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<ABSTRACT> 

Prediction of microvascular invasion of hepatocellular carcinoma: 

usefulness of peritumoral hypointensity seen on gadoxetate 

disodium-enhanced hepatobiliary phase images 

 

Kyung Ah Kim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Myeong-Jin Kim) 

 

PURPOSE: To determine whether peritumoral hypointensity seen on 

hepatobiliary phase images of preoperative gadoxetate disodium-enhanced 

magnetic resonance imaging (EOB-MRI) is useful for predicting microvascular 

invasion of hepatocellular carcinoma (HCC). 

 

METHOD AND MATERIALS: This study was approved by the institutional 

review board. One hundred and four HCC masses in 104 patients who had 

undergone EOB-MRI and liver surgery within one month after EOB-MRI were 

evaluated. Two radiologists independently recorded the presence of a 

peritumoral hypointensity on hepatobiliary phase. Interobserver agreement was 

assessed, and consensus records were used. Tumor size was measured. 

Chi-square test and independent t-tests were used for univariate analysis. 

Multiple logistic regression was performed to determine factors for predicting 

microvascular invasion. Sensitivity, specificity, positive predictive value (PPV), 

and negative predictive value (NPV) of peritumoral hypointensity were 

calculated. 

 

RESULTS: Sixty HCCs had microvascular invasion and 44 did not. 

Interobserver agreement in determining peritumoral hypointensity was excellent 
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(κ = 0.83). By univariate analysis, peritumoral hypointensity and tumor size 

were significant for predicting microvascular invasion of HCC. On multiple 

logistic regression analysis, only peritumoral hypointensity was significant in 

predicting microvascular invasion of HCC (p=0.013). The sensitivity, 

specificity, PPV, and NPV of peritumoral hypointensity were 38.3%, 93.2%, 

88.5%, and 52.6%. 

 

CONCLUSION: Peritumoral hypointensity on the hepatobiliary phase of 

EOB-MRI is not sensitive but has high specificity for predicting microvascular 

invasion of HCC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words: hepatocellular carcinoma, pathology, diagnosis, microvascular 

invasion, gadoxetate disodium, magnetic resonance imaging 
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Kyung Ah Kim 
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I. INTRODUCTION 

Hepatocellular carcinoma (HCC) is the most common primary malignancy 

of the liver 
1
. Without treatment, the prognosis for patients with HCC is known 

to be very poor with a median survival of 6 to 9 months 
2
. Surgery is regarded 

as the curative treatment of choice for eligible patients 
3
. The size, number, and 

nuclear grade of the tumors, presence of vascular invasion, and severity of liver 

disease are all regarded as important predictors of postoperative recurrence and 

survival 
4, 5

. Of these, the presence of vascular invasion is considered an 

independent prognostic factor for tumor invasiveness that could result in 

metastasis 
6-8

. Therefore, preoperative identification of vascular invasion is 

important when determining the best candidates for surgical resection or liver 

transplantation and predicting postoperative outcome. Vascular invasion can be 

classified as macrovascular invasion, which involves major (first or second 

branches) portal or hepatic veins, and microvascular invasion, which involves 
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third branches or microscopic vessels 
9
. Myata et al reported that microvascular 

and major vascular invasions of HCC were related with a 4.4- and 15-fold 

increased risk of tumor recurrence, respectively 
10

. Malignant portal vein 

thrombus in major portal branches can be identified on Doppler ultrasound (US) 

or contrast enhanced US 
11, 12

. Enhancing expansile portal vein thrombus on 

computed tomography (CT) or magnetic resonance imaging (MRI) is highly 

suggestive of malignant thrombus caused by HCC 
13, 14

. However, 

microvascular invasion resulting from HCC is difficult to detect on preoperative 

imaging. Although invasion of major branches of the portal or hepatic vein can 

be accurately identified with sensitivities of 81 – 95% on preoperative imaging 
9, 

15
, it is still difficult to detect microvascular invasion caused by HCC 

16
. 

Gadoxetate disodium, a recently introduced hepatobiliary contrast agent, is 

widely used to improve detection and characterization of HCC 
17-21

. In clinical 

practice, we have observed areas of hypointensity around some HCCs on 

hepatobiliary phase images of gadoxetate disodium-enhanced MRI (EOB-MRI). 

These HCCs turned out to be associated with microvascular invasion upon 

pathological examination. We hypothesized that this peritumoral hypointensity 

may be an indicator of microvascular invasion of HCC. The purpose of this 

study was to determine whether peritumoral hypointensity seen on hepatobiliary 

phase images of EOB-MRI could be useful for predicting microvascular 

invasion of HCC.
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II. MATERIALS AND METHODS 

1. Patients 

This retrospective study was approved by the institutional review 

board at our institution and the requirement for informed consent was waived. 

MRI using gadoxetate disodium was performed in 2159 consecutive patients 

between March 2008 and June 2009. Patients who were diagnosed with HCC 

and underwent liver resection or transplantation within one month after 

undergoing MRI were selected. None of the patients underwent any 

locoregional treatment of HCC during the period between MRI and surgery. 

Patients who underwent preoperative MRI more than one month before the 

surgery or who had previously received any treatment for HCC, were excluded. 

A total of 104 patients were finally included in the study (80 males and 24 

females; mean age, 55 years; range, 28 – 76 years). The main tumor mass in 

each patient was evaluated and any other lesion that might represent a satellite 

tumor or intrahepatic metastasis was excluded. Thus, 104 HCC lesions were 

assessed in 104 patients. The presence of microvascular tumor invasion from 

HCC was evaluated from pathological reports of surgical specimens. At our 

institution, presence or absence of microvascular invasion is always described 

in the postoperative pathologic reports of HCC. Microvascular invasion was 

defined as a tumor within the vascular space lined by endothelium that was 

visible only on microscopy 
8
. 
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2. Image acquisition 

MRI examinations were performed with a 3.0 T magnetic resonance (MR) 

system (Magnetom Tim Trio; Siemens Medical Solutions, Erlangen, Germany). 

In-phase and opposed-phase T1 weighted images (TR 140; TE 1.23; slice 

thickness, 5.5 mm; flip angle, 65°; matrix, 256 × 192; Echo train length (ETL), 

1) and T2-weighted images (TR 3,765; TE 88; slice thickness, 5 mm; flip angle, 

150°; ETL, 30; matrix, 256 × 192) were obtained. Precontrast images were 

acquired with a fat-suppressed T1-weighted gradient echo (GRE) sequence (TR 

2.54; TE 0.92; slice thickness, 2 mm; flip angle, 12.8606°; ETL, 1; matrix, 256 

× 192). A test bolus timing image was acquired by using 1.0 ml of gadoxetate 

disodium (Primovist, Bayer Schering Pharma, Berlin, Germany) at a flow rate 

of 2.0 ml/s. After the test bolus, gadoxetate disodium at a dose of 0.025 

mmoL/kg was injected intravenously at a flow rate of 2.0 ml/s, followed by a 20 

ml saline flush. Dynamic imaging was carried out in four phases (arterial, portal, 

hepatic and equilibrium) using the same sequences used for precontrast images. 

Hepatobiliary phase (HBP) images were acquired 10 – 20 minutes after 

gadoxetate disodium injection.  

 

3. Image analysis 

Imaging analysis was done using the picture archiving and communication 
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system (Centricity RA1000; GE Healthcare, Milwaukee, Wis). The largest 

tumor mass -in each patient was evaluated through review of imaging. Two 

radiologists with 18 and 3 years of experience in abdominal imaging, 

respectively, were blinded to the pathologic results of microvascular invasion of 

HCC and independently reviewed peritumoral hypointensity in the dynamic 

four phases (arterial, portal, hepatic and equilibrium) and HBP MR images. 

Peritumoral hypointensity was defined as an irregular, wedge-shaped or 

flame-like hypointense area of liver parenchyma located outside of the tumor 

margin. The hypointense areas were relatively hypointense to the surrounding 

parenchyma, but less hypointense than the tumor itself in most cases. In a few 

cases of hyperintense HCCs, the areas were more hypointense than the 

hyperintese area of the tumor, but were less hypointense than the hypointense 

rim that was usually depicted in those hyperintense HCCs. When the two 

radiologists differed in their interpretation of images, a conclusion was reached 

by consensus. Tumor size defined by the maximum diameter was measured by a 

radiologist at a workstation with picture acquisition and communication system.  

 

4. Statistics 

Statistical analysis was performed using the Statistical Package for the 

Social Sciences (SPSS, version 17.0; SPSS, Chicago, IL). Interobserver 

agreement for peritumoral low SI on HBP images were assessed as kappa value: 
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0-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate 

agreement; 0.61-0.80, substantial agreement; and 0.81-1.00, almost perfect 

agreement 
22

. The diagnostic accuracy of variables (tumor size and peritumoral 

hypointensity on HBP imaging) for predicting microvascular invasion of HCC 

was measured using the area under the receiver operating characteristic curve 

(AUC). A chi-square test was used for univariate analysis of the relationship 

between microvascular invasion of HCC and peritumoral hypointensity on HBP 

imaging. An independent t-test was used for univariate analysis to determine the 

existence of a relationship between microvascular invasion of HCC and tumor 

size. Logistic regression analysis for the two imaging factors was performed to 

evaluate the usefulness of tumor size and peritumoral hypointensity on HBP 

images for predicting microvascular invasion of HCC. The sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV) 

were calculated for peritumoral hypointensity on HBP images. A p-value less 

than 0.05 was considered statistically significant. 
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III. RESULTS 

Microvascular invasion was found in 60 (57.7%) of the 104 HCCs 

upon histopathological examination. Tumor size ranged from 1.4 to 15.5 cm 

(mean, 3.6 cm) with 15 tumors < 2 cm, 68 tumors of 2 to < 5 cm, and 21 tumors 

≥ 5 cm in diameter. The mean diameter of the tumor showing microvascular 

invasion (4.10 cm ± 2.31) was significantly greater than that of HCCs without 

microvascular invasion (2.92 cm ± 1.24, p = 0.001) (Table 1). At a cut-off value 

of tumor size > 2.2 cm, the AUC was 0.673 (95% CI: 0.574 to 0.762) for 

predicting microvascular invasion with 86.6% (95% CI: 75.4 - 94.0) sensitivity, 

38.6% (95% CI: 24.4 - 54.5) specificity, a PPV of 65.8% (95% CI; 

54.29 - 76.13), and a NPV of 68% (95% CI: 46.50 - 85.01). Tumor size was not 

a statistically significant predictor of microvascular invasion of HCC upon  

multiple logistic regression analysis (p = 0.071).
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Table 1. Univariate analysis of peritumoral hypointensity on hepatobiliary phase 

imaging and tumor size for prediction of microvascular invasion of 

hepatocellular carcinoma. 

 

Imaging 

findings 

  MVI (-) 

(n=44) 

MVI (+) 

(n=60) 

Subtotal P-value 

Peritumoral 

hypointensity 

    <0.001 

 Yes 3 (2.9 %) 23 (22.1 %) 26 (25 %)  

 No 41 (39.4 %) 37 (35.6 %) 78 (75 %)  

 Subtotal 44 (42.3 %) 60 (57.7 %) 104 (100 %)  

Tumor size      0.001 

 < 2 cm 10 (9.6 %) 5 (4.8 %) 15 (14.4 %)  

 2 - 5 cm 31 (29.8 %) 39 (37.5 %) 70 (67.3 %)  

 > 5 cm 3 (2.9 %) 16 (15.4 %) 19 (18.3 %)  

 Subtotal 44 (42.3 %) 60 (57.7 %) 104 (100 %)  

MVI = microvascular invasion
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Peritumoral hypointensity was seen in 26 (25.0%) of 104 HCCs on HBP images 

of EOB-MRI (Table 1), and 23 (88.5%) of them showed microvascular invasion 

upon histopathological examination (Fig. 1, 2). None of the patients showed 

similar hypointensity on precontrast, arterial, or portal phase images. In nine of 

26 patients, peritumoral hypointensity were noted on hepatic or equilibrium 

phase images, but they were less distinct than the peritumoral hypointensity 

seen on HBP images. Peritumoral hypointensity was statistically significant for 

predicting microvascular invasion of HCC in both univariate analysis (p < 

0.001) and multiple logistic regression (p = 0.013). The sensitivity, specificity, 

PPV, and NPV for predicting microvascular invasion by the presence of 

peritumoral hypointensity were 38.3%, 93.2%, 88.5%, and 52.6%, respectively. 

The AUC for predicting microvascular invasion by the presence of peritumoral 

hypointensity was 0.658 (95% CI: 0.558 – 0.748). The kappa value for 

interobserver agreement between the two radiologists in determining the 

presence of peritumoral hypointensity was 0.83, indicating almost perfect 

agreement. 
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Figure 1. A 66-year-old man. Precontrast image, arterial phase, portal phase, 

hepatic phase, equilibrium phase, and hepatobiliary phase of gadoxetic 

acid-enhanced MRI are arranged in order. HCC (size 2.3 cm) in the right lobe of 

the liver shows typical arterial enhancement and delayed washout. Peritumoral 

low signal intensity (three arrow heads) is noted around the tumor in the 

hepatobiliary phase image.  
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A 

 

B 

Figure 2. (A) A 63-year-old man. Precontrast image, arterial phase, portal phase, 

hepatic phase, equilibrium phase, and hepatobiliary phase of gadoxetic 

acid-enhanced MRI are arranged in order. A large HCC (8.5 cm) in the right 

lobe of the liver shows typical arterial enhancement and delayed washout. 

Peritumoral low signal intensity (two arrow heads) is noted around the tumor in 
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the equilibrium phase and hepatobiliary phase images. (B) Microscopic 

evaluation reveals a tumor thrombus (black arrow) within the small vessel. 

(Hematoxylin-eosin stain,100 x magnification)  
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IV. DISCUSSION 

Our study showed that peritumoral hypointensity seen on HBP images 

of EOB-MRI can be useful for predicting microvascular invasion of HCC 

preoperatively. The presence of peritumoral hypointensity showed high 

specificity (93.2%) and a positive predictive value of 88.5%. This relationship 

may be explained by decreased uptake of gadoxetate disodium by hepatocytes 

due to obstruction of minute portal branches by tumor thrombi, resulting in 

hemodynamic changes. Similar findings around hepatic tumors have been 

reported for superparamagnetic iron oxide (SPIO)-enhanced MRI 
10, 23, 24

. Scharf 

et al. 
23

 and Mori et al. 
24

 showed that when portal perfusion decreases around a 

tumor, uptake of SPIO also decreases in the liver parenchyma surrounding the 

tumor. If the intrahepatic portal vein is occluded and hepatic arterial flow is 

insufficiently compensated, the liver parenchyma is injured, causing edema, 

hepatocytic depletion, and fibrosis 
25

. The cause of peritumoral hypointensity on 

HBP images of EOB-MRI may be similar to that of impaired uptake of SPIO. 

Perfusion changes by microvascular invasion of HCC may affect not only 

Kupffer cells but also the organic anion transporting peptides (OATPs) or the 

canalicular transporter multidrug resistance-associated protein 2 (MRP2) within 

hepatocytes, which are known to be responsible for the uptake of gadoxetate 

disodium 
26-28

. 

Although our study showed that peritumoral hypointensity was highly 
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specific (93.2%) for the diagnosis of microvascular invasion of HCC, this type 

of finding was not common (25% of overall HCC) and its sensitivity was low 

(38%). In our study, peritumoral hypointensity, if present around the tumor, was 

usually seen on HBP images or, less frequently, on late dynamic phase images. 

Peritumoral hypointensity was not seen on precontrast or early phase images in 

dynamic studies. This may be explained by the biphasic enhancement 

characteristics of gadoxetate disodium, which enable two separate imaging 

acquisition sessions for early dynamic and delayed hepatobiliary phase imaging 

29
. During early dynamic phase imaging, gadoxetic acid acts as an extracellular 

MR contrast material that reflects early hemodynamic changes. However, 

during the delayed phase images, it acts as a hepatocyte-specific agent reflecting 

hepatocyte function. Our finding that peritumoral hypointensity was seen on 

HBP images but not on early dynamic phase images suggests that peritumoral 

hypointensity reflects the alteration of hepatic function around tumors with 

microvascular invasion. Therefore, the relatively low sensitivity of peritumoral 

hypointensity for the detection of microvascular invasion in our study may be 

explained by the lack of change in peritumoral hepatocyte function in some 

tumors, despite the presence of microvascular invasion.  

In our study, tumor size was not an independent predictor for 

microvascular invasion, even though it was a significant factor in univariate 

analysis. Tumor size has long been considered an important predictor for the 
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presence of microvascular invasion, postoperative recurrence, or prognosis 
10, 

30-32
, but has not always been confirmed as an independent predictor 

33, 34
. One 

possible reason for our finding that tumor size was not an independent predictor 

for microvascular invasion of HCC is the fact that only surgically eligible cases 

were included in our study and all lesions were 1.4 cm or larger. Therefore, it is 

possible that, if smaller lesions had been included, tumor size might have a 

closer relationship with the presence of microvascular invasion. We found that a 

cut-off value of 2.2 cm yielded the greatest AUC value for the prediction of 

microvascular invasion, with a sensitivity of 86.7%, but that specificity was as 

low at 38.6%. The recommended cut-off value for tumor size as a predictor of 

microvascular invasion varies from 3 to 7 cm 
30, 35, 36

. 

One of the limitations of our study is that we did not compare the 

relative accuracy between peritumoral hypointensity and other imaging findings 

that have been described in previous studies 
10, 33, 34, 37

. Nishie et al. 
37

 and 

Shirabe et al. 
33

 showed that the areas of peritumoral hemodynamic change or 

perfusion defects seen on CT during arterioportography (CTAP) or hepatic 

arteriography (CTHA) were larger in HCCs with minute portal invasion. Miyata 

et al. 
10

 also showed that distortion of corona and tumorous arterioportal (AP) 

shunt as determined by SPIO-enhanced MRI and CTHA were useful predictors 

of microvascular invasion. However, we could not compare our results with 

their findings because CTAP and CTHA are invasive techniques that are not 
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widely performed. In a study by Kim et al. 
34

, gadobenate  dimeglumine - 

enhanced multi-arterial phase dynamic MRI was used to demonstrate that 

irregular circumferential peritumoral enhancement was helpful in predicting 

microvascular invasion. However, multi-arterial phase dynamic imaging is not 

currently available, and gadobenate dimeglumine was not used in our study 

because it requires a relatively long (60 – 90 minutes) scan delay time for the 

acquisition of HBP images.  

Another limitation of our study is that we didn’t perform quantitative 

analysis of hypointensity in our study. Peritumoral hypointensity was usually 

seen as an irregular wedge-shaped or flame-like appearance, and was clearly 

defined from the tumor or peritumoral parenchyma. Therefore, quantification of 

the signal intensity was deemed not to be realistic in clinical practice. Another 

limitation is that we did not evaluate interobserver agreement between the 

radiologists or pathologists. In addition, test-retest immediate reproducibility 

was not assessed. However, we did not experience a remarkable discrepancy 

between radiologists regarding the identification of peritumoral hypointensity. 

For the histologic analysis, presence of microvascular invasion was 

prospectively determined by a liver pathologist based on obvious identification 

of microscopic tumor thrombi. Therefore, we believe that the results should be 

reproducible. Finally, in our study, the extent of peritumoral intensity and the 

amount of microvascular invasion were not quantitatively correlated with each 
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other. Peritumoral hypointensity was usually present in a substantial area of the 

tumor boundary, but whether microvascular invasion was present in many or 

few vessels, or whether the invasion was only present close to the main tumor 

or extended to far from the tumor were not assessed. Further studies to define 

the relationship between imaging findings and the degree of microvascular 

invasion are warranted.  
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V. CONCLUSION 

In conclusion, the presence of peritumoral hypointensity on HBP images 

was found to be specific for the diagnosis of microvascular invasion of HCC on 

preoperative gadoxetate disodium-enhanced MRI, although the sensitivity was 

low. Radiologists should be aware of this potentially helpful finding when 

planning surgical resection in patients with HCC. 
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< ABSTRACT (IN KOREAN)> 

간암의 미세혈관침범 예측: Gadoxetate disodium 조영 증강 후 

얻은 자기공명영상상 지연기 종양 주변부 저음영의 유용성 

  

<지도교수 김 명 진 > 

 

연세대학교 대학원 의학과 

 

김경아 

 

 

연구목적: 수술 전 Gadoxetate disodium (EOB) 으로 조영 증강하여 

얻은 자기공명영상 지연기에 보이는 종양 주변부의 저음영이 간암의 

미세혈관 침범을 예측하는데 도움이 되는지 알아보고자 하였다. 

 

연구대상 및 방법: 본 연구는 임상시험심사위원회의 승인을 받았다. 

수술 전 EOB로 조영 증강하여 얻은 자기공명영상검사를 시행했고, 

동검사 시행 후 한달 이내에 간 수술을 받은 104 명의 간암 

환자에서 관찰된 104개의 간암 종괴를 대상으로 하였다. 두 명의 

영상의학과 의사가 각각 독립적으로 자기공명영상을 분석하여 지연기 

영상에서 종양 주변부의 저음영이 있는지 유무를 표시하였다. 독립적 

영상 분석 후, 지연기 영상에서 종양 주변부의 저음영의 유무에 대한 
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관찰자간 의견 일치 정도를 살펴보고, 이에 대한 합의를 이루어 

최종적으로 분석 결과를 얻었다. 그리고 종양의 크기를 측정하였다. 

지연기 영상에서 종양 주변부의 저음영과 종양 크기에 따른 간암의 

미세혈관 침범 여부를 예측하는 것에 대해 Chi-square test 와 

independent t-tests을 이용하여 일변량 분석을 시행하였다. 간암의 

미세혈관 침범을 예측하는데 도움이 되는 요인을 찾기 위해 다변량 

분석법도 시행하였다. 그리고 지연기 영상에서 종양 주변부에서 

보이는 저음영이 간암의 미세혈관 침범을 예측하는 것에 대한 민감도, 

특이도, 양성예측도, 음성예측도를 구하였다.   

 

연구결과: 60 개의 간암에서는 미세혈관 침범이 있었고, 44 개의 

간암에서는 미세혈관 침범이 관찰되지 않았다. 지연기 영상에서 종양 

주변부의 저음영 유무에 대한 관찰자간 일치도는 높았다. (κ = 0.83) 

간암의 미세혈관 침범 예측력에 대한 일변량 분석 결과에서는 지연기 

영상에서 보이는 종양 주변부의 저음영과 종양 크기 모두가 

통계학적으로 의의가 있었다. 그러나 다변량 분석에서는 간암의 

미세혈관 침범을 예측하는데, 지연기 영상에서 보이는 종양 주변부의 

저음영만이 통계학적으로 의의가 있었다 (p = 0.013). 지연기 

영상에서 보이는 종양 주변부의 저음영으로 간암의 미세혈관 침범을 
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예측하는데 대한 민감도, 특이도, 양성예측도, 음성예측도는 각각 

38.3%, 93.2%, 88.5%, 52.6% 였다. 

 

결론: EOB로 조영 증강하여 얻은 자기공명영상 지연기에 보이는 종양 

주변부의 저음영은 간암의 미세혈관 침범을 예측하는데 민감도는 

낮았지만 특이적인 소견이었다. 
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