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I n t r o d u c t i o n  
 

Hepatocellular carcinoma (HCC) enjoys a global 

ranking of fifth most common cancer.1 In spite of 

advances in medical knowledge and technology in 

the past two decades, surgical resection and hepatic 

transplant remain the treatments of choice. The 

disease carries a high recurrence rate after 

transplant and R0 surgical resection reaching up to 

20% to 50%.2,3 This leads to poor prognosis and 

survival is reported to be 7 to 16 months after 

recurrence. Tumor recurrence after hepatic 

resection and transplant depends on many factors 

including viral replication, degree of portal 

hypertension and method of surgical resection, but 

the most important factor in early recurrence is 

preoperative vascular invasion of the tumor.4 

Therefore, it is of paramount importance to 

preoperatively evaluate the extent of vascular 

invasion.  

Preoperative detection of vascular invasion in 

patients with HCC has implications in managing 

these patients. It also helps in determining the 

prognosis of the disease in each individual patient. 

Objective:  HCC carries a high recurrence rate after resection and transplant. This depends on the extent of vascular 
invasion. Preoperative detection of vascular invasion affects the management of patient and determines the 
prognosis. Vascular invasion may have to be looked for in tumors that show certain risk factors. This study analyzes 
those risk factors. 
Methodology: This observational study was carried out by retrieving data from 2017 to 2020. Hepatocellular cancers 
treated by administering chemotherapy or chemoembolization or those with necrosis exceeding 90% were not 
included in this study. After exclusion the number of patients included in the study was 78. Imaging modalities used 
for evaluation of the tumor were multi-slice CT scan and 3-Tesla MRI. Vascular invasion was cross-tabulated against 
risk factors including morphology, encapsulation of tumor, size and location of the tumor.  
Results: Minimum age of patients was 22 years and maximum 75 years (mean = 56.76 ± 10.857). Fifty-three percent 
patients (n=41) revealed invasion in single or multiple portal branches. Large tumors (p=0.002), multifocal tumors 
(p=0.040), un-encapsulated tumors (p=0.001), infiltrative tumors (p=0.000) and tumors with raised serum alpha 
fetoprotein levels (p=0.016) were found to have exaggerated vascular invasion.  
Conclusion: Multifocal and large hepatocellular carcinomas are likely to have more vascular invasion.  
Keywords: Hepatocellular carcinoma; Vascular invasion; Imaging. 
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Vascular invasion may be readily picked by 

diagnostic imaging modalities in some patients. 

More often, however, it may have to be looked for 

in tumors that are more likely to cause vascular 

invasion. Certain biological or radiological features 

of the tumor may point to the possibility of presence 

of vascular invasion.  Various studies have reported 

some tumor factors that are associated with 

increased risk of vascular invasion. These include 

tumor size5, multifocality6, infiltrative type of 

tumor7, and serum alpha fetoprotein level.6 These 

studies have not analyzed all the risk factors 

associated with vascular invasion in hepatocellular 

carcinoma. None of these studies was carried out in 

Asian countries outside China. This study was aimed 

at analysing risk factors for vascular invasion in HCC. 

  

M e t h o d o l o g y  

This observational study was conducted after 

approval from Institutional Review Board. 

Demographic data and values of parameters under 

study were obtained from hospital database system. 

Patients scanned for hepatocellular carcinoma (HCC) 

from 2017 to 2020 were included. Patients treated 

with chemotherapy or chemoembolization and 

those that had more than 90% necrosis in tumors 

were excluded. Study sample included 78 subjects.  

Patients with HCC were scanned using triphasic 

multi-slice CT scan as imaging tool.  Gadolinium-

enhanced 3-Tesla MRI was employed in patients 

with equivocal CT findings. Study variables included 

tumor morphology, encapsulation, tumor location, 

tumor size, tumor enhancement and vascular 

invasion. Size of the tumors was recorded in 

centimeters, measured along the longest axis of the 

tumor. Location was described as central or 

peripheral in terms of segments involved. 

Morphology included shape of the tumor as well as 

infiltrative pattern if any. Partially encapsulated 

tumors were categorized as unencapsulated. 

Tumors were described as homogenous or 

heterogenous depending on their enhancement 

pattern. Vascular invasion was recorded as invading 

main portal vein (MPV), right portal vein (RPV), left 

portal vein (LPV), and its posterior (RPVP) and 

anterior (RPVA) divisions. Data was analyzed using 

the software Statistical Package for Social Sciences 

v23. Descriptive statistics were reported in means or 

percentages. Cross-tabulation of invasion into 

vessels was done with variables that included 

morphology of the tumor, encapsulation of tumor, 

location and size of the tumor. Statistical 

significance of the findings was calculated using Chi-

square test.   

  

R e s u l t s  

 Male and female patients were 54 (69.2%) and 24 

(30.8%) respectively. Mean age of the study 

population was 56.76 ± 10.857, ranging between 22 

and 75 years. Mean size of the tumors was 7.29 ± 

4.761 cms, ranging from 1 to 22 cms. Fifty-three 

percent patients (n=41) revealed vascular invasion in 

single or multiple portal vein branches. Difference in 

vascular invasion as observed for small and large 

tumors was statistically significant (p=0.002). 

Likewise, unifocal and multifocal tumors differed 

significantly in their extent of vascular invasion 

(p=0.040) (Table 1). Location of the tumor, 

peripheral or central, did not reveal any significant 

effect on vascular invasion (Fig 1). Invasion into 

multiple portal branches was found in tumors that 

were associated with high serum alpha fetoprotein 

levels and in unencapsulated tumors (Fig 2). This was 

statistically significant (0.016 and p=0.001 

respectively). Likewise, multiple vessel invasion had 

a highly significant association with infiltrative 

tumors as compared to non-infiltrative ones 

(p=0.000). Enhancement pattern of tumors did not 

reveal a significant difference although tumors with 

typical enhancement were likely to be more invasive 

than atypical ones (p=0.557).  

D i s c u s s i o n  

The principal finding of our study is a significant 

difference of vascular invasion with respect to the  
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Table 1: Cross tabulation of risk factors against 

vascular invasion of HCC 

Risk Factor Invasion p-

Value Absent Present 

Tumor Size  

0.002 Large-sized tumors 

(>5 cms) (n=41) 

2 39 

Small sized tumors 

(= or < 5 cms) 

(n=37) 

31 6 

Focality  

0.040 Multifocal tumors 

(n=41) 

11 32 

Unifocal tumors  

(n=37) 

22 15 

Serum alpha fetoprotein   

0.016 Raised (n=21) 7 14 

Not Raised (n=20) 12 8 

Encapsulation  

0.001 Unencapsulated 

tumors (n=37) 

10 27 

Encapsulated 

tumors (n=41) 

21 20 

Infiltration  

0.000 Present (n=34) 7 27 

Absent (n=44) 24 20 

Enhancement pattern  

0.557 Typical (n=64) 15 39 

Atypical (n=14) 6 8 

 

size of the tumor, larger tumors being more invasive 

(p=0.002). While the mean size of the tumors came 

out to be 7.29 ± 4.761 cm, more than half of the 

patients included in this study had vascular invasion 

in the branches of portal vein. The difference 

observed in vascular invasion between small and 

large tumors might be attributed to a decreased 

proportion of functioning liver and the compromise 

burden faced by the liver as a result.8 This is in 

conformity with a 2019 multi-center study carried 

out in China by Xu et al, where size of hepatocellular 

carcinoma more than 5 cm was found to be 

accompanied with higher rate of vascular invasion.9 

Secondly, results of our study indicate a significant 

difference in the vascular invasion between unifocal 

and multifocal tumors (p=0.040). This agrees 

favorably with 8th critical evaluation of American 

Joint Commission on Cancer.10 Previously, literature 

did not support the association between 

multifocality and vascular invasion.11 Our study 

showed no significant association with respect to 

tumor location, i.e., peripheral versus central. We 

found a direct correlation of unencapsulated tumors 

with increased vascular invasion (p=0.001). This is in 

contrast to a recently reported increased lymph 

node metastasis associated with encapsulated HCC 

as part of a 2019 study by Yan Y et al that reported a 

preoperative nomogram to predict microvascular 

invasion. 12 In our study, high serum levels of AFP 

were associated with multiple vessel invasion 

(p=0.016). This is in conformity with a 2020 study by 

Si YQ et al that has reported a positive correlation 

between the two (p=0.014).13 

The typical enhancement of HCC on CT scan is a 

pattern of arterial enhancement, greater than 

surrounding liver parenchyma (wash-in), and lower 

density or signal intensity compared to the 

surrounding liver (wash-out) in the venous phase.14 

Our study showed that HCC with typical 

enhancement pattern had a stronger association 

with vascular invasion but the association was not 

significant enough statistically (0.557). The finding 

that vascular invasion is associated more with 

infiltrative types of HCC is in agreement with 

available literature.15 The results of our study have a 

bearing on predicting vascular invasion of HCC which 

in turn, is the most potent predictor of prognosis in 

the patients.4 This study has re-examined the factors 

associated with multiple vascular invasions in HCC as 

seen on CT scan. Definitive diagnosis of HCC is most 

often based on imaging rather than histopathology. 

The Liver Imaging Reporting and Data System (LI-

RADS), a system endorsed by American College of 

Radiology,  



 

          J Islamabad Med Dental Coll 2024 
 

91 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Comparison of vascular invasion depending on location and multifocality of HCC 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Comparison of vascular invasion of capsulated and unencapsulated HCC (p=0.001) 
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is frequently used to report on space occupying 
lesions of the liver including HCC.16 The criteria of LI-
RADS have been developed to increase specificity of 
the system to near 100 percent in order to maximize 
noninvasive diagnosis of HCC. The major criteria in 
LI-RADS do not include assessment of vascular 
invasion.16 For radiologists reporting on cross-
sectional studies, presence of one or more factors 
outlined in this study must be a prompt to look more 
closely for evidence of vascular invasion in one or 
more vessels. This has implications in patient 
selection for surgical resection as well as on 
prognosis after resection.2,3,17  
 

C o n c l u s i o n  
Reporting on HCC must take into account vascular 

invasion of the tumor in order to facilitate decision 

making in surgical resection. This is facilitated by 

identifying CT scan features that are associated with 

vascular invasion. 
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