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Background: With the development of new magnetic resonance imaging (MRI) techniques, an increasing 
number of articles have been published regarding hepatocellular carcinoma magnetic resonance imaging 
(HCCMRI) in the past decade. However, few studies have statistically analyzed these published articles. In 
this study, we aim to systematically evaluate the scientific outcomes of HCCMRI research and explore the 
research hotspots from 2008 to 2017.
Methods: The included articles regarding HCCMRI research from 2008 to 2017 were downloaded from 
the Web of Science Core Collection and verified by two experienced radiologists. Excel 2016 was used to 
analyze the literature data, including the publication years and journals. CiteSpace V was used to perform co-
occurrence analyses for authors, countries/regions and institutions and to generate the related collaboration 
network maps. Reference co-citation analysis (RCA) and burst keyword detection were also performed using 
CiteSpace V to explore the research hotspots in the past decade.
Results: A total of 835 HCCMRI articles published from 2008 to 2017 were identified. Journal of Magnetic 
Resonance Imaging published the most articles (79 publications, 9.46%). Extensive cooperating relationship 
were observed among countries/regions and among authors. South Korea had the most publications (199 
publications, 21.82%), followed by the United States of America (USA) (190 publications, 20.83%), Japan 
(162 publications, 17.76%), and the People’s Republic of China (148 publications, 16.23%). Among the top 
10 co-cited authors, Bruix J (398 citations) was ranked first, followed by Llovet JM (235 citations), Kim YK 
(170 citations) and Forner A (152 citations). According to the RCA, ten major clusters were explored over 
the last decade; “LI-RADS data system” and “microvascular invasion” (MVI) were the two most recent 
clusters. Forty-seven burst keywords with the highest citation strength were detected over time. Of these 
keywords, “microvascular invasion” had the highest strength in the last 3 years. The LI-RADS has been 
constantly updated with the latest edition released in July 2018. However, the LI-RADS still has limitations 
in identifying certain categories of lesions by conceptual and non-quantitative probabilistic methods. 
Plenty of questions still need to be further answered such as the difference of diagnostic efficiency of each 
major/ancillary imaging features. Preoperative prediction of MVI of HCC is very important to therapeutic 
decision-making. Some parameters of Gd-EOB-DTPA-enhanced MRI were found to be useful in prediction 
of MVI, however, with a high specificity but a very low sensitivity. Comprehensive predictive model 
incorporating both imaging and clinical variables may be the more preferable in prediction of MVI of HCC.
Conclusions: HCCMRI-related publications displayed a gradually increasing trend from 2008 to 2017. 
The USA has a central position in collaboration with other countries/regions, while South Korea contributed 
the most in the number of publications. Of the ten major clusters identified in the RCA, the two most recent 
clusters were “LI-RADS data system” and “microvascular invasion”, indicative of the current HCCMRI 
research hotspots.

476

https://crossmark.crossref.org/dialog/?doi=10.21037/qims.2019.02.10


466 Yang et al. A scientometric analysis on HCC MRI research

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2019;9(3):465-476qims.amegroups.com

Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary liver malignancy in adults and is the most common 
cause of death in people with cirrhosis. HCC ranks as the 
second most common cause of cancer death worldwide, and 
more than 500,000 new patients are diagnosed annually 
(1-5). Detection, characterization, and identification of 
appropriate treatment strategies and improvement of HCC 
prognosis have always been the major concerns in the 
clinic. Magnetic resonance imaging (MRI) is a powerful 
tool for evaluating almost all aspects of HCC with sufficient 
sensitivity and specificity. With the extensive and in-depth 
application of MRI, the detection, diagnosis and treatment 
of HCC have been greatly improved.

With the development of new MRI techniques, an 
increasing number of articles have been published in 
hepatocellular carcinoma magnetic resonance imaging 
(HCCMRI) in the past decade (6). However, few studies 
have statistically analyzed these published articles. 
Bibliometrics is a useful method to explore the most 
impactful authors, papers, or countries/regions, construct 
collaboration networks, and identify research hotspots in 
particular areas (7-9). With the progression of CiteSpace, 
bibliometric analysis can be easily performed, and 
collaboration networks and co-citation networks can even 
be visualized (10,11).

In this study, we used CiteSpace V to systematically 
evaluate HCCMRI research from 2008 to 2017. We aimed 
to visualize the scientific outputs of HCCMRI research with 
knowledge maps and explore the hotspots of HCCMRI 
research over time.

Methods

Data search and check

We performed a literature search in the Web of Science 
Core Collection (WoSCC) on August 29, 2018. To avoid 
database update bias, we performed all searches within the 
same day.

The Science Citation Index-Expanded (SCI-E) was 
selected. The following terms were used to search articles 
from 2008 to 2017: Topic=(“primary liver carcinoma*” 
OR “primary hepatic carcinoma*” OR “primary liver 
cancer*” OR “primary hepatic cancer*” OR “hepatocellular 
carcinoma*” OR “hcc*” OR “hepatic cell carcinoma*” OR 
“liver cell carcinoma*” OR “hepatic cell cancer*” OR “liver 
cell cancer*” OR “hepatocarcinoma*” OR “hepatoma*”) 
AND Topic=(“nuclear magnetic resonance imaging*” OR 
“magnetic resonance imaging*” OR “MRI*” OR “NMRI*” 
OR “MR imaging*” OR “magnetic resonance*” OR “MR” 
OR “NMR*” OR “nuclear magnetic resonance*”) AND 
Language= English AND Document type= Article.

Then, raw data were downloaded from WoSCC as plain 
text files including full records. All downloaded data were 
independently checked by two radiologists (XP Wang and N 
Zhang, both with 5 years of abdominal imaging experience) 
to exclude articles not related to HCCMRI research. In the 
case of discrepancy between the two reviewers, a consensus 
was reached with the help of a third independent reviewer 
(DW Yang). A flowchart of this study is shown in Figure 1.

Statistical methods

The identified data were then systematically analyzed 
by Excel 2016 and CiteSpace V (Chaomei Chen, Drexel 
University, USA). Excel 2016 was used to display the 
trend in the number of articles published by year and the 
distribution of the articles by journal. CiteSpace V was 
used to perform co-occurrence analysis and visualize the 
collaboration networks of the authors/institutes/countries/
keywords. Author co-citation analysis (ACA) and reference 
co-citation analysis (RCA) were also performed by 
CiteSpace V, and related knowledge maps were constructed. 
Burst keyword detection was also performed to investigate 
the recurrent new keywords. In this study, the 50 most 
cited or found articles were selected to create the individual 
network in a 1-year interval. Moreover, log-likelihood ratio 
(LLR) weighting was used to analyze the contents of each 
cluster, as recommended by Chen CM (10,11).
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Results

Annual publications

A total of 835 papers matched the retrieval criteria and 
were included for further analysis. The number of articles 
published annually is shown in Figure 2, which indicates a 
consistently increasing trend from 37 articles in 2008 to 117 
articles in 2017.

Analysis of journals

A total of 162 scholarly journals have published articles 
regarding HCCMRI research. The top 10 journals 

are presented in Table 1. Journal of Magnetic Resonance 
Imaging [impact factor (IF) 2017=3.612] published the 
highest number of articles (79 publications, 9.46%), 
followed by European Journal of Radiology (IF 2017=2.843; 
47 publications; 5.63%), Radiology (IF 2017=7.469; 45 
publications; 5.39%), and American Journal of Roentgenology 
(IF 2017 =3.125; 42 publications; 5.03%).

Analysis of countries and institutes

Overall, the 835 articles in HCCMRI research were 
published by 22 countries/regions. Extensive cooperating 
relationships were observed among countries/regions 

Figure 1 A flowchart of the study to retrieve HCCMRI articles 
from the WoSCC database. HCCMRI, hepatocellular carcinoma 
magnetic resonance imaging.

Figure 2 The number of articles published annually in the 
HCCMRI field from 2008 to 2017. HCCMRI, hepatocellular 
carcinoma magnetic resonance imaging.

Table 1 The top 10 journals in the HCCMRI field from 2008 to 2017

Journal Country Number Percent IF 2017

Journal of Magnetic Resonance Imaging United States 79 9.46% 3.612

European Journal of Radiology Ireland 47 5.63% 2.843

Radiology United States 45 5.39% 7.469

American Journal of Roentgenology United States 42 5.03% 3.125

European Radiology Germany 42 5.03% 4.027

Abdominal Imaging United States 31 3.71% 2.443

Journal of Computer Assisted Tomography United States 24 2.87% 1.292

PLoS One United States 22 2.63% 2.766

World Journal of Gastroenterology People’s R China 20 2.40% 3.300

Clinical Radiology England 18 2.16% 2.282

4,144 articles retrieved from 
Web of Science database

Excluded 102 non-English 
articles

Excluded 570 articles 
(meeting abstract, editorial 
material, correction, book 
chapter, letter, news items, 

proceedings paper, retraction)

Excluded 2,637 articles  
(not related to HCCMRI field)

4,042 articles identified
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(Figure 3). The list of the top 10 countries/regions is 
presented in Table 2. South Korea had the most publications 
[199], followed by the United States of America (USA) 
[190], Japan [162], and the People’s Republic of China [148], 
accounting for 76.5% of all the articles.

Nearly 128 institutes made contributions to HCCMRI 

research. Extensive collaborations were observed between 
institutes (Figure 4). The top 10 institutes (Table 2) 
published more than 32.1% of all the articles. In this 
list, the first research echelon was led by Sungkyunkwan 
University, followed by Yonsei University, Kinki University 
and Fudan University.

Figure 3 Map of active countries/regions in the HCCMRI 
field from 2008 to 2017. The font size of each country`s name 
represents the number of articles in the country/region. Different 
colors inside the circle represent different time intervals. The 
purple ring of the circles indicates the core countries/regions. The 
thickness of the curved connecting line represents the collaborative 
intensity between countries/regions. HCCMRI, hepatocellular 
carcinoma magnetic resonance imaging.

Figure 4 Map of active institutions in the HCCMRI field from 
2008 to 2017. The size of each circle is proportional to the article 
counts. Different colors inside the circle represent different time 
intervals. The thickness of the curved connecting line represents 
the collaborative intensity between institutions. HCCMRI, 
hepatocellular carcinoma magnetic resonance imaging.

Table 2 Ranking of top 10 active countries/regions and institutions in the HCCMRI field from 2008 to 2017

Rank Country/region Counts (%) Centrality Institution Counts (%) Centrality

1 South Korea 199 (21.82) 0.04 Sungkyunkwan Univ 57 (8.15) 0.15

2 USA 190 (20.83) 1 Yonsei Univ 43 (6.15) 0.17

3 Japan 162 (17.76) 0.07 Kinki Univ 27 (3.86) 0.4

4 China 148 (16.23) 0.2 Fudan Univ 25 (3.58) 0.22

5 Italy 54 (5.92) 0.01 Seoul Natl Univ 24 (3.43) 0.19

6 Germany 50 (5.48) 0.16 Seoul Natl Univ Hosp 24 (3.43) 0.22

7 Taiwan 24 (2.63) 0 Univ Ulsan 20 (2.86) 0.06

8 France 24 (2.63) 0.26 Korea Univ 18 (2.58) 0.03

9 Canada 9 (0.99) 0.02 Kyushu Univ 17 (2.43) 0

10 Switzerland 8 (0.88) 0.01 Sun Yat Sen Univ 13 (1.86) 0.08
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Distribution of authors and co-cited authors

More than 450 authors contributed to HCCMRI research. 
The collaborative relationships between authors are 
presented in Figure 5. Of the top 10 contributing authors, 
Kim SH (40 articles) was ranked first, followed by Kim YK 
(37 articles), Kim MJ (34 articles) and Lee JM (30 articles) 
(Table 3).

ACA, which uses authors as the elements of analysis and 

the pairs of co-cited authors as the variable that reflects the 
relationship between authors, is usually used in library and 
information science to explore the core authors in a given 
field. The top 10 co-cited authors with their citation count 
according to ACA were identified (Table 3), and the map of 
the relationships between all cited authors was constructed 
(Figure 6). Among the top 10 co-cited authors, Bruix J 
(398 citations) was ranked first, followed by Llovet JM 
(235 citations), Kim YK (170 citations) and Forner A (152 
citations).

Analysis of reference co-citation

RCA was performed to generalize clusters and construct 
mapping knowledge domains in cluster (Figure 7) and 
timeline (Figure 8) views. The top 10 co-cited references 
with their co-citation counts are presented in Table 3. 
According to the RCA, the articles regarding HCCMRI 
research published between 2008 and 2017 can be clustered 
into 10 major research hotspots, each with different sizes 
and occurrence periods. The modularity (Q) was 0.6112, 
and the mean silhouette value was 0.3194. The top 10 
clusters, which represent the major research hotspots, were 
generalized and ordered from the largest to smallest number 
of co-cited references. The first cluster was ‘‘#0 detecting 
hepatocellular carcinoma’’, followed by ‘‘#1 differentiating 
small hepatocellular carcinoma’’. As suggested by the 
timeline view (Figure 8), a cluster called ‘‘#5 data system’’, 
which refers to the liver imaging reporting and data system 
(LI-RADS), and a cluster called ‘‘#8 microvascular invasion’’ 

Figure 5 Map of active authors in the HCCMRI field from 2008 
to 2017. The font size of each author’s name represents the article 
counts of each author. Different colors inside the circle represent 
different time intervals. The thickness of the curved connecting 
line represents the collaborative intensity between authors. 
HCCMRI, hepatocellular carcinoma magnetic resonance imaging.

Table 3 Ranking of top 10 authors, co-cited authors, and co-cited references in the HCCMRI field from 2008 to 2017

Rank Author Counts Co-cited author Counts Co-cited reference Count

1 Kim SH 40 Bruix J 398 Bruix J, 2011, Hepatology, V53, P1020 208

2 Kim YK 37 Llovet JM 235 Bruix J, 2005, Hepatology, V42, P1208 108

3 Kim MJ 34 Kim YK 170 Kim SH, 2009, Am J Roentgenol, V192, P1675 104

4 Lee JM 30 Forner A 152 Ahn SS, 2010, Radiology, V255, P459 90

5 Han JK 25 Kim SH 149 Forner A, 2008, Hepatology, V47, P97 84

6 Kim JH 25 Taouli B 145 Llovet JM, 2012, J Hepatol, V56, P908 82

7 Lee WJ 24 Huppertz A 129 Willatt JM, 2008, Radiology, V247, P311 75

8 Choi BI 24 Vogl TJ 112 Nasu K, 2009, Am J Roentgenol, V193, P438 65

9 Kim KW 20 Kudo M 112 Kogita S, 2010, Eur Radiol, V20, P2405 61

10 Choi D 20 El-serag HB 103 Huppertz A, 2005, Radiology, V234, P468 58
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Figure 7 The cluster view of the knowledge map from the RCA 
of the HCCMRI field from 2008 to 2017. The convex hulls of 
different colors represent different clusters; the brighter the 
convex hull is, the more recently it appears. The number of nodes 
each convex hull covers is proportional to the number of co-cited 
references of each cluster. RCA, reference co-citation analysis; 
HCCMRI, hepatocellular carcinoma magnetic resonance imaging.

Figure 8 The timeline view of the knowledge map from the RCA of the HCCMRI field from 2008 to 2017. This view clearly presents 
the differences in the appearance time point and time span of ten clusters. RCA, reference co-citation analysis; HCCMRI, hepatocellular 
carcinoma magnetic resonance imaging.

Figure 6 Map of co-cited authors in the HCCMRI field from 2008 
to 2017. The thickness of the curved connecting line represents 
the co-cited intensity between authors. HCCMRI, hepatocellular 
carcinoma magnetic resonance imaging.

#0 detecting hepatocellular carcinoma

#1 differentiating small hepatocellular carcinoma

#2 cirrhotic liver

#3 cirrhotic patient

#4 superparamagnetic iron

#5 data system

#6 monitoring chemoembolization

#7 unresectable hepatocellular carcinoma

#8 microvascular invasion

#9 surveillance
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appeared recently.

Analysis of keywords and burst keywords

According to the keyword co-occurrence analysis, 188 
keywords were detected. The keywords with strong citation 
bursts were explored through CiteSpace Ⅴ, and 47 keywords 
with the strongest citation bursts were identified (Figure 9).  
The appearance time points and periods of the burst 
keywords varied, as the earliest and highest-strength burst 
keyword in the past decade was “superparamagnetic iron 
oxide”; from 2015 to 2017, the keyword with the highest 
strength was ‘‘microvascular invasion’’.

Discussion

General information

We found a general increasing trend in HCCMRI-related 
publications from 2008 to 2017, from 37 articles in 2008 

to 117 articles in 2017. This trend was consistent with that 
observed in other research fields (12,13) and can be well 
explained by the emergence of new and advanced MRI 
technologies in the last decade, providing more and better 
tools for studying the popular issues in HCC. Another 
reason may be that, compared to CT, MRI techniques 
showed greater advantage in detection, characterization, 
and following up for HCC.

The top 10 academic journals published 370 articles, 
accounting for 44.3% of all articles and suggesting that 
these top 10 journals had strong interest in articles 
regarding HCCMRI research. These data are helpful 
for future scholars in choosing journals when submitting 
HCCMRI-related manuscripts.  In addition, most 
HCCMRI-related articles were published in radiology 
journals, not hepatology or gastroenterology journals. 

Close collaborations were observed between countries/
regions. Among the top 10 contributing countries/regions, 
South Korea published the most articles [199], followed 

Figure 9 The keywords with the strongest citation bursts, with the years of appearance, in the HCCMRI field from 2008 to 2017. The 
green line represents time period from 2008–2017, while the periods of each burst keyword are plotted by the red line. HCCMRI, 
hepatocellular carcinoma magnetic resonance imaging.

Keywords Year Strength Begin End 2008-2017 Liver tumor 2008 2.5328 2010 2011

Pathological correlation 2008 3.4132 2008 2009 Preoperative detection 2008 2.9933 2011 2012

Arterial phase 2008 4.3318 2008 2012 Gadoxetate disodium 2008 3.4932 2011 2012

Hepatocellular carcinoma 2008 3.8573 2008 2010 Ultrasonography 2008 2.9933 2011 2012

Spiral ct 2008 8.5361 2008 2012 Gd-eob-dtpa 2008 6.2476 2012 2015

Hepatic lesion 2008 6.1582 2008 2010 Injection 2008 2.8516 2012 2013

Sequence 2008 4.3318 2008 2012 Contrast enhanced mri 2008 3.5284 2012 2014

Superparamagnetic iron oxide 2008 10.202 2008 2010 Angiogenesis 2008 3.4882 2013 2014

Dysplastic nodule 2008 3.5605 2008 2009 Cholangiocarcinoma 2008 3.0278 2013 2014

Randomized controlled trial 2008 2.9145 2008 2009 Solid tumor 2008 3.4882 2013 2014

Liver neoplasm 2008 5.8137 2008 2010 Transcatheter arterial chemoembolization 2008 3.2001 2013 2015

Gadolinium 2008 3.4132 2008 2009 Chronic liver disease 2008 2.8302 2013 2014

Neoplasm 2008 2.8435 2008 2009 Perfusion 2008 3.2942 2013 2014

Helical ct 2008 6.5607 2008 2013 Magnetic resonance imaging 2008 5.0606 2013 2015

Focal hepatic lesion 2008 5.3276 2008 2010 Criteria 2008 3.4598 2014 2017

Metastase 2008 2.9488 2008 2009 Survival 2008 4.1238 2014 2015

Pathological correlation 2008 5.3555 2009 2013 Coefficient 2008 4.8768 2015 2017

Surveillance 2008 3.1855 2009 2011 Pattern 2008 3.9621 2015 2017

Clinical evaluation 2008 3.3107 2010 2012 Benign 2008 3.0187 2015 2017

Hepatocarcinogenesis 2008 4.5563 2010 2012 Feature 2008 4.6947 2015 2017

Histopathologic finding 2008 5.3929 2010 2011 Small hepatocellular carcinoma 2008 3.7149 2015 2017

Focal liver lesion 2008 5.4934 2010 2011 Microvascular invasion 2008 5.3428 2015 2017

Pathology 2008 2.896 2010 2012 Model 2008 4.1846 2015 2017

Safety 2008 5.14 2010 2013 Hepatectomy 2008 3.2998 2015 2017
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by the USA [190] and Japan [162]. Although the USA 
published slightly fewer articles than South Korea, the USA 
is a central collaborator with other countries, as indicated 
by its highest centrality value. China ranked fourth among 
the top 10 countries/regions, suggesting its high academic 
impact in the HCCMRI field. It is well-known that HCC 
is more common in Asian countries than in European 
and American countries, which may be one of the reasons 
why Korea and China become the more productive HCC 
MRI research publications. Six of the top 10 contributing 
institutions are from South Korea, followed by China and 
Japan, each with two institutions. This distribution of 
institutions was generally consistent with the distribution of 
the country. Similar to the collaborations between countries, 
the collaborations between institutions were also significant, 
especially for institutions in South Korea (Figure 4).

All of the top 10 active authors published at least 
20 articles. All top 10 active authors were from South 
Korea, indicating that South Korean scholars have a 
leading position in HCCMRI research and have obtained 
substantial achievements. However, only two of the top 10 
active authors are the top 10 co-cited authors, suggesting 
that highly productive authors do not necessarily have a 
record of high citation, which is a more effective indicator 
of an author’s academic impact. Considering the co-cited 
authors, the top 10 authors with at least 103 co-citations 
made significant contributions to the HCCMRI field. Bruix 
J (Barcelona Clinic Liver Cancer (BCLC) Group, Hospital 
Clínic, University of Barcelona, Spain) (398 co-citations) 
was ranked first, followed by Llovet JM (BCLC Group, 
Hospital Clínic, University of Barcelona, Spain) (235 co-
citations), Kim YK (Department of Diagnostic Radiology, 
Medical School, Chonbuk National University Hospital, 
Republic of Korea) (235 co-citations), Forner A (BCLC 
Group, Hospital Clínic, University of Barcelona, Spain) 
(152 co-citations), and Kim SH (Department of Radiology 
and Center for Imaging Science, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Korea) (149 
co-citations). Bruix J and Llovet JM are well known for 
their contribution to developing the guidelines for HCC 
management (14) and elaborating on the epidemiology 
of HCC and viral hepatitis (15), respectively, which are 
important for guiding the direction of HCCMRI research. 
Both Kim YK (16) and Kim SH (17) investigated the 
value of gadoxetic acid-enhanced MRI in the preoperative 
detection and characterization of HCC at the earliest time, 
although hepatocyte-specific ontrast agent such as Gd-
EOB-DTPA (Primovist®, Bayer HealthCare, Germany) 

and Gd-BOPTA (Multihance®, Bracco Imaging, Italy) were 
invented in Germany and Italy, respectively.

Research hotspots

RCA, which explores the co-citation relevance between 
articles and generalizes these data to create major clusters, 
is usually used to explore research hotspots in a given 
academic field (18). In our study, 10 major HCCMRI 
research hotspots in the past decade were generalized 
and ordered from the largest to smallest number of co-
cited references (Figure 7). It is reasonable to assume that 
the top two hotspots were related to the detection and 
differentiation of HCC, as the accurate detection and 
characterization of HCC lesions are the primary purpose of 
MRI examination during clinical diagnosis and treatment. 
The timeline view of the knowledge map (Figure 8)  
indicates that the clusters ‘‘#5 data system’’ and ‘‘#8 
microvascular invasion’’ reflect the recent research hotspots, 
as the phrase “data system” refers to the LI-RADS. This 
result indicates the current hotspots and highlights future 
research directions in the HCCMRI field. 

The LI-RADS (19,20) is a quality assurance tool created 
and trademarked by the American College of Radiology 
in 2011 to standardize the evaluation and reporting, at 
the earliest occasion, of the risk of nodules being HCC 
in patients with cirrhosis on the basis of the computed 
tomography (CT) or MRI features. According to the 
presence/absence of five major imaging features (observation 
size, arterial phase hyperenhancement, washout appearance, 
enhancing capsule, and threshold growth) as well as 
more than ten ancillary imaging features, a liver nodule 
detected in patients on CT or MRI with high risk of HCC 
is categorized as a specific category from LR-1 to LR-5. 
Observation categorized as LR-1 is defined as definitely 
benign, while LR-5 entities are defined as 100% HCC. This 
system enables the radiology community to apply consistent 
terminologies, reduce errors and variabilities in lesion 
interpretation, improves communication with referring 
clinicians, facilitates quality assurance and research, and 
facilitates therapy decisions such as transplantation or 
ablative therapy. The LI-RADS has been constantly 
updated over increasingly short time intervals, with the 
latest edition released in July 2018. In one study (21), the 
sensitivity of LI-RADS Category 5 (LR-5) for diagnosing 
HCC with gadoxetic acid-enhanced MRI was significantly 
higher than that with gadopentetate dimeglumine-enhanced 
MRI (73.8% vs. 26.2%, P<0.001). Taking major features 
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according to LI-RADS v2017 into consideration, LR-4 
hepatic nodules were upgraded to LR-5. One study (22)  
found that LI-RADS v2018 with higher sensitivity and 
accuracy is superior to v2017 for diagnosing HCC. The 
revisions in v2018 mainly affect the categorization when 
adopting LR-5 as a predictor of HCC. However, the 
LI-RADS had many limitations in identifying certain 
categories of lesions just by conceptual and non-quantitative 
probabilistic methods. In fact, the LI-RADS was not fully 
accepted by the European Association for the Study of the 
Liver Guidelines (EASL) for the management of HCC. 
Plenty of questions still need to be further answered, such 
as the difference in diagnostic efficiency of different major/
ancillary imaging features, whether some ancillary imaging 
features can upgrade the categories into LR-5, such as 
intralesional fat for example, the lack of validation and 
comparison of two different enhancement modalities (CT 
and MRI), the absence of a precise distinction of “Targetoid 
appearance”, the superiority of diagnostic performance of 
LI-RADS v2018 in comparison to LI-RADS v2017 (22). 
LI-RADS represents an opportunity for radiologist to 
improve this system.

Microvascular invasion (MVI) is a pathologic feature 
strongly associated with aggressive biological behavior and 
poor prognosis in HCC patients. The diagnostic criteria 
of MVI in patients with HCC have not been universally 
accepted; while Sumie et al. (23), Roayaie et al. (24), and 
the Chinese Society of Pathology (25) have proposed 
different standard to diagnose MVI. Commonly, MVI 
refers to the tumor cells invading into the hepatic or 
portal venous system. Several studies found that MVI was 
an independent factor to predict the risks of HCC post-
operative recurrence and long-term prognosis (26-29). 
In the past, MVI could not be evaluated without biopsy, 
which is an invasive procedure with severe complications. 
However, the identification of MVI before surgery is 
important to therapeutic decision-making. Recently, 
with the advancements in MRI techniques, an increasing 
number of researchers have attempted to evaluate MVI 
noninvasively by using different MRI techniques. Early 
studies used morphological indicators to predict the risk 
of MVI of HCC, such as the smoothness of margin, the 
completeness of capsule, quantity and size of HCC lesions 
(30,31). Recently, Gd-EOB-DTPA-enhanced MRI played 
a pivotal role in predicting MVI. Lee et al. (27) found 
that a combination of three features (arterial peritumoral 
enhancement, non-smooth tumor margin, and peritumoral 
hypointensity on hepatobiliary phase) of gadoxetic 

acid-enhanced MRI as preoperative biomarkers can be 
helpful for predicting MVI with a specificity of 99.3%, 
and two of three imaging features (arterial peritumoral 
enhancement, peritumoral hypointensity on hepatobiliary 
phase) were strongly associated with early recurrence after 
curative HCC resection. Shin et al. (28) also confirmed 
that peritumoral hypointensity on hepatobiliary phase 
was an independent risk factor for predicting MVI and 
postoperative recurrence. However, Gd-EOB-DTPA-
enhanced MRI predict MVI with a high specificity but a 
very low sensitivity, as shown in Lee et al.’s study (27). Xu 
et al. (29) suggest that it will be a more preferable choice 
to develop a comprehensive predictive model (nomogram) 
incorporating additional clinical parameters, such as AFP, 
PIVKA-Ⅱ, for improving the sensitivity. Lei et al. (32) 
developed a nomogram for predicting of MVI of HCC 
incorporating some imaging and serological parameters, 
the sensitivities and specificities of the validation cohort 
were 62% and 81%, respectively. In addition, other MRI 
techniques also have been used to predict to MVI of HCC. 
Huang et al. (33) indicated that histogram parameters 
of contrast-enhanced MR imaging of HCC such as 1th 
percentiles for portal venous phase images held promise 
for prediction of MVI of HCC, with area under the ROC 
curves of 0.76 to 0.88. Min et al. (34) concluded that HCC 
with intralesional fat detected with MRI had a lower risk 
for MVI, and a possibly better prognosis. Jhaveri et al. (35) 
attempt to evaluate blood oxygen level-dependent (BOLD) 
MRI for prediction of MVI, but they found that BOLD 
MRI was unable to predict MVI accurately. 

It was noted that several studies used the diffusion-
weighted imaging (DWI) related MRI techniques for 
assessment of MVI of HCC, which included the intravoxel 
incoherent motion (IVIM) (36), diffusion kurtosis imaging 
(DKI) (37), apparent diffusion imaging (ADC) (38). 
Although different DWI-related parameters were evaluated 
as the potential predictors for MVI of HCC, with high 
diagnostic performances, the reliability and reproducibility 
of these conclusions remain being questioned. Most 
reported IVIM studies of biexponential decay model 
computed the diffusion parameters by using multiple 
increasingly higher b value from b =0 s/mm2. However, 
as Wáng (39) found, this decay process may not follow 
biexponential model, which finally makes the reliability of 
most IVIM study results questionable. More details could 
be found in the paper (39). Huang et al. (40) indicated 
that by excluding the b =0 s/mm2 images for curve fitting 
and computing the IVIM parameters, partial overlap of 
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liver IVIM parameters that existed when including the  
b =0 s/mm2 images between healthy subjects and liver 
fibrosis patients disappeared. 

Burst keywords refers to keywords heavily cited 
by articles over a period of time. Burst keywords are 
considered another important indicator of research 
hotspots or emerging trends over time. As seen in Figure 9,  
the evolution of the burst keywords over the past decade 
shows the continuing progress in HCCMRI research. In 
addition, the earliest-appearing and strongest burst keyword 
in the past decade was “superparamagnetic iron oxide”. 
Superparamagnetic iron oxide (SPIO), which is specifically 
taken up by the reticuloendothelial system in the liver 
or other organs, has been used in diagnostic imaging for 
various diseases, including lymph node detection, metastasis 
evaluation, as well as HCC (41,42). SPIO has shown good 
performance in HCCMRI applications, with many related 
articles published in the early years (43,44). However, 
the question remains as to whether SPIO-enhanced MRI 
is less sensitive and specific than other Gadolinium-
enhanced MRI in the detection and characterization of 
HCC. This question and together with SPIO’s high cost 
and inconvenient use have led to a gradual reduction of 
the clinical use and research focus on SPIO. The keyword 
‘‘microvascular invasion’’, identified as the strongest burst 
keyword since 2015 was also found to be one of the latest 
major clusters in the RCA. As keywords stands for hot 
research topics and burst keywords represents new research 
frontier (45,46), this result demonstrates that evaluating the 
MVI in HCC by MRI techniques is one of the important 
research hotspots in HCCMRI field currently.

Study limitations

Our study has some limitations. First, the data analyzed 
in our study originated only from the Web of Science 
database and did not include data from other important 
search engines such as PubMed, Embase and Ovid. Thus, 
the identified articles may not fully represent all HCCMRI 
research. However, Web of Science, which covers over 
12,000 journals and collects most important articles, is 
currently a premier search platform for information in the 
sciences, social sciences, and humanities. What is more, 
data retrieved from the Web of Science, which contains a 
wealth of information (e.g., author, institution, country, 
journal), especially for complete references, are very suitable 
as input data to CiteSpace for ACA and RCA, which could 
not be performed by the data retrieved from PubMed or 

Embase database without complete references. This may 
be, to some extent, a drawback of CiteSpace software when 
doing a comprehensive bibliometric analysis in a special 
field. Secondly, the retrieved articles were restricted to 
those published in English, resulting in some linguistic 
bias. Nonetheless, English remains the most widely used 
language for publishing academic articles.

Conclusions

In conclusion, we delineated the overall scientific output 
of HCCMRI research from 2008 to 2017. “LI-RADS” and 
“microvascular invasion” are the two most recent research 
hotspots. Researchers dedicated to HCCMRI research 
could devote additional attention to these topics in the next 
few years.
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