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The multiphase computed tomography  
in diagnostics of hepatocellular carcinoma

Relevance. Hepatocellular carcinoma remains an acute problem of oncology in Kazakhstan and worldwide. Multiphase 
computed tomography (CT) is a generally accepted method of hepatocellular carcinoma diagnostics. The article described 
analyzes of multiphase CT results in diagnostics of hepatocellular carcinoma.

Purpose of the study is to compare retrospective results of multiphase CT results and morphological tests in patients with 
hepatocellular carcinoma.

Results. 76% of the studied 50 liver neoplasms had a nodular form. Localization of tumor: in the right lobe of liver – 60%, in 
the left lobe – 18%, in both lobes – 22%. The tumors were sized 1 cm to 21.1 cm; with the average size of 10.6 cm. Contours of the 
formations were uneven but clearly defined in 92% of cases. In 94% of cases, the formations had a hypodense, heterogeneous 
structure, with areas of increased and decreased density. Central stelliform necrosis was visible in 8% of cases. A non-intensive 
inhomogeneous accumulation of contrast by the neoplasm in the arterial phase was followed by a complete wash-out in the 
portal venous phase, or the portal venous and delayed phases (6% and 12% of cases, respectively). In 80% of cases, the accu-
mulation of the contrast agent by the neoplasm was observed in arterial and venous phases. At that, the wash-out in the de-
layed phase was complete in 60% of cases, and incomplete – in 20%. Hepatocellular carcinoma was confirmed by cytological 
tests in 69.7% of cases, and by histological tests – in 93.1% of cases.

Conclusion. Thus, multiphase computed tomography has a high informativity in hepatocarcinoma diagnostics. This meth-
od allows determining exact dimensions, localization, morphological characteristics of the neoplasm, as well as the involve-
ment of the liver vessels in the pathological process.
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Introduction. Hepatocellular carcinoma (НСС) is a ma-
lignant liver tumor originating from hepatocytes. HCC is 
the most common type of primary malignant liver neo-
plasms (up to 95%) [1-3].

HCC ranks 5th in the structure of malignant tumors and 
is the second most common cause of death due to cancer 
pathology worldwide (approximately 800 thousand pa-
tients have died in 2012) [4-6].

HCC poses significant medical and social problems in 
many countries of the world, including Kazakhstan. Over 
the last years (2013-2017), the HCC incidence in the Re-
public of Kazakhstan has grown up to 5.5 per 100 thou-
sand population. At that, the mortality remains high 
(about 1,000 deaths per year). In 2017, one-year HCC mor-
tality was 82.3% [5, 6, 8].

HCC has an aggressive clinical course and often an un-
favorable outcome. 5-year survival does not exceed 18%. 
Postoperative recurrence is 50% [9, 10].

Persistent viral hepatitis B (HBV) and C (HCV) lead to cir-
rhosis in the course of HCC and a future transition to malig-
nancy. Aflatoxin B1 (AFB1) and chronic alcohol abuse are 
the other potential risk factors for HCC development [11].

The development of HCC in the cirrhotic liver is a multi-
step progressing process: a poorly differentiated dysplas-
tic node turns into a well-differentiated dysplastic node, 
then into microscopic manifestations of HCC, small foci 
of HCC, and a dysplastic node in carcinoma. The average 
doubling time of HCC is 93.5 days what is typical for tumor 
growth. Therefore, an average time between the HCC on-
set and its first manifestation and diagnostics is about 3 
years [1, 12]. 

The implementation of modern methods of highly in-
formative radiology methods like ultrasonography, com-
puted tomography (CT), magnetic resonance imaging 
(MRI) into clinical practice and their further advancement 
have improved the detection of liver tumors. These meth-
ods prevail today in non-invasive diagnostics and allow 
defining the treatment strategy and predict the course of 
HCC [5, 7, 13-15]. 

In the last decade, the American and European liver 
pathology research associations recommend using mul-
tiphase CT to diagnose liver formations. Intravenous con-
trast CT provides the maximum difference in density be-
tween the healthy and abnormal liver tissues. In case of 
typical radiation characteristics of HCC there is no need for 
verification by needle core biopsy. Bolus dosing of contrast 
agent is used due to the development of the tumor vas-
culature in HCC structure. Bolus dosing of contrast agent 
is very efficient in the liver examination as it allows mak-
ing not only a provisional diagnosis but also a differential 
diagnosis. The tumor can be hypo- or hyper-vascularized 
depending on the availability of blood vessels in it. A hy-
po-vascularized type is common at an early stage of tu-
mor development. The contrast agent might show a small-
scale increase in the arterial phase or no increase at all. A 
hyper-vascularized type provides a quick increase in con-
trast in the arterial phase, and then the contrast agent is 
quickly washed out in the portal venous phase or is pseu-
do-encapsulated. The arterial phase is used to identify the 
liver arterial perfusion abnormality. Thus, both the normal 
liver tissues and the tumor can be hyperdense in the late 
arterial phase due to the “well hole-effect”, since the for-
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mation promotes the significant flow of arterial blood to 
the segment or part of the liver to feed both the normal 
tissues and the formation. Usual arterial blood circulation 
in the tumor is described in the literature as “filaments and 
lines” [2, 3, 5, 6, 16-18]. 

Despite the intensive development of HCC surgery in 
recent years, not all patients with HCC are operable due to 
changes occurring at the micro and macro levels in the late 
detection of HCC [19]. 

The relevance of early and accurate HCC diagnostics is 
high due to a slow HCC growth, its asymptomatic course, 
its late clinical manifestation, and aggressive unfavorable 
prognosis.

Purpose of the study was the evaluation of multiphase 
CT informativity based on retrospective analysis of HCC 
cases.

Materials and methods. We analyzed the archival data 
(medical history, outpatient card, CT studies, pathological 
and histological findings) of 50 patients aged 36 to 79 with 
malignant liver neoplasms who received specialized treat-
ment (transarterial chemoembolization (TACE), radical sur-
gery) at the Kazakh Institute of Oncology and Radiology 
(KazIOR) in 2014-2017.

Of the 50 patients, 33 were male with the mean age of 
61.3 ± 0.2 years, and 17 were female with the mean age of 
59.7 ± 0.3 years.  All patients underwent a multiphase CT 
of the abdominal cavity using computerized tomography 

scanners “Light Speed   CT” (GE) and “Somatom Definition 
AS” (Siemens): 130 mAs, 120 kV, collimation 0.75, pitch 0.9, 
slice thickness 1.0 mm. The CT examination was conduct-
ed in 4 phases: native, arterial, portal-venous, and delayed. 
After the native scanning, all the patients received a bo-
lus IV injection of non-ionic contrast agent (1 ml per 1 kg 
body weight) using at the rate of 3.5 ml/sec. The scanning 
was performed 30, 60 and 120 seconds after the injection.

33 (66%) patients underwent ultrasound-guid-
ed fine-needle aspiration (EUS-FNA) to verify the malig-
nant liver formation. 4 (8%) patients underwent ultra-
sound-guided needle core biopsy. 

The patients received a specialized treatment (TACE, 3 
to 5 courses), and a surgery. 21 (42%) patients underwent 
an extended combined hemihepatectomy, the other 7 
(14%) patients – a partial liver resection (segmentectomy). 
The postoperative gross specimens were studied histolog-
ically.

Results and discussion. In 42 (84%) cases, the liver was 
enlarged. 5 (10%) patients with cirrhosis had irregular, 
small-bumpy contours of the liver. 38 (76%) liver forma-
tions had nodular form, the other 12 (24%) had multi-nod-
ular form. The formation was localized in the right liver 
lobe in 60% of cases, in the left liver lobe – in 18% of cas-
es, and in both liver lobes – in 22% of cases. At that, most 
of the nodes were localized in the liver segments 4, 6, and 
7 (see fig. 1). 

Figure 1 - Multiphase CT, a 57 years old male: A, the native phase – a poor hypodense focus sized 2.1x2.0x1.8cm, 
with clear and even edges, homogeneous structure in the segment S7 of the right part of the liver. B and C, the 

arterial and venous phases – accumulation of the contrast agent with changed parenchyma focusing, D – “washout” 
of the contrast agent
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Description of tumor
n=50 (100%)

Abs. %

Clear, even edges 46 92

Homogeneous, hypodense structure 47 94

Accumulation of the contrast agent in the arterial and venous phases 40 80

Complete “wash-out” in the delayed phase 30 60

Incomplete “wash-out” in the delayed phase 10 20

Accumulation of the contrast agent by the pseudo capsule and edges of formation 8 16

Accumulation of the contrast agent by the solid component and the capsule of the 
cystic component 2 4

Accumulation of the contrast agent in the form of nodes and zones 2 4

Table 1 – Computed tomography semiotics of HCC

The formation Multiphase CT (n=50) Cytology (n=33) Histology (11=29)

Hepatocellular carcinoma (HCC) 92% (46) 69.7% (23) 91.1% (27)

Table 2 – The comparison of multiphase CT and morphological test findings

The formations were sized 1 to 21.1 cm; 10.6 cm in the 
average. The formations had uneven, but clearly defined 
contours in 46 (92%) cases. In 47 (94%) cases, the forma-
tions had a hypodense, heterogeneous structure, with 
the areas of increased or decreased density. Central “stel-
liform” necrosis was visible in 4 (8%) cases). In 2 (4%) cas-
es), the nodes had a cystic-solid structure. A non-inten-
sive inhomogeneous accumulation of the contrast agent 

by the neoplasm in the arterial phase was followed by 
a complete “wash-out” in the portal-venous phase in 3 
(6%) cases), or the portal-venous and delayed phases – in 
6 (12%) cases. In 40 (80%) cases, the contrast agent was 
accumulated by the neoplasm in the arterial and venous 
phases. At that, the “wash-out” in the delayed phase was 
complete in 30 (60%) cases, and incomplete – in 10 (20%) 
cases (Table 1).

In 2 (4%) cases, a paradoxical accumulation of the con-
trast agent was observed – an incomplete “wash-out” in 
the delayed phase followed by a progressive accumula-
tion. In several cases, the contrast agent was accumulat-
ed by the pseudo capsule and along the formation bor-
ders (16%; n=8), by the solid component and the capsule 
of the cystic component (4%; n=2), in the form of nodes 
and zones (4%; n=2). In 7 (14%) cases, the own tumor vas-
culature was visualized in the arterial phase. The hepatic 

vessels were involved depending on the tumor localiza-
tion: central vein – in 7 (14%) cases, the right vein – in 5 
(10%) cases, and the left vein – in 4 (8%) cases. Intra-or-
gan metastatic nodes in the liver were detected in 12 
(24%) cases. 

HCC was diagnosed in 46 (92%) cases after multiphase 
CT. This diagnosis was verified in 23 (69.7%) out of 33 cy-
tological tests and 27 (93.1%) out of 29 histological tests 
(Table 2).

Conclusion. The liver size was enlarged in many ana-
lyzed cases. A nodular form of HCC prevailed in most of the 
cases. Most of the tumors were localized in the right part 
of the liver, segments 6 and 7. Many nodules were bigger 
than 2 cm.

In most cases, HCC had clear, uneven edges, a hy-
podense heterogeneous structure due to the impact of 
the necrotic focus and the cystic component.

In case of bolus dosing of contrast agent, it is accu-
mulated by the tumor in the arterial and portal-venous 
phases, with a complete “wash-out” in the delayed phase. 
In some cases it evidenced the tumor own vasculature. 
The central liver vein is most often affected. In a majori-
ty of cases, the bolus dosing of contrast agent allows com-
paring the principle HCC nodule with intraorgan second-
ary (mts) nodules.   

Thus, multiphase CT shows the HCC ray characteristics, 
dimensions, edges, density, structure, the presence of tu-
mor vasculature, and the involvement of large liver vessels 
in the process. The absorption of the contrast agent after 
bolus dosing is important when comparing HCC and other 
liver neoplasms. The obtained data votes for a high infor-
mativity of multiphase CT in diagnosing HCC. In some cas-

es, HCC is not absorbing the contrast agent. It requires a 
further in-depth study of ray semiotics of liver neoplasms 
during multiphase CT.
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