanced
due to the slow flow in the vessels. This case shows that the acquisition of contrast-
enhanced T1-weighted images often provides important additional diagnostic in-
formation. Alternatively a 3D VIBE sequence can be utilized

Fig. 19. Patent surgical spleno-renal shunt performed for lowering portal hyper-
tension in a patient with liver fibrosis and recurrent bleeding from esophageal
varices.
The  3D CE MRA study reveals a patent spleno-renal shunt with clear depiction of the
vein graft (arrow), the left renal vein (arrowhead) and the ICV (asterisk)
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12.5
Imaging of the Venous System

12.5.1
Normal Anatomy and Variants

The systemic venous architecture of the liver com-
prises three main venous vessels which drain into
the ICV: the right hepatic vein, the middle hepatic
vein and the left hepatic vein. In about 60% of in-
dividuals, the left hepatic vein and the middle he-
patic vein form a common trunk which drains sep-
arately into the ICV. Normally, the right hepatic
vein drains liver segments V-VII, the middle he-
patic vein drains segments IV, V and VIII, and the
left hepatic vein drains segments II and III.Venous
drainage from segment I usually occurs directly
into the ICV. This is considered the cause of hyper-
trophy of this segment in cirrhotic livers as result
of an improved blood supply [13, 31].

12.5.2
Budd-Chiari Syndrome / Veno-Occlusive
Disease

Budd-Chiari syndrome is a disorder characterized
by hepatic outflow occlusion which has a variety of
causes [9, 32]. In planning treatment, it is impor-
tant to determine the location and length of hepat-
ic outflow obstruction [20], and 3D CE MR porto-
venography is an accurate means of achieving this.

Heptatic outflow is also occluded in veno-oc-
clusive disease. However, since it is the small intra-
hepatic veins that are affected in this disease, im-
aging findings frequently reveal larger liver veins
that may have decreased calibre but which are nev-
ertheless still patent.

Further details about these diseases and imag-
ing examples can be found in Chapter 9, “Imaging
of Diffuse Liver Disease”.

12.6
Evaluation of Living Donors in Liver
Transplantation

Resection of the liver from living donors for trans-
plantation is a special surgical challenge. The suc-
cess of the surgical procedure depends heavily on
preoperative planning for which knowledge of the
hepatic vasculature, as well as of the presence of
hepatic neoplasms and their relationship to adja-
cent vessels, is crucial.

Conventional catheter angiography has long
been considered the “gold standard” technique for
evaluation of hepatic arterial anatomy. However,
the morbidity and mortality associated with

catheter angiography, coupled with the limitations
of this procedure in demonstrating the hepatic ve-
nous anatomy, have provided impetus for the de-
velopment of non-invasive methods [29]. Nowa-
days, CE MRA is increasingly considered a superi-
or imaging modality for evaluating the hepatic
vessels. Comprehensive information concerning
the hepatic parenchyma as well as the complex ar-
terial, venous and portal venous systems can to-
day be obtained using a “one-stop-shop” examina-
tion.

Special care has to be taken when planning liv-
er resection for living donor transplantation. As
the rate of vascular abnormalities is comparatively
high in the liver, accurate depiction of the arterial,
venous and portal venous systems is important for
successful resection of the graft as well as for re-
plantation into the host. Knowledge of the rela-
tionship between intrahepatic neoplasms and ad-
jacent vessels is also crucial for planning resection
with tumor-free margins.

12.7
Segmental Anatomy of the Liver

The segmental anatomy of the liver is based on the
vascular supply and drainage of the parenchyma.
Until recently, classification of the liver lobes and
sub-segments in the international literature was
not uniform.Whereas British and American publi-
cations tended to follow the terminology of Gold-
smith and Woodburne [8], in Europe and Japan
the most common nomenclature used by radiolo-
gists and surgeons was based on the description of
Couinaud and Bismuth [3, 5]. According to the ter-
minology of Goldsmith and Woodburne [8], the
liver comprises two liver lobes (left and right) sep-
arated by the middle hepatic vein, and four seg-
ments. While the right liver lobe consists of the
right anterior and right posterior segments sepa-
rated by the right hepatic vein, the left lobe is sub-
divided into the left medial and left lateral seg-
ments separated by the left hepatic vein.

Conversely, the classification of Couinaud and
Bismuth [3, 5] describes a liver that is divided into
a left and a right liver or hemiliver and sub-divid-
ed into four sectors and eight segments. Each of
these eight segments is independent in terms of
blood supply and biliary drainage. This allows for
individual resection of a given segment without
harm or alteration to the circulation of the re-
maining liver parenchyma. The left and right liver
according to Couinaud and Bismuth correspond
directly to the hepatic lobes described by Gold-
smith and Woodburne [8]. The right hemiliver is
further subdivided into a right paramedian sector
and a right lateral sector consisting of two anterior
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inferior and two posterior superior segments, re-
spectively. Similarly, the left hemiliver comprises a
left paramedian sector and a left lateral sector
which are further sub-divided into anterior inferi-
or and posterior superior segments.

The eight liver segments described by Couin-
aud and Bismuth [3, 5] are numbered clockwise
based on a frontal view of the liver beginning with
the posterior superior segment of the left parame-
dian sector, which corresponds to the caudate lobe,
and ending with segment VIII which is consistent
with the posterior superior segment of the right
paramedian sector [6]. Today, the most common
classification of liver segments is based on the
Couinaud and Bismuth classification [3, 5].

Anatomically, the borders of the liver segments
are well-defined, but show a wavy-shaped course
[24]. However, in clinical routine, segmentation of
the liver on cross-sectional CT and MR imaging is
sharply demarcated and usually based on certain

landmarks that define the underlying borders (Fig.
20). Based on these landmarks, the ICV is consid-
ered the center point for liver segmentation. A line
from the ICV to the middle hepatic vein and the
gallbladder separates the left and right hemilivers
and the corresponding liver segments V/VIII and
I/IVa, b, respectively. Whereas the axis between the
ICV and right hepatic vein corresponds to the bor-
der between liver segments VI/VII and V/VIII, the
line between the ICV, the left hepatic vein and the
falciform ligament separates liver segments IVa
and IVb from segments II and III.

Whereas liver segments VII, VIII, I, IVa and II
are located at the posterior aspect of the imaged
abdominal situs and above the level of the left and
right main portal vein, segments VI, V, IVb and III
are located inferior to the level of the main portal
veins at the anterior aspect of the liver. Segment I
corresponds to the caudate lobe.

aa bb

cc dd

ee ff

Fig. 20a-f. Segmental anatomy of the liver according to Couinaud and Bismuth
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