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Abstract
Purpose To retrospectively evaluate the prognostic role of liver stiffness (LS) measurement using magnetic resonance
elastography (MRE) in patients with compensated chronic liver disease (cCLD).
Methods We enrolled 217 patients with cCLD who underwent MRE. After mean follow-up of 45.0 ± 17.6 months, cumulative
incidence (CI) of hepatocellular carcinoma (HCC) occurrence, development of decompensation and overall survival (OS) were
estimated using the Kaplan-Meier method. Prognostic factors were evaluated using the Cox proportional hazard regression model.
Results During the follow-up period, HCC occurred in 33 patients, and 1-, 3- and 5-year CIs of HCC occurrence were 3.8%,
14.8% and 18.9%, respectively. The LS value was a significant predictive factor for HCC occurrence [p < 0.001, hazard ratio
(HR) = 1.59 per unit (1.25-2.03)]. Eighteen patients experienced hepatic decompensation, and 1-, 3- and 5-year CIs of decom-
pensation were 2.8%, 7.3% and 11.3%, respectively. The LS value was also significantly associated with decompensation
development [p < 0.001, HR = 2.02 per unit (1.37-2.98)]. Fourteen patients died, and 1-, 3- and 5-year OSs were 99.1%,
98.0% and 89.8%, respectively. The LS value was demonstrated to be a significant affecting factor for OS [p = 0.008, HR =
1.39 per unit (1.10-1.78)].
Conclusions LS obtained fromMREwas a significant predictive factor for the development of decompensation, HCC occurrence
and OS in cCLD patients.
Key Points
• Liver stiffness (LS) values obtained from MRE can provide prognostic information.
• The LS value was a significant predictive factor for occurrence of hepatocellular carcinoma.
• The LS value was significantly associated with development of hepatic decompensation.
• Survival of compensated chronic liver disease patients was affected by the LS value.
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Introduction

Chronic liver disease caused by viral infections such as the
hepatitis B and hepatitis C virus, alcoholic liver diseases and
non-alcoholic fatty liver disease is a major health problem
worldwide, which often leads to morbidity and mortality for
those who contract this disease [1–3]. Furthermore, chronic
liver disease can progress into liver cirrhosis as the end result
of liver damage, which has also been demonstrated to be as-
sociated with significant morbidity and mortality [4, 5].
However, it is important to note that there are two distinct
stages of cirrhosis with disparate clinical outcomes: compen-
sated and decompensated cirrhosis [6]. Most of the morbidity
and mortality in patients with chronic liver disease can be
attributed to the transition from a compensated to a decom-
pensated state, with the probability of developing into decom-
pensation varying between 4% and 12% per year [7–9]. As a
majority of deaths in patients with chronic liver disease are
due to the progression into a decompensated state and the
development of portal hypertension-related complications
such as variceal bleeding and hepatorenal syndrome, identifi-
cation of the risk factors that can predict the development of
decompensation in patients with compensated chronic liver
disease is of crucial importance. In addition, chronic liver
disease and the presence of advanced fibrosis or cirrhosis are
well-known risk factors for developing hepatocellular carci-
noma (HCC), which is one of the most common malignant
tumours and the third most common cause of cancer-related
death worldwide [10, 11]. Therefore, assessment of the risk of
developing HCC in patients with chronic liver disease is of
critical importance for patient management, as it can allow the
implementation of the most optimal preventive management
strategies that may modify the disease course [12].

Liver stiffness (LS) measurement using transient
elastography (TE) (Fibroscan; Echosense, Paris, France)
has been confirmed to be an effective tool for the staging
of liver fibrosis and the diagnosis of liver cirrhosis in
patients with chronic liver disease [13–15]. In addition
to the diagnosis of cirrhosis and the staging of liver fibro-
sis, the LS value obtained using TE can also be a signif-
icant predictive factor for both the development of hepatic
decompensation [12, 16, 17] and the occurrence of HCC
[18–20]. Another non-invasive method that has garnered
attention is magnetic resonance elastography (MRE) of
the liver typically used for the assessment of the visco-
elastic properties of the liver [21, 22], which can be a
successful quantitative method for the non-invasive diag-
nosis of liver cirrhosis as well as the staging of liver
fibrosis [23, 24]. Indeed, several studies have shown that
MRE can outperform TE for hepatic fibrosis staging and
that it has better reproducibility for liver fibrosis [25–27].
In addition to 2D-MRE using gradient echo, which has
been widely used in clinical practice, the LS value could

also be measured by magnetisation tagged MRI, and spin-
echo based MRE has been recently introduced and wid-
ened the applicability of MRE [28–30]. Indeed, MRE has
also been feasible with 3-T MR systems, which have been
gaining popularity nowadays [31]. Therefore, we
hypothesised that the LS value obtained using MRE might
also have the potential to provide important prognostic
information in patients with chronic liver disease. Even
though a previous study had reported that the LS value
obtained using MRE was independently associated with
decompensated liver disease [32], the prognostic role of
MRE has not been fully evaluated, especially regarding
HCC occurrence and the overall survival of patients with
compensated chronic liver disease. Therefore, the purpose
of our study was to retrospectively evaluate the prognostic
role of the LS value obtained using MRE to predict the
development of hepatic decompensation and the occur-
rence of HCC as well as overall survival in patients with
compensated chronic liver disease.

Table 1 Baseline characteristics of 217 patients with compensated
chronic liver disease

Characteristic Value

Age (years)

Range (mean ± SD) 24-88 (59.7 ± 12.0)

Gender, n (%)

Male 128 (59.0%)

Female 89 (41.0%)

Aetiology of liver disease, n (%)

HBV-related 143 (65.9%)

HCV-related 23 (10.6%)

Alcoholic 20 (9.2%)

Autoimmune 10 (4.6%)

Others* 21 (9.7%)

Prothrombin activity (INR)

Mean ± SD (range) 1.12 ± 0.46 (0.90-2.20)

Serum albumin (g/l)

Mean ± SD (range) 41.4 ± 4.3 (29-52)

Total bilirubin level (mg/dl)

Mean ± SD (range) 1.09 ± 0.17 (0.90-2.2)

Alanine aminotransferase (ALT) (IU/l)

Mean ± SD (range) 44.4 ± 46.7 (8-484)

MELD score

Mean ± SD (range) 8.3 ± 1.9 (6.4-17.3)

Antiviral therapy, n (%)

Yes 85 (39.2 %)

No 132 (60.8%)

SD = standard deviation; HBV = hepatitis B virus; HCV = hepatitis C
virus; INR = international normalised ratio; MELD = Model for End-
Stage Liver Disease; *cryptogenic in 15 patients; primary biliary cirrhosis
in four patients; Budd-Chiari syndrome in two patients
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Patients and methods

Patients

Our Institutional Review Board (IRB) approved this retro-
spective study and the requirement for written informed con-
sent was waived. We examined all consecutive patients who
underwent MRE at Seoul National University Hospital be-
tween January 2010 and December 2013. Most of the MRE
examinations were performed in the outpatient setting and
were requested at the physician’s discretion. The most com-
mon reasons for MRE examinations included the follow-up of
known cirrhosis, evaluation of abnormal liver function tests
and the assessment of a liver mass. The inclusion criteria of
this study were as follows: (1) patients with chronic liver
disease with Child-Pugh class A liver functionwithout ascites;
(2) no previous history of HCC treatment; (3) no previous
history of hepatic decompensation (i.e., no previous history
of variceal bleeding, spontaneous bacterial peritonitis, hepatic
encephalopathy or hepatorenal syndrome) [7]; (4) no concom-
itant serious medical illness other than liver disease; (5) avail-
able follow-up medical records and/or imaging studies.
Initially, we found 235 patients who underwent MRE exami-
nations during the study period and had Child-Pugh class A
liver function without a previous history of decompensation or
HCC treatment. Among them, 11 patients were excluded for
the following reasons: immediate follow-up loss after MRE
examination (n = 3) and concomitant medical illness (conges-
tive heart failure, n = 3; chronic renal failure with dialysis, n =
5). Seven additional patients were also excluded for

suboptimal image quality of MRE owing to failure to generate
a satisfactory mechanical wave through the abdomen. Finally,
217 patients comprised the study population. The baseline
characteristics of the 217 patients are summarised in Table 1,
and the laboratory tests were obtained within 6 months from
MRE examination (mean interval, 6.5 days; range, 0 to 118
days). Among the 217 patients, 22 (10.1%) underwent liver
biopsy to evaluate the aetiology of the liver disease within 6
months from the MRE examination.

MR elastography protocol and analysis

All liver MR imaging including MRE was obtained using a
1.5-T whole-body MR unit (Signa HDx; GE Healthcare,
Milwaukee,WI) with an eight-channel torso phased-array coil
centred over the liver. For 2D-MRE, a cylindrical passive
longitudinal pneumatic actuator with 19-cm diameter and
1.5-cm thickness (MR-touch; GE Healthcare, Milwaukee,
WI) was placed against the right anterior chest wall to generate
60-Hz vibrations; the detailed MRE parameters are provided
in the supplementary data.

Two abdominal radiologists (DHL and WC with 9 years
and 7 years of experience in liver MR and MRE, respectively)
who were blinded to the clinical outcome measured the LS
and spleen stiffness (SS) values using MRE (Fig. 1). Both
radiologists first evaluated the image showing wave propaga-
tion to ensure generation of appropriate wave propagation,
and detailed information regarding the measurement proce-
dures is also given in the supplementary data.

Fig. 1 An example showing the
measurement of liver stiffness
using MRE. a Anatomic imaging
of a 56-year old male patient with
chronic hepatitis B viral infection.
b Confidence map of an
elastogram. c Imaging showing
wave propagation. d Free-drawn
ROI excluding liver edge and
large hepatic vessels placed on the
elastogram
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Follow-up for development of hepatic
decompensation and HCC and for estimation
of overall survival

The development of hepatic decompensation was de-
fined as the occurrence of ascites, hepatic encephalopa-
thy or variceal bleeding during the follow-up period [7,
32]. Surveillance for HCC was done in each patient
with ultrasound (US) or contrast-enhanced computed
tomography/MR every 3 or 6 months according to the
patient’s risk of HCC development. HCCs were diag-
nosed based on the non-invasive criteria for the diagno-
sis of HCC defined by the European Association for the
Study of the Liver (EASL) [33]. Overall survival was
defined as the interval between the MRE examination
and death or the last follow-up. Patients who underwent
liver transplantations during the follow-up period after
the MRE examination were censored from the study at
the date of their transplantation.

Statistical analysis

The measurement reproducibility of the SS and LS
values obtained from MRE between two readers was
assessed by using intraclass correlation coefficients
(ICCs) with their two-tailed p values. We considered
an ICC value > 0.81 to indicate almost perfect agree-
ment and values of 0.61-0.80, 0.41-0.60 and 0.21-0.40
to represent substantial, moderate and fair agreement,
respectively.

The cumulative incidence of the development of he-
patic decompensation and HCC occurrence was estimat-
ed using the Kaplan-Meier method. Univariate and mul-
tivariate analyses using the Cox proportional hazard re-
gression model were performed to determine significant
clinical and biological parameters predicting overall sur-
vival and the cumulative incidences of the development
of decompensation and HCC occurrence. All statistical
analyses were performed using SPSS version 23 (SPSS,
Chicago, IL, USA). The optimal cut-off stiffness values
obtained by MRE for predicting overall survival, devel-
opment of hepatic decompensation and the occurrence
of HCC were determined using the minimal p value
approach based on the log-rank test statistic. For inter-
nal validation of the optimal cut-off stiffness values
predicting overall survival, development of hepatic de-
compensation and the occurrence of HCC determined by
the minimal p value approach, two-fold cross-validation
was performed [34]. For the determination of the opti-
mal cut-off stiffness value obtained by MRE and inter-
nal validation, we used SAS 9.2 version (SAS Institute
Inc., Cary, NC, USA).

Results

LS and SS values obtained from MRE

LS values were successfully obtained from MRE examina-
tions in 217 of 224 patients (96.9%, 217/224). Mean and
median LS values obtained by MRE were 3.88 ± 1.81 kPa
and 3.41 kPa, respectively, and ranged from 1.53 kPa to 11.5
kPa. Liver biopsy was done in 22 out of 217 patients, and the
histopathological examination results, as well as LS and SS
values obtained from MRE, were given in the supplementary
data. Regarding the measurement reproducibility for LS val-
ue, the ICC was 0.986 [95% confidence interval (CI) = 0.982-
0.990, p < 0.001], indicating almost perfect agreement. Mean
and median SS values obtained byMREwere 5.52 ± 1.80 kPa
and 5.32 kPa, respectively, and ranged from 1.80 kPa to 13.1
kPa. In terms of measurement reproducibility for the SS value,

Fig. 2 a Cumulative incidence of HCC occurrence in 217 patients. b
Cumulative incidence of HCC occurrence in 142 patients with liver
stiffness values tion.omkPa compared with 75 patients with liver
stiffness values > 4.44 kPa
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the ICC was 0.853 (95% CI, 0.849-0.857), also indicating
almost perfect agreement.

Occurrence of HCC

During a mean and median follow-up period of 45.0 ± 17.6
months and 46.0 months, respectively, HCC occurred in 33
(15.2%) out of 217 patients. The estimated 1-, 3- and 5-year
cumulative incidences of HCC occurrence were 3.8%, 14.8%
and 18.9%, respectively (Fig. 2a). Predictive factors for the
occurrence of HCC are summarised in Table 2. On multivar-
iate analysis, patient age and LS values obtained byMRE [p <
0.001, hazard ratio (HR) = 1.59 per unit; 95% CI = 1.25-2.03]
were revealed to be significant predictive factors for HCC
occurrence in patients with compensated chronic liver disease.
The optimal cut-off LS value to predict HCC occurrence was
set at 4.44 kPa using the minimal p value approach with in-
ternally valid results (p < 0.001). The estimated 1-, 3- and 5-
year cumulative incidences of HCC occurrence were 1.5%,
6.6% and 9.5% in 142 patients with LS values ≤ 4.44 kPa
obtained by MRE, respectively, compared to 8.2%, 30.1%
and 36.4%, respectively, in 75 patients with LS values greater
than 4.44 kPa obtained by MRE. This difference was statisti-
cally significant (p < 0.001) (Fig. 2b).

Development of hepatic decompensation

During the follow-up period, hepatic decompensation devel-
oped in 18 (8.3%) out of 217 patients (occurrence of ascites in

12 patients and variceal bleeding in 6 patients). The estimated
1-, 3- and 5-year cumulative incidences of the development of
decompensation were 2.8%, 7.3% and 11.3%, respectively
(Fig. 3a). Predictive factors for the development of decompen-
sation are summarised in Table 2. The LS value obtained by
MREwas also revealed to be a significant predictive factor for
the development of hepatic decompensation (p < 0.001, HR =
2.02 per unit; 95% CI = 1.37-2.98). The optimal cut-off LS
value to predict the development of hepatic decompensation
was set at 4.46 kPa using the minimal p value approach with
internally valid results (p < 0.001). The estimated 1-, 3- and 5-
year cumulative incidences of the development of decompen-
sation were 0%, 0% and 1.8% in 143 patients with LS values ≤
4.46 kPa obtained by MRE, respectively, compared to 8.3%,
20.6% and 26.5%, respectively, in 74 patients with LS values
> 4.46 kPa obtained byMRE. This difference was statistically
significant (p < 0.001) (Fig. 3b).

Overall survival outcomes

During the follow-up period, 14 out of 217 patients (6.5%)
died, for which the cause of death was progression of HCC
(n = 3), liver failure (n = 7), uncontrolled variceal bleeding (n
= 3) and sepsis due to an upper arm infection (n = 1). In addi-
tion, 3 of the 217 patients (1.4%) underwent liver transplanta-
tions 14, 27 and 33months after theMRE examination, respec-
tively, due to persistent decompensation with liver failure (n =
2) and HCC (n = 1). The estimated 1-, 3- and 5-year overall
survival rates after MRE examinations in the 217 patients with

Table 2 Predictors for the development of HCC and hepatic decompensation in 217 patients with compensated chronic liver disease

Characteristic Development of HCC Development of hepatic decompensation

Univariate Multivariate Univariate Multivariate

Hazard
ratio

95% CI p value Hazard
ratio

95% CI p value Hazard
ratio

95% CI p value Hazard
ratio

95% CI p value

Gender (male) 0.57 0.27-1.20 0.137 1.43 0.57-3.62 0.447

Age (per 1 year) 1.05 1.02-1.08 0.003 1.03 0.99-1.07 0.079 1.07 1.02-1.12 0.003 1.06 1.01-1.12 0.019

Total bilirubin (mg/dl) 2.65 1.50-4.67 0.001 1.80 0.69-4.69 0.227 2.42 1.10-5.35 0.029 2.34 1.24-5.74 0.014

Serum albumin (g/l) 0.35 0.17-0.72 0.004 1.04 0.39-2.78 0.935 0.09 0.03-0.25 <0.001 0.23 0.06-0.93 0.039

Prothrombin activity
(INR)

2.50 0.55-11.3 0.233 5.36 1.09-26.5 0.039 0.02 0.01-1.95 0.094

Alanine
aminotransferase

0.99 0.99-1.01 0.826 1.00 0.99-1.01 0.830

MELD score 1.20 1.06-1.36 0.005 0.96 0.72-1.26 0.758 1.32 1.14-1.53 <0.001 1.92 1.32-2.80 0.001

Liver stiffness value
(kPa)

1.56 1.34-1.82 <0.001 1.59 1.25-2.03 <0.001 1.83 1.50-2.23 <0.001 2.02 1.37-2.98 <0.001

Spleen stiffness value
(kPa)

0.23 1.04-1.47 0.019 0.90 0.70-1.16 0.413 1.33 1.08-1.62 0.006 0.88 0.64-1.22 0.456

Antiviral therapy 0.59 1.21-2.39 0.593 0.26 0.08-0.91 0.035 0.15 0.03-0.48 0.003

Statistically significant values are bold

HCC=hepatocellular carcinoma; CI = confidence interval; INR= international normalised ratio;MELD=Model for End-Stage LiverDisease; kPa = kilopascal
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compensated chronic liver disease were 99.1%, 98.0% and
89.8%, respectively (Fig. 4a). Prognostic factors affecting over-
all survival are summarised in Table 3. The LS value obtained
by MRE was shown to be a significant predictive factor for
overall survival in patients with compensated chronic liver dis-
ease according to multivariate analysis (p = 0.008, HR = 1.39
per unit; 95% CI = 1.10-1.78) together with patient age. The
optimal cut-off LS value to predict overall survival was set at
5.53 kPa using the minimal p value approach with internally
valid results (p = 0.008) The estimated 1-, 3- and 5-year overall
survival rates were 99.4%, 99.4% and 91.5% in 174 patients
with LS values ≤ 5.53 kPa obtained by MRE, respectively,
compared to 97.6%, 91.8% and 83.2%, respectively, in 43 pa-
tients with LS values > 5.53 kPa obtained by MRE. This dif-
ference was statistically significant (p = 0.005) (Fig. 4b).

Discussion

In our study, the LS value obtained from MRE was demon-
strated to be a significant predictive factor for both the devel-
opment of hepatic decompensation (p < 0.001, HR = 1.83 per
unit; 95% CI = 1.34-2.49) and the occurrence of HCC (p <
0.001, HR = 1.46 per unit; 95% CI = 1.20-1.78) in patients
with compensated chronic liver disease. In addition, the LS
value obtained from MRE was revealed to be a significant
factor affecting the patient’s overall survival (p = 0.006, HR
= 1.40 per unit; 95% CI = 1.10-1.78). The optimal cut-off LS
values measured using initial MRE in our study were set at
4.44 kPa for the occurrence of HCC, 4.46 kPa for the devel-
opment of hepatic decompensation and 5.53 kPa for overall
survival. Our study clearly showed that the LS values obtained
from MRE can provide important prognostic information in
patients with compensated chronic liver disease, i.e., increased

Fig. 3 a Cumulative incidence of the development of hepatic
decompensation in 217 patients. b Cumulative incidence of the
development of hepatic decompensation in 143 patients with liver
stiffness values er disekPa compared with 74 patients with liver
stiffness values > 4.46 kPa

Fig. 4 a Kaplan-Meier estimation of overall survival in 217 patients. b
Kaplan-Meier estimation of overall survival in 174 patients with liver
stiffness values iver stkPa compared with 43 patients with liver stiffness
values > 5.53 kPa
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LS values obtained from MRE can reflect the more advanced
stage of fibrosis or the presence of cirrhosis. The presence of
cirrhosis or advanced stage of fibrosis is a well-known risk
factor for HCC occurrence as well as development of decom-
pensation [33, 35].

Given that the risk and speed of the progression from fi-
brosis to compensated and decompensated cirrhosis define the
prognosis in liver diseases, early detection of significant fibro-
sis using several non-invasive diagnostic tools and the appli-
cation of preventive strategies is quite appealing as it can
potentially improve the outcomes of patients with chronic
liver disease [36]. Currently, TE has been the most widely
used modality to assess the degree of liver fibrosis, and its
diagnostic and prognostic values in patients with liver disease
have been extensively evaluated and validated [13, 14, 37]. As
an example, LS measurement using TE has been demonstrat-
ed to predict the risk of HCC occurrence [12, 18–20] as well
as the development of hepatic decompensation [12, 16, 17]. In
addition, Vergniol et al. reported that LS values obtained from
TE were able to predict the 5-year survival of patients with
chronic hepatitis C [37]. Given that LS obtained from MRE
was also demonstrated in our study to provide prognostic in-
formation regarding HCC occurrence, development of hepatic
decompensation and overall survival in patients with compen-
sated chronic liver disease, we anticipate that the LS value
obtained from MRE may also be used to stratify patient risk.
However, MRE has several clear advantages over TE [38]. In
contrast to TE that covers only a small portion of the liver,
MRE measures liver stiffness across the entire liver and there-
fore may be more reliable [25, 26]. In addition, even though
the accuracy and reproducibility of TE for the assessment of
the stage of fibrosis are known to be high, the presence of
steatosis, an increased BMI and a lower degree of hepatic
fibrosis may significantly reduce the reproducibility of TE
[39]. In this regard, the accuracy of liver fibrosis staging and

the reproducibility of measurements using MRE have been
reported to be significantly better than those of TE [25–27].
Furthermore, TE may have limitations in its application to
obese patients or individuals with ascites [40]. However, the
presence of ascites or obesity would not be a limiting factor for
the performance of MRE, and the rate of successful LS mea-
surement using MRE may be higher compared to ultrasound-
based elastography such as TE [32]. Even though the accuracy
and reproducibility of MRE are better than US-based
elastography including TE, the presence of iron overload in
the liver could be an important limitation in MRE for
assessing the degree of liver fibrosis [41]. However, recently
introduced spin-echo-based MRE might overcome the limita-
tion of iron overload in the liver and could widen the applica-
bility of MRE [30]. As the measured liver stiffness value
could be altered by changing the used frequency, frequency
selection would be important in performing MRE [42]. In
addition, using multi-frequency MRE, viscosity of the liver
could also be evaluated; therefore, multi-frequency MRE
could have the potential to widen the clinical utility of MRE,
especially for the evaluation of hepatic inflammation and fi-
brosis in the early stage of chronic liver disease [43, 44].

We also observed in our study that the cumulative
incidence of HCC occurrence was significantly higher
in patients with increased LS values obtained from
MRE, with the optimal cut-off value to predict HCC
occurrence set at 4.44 kPa. Most current guidelines for
the management of HCCs recommend surveillance US
with a 6-month interval to detect HCC at an early stage
in patients at high risk [33, 45]. However, the reported
sensitivity of US in detecting HCC within the Milan
criteria in cirrhotic patients is only approximately 60%
[46]. Furthermore, the sensitivity of surveillance US for
HCC in patients with advanced liver cirrhosis, such as
patients on a liver transplant list, is suboptimal; thus,

Table 3 Cox survival analysis of the predictors for overall survival in 217 patients with compensated chronic liver disease

Characteristic Univariate Multivariate

Hazard ratio 95% CI p-value Hazard ratio 95% CI p value

Gender (male) 1.21 0.42-3.52 0.722

Age (per 1 year) 1.12 1.06-1.18 <0.001 1.12 1.06-1.18 <0.001

Total bilirubin (mg/dl) 2.35 0.98-5.63 0.056

Serum albumin (g/l) 0.16 0.06-0.49 0.001 0.45 0.13-1.62 0.223

Prothrombin activity (INR) 7.36 1.09-49.5 0.040 10.0 0.13-987 0.325

MELD score 1.25 1.03-1.53 0.027 0.98 0.66-1.46 0.912

Liver stiffness value (kPa) 1.48 1.18-1.86 0.001 1.39 1.10-1.78 0.008

Spleen stiffness value (kPa) 1.28 1.02-1.60 0.031 1.01 0.71-1.44 0.953

Antiviral therapy 0.35 0.10-1.25 0.106

Statistically significant values are bold

HCC=hepatocellular carcinoma; CI = confidence interval; INR= international normalised ratio;MELD=Model for End-Stage LiverDisease; kPa = kilopascal
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triple-phase CT or dynamic MRI scans are more fre-
quently used at many centres [47, 48]. Therefore, con-
sidering the higher incidence of HCC in patients with
high LS values and lower sensitivity of US for the
detection of HCC in advanced liver cirrhosis, we be-
lieve that the surveillance of HCC using CT or MR
may be helpful for chronic liver disease patients with
higher than 4.44 kPa LS values. In addition, MRE can
easily be incorporated into standard liver MR examina-
tions, with excellent diagnostic performance for the de-
tection and evaluation of focal liver lesions. Indeed,
performing MRE examinations in addition to routine
liver MR only requires < 5 min of additional scan time
without any risk related to the examination.

Our study has several limitations. First, owing to the
retrospective study design, there is an inevitable risk of
selection bias. Second, even though our cut-off LS
values obtained from MRE for the prediction of the
development of hepatic decompensation, occurrence of
HCC and overall survival were internally valid, our
study results need to be validated by other studies, par-
ticularly in Western populations, as the main etiology of
chronic liver disease is different between our study pop-
ulation and Western populations (i.e., hepatitis B virus
related in our study vs. alcohol or hepatitis C virus
related in Western populations).

In conclusion, LS values obtained from MRE can
provide significant prognostic information regarding the
development of hepatic decompensation, the occurrence
of HCC and overall survival in patients with compen-
sated chronic liver disease; it thus may have a promis-
ing role in the management of patients with compensat-
ed chronic liver disease.
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