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 The continuing advancements in cross-sectional imaging of the abdomen and pelvis have 
 signifi cantly increased the complexity of this fi eld. Our book is written as an alternative to the 
traditionally large (and hard to learn) reference textbooks. In simple words, radiologists should 
attempt to learn the essentials fi rst and then delve into the in-depth concepts. This up-to-date 
book contains practical and concise descriptions, high-quality illustrations, and state-of-the-art 
techniques, with a discussion of the most common clinical cases encountered in daily 
practice. 

 The book is different from current radiology teaching books as it presents diagnoses from a 
practical point of view. Most of the current radiology books discuss various diseases and 
 classify them from the pathology standpoint. Our book derives the cases from the radiology 
reading room and uses an algorithmic approach to help make a working differential diagnosis 
and reach an accurate diagnosis based on imaging features, considering clinical, laboratory, 
and other underlying contexts. 

 The book is written with practicing radiologists and radiology residents in mind. We discuss 
typical and atypical radiological manifestations that step the reader through a radiologist’s 
analysis of these patterns. The cases are presented progressively, with the expert’s thinking 
process described in detail. Comments at the end tie up loose ends and provide references and 
additional relevant factual material. Algorithms are provided to demonstrate the diagnostic 
approach and enforce the knowledge. 

 This book is divided into several chapters according to anatomical organ of origin. We start 
each chapter with a brief anatomical background and practical notes about the utility of various 
cross-sectional imaging techniques.  The most common pathologies are then listed, followed 
by practical algorithms based on frequently encountered imaging features.  A pictorially 
 relevant discussion of pertinent pathologies is offered. 

 Special emphasis is placed predominantly on the role of computed tomography (CT) and 
magnetic resonance imaging (MRI).  A more focused discussion of the role of ultrasound (US) 
is covered when US is utilized as an imaging modality of choice (e.g., in the evaluation of 
organ transplant). 

 In addition to simple practical algorithmic coverage of many pathological entities in various 
abdominopelvic organs, unique topics are also illustrated such as imaging of organ transplant 
(including kidney, liver, and pancreas), evaluation of perianal fi stula, and evaluation of rectal 
carcinoma and prostate carcinoma by MRI. Brief overviews are also included to simplify 
understanding of specifi c techniques such as dual energy, CT enterography, and virtual 
colonoscopy. 

 Based on the effect of similar material we use with our residents and fellows, I believe that 
the practical emphasis of this text will be useful to radiology residents, fellows, and practicing 
radiologists wishing to learn about cross-sectional imaging of the abdomen and pelvis in a 
simple and practical algorithmic approach. However, it should be noted that although these 
algorithms help in making a correct differential diagnosis in most cases, there can be  exceptions 
of the rule, which are especially noted with rare cases.  

  Houston, TX, USA     Khaled     M.     Elsayes  ,   MD    

  Pref ace   
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            Computed Tomography 

 The widespread availability, cost, and speed of exam make 
computed tomography (CT) the most common modality 
used to evaluate the liver. Modern CT scanners image the 
entire liver during multiple phases of contrast enhancement, 
providing enhancement information important to lesion 
characterization. CT’s high spatial resolution can produce 
detailed multiplanar reconstruction images that can clarify 
the segmental location of a hepatic lesion and a lesion’s rela-
tionship to the hepatic vasculature, biliary tree, and extrahe-
patic structures. CT can also calculate the future liver 
remnant (FLR) and future liver volume (FLV) making CT an 
important tool in presurgical planning.  

    Non-contrast CT 

 The non-contrast exam is acquired at 5 mm intervals with 
images reconstructed at 2.5 mm. 

 Non-contrast CT images are used to detect diffuse hepatic 
disease caused by storage and metabolic disorders, such as 
fatty infi ltration or hemochromatosis. Normal liver paren-
chyma is homogenous and measures between 55 and 65 
Hounsfi eld units (HU), or 10 HU greater than the spleen on 
non-contrast images. Hepatic fatty infi ltration lowers the HU 
and is diagnosed when the spleen measures ten or more HU 
than the liver (Fig.  1.1 ).

   The abnormal hepatic accumulation of copper, glycogen, 
or iron elevates the hepatic HU to values above 65 HU [ 1 ]. 

 Non-contrast CT images provide baseline Hounsfi eld 
units for comparison with contrast-enhanced images to eval-
uate for lesion enhancement and distinguish this enhance-
ment from hemorrhage or calcifi cations. Non-contrast 

images are also used to evaluate Lipiodol distribution after 
intra-arterial embolization of hepatic tumors.  

    Contrast-Enhanced CT 

 A liver protocol is used to evaluate most hepatic pathology, 
improving hepatic lesion identifi cation and characterization 
[ 2 ,  3 ]. The protocol consists of non-contrast phase followed 
by multiphasic dynamic imaging with an intravenous iodin-
ated contrast agent. A 16-detector scanner or greater needs to 
be used so that the entire liver can be covered during the late 
arterial phase. Multidetector scanners also allow the liver to 
be imaged at low energy or 80 kVp. An iodinated contrast 
material has a higher attenuation on 80 kVp images compared 
to high-energy or 140 kVp images, and low-kVp images can 
improve hepatic lesion detection [ 4 ]. Unfortunately in larger 
patients, a low kVp can produce images with too much noise 
to be diagnostic. We use automated exposure control (AEC) 
to adapt the tube current to the patient’s size to obtain qual-
ity images. AECs also lower radiation dose and have been 
shown to reduce the mean tube current by 20–68 % com-
pared to exams that are obtained at constant tube current [ 5 ]. 

      Overview of CT and MRI Techniques 
of the Liver 

           Tara     Sagebiel       and     Janio     Szkarluk     
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        T.   Sagebiel ,  MD      (*) •    J.   Szkarluk ,  MD, PhD      
  Department of Diagnostic Radiology ,  The University of Texas MD 
Anderson Cancer Center ,   Houston ,  TX ,  USA   
 e-mail: Tsagebiel@mdanderson.org; jszklaru@mdanderson.org  

  Fig. 1.1    Axial non-contrast CT image shows that the liver measures 
10 HU less than the spleen secondary to fatty infi ltration       
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We also use reconstruction algorithms to enhance image 
quality of lower-dose scans. 

 At our institution, the images are obtained at 5 mm and 
reconstructed into 2.5 mm images. 

 Intravenous contrast should be administered using bolus 
tracking to ensure that accurate hepatic perfusional phases are 
obtained, regardless of a patient’s cardiac function, blood vol-
ume, or visceral perfusion. Bolus tracking monitors a target ves-
sel or organ’s attenuation and begins the exam when the region 
of interest (ROI) reaches a designated threshold. Our institution 
places the ROI in the abdominal aorta near the celiac axis. 

 The late arterial phase is the fi rst phase and is the most 
diffi cult phase to capture. Our liver protocol images the late 
arterial phase 17 s after the ROI reaches 100 HU, or 
 approximately 30–35 s after the intravenous contrast was 
administered at a rate of 4–6 cc/s. 

 The late arterial phase is useful for identifying hypervas-
cular lesions, including hepatocellular cancer (HCC), mela-
noma, and neuroendocrine metastases. The hepatic arterial 
anatomy can also be evaluated during this phase (Fig.  1.2 ).

   The portal venous phase is the second phase and is 
acquired approximately 60 s after contrast administration. 
The portal venous phase is used to identify hypovascular 
metastases such as those from colon cancer (Fig.  1.3 ). This 
phase is also used to evaluate the portal venous system and to 
determine segmental anatomy.

   The excretory phase is the fi nal phase and is acquired 
3–5 min after contrast administration. This phase allows for 
additional characterization of lesions identifi ed in the previ-
ous two phases. For example, a hypervascular lesion in a cir-
rhotic liver that has contrast washout on this phase is 
suspicious for HCC, while a lesion with progressive, centrip-
etal fi lling is consistent with a hemangioma. 

 Hepatic lesions that retain contrast, such as confl uent hepatic 
fi brosis, cholangiocarcinomas, and giant hemangiomas, may 
need a 10 min delayed phase for additional evaluation [ 6 ,  7 ].  

    Magnetic Resonance Imaging 

 Magnetic resonance imaging (MRI) is increasingly utilized as 
the fi rst-line modality for hepatic imaging. MRI’s prior limita-
tions, which included long exam times and images with low 
temporal and spatial resolution and poor signal-to- noise ratios, 
have been improved with new advanced imaging techniques. 
The clear advantages MRI has over computed tomography 
(CT), which is currently the most common modality used for 
hepatic imaging, are MRI’s superb tissue contrast and lack of 
ionizing radiation. The recent introduction of hepatobiliary 
contrast agents has created new potential applications for MRI 
hepatic evaluation. The following sections will review the 
commonly used sequences for hepatic imaging. For these 
sequences, the normal liver signal relative to adjacent organs 
and the relative signal of the liver to common focal liver 
lesions and diffuse pathologies will also be presented. 

 Hepatic imaging is best performed at 1.5 or 3 T strength 
magnets using a multichannel phased-array coil. The basic 
MRI protocol for hepatic imaging has matured to include 
four sequences:
•    Axial T1-weighted imaging (T1WI)  
•   Axial T2-weighted imaging (T2WI)  
•   Axial diffusion-weighted imaging (DWI)  
•   Axial precontrast and postcontrast imaging     

    T1-Weighted Imaging 

 T1-weighted imaging (T1WI) evaluation of the liver uses 
spoiled gradient echo (SPGR) techniques (GE Medical 
Systems, Milwaukee, USA)  GE nomenclature will be used 
throughout. Please refer to  Table  1.1  ,  Appendix  A  .  SPGR 
sequences can be obtained during a single breath hold, which 
minimizes respiratory motion artifact. Parallel imaging per-
mits the acquisition of both in-phase (IP) and opposed-phase 

  Fig. 1.2    Axial contrast-enhanced CT shows the early enhancement of 
the hypervascular HCC ( black arrow ) during the arterial phase       

  Fig. 1.3    Axial contrast-enhanced CT shows hypovascular colon can-
cer metastases ( white arrows ) during the portal venous phase       
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(OP) images during a single breath hold, when using 5 mm 
slice thickness or 30 slices, eliminating registration errors 
[ 8 ]. Parallel imaging is able to speed up scan time because 
only a portion of the k-space data is sampled with an array of 
receiver coils. The undersampled data can then be recon-
structed into images using various algorithms [ 9 ]. In a 1.5T 
scanner, OP images are usually acquired at a TE of 2.1 ms 
while IP images are acquired at a TE of 4.2 ms. 

 The terms in-phase and out-of-phase refer to the relative 
phases of the signal of water and fat protons. In the out-of- 
phase series, the fat signal will cancel with corresponding 
water signal. In contrast, the in-phase series will result in the 
addition of both proton signals. 

 The normal liver will have the same signal intensity on 
IP T1WI and OP T1WI. The liver is slightly hyperintense 
to the spleen, muscle, and kidneys. The signal is dependent 
on the liver’s fat and iron content. In the setting of fatty 
infi ltration, the liver signal increases on IP T1WI and 
decreases on OP T1WI (Fig.  1.4 ). This is also useful to 
detect microscopic fat within lesions. In the setting of iron 
overload in the liver, the liver is brighter on the OP relative 
to the IP images. This is due to the T2*-related signal loss 
on the longer echo time [ 10 ]. Similar susceptibility effects 
from iron and other metals can be identifi ed with IP and OP 
imaging. Susceptibility artifacts occur at interfaces of sub-
stances with different magnetic susceptibilities. Magnetic 
susceptibility artifacts are also commonly seen at interfaces 
between air and tissue, such as in the bowel. These artifacts 
are more pronounced on IP images secondary to the longer 
echo time [ 11 ]. Spin echo (SE)-based techniques can be 
used to decrease susceptibility artifacts, but these SE series 
are very long. 

 In addition to fat, protein and blood are bright on IP 
T1WI, and IP T1WI may be useful in identifying posttrau-
matic hematomas and hemorrhagic malignancies [ 6 ]. 

Melanin, copper, and glycogen are also bright on IP T1WI. 
Lesions that are hypointense to the normal liver on IP T1WI 
include metastases, cysts, hemangiomas, and areas of fi bro-
sis. Finally, IP T1WI is not fat saturated and provides excel-
lent defi nition of the various fat planes in the evaluation of 
hepatic anatomy.

       T2-Weighted Imaging 

 There are a variety of techniques that can be used to obtain 
T2-weighted imaging (T2WI) of the liver. The most com-
monly used is fast spin-echo (FSE) technique. A variant of 
FSE are FRFSE and SSFSE (GEMS) sequences. Another 
T2WI imaging technique is diffusion-weighted imaging. In 
this section we review the imaging parameters for these vari-
ous series. 

    FSE 

 Fast spin-echo (FSE) sequences signifi cantly shorten T2WI 
scan times by using a train of echoes to fi ll multiple lines of 
K-space per TR (echo train length) (ETL) [ 12 ,  13 ]. The ETL 
varies but it is commonly between 16 and 21. The length of 
the ETL will affect the signal-to-noise  ratio  (SNR) and 
contrast- to-noise ratio (CNR). FSE image contrast is also 
reduced secondary to j-coupling interactions which cause 
fat to have a bright signal on FSE images rather than the 
dark-to- intermediate signal fat has on traditional SE images 
[ 14 ]. A reduction of SNR and CNR can make the detection 
of liver lesions more diffi cult [ 15 ]. T2WI is commonly 
obtained with an echo time (TE) of 60–80 ms. A longer TE 
will result in increased contrast with overall signal loss. The 
TR of FSE is over 4s. Fat suppression can be used to improve 

a b

  Fig. 1.4    ( a ) Axial in-phase image shows that the liver ( L ) signal is higher than the spleen ( S ) signal. ( b ) Axial out-of-phase image shows that the 
liver signal has dropped relative to the spleen secondary to fatty infi ltration.  L  liver,  S  spleen       
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image contrast and hepatic lesion detection. The FSE tech-
nique decreases artifacts. T2WI can be obtained with 
respiratory- triggered techniques or variants of navigator 
(GEMS)/propeller techniques. These latter techniques 
reduce the motion artifact due to breathing or pulsation. 

 On T2WI, the normal liver signal is usually hypoin-
tense to the spleen, kidneys, and pancreas. Most hepatic 
pathology, such as metastatic disease and hepatocellular 
carcinoma, are hyperintense to the normal hepatic paren-
chyma. Water-like consistencies have a high T2 signal, so 
T2-weighted sequences are also useful for detecting cysts 
and hemangiomas and for evaluating the biliary system. 
A fatty liver will result in some signal loss if the T2WI is 
obtained with fat saturation. A dramatic loss of the liver 
signal is seen in the setting of iron deposition. This is best 
evaluated when compared to the muscle, as the pancreas and 
spleen may also have iron overload in the setting of primary 
hemochromatosis [ 6 ,  10 ].  

    SSFSE 

 Single-shot fast spin-echo (SSFSE) sequences (GEMS) are 
an extreme version of the multi-echo spin technique, where a 
single excitation pulse precedes all the echoes obtained in a 
single acquisition. The ETL is very long (>60). As k-space is 
symmetric, SSFSE acquires enough echoes to fi ll a little 
more than half of the k-space (0.6NEX). In the setting of a 

matrix of 128 phase-encoding steps, this corresponds to an 
ETL of 77 echoes. The needed data to fi ll the center of 
k-space can be obtained within a fraction of a second. 
Compared to FSE, SSFSE images have less motion-related 
artifact secondary to the faster acquisition time, but SSFSE 
images have more blurring from the long ETL [ 16 ]. SSFSE 
sequences also have inherently poorer SNR and T2 contrast 
secondary to the long radiofrequency pulse train and cannot 
be used to evaluate for solid tumors [ 17 ]. SSFSE sequences 
are commonly used to obtain a quick T2 survey of the abdo-
men that can also be used as the localizer for the remainder 
of the exam.  

    FRFSE 

 To achieve breath-hold T2WI, fast relaxation fast spin-echo 
(FRFSE, GEMS) sequences are another option. FRFSE adds 
a negative 90° pulse to the end of the echo train used in FSE 
sequences. This additional pulse aligns protons in tissues 
with long T2 values into the longitudinal plane from the 
transverse plane, allowing much faster recovery of these tis-
sues while improving the contrast between tissues with long 
and short T2. The TE values for FRFSE are similar to FSE 
techniques (60–80 ms). The TR for FRFSE is 2S per ETL. 
This relative short TR allows breath-hold technique (slices 
– 50 slices at 5 mm) [ 14 ]. FRFSE images can be used to 
detect solid lesions (Fig.  1.5 ).

a b

  Fig. 1.5    ( a ) Axial T2 fat-suppressed FSE image shows the high signal in the fl uid-fi lled gallbladder ( arrow ). ( b ) Axial T2 fat-suppressed FRFSE 
image from the same study again shows the high signal gallbladder ( arrow ), but notice the improved visualization of the biliary radicles secondary 
to the improved T2 contrast       
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        Diffusion-Weighted Imaging 

 Diffusion-weighted imaging (DWI) is also a variant of 
T2WI. The images are obtained with echo planar imaging 
(EPI), using breath-hold, free-breathing, or respiratory- 
triggered techniques. Respiratory-triggered EPI is recom-
mended over breath-hold EPI because its multiple 
acquisition technique produces images with a better SNR 
and allows for the use of more  b  values [ 18 ]. It is best to 
obtain diffusion gradients in three orthogonal planes to pro-
duce a stronger gradient with shorter TEs and less suscepti-
bility, but adequate images can be obtained with only one 
axis ( z -axis) gradient [ 19 ]. 

 DWI uses two or more identical diffusion-sensitizing 
gradient pulses separated by a 180° refocusing pulse to 
change the phase of normal, unrestricted water protons so 
that they lose signal while abnormal, restricted water pro-
tons retain their phase and signal. The amount of signal 
loss is inversely related to the degree of water proton 
motion or apparent diffusion coeffi cient (ADC) and the  b  
value. The  b  value is the sum of the diffusion-weighted 
gradient amplitude, applied gradient duration, and the time 
interval between the applied gradients or gradient 
separation. 

 Changing the  b  value can alter diffusion sensitivity and 
typical  b  value range from 400 to 800 s/mm 2 . The larger the 
 b  value, the more the image signal is based on diffusion 
properties, while smaller  b  values will have more signal 
contribution from T2 effects. The  b  values used for hepatic 
lesion detection should be less than 100 s/mm 2 . This low  b  
value creates images with high tissue contrast that aides in 
lesion detection. Higher  b  values, 500 s/mm 2  or greater, 

provide more information about a lesion’s diffusion proper-
ties and are used for lesion characterization. 

 DWI technique has been reported to be used to:
    1.    Improve detection of small tumors secondary to greater 

lesion conspicuity   
   2.    Assess tumor response to various treatments [ 18 ]     

 Most solid lesions usually have restricted diffusion or 
high signal on DWI sequences (Fig.  1.6 ) and low signal on 
the ADC map. The reader must be aware of T2 shine-
through effect, which can be seen in lesions that are nor-
mally bright on T2-weighted images, such as cysts, but 
they are not areas of restricted diffusion. There is a reduc-
tion in signal intensity but it is not apparent on visual 
inspection of the image. ADC maps are created to remove 
the T2 shine-through artifacts with resultant images pro-
viding pure diffusion information. True water proton 
restriction will have a high signal on diffusion- weighted 
images and a low signal on the ADC map, while T2 shine-
through effect will be bright on both [ 20 ]. The normal liver 
will have a lower signal than the spleen, liver, and kidneys 
on DWI. The liver signal will increase with increasing 
 b  values.

       FIESTA 

 Fast imaging employing steady-state acquisition (FIESTA, 
GEMS; Appendix  A ) is a balanced steady-state free- 
precession (gradient echo) sequence that uses ultrashort TR 
and TE values to acquire images quickly. FIESTA produces 
high-resolution images with better image contrast and 
signal-to- noise compared to SSFSE sequences [ 21 ]. 
FIESTA images have mixed image weightings, and the 
image contrast is determined by the T2/T1 ratio. FIESTA 
sequences are insensitive to motion artifacts. FIESTA 
sequence offers excellent visualization of the vascular anat-
omy secondary to its fl uid sensitivity and insensitivity to 
fl ow void artifacts, which may be useful to evaluate the 
hepatic and portal veins in patients who cannot receive con-
trast (Fig.  1.7 ) [ 6 ]. This sequence can also be used to evalu-
ate the vasculature for surgical planning. FIESTA sequences 
are prone to susceptibility artifact, which can be reduced by 
keeping the TR short (TR = 4.0 ms; TE = 1; fl ip angle = 75). 
The normal liver signal will be lower than the spleen, kid-
neys, and pancreas on FIESTA images, since the images are 
usually more heavily T2 weighted than T1 weighted. Fat-
containing lesions such as adenomas are hypointense to the 
normal liver parenchyma on FIESTA images. Fluid-
containing structures such as cysts and hemangiomas will 
be hyperintense.

  Fig. 1.6    Axial DWI image shows the high signal from restricted diffu-
sion in an HCC ( white arrow )       
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       Contrast-Enhanced Hepatic MR Imaging 

 Dynamic contrast-enhanced (DCE) MRI of the liver is used 
for lesion detection and for lesion characterization, since cer-
tain types of dynamic enhancement patterns are seen with 
particular disease processes and can narrow the differential 
diagnosis. 

 Arterial phase images are generally the most important, 
but timing the late arterial phase is technically challenging. 
One suboptimal method is to use a standard delay, such as 
20 s, following the administration of contrast. This method 
does not compensate for cardiac output or other physiologic 
delays and results are variable. Acquiring multiple consecu-
tive arterial phases following contrast administration is 
another technique. This maximizes the chance to accurately 
capture the arterial phase but requires a decrease in phase- 
encoding steps to shorten the scan time within a breath 
hold. Fluoro-triggered acquisitions initiate scanning after 
short delay once contrast is visualized in the aorta or at the 
level of the pulmonary arteries. The optimum timing delay 

used in these methods depends on the k-space fi lling method 
of the MR software. Dynamic imaging has recently been 
benefi tted from the introduction of MRI techniques that use 
the temporal or spatiotemporal redundancy of k-space data 
to shorten scan times and to produce images with higher 
spatial and temporal resolution. Only a fraction of the 
redundant k-space information needs to be captured, or 
“undersampled,” while the rest of the data can be recovered 
by using models that predict patterns of data redundancy. 
The “keyhole” technique is one of the acceleration tech-
niques [ 22 ]. Keyhole takes advantage of the fact that most 
of the MR image contrast and signal is derived from data at 
the center of the k-space and updates this data frequently 
while sampling data from the periphery of the k-space only 
once or twice. Acceleration techniques are limited by the 
fi delity of the model used for data reconstruction, and any 
errors in the model will be transferred to the fi nal images. 
Increasing the frequency of data sampling along a time axis 
improves the images fi delity but at the expense of the scan 
length [ 23 ]. 

a b

  Fig. 1.7    ( a ) Coronal FIESTA image shows an excellent visualization of the vasculature, including the portal vein ( white arrow ). ( b ) Coronal 
FIESTA image shows the prominent susceptibility artifact from bowel gas ( white arrow ) which is a disadvantage of this sequence       
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 In addition to the late arterial phase, images are also 
acquired during the portal venous (60 s) and excretory phases 
(120–180 s). 

 The contrast agents routinely used in MR imaging can be 
divided into two groups. The fi rst group contains the nonspe-
cifi c, extracellular agents, which are the oldest and most 
widely used MR contrast agents. Nonspecifi c agents rely on 
a lesion’s inherent vascularity and enhancement dynamics 
for detection and characterization [ 24 ]. 

 When extracellular agents are used to characterize lesions 
by their enhancement pattern, it is crucial that images are 
acquired at the right time, since enhancement may be 
transient. 

 Gadolinium chelates make up the nonspecifi c group and 
include Gd-DTPA (Magnevist, Bayer Schering AG) and 
Gd-DTPA-BMA (Omniscan, GE Healthcare). Gadolinium is 
an extracellular paramagnetic agent that shortens tissue T1 
relaxation times and increases their signal intensity on 
T1-weighted images. Its redistribution from intravascular to 
extracellular spaces is quick, and it is usually injected at a 
dose of 0.1–0.2 mmol/kg of the patient’s weight and at a rate 
of 2 cc/s. 

 Gadolinium agents are excreted by the renal system and 
have been associated with nephrogenic systemic fi brosis in 
patients with impaired renal function and are not recom-
mended for use in patients with a glomerular fi ltration rate 
(GFR) of less than 30 cc/min/1.73 m 2  [ 25 ]. 

 Fat suppression should be used for postcontrast imaging 
to improve the contrast and visualization of enhancing 
lesions. Hypervascular metastases are better detected on the 
late arterial phase, while hypovascular metastases are better 
detected on the portal venous phase. 

 Precontrast images should be obtained so materials that 
have a high T1 signal such as blood or melanin are not mis-
taken for enhancement.  

    Gd-EOB-DTPA 

 Gadolinium ethoxybenzyl dimeglumine (Gd-EOB-DTPA – 
known as Eovist, Primovist, and EOB-Primovist – Bayer 
Pharmaceuticals) is a gadolinium-based hepatobiliary- 
specifi c agent that is actively transported into hepatocytes 
and partially eliminated through the biliary system, mak-
ing it useful for evaluating the liver and biliary tree. 
Currently, Gd-EOB-DTPA has been used for detecting 
hepatocellular carcinomas (HCC), detecting liver metas-
tases in potentially operable patients, and characterization 
of FNH. MRI using Gd-EOB-DTPA has been shown to be 
superior to MDCT in the detection of HCCs smaller than 
1 cm [ 26 ]. Gd-EOB- DTPA has also been used to evaluate 
the biliary tree for strictures, bile leaks, and preoperative 
anatomy variants [ 27 ]. 

 Gd-EOB-DTPA initially is distributed in the vascular 
and extravascular spaces and can be used to dynamically 
image the liver similar to its nonspecifi c gadolinium coun-
terparts [ 28 ]. Next, Gd-EOB-DTPA is taken up by hepato-
cytes via the OATP1B1 and B3 transporter polypeptides 
and excreted into the biliary system by the MRP2 protein 
during the hepatobiliary phase. Imaging of this hepatobili-
ary phase should be performed 20 min after contrast admin-
istration (REF). As the last phase of contrast administration 
is obtained at 5 min delay, this leaves a 15 min gap to reach 
the hepatocyte phase. This time can be used to obtain the 
DWI and T2WI sequences. The liver is hyperintense to the 
spleen, pancreas, and kidneys during the hepatocyte phase. 
Gd-EOB-DTPA will accumulate in lesions with hepato-
cytes, such as focal nodular hyperplasia. Metastases and 
most hepatocellular carcinomas which have no or few func-
tioning hepatocytes will not accumulate Gd-EOB-DTPA 
and will appear as low-signal lesions within the liver 
(Fig.  1.8 ). Unfortunately, hepatocellular carcinomas can 

a b

  Fig. 1.8    ( a ) Axial contrast-enhanced MRI using Gd-EOB-DTPA shows enhancement of an HCC ( white arrow ) during the arterial phase. ( b ) The 
   hepatobiliary phase shows the lack of Gd-EOB-DTPA in the HCC ( white arrow )       
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potentially accumulate Gd-EOB- DTPA [ 29 ]. Approximately 
50 % of Gd-EOB-DTPA is excreted into the bile, and the 
remainder is excreted by the kidneys [ 26 ]. The percentage 
of Gd-EOB-DTPA excreted by the kidneys will increase in 
patients with hepatic dysfunction and vice versa [ 30 ]. 
Patients with bilirubin values greater than 3 g/dl should not 
be imaged with Gd-EOB-DTPA, given the high  likelihood 
of a nondiagnostic exam. Gd-EOB-DTPA has a higher T1 
relaxivity compared to Gd-DTPA and only requires a dose 
of 0.025 mmol/kg. There are some potential problems 
related to this low dosage. The small volume of contrast 
used can cause problems in correctly timing the image 
acquisition [ 31 ]. Doubling the Gd-EOB-DTPA dosage has 
been suggested as a solution to these problems, but the clin-
ical impact of the increased dosage is unknown. No cases of 
nephrogenic systemic fi brosis have been linked with 
Gd-EOB- DTPA. The uptake of Gd-EOB-DTPA by hepato-
cytes has been proposed to evaluate diffuse liver disease. It 
has been reported that in the setting of liver cirrhosis and 
fi brosis, there is a delay in the uptake of Gd-EOB-DTPA. 
This patient population requires a longer delay in the hepa-
tocyte phase (>40 min) [ 32 ].

       Gd-BOPTA 

 Gadobenate dimeglumine (Gd-BOPTA, MultiHance, Bracco 
Imaging) is an older hepatocyte-specifi c agent. Like 
Gd-EOB-DTPA it increases the contrast between the normal 
liver parenchyma and HCC and metastases on the hepatobili-
ary phase, making their detection easier [ 33 ]. Gd-BOPTA 
differs from Gd-EOB-DTPA in that its hepatobiliary excre-
tion is only 5 %. It also has a lower T1 relaxivity than 
Gd-EOB-DTPA. Gd-BOPTA in the hepatocyte phase 
requires scanning to be delayed 60–120 min after injection. 
The recommended dose is 0.05 mmol/kg [ 26 ].  

    Conclusion 

 Thanks to emerging technology and sequences, MRI is 
now a valid modality for fi rst-line hepatic imaging. 
Hepatic MRI exams can be performed in a reasonable 
time frame (15–20 min scan time). MRI’s role in evaluat-
ing oncologic patients has also been expanded by the 
arrival of hepatobiliary agents, which add specifi city to 
hepatic lesion diagnoses and improve lesion detection in 
potential surgery patients.      

   Table 1.1     MRI sequence vendor specifi c nomenclature   

 Sequence type  GE name  Siemens name  Phillips name  Hitachi name  Toshiba name 

 Spoiled gradient echo  SPGR  FLASH  T1-FFE  RF Spoiled SARGE, RSSG  FastFE 
 Spin echo  SE  SE  SE  SE  SE 
 Fast spin echo  FSE  TSE  TSE  FSE  FSE 
 Ultrafast spin echo  SSFSE  HASTE  SSTSE  SSFSE  FASE 
 Fast recovery fast spin echo  FRFSE  RESTORE  DRIVE  Driven Equilibrium FSE  T2 Puls FSE 
 Diffusion-weighted imaging  DWI  DWI  DWI  DWI  DWI 
 Balanced gradient echo  FIESTA  TrueFISP  Balanced FFE  Balanced SARGE, BASG  True SSFP 
 Echo planar imaging  EPI  EPI  EPI  EPI  EPI 
 3D volume ultrafast
gradient echo 

 Fast SPGR
LAVA 

 TurboFLASH
VIBE 

 T1-TFE
THRIVE 

 TIGRE  Fast FE
QUICK 3D 

      Appendix A 
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            Anatomical Background 

 The liver is the largest organ in the human body reaching 
up to 1500 g in adults. Previously, the liver was anatomi-
cally divided into the right lobe (which is further subdivided 
into anterior and posterior segments) and left lobe (which 
is further subdivided into medial and lateral segments). The 
current classifi cation system of liver segmental anatomy 
(Couinaud and Bismuth systems) divides the liver into eight 
segments, and each segment is an independent function-
ing unit, which has its own vascular pedicle (arterial, portal 
venous, and lymphatic) and biliary drainage. This has fueled 
technical progress in liver surgery and transplantation. The 
intrahepatic vasculature is clearly seen with enhanced CT 
and MRI, which makes these modalities ideally suited to 
the study of the functional segmental anatomy of the liver 
(Fig.  2.1 ) [ 1 ]. 

 There are three fi ssures that help defi ne hepatic lobes and 
the major hepatic segments. The interlobar fi ssure (separating 
the right and left hepatic lobes) is located along the inferior 
liver margin, oriented along a line passing through the gall-
bladder fossa inferiorly and the middle hepatic vein superi-
orly. The interlobar fi ssure is usually diffi cult to  identify, but 

it is well defi ned in some patients. The left intersegmental 
fi ssure (fi ssure for the ligamentum teres) forms a well-defi ned 
cleft which is sagittally oriented in the lower left hepatic lobe 
and divides the left lobe into lateral and medial segments 
(between segments II/III peripherally and IV centrally). The 
ligamentum teres, which represents obliterated left umbilical 
vein, normally contains small amount of fat, runs through this 
fi ssure after entering it via the free margin of the falciform 
ligament. The third fi ssure – fi ssure for ligamentum veno-
sum – is oriented in a coronal or oblique plane between the 
posterior aspect of the left lateral hepatic segment and the 
anterior aspect of the caudate lobe. This fi ssure forms a con-
tinuum with the intersegmental fi ssure. The fi ssure for the 
ligamentum venosum cuts deeply anterior to the caudate lobe 
and contains the two layers of the lesser omentum (Fig.  2.2 ). 

 This omental refl ection forms the porta hepatis where the 
hepatic artery, portal vein, and hepatic nerve plexus enter the 
liver and the right and left biliary ducts and lymphatic drain-
age emerge from it. The caudate lobe is located in the water-
shed area between the right and left vascular and biliary 
territory. The caudate lobe drains directly into the IVC and is 
usually spared in cases of hepatic venous occlusion such as 
in the Budd–Chiari syndrome [ 2 ].   
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  Fig. 2.1    Liver segments in anterior view ( a ), posterior view ( b ), and 3D Illustration ( c ). Segment I: the caudate lobe seen in the posterior view. 
Segment II: lateral segment of the left hepatic lobe superior to the left portal vein. Segment III: lateral segment of the left hepatic lobe inferior to 
the left portal vein. Segment IV: medial segment of the left hepatic lobe which is further subdivided by the left portal vein into IVa superiorly and 
IVb inferiorly. The right portal vein divides the right lobe into segments V/VI inferiorly and segments VII/VIII superiorly. Segments V and VIII 
are located anteriorly and are demarcated from segments VI and VII posteriorly by the right hepatic vein       

  Fig. 2.2    Fissures of the liver; the interlobar fi ssure (separating right 
and left hepatic lobes); the left intersegmental fi ssure (fi ssure for the 
ligamentum teres) divides the left lobe into medial and lateral segments. 
The third fi ssure is the fi ssure for ligamentum venosum and is oriented 
in a coronal or oblique plane between the posterior aspect of the left 
lateral hepatic segment and the anterior aspect of the caudate lobe. Note 
that there is a generalized hypodensity of the liver parenchyma in this 
image secondary to diffuse hepatic steatosis (fatty infi ltration)       
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 Hepatic disease can be pathologically classifi ed into vari-
ous categories as illustrated in Table  2.1 .

      Normal Variants 

 A spectrum of liver size and shape variations have been 
reported, including lateral elongation of the lateral segment 
of the left hepatic lobe (Fig.  2.3 ), extending to wrap around 
the spleen, left lobe hypoplasia, and vertical elongation of 
the right hepatic lobe (Riedel lobe). Familiarity of these 
 normal variants is important, to avoid misdiagnosis of these 
variants as exophytic mass lesions such as hepatic HCC or 
adenoma. These variants are more common in females than 
males [ 2 ]. 

 Diaphragmatic insertions can be seen as small wedge- 
shaped areas, associated with the capsule surface of the liver. 

   Table 2.1    Pathological classifi ca-
tion of liver diseases   

 Congenital  Infl ammatory 
    Congenital absence of hepatic segments     Sarcoidosis 
    Anomalies in position     Primary biliary cirrhosis 
    Accessory fi ssures  Diffuse liver disease 
    Congenital hepatic fi brosis     Fatty liver (steatosis) 
    Congenital vascular anomaly     Cirrhosis 
    Congenital focal lesions:     Hemochromatosis 
     Liver cysts     Wilson disease 
     Autosomal dominant polycystic kidney disease  Benign focal lesions 
     Biliary hamartoma     Hemangiomas 
 Infection     Focal nodular hyperplasia FNH 
    Hepatitis (viral)     Hepatocellular adenoma 
    Pyogenic abscess (bacterial)     Adenomas 
    Amebic abscess     Angiomyolipoma 
    Hydatid cyst (parasitic)  Malignant focal lesions 
    Hepatic candidiasis (fungal)     Hepatocellular carcinoma (HCC) 
 Vascular disorders     Fibrolamellar HCC 
    Arteriovenous malformation     Cholangiocarcinoma 
    Budd–Chiari syndrome     Epithelioid hemangioendothelioma 
    Hepatic infarction     Biliary cystadenoma/cystadenocarcinoma 
    HELLP syndrome     Angiosarcoma 
    Peliosis hepatis     Metastasis and hepatic lymphoma 
    Hepatic artery and portal vein aneurysm  Traumatic, such as: 
    Portal vein thrombosis     Posttraumatic sequelae 
    THID/THAD     Posttreatment changes 
    Portal hypertension 
    Hereditary hemorrhagic telangiectasia 

  Fig. 2.3    Normal variant of the liver. Axial contrast-enhanced CT 
image, showing elongated left lobe ( arrows )       
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These exhibit low attenuation on CT and demonstrate low 
signal intensity on T1- and T2-weighted images.    

    Part One: Algorithmic Diagnostic Approach 
of Focal Hepatic Lesions 

 A diagnostic approach should be used to help differentiate 
various liver lesions based on the spectrum of certain 
enhancement patterns, imaging features, and attenuation/
signal intensity characteristics. Morphologic patterns 

include solid versus cystic, the presence of calcifi cation, 
macroscopic fat, and intracellular lipid. Enhancement pat-
terns are seen during specifi c phases of imaging and 
include hypoenhancing, arterial enhancing, delayed 
enhancing, delayed washout and peripheral washout, as 
well as the presence of a central scar enhancement patterns 
(Algorithm  2.1 ). Attenuation characteristics include sim-
ple cystic lesions, complex cystic lesions, and calcifi ed 
lesions as well as lesions containing intracellular lipid, 
hemorrhagic lesions, and lesions containing macroscopic 
fat (Algorithm  2.1 ).  

  Algorithm 2.1    Algorithmic classifi cation of different patterns of enhancement       

Simple cystic
looking
lesions Complex

cystic lesions Arterially
enhancing

lesions Enhancing
lesions with
central scar Hypo-

enhancing
lesions

Lesions
demonstrating

delayed
enhancement.

Ring
enhancing

lesions

Peripheral
washout.

Nodule
within nodule

Lesions
containing

macroscopic
fat.

Lesions
containing
intracellular

lipid.

Lesions
containing

calcification.

Algorithmic approach of 
focal hepatic lesions

based on spectrum of
morphologic, attenuation/

signal intensity and
enhancement patterns
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    Algorithmic Approach of Focal Hepatic Lesions Based on Spectrum of Morphologic, Attenuation/
Signal Intensity and Enhancement Patterns      

  Algorithm 2.2    Algorithmic approach of cystic lesions        

Simple cysts

Sporadic cyst

AD polycystic disease

Biliary hamartoma

Caroli’s disease

Hydatid cyst

Subcapsular or intrahepatic pseudocyst

Post RFA cavity

Complex when
infected- Associated signs of pancreatitis or pancreatic

 pseudocyst
- Commonly simple fluid attenuation

- Daughter cysts are characteristic
- Discrete wall, can have calcifications

Type I is simple
Type II-IV are

complex

Can be complex
when infected

- Communication with the biliary ducts is the
diagnostic finding

- May show central dot sign in enhancing CT/
MRI

- Multiple small (<1.5 cm), not communicating
with the biliary system

Can
Demonstrate

marginal faint
enhancement

Can be complex
when bleeds

Hematoma

Abscess

Biliary cystadenoma/cystadenocarcinoma

Complicated cysts

Complex cysts

- Simple cyst can occasionally be complicated
by hemorrhage or infection.

- Multiseptated with enhancing wall and
 septa
- May contain calcifications

- Constitutional symptoms
- Can multiseptated, multiloculated
- Gas is almost diagnostic
- Enhancement usually persist in delayed
 phase

- Faint rim enhancement and septation
- Follow signal intensity of blood products

- Can have signal intensity of coagulative
   necrosis
- With or without ring enhancement

- Many cysts with different sizes, usually
associated with kidney cysts

- Causes enlarged liver, hemorrhage is a
common complication, family history

Can be single or multiple, variable sizes, no
septa, imperceptible wall
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    Simple Hepatic Cysts 

 Hepatic cysts are common liver lesions. Pathogenesis of 
these cysts is not clear, and acquired cysts are thought to rep-
resent retention cysts of bile ductule derivation [ 3 ]. The cyst 
is typically lined with a single layer of cuboidal to columnar 
epithelial cells. On imaging, cysts are homogeneous and well 
circumscribed and possess a sharp margin with the liver, 
with no visible wall. Although slight variations are common, 
cysts are usually rounded or oval shaped [ 4 ]. 

 Simple cysts are fl uid attenuation on CT (demonstrating an 
attenuation <20 HU) with a thin wall and no signifi cant post-
contrast enhancement. On MRI, these demonstrate low signal 
intensity on T1-weighted images and high signal intensity on 
T2-weighted images, with retention of the high signal inten-
sity on the longer echo time (e.g., TE ≥120 ms) T2-weighted 
images. Simple cysts should not enhance following intrave-
nous contrast administration (Fig.  2.4 ). The presence of thick 
walls or enhancing internal components suggests the diagno-
sis of hepatic abscess or neoplasm rather than a simple cyst. In 
addition, simple cyst can be differentiated from cystic metas-
tases using the delayed phase of contrast enhancement where 
metastases can show enhancement, while cysts do not [ 5 ]. 
Rarely, hemorrhage or infection can complicate cysts, and 
these account for diffi culty in differentiation from other com-
plex cystic lesions including abscesses and neoplasms.   

    Autosomal Dominant Polycystic Kidney 
Disease (ADPKD) 

 Liver involvement is the most frequent extrarenal manifesta-
tion in autosomal dominant polycystic kidney disease [ 6 ]. 
Liver cysts are the most frequently encountered manifestation, 

 Key Teaching Points of Cystic Liver Lesions 

(Algorithm  2.2 ) 

 Defi nition of simple cystic pattern: a well-circum-
scribed lesion with a fl uid attenuation/signal intensity 
demonstrating thin wall, with no complex features 
such as altered content (proteinaceous secondary to 
infection or hemorrhagic), peripheral enhancement, 
solid component, calcifi cations, or septations. 

 Sporadic simple cyst represents the most common 
lesion with simple cystic features. Simple cysts can be 
multiple. Multiple cysts/cyst-like lesions can be seen in 
ADPKD (commonly associated with renal cysts which 
can frequently bleed) and biliary hamartomas where 
subcentimeter simple cystic-looking lesions are noted 
which are noncommunicating with the biliary tree. On 
cross-sectional imaging, Caroli disease is character-
ized by larger cystic-looking lesions communicating 
with the biliary tree. Very rarely, pancreatic pseudo-
cysts can occur in the liver mimicking simple cysts. 

 Complex cystic lesions include biliary cystade-
noma/cystadenocarcinoma, abscess (clinical and labo-
ratory fi ndings), hematoma (CT attenuation and MR 
signal intensity of blood degradation products), post 
RF ablation cavity (can mimic cystic lesion, history of 
treatment, occasional rim enhancement), and hydatid 
cysts [occur in endemic areas and could have daugh-
ter cysts, calcifi cation, and fl oating membranes]. 
Metastases can rarely appear cystic (simple or com-
plex), especially the ones secondary to mucinous 
tumors and GIST as well as hypervascular metastases 
which can undergo cystic changes with chemotherapy 
such as neuroendocrine tumors. 

a b

  Fig. 2.4    Simple cyst. Axial T2-weighted FSE ( a ), and axial fat suppressed postgadolinium SGE T1-weighted image ( b ). A well-
defi ned lesion that is homogeneously high signal intensity on T2-weighted image ( arrow ) with no enhancement after administra-
tion of gadolinium ( arrow ), consistent with simple liver cyst       
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but other pathologies can occasionally be encountered, includ-
ing congenital hepatic fi brosis and segmental dilation of the 
biliary tract. Cysts are usually multiple, with variable sizes 
(Fig.  2.5 ), and associated cysts in the kidneys or pancreas and 
positive family history are helpful in reaching the diagnosis. 

 Patients with autosomal dominant polycystic liver disease 
are usually asymptomatic, and severe symptoms can occur in 
20 % of patients who develop massive hepatomegaly with 
compression of the surrounding organs. Rarely, acute com-
plications can be caused by torsion, intracystic hemorrhage, 
and infections, with liver dysfunction occurring only spo-
radically [ 7 ]. However, advanced disease can result in liver 
failure, or Budd–Chiari syndrome. 

 Cysts demonstrate typical features of fl uid-containing 
well-circumscribed lesions with fl uid attenuation on CT 
(manifested by attenuation <20 HU) and MRI (manifested 
by low signal intensity of T1-weighted and high signal inten-
sity on T2-weighted images) with no signifi cant enhance-
ment on postcontrast series. Because of the larger number of 
cysts, intracystic hemorrhage is more frequently encountered 
than in cases of simple hepatic cysts [ 8 ]. Intracystic hemor-
rhage is usually seen as areas of higher attenuation on CT 
and areas of altered MRI signal intensities due to blood deg-
radation products [ 9 ].   

    Biliary Hamartoma 

 Biliary hamartoma (also known as von Meyenburg com-
plexes) are benign biliary malformations which are catego-
rized under the spectrum of fi bro-polycystic diseases of the 
liver. They arise from bile duct embryological remnant due 
to anomalous development of the ductal plate [ 10 ]. Biliary 

hamartomas is not uncommon and occurs in approximately 
3 % of patients. These can be solitary or more commonly 
multiple, and multiple lesions can be extensive. 

 On CT and MR images, lesions are uniformly small (usu-
ally <1.5 cm) and well defi ned. On CT, the lesions may not 
be well characterized due to the too small size which may 
preclude accurate characterization [ 11 ]. The fl uid content 
renders these lesions high signal intensity on T2-weighted 
images and low signal intensity on T1- weighted images. On 
heavily T2-weighted images, the signal intensity increases 
further, similar to that of fl uid on T2-weighted images. 

 On MR cholangiography, bile duct hamartomas appear as 
multiple tiny cystic lesions that do not communicate with the 
biliary tree [ 10 ]. 

 Although this appearance resembles simple cysts, biliary 
hamartomas may demonstrate a subtle thin rim of enhance-
ment on postcontrast images (Fig.  2.6 ) due to enhancing 
fi brous capsule and/or compressed surrounding parenchyma. 
This rim of subtle enhancement should not be mistaken for 
other diagnoses such as abscesses and metastases. Capsule can 
also demonstrate low signal intensity on T2-weighted images.   

    Caroli Disease 

 Caroli disease is a rare autosomal recessive condition char-
acterized by congenital cystic dilation of the intrahepatic bile 
ducts [ 12 ]. Although Caroli disease generally involves the 
entire liver, it may be segmental or lobar. Two forms of 
Caroli disease have been described: (a) a less common 
“pure” form (type 1) and (b) a more complex form (type 2) 
that is associated with other ductal plate abnormalities such 
as hepatic fi brosis [ 13 ]. 

a b

  Fig. 2.5     Autosomal dominant polycystic kidney disease . Axial T2-weighted image ( a ), and axial T1-weighted fat-saturated image without 
intravenous contrast ( b ) demonstrate numerous cysts of varying sizes scattered throughout the liver and kidneys exhibiting high signal inten-
sity on T2-weighted image ( arrows ), with increased signal intensity of some of renal cysts on T1-weighted image ( arrowheads ) indicating 
hemorrhage. Note that the liver cystic lesions do not communicate with the biliary tree       
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 Often, patients clinically present with bouts of recurrent 
fever and right upper quadrant pain. Jaundice may occur if the 
calculi obstruct the common bile duct. On cross-sectional CT 
and MRI, Caroli disease appears as multiple variable- sized, 
non-enhancing cystic lesions. MR cholangiopancreatography 
is a noninvasive imaging technique that has become the fi rst-

choice modality for diagnosing Caroli disease [ 14 ]. MRCP 
demonstrates the connection of these cysts to the biliary ducts 
(Fig.  2.7 ), which is the key feature for the diagnosis. 

 The central dot sign is described on contrast-enhanced CT 
and MRI as well as color Doppler ultrasound as a tiny enhanc-
ing focus in the center of cystic-appearing morphology and is 

a b

  Fig. 2.6    Biliary hamartomas. Axial T2-weighted HASTE ( a ) and axial contrast-enhanced 3D GRE T1-weighted image ( b ) show multiple small 
lesions representing demonstrating high signal intensity on T2-weighted image ( A ) and low signal intensity onT1-weighted with a thin rim of 
enhancement ( arrows ). On MRCP ( not shown ), these do not communicate with biliary tree       

a

c

b  Fig. 2.7     Caroli disease in three 
different patients, Axial contrast 
enhanced T1-weighted image 
( a ) demonstrating numerous 
cyst-like lesions ( arrowheads ) 
with a central tiny enhancing 
focus ( arrow ), consistent with 
central dot sign classic for Caroli 
disease. Coronal MR 
cholangiogram ( b ) in a 54-year-
old male patient,  shows saccular 
dilatation of the biliary tree 
( arrows ). Coronal projection MR 
cholangiogram ( c ) in a 21-year-
old female shows a connection 
between the saccular dilated 
segmental bile ducts ( arrows ) and 
the central biliary tree       
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due to the contrast-enhanced small portal venous branch pro-
truding into the dilated intrahepatic bile ducts. This sign has 
been used to make a diagnosis of Caroli disease [ 15 ].  

 Complications may occur secondary to bile stagna-
tion which leads to cholangitis and formation of calculi 
which may result in biliary obstruction and jaundice. 
Cholangiocarcinoma has been reported to complicate Caroli 
disease in 7 % of cases [ 16 ].  

a b

  Fig. 2.8    Biliary cystadenoma; Axial nonenhanced CT ( a ) showing multiloculated fl uid attenuation lesion ( arrows ) in the left lobe with septal cal-
cifi cations ( arrowhead ). Axial postcontrast T1-weighted image ( b ) and coronal T2-weighted image HASTE ( c ) in a different patient demonstrate 
multiloculated cystic lesion in the right lobe ( arrows ), with multiple enhancing septations, consistent with  biliary cystadenoma       

 Complex Cystic Lesions

These are predominantly cystic lesions, yet with com-
plex features such as septations, calcifi cation, or 
peripheral enhancement. Altered fl uid content is 
another feature of complexity including proteinaceous 
fl uid secondary to infection or hemorrhagic fl uid.

These include:
• Biliary cystadenoma/cystadenocarcinoma
• Complex cyst
• Cystic metastasis
• Abscess
• Hydatid cyst
• Hematoma
• Post RF ablation cavity

Other less common causes include: intrahepatic 
biloma and undifferentiated sarcoma.

    Biliary Cystadenoma/Cystadenocarcinoma 

 Biliary cystadenoma/cystadenocarcinoma is a group of rare 
biliary neoplasms occurring most commonly in middle-aged 
women. Biliary cystadenomas are considered premalignant 
neoplasms with the majority located in the liver with a sig-
nifi cantly less incidence in the extrahepatic biliary tree. 
These are often incidental, but symptoms can arise due to 
mass effect of large lesions. 

 Typically, these tumors appear as multiloculated lobu-
lated cystic lesions with several septations and occasional 
solid nodules. On CT and MR imaging, these appear as cys-
tic (typical fl uid characteristics on CT and MRI), with 
enhancing septations and solid components [ 17 ]. Wall or 
septal calcifi cations can be also seen. Altered characteristics 
of the fl uid can be seen due to mucin/protein contents or 
hemorrhage. These can be demonstrated as higher CT atten-
uation and higher signal intensity on T1-weighted images 
(Fig.  2.8 ) [ 18 ]. 

 Although malignant tumors tend to have thicker nodular 
septations, there is no defi nite reliable criterion for differen-
tiating cystadenoma from cystadenocarcinoma as nodular 
soft tissue projections can be seen in both tumors [ 19 ].  

    Liver Abscess 
 Bacterial infection is the most common cause of liver infec-
tious processes leading to the formation of pyogenic 
abscesses. These can be caused by hematogenous spread 
particularly if multiple (of either gastrointestinal infection 
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via the portal vein or disseminated sepsis via the hepatic 
artery), ascending cholangitis, or superinfection of necrotic 
tissue [ 20 – 22 ]. A solitary hepatic abscess is usually crypto-
genic and may not have a known etiology [ 22 ]. 

 In a more recent report, biliary infection is the most com-
mon sources of infection. Clinical presentation includes signs 
of right upper quadrant pain, tenderness, and hepatomegaly 
with occasional occurrence of jaundice and pulmonary 
changes. Symptoms include generalized malaise, fever, and 
weight loss as well as chills. Liver function tests and total 
leukocyte count (>10.000) are elevated in most patients [ 23 ]. 

 Treatment options include percutaneous drainage, surgi-
cal resection, and intravenous antibiotics with a mortality 
rate of 9.4 % in the surgically treated group and 16.6 % in the 
nonsurgically treated group [ 24 ]. 

 Pyogenic abscess is the most common focal parenchymal 
lesion due to bacterial infection. Hepatic abscess can be soli-
tary or multiple which may vary from small (few millimeters) 
to massive lesions. Infectious process usually starts by diffuse 
infl ammatory process but later matures to a well- defi ned 
abscess cavity surrounded with fi brous capsule, which gives 
the abscess the characteristic pattern of early, persistent mod-
erate to intense ring enhancement, without progressive 
enhancement of the stroma, which – beside the constitutional 
symptoms – helps to differentiate multiple abscesses from 
metastases which usually shows progressive stromal enhance-
ment. The central necrotic cavity exhibits low attenuation on 
CT, low signal intensity on T1-weighted images, high signal 
on T2-weighted images, and with no signifi cant postgadolin-
ium enhancement. Transient segmental wedge-shaped hepatic 
enhancement associated with hepatic abscesses are usually 

seen in the early postcontrast images due to surrounding 
infl ammatory response in the adjacent liver [ 25 ,  26 ], and this 
perilesional enhancement resolves on delayed images 
(Fig.  2.9 ). In the absence of history of intervention, the pres-
ence of intralesional gas bubbles, which appears as gas-atten-
uating regions on CT or signal void foci on MR, is virtually 
diagnostic for pyogenic abscesses [ 25 ,  26 ]. 

 Amebic abscesses are caused by  Entamoeba histolytica  
which is endemic in developing countries such as India, 
Middle East, Far East, Africa, and South America but can 
also occur in as immigrants and travelers from these endemic 
regions, and the condition is typically characterized by diar-
rhea which is one of the initial symptoms of the disease. 

 Increased serum antibodies to  Entamoeba  are characteris-
tic in the majority of cases [ 27 ]. A single abscess predomi-
nantly located in the right lobe with a thick enhancing 
capsule is characteristic for amebic abscess. Perilesional 
edema can be also visualized. Chest wall and pleural involve-
ment are also noted in some cases of amebic abscesses.   

    Hydatid Cyst (Echinococcal Cyst) 
 Echinococcus granulosus represents the most common 
organism causing echinococcal disease which is endemic to 
the Mediterranean basin, Middle East, and other sheep- 
raising areas [ 24 ]. Pathologically, the typical hydatid cyst is 

a

b

  Fig. 2.9    Pyogenic liver abscess; coronal reformatted contrast-enhanced 
CT ( a ), axial postcontrast-enhanced T1-weighted ( b ) showing large 
complex multiloculated cystic lesion ( arrows ) with thick enhancing rim 
and central septations seen within the hepatic dome with perilesional 
enhancement  ( arrowheads )        

c

Fig. 2.8 (continued)

 

E. Youssef et al.



21

well circumscribed spherical with a fi brous rim. Surrounding 
liver reaction to the abscess is minimal, with a small amount 
of granulation tissue. The typical imaging feature is 
 multicystic lesion with daughter cysts arranged peripherally 
within the larger cyst. Occasionally, some cysts are seen out-
side the fi brous capsule of the main hepatic cyst. Typically, 
cysts have low signal intensity on T1-weighted and high sig-
nal intensity on T2-weighted images. Lesions are frequently 
complex, with mixed high and low signal intensity on T2- 
and T1-weighted images, respectively, due to the presence of 
proteinaceous content and cellular debris (Fig.  2.10 ). The 

fi brous capsule and internal septations can be well shown on 
T2-weighted images and gadolinium-enhanced T1-weighted 
images [ 28 ]. Calcifi cation of the cyst wall or content is fre-
quently identifi ed on CT images but diffi cult to distinguish 
from the fi brous capsule in MRI due to the low signal inten-
sity of both on T2-weighted images [ 28 ]. Interruption of wall 
calcifi cation represent a sign of impending rupture.   

    Intrahepatic Hematoma 
 Hematoma occurs as a result of blunt trauma such as motor 
vehicle accident, or surgical/interventional procedures 

a b

c

d

  Fig. 2.10    Three different cases of echinococcal cysts; axial contrast-enhanced CT ( a ) demonstrating a well-circumscribed cystic lesion ( arrow ) 
with water lily sign (irregular thin internal linear fl oating membranes) ( arrowheads ). Axial T2-weighted image and T1-weighted image, respec-
tively ( b, c ), demonstrating multiple peripheral internal cystic lesions (daughter cysts) ( arrowheads ) within the larger mother cyst ( arrows ). Axial 
contrast-enhanced CT ( d ) demonstrating a hydatid cyst with wall calcifi cation ( arrows ) which demonstrates focal interruption ( arrowhead ); a sign 
associated with impending rupture       
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including biopsy, and appears as a fl uid collection with vary-
ing density/signal intensity depending on the age of the 
blood products. 

 On CT, acute hematoma demonstrates high attenuation on 
precontrast CT with no signifi cant postcontrast enhance-
ment. Attenuation decreases with aging of the blood prod-
ucts. MR imaging is the most sensitive and specifi c modality 
for diagnosing hematomas. MR imaging features vary 
according to the age of the hematoma. In hyperacute stage 
(<24 h), oxyhemoglobin represents the main component 
which is demonstrated as simple fl uid with low signal inten-
sity on T1-weighted and high signal intensity on T2-weighted 
images. In the acute stage (1–3 days old), deoxyhemoglobin 
results in increased paramagnetic susceptibility with low sig-
nal intensity on T2-weighted images. Early subacute stage 
(from day 3 to 7) is characterized by the presence of intracel-
lular methemoglobin which still leads to low signal intensity 
on T2-weighted and high signal intensity on T1-weighted 
images. Late subacute stage (day 7–14) is characterized by 
the presence of extracellular methemoglobin which results in 
a high signal intensity on T1-weighted and high signal on 
T2-weighted images (Fig.  2.11 ). Chronic hematoma (older 
than 14 days) is characterized by the presence of hemosid-
erin which results in low signal intensity on T1-weighted and 
low signal intensity on T2-weighted images [ 29 ,  30 ]. Some 
hematomas show rim enhancement after contrast material 
administration [ 31 ].   

    Post Radiofrequency Ablation (RFA) Cavity 
 In addition to surgical resection, other nonsurgical interven-
tional procedures have been established to treat liver malignan-
cies. These include radiofrequency (RF) ablation, cryoablation, 
ethanol ablation, microwave ablation, and laser ablation: they 

all play an important role particularly in the treatment of solitary 
lesions [ 32 ]. Effective treatment is indicated by the decrease in 
size or at least no change of size of the ablation cavity. 

 Expected normal fi ndings after ablation include ill- 
defi ned perilesional enhancement secondary to infl amma-
tory reaction (up to 6 months after ablation), with a higher 
than simple fl uid attenuation on CT, high signal intensity on 
T1-weighted images secondary to coagulative necrosis 
which persists for several months post ablation. 

 A well-defi ned marginal enhancement, nodular 
 enhancement, and washout are all concerning for neoplastic 
residual/recurrence. 

 The ablated area must exceed the tumor margins by 
approximately 1.0 cm [ 33 ]. Over time, the ablated zone 
might either shrink or retain similar size to the original 
lesion [ 34 ]. Enlargement of the ablated area on follow-up 
examinations is suggestive of unsuccessful intervention 
[ 35 ]. In early post-treatment weeks, the signal intensity on 
T2-weighted and T1-weighted images corresponds to the 
hemorrhage and either liquefactive or coagulative necrosis 
[ 34 ]. Signs of successful treatment include lack of contrast 
enhancement. Early after intervention, an ill-defi ned perile-
sional rim is often observed that appears mildly high signal 
intensity on T2-weighted images and exhibits moderate to 
intense enhancement on arterial dominant-phase images 
[ 34 ,  35 ]. Over time, thickness of the perilesional rim 
regresses in  successfully treated lesions and gradually dis-
appears several months after ablation (Fig.  2.12 ) [ 33 ]. The 
perilesional rim corresponds to intense infl ammatory reac-
tion and hemorrhage, which are gradually replaced by gran-
ulation tissue [ 33 ].  

 The presence of a nodular focus of high intensity in 
T2-weighted images and nodular enhancement mainly in the 

a b

  Fig. 2.11    Axial T1-weighted image ( a ) and axial T2-weighted image ( b ) demonstrate ovoid shaped weel-circumscribed lesion ( arrows ) exhibit-
ing intermediate to high signal intensity on T1-weighted and high signal intensity on T2-weighted images, consistent with subacute hematoma. 
Note thick fi brous capsule, intralesional septations, and underlying liver parenchymal displacement.       
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  Fig. 2.12    Axial contrast enhanced T1-weighted image one month fol-
lowing radio-frequency ablation demonstrates a low signal intensity cav-
ity with  a peripheral smooth uniform enhancement ( aroows ), this pattern 
is normally seen in early few months after radiofrequency ablation       

arterial phase is indicative of residual or recurrent tumor 
(Fig.  2.13 ) [ 33 ,  34 ], which may washout on late-phase images.   

    Cystic Metastases 
 A minority of liver metastases can be cystic which can lead 
to diagnostic dilemma as these can be confused with the 
more common benign cystic lesions. Occasionally, gastroin-
testinal stromal tumor (GIST) and mucinous adenocarci-
noma of the colon or ovary can result in cystic liver 
metastases. Rapidly growing metastases secondary to hyper-
vascular tumors can overgrow their blood supply leading to 
cystic degeneration and necrosis. Examples of these tumors 

include neuroendocrine tumors, melanoma, and breast carci-
noma. These lesions often demonstrate fl uid attenuation on 
CT (Fig.  2.14 ). On MRI, low signal intensity on T1-weighted 
images and high signal intensity on T2-weighted images are 
noted. On postcontrast series, peripheral rim-like enhance-
ment can be seen on early phases with occasional gradual 
fi lling on delayed phase. Knowledge of the clinical history 
can help in the differential diagnosis. Cystic metastases can 
be active or inactive (particularly in those which develop 
cystic changes secondary to treatment). PET scan can be also 
utilized and often demonstrate increased FDG uptake with 
active cystic metastases which differentiates them from the 
more common benign cystic lesions [ 18 ,  36 – 39 ].   

    Intrahepatic Pseudocyst 
 Intrahepatic or subcapsular pseudocysts are rare cystic 
lesions that can develop in the setting of pancreatitis which 
may dissect into the liver along portal triads (Fig.  2.15 ), lead-
ing to subjacent collection which further results in the forma-
tion of pseudocyst. The clue for the intrahepatic pseudocyst 
is the clinical presentation in addition to other imaging fea-
tures of pancreatitis.  

 Other less common cystic lesions include:
•    Intrahepatic Biloma (related to biliary tree, secondary 

to trauma, or after an interventional or surgical proce-
dure): Excretion of contrast into the biloma is demon-
strated on 20 min after MR hepatobiliary contrast 
administration, proving that it communicates with the 
bile ducts.  

•   Undifferentiated Embryonal Sarcoma: Rare malignant 
tumor occurring in older children (mean age 12 years) 
may contain calcifi cations and solid component.      

a b

  Fig. 2.13    Axial precontrast T1 weighted ( a ) and contrast enhanced T1 weighted ( b ) images demonstrating a post ablation cavity showing high signal 
intensity(coagulative necrosis) on T1-weighted image ( arrow in a ), with a nodular peripheral enhancement ( arrow in b ) in the arterial phase denoting 
residual/recurrent tumor       
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  Fig. 2.14     Cystic metastasis secondary to neuroendocrine tumor . Axial T2-weighted with fat suppression ( a ), coronal T2-weighted ( b ), axial non-
enhanced T1-weighted ( c ) and axial contrast enhanced T1-weighted ( d ) images demonstrate well circumscribed cystic lesions ( arrows ) demonstrating 
low signal intensity on T1-weighted image, markedly increased signal intensity on T2-weighted images with a slight peripheral enhancement on post-
contrast images. These represented cystic metastatic lesions in a 60 year old female with metastatic neuroendocrine tumor 60 year old female with meta-
static neuroendocrine tumor       

  Fig. 2.15     Pseudocyst . Axial contrast-enhanced CT demonstrates a 
well-defi ned fl uid attenuation lesion ( arrow , representing pseudocyst in 
the liver hilum ( arrow ) in a 76-year-old man with recurrent pancreatitis       

    Hypoenhancing Lesions (Algorithm  2.3 )  

Hypoenhancing lesions show mild enhancement 
after intravenous contrast injection. This enhance-
ment is, however, less than the background liver. For 
this reason, these lesions appear hypodense on con-
trast-enhanced CT and hypointense on contrast-
enhanced T1-weighted images. Other lesions such as 
focal fatty infi ltration may appear similarly 
hypodense on CT and hypointense on contrast-
enhanced T1-weighted  mimicking hypoenhancing 
mass lesions  (this can be differentiated by drop of 
signal intensity on out of phase compared to in phase 
and will be discussed under lesions containing intra-
cellular lipid). 
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    Regenerative Nodules (Benign Cirrhotic Nodules) 
 Regenerative nodules are best seen and evaluated by MRI, 
the majority of the regenerative nodules are hypodense/
isodense on CT and hypo-/isointense on T1-weighted 
images, and in some occasions, regenerative nodules 
appear low signal in T2-weighted images compared to the 
background high signal [ 40 ]. In 16 % of cases, regenera-
tive  nodules appear hyperintense on T1-weighted images 
which is related to high-protein content. Some of these 
nodules contain iron, hence the name siderotic nodules; 

these appear of high density on precontrast CT with low 
signal intensity of T1-weighted images and low signal 
intensity and blooming on T2-weighted images (Fig.  2.16 ). 
As regenerative nodules maintain portal venous blood 
supply with minimal if any hepatic artery supply, they 
enhance minimally (Fig.  2.17 ) on the hepatic arterial dom-
inant-phase images and thus appear relatively hypoin-
tense/isointense to the liver on MRI or hypodense/isodense 
on CT compared to the enhancing surrounding liver paren-
chyma [ 41 ].    

  Algorithm 2.3    Algorithm for the 
hypoenhancing lesions        

Metastasis

Lymphoma

- Can be primary or secondary
-Secondary lymphoma is more
common
-Hypodense/hypointense on
postcontrast CT or Tl-weighted
images
-Occasional perilesional
peripheral enchancement

- Can be multiple
- History of primary such as
  prostate, colon, lung.

- Regenerative and low grade
  dysplastic nodules

- Can appear hypodense on CT and
  hypointense on Tl-weighted images
- Signal loss on out of phase
  compared to in phase
- No abnormal enhancement

Benign cirrhotic nodules

Focal faty infiltration

Hepatic infarction

HCC

Hypoenhancing
lesions

Miscellaneous

- Confluent fibrosis
- Inflammatory causes as
  Sarcoidosis and Histoplasmosis

- Can rarely be hypovascular

- Rare due to dual blood supply,
  occur in shock, trauma, HELLP
  and post transplantation
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  Fig. 2.16    Regenerative cirrhotic nodule. Axial nonenhanced T1-weighted ( a ), axial T2-weighted ( b ), axial contrast enhanced T1-weighted in arterial 
( c ), and delayed phase ( d ) demonstrate high signal intensity on nonenhanced T1-weighted image ( arrow  in  a ) which becomes isointense to the liver 
on T2-weighted image and after intravenous contrast ( arrow  in  b, c  and  d ), representing regenerating nodule. Foci of hepatocellular carcinoma are also 
noted ( arrowheads ) demonstrating low signal intensity on nonenhanced T1-weighted image, high signal intensity on T2-weighted images, with homo-
geneous enhancement on arterial phase and washout on delayed postcontrast phase.       

a b

  Fig. 2.17     Regenerative siderotic nodules . Axial fat-saturated T2-weighted image ( a ) and contrast enhanced T1-weighted image ( b ) demonstrat-
ing coarse nodular contour of the liver with numerous nodules ( arrows ) appearing hypointense relative to the liver parenchyma on T2-weighted 
and contrast enhanced T1-weighted images, consistent with regenerative nodules       
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a b

  Fig. 2.18     Post-transplant liver infarcts . Axial contrast-enhanced CT for evaluation of post-liver transplant, demonstrating peripheral wedge-shaped 
low-attenuation areas ( arrows ) in the periphery of right hepatic lobe of the liver consistent with posttransplantation infarcts. Surgical sutures ( arrowhead  
in  a ) are noted related to IVC.       

a b

  Fig. 2.19    Sarcoidosis. Axial T2-weighted image ( a ) and axial contrast enhanced T1-weighted image ( b ), demonstrating several small hepatic  lesions 
( arrowheads ) with low signal intensity on both T2-weighted and contrast enhanced T1-weighted images. similar nodule is noted in the spleen ( arrow ).       

    Hepatic Infarction 
 Liver infarction is rare, and this rare incidence is due to dual 
blood supply to the liver. Infarction can however occur in 
settings of shock, trauma, HELLP (hemolysis, elevated liver 
enzymes, low platelets), and post-transplantation (Fig.  2.18 ). 
The classic appearance is a peripheral wedge-shaped areas 
of low attenuation on CT, low signal intensity on T1-weighted, 
and high signal intensity on T2-weighted images with less 
enhancement compared with the surrounding liver paren-
chyma on postcontrast series.   

    Sarcoidosis 
 Sarcoidosis is an idiopathic systemic infl ammatory granulo-
matous disease. It affects the lymph nodes, lung, and liver in 

descending order of frequency. Histologically, the liver is 
affected in majority of patients, but clinical or radiological 
manifestations are less evident [ 42 ]. Liver involvement can 
be diffuse or focal with associated enlarged retroperitoneal 
lymph nodes. On CT, sarcoidosis can be visualized as innu-
merable small hypoattenuating lesions (Swiss cheese pat-
tern), which enhance less than the liver parenchyma on 
postcontrast CT. On MR, the diffuse pattern appears as an 
enlarged heterogeneous liver, while the focal pattern appears 
as a multiple, small nodules exhibiting low signal intensity 
on T1- and T2-weighted images. After IV contrast adminis-
tration, these demonstrate enhancement less than the sur-
rounding parenchyma and could demonstrate some 
enhancement on the delayed phase (Fig.  2.19 ) [ 43 ].  
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 [Swiss cheese pattern (innumerable small holes) is char-
acteristic for sarcoidosis but can be also seen with  candidiasis, 
TB, and metastases. The spleen is typically involved in sar-
coidosis and candidiasis.]  

    Lymphoma 
 Secondary hepatic lymphoma is considerably more common 
than primary involvement, and the majority are non-Hodg-
kin lymphomas. Most tumors usually present as a large soli-
tary mass, but they may vary in appearance from multiple 
nodules to diffuse involvement. Secondary involvement of 
the liver by lymphoma is common in stage IV disease [ 44 ]. 
On imaging, lesions vary in signal intensity from low to 
moderately high on T2-weighted images and are typically 
low in signal intensity on T1-weighted images and tend to 
enhance minimally in the postcontrast sequences, leading to 
hypointense signal intensity relative to the surrounding 

enhancing liver parenchyma. Enhancement on immediate 
postcontrast images usually is predominantly peripheral. 
Lesions of malignant lymphoma may possess transient, ill-
defi ned perilesional enhancement on postgadolinium images 
(Fig.  2.20 ) [ 45 ].   

    Focal Infectious Parenchymal Disease 
   Infl ammation/Infection 
 As previously stated, infectious process usually starts by 
diffuse infl ammatory process but later matures to well-
defi ned abscess cavity. If imaged at that early stage (before 
formation of abscess), this area of focal infl ammation 
demonstrates patchy ill-defi ned hypodense area on CT 
and demonstrates low signal intensity on T1-weighted 
images and high signal intensity on T2-weighted images 
with enhancement less than the surrounding liver 
parenchyma.  

a

c

b

  Fig. 2.20    Hepatic lymphoma. Axial contrast enhanced CT ( a ), axial T2-weighted ( b ) and contrast enhanced T1-weigted ( c ) demonstrate a well 
circumscribed hypoattenuating on contrast enhanced CT, mildly increased signal intensity on T2-w and low signal intensity on contrast enhanced 
T1-weighted images. The mass abuts the portal vein, hepatic artery, and common bile duct with no evidence of vascular or biliary ductal 
obstruction       
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   Liver Metastases 
 Metastases are far more common than primary malignant 
tumors of the liver, especially in the developed countries. 

 Various imaging patterns have been described for liver 
metastases; for descriptive purposes, these can be classifi ed into:
•    Hypoenhancing: lesions demonstrating lesser 

 enhancement than the surrounding liver parenchyma  
•   Hyperenhancing: lesions demonstrating greater 

 enhancement than the surrounding liver parenchyma  
•   Cystic/necrotic: as previously described in the section of 

cystic lesions  
•   Peripheral/ring enhancement (Algorithm  2.4 )    

 Liver metastases are usually multiple and can have vari-
able sizes and appearances. 

 T2-weighted images with fat-suppression and diffusion- 
weighted images are very important sequences in detecting 
liver metastases. This is particularly important in patients 
with fatty liver where small lesions can be easily missed in 
the non-fat-suppressed sequences due to relatively increased 
signal intensity of the liver [ 46 ]. Liver metastases are usually 
hypodense on precontrast CT, hypointense on T1-weighted 
images, and hyperintense on T2-weighted images and dem-
onstrate various patterns of enhancement in the postcontrast 
sequences.
•    Peripheral enhancement is a characteristic pattern of 

enhancement in early phase after intravenous contrast 
administration phase (Fig.  2.19 ) [ 47 ], which can be typi-
cally described as peripheral early enhancement with or 
without progressive centripetal fi lling in the delayed 

phase. This pattern of peripheral enhancement could cor-
relate to the highly vascularized outer portion of the 
tumor. In delayed phase, the center may enhance with 
occasional washout of the periphery (Fig.  2.21 ) [ 47 ,  48 ].   

•   Hypoenhancing Metastases: Some metastases enhance 
less than the surrounding liver parenchyma and thus 
appear hypodense relative to the surrounding liver paren-
chyma on contrast-enhanced CT and hypointense on 
contrast- enhanced T1-weighted images. Common primary 
tumors resulting in this pattern include the lung, gastroin-
testinal tract, prostate, transitional cell carcinoma, and 
breast (Fig.  2.22 ) [ 49 ]. Hypoenhancing metastases demon-
strates minimal enhancement on arterial phase that can be 

  Fig. 2.21    Axial contrast-enhanced CT demonstrates a peripherally 
enhancing lesion ( arrow ) within segment VIII, consistent with metastatic 
deposit in a 72-year-old male patient with history of parotid carcinoma       

  Fig. 2.22     Axial contrast-enhanced CT demonstrating multiple 
hypoenhancing liver lesions ( arrows ), representing metastases in a 
33-year-old male with history of testicular germ cell tumor       

  Algorithm 2.4    Several pathologies can demonstrate peripheral (or 
what is called “ring”) enhancement. The main entities demonstrating 
this pattern include metastasis, and abscess. Metastasis usually washes 
out in delayed phase, but abscess does not wash out. RFA cavity can 
demonstrate ring enhancement which is a normal fi nding that can per-
sist several months after the procedure        

Abscess

Metastasis

Post RFA Cavity

Ring/peripheral
enhancement

Enhancement usually washes out
on delayed phase.

- Smooth ring enhancement
  normal for few months after
  procedure

- Constitutional symptoms
- Multiseptated, multiloculated,
  gas is almost diagnostic
- Enhancement usually persist in
  delayed phase
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more conspicuous on the interstitial phase [ 50 ]. In some 
cases, the hypoenhancing metastases can only be seen in 
the early enhancing phases as area of hypoenhancement 
compared to the enhancing liver background parenchyma; 
they then become isoenhancing with the liver parenchyma 
in delayed interstitial phase of contrast (Fig.  2.22 ).   

•   As previously described (under cystic lesions), metasta-
ses can appear cystic or necrotic with a resultant high sig-
nal intensity on T2-weighted images with no signifi cant 
enhancement on various postgadolinium phases, and 
ovarian cancer metastases and post-treatment metastases 
are the main avascular metastases. Avascular metastases 
can be misdiagnosed as a simple cyst but can be differen-
tiated through detection of the indistinct margins in the 
interstitial phase and size reduction of the metastases due 
to peripheral enhancement, while the simple cysts remain 
unenhanced and unchanged in size with well-defi ned bor-
ders [ 50 ].  

•   Hyperenhancing Metastases: Metastases can enhance 
greater than the liver parenchyma. Common primary 
tumors leading to this pattern are neuroendocrine tumors, 
renal cell carcinoma, thyroid, melanoma, and breast. 
These tumors can demonstrate increased enhancement on 
arterial phases of postcontrast CT and MRI [ 51 ], with 

 Teaching Points 

 Metastases can exhibit various morphologic and 
enhancement patterns. The nature of primary tumor 
plays a key role in the pattern of enhancement of 
metastases. Thus, metastases can be considered in the 
differential diagnosis of various patterns. 

  Fig. 2.23    Axial Contrast-enhanced CT image demonstrating multiple 
enhancing lesions ( arrows ) compatible with metastatic carcinoid in a 
72-year old woman with carcinoid       

washout in the delayed phase; these features help to dif-
ferentiate them from the fl ash-fi lling hemangioma (which 
retain contrast in delayed phase (Fig.  2.23 ).   

•   MRI (with its various pulse sequences) can help differen-
tiate malignant from benign lesions. On routine T2 
weighted images (TE around 90 ms), benign lesions (such 
as cysts and hemangions) demonstrate markedly increased 
signal intensity, as opposed to malignant lesions (such as 
metastases) which demonstrate mildly or moderately 
increased signal intensity. On heavily T2 weighted images 
(TE >160 ms), benign lesions demonstrate further 
increase in signal intensity, as opposed to malignant 
lesions which demonstrate less signal intensity and can 
appear isointense to the surrounding liver, may not be 
conspicuous and could be missed [ 50 ].        

    Hypovascular Hepatocellular Carcinoma 

 Hepatocellular carcinoma will be discussed under the cat-
egory of arterially enhancing lesions as HCC most com-
monly manifests as arterially enhancing mass. However, 
hepatocellular can rarely appear as a hypovascular mass 
(Fig.  2.24 ).  

    Peripheral Washout Sign 
 The “peripheral washout sign” was reported in delayed 
10-min postgadolinium MR images and appears as periph-
eral hypointense rim relative to the relatively enhancing 
center of the lesion (Fig  2.25 ) [ 47 ]. Peripheral washout 
sign indicates malignancy and has been described in some 
cases of hepatic metastases from carcinoid, breast, colon, 
and gastric cancers. Although this has been described in a 
10-min delay after IV contrast administration on MRI, we 
are more frequently observing this pattern in standard 
delayed techniques and also on CT scan examinations.     
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a b

  Fig. 2.24     Hypovascular HCC . Axial contrast enhanced T1-weighted images in arterial phase ( a ) and venous phase ( b ), demonstrating a single 
focus of hypoenhancement ( arrow ) which becomes more conspicuous in venous phase within the posterior segment of the right hepatic lobe, this 
was pathologically proven to represent HCC       

a b

  Fig. 2.25     Peripheral washout sign . Axial contrast enhanced CT in arterial phase ( a ), and delayed phase ( b ) demonstrate hypoattenuating lesions 
( arrows in a ), with a peripheral hypoattenuating rim in delayed phase ( arrow in b ), consistent with metastatic deposits secondary to colon 
adenocarcinoma       

 Key Teaching Point 

 The main differential diagnoses for arterially enhancing 
lesions include hepatocellular carcinoma, focal nodular 
hyperplasia, adenoma, fl ash-fi lling hemangioma, and 
metastases. In the presence of cirrhotic features, HCC is 
the most likely diagnosis particularly when supported 
by enhancement washout and pseudocapsule in delayed 
phase. In the absence of cirrhosis, benign entities are 

more likely. Flash-fi lling hemangioma is specifi cally 
characterized by retention of contrast in delayed phase 
and increased signal intensity on T2-weighted image. In 
younger women of childbearing age, with history of oral 
contraceptive use, adenoma is the likely diagnosis. 
Central scar is present in about 50–70 % of cases of 
FNH. Pseudolesions are rarer but can mimic other more 
common diagnoses mentioned above. 
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     Hepatocellular Carcinoma (HCC) 

 HCC is considered the most common primary hepatic malig-
nancy. The incidence is higher in cirrhotic liver as compared 
to the non-cirrhotic liver with hepatitis B is the major risk 
factor in the non-cirrhotic liver [ 52 ]. 

 HCC is three times more common in men than women 
[ 53 ]. The difference in the 5-year survival rate for untreated 
symptomatic HCC in contrast to the survival rate in cirrhotic 
patients with small (<2 cm) HCC who have undergone liver 
transplantation is very impressive (5 and 80 %, respectively). 
This highlights the importance of early detection and treat-
ment of HCC [ 52 ]. 

 The pathogenesis of HCC begins with the development of 
benign regenerative nodules which in turn transform to dys-
plastic nodule. Dysplastic nodule is a premalignant lesion 
that fi nally progress to HCC [ 54 ]. 

 MRI is better than CT in detection and characterization of 
HCC due to its superior contrast resolution, multiplanar 
imaging, and the ability to obtain serial dynamic imaging 
after IV administration of contrast using various pulse 
sequences. The combined use of all these features helps in 
superior characterization of hepatic nodules/masses and 
reaches a defi nitive diagnosis [ 55 ]. 

 Larger HCCs >2 cm are more likely to follow the typical 
features of HCC, which have high signal intensity on 
T2-weighted images and low signal intensity on T1-weighted 
images with hyperenhancement on arterial phase and wash-
out on delayed phase. The appearance of smaller HCCs 
<2 cm in MRI may vary as follows: on T2-weighted images, 
lesions may appear iso- to hyperintense to the surrounding 
liver, and on T1-weighted images, it is usually hypointense 

to the liver [ 55 ], and rarely HCC can contain high-protein 
content or less likely fat, which results in a high signal inten-
sity on T1-weighted images. 

 The process of neoangiogenesis of HCC causes the spe-
cifi c features of HCC and renders the arterial phase of 
contrast- enhanced images to be the most sensitive sequence 
for detecting HCC [ 56 ], where the HCC shows moderate to 
intense enhancement in the early arterial postcontrast phase 
with gadolinium combined with washout on the delayed 
phase. These features are considered the only noninvasive 

 These lesions demonstrate increased enhancement 
compared to the liver parenchyma on arterial phase 
after intravenous contrast administration:
•    Hepatocellular carcinoma  
•   Focal nodular hyperplasia  
•   Flash-fi lling hemangioma  
•   Hepatocellular adenoma  
•   Hyperenhancing metastases    

 Other less common causes of arterially enhancing 
lesions/pseudolesions:
•    AVF/AVM  
•   THID/THAD  
•   Aberrant gastric venous drainage  
•   Hot spot sign  
•   Angiosarcoma  
•   Nodular regenerative hyperplasia  
•   Infl ammatory pseudotumor      

   Arterial-Phase Enhancing Lesions (Algorithm  2.5  )    Algorithm 2.5    The main differential diagnostic possibilities for arte-
rially enhancing lesions are hepatocellular carcinoma (particularly in 
cirrhosis), focal nodular hyperplasia, fash fi lling hemangioma, ade-
noma and metastases. The clinical context and constellation of fi ndings 
on other phases of enhancement and pulse sequences are helpful in 
reaching specifi c diagnosis. Rdiologists should be aware of the other 
rarer lesions (such as LRN) and pseudolesions (such as THID, AGVD 
and hot spot sign) which may mimic more aggressive pathologies        

FNH (focal nodular hyperplasia)

Hepatocellular adenoma

Flash filling hemaniomas

Hypervascular metastasis

HCC (Hepatocellular carcinoma)

Dysplastic nodules

- large arteries and draining veins

Arterio-portal shunt

Hepatic AV malformation

THID
(Transient hepatic intensity difference)

Arterial Enhancing
Lesions

- Can have central scar (50-75% of
   cases)
- Typically homogenous
- Can isodense/isointense to the liver in
  other phases and sequences

- Majority are associated with OCPs,
  anabolic steroids
- May show lipids, necrosis and
  hemorrhage

- Top diagnosis in cirrhotic liver
- Delayed washout and pseudocapsule
- Less likely in non-cirrhotic liver, such
  as cases of HBV

- Seen in cirrhotic liver and typically
  have low intensity in T2 images

- Small peripheral wedge shaped
- Becomes isodense/isointense to the
  liver in other phases and sequences

- Small peripheral hypervascular foci
  within cirrhotic liver
- Fades with liver in all other sequences

- Retain contrast on delayed phase
- High signal in T2 images

- Usually multiple
- Primary: RCC, Thyroid, Carcinoid,
  Melanoma,etc
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radiological features in diagnosing HCC by the organization 
responsible for liver transplantation in the USA by the 
“United Network for Organ Sharing” {UNOS} [ 57 ]. Few 
HCC lesions are hypovascular and appear isointense with the 
liver parenchyma in the arterial postgadolinium phase, but 
show delayed washout in interstitial postgadolinium phase 
[ 58 ] (Fig.  2.26 ). This feature of delayed washout of the HCC 
can help in differentiating HCCs from other arterial enhanc-
ing lesions such s atypical hemangiomas (fl ash-fi lling heman-
giomas), focal nodular hyperplasia, and hepatic adenomas.  

 Due to the development of the HCC from high-grade 
dysplastic nodules, there is an overlap between both entities. 
But there are some features that can be helpful in raising the 
suspicion of HCC over dysplastic nodules, such as develop-
ment of new foci, larger size >2 cm, the presence of delayed 
enhancement washout, presence of a coexistent large HCC, 
and rapid interval growth of lesion (most reliable feature); 
while regression or disappearance of lesion on follow-up 
MR studies, small size of nodule <1.5 cm (in combination 

with the absence of a large coexistent HCC) is more consis-
tent with dysplastic nodule. 

 Diffuse HCC occurs in 13 % of cases of HCC and appears 
as diffuse extensive heterogeneous permeative tumor often 
associated with portal vein thrombosis. These tumors appear 
as heterogeneous mottled moderate low signal intensity on 
T1-weighted images and moderate high signal intensity on 
T2-weighted images. These features are nonspecifi c and 
limit the ability of noncontrast sequences in detecting rather 
diagnosing the diffuse disease due to the similarity with the 
hepatic background. These tumors have patchy or nodular 
early enhancement pattern with enhancement washout and 
pseudocapsule enhancement on delayed phase [ 59 ]. 

 Venous thrombosis associated with HCC is almost always 
affecting the portal veins. However, it can involve the hepatic 
veins. Tumor thrombosis is commonly high signal in 
T2-weighted images and enhances with gadolinium, in con-
trast to bland thrombus which appears hypointense in 
T2-weighted images and does not enhance with gadolinium 

a

c

b

  Fig. 2.26    HCC, axial fat-saturated T2-weighted image ( a ), axial contrast enhanced T1-weighted in arterial-phase ( b ) and delayed phase ( c ) dem-
onstrate a focal lesion ( arrow ) exhibiting high signal intensity on T2-weighted image, homogeneous enhancement on arterial phase, and washout 
of enhancement as well as pseudocapsule ( arrow ) on delayed phase, consistent with hepatocel lular carcinoma       
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[ 59 ]. On diffusion-weighted image, tumor thrombus demon-
strates restricted diffusion, in contrast to bland thrombus 
which does not restrict diffusion.  

    Hepatocellular Adenoma 

 Hepatocellular adenomas (HCAs) are monoclonal hepatocel-
lular benign epithelial neoplasms. Typically, 90 % of  adenomas 
are described in young women with history of oral contracep-
tive [ 60 ]. Tumors typically involute spontaneously after 
patients withdraw from birth control pills. Other much less 
frequent associations include the use of anabolic steroids and 
disorders associated with abnormal carbohydrate metabolism 
[ 61 ]. Patients may present with a variety of symptoms, most 
commonly right upper quadrant abdominal pain, which is 
mostly related to hemorrhage into the tumor in 30 % of cases, 
and 10 % of adenomas transform into malignancy [ 62 ]. 

 The histological hallmark consists of clusters of benign 
hepatocytes arranged in slender plates of cells. Neoplastic 

hepatocytes are separated by slit-like sinusoids and numer-
ous thin-walled veins. Bile ducts are absent in internal struc-
ture of hepatocellular adenoma [ 63 ]. The typical MR 
appearance of adenoma is homogeneously mild hyperinten-
sity on T2-weighted images. On T1-weighted images, 
homogeneously mild hypointensity, isointensity, or hyperin-
tensity are described (Fig.  2.27 ). On postcontrast CT and 
MR images, homogeneous blush immediately after contrast 
has been described which uniformly fades to isodensity/
isointensity relative to the liver parenchyma in the delayed 
phase. Some adenomas contain intracellular lipid yielding a 
drop in signal intensity on out-of-phase compared to in-
phase pulse sequences.  

 Recently, hepatocellular adenomas have been classifi ed 
into four subtypes (Table  2.2 ): hepatocyte nuclear factor-1α- 
mutated HCAs (HNF-HCAs), HCAs characterized by 
β-catenin mutations, infl ammatory HCAs (I-HCAs), and 
miscellaneous category, which are due to different gene 
mutations. They have different pathological features which 
impact their features on imaging, the I-HCAs are the most 

a b

c d

  Fig. 2.27    Hepatocellular adenoma. Axial in-phase ( a ), and out-of-phase ( b ) demonstrating a well circumscribed mass ( arrow ), exhibiting homoge-
neous drop of signal on out-of-phase compared to in-phase secondary to the presence of intracellular lipid (microscopic fat), consistent with adenoma. 
Axial contrast enhanced T1-weighted images in arterial phase ( c ) and delayed phase ( d ) in a different patient demonstrating masses ( arrows ) exhibit-
ing slight homogeneous enhancement in arterial phase and washout on delayed phase. Image courtesy, Christine Menias, Mayo Clinic, Arizona       
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common subtype and account for about 40–50 % of all hepa-
tocellular adenomas, this typically appears hyperintense on 
T2-weighted images with intense arterial enhancement that 
persist in the venous and delayed phases, while the HNF- 
HCAs represent the second most common type of hepatocel-
lular adenoma and constitute about 30–35 % of all 
hepatocellular adenomas and show diffuse steatosis which 
appears as homogeneous high signal in T1-weighted images 
with moderate arterial enhancement that does not persist into 
the venous phase, and lastly the HCAs with β-catenin have 
no specifi c features and generally shows arterial enhance-
ment with portal venous washout, which make it very diffi -
cult to distinguish from HCC [ 64 ,  65 ] (Table  2.3 ).

        Dysplastic Nodules 

 Dysplastic nodules represent intermediate step in the path-
way of carcinogenesis of hepatocytes in cirrhotic liver. These 
are considered as premalignant nodules and are found in 
about 20 % of cirrhotic livers. Some studies have docu-
mented the development of HCC within a dysplastic nodule 
in few months. Dysplastic nodules appear most commonly 
as isointense or hypointense on T2-weighted images and 
isointense to hyperintense on T1-weighted images [ 66 ]. 
Unlike regenerative nodules, dysplastic nodules have been 
found to contain isolated arteries, with documented correla-
tion between the extent of enhancement on arterial phase and 
the grade of dysplastic nodules; the greater the degree of 
arterial enhancement of the nodule, the more likely the 
potential of malignant transformation of HCC [ 67 ]. However, 
dysplastic nodules have the tendency to fade toward back-
ground signal of the liver in the interstitial and delayed phase 
of enhancement, which help in its differentiation from the 
small HCC which are most likely to exhibit enhancement 
washout with delayed capsule enhancement. Other features 

that can help differentiate dysplastic nodules from HCC 
include: high signal intensity of HCC on T2-weighted 
images. Foci of small HCC, which develop in the high-grade 
dysplastic nodules, appear as high signal intensity foci within 
low signal intensity nodule on T2-weighted images (nodule 
within a nodule sign) [ 68 ].  

    Focal Nodular Hyperplasia 

 Focal nodular hyperplasia (FNH) is an uncommon lesion 
defi ned by localized area of hepatic cell hyperplasia within 
the normal liver. FNH is developmental in origin and pre-
dominantly is found in women during the third to fi fth 
decades of life; however, they can appear in any age group 
and both sexes, and FNH tends to show progressive involu-
tion after the fi fth decade of life and has no direct association 
with oral contraceptive use [ 69 ]. No malignant potential has 
been described for FNH. The most common appearance on 
MR images ranges from isointensity to mild hyperintensity 
on T2-weighted images and iso- to mild hypointensity on 
T1-weighted images (Fig.  2.28 ). FNH typically enhances 
with an intense uniform blush on immediate postgadolin-
ium images and fades rapidly to almost isointensity (typi-
cally at 1 min after contrast). Commonly, small (<1.5 cm) 
FNH is isointense on all precontrast images and may be 
appreciated only on the immediate postgadolinium images. 
Approximately two thirds of FNH >3 cm have a central 
scar which is noted on CT to demonstrate low attenuation. 
On MR, central scar demonstrates high signal intensity on 
T2-weighted images as a characteristic feature of FNH [ 69 ]. 
The central scar exhibits lack of enhancement on immedi-
ate postcontrast CT and MR images, and the majority shows 
gradual enhancement in the delayed phase. Central scar is 
less common in small FNH (seen in  approximately 50 %). 
However, larger lesions tend to  demonstrate a lobulated 

   Table 2.2    Classifi cation of hepatocellular adenoma [64, 65]   

 Type  Incidence (%)  Symptoms  Malignant transformation  Hemorrhage 

 Infl ammatory  40–50  Young female, history of OCP and obese  10 % show increased risk 
of malignancy 

 20–25 % 
 Tumors >5 cm (the highest 
risk of bleeding: 30 %) 

 Chronic anemia 
 Systemic infl ammatory syndrome: fever, 
↑WBC, ↑CRP 

 HNF-1alpha mutated  30–35  Asymptomatic, discovered incidentally  Minimal or no risk  Tumors<5 cm show 
minimal risk of bleeding 

 B-catenin mutated  10–15  Asymptomatic, but can be occasionally 
symptomatic if bleeds 

 5–10 %  Has a risk of bleeding, exact 
incidence is unknown 

   Table 2.3    MR imaging features of hepatocellular adenomas [64, 65]   

 Type  T1-WI  T2-WI  Chemical shift  Arterial phase  Venous and delayed phase 

 Infl ammatory  Isointense or mildly ↑  ↑ signal  No signal drop  Intense enhancement  Persistent enhancement 
 HNF-1alpha mutated  Isointense or ↑  Intense to slightly ↑  Intracellular lipid 

content → signal drop 
 Moderate 
enhancement 

 Enhancement doesn’t 
persist 

 B-catenin mutated  Nonspecifi c  Nonspecifi c  Nonspecifi c  Marked enhancement  Possible washout 
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  Fig. 2.28    FNH. Contrast-enhanced CT showing arterial homogeneous enhancement of the FNH ( a ). T2-weighted image ( b ) showing high signal 
of the lesion with higher signal central scar ( arrow ). Early ( c ) and delayed ( d ) postcontrast 3D GRE T1-weighted images demonstrate early intense 
enhancement with delayed isoenhancement compared to the liver parenchyma with enhancing scar in the delayed phase       
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 contour that is rarely seen in malignant lesions. Small FNHs 
(which do not have central scar) may be diffi cult to charac-
terize and can be confused for other enhancing benign and 
malignant lesions. Fatty infi ltration of FNH is rare and only 
sporadically mentioned in the literature [ 70 ,  71 ].  

 Other lesions demonstrating arterial-phase enhancement 
are discussed elsewhere in this chapter, such as fl ash-fi lling 
hemangioma (Fig.  2.29 , discussed with hemangioma under 
delayed enhancement) and hyperenhancing metastases 
(Fig.  2.23 , discussed earlier under metastases).   

a b

c

  Fig. 2.29    Flash-fi lling hemangioma. Axial non-fat-saturated T2-weighted image ( a ), axial arterial and delayed phases contrast enhanced 
T1-weighted images ( b ,  c ), showing a well circumscribed small lesion ( arrow ) exhibiting homogeneous enhancement on arterial phase with reten-
tion of contrast on delayed-phase and markedly increased signal intensity on T2-weighted image       
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    Arteriovenous Fistulas 

 Arteriovenous communication or fi stula is defi ned as an 
abnormal connection between the hepatic artery and portal 
vein. It can be either acquired or congenital. Acquired causes 
can result from liver injury by tumor, trauma, or iatrogenic 
causes such as a complication to percutaneous liver biopsy. 
On MRI, arteriovenous fi stula can be visualized as signal 
void serpiginous structures which enhance after IV gadolin-
ium administration as dilation of the afferent and efferent 
vessels or early enhancement of the efferent vessel. The pres-
ence of early fi lling of the vein and transient parenchymal 
enhancement in the watershed distribution may direct atten-
tion to it (Fig.  2.30 ) [ 72 ,  73 ].  

 Congenital arteriovenous fi stulas are rare. An example of 
this is hereditary hemorrhagic telangiectasia where there are 
telangiectatic lesions in the skin and mucous membrane as 

well as multiple arteriovenous fi stula in the liver, lung, and 
CNS. The liver shows multiple variable-sized enhancing 
lesions that follow the enhancement of the hepatic arteries.  

    THAD/THID (Transient Hepatic Attenuation/
Intensity Difference) 

 THID in MR images are the equivalent of THAD in CT, 
which are wedge-shaped areas of parenchymal enhancement 
visible only in the hepatic artery phase (Fig.  2.31 ) and caused 
by compensatory arterial hyperperfusion when portal fl ow 
decreases. This may be due to many causes leading to com-
munication among the vessels, sinusoids, and venules that 
open in response to autonomic nervous system and humoral 
factors activated by the liver demands for oxygen and metab-
olites. Portal venous occlusion is also a cause for THADs. 

a b

  Fig. 2.30     Arteriovenous fi stula . Axial contrast enhanced CT in arterial phase ( a ,  b ) demonstrating a linear enhancing lesion within the left 
hapatic lobe ( white arrow ) representing AV fi stula in the left hepatic lobe, with early fi lling of the portal vein ( black arrow ) in the arterial phase       

a b

  Fig. 2.31     Transient hepatic attenuation difference . Axial contrast-enhanced CT in arterial phase ( a ) and venous phase ( b ), showing a wedge-
shaped enhancing area ( arrows ) in arterial that fades away on subsequent portal-phase image. This is caused by a hypoattenuating colon metastasis 
( arrowhead ) occluding a small portal vein branch. Image courtesy, Isaac R. Francis, University of Michigan, Ann Arbor       
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They usually appear as small peripheral wedge-shaped areas 
of arterial hyperenhancement and fade within the liver paren-
chyma in all other sequences (Fig.  2.32 ). Most of these are 
idiopathic. However, some of THID are associated with 

other focal lesions that may occlude branches of the portal 
vein and lead to this phenomenon in a segmental distribution 
[ 74 ]. The arterioportal shunt has the same appearance as the 
THAD/THID and however different pathogenesis.   

a b

c d

  Fig. 2.32    THID, axial contrast enhanced T1-weighted in arterial phase ( a ), venous phase ( b ), axial nonenhanced T1-weighted ( c ) and axial 
T2-weighted ( d ) showing an enhancing focus visible only in arterial phase with no corresponding signal abnormality ( arrow ) in delayed phase, 
nonenhanced T1-weighted or T2-weighted images, representing transient hepatic intensity difference       
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