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Abstract
Purpose: Microvascular invasion (MVI) is an important prog-
nostic factor in patients with hepatocellular carcinoma 
(HCC). However, the reported results of magnetic resonance 
imaging (MRI) features for predicting MVI of HCC are variable 
and conflicting. Therefore, this meta-analysis aimed to iden-
tify the significant MRI features for MVI of HCC and to deter-
mine their diagnostic value. Methods: Original studies re-
porting the diagnostic performance of MRI for predicting 
MVI of HCC were identified in MEDLINE and EMBASE up until 
January 15, 2020. Study quality was assessed using QUA-
DAS-2. A bivariate random-effects model was used to calcu-
late the meta-analytic pooled diagnostic odds ratio (DOR) 
and 95% confidence interval (CI) for each MRI feature for di-
agnosing MVI in HCC. The meta-analytic pooled sensitivity 
and specificity were calculated for the significant MRI fea-
tures. Results: Among 235 screened articles, we found 36 
studies including 4,274 HCCs. Of the 15 available MRI fea-
tures, 7 were significantly associated with MVI: larger tumor 
size (>5 cm) (DOR = 5.2, 95% CI [3.0–9.0]), rim arterial en-

hancement (4.2, 95% CI [1.7–10.6]), arterial peritumoral en-
hancement (4.4, 95% CI [2.8–6.9]), peritumoral hypointensity 
on hepatobiliary phase imaging (HBP) (8.2, 95% CI [4.4–
15.2]), nonsmooth tumor margin (3.2, 95% CI [2.2–4.4]), mul-
tifocality (7.1, 95% CI [2.6–19.5]), and hypointensity on T1-
weighted imaging (T1WI) (4.9, 95% CI [2.5–9.6]). Both peritu-
moral hypointensity on HBP and multifocality showed very 
high meta-analytic pooled specificities for diagnosing MVI 
(91.1% [85.4–94.8%] and 93.3% [74.5–98.5%], respectively). 
Conclusions: Seven MRI features including larger tumor size, 
rim arterial enhancement, arterial peritumoral enhance-
ment, peritumoral hypointensity on HBP, nonsmooth mar-
gin, multifocality, and hypointensity on T1WI were signifi-
cant predictors for MVI of HCC. These MRI features predictive 
of MVI can be useful in the management of HCC.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Microvascular invasion (MVI) is an important prog-
nostic factor in patients with hepatocellular carcinoma 
(HCC) after they have undergone curative treatment 
such as surgical resection, liver transplantation, or radio-
frequency ablation (RFA) and is associated with early tu-
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mor recurrence and poor survival [1–3]. In addition to 
its use as a prognostic factor, the pretreatment identifica-
tion of MVI is clinically important for the selection of 
treatment modalities, that is, surgical resection versus 
RFA. This is because RFA may be less effective for erad-
icating intrahepatic metastases and reducing early recur-
rence rates when HCC shows MVI, with a 90% 2-year 
early recurrence rate being reported in patients with a 
high risk of MVI [2]. However, unlike macrovascular in-
vasion, MVI is difficult to detect on imaging tests such as 
computed tomography (CT) and magnetic resonance 
imaging (MRI) and can only be histopathologically diag-
nosed. Therefore, there is a critical need to determine the 
pretreatment imaging features for predicting MVI of 
HCC.

Attempts to detect MVI of HCC using imaging mo-
dalities have progressed. Various imaging features on 
contrast-enhanced ultrasound and CT, including irregu-
lar tumor margin or incomplete peritumoral capsule, 
have been suggested as predictive imaging features for 
MVI of HCC [4, 5]. According to the recent advances in 
MRI, studies reporting predictive imaging features for 
MVI using MRI are increasing. The use of diffusion-
weighted imaging (DWI) and hepatobiliary contrast 
agent (HBA) has given way to the promising results of 
MRI for detecting MVI of HCC, showing improved diag-
nostic performance, that is, hypointensity on apparent 
diffusion coefficient (ADC) was very sensitive (89%), and 
peritumoral hypointensity on hepatobiliary phase imag-
ing (HBP) was highly specific (94%) [6, 7].

As clinical interest in MVI of HCC has increased, mul-
tiple individual studies have reported various MRI fea-
tures for predicting MVI of HCC, including a nonsmooth 
tumor margin [8–12], larger tumor size [11, 12], rim arte-
rial enhancement [13], arterial peritumoral enhancement 
[2, 10, 14], nonperipheral washout [15, 16], nonenhanc-
ing capsule [15], diffusion restriction [17–20], tumor hy-
pointensity or peritumoral hypointensity on HBP [2, 7, 8, 
10, 21], and multifocality [8, 16, 22, 23]. However, the 
reported results seem quite variable, with conflicting re-
ports on which of the MRI features are significant for pre-
dicting MVI. Given the clinical importance of MVI in the 
management of patients with HCC, we considered it 
timely and important to clearly determine the significant 
MRI features for predicting MVI. In addition, evaluation 
of the diagnostic performance of the significant MRI fea-
tures for predicting MVI can be clinically valuable for un-
derstanding the diagnostic characteristics of each imag-
ing feature, that is, which imaging feature is useful for 
detecting or excluding MVI. Therefore, this meta-analy-

sis aimed to identify the significant MRI features for pre-
dicting MVI of HCC and to determine their diagnostic 
value.

Materials and Methods

This systematic review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. This study was prospectively registered in 
PROSPERO (ID: CRD42020163566).

Literature Search Strategy
A computerized search of PubMed and EMBASE databases 

was conducted to identify original studies reporting the diagnostic 
performance of MRI for predicting MVI of HCC. The search que-
ry was designed to furnish a sensitive literature search and includ-
ed the search terms “Liver,” “Carcinoma,” “Microvessels,” “Inva-
sion,” and “MRI.” Sources included bibliographic databases, refer-
ence lists of eligible studies, review articles, and key journals. The 
search included articles published up until January 15, 2020, with 
no start date limits. The studies were restricted to human subjects 
and those published in the English language. Online suppl. Table 
1 (see www.karger.com/doi/10.1159/000513704 for all online 
 suppl. material) lists the search terms in detail.

Eligibility Criteria
After removal of duplicates, the articles were reviewed to iden-

tify studies satisfying the following criteria: (a) population: pa-
tients with surgically proven HCC who underwent preoperative 
MRI; (b) index test: MRI with or without a contrast-enhanced 
scan; (c) comparison: no comparison; (d) outcome: diagnostic ac-
curacy of MRI findings for diagnosing or predicting MVI in HCC; 
and (e) study design: any type of study design, including observa-
tional studies (retrospective or prospective) and clinical trials. To 
evaluate the predictive MRI features for MVI of HCC, we did not 
include studies with macrovascular invasion of HCC on MRI. 
Studies were excluded according to the following criteria: (a) stud-
ies with duplicate patients and data; (b) case reports, review arti-
cles, letters, conference abstracts, and editorials; (c) studies with 
insufficient information to make a diagnostic 2 × 2 table for clini-
cal and imaging results; and (d) studies not in the field of interest. 
The retrieved articles were first screened according to their ab-
stracts and titles, and then full-text reviews of potentially eligible 
articles were performed. The 2 reviewers (with 8 and 4 years of 
experience, respectively, in meta-analysis) independently per-
formed the review session, with disagreements being resolved at a 
consensus meeting with a third reviewer (with 11 years of experi-
ence in meta-analysis).

Data Extraction
The following predefined information was extracted from the 

eligible articles: (a) study characteristics (authors, years of publica-
tion, study period, institution, and study type); (b) subject charac-
teristics (age, the number of patients, the number of HCCs, etiol-
ogy of HCC, proportion of liver cirrhosis [LC], tumor size, and the 
type of operation); (c) MRI technique (magnet field strength, the 
use of contrast-enhanced images, type of contrast agent, and inclu-
sion of DWI); (d) MRI features associated with MVI; (e) outcomes 
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(the numbers of true-positives, false-positives, false-negatives, and 
true-negatives of each MRI feature associated with MVI); (f) refer-
ence standard (the surgical method for determining MVI); and (g) 
image review method (the number of reviewers, consensus or in-
dependent review, and clarity of blinding to the reference standard 
when performing the review).

Assessment of Study Quality
Two reviewers independently assessed the methodological 

quality of the eligible articles using the Quality Assessment of Di-
agnostic Accuracy Studies 2 (QUADAS-2) criteria and its 4 do-
mains of patient selection, index test, reference standard, and flow 
of patients through the study.

Data Synthesis and Statistical Analysis
To determine the significant MRI features for diagnosing MVI 

in HCC, the diagnostic odds ratio (DOR) was adopted as the main 
study outcome. The DOR is the ratio of the odds of a test being 
positive if the subject has a disease to the odds of the test being 
positive if the subject does not have the disease. All MRI features 
were evaluated, irrespective of their statistical significance, and di-
agnostic 2 × 2 tables were constructed for each individual MRI 
feature of each study. As a minimum of 4 articles are required to 
perform meta-analysis, further statistical analysis was performed 
for each MRI feature that had been reported in at least 4 eligible 
articles. A bivariate random-effects model was used to calculate the 
meta-analytic pooled DOR and its 95% confidence interval (CI) 
for each individual MRI feature for diagnosing MVI [24]. The me-
ta-analytic pooled sensitivity, specificity, and positive and negative 
likelihood ratios (LRs) and their 95% CIs were calculated for each 
individual MRI feature that was significant for diagnosing MVI 
according to the meta-analysis. Subgroup analyses according to 
magnet field strength (3.0-T vs. 1.5-T) and contrast agent (HBA 
vs. extracellular fluid agent [ECF]) were also performed.

The Higgins I2 statistic was used to assess the heterogeneity of 
the pooled data (I2 > 50%: substantial heterogeneity) [25]. The pres-
ence of a threshold effect was analyzed by visual assessment of the 
coupled forest plots of sensitivity and specificity, as well as by cal-
culating the Spearman correlation coefficient between sensitivity 
and the false-positive rate (i.e., 1 – specificity) [26]. A correlation 
coefficient >0.6 was considered to indicate a considerable threshold 
effect [26]. When substantial heterogeneity was noted, meta-re-
gression analysis was performed to identify the causes. The covari-
ates for the meta-regression were as follows: (a) study design (pro-
spective vs. retrospective); (b) study location (Eastern vs. Western); 
(c) proportion of LC (≥50% vs. <50%, 50% cutoff value was median 
value); (d) tumor size (all HCCs <5 cm vs. any HCCs ≥5 cm); (e) 
MRI magnet field strength (only 3.0-T vs. 1.5-T or both 3-T and 
1.5-T); (f) the use of DWI (used vs. not used or unclear); (g) the type 
of contrast media (HBA vs. ECF or no contrast agent); (h) prespec-
ified definition of MRI features (clear vs. unclear); (i) image review 
method (multiple readers with consensus vs. multiple independent 
or single reviews); (j) clarity for blinding to reference standard 
(clear vs. unclear); and (k) the type of operation (transplantation 
vs. resection or both resection and transplantation).

The presence of publication bias was evaluated using Deeks’ 
funnel plot and Deeks’ asymmetry test. Stata version 16.0 (Stata-
Corp LP, College Station, TX, USA) was used to perform all statis-
tical analyses, with p < 0.05 being considered statistically signifi-
cant.

Results

Literature Search
Of the 235 eligible articles, 77 were excluded because 

of duplication between PubMed and EMBASE. Of the re-
maining 158 articles, 93 were further excluded after re-
view of their abstracts and titles. During the full-text re-
view, 29 articles were further excluded, leaving 36 studies 
for inclusion in this study (Fig. 1). Because 1 study had 
overlapped population with a previous study [2, 10], we 
included the study with a larger population [2].

The characteristics of the individual studies are sum-
marized in Table 1. All 36 studies were cohort studies, 
with 33 retrospective studies [2, 7–9, 11–16, 18, 20–23, 
27–44] and 3 prospective studies [45–47]. The propor-
tions of LC were variable, with 18 studies having >50% of 
patients with LC [8, 13–15, 18, 23, 28, 32–34, 36, 37, 41–
43, 45–47], and 18 studies having <50% of patients with 
LC [2, 7, 9, 11, 12, 16, 20–22, 27, 29–31, 35, 38–40, 44]. 
Thirteen studies had all HCC size of <5 cm [2, 9, 12, 18, 
21, 28, 31–34, 39, 41, 43], 23 studies used HBA contrast-
enhanced MRI [2, 7–9, 11–14, 16, 20, 21, 27–31, 33, 37–
41, 44], and 24 studies used DWI [8, 11, 16, 18, 20, 22, 23, 
27, 28, 30–37, 39, 40, 42, 44–47].

The definitions of the 15 analyzed MRI features are 
summarized in online suppl. Table 2. Five studies used T1 
opposed-phase image for evaluating intralesional fat de-
position [15, 16, 20, 31, 34], although 1 study was unclear 
about the use of T1 opposed-phase image [46]. Regarding 
multifocality, 4 studies used satellite nodules [8, 16, 23, 
45] and 3 studies used ≥2 lesions [22, 30, 35] as a defini-
tion of multifocality. Regarding diffusion restriction, 4 
studies were clear about the use of ADC [16, 23, 32, 39], 
whereas 3 were unclear [28, 34, 40].

Assessment of the Study Quality according to 
QUADAS-2
The overall quality of the included studies is summa-

rized in Figure 2. In the flow and timing domain, 8 stud-
ies had a high risk of bias, due to inappropriate interval 
between the index test and reference standard (over 3 
months) [8, 13, 15, 21, 22, 45] and no inclusion of all pa-
tients in the analysis [8, 13, 21, 22, 31, 33]. In the refer-
ence standard domain, 1 study had a high risk of bias 
because it interpreted the reference standard result with 
the index test result [28]. Twenty-two studies had an un-
clear risk of bias due to the ambiguity on whether the 
reference standard result was interpreted without knowl-
edge of the index test result [2, 7–9, 12, 16, 20, 21, 23, 30, 
31, 33, 37–43] or about how to define pathological MVI 
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[7, 16, 22, 23, 27, 30, 32, 33, 40]. In the index test domain, 
5 studies were unclear on whether the index test result 
was interpreted without knowledge of the reference stan-
dard [9, 15, 29, 38, 45], and 7 studies lacked the prespec-
ified definition of analyzed MRI features [8, 15, 22, 40, 
42, 45, 46]. In the patient selection domains, 6 studies had 
a high risk of bias due to inappropriate exclusions [22, 
31, 33, 38, 41] and case-control design [13]. Seven studies 
had an unclear risk of bias due to the ambiguity on 
whether they avoided inappropriate exclusions [2, 7, 9, 
11, 12, 27, 35].

MRI Features for Diagnosing MVI in HCC
Of these 36 studies with 4,274 HCCs in 4,039 patients 

(77% hepatitis B, 9% hepatitis C, 3% alcoholic liver dis-
ease, 1% cryptogenic LC, and 10% others), 15 MRI fea-
tures were available for per-lesion based meta-analysis 
(Table 2). Of these 15 available MRI features, 7 were sig-
nificantly associated with MVI in HCC (Fig. 3), that is, 

larger tumor size (>5 cm), rim arterial enhancement, ar-
terial peritumoral enhancement, peritumoral hypointen-
sity on HBP, nonsmooth tumor margin, multifocality, 
and hypointensity on T1-weighted imaging (T1WI), 
demonstrating 95% CIs of their pooled DORs not enclos-
ing 1.0. Of these 7 significant MRI features, peritumoral 
hypointensity on HBP showed the highest meta-analytic 
pooled DOR (8.2, 95% CI [4.4–15.2]), followed by multi-
focality (7.1, 95% CI [2.6–19.5]) and hypointensity on 
T1WI (4.9, 95% CI [2.5–9.6]). Diffusion restriction did 
not show a statistically significant association with MVI 
of HCC (3.6, 95% CI [0.3–35.8]).

All 7 of the significant MRI features were also signifi-
cantly associated with MVI of HCC in both 3.0-T and 
1.5-T MRI groups, and both HBA- and ECF-MRI, except 
for rim arterial hyperenhancement in ECF-MRI, which 
showed borderline significance (online suppl. Table 2). 
Although diffusion restriction was not significantly asso-
ciated with MVI of HCC on 3.0-T MRI, HBA-MRI, and 

Records identified through
Pubmed Medline searching

(n = 115)

Records identified through
Embase searching

(n = 120)

Records after duplicates removed
(n = 158)

Records screened by title and abstract
(n = 158)

Full-text articles assessed for eligibility
(n = 65)

Articles included in analysis
(n = 36)

Records excluded (n = 93)
29 case report, review article, editorial,

letter, comment, or conference
abstract/proceedings

64 articles not within the field of interest
of this study

Full-text articles excluded, with reasons
(n = 29)
13 articles not within the field of interest

of this study
06 studies with the significant MRI

findings, but described in only one
or two articles, due to methodological
reason

04 not published in English articles
03 articles with neither sufficient data

to construct diagnostic 2-by-2 table
nor correlation analysis

02 review articles
01 article with overlapped study subjects

Fig. 1. PRISMA flow diagram of the article selection process.
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ECF-MRI, it was significantly associated with MVI of 
HCC on 1.5-T MRI.

The meta-analytic pooled sensitivities and specificities 
of these 7 MRI features are summarized in Table 3 (online 
suppl. Fig. 1). Of these 7 MRI features, hypointensity on 
T1WI showed the highest sensitivity (89.4%, 95% CI 
[72.5–96.4%]), followed by a nonsmooth tumor margin 
(67.1%, 95% CI [57.7–75.3%]). In contrast, multifocality 
showed the highest specificity (93.3%, 95% CI [74.5–
98.5%]), followed by peritumoral hypointensity on HBP 
(91.1%, 95% CI [85.4–94.8%]). The positive and negative 
LRs of the imaging findings ranged from 1.4 to 5.0 and 
0.3 to 0.7, respectively.

Substantial study heterogeneity was noted for all 7 sig-
nificant MRI features (I2 ≥ 70.4%), but there was no sig-

nificant publication bias (p ≥ 0.16; online suppl. Fig. 2). 
Of the 7 MRI features, there was a significant threshold 
effect in larger tumor size (>5 cm), arterial peritumoral 
enhancement, multifocality, and hypointensity on T1WI 
(Spearman correlation coefficient ≥0.8). Nonsmooth tu-
mor margin showed a borderline threshold effect (Spear-
man correlation coefficient = 0.52).

Meta-Regression Analysis
The results of the meta-regression analysis are sum-

marized in online suppl. Table 4. Of the 11 covariates, 2 
factors including study location (p = 0.01) and proportion 
of LC (p = 0.04) were significantly associated with study 
heterogeneity. Eastern studies showed a higher specificity 
(91 vs. 66%) in rim arterial enhancement than Western 
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studies. Studies with >50% patients with LC showed a 
lower sensitivity in nonsmooth margin (57 vs. 77%) than 
studies with ≤50% patients with LC.

Discussion

This meta-analysis provided a comprehensive sum-
mary for MRI features for predicting MVI of HCC in-
cluding 36 studies with 4,274 HCCs. We found 7 signifi-
cant MRI features for predicting MVI, that is, larger tu-
mor size (>5 cm), rim arterial enhancement, arterial 
peritumoral enhancement, peritumoral hypointensity on 
HBP, nonsmooth tumor margin, multifocality, and hy-
pointensity on T1WI. This result would be useful in the 
pretreatment prediction of MVI and facilitate more evi-
dence-based risk stratification in the management of 
HCC.

In accordance with the study by Lee et al. [10], arterial 
peritumoral enhancement, nonsmooth tumor margin, 
and peritumoral hypointensity on HBP were common 
significant MRI features. However, our meta-analysis 
identified the 4 additional features including larger tumor 
size (>5 cm), rim arterial enhancement, multifocality, and 
hypointensity on T1WI. The number of subjects and an-

alyzed MRI features in previous individual studies was 
generally insufficient, with 91.7% (33/36) of studies in-
cluding <200 patients [7–9, 11–16, 18, 20–23, 27–30, 32–
40, 42–47] and 94.4% (34/36) analyzing <10 imaging fea-
tures [2, 7–9, 11–15, 18, 20–23, 27–29, 31–47]. Further-
more, the analyzed MRI features varied across the 
previous studies, with the selection criteria used for the 
MRI features being unclear, and the individual studies 
might therefore have been limited in their ability to de-
termine significant MRI features for predicting MVI. In 
contrast, given the large number of subjects (4,410 pa-
tients) and MRI features analyzed (15 features) in this 
meta-analysis, our results should be beneficial for making 
more solid conclusions on the MRI features for predict-
ing MVI.

Peritumoral hypointensity on HBP was the MRI fea-
ture most suggestive of MVI. Because the meta-analytic 
DOR and pooled positive LR of peritumoral hypointen-
sity on HBP were 8.2 and 5.0, respectively, this imaging 
feature can be useful for ruling in MVI [48]. The associa-
tion of peritumoral hypointensity on HBP with MVI 
could be explained by peritumoral perfusion change re-
sulting from the dysfunction of organic anion-transport-
ing polypeptide transporters in the hepatocytes around 
the HCC [10]. Likewise, arterial peritumoral enhance-

Table 2. Summary of the meta-analytic pooled DOR for the imaging findings

MRI features Studies, 
n

Cases, 
n

Summary estimate p for 
publication 
biaspooled DOR 

(95% CI)
I2, %†

Larger tumor size (>5 cm)* 4 472 5.2 (3.0–9.0) 70.4 0.16
Arterial hyperenhancement 7 493 1.0 (0.5–1.8) 74.4 0.49
Rim arterial enhancement* 4 616 4.2 (1.7–10.6) 95.5 0.93
Arterial peritumoral enhancement* 12 1,510 4.4 (2.8–6.9) 100.0 0.66
Enhancing capsule 16 1,735 0.9 (0.6–1.3) 99.8 0.78
Washout on portal venous phase 4 418 1.7 (0.9–3.1) 82.0 0.05
Washout on delayed phase 6 531 1.7 (0.9–3.0) 93.1 0.35
Hypointensity on HBP 6 993 2.1 (1.0–4.3) 89.1 0.30
Peritumoral hypointensity on HBP* 11 1,429 8.2 (4.4–15.2) 100.0 0.72
Nonsmooth tumor margin* 17 1,916 3.2 (2.2–4.4) 99.8 0.78
No fat deposition 6 899 1.3 (0.9–1.9) 64.5 0.39
Multifocality* 7 612 7.1 (2.6–19.5) 98.7 0.80
Hypointensity on T1WI* 5 450 4.9 (2.5–9.6) 73.1 0.97
Hyperintensity on T2WI 4 348 2.9 (0.9–9.0) 27.0 0.67
Diffusion restriction 7 724 3.6 (0.3–35.8) 90.5 0.10

DOR, diagnostic odds ratio; HBP, hepatobiliary phase imaging; T1WI, T1-weighted imaging; T2WI, T2-
weighted imaging. * These imaging findings demonstrated statistically significant meta-analytic pooled DOR. † I2 
is the Higgin index for heterogeneity (>50% represent substantial heterogeneity).
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a Larger tumor size
Study ID Odds ratio (95% Cl)

Sun S.W., 2020
Zhou X., 2017
Ahn S.Y., 2015
Kim K.A., 2012

Combined

4.58 [2.28–9.19]
4.41 [1.70–11.46]
12.09 [2.70–54.11]
4.97 [1.35–18.32]

5.17 [2.96–9.02]

I2 = 70.35 [39.13–100.00]
1 54

Odds ratio

b Rim arterial enhancement
Study ID Odds ratio (95% Cl)

Rhee H., 2019
Granata V., 2019
Lee S. (3), 2019
Zhang R., 2019

Combined

18.18 [3.88–85.14]
1.55 [0.50–4.74]
5.96 [3.02–11.76]
3.00 [1.39–6.45]

4.18[1.65–10.59]

I2 = 95.47 [92.51–98.43]
1 85

Odds ratio

c Arterial peritumoral enhancement
Study ID Odds ratio (95% Cl)

Zhang R., 2019
Wei Y., 2019
Kim H., 2009
Yang L., 2019
Lee S. (3), 2019
Ahn S.J., 2019
Feng S.T., 2019
Ahn S.Y., 2015
Zhou X., 2017
Xu P., 2014
Wang W.T., 2018
Kim A.Y., 2018

Combined

18.60 [1.04–331.86]
4.73 [2.10–10.67]
6.00 [2.06–17.48]
8.55 [3.63–20.14]
11.96 [6.45–22.20]
1.98 [1.06–3.71]
1.67 [0.83–3.38]
7.00 [1.71–28.68]
1.52 [0.58–3.96]
4.95 [1.41–17.35]
6.25 [1.25–31.32]
3.66 [0.74–18.19]

4.35 [2.75–6.88]

I2 = 100.00 [100.00–100.00]
1 332

Odds ratio

d Peritumoral hypointensity on HBP
Study ID Odds ratio (95% Cl)

Lee S. (2), 2020
Nishie A., 2014
Lee S. (3), 2019
Yoneda N., 2018
Ahn S.J., 2019
Shin S.K., 2017
Kim K.A., 2012
Feng S.T., 2019
Yang L., 2019
Kim A.Y., 2018
Ahn S.Y., 2015

Combined

61.44 [15.96–236.49]
10.65 [3.20–35.42]
21.03 [10.34–42.75]
6.07 [2.13–17.28]
3.47 [1.81–6.62]
22.12 [5.64–86.74]
8.50 [2.36–30.63]
1.52 [0.77–3.03]
4.25 [1.59–11.36]
13.62 [1.71–108.73]
3.63 [0.47–27.78]

8.16 [4.37–15.23]

I2 = 100.00 [100.00–100.00]
1 236

Odds ratio

e Non-smooth tumor margin
Study ID Odds ratio (95% Cl)

Ariizumi S.l., 2011
Zhou X., 2017
Lee S. (3), 2019
Yang L., 2019
Feng S.T., 2019
Chandarana H., 2011
Kim A.Y., 2018
Ryu T., 2019
Wang W.T., 2018
Ahn S.J., 2019
Wei Y., 2019
Ahn S.Y., 2015
Jhaveri K.S., 2013
Yang C., 2017
Kim H., 2009
Witjes C.D.M., 2012
Xu P., 2014

Combined

25.71 [3.01–219.94]
6.38 [2.02–20.13]
7.34 [3.85–13.99]
7.22 [2.88–18.07]
1.66 [0.79–3.51]
0.57 [0.15–2.14]
5.32 [2.24–12.65]
5.70 [2.51–12.96]
2.33 [0.98–5.56]
2.95 [1.57–5.56]
1.55 [0.76–3.15]
3.14 [1.06–9.34]
2.63 [0.53–13.07]
2.61 [1.25–5.46]
4.01 [1.43–11.25]
1.59 [0.46–5.51]
1.25 [0.46-3.37]

3.15 [2.23–4.44]

I2 = 99.79 [99.77–99.81]
1 220

Odds ratio

f Multifocality
Study ID Odds ratio (95% Cl)

Ahn S.Y., 2015
Chandarana H., 2011
Granata V., 2019
Zhou X., 2017
Ahn S.J., 2019
Kim A.Y., 2018
Jhaveri K.S., 2013

Combined

1.98 [0.51–7.71]
12.06 [2.93–49.57]
16.80 [3.08–91.60]
2.02 [0.80–5.08]
7.71 [2.09–28.47]
16.28 [0.91–290.38]
4.26 [0.18–98.07]

7.09 [2.58–19.47]

I2 = 98.69 [98.27–99.10]
1 290

Odds ratio

g Hypointensity on T1WI
Study ID Odds ratio (95% Cl)

Yang C., 2017
Yang C., 2018
Kim M.J., 2010
Witjes C.D.M., 2012
Ahn S.Y., 2015  

Combined

5.24 [0.65–42.33]
7.73 [1.62–36.95]
13.36 [1.61–110.78]
2.44 [0.78–7.63]
4.32 [1.43–13.07]

4.92[2.51–9.64]

I2 = 73.09 [48.43–97.76]
1 111

Odds ratio

Fig. 3. Forest plots of the DORs of larger tumor size (>5 cm) (a), rim arterial enhancement (b), arterial peritu-
moral enhancement (c), peritumoral hypointensity on HBP (d), nonsmooth tumor margin (e), multifocality (f), 
and hypointensity on T1WI (g). DORs, diagnostic odds ratio; HBP, hepatobiliary phase imaging; T1WI, T1-
weighted imaging.
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ment might be associated with perfusion changes follow-
ing MVI of HCC. Several studies suggested that arterial 
peritumoral hyperenhancement could be due to arterial 
hyperperfusion compensating for decreased portal flow, 
with this decreased portal flow being caused by micro-
scopic tumor thrombi around the tumor obstructing the 
minute portal vein branches [49, 50].

Multifocality was an MRI feature strongly suggestive 
of MVI. The significant association between multifocality 
on MRI and MVI would be explained by the fact that in-
trahepatic metastases are derived from the main tumor 
via the portal vein [51]. Because satellite nodules are as-
sociated with early recurrence and high tumor grade, as 
well as MVI [16], the detection of satellite nodules on 
MRI is important in the management of patients with 
HCC. In addition, a nonsmooth tumor margin was also 
an important imaging finding for predicting MVI, with a 
moderate sensitivity and specificity. This result is consis-
tent with a previous study that reported that the single 
nodular with extranodular growth-type HCC and conflu-
ent multinodular-type HCC correspond with a non-
smooth tumor margin and have a higher risk of MVI than 
the single nodular type [52]. Although rim arterial en-
hancement is not a typical MRI feature of HCC, HCC 
showing rim arterial enhancement can be clinically im-
portant because it is associated with MVI, rapid progno-
sis, and early recurrence [53]. Notably, HCC showing ir-
regular rim arterial enhancement and less enhancement 
of the central portion of the tumor is associated with low 
microvascular density and a sinusoid-like pattern, which 
are features associated with a higher frequency of MVI 
[13]. In addition, hypointensity on T1WI was one of the 
significant MRI features for predicting MVI of HCC in 
this study. Considering the facts that tumor grade was 
highly correlated with MVI (12% of well-differentiated 
HCC had MVI, but 50% of poorly differentiated HCC 
had MVI), and that HCC with hypointensity on T1WI 
tends to be more poorly differentiated [54, 55], hypoin-
tensity on T1WI would be reasonable as a factor for pre-
dicting MVI.

Although there were conflicting reported data wheth-
er tumor size was significantly associated with MVI [7, 15, 
30, 56, 57], this meta-analysis found that a larger tumor 
size (>5 cm) was one of the important predictors for MVI. 
Considering the increased incidence of vascular invasion 
on pathology as tumor size increased [57], a larger tumor 
size would be associated with MVI. Because most indi-
vidual studies compared the mean tumor size between 
HCCs with MVI and those without MVI by continuous 
variables, or used a different cutoff value of tumor size, Ta
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the number of studies available to calculate DOR with the 
same cutoff value (>5 cm) was 4 in this meta-analysis. 
When we compared our findings with those of individu-
al studies which compared tumor size between HCCs 
with MVI and those without MVI by continuous vari-
ables, our meta-analysis was concordant with 8 studies [2, 
11, 14, 17, 31, 41–43], but nonconcordant with 11 studies 
[9, 11, 18, 19, 22, 34–36, 45–47]. However, a large tumor 
size (>5 cm) as a predictor for MVI would not be useful 
in the selection of treatment modalities (surgical resec-
tion vs. RFA) because RFA is not usually considered for 
HCC of >5 cm. Therefore, other MRI features could be 
more useful for selecting the optimal curative treatment 
modality (surgical resection vs. RFA).

Of the 7 available studies evaluating diffusion restric-
tion, 3 studies reported that diffusion restriction was a 
significant predictor of MVI [28, 32, 40], but 4 studies did 
not show a statistically significant association [16, 23, 34, 
39]. In subgroup analysis, diffusion restriction was sig-
nificantly associated with MVI on 1.5-T MRI, but not sig-
nificantly associated with it on 3.0-T MRI. Given the as-
sociation between the ADC values and histologically dif-
ferentiation grade of HCC [32], one could expect diffusion 
restriction (lower ADC values) to be a predictor of MVI. 
However, because ADC values may differ according to 
MRI coil systems, vendors, and field strength [58], and 
the fact that there was variability in the definition of dif-
fusion restriction in each individual study, the reported 
results may vary across studies, and these heterogeneities 
could have reduced the statistical significance. In addi-
tion, the small number of studies (i.e., only 3 studies using 
3.0-T MRI) might have limited the ability to show a sta-
tistically significant association.

In addition to the performance of individual MRI fea-
tures for predicting MVI, the diagnostic performance of 
combined features can also be useful [10, 59]. Compared 
with individual findings in this meta-analysis, that is, 
 peritumoral hypointensity on HBP, a combination of 
MRI features had higher sensitivity (52.4 vs. 44.2%) and 
similar specificity (92.5 vs. 91.1%) [10]. Although the di-
agnostic performance of combined feature models could 
not be evaluated in this meta-analysis because of limita-
tions in statistical methods, the 7 significant MRI features 
identified in this meta-analysis should provide guidance 
for further such studies.

This study has some limitations. Notably, substantial 
study heterogeneity was noted across the included stud-
ies. Because most studies (91.7%, 33/36) were retrospec-
tive, study heterogeneity across them might be inevitable. 
Although we investigated the causes for the heterogeneity 

by performing meta-regression analysis, the results of 
meta-regression analysis cannot be sufficient to fully ex-
plain the study heterogeneity. Therefore, general applica-
bility of the results may warrant caution due to high study 
heterogeneity among MRI features. Second, there was 
variability in the definition of MRI features. However, to 
minimize this variability, we carefully subsumed under a 
single MRI feature with a consideration of the original 
definition of the MRI feature in each individual study.

Conclusion

Seven MRI features including larger tumor size (>5 
cm), rim arterial enhancement, arterial peritumoral en-
hancement, peritumoral hypointensity on HBP, non-
smooth margin, multifocality, and hypointensity on 
T1WI were significant predictors for MVI of HCC. These 
MRI features predictive of MVI can be useful in the man-
agement of HCC.
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