
Introduction

Hepatobiliary imaging by computed tomography
(CT) has advanced impressively since the intro-
duction of multidetector CT (MDCT) scanners in
the late 1990s. Over the last few years, the number
of detector rows has increased progressively from
four, to eight, to 16, and then up to 64. Two impor-
tant advantages of MDCT are the routine use of
thinner, submillimeter sections, which yield higher
spatial resolution, along the Z-axis and decrease in
gantry rotation time, which result in a significant-
ly reduced scan time. Sixteen-, 32- and 64-slice
scanners allow the acquisition of data sets with
nearly isotropic voxels for multiplanar imaging
(e.g., coronal and sagittal plane), which has similar
spatial resolution compared with axial planes.
These off-axis reformations are particularly help-
ful for evaluating the hepatic vascular anatomy, the
biliary system, and the segmental distribution of
hepatic lesions. Since thin-section collimation also
reduces partial volume averaging, sensitivity and
specificity for detecting and characterizing in-
creases, especially for small focal hepatic lesions,
whether benign or malignant. Furthermore, evalu-
ation of the biliary tract improves, not only at the
level of the porta hepatis and extrahepatic bile
ducts, but all the way to the hepatic periphery.

Shorter scan durations make it possible to in-
clude the entire upper abdomen during a single,
comfortable breath hold. This reduces motion
artefacts, especially in critically ill patients.Anoth-
er advantage of reduced scan duration is more
precise timing of different hepatic enhancement
phases following bolus administration of iodinat-
ed contrast material, thus improving depiction and
differentiation of focal hepatic lesions.

The main indication for MDCT examination of
the liver is the detection and characterization of
hepatic lesions. The crucial part of a diagnostic
work-up of focal hepatic lesions is the differentia-

tion between benign and malignant disease. Char-
acterization of small incidental lesions still re-
mains a challenging task for hepatic MDCT be-
cause of an overall lack of features. Schwartz et al.
[1] has shown, however, that approximately 80% of
small hepatic lesions (smaller than 1 cm) in pa-
tients with cancer diagnosed on MDCT are benign.

Urgent indications for MDCT scan of the liver
include blunt and penetrating trauma, abscesses,
and postoperative complications (e.g., bleeding, in-
fection). Moreover, multiphasic MDCT plays an
important role for pre- and postoperative evalua-
tion of liver resection and transplant patients.
MDCT is also highly useful for diagnosing hepatic
parenchymal abnormalities (e.g., fatty infiltration,
cirrhosis, iron deposition) and in some cases can
provide quantitative information.

The gold standard for imaging the biliary tree
is still endoscopic retrograde cholangiopancre-
atography (ERCP) even though this procedure is
invasive, expensive, and physician intensive. In the
last several years, magnetic resonance cholan-
giopancreatography (MRCP) has gained wide ac-
ceptance for noninvasive biliary imaging. In some
practices and many academic centers, MRCP even
functions as the first-choice technique for biliary
tract imaging. Although spatial resolution of
MDCT is superior to that of MRCP, MDCT, either
with or without a cholangiographic agent, serves
only as an alternative clinical tool for noninvasive
evaluation of the biliary system.

In this chapter, we discuss technical principles
and improvements of hepatobiliary MDCT. In ad-
dition, the principles of contrast media application
and different phases of liver enhancement, includ-
ing the typical enhancement pattern of various liv-
er lesions, are reviewed.
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Parameters and Technical Principles
of Hepatobiliary MDCT

After introduction of the first 4-row MDCT scan-
ner in 1998, the radiological community quickly
accepted the new technology. With the develop-
ment of 16-, 32-, and 64-slice scanners, data acqui-
sition time has been further reduced. Coupling of
wide collimation with large beam pitches and
faster gantry rotation times has allowed for rou-
tine use of submillimeter collimation to acquire
data sets with isotropic voxels. Rapid technological
development, though, has increased the complexi-
ty of imaging options and scanning parameters.
Radiologists using MDCT for hepatobiliary imag-
ing should understand the imaging parameters
and technical principles needed to acquire images
with superior quality. The key parameters are:
• Acquisition parameters
• Reconstruction parameters
• Contrast media application
• Different phases of hepatic vascular and

parenchymal enhancement.

Acquisition Parameters

As the number of detector channels increases, ap-
plication of thin collimation has become a routine
part of MDCT. The minimum section collimation
of 16-, 32-, and 64-slice scanners is 0.625 mm (GE,
Philips), 0.60 mm (Siemens), or 0.50 mm (Toshi-
ba). This submillimeter feature allows for isotropic
data acquisition.An isotropic voxel is cubic, having
equal dimensions in the X-, Y- and Z-axis. Since
the X- and Y-axes are determined by both field-of-
view (FOV) and matrix size, isotropic voxels can
be acquired only when slice thickness (Z-axis)
measures 0.75 mm or less. The major advantage of
these nearly isotropic data sets is the ability to re-
format images in any desired plane, having similar

spatial resolution to that of the axial plane. In re-
cent studies, our group found multiplanar refor-
mations particularly helpful for diagnosis of acute
appendicitis and for evaluation of small-bowel ob-
struction [2, 3]. Further work is needed to evaluate
the contribution of MDCT to hepatobiliary imag-
ing.

Owing to increased spatial resolution and re-
duced partial volume averaging, thinner-slice col-
limation also results in an improved ability to de-
tect small hepatic lesions. However, there is no
consensus in the literature about the optimal colli-
mation needed to detect small hepatic lesions
[4–7]. The study performed by Haider et al. [7] us-
ing a 4-slice MDCT scanner did not find an im-
provement in the detection of hepatic metastases
measuring 1.5 cm or smaller at collimation widths
of less than 5 mm. Similar results were reported by
Abdelmoumene et al. [5] when comparing four
protocols with different slice collimations (5.0 and
2.5 mm) to detect small liver metastases (<2 cm).
No improvement in lesion detection was found
with a collimation width less than 2.5 mm. Fur-
thermore, hepatic imaging with thinner sections
caused an increase in image noise, with signifi-
cantly lower performance in the detection of he-
patic lesions [5]. To reduce noise associated with
thinner sections, radiation dose to the patient
should be increased. Typical scanning protocols
for hepatobiliary imaging by MDCT are shown in
Table 1. Section collimation should be tailored to
the indication for hepatobiliary CT scan.

Reconstruction Parameters

With the development of 16-slice scanners, it be-
came possible to scan the entire abdomen during a
single, comfortable breath hold at a resolution of
less than 1 mm in the X-, Y-, and Z-axes, resulting
in a nearly isotropic data set. This three-dimen-

Table 1. Scan parameter for PVP and HAP using 4-, 16-, and 64- slice MDCT (developed for GE scanners)

4-slice MDCT 1 6-sclice MDCT 6 4-slice MDCT
HAP PVP HAP PVP HAP PVP

Detector configuration(mm) 4×3.75 4×2.5 16×1.25 16×0.625 64×0.625 64×σ0.625

Pitch 1.5 1.5 1.38 1.75 1.38 1.38

Table speed (mm/rotation) 22.5 15 27.5 17.5 55.0 55.0

Rotation time (s) 0.8 0.8 0.6 0.5 0.5 0.5

kV 140 140 140 140 140 140

mA 220 220 300 380 450 450

Slice thickness (mm) 5.0 5.0 5.0 5.0 5.0 5.0

Axial slice thickness for MPR and 3D-
reconstruction (mm) 2.5 2.5 1.25 0.625 1.25 0.625
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sional (3-D) volume can be used for further two-
dimensional (2-D) and 3-D postprocessing. The
most important rendering techniques for hepato-
biliary MDCT are straight or curved multiplanar
reformation (MPR), maximum intensity projec-
tion (MIP), minimum intensity projection
(minIP), and volume rendering (VR). The type of
reconstruction primarily depends on the indica-
tion for the study.

MPR, representing a 2-D reformatted plane
other than the axial plane, is mainly used as a tool
to visualize complex hepatic anatomic and patho-
logical findings. Using a 4-slice CT scanner, Hong
et al. [8] evaluated image quality and diagnostic
value of abdominal MPRs. There was superior vi-
sualization of liver segments and lesions with
MPRs compared with axial images alone; however,
no significant difference in liver lesion detection
between axial and MPR images could be found.
The key to optimizing image quality of MPRs is to
increase the reconstruction thickness to several
millimeters. Recently, our group demonstrated in a
qualitative analysis that 2- and 3-mm-thick coro-
nal reformations provide the best image quality
[9]; 1-mm-thick sections were too noisy whereas
4- to 5-mm slice thickness was too smooth, yield-
ing little anatomical detail, especially for blood
vessels and lymph nodes.

MIPs are routinely used to evaluate hepatic ar-
teries and the portal veins since these projections
display the greatest attenuation difference between
vessels and adjacent tissue. Another indication for
MIP is CT cholangiography, which is well suited to
visualization of the biliary tract anatomy and the
presence of congenital anomalies [10–12]. In pa-
tients with bile duct obstruction, minIPs may be
helpful for demonstrating the biliary tract when
MDCT is performed without a cholangiographic
agent [13–15]. To improve image quality of MIPs
and minIPs, partial volume averaging effects can
be reduced by choosing the volume of interest as
small as possible.

The VR technique allows the user to view the
entire volume data set in an appropriate 3-D con-
text, including a range of different types of abdom-
inal tissues (Fig. 1). Various opacity values can be
applied to simultaneously display both the surface
and the interior of the volume. These images are
well appreciated by surgeons since they offer a true
3-D view of the hepatic vascular anatomy. Other
indications for VR are estimation of liver volume
and virtual hepatectomy prior to living-related liv-
er transplantation.

Contrast Media Application

Nonionic iodinated contrast agents are small mo-
lecular weight extracellular agents that are most

commonly used with hepatobiliary MDCT to de-
lineate blood vessels and hepatic parenchyma, as
well as to detect and characterize focal and diffuse
hepatic abnormalities. The degree of maximum
enhancement of liver parenchyma during the por-
tal venous phase (PVP) is directly proportional to
the total amount of iodine administered. There is
no difference between contrast material injection
protocols specifying 100 ml of an agent with an io-
dine concentration of 370 mg/ml (37 g of iodine)
and 125 ml of an agent with an iodine concentra-
tion of 300 mg/ml (37.5 g of iodine). Furthermore,
the introduction of faster 16- and 64-slice CT scan-
ners did not significantly reduce the necessary vol-
ume of injected contrast media for hepatobiliary
imaging since the speed of the scanner did not im-
prove enhancement during the venous phase. For
most applications, 38–44 g of iodine is recom-
mended since 44 g has not been shown to statisti-
cally significantly improve hepatic enhancement
[16]. Total iodine doses less than 30 g are also not
recommended, as the duration and magnitude of
hepatic enhancement will decrease, resulting in a
lower detection rate of focal liver lesions.

Contrast materials with an iodine concentra-
tion up to 400 mg/ml are currently available. Most
institutions administer a fixed amount of contrast
agent (120–150 ml) when using iodine concentra-
tion of 300 mg/ml. However, previous studies have
recommended tailoring the volume of contrast
material to body weight [17–19]. Yamashita and
coworkers achieved the best hepatic parenchymal
enhancement with a dose of 2.0–2.5 ml/kg adjust-
ed for body weight [18].

Opacification of the hepatic arterial system and
detection of hypervascular hepatic lesions are im-
proved primarily by the rate of iodine delivery and

Fig. 1. Volume rendering technique of the hepatic arterial sys-
tem. Note the anatomic variation of the celiac axis arising from the
SMA
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the timing of imaging relative to the contrast media
bolus. Improved lesion-to-liver contrast can be at-
tained either by an accelerated injection rate or by
an increased iodine concentration.While the injec-
tion rate of contrast media (3–6 ml/s) may be phys-
iologically limited, the use of contrast agents with
higher iodine concentration (350–400 mgI/ml) is
compelling. Regardless of iodine concentration,
faster injection rates are superior in detection of hy-
pervascular liver lesions. A recent study, Itoh et al.
[20] reported improved arterial enhancement with
contrast agents having high iodine concentration
(350 mgI/ml) by shortening the injection duration.
Awai et al. [21] found a significantly higher tumor-
to-liver contrast with hepatocellular carcinoma
(HCC) in the arterial phase after administration of
contrast material with high iodine concentration
(370 mgI/ml) compared with moderate iodine con-
centration (300 mgI/ml). However, there was no sig-
nificant difference in hepatic enhancement during
the PVP since the same iodine load was adminis-
tered to both groups. There may be a potential cost
saving when using a contrast material with a higher
iodine concentration since the volume of contrast
can be decreased to maintain the same number of
grams of iodine per milliliter per second.

In the case of MDCT angiography, when only
arterial enhancement is of interest, Ho et al. [19]
reported a significant reduction of contrast mate-
rial dose with the use of an interactive injection
protocol that included an immediate interruption
of the contrast injection after the aorta enhanced
qualitatively. Contract media dose was reduced be-
cause of the increased speed of the MDCT scanner.

The recent development and introduction of
double-syringe mechanical power injectors sim-
plified the saline flush technique. Immediate injec-
tion of a saline bolus after contrast agent adminis-
tration avoids accumulation of the contrast agent
in the injection tubing and the venous system. The
new injector results in superior contrast enhance-
ment. Schoellnast et al. [22] noted a significantly
higher parenchymal and vascular enhancement of
the liver in a group of patients receiving a 20-ml
saline flush with a double-syringe power injector
compared with the same patient population using
a single-syringe power injector without flush. The
same contrast media protocol (100 ml of contrast
agent with iodine concentration of 300 mgI/ml)
was used in both groups. By using the saline flush
technique, the same group showed a decrease in
contrast media dose by 17% without a significant
decrease in enhancement of hepatic parenchyma
and vessels [23]. This injection technique may re-
duce total yearly amounts of contrast agent and in-
dividual patient doses, for example, for patients
with renal insufficiency; however, the additional
costs of a second syringe must be taken into ac-
count.

To opacify the biliary tree for diagnostic imag-
ing with MDCT (CT cholangiography), either oral
or intravenous cholangiographic contrast agents
can be administered. The intravenous cholangio-
graphic contrast agent is infused over 30 min and
is followed by a CT scan within 15–30 min. Most
institutions administer intravenous diphenhy-
dramine prior to infusion of cholangiographic
contrast material to diminish the incidence of al-
lergic reactions. For CT cholangiography with oral
contrast medium, the patient has to ingest 6 g of
iopanoic acid after a low-fat meal the night before.
Several studies have shown that intravenous 
MDCT cholangiography is feasible for noninvasive
evaluation of the biliary anatomy [11, 12, 24].
Nonetheless, intravenous cholangiography is
rarely used in the United States, not only due to the
high rate of allergic reactions and of renal and he-
patic toxicity, but also due to the fact that there is
suboptimal visualization of the biliary tract in up
to 36% of patients [12, 25].

Different Phases of Hepatic Vascular and
Parenchymal Enhancement

The increasing speed of MDCT scanners has im-
proved the ability to perform multiphasic exami-
nations of the liver. Most of the recently intro-
duced 64-slice MDCT scanners image the whole
liver in less than 2 s. Since acquisitions are becom-
ing closer to a snapshot, timing of contrast-materi-
al bolus is even more important. Most of the re-
cently introduced 64-slice MDCT scanners image
the whole liver in less than 2 s, which may result in
superior hepatic scans during multiple phases
with more optimal enhancement. Table 2 demon-
strates the indication for dynamic hepatobiliary
MDCT imaging.

There are selected cases in which an unen-
hanced CT scan of the liver is helpful and recom-
mended. Reasonable clinical indications for a non-
contrast hepatic CT include:
• Depiction of acute hemorrhage of the liver
• Delineation of siderotic nodules
• Detection and characterization of hepatic calci-

fication (e.g., calcified metastases, epithelioid
hemangioendothelioma, hydatid cysts)

• Evaluation of parenchymal liver diseases (e.g.,
fatty infiltration, hepatic cirrhosis, hemochro-
matosis)

• Follow-up CT scan after embolization of hyper-
vascular liver lesions
Contrast-enhanced MDCT of the liver is com-

plicated by the liver’s dual blood supply (parenchy-
ma receives 75% of its blood via the portal vein
and 25% via the hepatic artery), resulting in vari-
ous phases of enhancement. Figure 2 demonstrates
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the typical enhancement curves of the hepatic ar-
tery, the portal vein, and liver parenchyma. Follow-
ing an intravenous bolus of contrast material, the
hepatic artery enhances first at approximately 15 s
and reaches peak attenuation at approximately
30 s. After the contrast medium returns from the
splanchnic system, the portal vein starts to en-
hance at around 30 s. Enhancement of liver
parenchyma begins later, reaching a plateau at
60–70 s. The plateau may last up to 20–30 s. Finally,
there is the equilibrium phase (EQP) (3 min and
later), which occurs when the amount of contrast
material in the intra- and extravascular extracellu-
lar space is essentially the same. Arterial hepatic
enhancement is regulated mainly by cardiovascu-
lar circulation time and iodine delivery rate
whereas parenchyma enhancement of the liver is
related to total iodine dose administered. Accord-
ing to the different enhancement curves of the he-
patic artery, portal vein, and hepatic parenchyma,
four phases can be distinguished:

1. Early arterial phase (EAP) appears 20–25 s af-
ter administration of contrast material when there
is conspicuous enhancement in the hepatic arteries

compared with almost no enhancement of liver
parenchyma or hypervascular lesions. This phase
typically provides the least information for imag-
ing the liver, since the contrast media at that time
has accumulated neither in hypervascular liver le-
sions nor in liver parenchyma. Nevertheless, this
phase is well suited for CT angiography when used
to evaluate the anatomical configuration of hepatic
arteries prior to liver transplantation, hepatic tu-
mor resection, or arterial chemoembolization.

To achieve optimum timing for EAP scanning
for hepatic CT angiography, an automated trigger-
ing system may be used. This technique is superior
to a fixed-delay or a test bolus. The scanner is typ-
ically set at the top of the liver with the trigger
placed in the descending thoracic aorta. Following
a 15-s delay after initiation of contrast material ad-
ministration, a low-dose image is acquired every
3 s.When the trigger, which monitors the descend-
ing aorta, reaches a predefined attenuation (typi-
cally 90–100 HU), the scan begins for the EAP.

2. Late arterial phase (LAP) appears at about
30–35 s following initiation of contrast material
administration. For optimum timing using the au-

Fig. 2. Different phases of enhance-
ment in dynamic hepatobiliary MDCT
imaging (EAP : early arterial phase,
LAP: late arterial phase, PVP : portal
venous phase, EQP : equilibrium
phase, PV : portal vein, HA : hepatic
artery)

Table 2. Indication for dynamic hepatobiliary MDCT imaging

Noncontrast EAP LAP PVP EQP
Hypovascular liver metastases x
Hypervascular liver metastases x x
Hepatocellular carcinoma x x x x
Focal nodular hyperplasia x x
Hepatocellular adenoma x x x
Evaluation hepatic arterial system x
Cholangiocarcinoma x x
Primary sclerosing cholangitis x x
Cholecystitis x
Gallbladder carcinoma x x
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tomated triggering technique, to avoid the EAP, an
additional 8- to 10-s delay is required. The LAP is
also referred to as the portal vein inflow phase
since the portal vein is already starting to enhance
during this phase. The hepatic arterial systems as
well as prominent neovasculature of hypervascu-
lar hepatic neoplasms continue to enhance during
the LAP while there is only minimal enhancement
of hepatic parenchyma. At this point, there is a
maximum attenuation difference between hyper-
vascular liver lesions and the surrounding liver
parenchyma (Fig. 3). Thus, LAP is the optimal
phase for detecting hypervascular neoplasms of
the liver. Foley et al. [26] was one of the first groups
to propose three different hepatic circulatory
phases using MDCT and showed that there was a
significantly better delineation of hypervascular
liver lesions during the LAP compared with the
EAP. A few years later, Laghi et al. [27] investigated
whether the use of the two arterial phases in com-
bination improves the detection of hypervascular
HCC with MDCT. Their data showed no significant
difference between the late and the two combined
arterial phases for depiction of HCC, so they con-
cluded that acquisition of the LAP together with
the PVP is considered sufficient for detection of
HCC with MDCT.

3. Portal venous phase (PVP), or hepatic venous
phase, appears at about 60–70 s following initia-
tion of a contrast media bolus, when the enhance-
ment of liver parenchyma reaches its peak and the
portal vein and hepatic veins are well enhanced.
For accurate timing of the PVP in a single-phase
exam, we again recommend automated scanning
technology instead of a fixed time delay. The trig-
ger is placed in liver parenchyma to track the en-
hancement curve, and when attenuation reaches a

predefined threshold (e.g., 50–70 HU), the table is
moved to the top of the liver and the diagnostic
scan initiated. For a dual-phase exam, there is a
fixed time delay of 40 s following the end of the
LAP.

Hypovascular tumors are optimally detected
during the PVP when enhancement of liver
parenchyma is maximal and there is the greatest
liver-to-lesion attenuation difference (Fig. 4). For
detection of these tumors, a single scan during the
PVP is sufficient since there is no further advantage
performing unenhanced or arterial-phase imaging.
The PVP is also the appropriate phase for visualiza-
tion and evaluation of intrahepatic bile ducts, when
there is the greatest difference of attenuation be-
tween the maximally enhanced liver parenchyma
and the hypoattenuating intraductal bile.

4. Equilibrium phase (EQP), or intersitial phase,
appears at approximately 3 min postinjection,
when there is an increased diffusion of contrast
media into liver parenchyma and attenuation dif-
ference between parenchyma and vessels is mini-
mal. Washout of the contrast material in different
liver lesions may vary vastly depending on their
histological nature. One clear indication for ac-
quiring images during the EQP includes intrahep-
atic cholangiocarcinoma. This tumor when
desmoplastic may accumulate the contrast agent
and show a delayed washout compared with sur-
rounding liver parenchyma. This delay causes hy-
perattenuating lesions (Fig. 5). In a study by
Keogan et al. [28], 36% of proven cholangiocarci-
nomas on the EQP demonstrated as hyperattenu-
ating lesions compared with the liver. By compari-
son, HCC may show a faster washout during the
EQP relative to the surrounding liver parenchyma,
representing a hypoattenuating mass (Fig. 6).

Fig. 4. Hypoenhancing or hypovascular liver metastases in the
right hepatic lobe from a colon cancer detected during portal ve-
nous phase

Fig. 3. Hyperenhancing or hypervascular liver metastases from a
neuroendocrine tumor of pancreas during the LAP
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Applications of Hepatobiliary MDCT

Liver

MDCT of the liver plays a crucial role in the detec-
tion of focal hepatic lesions as well as characteri-
zation of the mass as benign or malignant. Besides
that, MDCT often functions as the technique of
choice for tumor staging, monitoring response to
treatment, diagnostic work-up prior to hepatic re-
section or liver transplantation, or guidance of
percutaneous biopsy and ablation. Superior detec-
tion of liver lesions with 16-slice or 64-slice MDCT
scanners is a result of their increased speed, which

allows routine use of thinner collimation to in-
crease spatial resolution and decrease acquisition
time. The diagnostic impact of the technical ad-
vances of MDCT will be discussed for different he-
patic tumors.

Liver Metastases
One of the major indications for hepatic MDCT is
the detection of metastatic liver disease, which is
by far the most common malignant hepatic tumor
in patients without cirrhosis. The CT image ap-
pearance of liver metastases may vary widely de-
pending on the histologic nature of the lesion and
its vascularity. The type of MDCT protocol for de-
piction of liver metastases mainly depends on the
degree of primary tumor vascularization.

Hypovascular Metastases
Most hepatic metastases are hypovascular and
arise from primary tumors of the gastrointestinal
tract (e.g., colon, rectum, stomach), pancreas,
urothelium, lung, and head and neck, as well as
from gynecologic tumors. During the PVP, these
lesions are typically hypoattenuating owing to su-
perior enhancement of adjacent liver parenchyma.
In the periphery of these metastases, there may be
increased enhancement during either the arterial
phase or the PVP, represented by a hypervascular
rim or halo. Most authorities recommend a single-
phase CT during the PVP for evaluation of hypo-
vascular metastases. Several studies have shown
that the additional use of unenhanced or hepatic
arterial-phase images does not detect more lesions
[29–31]. However, the adjunct use of arterial-phase
images may be valuable in the depiction of hypo-
vascular metastases with a hypervascular rim, for
example, colon cancer.A recent study, which inves-
tigated the enhancement pattern of focal liver le-
sions during the arterial phase, reported a com-
plete ring enhancement in about 85% of hypovas-
cular metastases [32].Although dual-phase MDCT
may be beneficial for special cases, for routine im-
aging of hypovascular liver metastases, arterial-
phase imaging is not necessary. The reported de-
tection rate of hypovascular liver metastases for
MDCT during the PVP is between 85% and 91%
[29, 33]. In a study performed by Soyer et al. [29],
CT depicted all hypovascular metastases with a di-
ameter greater than 1 cm during the PVP but only
two out of six metastases (33%) with a diameter
smaller than 0.5 cm. None of these small metas-
tases could be detected on the unenhanced images
or during the hepatic arterial phase.

Hypervascular Metastases
Primary tumors that tend to be associated with
hypervascular liver metastases include neuroen-
docrine tumors (e.g., islet cell carcinoma, carci-
noid tumor), renal cell carcinoma, thyroid carci-

Fig. 5. Hyperattenuating lesion or delayed washout in the left he-
patic lobe during the EQP in a patient with cholangiocarcinoma

Fig. 6. Hypoattenuating mass representing faster washout of the
HCC during EQP
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noma, melanoma, and occasionally breast cancer.
The imaging protocol for hypervascular metas-
tases is significantly different from hypovascular
metastases. Hypervascular lesions are typically
hyperattenuating during the late hepatic arterial
phase due to an earlier and increased contrast me-
dia up-take compared with adjacent hepatic
parenchyma. Blake et al. [34] investigated the sen-
sitivity of different multiphasic contrast-enhanced
CT protocols for the detection of liver metastases
from melanoma. The study reported that the de-
tection rate decreased by 14% when using only the
PVP instead of obtaining an additional arterial
phase. The MDCT protocol of choice for the detec-
tion of hypervascular metastases currently in-
cludes the LAP and PVP (Fig. 7a, b) [26, 27]. Other
techniques that help improve the detectability of
focal hypervascular liver lesions during biphasic
MDCT are a contrast medium with a higher iodine
concentration and a higher injection rate [20, 35].
At our institution, we evaluate hypervascular liver
metastasis with a flow rate of 3.5 ml/s and contrast
medium with an iodine concentration of
370 mgI/ml. The reported sensitivity of dual-
phase CT for hypervascular liver metastases
ranges between 78% and 96% [34, 36].

Hepatocellular Carcinoma
HCC is by far the most common primary malig-
nant hepatic neoplasm as well as one of the most
prevalent malignancies worldwide. The main pre-
disposing factor in the Western Hemisphere is cir-
rhosis due to alcohol abuse whereas in Africa and
Asia, the most common underlying causes are
hepatitis B and C infections and exposure to afla-
toxin A. While surgical resection and liver trans-
plantation provide the best long-term outcome
and are the treatments of choice for HCC, most pa-
tients are not candidates for surgical therapy [37,
38]. Before considering these treatment options,
early diagnosis of HCC in a more curable stage as
well as detection of the precise number of nodules
must be determined.

Multiphasic MDCT plays a central role in HCC
screening of high-risk cirrhotic patients. The CT
appearance of HCC is extremely variable and de-
pends on the neoplasm’s growth pattern (solitary
mass, multifocal masses, or diffusely infiltrating
neoplasm), size, histological nature, and vasculari-
ty. Up to 36% of HCCs are associated with fatty
change, which may aid detection on unenhanced
images [39]. The majority of HCCs are hypoatten-
uating on precontrast images; however, some tend
to be isoattenuating compared with adjacent liver
parenchyma (Fig. 8a-d). Many HCCs are hypervas-
cular neoplasms, which enhance significantly dur-
ing the LAP because of increased blood supply
from the hepatic artery (Fig. 8b). Small HCCs
(<3 cm) generally demonstrate a more homoge-
nous enhancement during the arterial phase
whereas larger tumors show a heterogeneous en-
hancement pattern due to necrosis or hemorrhage.
During the PVP, HCC usually becomes iso- to hy-
poattenuating to liver parenchyma depending on
the extent of washout of the mass (Fig. 8c). During
the EQP, the tumors themselves wash out more
rapidly than hepatic parenchyma (Fig. 8d), but a
tumor capsule and fibrous septation, if present,
may be hyperattenuating due to delayed washout
of the contrast material.

Detection of HCCs within cirrhotic liver
parenchyma is challenging because of large
amounts of fibrosis, distorted anatomy, and atrophy
of various portions of the liver. Peterson et al. [40]
investigated the sensitivity of preoperative helical
CT for detecting HCC in cirrhotic patients undergo-
ing liver transplantation [41]. In 320 patients with
advanced cirrhosis, only 59% of the lesions con-
firmed by surgical pathology were detected on heli-
cal triphasic CT scans. In pretransplantation pa-
tients with cirrhosis,Valls et al. [41] reported a sen-
sitivity of 94% for the detection of HCC (larger than
2 cm) with biphasic helical CT. However, the detec-
tion rate of HCC less than 2 cm was just 61%. Hence,
the detection of HCCs in the setting of cirrhosis
seems to depend largely on the size of the neoplasm.

Fig. 7a, b. Hypervascular metastases from a neuroendocrine tu-
mor of the pancreas during the LAP (a) and the PVP (b). Note that
the tumors are much less apparent during the PVP

a

b
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In the last few years, several investigators have
demonstrated that the use of a biphasic MDCT pro-
tocol, a LAP followed by a PVP, significantly im-
proves the depiction of HCC [26, 27, 42]. Addition-
al EAP images in conjunction with bi- or triple-
phasic MDCT protocol did not improve detection
of HCC [27, 42]. Furthermore, the role of unen-
hanced and delayed phase images for detection of
HCC with MDCT remains controversial. A recent
investigation reported a significant increase in
HCC detection in cirrhotic patients, with the addi-
tion of a delayed or EQP (180 s postinjection) ac-
quisition in conjunction with a biphasic MDCT
protocol [43]. Moreover, 10% of detected HCCs
showed a tumor capsule, which again could only be
visualized on the EQP images. Regarding the use of

unenhanced images, the study did not present any
significant advantages for depiction of HCC; how-
ever, the authors believe that unenhanced images
are particularly helpful in the differentiation of hy-
perattenuating siderotic nodules from hyperen-
hancing HCC nodules. At our institution, the CT
protocol for detection of HCC includes all four
phases: unenhanced, LAP, PVP, and EQP.

Several studies have indicated that the adminis-
tration of higher-concentration contrast material
(370–400 mgI/ml) significantly increases liver-to-
lesion contrast during the arterial phase. This
method may improve depiction of HCC [21, 44,
45]. However, it is noteworthy that a study per-
formed by Marchiano et al. [45] did not observe a
significant increase in the overall number of HCCs

Fig. 8a-d. HCC in a cirrhotic patient during the
unenhanced state (a), LAP (b), PVP (c) and EQP
(d). Note that the tumor is most conspicuous dur-
ing the LAP and EQP
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detected after the injection of a high concentration
of iodinated contrast material. There is also a clear
trend toward the use of faster injection rates
(4–5 ml/s), which may improve conspicuity of
HCCs due to superior liver-to-lesion contrast in
the arterial phase [20, 46]. Oliver et al. [47] report-
ed about a 74% detection rate for HCC with a flow
rate of 4–5 ml/s during the hepatic arterial phase
compared with a 58% detection rate with a flow
rate of 3 ml/s. While only 19% of the detected le-
sions in this study showed an increase in enhance-
ment with a flow rate of 3 ml/s, up to 83% of HCCs
demonstrated as hyperattenuating on arterial-
phase images using the higher flow rate.

Focal Nodular Hyperplasia
Focal nodular hyperplasia (FNH) is the second
most common benign neoplasm of the liver after
hemangioma. FNH arises predominately in
women. The tumors are usually solitary, in a sub-
capsular location and are often discovered inci-
dentally during radiological imaging. The patho-
genesis of FNH is believed to be a congenital vas-
cular malformation having an increased arterial
blood flow. A recent study by Mathieu et al. [48]
suggested that FNH is not associated with the use
of oral contraceptives. The neoplasm often con-
tains a stellate central scar surrounded by small
nodules of proliferating hepatocytes, bile ducts,
and malformed vessels of different caliber [49, 50].
Recently, a significantly higher prevalence of he-
mangiomas in patients with FNH was reported by
Vilgrain et al. [51], perhaps because both neo-
plasms are vascular malformations. The differen-
tial diagnosis of FNH includes other hypervascular
liver lesions, such as hepatocellular adenoma,
HCC, and hypervascular metastases. Therefore,
distinction between FNH and other hypervascular

liver tumors is crucial to ensure proper therapy.
Multiphasic MDCT is an excellent imaging

technique for the accurate diagnosis of FNH [50,
52]. On unenhanced CT, FNH is typically either hy-
poattenuating or isoattenuating to surrounding
liver parenchyma. During the LAP, FNH becomes
homogenously hyperattenuating with the excep-
tion of the central scar (Fig. 9a). This is felt to be
the most reliable CT sign. During the portal ve-
nous and equilibrium phases, the neoplasm usual-
ly becomes isoattenuating relative to hepatic
parenchyma (Fig. 9b). On EQP images, the central
scar may demonstrate delayed washout. This char-
acteristic dynamic enhancement pattern is mainly
due to a prominent arterial supply of the tumor
and its large draining veins. On the basis of this
enhancement pattern, most authorities recom-
mend multiphasic MDCT, including LAP and PVP
images [50, 52].

Hepatocellular Adenoma
Hepatocellular adenoma is a rare benign neoplasm
that is usually detected incidentally in women of
childbearing age who have taken oral contracep-
tives for a long period. Other risk factors for hepa-
tocellular adenoma include type 1 glycogen stor-
age disease and, in men, the ingestion of anabolic
steroids. Most hepatic adenomas are solitary; how-
ever, it is not unusual to detect two or three adeno-
mas in one patient, particularly in patients with
glycogen storage disease [53, 54]. The histological
features of hepatocellular adenomas are sheets of
proliferated hepatocytes surrounded by numerous
dilated sinusoids with poor connective tissue sup-
port. The tumor tissue may contain a few Kupffer
cells but usually lacks bile ducts. Deposition of
lipid and glycogen in hepatic adenomas is not un-
common and may be valuable in diagnosing these

Fig.  9a, b. Focal nodular hyperplasia with a central scar during the LAP (a) and PVP (b). Note that the central scar enhances slowly
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neoplasms. Hepatocellular adenomas have a ten-
dency to spontaneously hemorrhage, which can be
fatal. Since these lesions may also undergo malig-
nant transformation to an HCC, they are consid-
ered surgical [53, 54].

Because of different therapeutic management,
accurate differentiation of FNH and HCC is cru-
cial. Unfortunately, the appearance on CT is vari-
able and not specific. On unenhanced CT images,
hepatocellular adenomas demonstrate either a hy-
poattenuating mass because of lipid and glycogen
accumulation in the tumor or a hyperattenuating
mass due to fresh hemorrhage (Fig. 10a). During
the LAP, hepatocellular adenomas enhance rapidly
and are hyperattenuating relative to the normal
liver (Fig. 10b). Small lesions tend to demonstrate a
more homogenous enhancement whereas larger
lesions tend to enhance heterogenously [53]. Dur-
ing portal-venous- and equilibrium-phase imag-
ing, most adenomas are nearly isoattenuating
compared with surrounding liver parenchyma
(Fig. 10c). Due to the variable CT appearances of
hepatocellular adenoma, a triphasic MDCT proto-
col, including unenhanced, LAP and PVP images,
has been recommended for detection and charac-
terization [54, 55].

The Biliary System

Although MDCT is not generally considered to be
a first-line imaging technique for patients with
suspected biliary pathology, advances in MDCT
scanners have resulted in an increased capability
to detect and characterize various biliary diseases.
The advantages of MDCT of the biliary tract are
increased speed and reduction of acquisition time
and respiratory motion artefacts. Furthermore, the
thinner slices of MDCT result in reconstructed da-
ta sets with isotropic voxels for multiplanar refor-
mations and 3-D displays. Straight and curved
multiplanar reformations are especially valuable
for visualization and evaluation of the biliary tree,
which is typically oriented either perpendicular or
tangential to the axial plane.

The intrahepatic bile ducts, which are linear
structures accompanying the portal vein and he-
patic arterial branches, can be best visualized dur-
ing the PVP when there is an optimal attenuation
difference between hypodense bile ducts and the
adjacent enhanced vessels and parenchyma. Using
thin collimation, normal intrahepatic bile ducts
with a diameter of up to 2 mm can be visualized
routinely, even out to the periphery of the liver. On
unenhanced images, the diameter of the intrahep-
atic bile ducts must measure at least 2 mm to be
distinguished from adjacent vascular structures
and liver parenchyma. The low-attenuation extra-
hepatic bile ducts (common hepatic duct and com-

Fig. 10a-c. Hepatocellular adenoma in a patient with glycogen
storage disease type 1A (von Gierke’s disease) during the unen-
hanced state (a), LAP (b) and PVP (c). The liver is enlarged and there
is diffuse fatty infiltration. While this particular tumor has no inter-
nal hemorrhage, there is a thin fibrous capsule
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mon bile duct), which measure between 3 mm and
6 mm, are routinely visualized on thin-section
MDCT images. Their thin walls (1 mm) usually en-
hance after administration of contrast media,
which helps to differentiate them from the adja-
cent vessels. The normal gallbladder wall, which is
1- to 3-mm thick, also enhances postcontrast. The
enhancement and thickness of the gallbladder wall
may vary depending on luminal distension and on
pathologic conditions (e.g., inflammation, tumor).
There are several pathological situations in which
density of bile in the gallbladder increases signifi-
cantly. Examples include deposition of sludge and
milk of calcium. The role of MDCT in the evalua-
tion of different biliary pathologies and their char-
acteristic imaging findings will be discussed be-
low.

Cholangiocarcinoma
Cholangiocarcinoma is the most common primary
malignancy of the intra- and extrahepatic biliary
tract. Patients usually present with painless jaun-
dice due to biliary obstruction. The majority of
cholangiocarcinomas, adenocarcinomas, are found
in the extrahepatic ducts. A tumor originating at
the confluence of the left and right hepatic duct is
referred to as a Klatskin tumor. Predisposing fac-
tors for cholangiocarcinoma include ulcerative co-
litis, sclerosing cholangitis, and congenital biliary
anomalies (choledochal cyst and Caroli’s disease).
MDCT imaging of cholangiocarcinoma is usually
employed to evaluate the extent of the neoplasm
and its resectability since radical surgical tumor
removal with negative histologic margins is the
only curative option.

The CT appearance of cholangiocarcinoma
varies depending on the site of origin – peripheral

intrahepatic, hilar, and extrahepatic. Peripheral
cholangiocarcinoma appears as either a well-de-
fined or an irregular mass along the course of di-
lated intrahepatic ducts. On MDCT, during both
the LAP and PVP, intrahepatic cholangiocarcino-
ma usually demonstrate as a hypoattenuating
mass with incomplete peripheral enhancement
(Fig. 11a) [56, 57]. The central portion of the tumor
may show prolonged enhancement and be hyper-
attenuating on EQP images (10–15 min postinjec-
tion) due to slow washout of the contrast material
by the abundant fibrous tissue in the tumor
(Fig. 11b). Up to 36% of cholangiocarcinomas
demonstrate hyperattenuation during the EQP
[28]. A time delay of 10–20 min after contrast me-
dia administration is optimal for EQP images [28].
With infiltrating hilar cholangiocarcinoma – the
most common type of hilar cholangiocarcinoma –
contrast-enhanced CT images may detect focal
duct wall thickening, which appears hyperattenu-
ating relative to liver parenchyma during the PVP
[58]. A supplementary CT finding of hilar cholan-
giocarcinomas includes lobar atrophy due to either
severe, long-standing ductal obstruction or portal
venous encasement and obstruction [59, 60]. Con-
trast-enhanced CT appearances of infiltrating ex-
trahepatic cholangiocarcinoma are hyperenhanc-
ing thickened walls in the common bile duct or a
small hyperattenuating intraluminal mass at the
point of abrupt termination of bile duct dilatation.
Unfortunately, all the above CT findings may also
occur with benign diseases that cause bile duct
strictures. The CT protocol for diagnosing sus-
pected cholangiocarcinoma should contain at least
two enhancement phases (portal venous and equi-
librium phases) acquired with thin collimation to
obtain multiplanar reconstructions [61].

Fig. 11a, b. Hilar cholangiocarcinoma during PVP (a) and EQP (b). Delayed washout in the tumor during the EQP is apparent and indi-
cates a high fibrous content
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Primary Sclerosing Cholangitis
Primary sclerosing cholangitis (PSC) is a rare
chronic inflammatory condition of the intra- and
extrahepatic bile ducts. It is associated with ulcer-
ative colitis, Sjögren’s syndrome, Riedel’s thyroidi-
tis, retroperitoneal fibrosis, and, occasionally,
Crohn’s disease. The etiology of PSC is unknown
although it is probably autoimmune. PSC occurs
predominantly in men during the third to fifth
decade of life. The typical presentation is intermit-
tent jaundice and recurrent episodes of cholangi-
tis.

CT findings in PSC usually reflect pathological
changes, such as ductal and periductal fibrosis,
that result in segmental stricturing and dilatation
of the bile ducts. In the majority of cases, both the
intra- and extrahepatic bile ducts are involved.
Long-standing biliary obstruction may lead to cir-
rhosis. Morphological changes of PSC-induced cir-
rhosis include fibrosis, regenerative nodules,
parenchymal atrophy, and marked hypertrophy of
the caudate lobe.

MDCT in patients with PSC may demonstrate
closely alternating dilatation and strictures of the
intrahepatic bile ducts, thereby giving them a
beaded appearance (Fig. 12a-c). Other character-
istic CT findings of PSC include skip dilatation, a
solitary dilatation of a peripheral duct, and prun-
ing of the bile ducts representing dilated segmen-
tal duct without any dilatation of the side branch-
es. According to Teefey et al. [62], none of these
CT findings are specific to PSC except skip dilata-
tions.

Since ERCP and biopsy are still the gold stan-
dard for diagnosing PCS, MDCT plays a central
role in the evaluation of the extent of cirrhosis,
portal hypertension, and cholangiocarcinoma and
their complications. In a study by MacCarty et al.
[63], 13% of 104 patients with PCS developed a
cholangiocarcinoma, proven either by biopsy or
autopsy. In a more recent investigation, Campbell
et al. [64] demonstrated that CT provides higher
sensitivity than cholangiography in detecting
cholangiocarcinoma complicated by PCS.

Acute and Chronic Cholecystitis
Acute cholecystitis is mainly caused by an impact-
ed stone in the cystic duct, resulting in bile stasis
and gallbladder distension. Ultrasound is the di-
agnostic method of choice for the initial work-up
of suspected gallbladder pathologies. Since the
clinical symptoms of acute cholecystitis are usual-
ly nonspecific, MDCT often serves as the initial
imaging modality for evaluation of the acute ab-
domen. MDCT is also the preferred technique for
diagnosing acute cholecystitis complications. The
most common features on CT in acute cholecysti-
tis include gallstones, thickening of the gallblad-
der wall (>3 mm), gallbladder distension or hy-

Fig. 12a-c. Early primary sclerosing cholangitis during the unen-
hanced state (a), LAP (b), PVP (c). Note the scattered intrahepatic
ductal dilatation
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drops (>5 cm), hyperattenuating bile, and peric-
holecystic fluid and stranding (Fig. 13) [65]. Fur-
thermore, contrast-enhanced MDCT may reveal
increased enhancement of the gallbladder wall,
though this is a nonspecific finding. Yamashita et
al. reported hyperenhancement in liver parenchy-
ma adjacent to the gallbladder, likely due to hyper-
emia and to early venous drainage (Fig. 13) [66].
Common complications of acute cholecystitis in-
clude emphysematous cholecystitis, gangrene, and
perforation of the gallbladder. In emphysematous
cholecystitis, which occurs more commonly in eld-
erly and diabetic patients, intramural gas second-
ary to gas-producing bacteria such as Clostridium
perfringens can be detected on CT. No intravenous
contrast material is required for a CT scan, which
is the most accurate imaging technique to depict
gas within the gallbladder wall [67].

Chronic cholecystitis may demonstrate many
of the same findings on CT as acute cholecystitis.
However, patients with chronic cholecystitis do
not tend to have significant pericholecystic in-
flammation or fluid. The most common findings
include calculi and mild to moderate thickening of
the gallbladder wall. Since gallbladder carcinoma
may show radiological features similar to chronic
cholecystitis, to ensure adequate therapeutic man-
agement, it is important to differentiate between
neoplasia and a chronic inflammatory process.
Yun et al. [68] evaluated enhancement of the gall-
bladder wall during arterial and PVP CT images in
patients with chronic cholecystitis and gallbladder
carcinoma. With inflammation, the inner layer of
the gallbladder wall was isoattenuating during the
arterial phase and PVP. With neoplasia, the inner
layer of the gallbladder wall was hyperattenuating

during both phases. Furthermore, the gallbladder
wall tends to be thicker and more irregular in pa-
tients with carcinoma.

Gallbladder Carcinoma
Gallbladder carcinoma is the most common bil-
iary tract neoplasm, being the fifth most common
malignancy of the GI tract, and it occurs predomi-
nantly in elderly women. Adenocarcinoma is the
main histological type, accounting for up to 90% of
cases. Predisposing factors for gallbladder carcino-
ma include chronic cholecystitis, inflammatory
bowel disease, familial adenomatous polyposis,
and porcelain gallbladder. The reported incidence
of gallbladder carcinoma found in patients with
calcified or porcelain gallbladders ranges from
12% to 61% [69]. However, a more recent study
demonstrated a lower incidence of 5%, and anoth-
er group found no association between gallblad-
der carcinoma and porcelain gallbladder [69, 70].
Both clinical symptoms and CT appearances of
gallbladder carcinoma are nonspecific, and as a re-
sult, most tumors are detected at an unresectable
stage.

There are three different morphological types
of gallbladder carcinoma: (1) a mass replacing the
gallbladder, (2) an intraluminal mass, and (3)
thickening of the gallbladder wall [71]. The mass
in the gallbladder bed, the most common type, ap-
pears on unenhanced scans as a nodular hypoat-
tenuating mass, which often infiltrates adjacent liv-
er parenchyma (Fig. 14a). After administration of
intravenous contrast material, the tumor demon-
strates variable but heterogeneous enhancement
(Figs. 14b, c). The soft tissue mass may also show
enclosed gallstones and central necrosis. The in-
traluminal mass type, which is less invasive, usual-
ly presents as a polypoid mass, which must be dif-
ferentiated from a benign polyp. Polyp size is an
indicator of malignancy since benign lesions are
usually smaller than 1 cm [72]. CT diagnosis of the
least common type of gallbladder carcinoma,
thickening of the gallbladder wall, is challenging
due to this carcinoma’s similar CT appearance to
cholecystitis [73]. Additional CT findings of gall-
bladder carcinoma include biliary obstruction, di-
rect invasion into adjacent liver parenchyma, liver
metastases, lymphadenopathy, and peritoneal car-
cinomatosis.

Several investigators have recently demonstrat-
ed that CT is a very useful tool in preoperative
evaluation of the resectability of gallbladder carci-
noma [74, 75]. The accuracy for staging ranges
from 83% to 93%. Detection of gallbladder carci-
noma in the early stage, however, remains a chal-
lenge [74, 75].

Fig. 13. MDCT image of the gallbladder in a patient with acute
cholecystitis. Note the hyperenhancement of adjacent liver
parenchyma
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