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Diagnostic Value of Magnetic Resonance Imaging Features of Microvascular Invasion in Hepatocellular 
Carcinoma: A Meta-Analysis

Wang et al.

PURPOSE 
This systematic review and meta-analysis of conventional enhanced magnetic resonance imag-
ing (MRI) were conducted to evaluate the diagnostic performance of imaging features of micro-
vascular invasion (MVI) prediction in hepatocellular carcinoma (HCC).

METHODS 
Relevant studies on diagnosing MVI in HCC by MRI were searched in the MEDLINE, PUBMED, 
EMBASE, Cochrane library, and Web of Science databases. The pooled mean sensitivity and speci-
ficity were calculated using a random effects model. The corresponding positive likelihood ratio 
(PLR), negative likelihood ratio (NLR), and pooled diagnostic odds ratio (DOR) were calculated. 
The summary receiver operating characteristic (SROC) curve was used to summarize the over-
all diagnostic accuracy. Diagnostic performance was evaluated by determining the area under 
the curve (AUC). Regression analysis by subgroup and sensitivity analysis were used to explore 
potential sources of heterogeneity.

RESULTS 
A total of 19 studies comprising 1920 HCC patients with 2033 tumors were ultimately enrolled. 
For the signs of the presence of peritumoral enhancement in the arterial phase, peritumoral 
hypointensity in the hepatobiliary phase, irregular non-smooth margin, and rim-like enhance-
ment in the arterial phase, the pooled sensitivity values, the pooled specificity values, the pooled 
PLR values, the pooled NLR values, the pooled DOR values, and the values of the AUC of SROC 
curves were determined.

CONCLUSION
The conventional MRI features for predicting MVI showed poor diagnostic performance in HCC. 
Only signs of the presence of peritumoral enhancement in the arterial phase showed a moderate 
diagnostic accuracy.

In hepatocellular carcinoma (HCC), microvascular invasion (MVI), which is considered 
microscopic evidence of cancer embolism in the portal vein or vascular space lined by 
endothelial cells, is a prognostic factor for poor overall survival and recurrence after 

hepatectomy or liver transplantation.1,2 For patients with HCC who underwent curative 
surgical resection, detection of MVI plays an important role in clinical decision-making. 
Subsequent treatment approaches, such as postoperative adjuvant transcatheter arte-
rial chemoembolization, are recently recommended for patients with MVI-positive HCC 
to prevent recurrence and improve the prognosis.3,4 Unfortunately, with a high positive 
incidence rate of up to 57%, MVI can only be confirmed by postoperative pathological 
examination after extensive resection of the tumor,5,6 which makes it difficult to predict 
MVI preoperatively.

As a non-invasive examination, enhanced magnetic resonance imaging (MRI), espe-
cially hepat obili ary-s pecifi c contrast-enhanced MRI, is currently used for detecting MVI.7 
Incomplete tumor capsules, irregular non-smooth margin, rim-like enhancement on the arte-
rial phase, peritumoral enhancement on the arterial phase, and peritumoral hypointensity on 
the hepatobiliary phase (HBP) are considered as possible radiographic signs for MVI detec-
tion.8 Rim-like enhancement is defined as the irregular rim-like peripheral hyperintensity 
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area of the tumor with hypointensity area in 
the center of the tumor on the arterial phase 
enhancement. Peritumoral enhancement is 
defined as the variable-shaped hyperinten-
sity area outside the tumor in wide contact 
with the tumor margin on the arterial phase 
enhancement and iso-intensity area on 
the delayed phase. Peritumoral hypointen-
sity is defined as a flame-like or “V-shaped” 
hypointense area outside the tumor margin 
on the HBP. Irregular non-smooth margin is 
defined as an indistinct or irregular tumor 
margin with a budding portion.9 However, 
the diagnostic performance, with respect to 
the accuracy, is still controversial. The sys-
tematic evaluation of the image prediction 
of MVI in HCC has been reported in recent 
studies10-13 with variable pooled results 
of diagnostic values. There were obvious 
methodological differences such as differ-
ent examination types [computed tomog-
raphy (CT), ultrasound, MRI, or positron 
emission tomography/CT (PET/CT)] and 
confused methodology (conventional MRI 
or using radiomics) among these studies. 
In addition, the radiographic signs selec-
tion in the MRI subgroup was different, so 
it is uncertain for comparing the diagnostic 
performance of the specific image signs on 
MRI. Therefore, we conducted a systematic 
review and meta-analysis of conventional 
enhanced MRI to evaluate the diagnostic 
performance of imaging features for MVI 
prediction in HCC.

Methods
Search strategy

This study was conducted based on the 
Preferred Reporting Items for Systematic 
Reviews and Meta- Analy ses–D iagno stic 
Test Accuracy Statement.14 Relevant stud-
ies on the diagnosis of MVI in HCC by MRI 
were searched in the MEDLINE, PUBMED, 

EMBASE, Cochrane Library, and Web of 
Science databases through December 12, 
2020. The search terms were as follows: 
[(microvascular invasion) OR (microvessel 
invasion) OR (MVI)] AND [(magnetic reso-
nance imaging) OR (MR imaging) OR (MRI)] 
combined with terms of [(hepatocellular) 
OR (HCC)]. The references to the searched 
literature were also screened to identify 
the relevant studies. In addition, manual 
identification was performed to expand 
the search of the literature. There was no 
limitation of language and design in the 
analysis. For this meta-analysis, all the data 
were based on published articles, so nei-
ther ethical approval nor informed consent 
was required. Two reviewers independently 
performed the literature search and selec-
tion. When there was any disagreement, 

they were required to discuss it with a third 
reviewer and then reach a consensus.

Eligibility criteria
Studies were included when they met 

the following inclusion criteria: (1) evalu-
ated MVI in HCC using MRI and found fea-
tures, such as rim-like enhancement on 
the arterial phase, peritumoral enhance-
ment on the arterial phase, peritumoral 
hypointensity on the HBP, or irregular 
non-smooth margin; (2) patients under-
went MRI before hepatectomy or liver 
transplantation; (3)  confirmed HCC and 
MVI in HCC patient by pathologic diagno-
sis after surgery; (4) data can be extracted 
from a 2 × 2 table. Studies were excluded 
if they met the following exclusion criteria: 
(1) HCC patients underwent radiofrequency 

Main points

• We summarized four of the most common 
magnetic resonance imaging (MRI) signs 
for microvascular invasion (MVI) in hepa-
tocellular carcinoma (HCC).

• A systematic evaluation of the diagnostic 
performance was performed to predict 
MVI in HCC using conventional enhanced 
MRI (non-functional or radiomics) of each 
sign.

• The diagnostic performance of conven-
tional enhanced MRI was not good, and all 
the signs showed low-moderate diagnos-
tic accuracy.

Figure 1. Flow diagram of studies selection.
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ablation, transarterial chemoembolization, 
chemotherapy, or other systematic therapy 
before surgery; (2) HCC patients underwent 
MVI evaluation using a radiomics model or 
functional MRI without imaging features; 
(3) meeting papers, case reports, reviews, 

comments, or reference abstracts; (4) insuf-
ficient data or unavailability of full-text.

Data extraction and quality assessment
The following items were extracted: 

(1)  study characteristics including authors, 

publication year, mean age, number of 
patients, number of tumors, tumor size, 
interval between MRI examination and 
pathological diagnosis, scanning mode 
(using hepatobiliary MRI or not), and mag-
netic field intensity (1.5 T and/or 3.0 T); 

Table 1. Study characteristics and diagnostic data of MRI finding

Study Year
Size <5 cm 

only Interval
Scanning 

mode*
Magnetic field 

intensity
Patients 
(tumors) Age MRI finding TP FP FN TN

Wang X16 2020 Yes ≤1 month Yes 3.0T 61 (61) 56.0 Peritumor hypointensity 14 40 5 2

Zhang L17 2020 No ≤1 month Yes 1.5T 164 (164) 55.9 Peritumoral enhancement 14 5 47 98

Peritumor hypointensity 31 92 30 11

Irregular non-smooth margin 41 45 20 58

Rim-like enhancement 38 39 23 64

Zhang T18 2020 No ≤1 month No 3.0T 128 (136) 52.7 Peritumoral enhancement 14 4 47 71

Irregular non-smooth margin 38 28 23 47

Lee S19 2020 No >1 month Yes 1.5T + 3.0T 122 (122) 54.0 Peritumor hypointensity 16 5 5 96

Lu XY20 2020 No ≤1 month Yes 3.0T 102 (102) 57.5 Peritumor hypointensity 20 6 11 65

Chou YC21 2019 No ≤1 month Yes 1.5T 114 (114) 59.1 Peritumor hypointensity 23 57 16 18

Irregular non-smooth margin 12 18 27 57

Rim-like enhancement 14 13 25 62

Rhee H22 2019 No >1 month No 1.5T + 3.0T 84 (84) 55.0 Rim-like enhancement 24 18 9 33

Ahn SJ23 2018 No ≤1 month Yes 1.5T + 3.0T 179 (179) 56.7 Peritumoral enhancement 31 33 37 78

Peritumor hypointensity 33 26 35 85

Irregular non-smooth margin 46 46 22 65

Huang M24 2018 No ≤1 month Yes 3.0T 60 (66) 52.2 Peritumoral enhancement 11 10 6 39

Peritumor hypointensity 5 14 12 35

Irregular non-smooth margin 17 38 0 11

Kim AY25 2018 No >1 month Yes 3.0T 100 (100) 52.5 Peritumoral enhancement 8 2 47 43

Peritumor hypointensity 13 1 42 44

Irregular non-smooth margin 42 17 13 28

Lee S26 2017 Yes ≤1 month Yes 3.0T 197 (197) 54.9 Peritumoral enhancement 34 16 29 118

Peritumor hypointensity 43 123 20 11

Irregular non-smooth margin 44 44 19 92

Rim-like enhancement 18 13 45 121

Zhou XM27 2017 No ≤1 month No 3.0T 107 (107) 56.5 Peritumoral enhancement 9 14 25 59

Irregular non-smooth margin 27 36 4 34

Yoneda N28 2017 No >1 month Yes 1.5T + 3.0T 68 (77) 65.2 Peritumor hypointensity 20 7 23 27

Xu P29 2014 Yes ≤1 month No 1.5T 92 (109) 53.2 Peritumoral enhancement 10 10 29 60

Ahn SY30 2014 No ≤1 month Yes 1.5T + 3.0T 51 (78) 51.9 Peritumoral enhancement 6 4 12 56

Peritumor hypointensity 2 2 16 58

Irregular non-smooth margin 11 20 7 40

Kim KA31 2012 No ≤1 month Yes 3.0T 104 (104) 55.0 Peritumor hypointensity 37 41 23 3

Chandarana H32 2011 No >1 month No 1.5T + 3.0T 60 (102) 57.9 Irregular non-smooth margin 41 42 12 7

Ariizumi S33 2011 Yes ≤1 month Yes 1.5T 61 (61) 67.0 Irregular non-smooth margin 10 14 1 36

Kim H34 2009 No ≤1 month Yes 1.5T 66 (70) 55.1 Peritumoral enhancement 28 14 7 21

Irregular non-smooth margin 19 8 16 27

*Scanning mode: hepatobiliary MRI or not. 
MRI, magnetic resonance imaging; TP, true positive; FP, false positive; FN, false negative; TN, true negative. 
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(2) data of true positives (TP), false positives 
(FP), false negatives (FN), and true negatives 
(TN) for rim-like enhancement, peritumoral 
enhancement, peritumoral hypointensity, 
or irregular non-smooth margin. In addi-
tion, the quality of eligible studies was 
assessed using the Quality Assessment of 
Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool. The data extraction and quality assess-
ment were independently performed by 
2 reviewers. When there was any disagree-
ment, they were required to discuss it with a 
third reviewer and then reach a consensus.

Statistical analysis
The pooled results of the sensitivity, 

specificity, and corresponding 95% CI were 
calculated by a random effects model. The 
positive likelihood ratio (PLR), negative like-
lihood ratio (NLR), and pooled diagnostic 
odds ratio (DOR) were also calculated. The 
summary receiver operating characteristic 
(SROC) curve was used to summarize the 
overall diagnostic accuracy. Diagnostic per-
formance was evaluated by determining 
the area under the curve (AUC). An AUC of 
more than 0.9 was considered to be of high 
diagnostic accuracy.15 The heterogeneity 
was assessed by the I2 statistic test, and an 
I2 value higher than 0.5 was considered to 
indicate significant study heterogeneity. 
A P-value of less than .05 indicated sta-
tistical significance. The threshold effect 
was detected using Spearman correla-
tion between the sensitivity and FP rate. 
Regression analysis by subgroup and sen-
sitivity analysis were used to find potential 
sources of heterogeneity. The parameters 
of subgroup patients included: tumor size 

(the size of all tumors was less than 5 cm 
only or not), mean interval between MRI 
examination and pathological diagnosis 
(≤1 month vs. >1 month), magnetic field 
intensity (unitary field of 1.5T or 3.0T vs. 
both fields of 1.5T and 3.0T), and using 
hepat obili ary-s pecifi c contrast agent or 
not. The graphical sensitivity analysis con-
sisted of the following 4 parts: (a) quantile 
plot of goodness-of-fit; (b) quantile plot of 
bivariate normality; (c) spike plot of influ-
ence analysis using Cook’s distance; and 
(d) scatter plot for outlier detection. The 
publication bias was evaluated by Deeks’ 
funnel plot. The Stata software version 13.0 
(StataCorp) and Meta-Disc software version 
1.4 (Clinical Biostatistics Unit, Ramon y Cajal 
Hospital) were used for statistical analy-
sis (Meta-Disc was used for evaluating the 
threshold effect only).

Results
According to the used strategies, a total 

of 392 studies were identified. After remov-
ing the duplicated records, we excluded 
the studies by title and abstract screening. 
Then, full text assessment of the remain-
ing articles was performed. A flow diagram 
of the whole process is shown in Figure 1. 
Ultimately, 19 studies,16-34 comprising 1920 
HCC patients with 2033 tumors, were 
included in the analysis.

Study characteristics and diagnostic 
data are summarized in Table 1. Eighteen 
studies16-19,21-34 were in English and 1 was 
in Chinese.20 Fourteen of the included 
studies16,17,19-21,23-26,28,30,31,33,34 used hepatobili-
ary MRI, and 6 used both 1.5T and 3.0T for 

magnetic resonance scanning.19,22,23,28,30,32 
Four studies16,26,29,33 only included tumors 
with size below 5 cm. A total of 10 stud-
ies17,18,23-27,29,30,34 reported the MRI finding of 
peritumoral enhancement on the arterial 
phase, 1216,17,19-21,23-26,28,30,31 reported peritu-
moral hypointensity on the HBP, another 
1217,18,21,23-27,30,32-34 reported irregular non-
smooth margin, and 417,21,22,26 reported rim-
like enhancement on the arterial phase. The 
results of the quality assessment using the 
QUADAS-2 tool are shown in Figure 2 and 
revealed that the quality of the included 
studies was moderate.

For the signs of the presence of peritu-
moral enhancement in the arterial phase, 
the pooled sensitivity was 0.37 (95% CI: 
0.25-0.51) with an I2 value of 87.06% (95% 
CI: 80.30%-93.82%). The pooled specific-
ity was 0.87 (95% CI: 0.79-0.92) with an I2 
value of 85.35% (95% CI: 77.42%-93.27%) 
(Figure 3a). The pooled PLR was 2.86 (95% 
CI: 2.03-4.04) with an I2 value of 23.93% 
(95% CI: 23.93%-87.07%). The pooled NLR 
was 0.72 (95% CI: 0.61-0.85) with an I2 value 
of 70.40% (95% CI: 51.19%-89.62%). The 
pooled DOR was 3.95 (95% CI: 2.58-6.05) 
with an I2 value of 98.73% (95% CI: 98.41%-
99.06%). The AUC was 0.72 (95% CI: 0.68-
0.76) (Figure 3b). A significant threshold 
effect was found with Spearman correlation 
coefficients of 0.839 (P = .002).

For the sign of the presence of peritu-
moral hypointensity on HBP, the pooled sen-
sitivity was 0.51 (95% CI: 0.40-0.62) with an 
I2 value of 82.88% (95% CI: 74.12%-91.65%). 
The pooled specificity was 0.60 (95% CI: 
0.26-0.86) with an I2 value of 97.90% (95% 
CI: 97.33%-98.48%) (Figure 4a). The pooled 

Figure 2. The summarized results for quality assessment of enrolled studies according to QUADAS-2 tools. QUADAS-2, Quality Assessment of Diagnostic 
Accuracy Studies-2.
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PLR was 1.27 (95% CI: 0.60-2.70) with an I2 
value of 92.37% (95% CI: 92.37%-96.49%). 
The pooled NLR was 0.82 (95% CI: 0.51-1.32) 

with an I2 value of 89.57% (95% CI: 84.92%-
94.22%). The pooled DOR was 1.56 (95% CI: 
0.46-5.31) with an I2 value of 100.00% (95% 

CI: 100%-100%). The AUC was 0.53 (95% CI: 
0.49-0.58) (Figure 4b). The threshold effect 
was not determined (P = .106).

Figure 3. Diagnostic performance of peritumoral enhancement on arterial phase for MVI prediction in HCC. (a) The coupled forest plots; (b) The SROCs. 
MVI, microvascular invasion; HCC, hepatocellular carcinoma; SROC, summary receiver operating characteristic.
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For the sign of the presence of irregular 
non-smooth margin, the pooled sensitiv-
ity was 0.71 (95% CI: 0.60-0.79) with an I2 

value of 77.70% (95% CI: 65.44%-89.96%). 
The pooled specificity was 0.57 (95% CI: 
0.46-0.68) with an I2 value of 88.29% (95% 

CI: 82.89-93.68%) (Figure 5a). The pooled 
PLR was 1.65 (95% CI: 1.35 - 2.02) with an 
I2 value of 73.38% (95% CI: 73.38-91.50%). 

Figure 4. Diagnostic performance of peritumoral hypointensity on HBP for MVI prediction in HCC. (a) The coupled forest plots; (b) The SROCs. HBP, 
hepatobiliary phase.
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The pooled NLR was 0.51 (95% CI: 0.40-0.66) 
with an I2 value of 65.71% (95% CI: 44.72%-
86.70%). The pooled DOR was 3.21 (95% 
CI: 2.18-4.71) with an I2 value of 99.95% 

(95% CI: 99.95- 99.96%). The AUC was 0.69 
(95% CI: 0.65-0.73) (Figure 5b). A significant 
threshold effect was found with Spearman 
correlation coefficients of 0.601 (P = .039).

For the sign of the presence of rim-
like enhancement in the arterial phase, 
the pooled sensitivity was 0.49 (95% CI: 
0.31-0.67) with an I2 value of 87.95% (95% 

Figure 5. Diagnostic performance of irregular non-smooth margin for MVI prediction in HCC. (a) The coupled forest plots; (b) The SROC.
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CI:  77.58%-98.32%). The pooled specific-
ity was 0.77 (95% CI: 0.62-0.88) with an I2 
value of 90.65% (95% CI: 83.12%-98.17%) 
(Figure 6a). The pooled PLR was 2.14 (95% CI: 

1.57-2.92) with an I2 value of 0.00% (95% CI: 
0.00%-100%). The pooled NLR was 0.66 (95% 
CI: 0.52-0.84) with an I2 value of 59.62% (95% 
CI: 15.27%-100%). The pooled DOR was 3.25 

(95% CI: 2.19-4.82) with an I2 value of 49.02% 
(95% CI: 0%-100%). The AUC was 0.69 (95% 
CI: 0.65-0.73) (Figure 6b). The threshold 
effect was not determined (P = .200).

Figure 6. Diagnostic performance of rim-like enhancement on the arterial phase for MVI prediction in HCC. (a) The coupled forest plots; (b) the SROCs. 
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Significant study heterogeneity was 
found for each sign predicting the pres-
ence of MVI by MRI. Thus, we performed 
meta-regression and subgroup analysis 
for peritumoral enhancement, peritumoral 
hypointensity, and irregular non-smooth 
margin (Table 2). The potential source of 
heterogeneity for peritumoral hypointen-
sity was detected by the non-threshold 
effect. The subgroup of larger tumors (size 
>5 cm) showed a higher pooled specificity 
of 0.74 (95% CI: 0.49-0.98, P < .01). The sub-
group of longer interval (>1 month) showed 
a higher pooled specificity of 0.95 (95% CI: 
0.83-1.00, P = .02). The non-unitary field 
group showed a higher pooled specificity 
of 0.91 (95% CI: 0.74-1.00). The diagnostic 
values in the signs of peritumoral enhance-
ment and irregular non-smooth margin 
were not changed in the use of a hepat obili 
ary-s pecifi c contrast agent (P > .05).

Since only 4 studies included rim-like 
enhancement, meta-regression analysis 

was not performed for rim-like enhance-
ment. Accordingly, we performed a sensi-
tivity analysis for this feature to investigate 
the source of heterogeneity. As for the 
potential heterogeneity of peritumoral 
enhancement and irregular non-smooth 
margin by threshold effect, further sensitiv-
ity analysis was also conducted (Figure 7). 
Each of the included studies showed little 
impact on the pooled outcomes according 
to the quantile plot for goodness-of-fit and 
chi-square plot for bivariate normality. For 
the peritumoral enhancement and irregular 
non-smooth margin, the influence analysis 
and outlier detection showed that few stud-
ies affect the effect model, which might be 
the potential heterogeneity. Additionally, 
there was no significant impact on the 
pooled estimates when they were removed. 
Thus, we concluded that this effect model is 
stable. For rim-like enhancement, we found 
no outlier studies by influence analysis and 
outlier detection. Thus, we concluded that 

the source of heterogeneity for this feature 
was unclear, indicating that the pooled 
results must be viewed with caution.

No significant publication bias was 
detected by Deek’s funnel plot (Figure 8). 
The number of included studies was small 
in the MRI finding of rim-like enhancement; 
thus, we did not assess the publication bias 
for this feature.

Discussion
We performed a systematic evaluation 

of the diagnostic accuracy of four specific 
MRI signs for the presence of features, 
which are widely used for the prediction 
of MVI in HCC with discrepancy. According 
to the results of our analyses, the diagnos-
tic performance of MRI features, including 
peritumoral enhancement, peritumoral 
hypointensity, irregular non-smooth mar-
gin and rim-like enhancement, was not 
satisfactory. In fact, only the sign for peritu-
moral enhancement on the arterial phase 
had a moderate diagnostic accuracy for 
MVI in HCC with an AUC of 0.72, which 
was consistent with studies by Hu et  al.11 
This sign was observed when the hemody-
namic abnormality caused by MVI involved 
the hepatic tissue around the tumor, which 
led to a decrease of the portal blood sup-
ply and an increase of the hepatic arterial 
blood supply in the arterial phase.35,36 The 
peritumoral hypointensity on the HBP had 
the worst diagnostic performance in this 
study. The subgroup analysis revealed that 
a tumor size larger than 5 cm was an indica-
tor of the higher specificity of this sign to 
predict the MVI in HCC. Tumor size was an 
important predictive factor of MVI,13 indi-
cating that it affected the diagnostic accu-
racy to a certain extent. The mechanisms 
of sign formation were as follows: (1) the 
uptake of the extracellular contrast agent 
by peritumoral hepatocyte was decreased 
due to the hepatic cell injury; and (2) the 
contrast agent perfusion detected was 
associated with cancer embolism of the 
portal vein.37,38 This sign was considered 
a moderate predictive factor for MVI in a 
previous systematic review11 with a DOR 
of 10.62. However, the size was small, and 
the pooled analysis was not statistically 
significant. Thus, we should be cautious 
to explain their results. The irregular non-
smooth margin, which indicated infiltrative 
growth and protruded into the peritumoral 
hepatic tissue, exhibited equivalent great 
diagnostic power as in previous studies.10,39 

Table 2. The results of meta-regression analysis and subgroup analysis

Parameter Category Study number Sensitivity (95% CI) Specificity (95% CI)

Peritumoral enhancement

Size <5 cm only Yes 2 0.40 (0.11-0.70) 0.88 (0.75-1.00)

No 8 0.36 (0.21-0.51) 0.87 (0.79-0.94)

Interval ≤1 month Yes 9 0.40 (0.28-0.53) 0.86 (0.79-0.92)

No 1 0.14 (−0.05 to 0.34) 0.96 (0.88-1.00)

Unitary field Yes 8 0.37 (0.22-0.52) 0.88 (0.81-0.94)

No 2 0.36 (0.06-0.66) 0.83 (0.66-1.00)

Hepatobiliary- specific 
contrast

Yes 7 0.43 (0.28-0.58) 0.87 (0.79-0.95)

No 3 0.25 (0.07-0.43) 0.88 (0.77-0.99)

Peritumor hypointensity

Size <5 cm only Yes 2 0.71 (0.51-0.91) 0.06 (-0.10-0.21)*

No 10 0.47 (0.37-0.57) 0.74 (0.49-0.98)*

Interval ≤1 month Yes 9 0.52 (0.39-0.65) 0.40 (0.07-0.73)*

No 3 0.46 (0.23-0.68) 0.95 (0.83-1.00)*

Unitary field Yes 8 0.54 (0.41-0.67) 0.36 (0.03-0.69)*

No 4 0.45 (0.26-0.63) 0.91 (0.74-1.00)*

Irregular non-smooth margin

Size <5 cm only Yes 2 0.75 (0.53-0.91) 0.69 (0.46-0.92)

No 10 0.70 (0.59-0.80) 0.55 (0.43-0.66)

Interval ≤1 month Yes 10 0.69 (0.58-0.81) 0.61 (0.50-0.72)

No 2 0.78 (0.58-0.97) 0.36 (0.12-0.60)

Unitary field Yes 9 0.71 (0.59-0.83) 0.61 (0.49-0.73)

No 3 0.69 (0.49-0.90) 0.46 (0.24-0.69)

Hepatobiliary- specific 
contrast

Yes 9 0.69 (0.57-0.81) 0.62 (0.51-0.74)

No 3 0.76 (0.59-0.92) 0.42 (0.21-0.62)

*P-value < .05.
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Our pooled results showed similar sensitiv-
ity and a lower specificity than the results 
reported by Hu et  al.10 We assumed that 
differences in imaging methods and the 
number of studies led to this divergence. 

Rim-like enhancement (especially irregular 
pattern) on the arterial phase is considered 
a rare sign of HCC with poorer differentia-
tion and more aggressive growth.22 Only a 
few of the included studies focused on 

this sign, and no previous systematic 
review has evaluated its diagnostic power. 
However, according to our pooled results, 
this sign had a poor diagnostic accuracy for 
predicting MVI.

Figure 7. The graphical sensitivity analysis. (a) Rim-like enhancement on arterial phase; (b) irregular non-smooth margin; (c) peritumoral enhancement 
on arterial phase.

Figure 8. The evaluation of publication bias using Deek’s funnel plots. (a) Peritumoral enhancement on arterial phase; (b) peritumoral hypointensity on 
HBP; (c) irregular non-smooth margin.
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Compared to the four signs in our study, 
other MRI signs that appeared in HCC, 
such as the mosaic sign, absence of fat in 
mass, and radiological tumor capsule in 
Liver Imaging Reporting and Data System 
(LI-RADS), also showed controversial diag-
nostic power and independent prediction 
of recurrence in the high-risk patients with 
LI-RADS 5 HCC.13,40,41 A diagnostic meta-anal-
ysis13 for the signs of incomplete radiologi-
cal tumor capsule and absent radiological 
tumor capsule showed pooled DORs of 1.85 
and 0.90, respectively, for predicting MVI in 
HCC. In their MRI subgroup, the diagnostic 
accuracy was not significantly improved 
compared with the pooled results of the 
CT group. Based on their results, these two 
signs had a worse diagnostic performance 
than the rim-like enhancement, peritumoral 
enhancement, peritumoral hypointensity, 
and irregular non-smooth margin. As for the 
sign of absence of fat in mass, a systematic 
review42 indicated that the presence of fat 
in mass was associated with a negative MVI 
in HCC. However, the sensitivity, specificity, 
and DOR results were not calculated, so the 
diagnostic power was unclear. For signs of 
peritumoral enhancement and irregular 
non-smooth margin, the diagnostic perfor-
mance was not significantly increased with 
the use of a hepat obili ary-specifi c contrast 
agent. This was because, we concluded, 
those two image signs were not assessed 
on the HBP. The arterial phase and early 
portal venous phase enhancement curves 
for both tumor and liver were similar after 
the injection of different types of contrast 
agent.37 Moreover, the diagnostic perfor-
mance of rim-like enhancement influenced 
by the chosen contrast material was not 
evaluated in our study, because regression 
analysis by the subgroup was not applica-
ble for this part.

It seemed like the image signs in con-
ventional enhanced MRI did not have a 
good diagnostic performance. In recent 
years, the studies using radiomics tools 
to predict MVI on the image have been 
reported with various models and differ-
ent diagnostic accuracy.43-45 A systematic 
review12 revealed a pooled sensitivity of 
0.78 and a pooled specificity of 0.78, which 
indicated a good diagnostic performance 
using radiomics tools. Another promising 
method for predicting MVI on images was 
functional MRI, including diffusion weight 
image, intravoxel incoherent motion, and 
T1 mapping.46-48 Huang et  al.12 found a 
moderate-good diagnostic accuracy of 

functional MRI for predicting MVI in HCC. 
However, they did not distinguish the 
image modalities (PET/CT was included in 
their study). Thus, further systematic evalu-
ation of functional MRI of HCC is neces-
sary to determine its diagnostic power for 
detecting MVI. Other conventional imag-
ing modalities, such as multi-detector CT 
(MDCT) or ultrasound, were also used for 
MVI prediction in HCC. In a previous study,10 
MDCT showed an even higher sensitiv-
ity in the sign of non-smooth margin than 
that of MRI. Although MDCT can generally 
evaluate the radiographic signs of HCC 
with a shorter scanning time, MRI showed a 
higher resolution, and hepat obili ary-s pecif 
ic contrast enhancement increased the 
positive finding for small tumors. Contrast-
enhanced ultrasound (CEUS) was recently 
used for MVI evaluation in HCC.49 The wash-
out sign on CEUS was proved to be corre-
lated with MVI. However, a diagnostic test 
was not performed. Because the ultrasound 
exploration was operator-dependent and 
could be affected by the tumor location in 
the liver, we believed that preoperative MVI 
prediction using CEUS needed to be viewed 
with caution in HCC.

Our study had a number of limitations. 
First, there was notable heterogeneity in 
some parts, whether caused by the thresh-
old effect or the non-threshold effect. 
However, a further sensitivity analysis was 
performed to demonstrate the stability of 
the effect models. Some of the included 
studies had inadequate clinical character-
istics; thus, we were unable to perform a 
more detailed subgroup analysis and meta-
regression. Second, most of the included 
studies did not evaluate the reliability, so 
the potential influence of diagnostic power 
caused by inter-observer disagreement 
was unclear. Finally, we only performed a 
systematic evaluation for each of the 4 MRI 
signs to determine which one had the best 
diagnostic accuracy. More attention needs 
to be paid to studies on the combination of 
different MRI signs to predict the presence 
of MVI in HCC patients.

In conclusion, the MRI signs of features, 
such as irregular non-smooth margin, rim-
like enhancement, peritumoral enhance-
ment, and peritumoral hypointensity on 
the HBP, had unsatisfactory diagnostic per-
formances in the prediction of MVI in HCC. 
Only the sign of peritumoral enhancement 
on the arterial phase had a moderate diag-
nostic accuracy for MVI prediction, while the 
sign of peritumoral hypointensity on the 

HBP had the worst diagnostic performance 
in this study. Considering the importance of 
MVI prediction in HCC, improvement of the 
diagnostic accuracy using MRI signs can be 
a potential aspect for future research.
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