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Abstract

Purpose: To determine the efficacy of magnetic resonance elastography (MRE) in predicting the presence and the seve-
rity of oesophageal varices in patients with chronic liver disease (CLD).

Material and methods: This is a retrospective, cross-sectional study. A total of 165 consecutive adult patients with CLD
were examined with multiparametric liver magnetic resonance imaging, including MRE. Among them, 57 patients
fulfilled the inclusion criteria. Liver stiffness measurement (LSM) was performed with MRE.

Results: Forty-two patients had oesophageal varices, 31 of which were endoscopically grade 2 or 3. The median LSM
was 4.8 kPa in patients with oesophageal varices, whereas it was 3.2 kPa in patients without varices (p < 0.001).
A statistically significant correlation was found between LSMs and the presence of oesophageal varices (p = 0.016).
When the threshold stiffness value was set as 4 kPa, the area under the ROC curve, the sensitivity, and the specificity
of MRE in predicting oesophageal varices were 0.80, 69%, and 73%, respectively. Sensitivity was 81% for predicting
high-risk varices. Multivariable logistic regression showed that LSMs by MRE and high Fibrosis-4 (FIB-4) Index
scores were predictors of oesophageal varices in patients.

Conclusion: As a non-invasive method, MRE can predict the presence of oesophageal varices in patients with CLD.
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of PHT. Clinically significant portal hypertension (CSPH)

Introduction is considered as a hepatic venous pressure gradient (HVPG)

Chronic liver disease (CLD) is a serious public health prob-
lem [1]. Hepatitis B virus (HBV), hepatitis C virus (HCV),
alcohol-related liver disease (ALD), metabolic dysfunction-
associated steatotic liver disease (MASLD), and autoim-
mune, metabolic, and vascular liver diseases are common
causes of CLD. Cirrhosis is the pathological end-stage of
any CLD, and in general it is considered to be irreversible
in its advanced stages [2].

Portal hypertension (PHT) is defined as a portal vein
pressure higher than 5 mmHg, with cirrhotic and non-
cirrhotic aetiologies. Cirrhosis is the most common cause

> 10 mmHg and is associated with an increased risk of
complications like gastrointestinal varices [3].
Oesophageal varices and related bleeding are the most
common life-threatening complications of PHT [1]. Up-
per gastrointestinal endoscopic examination is the gold
standard for the diagnosis of oesophageal varices. How-
ever, it is an invasive and costly tool [4]. There is an in-
creasing clinical demand for non-invasive methods to
predict oesophageal varices in patients with cirrhosis.
Several non-invasive biochemical-based biomarkers,
including AST (aspartate aminotransferase) to Platelet
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Ratio Index (APRI), Fibrosis-4 (FIB-4) Index, and imag-
ing methods, including transient elastography (TE) and
magnetic resonance elastography (MRE), are widely used
for assessing liver fibrosis in routine clinical practice [4-6].
Previous studies reported that MRE is a reasonably accu-
rate assessment of hepatic fibrosis in patients with CLD
compared to other non-invasive tests. In addition, MRE
provides information about fibrosis over a large cross-
sectional area of the liver compared to biopsy, and stift-
ness values determined by MRE correlate closely with the
stage of liver fibrosis [7].

In recent years, shear wave elastography (SWE) has
emerged as an increasingly important noninvasive tech-
nique for assessing liver stiffness. This ultrasound-based
modality provides real-time quantitative measurements
and has shown good diagnostic performance in predict-
ing PHT and oesophageal varices, particularly in settings
where MRE is not widely available. While MRE remains
one of the most accurate imaging-based tools for liver fi-
brosis staging, SWE is gaining prominence due to its ac-
cessibility, lower cost, and point-of-care applicability [8, 9].

This study aimed to determine the efficacy of MRE in
predicting the presence and the severity of oesophageal
varices in patients with CLD.

Material and methods

Study population

The study protocol was approved by our hospital’s insti-
tutional Medical Ethics Committee (decision number
03-213-19, dated February 2019), and written informed

Consecutive adult patients with CLD
were examined with multiparametric
liver MRI between January 2017
and January 2022,

N=165

The patients with etiologies
such as primary biliary cholangitis,
primary sclerosing cholangitis,
and autoimmune hepatitis,
n=47

Y

The patients with a total
measurable liver parenchyma area
of fewer than 50 cm?in the MRE
confidence map,
n=38

Y

Exclusion criteria

Patients who did not undergo
endoscopy examination
»| orwhohad more than 1year
between the date of MRE
and the date of upper
gastrointestinal endoscopy,

v n=>53

Patients included,
n=>57

(LD — chronic liver disease, MRE — magnetic resonance elastography (MRE)

Figure 1. Flowchart summarising patient enrolment
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consent was waived for this retrospective, cross-sectional
study. Between January 2017 and January 2022, a total of
165 consecutive adult patients with CLD were examined
with multiparametric liver MRI. The patients with aeti-
ologies of primary biliary cholangitis, primary scleros-
ing cholangitis, and autoimmune hepatitis (1 = 47), those
with a total measurable liver parenchyma area of smaller
than 50 cm? on the MRE confidence map (n = 8), and pa-
tients who did not undergo upper gastrointestinal endos-
copy (UGE) or who had more than 1 year between the
date of MRE and the date of UGE (n = 53) were excluded.
The flowchart of the patient enrolment is shown in Figure 1.

The diagnosis of CLD was based on clinical, biochemi-
cal, imaging, and histological findings, when available.
ICD-10 codes were used to identify the patients. The hospi-
tal information system was used to analyse patients’ docu-
ments.

A total of 57 patients (32 men, and 25 women) with
CLD were included in the analysis. The mean age of
the patients was 60.8 years (range: 34-81 years). The aetio-
logy of the CLD was viral hepatitis in 35 patients, MASLD
in 9 patients, ALD in 6 patients, and cryptogenic in 7 pa-
tients.

Upper gastrointestinal tract endoscopy

An experienced gastroenterologist who was blinded to
the MRE results performed the upper gastrointestinal
tract endoscopies. The presence and grade of oesophageal
varices were classified based on the international guide-
lines [10]. The high-risk varices were defined as follows:
grade 3 oesophageal varices and grade 2 varices with red
wale markings [11].

Out of 57 patients with CLD who were included in the
analysis, 42 patients had oesophageal varices, whereas the
remaining 15 patients did not have varices. Of the 42 pa-
tients with varices, 11 had low-risk varices (grade 1 vari-
ces and grade 2 varices without red wale markings) and
31 had high-risk varices (grade 2 varices with red wale
markings or grade 3 varices).

MRE technique

All patients were examined using a 1.5-T MR scanner
(Aera, Siemens Healthcare, Erlangen, Germany) after
a 6-hour fast. Standard body and spine matrix coils were
used for signal reception. A phase-contrast two-dimen-
sional gradient-recalled echo (2D GRE MRE) sequence
was utilised for MRE. Three transverse slices of 10 mm
thickness through the largest cross-section of the liver
were obtained during breath-holds at end-expiration.
The technical parameters used for MRE were as follows:
400 x 300 matrix, FOV 48 x 128 mm, slice thickness
10 mm, TR 50 ms, TE 27.5 ms, flip angle 25 degrees, and
averages of 1. A GRAPPA undersampling pattern with
a reduction factor of 2 was utilised. Stiffness maps (elas-
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tograms), confidence maps, and wave images were con-
structed with postprocessing software.

Image analysis

Images were analysed on the Picture Archiving and Com-
munication System (PACS). The stiffness of the liver pa-
renchyma was measured from the MRE confidence map
with the ‘free hand’ region of interest (ROI) method,
and the stiffness value per unit area was calculated. Mea-
surements were made at 3 different levels, avoiding large
vessels and parenchymal lesions. Liver stiffness measure-
ments (LSMs) based on MRE were performed in consen-
sus by 2 radiologists with 2 and 5 years of experience in
MR elastography, respectively. The LSM method is shown
in Figures 2 and 3.

Patients were categorized into 3 groups according to
the LSM values:
o Group 1 included the patients with LSM < 3 kPa,
o Group 2 included the patients with LSM 3-4 kPa, and,
o Group 3 included the patients with LSM > 4 kPa.

Statistical analysis

Statistical analyses were performed using Statistical Pack-
age for Social Sciences Version 27 software (IBM Corp.).
Mean = standard deviation was used for normally distrib-
uted numerical variables, median (minimum-maximum)
was used for numerical variables that did not show nor-
mal distribution, and frequency and percentage were used
for categorical variables. For numerical variables with
normal distribution, the difference between the 2 groups

\Min/Max: 0 /399

1 Mean/SD: 230.9 /61.7

1 Area;-44.46 sq.cm
Pixel; 1821

c+1-Mean/SD: 281.07126:5
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. ol
T Min/Max: 0 /623
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1 Area: 29.27 sq.cm
., Pixel: 1199 .

Figure 2. A 68-year-old patient with a diagnosis of chronic liver disease secondary to hepatitis C virus, without oesophageal varices at endoscopy.
In measurements made from magnetic resonance elastography confidence maps (B, D, F), liver parenchymal stiffness per unit area was determined as

2.7 kPa
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Figure 3. A 58-year-old male patient with grade 3 oesophageal varices at endoscopy and a diagnosis of cirrhosis secondary to non-alcoholic fatty liver disease.
In measurements made from magnetic resonance elastography confidence maps (B, D, F), liver parenchymal stiffness per unit area was calculated as 10.7 kPa

Table 1. Characteristics of patients with chronic liver diseases (N = 57)

Factor | Overall
Age (years), mean = SD; 51.1+£9.0;
mean (range) 51(29-72)
Gender (male/female) (%) 53/47
BMI (kg/m?), mean + SD; 29.8+4.6;
mean (range) 29.1(21.0-53.3)
Serum AST (U/1), mean = SD; 40.4+35.1;
mean (range) 34(15-214)
Serum ALT (U/1), mean =+ SD; 47.9 +33;
mean (range) 29(10-199)
Total bilirubin (mg/dl), mean = SD; 1.46+1.3;
mean (range) 1(0.3-7.9)
Platelet count (10°/pl), mean + SD; 137.8+£79.9;
mean (range) 133 (31-413)
Prothrombin time, mean + SD; 1.2+0.3;
mean (range) 1.1(0.8-3.2)
Serum creatinine (mg/dl), mean =+ SD; 0.8+0.2;
mean (range) 0.8(0.4-1.3)
FIB-4 score, mean + SD; 48+3.8;
mean (range) 3.6(0.5-15.9)
LSM (kPa), mean =+ SD; 46+117,
mean (range) 43(2.2-10.7)

ALT — alanine aminotransferase, AST — aspartate aminotransferase, BMI — body mass index,

FIB-4 — Fibrosis-4 Index, LSM — liver stiffness measurement

was determined by the independent samples ¢-test. For
numerical variables that did not have a normal distri-
bution, the difference between 2 groups was determined
with the Mann-Whitney U test, and the difference be-
tween 3 or more groups was determined with the Kruskal-
Wallis test. Receiver operator characteristic (ROC) analy-
sis was used to determine the cut-off value for the pre-
sence of oesophageal varices. A p-value less than 0.05 was
considered indicative of a statistically significant diffe-
rence.

Results

The mean LSM for the whole study population (57 CLD
patients) was 4.6 + 1.7 kPa. The median LSM was 4.3 kPa
(range: 2.2-10.7 kPa). The LSM was < 3 kPa in 10 patients
(17.5%), 3-4 kPa in 14 patients (24.5%), and > 4 kPa in
33 patients (58%).

Seventy-four per cent of our patients had CSPH,
which was associated with oesophageal varices. The me-
dian value of liver parenchymal stiffness was 4.8 kPa in
patients with oesophageal varices, whereas it was 3.2 kPa
in patients without varices (p < 0.001). The median inter-
val between the UGE and MRE was 6 months. The base-
line characteristics of the patients are shown in Table 1.

A statistically significant correlation was found be-
tween LSMs and the presence of oesophageal varices
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Figure 4. Distribution of patients with and without oesophageal varices
according to their liver stiffness measurements values

(p = 0.016). The distribution of oesophageal varices be-
tween the groups is shown in Figure 4. When the thresh-
old value was set as 4 kPa, the sensitivity and specificity
of MRE in predicting the presence of oesophageal vari-
ces were 69.0% and 73.3%, respectively. The area under
the ROC curve (AUC) was calculated as 0.72, indicating
a moderate diagnostic performance (Figure 5). Sensitivity
of MRE was 81% for predicting high-risk varices.

All potential risk factors were evaluated using univari-
ate logistic regression analysis. Variables with a p-value
below 0.25 in the univariate analysis, including LSM
by MRE, alanine aminotransferase (ALT), AST, bilirubin
levels, and the FIB-4 score, were considered candidate vari-
ables for the multivariate analysis. Although the p-value
of the platelet count variable was below 0.25 in the uni-
variate analysis, it was excluded from the multivariate
analysis due to a strong inverse correlation with the FIB-4
score. As a result of the multivariate logistic regression
analysis, LSM by MRE (odds ratio [OR]: 2.65, confidence
interval [CI]: 1.07-6.52, p = 0.035) and FIB-4 score (OR:
2.55, CI: 1.25-5.18, p = 0.01) were identified as risk factors
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Figure 5. Receiver operating characteristic curve of magnetic resonance
elastography-based liver stiffness measurements for predicting the pres-
ence of oesophageal varices. At a threshold of 4 kPa, the sensitivity and
specificity were 69.0% and 73.3%, respectively. The area under the curve
(AUC) was 0.72, indicating moderate diagnostic accuracy. The diagonal
dashed line represents the line of no discrimination (AUC=0.5)

influencing the presence of varices. Univariate and multi-
variate analyses of the influence of demographic charac-
teristics, LSM values, and laboratory parameters associ-
ated with the presence of varices in patients with CLD are
shown in Table 2.

Multivariate analysis showed that a 1-kPa increase in
LSM increased the risk of the presence of oesophageal vari-
ces by 2.7-fold, while a 1-unit increase in the FIB-4 score
increased the risk of the presence of oesophageal varices
2.6-fold.

Table 2. Univariate and multivariate analysis of the influence of demographic characteristics, stiffness values, and laboratory parameters associated with
the presence of varices in patients with chronic liver disease

Factor

Univariate logistic regression analysis

95% Cl for OR

Multivariate logistic regression analysis

Age 0.462 1.03 0.96 1.09 - - - -
Gender 0.799 1.17 0.36 3.81 - - - -
LSM 0.003 2.82 143 5.56 0.035 2.65 1.07 6.52
Platelet count 0.001 0.98 0.97 0.99 - - - -
ALT 0.163 1.03 0.99 1.06 - - - -
AST 0.058 1.04 0.99 1.08 - - - -
Total bilirubin 0.061 2.72 0.96 1.71 - - - -
(reatinine 0.348 0.56 0.17 1.87 - - - -
FIB-4 0.003 2.84 1.44 5.59 0.010 2.55 1.25 5.18
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Discussion

The present study determined that LSMs obtained by
MRE could assess CSPH. In the present study, 74% of
the patients had oesophageal varices of varying grades.
A significant correlation was found between LSMs and
the presence of oesophageal varices. There was a statisti-
cally significant difference in terms of LSMs between CLD
patients with/without oesophageal varices. When we set
the threshold value as 4 kPa, MRE predicted the presence
of varices with 69% sensitivity. This finding confirms
a previous study demonstrating that when 4.6 kPa was
taken as the threshold value for LSM, the presence of vari-
ces was predicted with 66% sensitivity [12]. Sun et al. [13]
reported that when the threshold value for liver paren-
chymal stiftness was determined as 5.8 kPa, high-risk oe-
sophageal varices were predicted with a sensitivity of 96%.
The investigators reported significantly different LSMs by
MRE in patients with low-risk and high-risk varices and
suggested that the small total measurement area and the
long interval between the endoscopy and MRE reduced
the sensitivity of the MRE [13]. The cutoff value is vari-
able and affected by the aetiology of CLD. In the present
study, unfortunately, we do not have enough patients with
high-risk oesophageal varices to draw firm conclusions.
This study indicates that MRE accurately identifies CSPH.

With multivariable logistic regression, LSM by MRI
and high FIB-4 score were predictors of oesophageal
varices in patients in the present study. According to the
results of multivariate analysis, it was determined that
a 1-kPa increase in LSM increased the risk of the presence
of oesophageal varices 2.7-fold, while a 1-unit increase in
the FIB-4 score increased the risk of the presence of oe-
sophageal varices 2.6-fold.

Cirrhosis and varices: role of MRE

Our study has some limitations. This was a retrospec-
tive, single-centre study involving a relatively small num-
ber of patients, which may limit the generalisability of the
findings to broader populations. Additionally, the interval
between the UGE and MRE was relatively long compared
to other studies in the literature, which could have intro-
duced temporal variability in the disease status, poten-
tially influencing the accuracy of the correlation between
liver stiffness and endoscopic findings. These limitations
may also contribute to selection and information bias, and
should be taken into account when interpreting the re-
sults or applying them to clinical decision-making. Future
prospective, multicentre studies with standardised timing
between imaging and endoscopy would help validate and
expand upon our findings. Unfortunately, we did not have
data regarding HVPG measurement.

Conclusion

The MRE-based liver stiffness assessment may be help-
ful for the noninvasive prediction of oesophageal varices
and the identification of high-risk varices in patients with
CLD.
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