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Abstract Objective The purpose of this study was to find out the incidence of typical and
atypical radiological imaging findings of hepatocellular carcinoma (HCC) onmultiphase
multidetector computed tomography (MDCT) scans in histologically proven cases.
Materials and Methods A multiphase computed tomography study of 73 patients
with histologically proven HCCwas evaluated by a radiologist. Ourmultiphasic protocol
was composed of precontrast, arterial, portal, and delayed venous phases. The
reviewers analyzed the CT images for tumor size, enhancement patterns of HCC in
different phases, relative timing of washout, internal cystic changes, and presence of
dysmorphic intratumoral vessel aneurysms or arteriovenous shunt.
Results Most of the cases (95.9%) showed typical enhancement patterns in MDCT,
i.e., enhancements in the arterial phase with the portal or delayed venous phase
contrast washout. Three cases (4.9%) out of 73 HCC showed enhancements in the
portal phase and washout in the delayed venous phase. Seven cases out of total 73 HCC
(9.5%) patients showed heterogeneous enhancements in both arterial and portal
phases and contrast washout in the delayed venous phase. Venous thrombosis was
noted in about 44 cases (60%) out of total 73 patients, in which portal vein thrombosis
was more common than hepatic veins/inferior vena cava.
Conclusion Most of the HCC show typical enhancement patterns, i.e., heterogeneous
enhancements in the arterial phase and washout in the portal venous phase when we use
MDCT. These findings are higher than those described previously. However, in our study,
themain difference withMDCTwas lower frequency of intratumoral pseudoaneurysm and
bile duct invasion, and intratumoral fat and calcification (atypical character of HCC) were
not found which were rare findings in previous study.
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Introduction

Hepatocellular carcinoma (HCC), one of the leading causes of
cancer-related death, is the fifth most common tumor world-
wide, and its incidence continues to rise.1–5 Approximately, 70
to 90% ofHCCs are developed on the background of established
liver cirrhosis or advanced fibrosis.2 Hepatitis B virus and/or
hepatitis C virus infection, alcohol, and nonalcoholic fatty liver
disease are the most predominant risk factors for HCC world-
wide.3Early detectionofHCC is very importantbecauseseveral
curative treatment options are available. Ultrasonography is
the choice for the screening of HCC in high-risk patients.
Multiphasic contrast-enhanced computed tomography (CT)
scan is the standard diagnostic test for HCC. The arterial phase
enhancement of hepatic nodules with subsequent contrast
washout in the portal or delayed venous phase is considered
to be the definitive imaging feature of HCC and recommended
in the guidelines by various associations for liver studies6–8

Materials and Methods

Patients
This retrospective study was approved by the ethics commit-
tee board of our institute. In this study, from October 2019 to
October 2020, 73 patients of histologically proven HCC were
considered who underwent multidetector computed tomog-
raphy (MDCT) using a dedicated triple-phase liver protocol
before receiving any treatment. All pregnant women with
HCC, all patients hypersensitive to CT contrast agents, and
in-patients in whom CT is contraindicated due to any other
reason were excluded in this study.

CT Technique
All patients were scanned by multislice (128 slice) Toshiba CT
scan (Aquilion) and underwent multi-phase MDCT including
noncontrast, arterial, portal, and venous phases. The following
CTparameterswereused:5mmcollimation,0.5 to2.5mmslice
thickness, 2.5mm reconstruction interval, table speed of
13.5mm per rotation, 150 to 250mA effective current,
120kVp tube potential, and 512�512 matrix size. First of all,
non-contrast CT abdomen images were obtained and then
triple-phase CT images were obtained after the injection of
120mL nonionic contrast (Iohexol 300) at the rate of 3 to
4mL/sec by an automatic power injector and arterial phase
imaging was obtained 20seconds after the achievement of
100 HU attenuation in descending aorta by the bolus tracker
method. Portal phase imaging was performed 40seconds after
the arterial phase, and delayed venous phase was obtained
180 secondsafter thecontrastadministrationwith thestandard
reconstruction algorithm and sent to picture archiving and
communication system.

CT Image Analysis
Images were analyzed retrospectively by an experienced
abdominal radiologist, and enhancement patterns (in arterial
or portal phase), contrastwashout (inportal ordelayedvenous
phase), internal cystic degeneration, internal abnormal vessel,
and portal vein/hepatic vein status were evaluated.

Statistical analysis was performed using SPSS software,
and frequency and percentage were used as descriptive
statistics for categorical and ordinal variables.

Results

All 73 patients of HCC (biopsy proved) underwent multi-
phase (unenhanced, arterial, portal, and venous phase)
MDCT imaging, and typical and atypical enhancement pat-
terns of HCC and its morphology were assessed by the
radiologist (►Table 1). The size of the HCC lesions ranged
from 3 to 17 cm (mean,10 cm), and most were infiltrative
rather thanwell defined. Inmost of the cases, HCCwas single
and in about 17 cases (23%), HCC was multifocal. Seventy
(95.9%) cases showed typical enhancement patterns in
MDCT, i.e., enhancements in the arterial phase with the
portal or delayed venous phase contrast washout. Heteroge-
neous enhancements in the arterial phase were noted in
the most of the cases except few small multifocal HCC
(<1 cm) which showed homogenous enhancements. Three
cases (4.9%) out of 73 HCC showed enhancements in the
portal phase andwashout in the delayed venous phase. Seven
cases out of total 73 HCC (9.5%) patients showed heteroge-
neous enhancements in both arterial and portal phases and
contrast washout in the delayed venous phase.

Internal cystic degeneration was found in approximately
15 (20.5%) cases. Venous thrombosis was noted in about 44
cases (60%) out of total 73 patients, in which portal vein
thrombosis was more common than hepatic veins/inferior
vena cava (IVC). Portal vein thrombosis was noted in 29 cases
out of total 44 (65%) and hepatic vein thrombosis in six cases
(13%) and IVC thrombosis in nine cases. In few cases, throm-
bosis reached up to the right atrium.

Table 1 Triple-phase CT findings

Triple-phase CT finding Number
(n)

Percentage
(%)

Arterial phase enhancement 70 95.9

Portal phase enhancement 3 4.1

Arterial and portal
phase enhancement

7 9.5

Portal phase washout
Delayed venous washout

66
7

90.5
9.5

Internal cystic degeneration
within HCC

15 20.5

Internal tumor aneurysm
Hepatic artery hepatic
venous shunt
Hepatic artery portal shunt

2
3
29

2.7
4.1
39

Portal vein thrombosis 29 39

Hepatic vein thrombosis 6 8

IVC thrombosis 9 12

Liver mets
Distant mets

17
11

23
15

Abbreviations: CT, computed tomography; HCC, hepatocellular carci-
noma; IVC, inferior vena cava.
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Forty three percent cases (n¼32) showed arteriovenous
shunt in which about 39% cases (n¼29) showed hepatic
arterioportal shunt (HAPS) and three cases (4.1%) showed
hepatic artery hepatic vein shunt (HAHVS). Intratumoral
pseudoaneurysm (ITPA) was found in only 2.7% cases
(n¼2) (►Table 2).

Males (78%) were more affected in comparison to females
(22%) and most of the patients were above the fifth decade
(82.2%) (►Table 3).

Hepatitis B was the most common cause of HCC (46.6%),
other causative agents were alcohol, hepatitis C, hepatitis A,
and others (►Table 4).

Discussion

HCC is the fifth most common cancer in the world and is the
thirdmost common cause of cancer-related death (after lung
and stomach cancer). HCC has a distinctive pattern of
enhancements on MDCT as a result of the predominantly
hepatic arterial supply of HCC. Lee et al showed that 137 out
of 243 cases (56.4%) of HCC (biopsy proved) showed typical
enhancement patterns, i.e., arterial phase enhancements
with portal or equilibrium phase washout, and 43.6% cases
showed atypical enhancements, i.e., iso-hypoattenuation in
the arterial phase or no washout until the delayed venous
phase. In our study, typical enhancements were noted in
approximately 95.9% cases (n¼70/73) which is higher than
those described in the previous study (►Fig. 1) and approxi-
mately 4.1% cases showed enhancements in the portal phase
and 9.5% cases showed enhancements in both arterial and
portal phase (n¼7/73) and delayed venous phasewashout in
our study.

The cystic degenerationwithinHCC is extremely rare, there
being few cases in the literature, and9–11 in our study, about
20% cases (n¼15) showed the internal cystic area in HCC.
Cystic degeneration is mainly due to internal necrosis in large
tumors (►Fig. 2). Cystic degeneration in HCC is also seen after
treatment in few cases (35). Cystic degeneration/necrosis
within HCC after loco-regional chemo-embolization is associ-
ated with lower rates of recurrence.12,13

Vascular invasion, the entrance of tumor cells into the
lumen of vessels, is a characteristic feature of progressed
HCC.14 Such invasion distinguishes HCC from secondary liver
cancers, which rarely invade intrahepatic vessels.15 Portal
veins are invaded more commonly than hepatic veins;

Table 2 Vascular finding in triple-phase CT

Vascular changes Number (n) Percentage (%)

Venous thrombosis 44 60 (n¼ 44/73)

Portal vein thrombosis 29 65 (n¼ 29/44)

Hepatic vein thrombosis 6 13 (n¼ 6/44)

IVC thrombosis 9 20 (n¼ 9/44)

Hepatic arteriovenous
shunt

32 43.8 (n¼ 32/73)

Hepatic arterioportal
shunt

29 91 (n¼ 29/32)

Hepatic arterior hepatic
veinous shunt

3 9 (n¼ 3/32)

Intratumoral
pseudoaneurysm

2 2.7 (n¼2/73)

Abbreviations: CT, computed tomography; IVC, inferior vena cava.

Table 3 Age and sex distribution of the study population

Parameter Number Percentage (%)

Age (years)

30–50 13 17.8

>50 60 82.2

Sex

Male 57 78

Female 16 22

Table 4 Causative factor of HCC

Parameters Number Percentage (%)

Causative factor

Hepatitis B 34 46.6

Hepatitis C 5 6.8

Alcoholic 4 5.5

Others 30 41.1

Abbreviation: HCC, hepatocellular carcinoma.

Fig. 1 Triple phase computed tomography scan show enhancements of tumor in (A) the arterial phase and (B) washout in portal and (C) delayed
venous phase.
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hepatic arteries are not invaded.14 In our study, about 39%
cases (n¼29) showed portal vein involvement and 8% cases
(n¼6) showed hepatic vein involvement and nine cases
showed IVC thrombosis, in which thrombus reaches up to
the right atrium in few cases. It is very important to differ-
entiate bland thrombus from neoplastic involvement of
vessels (neoplastic thrombus enhances in the arterial phase
similar to HCC) (►Fig. 3).

Bile duct invasion is very rare clinically in HCC, but it was
found in 5 to 10% cases of autopsy series.16,17 CT may show
soft tissue enhancing mass in the bile duct with ductal
dilatation proximal to obstruction. In this study, no cases
showed bile duct invasion.

Ngan et al demonstrate that approximately 31.2% cases of
HCC showed hepatic arteriovenous shunt (HAVS), shunting
into portal vein was observed in approximately 28.8% and
shunting into hepatic vein in approximately 2.4%. In our
study, approximately 39% cases (n¼29) showed HAPS and
5% cases (n¼3) showed HAHVS which are slight higher
frequency than those in previous study. HCC is the most
common hepatic tumor associated with HAVS, because of its

easy invasion into the portal vein or hepatic vein or their
branches (►Fig. 4).

ITPA in HCCwithout prior intervention is very rarefinding.
In previous study, about 5% cases of HCC showed ITPAwithout
any prior intervention.18 In our study, only 2.7% (n¼2) cases

Fig. 2 Computed tomography image of hepatocellular carcinoma (HCC) showing internal cystic necrosis, more visualized in the delayed venous
phase.

Fig. 3 (A–C) Triple-phase computed tomography scan of hepatocellular carcinoma showing tumoral thrombosis of portal vein and hepatic vein
which extends up to intrahepatic inferior vena cava (IVC).

Fig. 4 Arterial phase computed tomography image of hepatocellular
carcinoma showing arteriovenous shunt.
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showed ITPAwhich isslight lower than thoseofpreviousstudy,
may be due to mild small sample size (►Fig. 5).

In conclusion, most of the HCC show typical enhancement
patterns in multiphasic scans, i.e., heterogeneous enhance-
ments in the arterial phase andwashout in the portal venous
phase. These findings are higher than those described previ-
ously. However, in our study, the main differencewithMDCT
was lower frequency of ITPA and bile duct invasion, and fat
and calcification (atypical character of HCC) within tumor
were not found which were rare findings in the previous
study.
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Fig. 5 Arterial phase computed tomography image of hepatocellular carcinoma showing intratumoral pseudoaneurysm.
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