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Abstract: Background: The aim of this meta-analysis was to assess the performance of magnetic
resonance elastography (MRE) in detecting gastroesophageal varices (GEV) in patients with chronic
liver disease (CLD). Methods: A literature search in English and Chinese databases such as PubMed,
EMBASE, Cochrane Library, Web of Science, and China National Knowledge Infrastructure was
conducted. The pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR), diagnostic odds ratio (DOR), and area under the curve (AUC) of the summary receiver-
operating characteristic (SROC) curve with a 95% CI were calculated. A quality analysis of the
included study was conducted using the QUADAS-2 tool, and a meta-analysis was performed using
Statal6. The clinical practical value of MRE in detecting GEV was evaluated using the Fagan plot.
Heterogeneity across studies was explored through meta-regression and subgroup analyses. Results:
A total of nine relevant articles that compared liver stiffness (LS) or spleen stiffness (SS) using MRE
with esophagogastroduodenoscopy (EGD) to detect the existence of GEV were identified. The pooled
summary sensitivity, specificity, PLR, NLR, and DOR of LS or SS for the detection of GEV were 81%
(95% CI: 74%, 87%), 72% (95% CI: 62%, 80%), 2.89 (95% CI: 2.12, 3.94), 0.26 (95% CI: 0.19, 0.36), and
10.91 (95% CI: 6.53, 18.24), respectively. The year of publication, study design, and MR equipment are
the sources of heterogeneity. There was no significant difference in the publication bias (p > 0.05).
Conclusions: Based on these findings, MRE demonstrates good diagnostic accuracy for detecting
GEV in patients with CLD.

Keywords: magnetic resonance elastography; liver stiffness; spleen stiffness; gastroesophageal
varices; meta-analysis

1. Introduction

Chronic liver disease (CLD) is a public health concern across the world. CLD and
cirrhosis are the 11th major cause of death around the world, resulting in an estimated
2 million deaths annually, with half of them owing to complications of cirrhosis [1,2]. The
global prevalence of liver cirrhosis has risen from 71 million in 1990 to more than 122 million
in 2017 [1]. The incidence of gastroesophageal varices (GEV) has been reported in half of
the number of patients with cirrhosis, and variceal hemorrhage accounts for around 5-15%
of varices episodes [3]. Gastroscopy is the current “gold standard” for the diagnosis and
grading of GEV, although it is invasive, uncomfortable, expensive, and operator-dependent,
which may bring about bleeding with lots of restrictive factors. Furthermore, repeated
endoscopy may be hard to accept by those who are in ongoing longer-term follow-up.
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As such, we are in urgent need of alternative non-invasive reliable and accurate methods
to evaluate GEV. Imaging techniques, including transient elastography (TE), shear wave
elastography (SWE), FibroScan (FS), multi-slice spiral CT, and magnetic resonance imaging
(MRI), have been used to evaluate GEV so far. TE and magnetic resonance elastography
(MRE) are the available imaging tools for predicting diffuse liver disease. Because of the
limitations of ultrasonic imaging mechanisms, TE has inherent disadvantages. It is highly
operator-dependent, less reliable for deep organs, and has increased variability in obese
patients [4]. However, MRE has been implemented successfully in a variety of patient
populations, including those with ascites, obesity, and unconventional hepatic anatomy [5].
MRE has been shown to offer a greater degree of diagnostic accuracy compared to TE [6].
MRE is a new phase contrast-based diagnostic imaging modality. It differs from traditional
MR, as it generates shear waves within the organs by utilizing mechanical or acoustic
modalities, and then quantitatively measures the internal stiffness distribution of tissues [7].
MRE can be regarded as a quantitative and non-invasive technique. It is convenient, safe,
and comfortable for the patients. The clinical importance of it has been increasing day
by day. Hepatic MRE is easy to carry out and can be easily repeated in a short period.
Studies have shown that liver stiffness (LS) or spleen stiffness (SS) may be interrelated with
GEV [8,9]. MRE has been introduced into clinical practice, and there have been several
studies that have investigated the specific relationships between LS or SS and the presence
of GEV [10,11]. Considering that the results and quality have considerable variability across
different published studies, the diagnostic value and feasibility of MRE in detecting GEV
remain elusive.

Hence, the primary purpose of the present review is to perform a systematic review
and structured meta-analysis of previous eligible studies to assess the efficacy of MRE for
screening and diagnosing GEV and to attempt to provide more comprehensive theoretical
support for quantitative monitoring in real time and a clinical therapeutic strategy for
cirrhotic patients with GEV.

2. Materials and Methods
2.1. Search Strategy

Each part of this article was written while taking into account the PRISMA guide-
lines [12]. To identify relevant clinical studies evaluating MRE for the diagnosis of GEV
in patients with CLD, a systematic literature search in English and Chinese electronic
databases including PubMed, EMBASE, Cochrane Library, Web of Science, and China Na-
tional Knowledge Infrastructure was conducted up until 9 December 2022. The key terms
used for the search included “Esophageal and Gastric Varices” and “Magnetic Resonance
Elastography”. We searched for related articles as much as possible to evaluate the text. All
references that were retrieved by applying the literature retrieval strategy were initially
screened by title, and then by abstract, and finally, by full text.

2.2. Eligibility Criteria

The major inclusion criteria of our meta-analysis are described below: (1) Endoscope
was used as a diagnostic “gold-standard” for the identification of GEV in CLD patients.
(2) LS or SS was measured via MRE. (3) Studies had to contain enough necessary data to
allow for the test performance be calculated, including true positive (TP), false positive (FP),
true negative (TN), and false negative (FN) values based on the best statistical cutoff values
of MRE for the detection of GEV. (4) The sample size should be no less than 20 patients to
ensure trustworthiness. Animal studies, ex vivo studies, case reports, meetings, review
articles, and duplicated studies were excluded.

Two investigators (ZY and HKF) independently extracted data from each study. If
there were any different opinions between 2 researchers, the differences were resolved
through discussion.
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2.3. Data Extraction and Quality Assessment

Two independent reviewers (ZY and HX]) screened the literature, extracted informa-
tion, and appraised the methodological quality. Any discrepancy between 2 researchers
was resolved via consensus, with the final judgment made by a 3rd experienced radiologist
(GDYJ). For the studies that were eligible for this systematic review, the primary data were
abstracted below: first author’s name, location, year of publication, study period, study
design, etiology, sample size, proportion of males, age, body mass index (BMI), Child-Pugh
score, the time intervals of EGD and MRE, cut-off point, sensitivity, specificity, TP, FP, TN,
and FN. When both the validation cohort and training cohort are provided in one study,
we extracted data from the literature solely from the validation cohort. A methodologi-
cal quality assessment was performed, adapting to the modified Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) [13].

2.4. Statistical Analysis

The pooled sensitivity (the proportion of those with the disease who have true positive
results), specificity (the proportion of those without the disease who have true negative
results), positive likelihood ratio (PLR; the sensitivity divided by the false negative rate),
negative likelihood ratio (NLR; the FN rate divided by the specificity), positive predictive
value (PPV), negative predictive value (NPV), diagnostic odds ratio (DOR), and area
under the curve (AUC) of the summary receiver-operating characteristic (SROC) curve
with a 95% CI were calculated using a bivariate random-effects model. The interstudy
statistical heterogeneity of all diagnostic parameters was assessed with a visual inspection
of forest plots, and then statistic calculations were performed with the Cochrane’s Q-test
and inconsistency index (I?). p < 0.05 or I? > 50% was generally considered to indicate the
existence of heterogeneity across the included studies, and a larger 1> value signified a
higher degree of heterogeneity. Univariate meta-regression analysis and subgroup analysis
will be performed to explore potential sources of heterogeneity. Fagan diagram was used
to evaluate the clinical utility of MRE for diagnosing GEV. Publication bias was further
tested using Deeks’ funnel plot to guarantee the validity of results. The quality analysis of
the included study was evaluated using the QUADAS-2 tool, and the meta-analysis was
performed with Statalé.

3. Results
3.1. Literature Selection

Based on the established search strategy, 627 studies that potentially met the inclu-
sion criteria were retrieved, in which 41 pieces of duplicate reports were excluded. We
preliminarily excluded 328 studies by reading the titles. Through reading the abstracts,
176 studies that were irrelevant to our study were excluded. Next, we examined the full
texts of the remaining 82 studies cautiously. Of these, 73 articles were excluded due to an
undesirable article type (1 = 5), because they were not relevant to MRE (1 = 12), irrelevant
to GEV (n = 39), had a small sample size (fewer than 20 individuals, n = 3), and contained
insufficient data (TN, TP, EN, and FP could not be obtained, n = 14). Ultimately, nine articles
that fulfilled the inclusion criteria were included. A flow diagram of the literature search
and study selection is presented in Figure 1. The detailed relevant characteristics of the
nine included studies are summarized in Table 1, and Figure 2 lists the quality evaluation
of the included studies. The four domains were identified, including patient selection,
reference standard, index test, and flow and timing. Furthermore, we also assessed the first
three domains for concerns regarding applicability. A summary of the proportion of all
trials that were at high, low, or unclear risks of bias is shown. Meanwhile, Deek’s funnel
plot asymmetry test confirmed that there was no publication bias (p = 0.41) among the
included studies (Figure 3). A total of 979 patients were included. Seven original studies
were retrospective, and two were prospective in design.
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Studies included in review
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Figure 1. Flowchart for literature retrieval and research selection.

Table 1. Study characteristics.

. . . . Number of Gender Number Mean Child-Pugh
Study Location Duration Study Design MR Etiology Patients (Male) TP FP FN TN of GEV BMI Age Score, A/B/C
](}2‘3;65) Tg 211 Tglgfr?: 2016.1-2018.9 retrospective 15T HBV, HCV, alcohol, etc. 102 68 42 13 2 25 64 NR 61.8 +12.0 NR
(I;(j’zféfflef] USA 2018.6-2018.12 prospective 30T, 15T HBV, HCV, NAFLD, etc. 78 NR 27 9 7 35 34 NR NR NR
Mgoligl)(‘?le;]al' Japan 2011.9-2012.3 retrospective 15T HBV, HCV, f‘lle";;‘i’tli:“t"‘mmune 93 59 40 32 4 17 44 208+7 69+8 74/17/2
Matsui et al. . NAFLD, HBV, HCV,
2018) [17] Japan 2013.4-2016.12 retrospective 30T PBC. alcobol 243 130 37 59 4 143 41 234+132  668+121 NR
Shin et al. . HBV, HCV, PBC, alcohol,
(2014) [15] Korea 2010.11-2012.3 prospective 15T autoimmune hepatitis, etc. 139 102 67 17 11 44 78 NR 573+ 105 NR
Yoon et al. . Patients with biliary atresia that
(2019) [19] Korea 2015.1-2016.12 retrospective 30T underwent the Kasai operation 22 10 5 3 1 13 6 17.1 10 NR
(nggrz‘)e[tzgll China 2019.2-2020.2 retrospective 30T NR 154 NR 67 11 13 63 80 17.1 NR NR
Yu Shi et al. . . HBYV, HCV, alcohol, NASH,
016) [21] China 2013-2015 retrospective 30T autoimmune hepatitis 89 62 34 13 10 32 44 NR NR 68/17/4
Ying Liu et al. China 2015.12-2016.12 retrospective 30T HBV, HCV, etc. 59 36 24 5 13 17 37 NR 432 +11.2 NR

(2018) [22]

MR, magnetic resonance; TP, true positive; FP, false positive; FN, false negative; TN, true negative; GEV, gastroesophageal varices; BMI, body mass index; HBV, hepatitis B virus; HCV,
hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; PBC, primary biliary cirrhosis; NR, not reported.
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Figure 2. Quality of methodology of included studies based on QUADAS-2 tool criteria [14-22].
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Figure 3. Pooled results of the included studies to investigate the potential publication bias, presented
in a Deeks’ funnel plot [14-22].

3.2. Accuracy of MRE for the Detection of GEV

The forest plots of sensitivity, specificity, PLR, NLR, and DOR of the nine studies are
shown in Figures 4-6. Among the nine included studies, GEV were present in 428 patients
via endoscopic examination. The comparison revealed that the mean LS or SS values
measured with MRE were significantly higher in the GEV group compared to the non-
GEV group. The pooled summary sensitivity, specificity, PLR, NLR, and DOR of LS
or SS for the detection of GEV were 81% (95% CI: 74%, 87%), 72% (95% CI: 62%, 80%),
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2.89 (95% CI: 2.12, 3.94), 0.26 (95% CI: 0.19, 0.36), and 10.91 (95% CI: 6.53, 18.24), respectively.
Figure 7 represents the Fagan nomogram for the likelihood ratios; given that the pre-test
probability of correctly diagnosing GEV was 20%, the post-test likelihood was increased
to 42%. Figure 8 illustrates the corresponding SROC curve with an AUC of 0.84 (95% (I,
0.80-0.87), which suggests high diagnostic efficiency.
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Figure 4. Forest plot of sensitivity and specificity for the liver or spleen stiffness for diagnosis of GEV
(95% CI) [14-22].
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3.3. Meta-Regression Analysis

Due to significant heterogeneity, subgroup and meta-regression analyses were per-
formed for the exploration of potential sources of heterogeneity factors. The meta-regression
shows that the year of publication, study design, type of MR machine, or the cut-off value
cannot explain the heterogeneity observed for the specificity. However, the year of publi-
cation, study design, and MR equipment can explain the heterogeneity observed for the
sensitivity (Figure 9). All DOR (I = 99.0% and p < 0.01), PLR (I? = 71.6% and p < 0.01), NLR
(I> = 57.8% and p < 0.01), sensitivity (I = 64.6% and p < 0.01), and specificity (I> = 80.5%
and p < 0.01) I values were above 50%.

Univariable Meta-regression & Subgroup Analyses

**year Yes-| 81— year Yes [

No - —te—i Nod +—etf—
**studydesign Yes | ———&—1— studydesign Yes - — e

No - —e— Noq{ +——et+—

*mr Yes - —a— mr Yes - H—e—
No- —— No - ——e——
cutoffvalue Yes - —— cutoffvalue Yes{ +—1+—
No L s— No —te—

0.62 0.91
Sensitivity(95% Cl)

Figure 9. Univariable meta-regression and subgroup analyses
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4. Discussion

Acute bleeding from ruptured GEV is a serious clinical consequence of portal hyper-
tension, which is the leading cause of the mortality of a patient. In the past, non-invasive
evaluations of PV and GEV have always been one of the main interests for scholars in the
world. During the development of liver cirrhosis and portal hypertension, the spleen and
liver will enlarge and remodel progressively, including passive congestion, fibrogenesis,
and vascular remodeling [23,24]. All of these changes caused an increase in LS and SS, and
LS is strongly associated with PV and reflects the extra-hepatic hemodynamic changes. In
terms of LS, it is clear that LS reflects the increased intrahepatic resistance. SS predicts the
variceal formation resulting from splanchnic hemo-dynamics changes better than LS [8].
These lend reliable support to the physiological feasibility of LS and SS to detect GEV.

Numerous recent meta-analyses about the association between GEV and stiffness using
ultrasonic elastography have emerged. However, there are no meta-analysis reports on the
association between GEV and stiffness in MR. In terms of originality, this meta-analysis
is the first paper to study the association between MRE and GEV. In this meta-analysis,
a total of nine relevant articles that compared LS or SS (using MRE) with EGD to detect
the existence of GEV were identified. The pooled sensitivity and specificity of LS/SS for
detecting GEV were fairly good, and they were 81% (95% CI: 0.74-0.87) and 72% (95% CI:
0.62-0.80), respectively. Furthermore, the overall diagnostic performance, as evaluated by
SROC (0.84), was also good, which suggested that MRE should be viewed as a valuable
tool for prediction with a relatively high level of diagnostic efficiency. Tseng et al. assessed
the diagnostic accuracy of CT for detecting GEV in 10 included studies, and they reported
that the pooled specificity, sensitivity, PLR, NLR, DOR, and AUROC were 0.723, 0.896,
3.241, 0.143, 22.599, and 0.86, respectively, indicating that all of the summary indicators
were similar to ours except for DOR [25]. Pu et al., Zhang et al., and Manatsathit et al.
analyzed a total of 15, 24, and 45 studies, respectively, regarding the predictive accuracy of
elastosonography for detecting the presence of EV, and the reported results were concordant
with those of our study [26-28]. Cheng et al. assessed the diagnostic performance of TE in
detecting the presence and size of esophageal varices in cirrhotic patients, and they found
that an incorrect diagnosis would be possible in 24-44% of patients with a negative test
result [29]. This suggests that TE might not be very accurate. Due to broader indications
and a higher precision of MRE, it might be the preferred approach over TE in the future.
And this technique might replace TE in some patient categories, such as patients with
ascites and obesity.

We observed distinct heterogeneity among the selected studies, so a meta-regression
analysis was performed to evaluate the origins of heterogeneities. In our study, the meta-
regression analysis and subgroup analysis were based on the number of samples, year
of publication, study area, study design, etiology, MR equipment, and cut-off value. The
results showed that the heterogeneity came from the year of publication, study design,
and MR equipment. The diagnostic value of prospective studies is significantly higher
than that of retrospective studies, suggesting that a standardized experimental design,
strict patient screening mechanism, and unified image processing methods are crucial to
improve the diagnostic accuracy of GEV by MRE. Furthermore, the time span of the studies
included in this study is large (around 10 years). During this period, MR examination
techniques, post-processing methods, and diagnostic criteria have been greatly improved,
which may be an important factor leading to high heterogeneity. MR equipment is another
source of heterogeneity. The subgroup analysis showed that the accuracy of diagnosing
GEV with MRE in 3.0T MR was higher than that of 1.5T MR; this might be related to the
ability of MR devices with more outstanding performances to obtain higher-quality images.
In addition, due to the limited number of included studies, we were unable to perform
subgroup analyses on the control method, grouping standards, severe GEV ratio, etc. These
factors may also contribute to the heterogeneity.

Previous studies have shown that AFRI and TE achieved a high diagnostic yield to
predict EV, and when compared with LS, SS has more advantages in detecting EV [28,30].
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They hypothesized that changes in LS halt when the portal vein pressure increases to a
certain extent; however, relevant spleen parameters secondary to PV changes such as the
spleen size and SS continue to change. Additionally, they suggested that the diagnostic
performance of SS was significantly better than LS in detecting GEV, SS was superior to LS
for the detection of EV with a higher sensitivity (0.90 vs. 0.85), LDOR (3.24 vs. 2.26), and
AUC (0.899 vs. 0.817). In the current study, there was only a limited number of studies
that evaluated the diagnostic accuracy of LS and SS in MRE for the detection of GEV. As a
result, we did not perform a comparison between them.

There are several inevitable limitations in our meta-analysis as well. Firstly, this study
includes only a limited number of articles, and the enrolled cases are limited. In the future,
additional research is needed in multiple centers, and large-sample studies are needed for
a more comprehensive evaluation. Secondly, notably different cutoff values were used in
these studies, making it difficult to accurately define the standard diagnostic threshold value
to predict GEV. It also makes our study fail to make a comparison of LS and SS on account
of the absence of sufficient data from studies that performed LS and SS simultaneously
on the same patient population. Likewise, the issue about the correlation between MRE
grading and the variceal sizes cannot be carried out, either. Thirdly, additional unexplained
heterogeneity persisted despite the meta-regression and subgroup analyses. The lack of
longitudinal evaluations correlating MRE findings with clinical outcomes over time also
limits the assessment of prognostic utility. Finally, the potential for publication bias is
a concern in diagnostic test systematic reviews. Further large-scale studies validating
standardized diagnostic cutoffs, directly comparing liver versus spleen stiffness, evaluating
prognostic potential, and prospectively registering protocols could help strengthen the
evidence base and overcome these limitations. In spite of a few deficiencies and limitations
that exist in this study, the meta-analyses reported non-invasive clinical practice of MRE
for the diagnosis of GEV.

In sum, this meta-analysis suggests that MRE achieves good accuracy in identifying
GEV in liver cirrhosis patients. LS and SS may be beneficial to reduce the frequency of
using invasive endoscopies to screen for GEV. Higher-quality studies and advanced data
analysis technologies are needed to prove the prediction performance of MRE.
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