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ABSTRACT
Background and Aims: Accurate assessment of advanced fibrosis and steatosis is essential for prognostication in chronic liver 
disease. This study aimed to evaluate the diagnostic performance of MRI in assessing liver fibrosis and steatosis in patients un-
dergoing liver transplantation (LT).
Methods: Patients who underwent LT between January 2019 and December 2023 with pretransplant MR elastography (MRE) 
and MRI-based proton density fat fraction (MRI-PDFF) examinations were included. Explanted livers were assessed for fibrosis 
and steatosis, with cirrhosis subclassified using the Laennec system. Diagnostic performance was evaluated using area under the 
receiver operating characteristic curve (AUC) analysis.
Results: Among 187 patients (median age, 57 years), 72.2% were male. Hepatitis B virus (55%) and alcoholic liver disease (21.4%) 
were the most common etiologies. The median Model for End-Stage Liver Disease (MELD) score was 11. MRE detected cirrho-
sis (F4) with an AUC of 0.92 (95% confidence interval [CI], 0.87–0.97) and severe cirrhosis (F4c) with an AUC of 0.85 (95% CI, 
0.79–0.91), at threshold values of 4.76 and 6.43 kPa, respectively. MRI-PDFF identified steatosis with an AUC of 0.83 (95% CI, 
0.76–0.89) at a threshold of 2.80%. Comparisons of patients stratified by the threshold values for cirrhosis and severe cirrhosis 
revealed significant differences in MELD scores, history of portal hypertension-related complications, liver function parameters, 
and intraoperative transfusion requirements (all p < 0.05).
Conclusions: MRI demonstrated high diagnostic accuracy for detecting cirrhosis and steatosis in patients with advanced fi-
brosis undergoing LT. MRE further stratified cirrhosis severity, suggesting clinical applicability in cirrhosis staging and risk 
assessment.
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1   |   Introduction

Accurate assessment and early detection of advanced liver fibrosis 
are critical for guiding medical intervention, monitoring treatment 
response, and identifying patients with chronic liver disease (CLD) 
who are at high risk of hepatic decompensation and hepatocellu-
lar carcinoma (HCC) [1–3]. Precise evaluation of hepatic steatosis 
is also essential for treatment planning in patients with metabolic 
dysfunction-associated steatotic liver disease (MASLD) [4].

While histologic evaluation remains the gold standard for fibro-
sis staging and steatosis grading, its invasiveness and bleeding 
risk limit its use, particularly in patients with coagulopathy [5]. 
To address this, various noninvasive tests have been developed 
[6]. Among these, MR elastography (MRE) has demonstrated 
the highest diagnostic accuracy for fibrosis staging [7–9], and 
MRI-based proton density fat fraction (MRI-PDFF) has shown 
high performance in quantifying hepatic steatosis [10, 11].

Despite their utility, the diagnostic performance of MRE and 
MRI-PDFF has not been thoroughly evaluated in patients with 
advanced fibrosis, especially those with cirrhosis, because of chal-
lenges in liver biopsy in this population [12]. Cirrhosis represents 
a heterogeneous spectrum with varying degrees of fibrotic burden 
and clinical manifestations, ranging from compensated to decom-
pensated stages, requiring refined assessment for accurate prog-
nostication. In addition to clinical staging systems, such as the 
Child–Pugh (CTP) score, the severity of cirrhosis can be histolog-
ically subclassified based on fibrous septal thickness and nodule 
size, as described in the Laennec system, which is a refinement of 
the METAVIR scoring system [13]. This histologic subclassifica-
tion has been shown to correlate with portal hypertension, hepatic 
decompensation, and liver-related mortality [13–16].

Most patients undergoing liver transplantation (LT) present with 
advanced fibrosis, predominantly cirrhosis. Explanted livers at 
LT provide a unique opportunity for comprehensive histologic 
assessment of both fibrosis and steatosis, enabling robust vali-
dation of MRI-based diagnostic modalities in this population.

This study aimed to evaluate the diagnostic accuracy of pre-
transplant MRE and MRI-PDFF in patients undergoing LT and 
whether MRE-based liver stiffness can stratify the histologic 
and clinical stages of cirrhosis.

2   |   Materials and Methods

This research adhered to the principles outlined in the 
Declaration of Helsinki and the Declaration of Istanbul and 
was approved by the Institutional Review Board at Severance 
Hospital, part of the Yonsei University Health System (IRB 
No. 4–2024-0284). The requirement for informed consent was 
waived owing to the retrospective nature of the study.

2.1   |   Study Population

Between January 2019 and December 2023, 704 patients un-
derwent LT at our center. Of these, 190 patients underwent 
liver MRI examination, including MRE and MRI-PDFF, 

within 3 months prior to surgery. At our center, MRE/MRI-
PDFF is performed as part of follow-up imaging for patients 
on the liver transplant waiting list. Patients who declined 
MRI evaluation due to insurance coverage issues did not 
undergo MRE/MRI-PDFF, and those undergoing deceased 
donor LT or emergent living donor LT often did not undergo 
MRI evaluation due to insufficient time. Among the 190 pa-
tients, there were no cases of retransplantation or pediatric 
LT. After excluding patients undergoing combined solid organ 
transplantation (n = 3), a total of 187 patients were included in 
the study.

2.2   |   Data Collection and Definitions

Collected data included etiology of liver disease, CTP score, de-
grees of ascites, esophageal varices, encephalopathy, pretrans-
plant model for end-stage liver disease (MELD) score, donor 
characteristics, ABO incompatibility, and operation-related 
data. Laboratory parameters, including platelet count, serum 
bilirubin, alkaline phosphatase, aspartate aminotransferase 
(AST), alanine aminotransferase, albumin, fasting glucose, 
gamma-glutamyl transferase, alpha-fetoprotein, des-gamma 
carboxyprothrombin, prothrombin time (international normal-
ized ratio [INR]), and C-reactive protein, were collected at the 
time of LT.

The graft-to-recipient weight ratio was calculated as (graft 
weight [g] /recipient weight [kg]) × 100. Graft loss was defined 
as the need for retransplantation or patient death. Graft survival 
was monitored for up to 1 year after LT, with the final follow-up 
in December 2024.

2.3   |   MRI-Based Assessment of Liver Stiffness 
and Steatosis

MRE and MRI-PDFF were performed using the 3.0-T scanner 
(Discovery 750w, GE Healthcare, Milwaukee, WI, USA). The 
median interval between MRI and LT was 6 days. One radiolo-
gist with more than 10 years of experience in abdominal radiol-
ogy measured liver stiffness and steatosis.

For liver stiffness measurement on MRE, up to four free-hand 
regions of interest (ROIs) were drawn on the magnitude image. 
Areas covered by the 95% confidence grid, within 1 cm of the liver 
capsule, the gallbladder fossa, around major intrahepatic vessels, 
and “hot spots” were avoided. “Hot spots” refer to focal areas of 
increased stiffness relative to the surrounding liver, often found 
near the liver dome or directly beneath the passive driver. These 
ROIs were then transferred to the grayscale elastogram image 
by copy/pasting. The final liver stiffness was calculated using 
the weighted arithmetic mean: (m1w1 + m2w2 + m3w3 + m4w4) 
÷ (w1 + w2 + w3 + w4), where m1–m4 represent the average liver 
stiffness values of each sampled area and w1–w4 correspond to 
the respective ROI sizes [5, 17].

To measure steatosis using PDFF, the mean values of the four 
ROIs were calculated. Each ROI measured ≥ 4 cm2 and was 
placed in the right anterior, right posterior, left medial, and left 
lateral segments, avoiding large intrahepatic vessels [18].
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2.4   |   Histopathologic Assessment 
of Explanted Liver

Seven nontumor areas were evenly sampled from the explanted 
liver to ensure representative coverage, including three samples 
from each of the right and the left lobes and one additional sam-
ple for broader representation. The samples were embedded in 
paraffin, sectioned at 4 μm, and stained with hematoxylin and 
eosin. One slide was additionally stained with Masson's tri-
chrome to assess fibrosis. An experienced pathologist, blinded 
to the patient's radiologic data, assessed the processed slides.

The degree of fibrosis was evaluated according to the Laennec 
system, as previously described [14]. Inflammatory activity was 
scored separately for the lobular and septal area as follows: A0 
(none), A1 (mild), A2 (moderate), and A3 (severe). The final in-
flammatory activity score was determined based on the higher 
grade observed between the lobular and septal regions. Steatosis 
was graded based on the percentage of fat-containing hepato-
cytes: S0 (< 5%), S1 (5%–33%), S2 (34%–66%), and S3 (> 66%). 
To best reflect the overall disease burden, the highest grade 
observed among the seven slides was recorded as the final 
assessment.

2.5   |   Statistical Analysis

Data are reported as medians (interquartile ranges [IQRs]) 
or counts (percentages), depending on the type of variables. 
Continuous and categorical variables were compared using 
Student's t-test or the chi-squared test. Liver stiffness and ste-
atosis across fibrosis and steatosis stages were compared using 
the Kruskal–Wallis test, with Dunn's multiple comparisons test 
for pairwise comparisons. Discriminatory performance of MRE 
and MRI-PDFF was assessed using areas under the receiver 
operating characteristic curves (AUCs) and corresponding 95% 
confidence intervals (CIs) were calculated. Optimal cut-off val-
ues were determined at the highest Youden index. Sensitivity, 
specificity, positive predictive value, and negative predictive 
value were calculated at each threshold. Spearman correlation 
coefficients (r) and their corresponding p-values were used to 
evaluate correlations between liver stiffness and clinical vari-
ables. Variables with a p < 0.1 in univariable Cox regression 
were included in multivariable Cox regression models to identify 
independent predictors of 1-year graft loss after LT. Statistical 
analyses were performed using R software (version 4.3.2; R 
Foundation for Statistical Computing, Vienna, Austria) and 
GraphPad Prism (version 10.4.1; GraphPad Software Inc., San 
Diego, CA). Statistical significance was set at p < 0.05.

3   |   Results

3.1   |   Baseline Characteristics

The baseline characteristics of the study population are summa-
rized in Table 1. The median recipient age was 57.0 years, and 
135 (72.2%) were male. The median body mass index (BMI) of 
the recipients was 24.5 kg/m2. The most prevalent underlying 
liver disease was hepatitis B virus infection (n = 103, 55.1%), fol-
lowed by alcoholic liver disease (n = 40, 21.4%) and hepatitis C 

virus infection (n = 14, 7.5%). HCC was present in 133 (71.1%) 
patients. A total of 118 (63.1%) patients were classified as having 
CTP Class A liver function, 49 (26.2%) as Class B, and 20 (10.7%) 
as Slass C. The median MELD score was 11.0.

The median donor age was 33.0 years, with a BMI of 23.1 kg/m2. 
The median graft-to-recipient weight ratio was 1.1, and the me-
dian graft macrovesicular steatosis was 5.0%. The median oper-
ative time was 545 min. The median hospital stay was 22.0 days. 
The median liver stiffness by MRE and fat fraction by MRI-
PDFF were 6.5 kPa and 2.3%, respectively.

3.2   |   Distribution of Liver Histology

Fibrosis Stages 2, 3, 4a, 4b, and 4c were identified in 3 (1.6%), 19 
(10.2%), 10 (5.3%), 48 (25.7%), and 107 (57.0%) patients, respec-
tively (Figure S1). Steatosis Grades 0, 1, and 2 were identified in 
111 (59.4%), 73 (39.0%), and 3 (1.6%) patients, respectively. The 
majority of patients (n = 147, 78.6%) exhibited moderate (A2) in-
flammatory activity.

3.3   |   Liver Stiffness by MRE According to 
Fibrosis Stage

Median liver stiffness values by MRE corresponding to fibrosis 
Stages 2, 3, 4a, 4b, and 4c were 2.96 (IQR: 2.52–4.20), 3.80 (IQR: 
3.29–4.30), 4.26 (IQR: 3.47–4.94), 5.33 (IQR: 4.37–6.39), and 8.18 
(IQR: 6.53–10.58) kPa, respectively. Liver stiffness by MRE sig-
nificantly differed across fibrosis Stages 2, 3, and 4 (Figure 1A), 
as well as when Stage 4 was further subclassified into Stages 4a, 
4b, and 4c (Figure 1B) (both Kruskal–Wallis p < 0.001). Pairwise 
comparisons showed no significant difference between Stages 
2 and 3 (p > 0.05). Significant differences were observed be-
tween Stages 4a and 4c (p < 0.0001) and between Stages 4b and 
4c (p < 0.0001). However, no significant differences were ob-
served between Stages 3 and 4a nor between Stages 4a and 4b 
(all p > 0.05), despite a stepwise increase in liver stiffness values 
across these stages (Figure 1B).

3.4   |   Fat Fraction by MRI-PDFF According to 
Steatosis Grade

The median fat fractions by MRI-PDFF corresponding to ste-
atosis Grades 0, 1, and 2 were 2.14% (IQR: 1.69–2.43), 3.47% 
(IQR: 2.45–5.24), and 9.76% (IQR: 4.22–18.62), respectively. The 
fat fraction measured by MRI-PDFF significantly differed ac-
cording to steatosis grade (Kruskal–Wallis p < 0.001) (Figure 2). 
While significant differences were observed between Grades 0 
and 1 (p < 0.001), as well as between Grades 0 and 2 (p = 0.002), 
no significant difference was observed between Grades 1 and 2 
(p = 0.406).

3.5   |   AUC of MRE and MRI-PDFF in Staging 
Fibrosis and Steatosis

The AUCs of MRE and MRI-PDFF in staging fibrosis and ste-
atosis are summarized in Table  2. The diagnostic accuracy of 
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MRE for liver fibrosis staging showed an AUC of 0.92 (95% 
CI: 0.87–0.97) for differentiating Stages 2 and 3 vs. Stage 4 fi-
brosis, with a sensitivity of 79.4% and a specificity of 95.5% at 
a threshold of 4.76 kPa. The performance remained robust in 

distinguishing different fibrosis stages, with AUC values of 0.91 
(95% CI: 0.86–0.96) (Stages 2–4a vs. Stage 4b,c) and 0.85 (95% CI: 
0.79–0.91) (Stages 2–4b vs. Stage 4c), with respective threshold 
values of 5.02 and 6.43 kPa.

TABLE 1    |    Baseline characteristics (N = 187).

Characteristic Value Characteristic Value

Age 57.0 [52.0;62.0] Donor age 33.0 [26.0;44.0]

Male sex 135 (72.2) Male donor 102 (54.5)

Weight, kg 68.2 ± 11.1 Donor BMI, kg/m2 23.1 [21.2;25.2]

Height, cm 166.7 ± 8.2 Macrovesicular steatosis of graft, % 5.0 [0.0;5.0]

BMI, kg/m2 24.5 ± 3.4 GRWR 1.1 [0.9;1.2]

Dyslipidemia 46 (24.6) Operation time, min 545.0 [484.5;610.5]

Hypertension 59 (31.6) Warm ischemic time, min 42.0 [34.5;53.0]

Diabetes mellitus 68 (36.4) Cold ischemic time, min 120.0 [96.0; 144.0]

Cardiovascular disease 15 (8.0) RBC transfusion, packs 2.0 [0.0;6.0]

Underlying liver disease Intraoperative CRRT 2 (1.1)

HBV 103 (55.1) Simultaneous splenectomy 18 (9.6)

HCV 14 (7.5) Hospital stay, days 22.0 [17.0;33.0]

Alcoholic 40 (21.4) Postoperative ICU stay, days 4.0 [3.0;4.0]

Autoimmune 7 (3.7) Laboratory profile

Others 23 (12.3) Platelet count, 103/uL 77.0 [58.0;115.0]

HCC 133 (71.1) Total bilirubin, mg/dL 1.4 [0.9;2.0]

Clinical cirrhosisa 181 (96.8) Alkaline phosphatase, IU/L 88.0 [68.0;123.0]

Ascites AST, IU/L 34.0 [25.5;47.0]

No/minimal 119 (63.6) ALT, IU/L 18.0 [13.0;25.0]

Moderate 46 (24.6) Serum albumin, g/dL 3.4 ± 0.6

Large/refractory 22 (11.8) Fasting glucose, mg/dL 107.0 [90.0;141.0]

Esophageal varix GGT, IU/L 41.5 [25.0;81.0]

No 109 (58.3) Total cholesterol, mg/dL 122.0 [98.0;146.0]

Varix without bleeding 19 (10.2) HDL-cholesterol, mg/dL 36.0 [28.0;45.0]

Varix with bleeding 59 (31.6) Triglycerides, mg/dL 69.0 [51.0;101.0]

Encephalopathy INR 1.2 [1.1;1.3]

No 174 (93.0) AFP, ng/mL 5.0 [2.7; 11.1]

Mild 12 (7.0) DCP, mAU/mL 47.5 [27.0;136.0]

Child–Pugh (A/B/C) 118 (63.1) /49 (26.2) /20 (10.7) C-reactive protein, mg/L 2.2 [0.8;6.4]

Pretransplant MELD 11.0 [9.0;15.0] Liver stiffness by MRE, kPa 6.5 [4.5;9.0]

ABO incompatibility 58 (31.0) MRI-PDFF, % 2.3 [1.9;3.4]

Living donor 185 (98.9)

Note: Data are presented as n (%) or median [interquartile range], unless otherwise indicated.
aClinical cirrhosis was defined based on a combination of radiologic findings suggestive of cirrhosis, clinical manifestations of portal hypertension, and 
thrombocytopenia (platelet count < 150 000/μL).
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRRT; continuous renal replacement 
therapy; DCP, des-gamma carboxyprothrombin; GGT, gamma-glutamyl transferase; GRWR, graft-to-recipient weight ratio; HCC, hepatocellular carcinoma; 
HDL, high density lipoprotein; ICU, intensive care unit; INR, international normalized ratio; MELD, model for end-stage liver disease; MRE, magnetic resonance 
elastography, MRI-PDFF, magnetic resonance imaging-based proton density fat fraction; RBC, red blood cell.
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For MRI-PDFF in assessing hepatic steatosis, the AUC for dis-
tinguishing Grade 0 from Grades 1 to 2 steatosis was 0.83 (95% 
CI: 0.76–0.89), with a sensitivity of 68.4% and specificity of 89.2% 
at a threshold of 2.80%. When differentiating Grades 0–1 from 
Grade 2, MRI-PDFF demonstrated high diagnostic accuracy, 
with an AUC of 0.95 (95% CI: 0.87–1.00), sensitivity of 100%, and 
specificity of 86.4% at a threshold of 4.19%.

Receiver operating characteristic curves for MRE and MRI-
PDFF for diagnosing fibrosis stage and steatosis grade are de-
picted in Figure S2.

3.6   |   Comparisons of Patients With and Without 
Cirrhosis or Severe Cirrhosis

Based on the threshold values of liver stiffness by MRE from AUC 
analyses, patients were classified into noncirrhosis (< 4.76 kPa, 
n = 55 [29.4%]) and cirrhosis (≥ 4.76 kPa, n = 132 [70.6%]) groups 
or nonsevere cirrhosis (< 6.43 kPa, n = 92 [48.1%]) and severe cir-
rhosis (≥ 6.43 kPa, n = 95 [50.8%]) groups.

Comparisons between patients with and without cirrhosis or se-
vere cirrhosis are summarized in Table 3. Patients with cirrhosis 
or severe cirrhosis had significantly higher MELD scores (12.0 
vs. 11.0, p = 0.006; 13.0 vs. 11.0, p < 0.001) and were more likely 
to present with moderate-to-large/refractory ascites (p = 0.007, 
p = 0.002) and esophageal varices (p = 0.03, p = 0.012). Severe 
cirrhosis was further associated with a history of encephalopa-
thy (p = 0.025). CTP Class B or C was more frequently observed 
in patients with cirrhosis (41.6% vs. 25.4%, p = 0.055) and was 
significantly more prevalent in those with severe cirrhosis 
(50.5% vs. 22.9%, p < 0.001).

In terms of laboratory findings, patients with cirrhosis and se-
vere cirrhosis had lower platelet counts (p = 0.027, p = 0.030) and 
serum albumin levels (both p < 0.001) and higher levels of total 
bilirubin (p = 0.005, p < 0.001), alkaline phosphatase (p = 0.011, 
p = 0.002), AST (p = 0.008, p < 0.001), INR (both p < 0.001), and 
C-reactive protein (p = 0.006, p = 0.026). From a surgical per-
spective, patients with cirrhosis or severe cirrhosis required 
more intraoperative red blood cell (RBC) transfusions (3.0 vs. 
0.0 packs, both p < 0.001).

3.7   |   Association Between Liver Stiffness by MRE 
and Clinical Variables

Correlation analysis of liver stiffness by MRE with clinical 
and laboratory parameters that differed significantly between 

FIGURE 1    |    Liver stiffness measured by MRE according to fibrosis stages F2, F3, and F4 (A) and subclassification of Stage 4 fibrosis into Laennec 
Stages 4a, 4b, and 4c (B), demonstrating a progressive increase in liver stiffness with histologic severity. Statistical analysis was performed using the 
Kruskal–Wallis test followed by Dunn's post hoc test. ns, nonspecific; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Kruskal-Wallis
p<0.001

Kruskal-Wallis
p<0.001

A B

FIGURE 2    |    Fat fraction measured by MRI-PDFF according to his-
tologic steatosis grade. Statistical analysis was performed using the 
Kruskal–Wallis test followed by Dunn's post hoc test. ns, nonspecific; 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Kruskal-Wallis
p<0.001
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cirrhosis and noncirrhosis or between severe cirrhosis and non-
severe cirrhosis groups showed a positive correlation with the 
MELD score (r = 0.2317, p = 0.001), RBC transfusion volume 
(r = 0.4334, p < 0.001), total bilirubin (r = 0.3034, p < 0.001), 
alkaline phosphatase (r = 0.2669, p < 0.001), AST (r = 0.2791, 
p < 0.001), and INR (r = 0.4336, p < 0.001) (Figure  3). A nega-
tive correlation was observed with platelet count (r = −0.1554, 
p = 0.033) and serum albumin (r = −0.4026, p < 0.001).

3.8   |   Independent Risk Factors for 1-Year Graft 
Loss After LT

During a median follow-up of 29.2 months (IQR: 15.2–43.8) after 
LT, graft loss occurred in 27 cases (7 graft failures leading to re-
transplantation and 20 patient deaths) within 1-year post-LT. A 
higher MELD score (hazard ratio [HR], 1.07; 95% CI, 1.02–1.11), 
longer operative time (HR, 1.00; 95% CI, 1.00–1.01), and greater 
RBC transfusion volume (HR, 1.09; 95% CI, 1.01–1.17) were sig-
nificantly associated with an increased risk of 1-year graft loss 
(Table  S1). MRE-defined thresholds for cirrhosis (≥ 4.76 kPa) 
and severe cirrhosis (≥ 6.43 kPa) were not significantly associ-
ated with 1-year graft loss (p = 0.579 and p = 0.978, respectively, 
in univariate analyses).

4   |   Discussion

Using comprehensive histologic evaluation of explant livers at 
LT, this retrospective cohort study demonstrated high diagnos-
tic accuracy of MRE and MRI-PDFF for detecting cirrhosis and 
hepatic steatosis, respectively. Although the diagnostic perfor-
mance of MRE and MRI-PDFF has been well-established in 
previous studies, our study provides additional insights by eval-
uating their performance specifically in a cirrhosis-enriched LT 
population and by correlating imaging findings with detailed 
histologic and clinical parameters. To our knowledge, this is 

the first study to evaluate the diagnostic performance of MRE 
for substaging cirrhosis according to histologic fibrosis burden, 
supported by comprehensive assessment of the entire explanted 
liver. Notably, an MRE-derived threshold for severe cirrhosis 
(F4c) effectively distinguished patients based on MELD score 
and CTP classifications, history of decompensation, and key 
laboratory parameters. Additionally, liver stiffness measured 
by MRE was significantly correlated with intraoperative RBC 
transfusion volume, which was independently associated with 
1-year graft loss. Importantly, the consistency of MRE and 
MRI-PDFF diagnostic accuracy in our cohort with prior liter-
ature suggests that our study population was not substantially 
skewed, thereby reinforcing the reliability of subsequent out-
come analyses. These findings support the utility of MRI-based 
diagnostics in advanced fibrosis and suggest that MRE may aid 
in the noninvasive risk stratification and monitoring of patients 
with cirrhosis.

This study has several unique clinical implications. First, prior 
studies showed high diagnostic accuracy of MRE for detect-
ing cirrhosis in single-etiology cohorts, such as patients with 
MASLD (AUCs 0.87–0.97) [11, 19–22] or chronic hepatitis B 
(CHB) (AUCs 0.894–0.987) [23–26]. Despite the predominance 
of CHB and alcohol-related disease, this study adds value by 
demonstrating the utility of MRE in a more diverse CLD co-
hort. This study established a diagnostic cut-off for cirrhosis of 
4.76 kPa, which is higher than the previously reported values in 
CHB (3.46–4.33 kPa) [23–26]. Using this threshold, 90.0% of pa-
tients with alcoholic liver disease, compared with 58.3% of those 
with CHB, were classified as cirrhotic, suggesting the alcoholic 
subgroup (21.4% of cohort) may have contributed to the elevated 
threshold.

Second, this study demonstrated the high diagnostic perfor-
mance of MRE in identifying Laennec Stages F4b and F4c. In 
a previous study utilizing the Laennec system [14], patients 
with F4b and 4c had significantly higher risks of hepatic 

TABLE 2    |    AUC of MRE and MRI-PDFF for diagnosis of fibrosis and steatosis.

AUC (95% CI) Threshold, kPa Sensitivity, % Specificity, % PPV, % NPV, %

MRE

Stages 2 and 3 (n = 22) vs. 
Stage 4 (n = 165)

0.92 (0.87–0.97) 4.76 79.4 95.5 99.2 38.3

Stages 2–4a (n = 32) vs. 
Stages 4b and 4c (n = 155)

0.91 (0.86–0.96) 5.02 80.0 93.8 98.4 49.2

Stages 2–4b (n = 80) vs. 
Stage 4c (n = 107)

0.85 (0.79–0.91) 6.43 77.6 85.0 87.4 74.0

AUC
(95% CI)

Threshold,
%

Sensitivity, % Specificity, % PPV, % NPV, %

MRI-PDFF

Grade 0 (n = 111) vs. 
Grades 1 and 2 (n = 76)

0.83 (0.76–0.89) 2.80 68.4 89.2 81.2 80.5

Grades 0 and 1 (n = 184) 
vs. Grade 2 (n = 3)

0.95 (0.87–1.00) 4.19 100.0 86.4 10.7 100.0

Abbreviations: AUC, area under the receiver operator characteristic curve; CI, confidence interval; MRE, magnetic resonance elastography, MRI-PDFF, magnetic 
resonance imaging-based proton density fat fraction; NPV, negative predictive value; PPV, positive predictive value.
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decompensation, HCC, and liver-related death, compared 
with those with Stage 3. Stage 4a showed only a trend toward 
increased risk relative to Stage 3. These findings suggest that 
clinically relevant transitions in advanced fibrosis may occur be-
tween Stages 3 and 4a and 4b and 4c. Consistent with this, liver 
stiffness measurements by MRE in this study were significantly 
higher in Stages 4b and 4c than in Stage 3, with no difference 
between Stages 3 and 4a. Thus, the MRE-derived cut-offs for 
Stages 4b and 4c (5.02 kPa) and Stage 4c (6.43 kPa) may represent 
meaningful thresholds in the progression of advanced fibrosis, 
offering additional prognostic insight beyond conventional cut-
offs for Stage 4.

Third, although liver stiffness by MRE was not an independent 
risk factor for 1-year graft survival, it showed significant cor-
relations with mortality-related factors, such as MELD score 
and RBC transfusion volume during LT [27–29]. Several stud-
ies have reported that intraoperative transfusion requirements 
are difficult to predict based on preoperative variables [29–31]. 
Given that transfusion needs during LT typically reflect the se-
verity of portal hypertension and coagulopathy [32, 33], MRE 
appeared to effectively capture this physiological burden. The 
observed correlation between liver stiffness by MRE and intra-
operative RBC transfusion volume suggests that preoperative 
MRE may provide useful descriptive information regarding the 
intraoperative course.

Fourth, while MRI-PDFF demonstrated an AUC of 0.83 for de-
tecting hepatic steatosis, its diagnostic performance—partic-
ularly the cut-off value of 2.80%—was lower than previously 
reported. A recent meta-analysis proposed a cut-off of 5.7% for 
diagnosing steatosis in MASLD cohorts, with an AUC of 0.97 
[34]. This discrepancy may reflect differences in study popu-
lations. Unlike MASLD-focused studies, our cohort included 
diverse etiologies, with over half of cases showing no hepatic 
steatosis and a median fat fraction for Grade 1 as low as 3.47%. 
Even when compared with a recent study of healthy liver donor 
candidates—reporting a 3.5% cut-off with an AUC of 0.920 
[35]—our threshold and accuracy remained lower. Two factors 
may explain this. First, MRI-PDFF values are reported to be 
underestimated in advanced fibrosis because of increased tis-
sue water and iron, which reduce fat signals in MRI [36, 37], 
potentially contributing to the lower values in our cohort with a 
high prevalence of cirrhosis. Next, in this study, MRI-PDFF was 
calculated as the mean across four ROIs, whereas the histologic 
grading reflected the highest grade among seven samples. This 
may result in a lower cut-off than biopsy-based studies. Given 
the small number of patients with moderate-to-severe steatosis 
in this study, the potential attenuation of MRI-PDFF perfor-
mance and the relatively low cut-off observed in cirrhotic pop-
ulations warrant validation in external cohorts with adequate 
representation across steatosis grades.

This study is strengthened by the inclusion of a large number of 
patients with cirrhosis and the use of robust histologic evalua-
tion of explant livers, minimizing discrepancies commonly as-
sociated with liver biopsy [38]. Nevertheless, several limitations 
should be acknowledged. First, owing to its retrospective design 
and including only patients who underwent pretransplant MRI, 
our cohort was enriched for elective, lower MELD recipients, 
with a predominance of living donor transplantation and a C
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relatively high proportion of patients with HCC, which intro-
duces inevitable selection bias. Therefore, the proposed cut-off 
values may not be applicable to urgent or high-acuity transplant 
candidates nor to nontransplant cirrhosis populations. Second, 
since CHB infection and alcoholic cirrhosis are the most com-
mon underlying liver diseases leading to LT in South Korea, 
the MRI-based cut-off values for cirrhosis, severe cirrhosis, and 
hepatic steatosis may limit generalizability. Third, despite in-
cluding a high proportion of HCC patients in this cohort, the 
scope of this study did not include exploring the potential re-
lationship between MRE/MRI-PDFF values and posttransplant 
HCC recurrence rate, due to the relatively short follow-up time 
and limited number of patients. Fourth, although vibration-
controlled transient elastography is a widely used noninvasive 
test for liver fibrosis, only 21 patients (11.2%) in our study co-
hort underwent this exam, which limited our ability to compare 
its diagnostic performance with MRE and MRI-PDFF. Finally, 
liver stiffness by MRE and fat fraction by MRI-PDFF were man-
ually measured rather than automatically derived, introducing 
potential intra-observer variability despite being assessed by a 
single radiologist.

In conclusion, MRE and MRI-PDFF demonstrated excellent 
to good diagnostic accuracy in detecting cirrhosis and hepatic 
steatosis, respectively, in patients undergoing LT. MRE further 
subclassified cirrhosis, correlating with liver function, decom-
pensation history, and transfusion requirements. These findings 
suggest the clinical utility of MRI-based diagnostics in CLD, 
with MRE serving as a valuable noninvasive tool for assessing 
cirrhosis severity.
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FIGURE 3    |    Correlation between liver stiffness measured by MRE and clinical variables. Correlation coefficients (r) and p-values were calculated 
using Spearman's correlation analysis. AST, aspartate aminotransferase; INR, international normalized ratio; MELD, model for end-stage liver dis-
ease; PLT, platelet; RBC, red blood cell.
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