Received: 30 October 2019 Revised: 22 June 2020 Accepted: 16 August 2020

DOI: 10.1111/liv.14648

ORIGINAL ARTICLE

Liver WILEY

MRI-defined sarcopenia predicts mortality in patients with
chronic liver disease

| NinaBastati’ | Ahmed Ba-Ssalamah® | Sarah Pétter-Lang® |
Katharina Lampichler! | Yesim Bican' | David Lauber! | Jacqueline Hodge! |

Lucian Beer!2

Teresa Binter®* | Katharina Pomej®* | Benedikt Simbrunner®* | Georg Semmler®*

Michael Trauner®* | Mattias Mandorfer®*

'Department of Biomedical Imaging and
Image-guided Therapy, Medical University
of Vienna, Vienna, Austria

2Department of Radiology and Cancer
Research UK Cambridge Center, Cambridge,
UK

3Vienna Hepatic Hemodynamic Lab, Medical
University of Vienna, Vienna, Austria

“Divison of Gastroenterology and
Hepatology, Department of Medicine Ill,
Medical University of Vienna, Vienna,
Austria

Correspondence

Ahmed Ba-Ssalamah, Department of
Biomedical Imaging and Image-guided
Therapy, General Hospital of Vienna (AKH),
Medical University Vienna, Waehringer
Guertel 18-20, A-1090 Vienna, Austria.
Email: ahmed.ba-ssalamah@meduniwien.
ac.at

Funding information

No financial support was received for this
study.

Handling Editor: Virginia Hernandez-Gea

| Thomas Reiberger®*

Abstract

Background & Aims: To explore whether sarcopenia, diagnosed by an abbreviated
magnetic resonance imaging (MRI) protocol is a risk factor for hepatic decompensa-
tion and mortality in patients with chronic liver disease (CLD).

Methods: In this retrospective single-centre study we included 265 patients (164
men, mean age 54 + 16 years) with CLD who had undergone MRI of the liver be-
tween 2010 and 2015. Transverse psoas muscle thickness (TPMT) was measured
on unenhanced and contrast-enhanced T1-weighted and T2-weighted axial images.
Sarcopenia was defined by height-adjusted and gender-specific cut-offs in women
as TPMT < 8 mm/m and in men as TPMT < 12 mm/m respectively. Patients were
further stratified into three prognostic stages according to the absence of advanced
fibrosis (FIB-4 < 1.45, non-advanced CLD), compensated-advanced CLD (cACLD) and
decompensated-advanced CLD (dACLD).

Results: The inter-observer agreement for the TPMT measurements (x = 0.98; 95%
confidence interval [95% Cl]:0.96-0.98), as well as the intra-observer agreement
between the three image sequences (k = 0.99; 95% Cl: 0.99-1.00) were excellent.
Sarcopenia was not predictive of first or further hepatic decompensation. In patients
with cACLD and dACLD, sarcopenia was a risk factor for mortality (cACLD: hazard
ratio (HR):3.13, 95% Cl: 1.33-7.41, P = .009; dACLD:HR:2.45, 95% Cl: 1.32-4.57,
P = .005) on univariate analysis. After adjusting for the model of end-stage liver dis-
ease (MELD) score, albumin and evidence of clinical significant portal hypertension,
sarcopenia (adjusted HR: 2.76, 95% ClI: 1.02-7.42, P = .045) remained an independent
risk factor for mortality in patients with cACLD.

Abbreviations: cACLD, compensated advanced chronic liver disease; CLD, chronic liver disease; CTP, Child-Turcotte-Pugh; dACLD, decompensated advanced chronic liver disease; ICC,
interclass correlation; INR, international normalized ratio; IQR, interquartile range; MELD, Model for End-Stage Liver Disease; TFS, transplant-free survival.
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tients with cACLD.
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1 | INTRODUCTION

Sarcopenia is defined as the generalized loss of muscle mass,
muscle strength and muscle function.! It is prevalent in as many
as 78% of patients with advanced chronic liver disease (ACLD).?
Importantly, sarcopenia is also associated with adverse clinical
outcome in patients with ACLD.? Current guidelines recommend
screening for the presence of sarcopenia in routine computed to-
mography (CT) imaging.3 Even though magnetic resonance imag-
ing (MRI) has also been used to diagnose sarcopenia,* its role in
patients with chronic liver disease (CLD) has not been established.
Thus, MRI-based sarcopenia has not been incorporated into cur-
rent guidelines.®

However, MRI is increasingly used in the diagnostic workup of
patients with CLD. With multiparametric MRI, including T1 and T2,
chemical shift imaging (CSI) as well as diffusion weighted imaging
(DWI) and dynamic contrast-enhanced imaging, the anatomy and
pathology of the liver and the biliary tree can be accurately as-
sessed.’” Furthermore, because of its high soft tissue contrast, MRI
can even be performed without administration of contrast media in
those patients with contraindications.

Several methods have been described that quantify sarcope-
nia on cross-sectional imaging with the skeletal muscle index (SMI)
being the most commonly used one.? However, this metric requires
specialized software which is not available on most workstations and
therefore, limits its clinical applicability in routine practice. In con-
trast, the transverse psoas muscle thickness (TPMT) - defined as the
largest transverse diameter of the right psoas muscle perpendicular
to its long axis - normalized to body height can be easily assessed. In
addition, the TPMT has been shown to accurately assess sarcopenia
in patients with liver disease.*® Paternostro et al recently proposed
specific TPMT cut-off values for CT-based measurements at the
level of the third lumbar vertebrae which were even more accurate
than the SMI in predicting patient survival.®

Furthermore, it is clinically important to predict hepatic de-
compensation. Therefore, we wondered if sarcopenia might be a
risk factor for hepatic decompensation, although this has not been
systematically assessed. Finally, in patients undergoing transjugular
intrahepatic portosystemic shunt, sarcopenia was identified as anin-
dependent risk factor for the development of acute-on-chronic liver
failure.”

Thus, the aims of this study were to assess (i) the feasibility of
MRI-based sarcopenia assessment by TPMT-L3 using an abbreviated

MRI protocol, and (ii) to investigate the impact of sarcopenia on the

Conclusion: Sarcopenia can be easily evaluated by a short MRI exam without the

need for contrast injection. Sarcopenia is a risk factor for mortality, especially in pa-

cirrhosis, liver, magnetic resonance imaging, sarcopenia

Lay summary

MRI-based evaluation of transverse psoas muscle thick-
ness (TPMT) measurements on unenhanced T1-, con-
trast-enhanced T1- and T2-weighted images is highly
reproducible with excellent intra- and inter-reader agree-
ment. Sarcopenia as evaluated by MRI is a risk factor for
mortality in patients with advanced chronic liver disease.
MRI-based TPMT can easily be calculated. Thus, the pres-
ence or absence of sarcopenia may be reported in every
MRI done on patients with advanced chronic liver disease.

development of hepatic decompensation and mortality in patients
with compensated and decompensated ACLD.

2 | METHODS
2.1 | Patients

This study represents a retrospective single-centre analysis of
chronic liver disease (CLD) patients who underwent routine clinical
MRI. The study was approved by the institutional review board (EK
Nr 2027/2017) and the requirement for individual patient informed
consent waived. The inclusion criteria were (i) MRI with gadoxetic
acid using a standard examination protocol, (ii) histological or clini-
cal evidence of CLD and (iii) available information on platelet count,
albumin levels, prothrombin time (PT), international normalized ratio
(INR), sodium, alanine amino transferase (ALT), aspartate amino
transferase (AST), bilirubin levels, alkaline phosphatase (AP) and cre-
atinine levels, all of which were acquired within 2 weeks of the MRI
examination. Exclusion criteria were (i) current or prior malignancy
including hepatocellular carcinoma (HCC), (ii) mechanical cholestasis,
(iii) history of liver transplantation and (iv) a follow-up time <90 days.

10,11 when

Note that this same cohort has been used previously
we evaluated the prognostic value of the functional liver imaging
score (FLIS) evaluated on gadoxetic acid-enhanced MRI. In the pres-
ent study, we aimed to assess the ability to diagnose sarcopenia on
non-contrast- and contrast-enhanced MRI sequences and to evalu-
ate whether sarcopenia is a risk factor for hepatic decompensation

and mortality.



BEER ET AL

2.2 | Clinical data

Patients' medical records were systematically reviewed by MD/MD
PhD students and a MD under the supervision of internal medicine
and gastroenterology/hepatology specialists with 7 and 13 years of
experience respectively. These reviewers were blinded to any imag-
ing information. The body surface area (BSA) was calculated accord-
ing to the following formula: BSA = (weight(kg)®*?°> x height(m)°’2°

) x 0.007184.

2.3 | Classification of disease severity

Based on the Fibrosis-4 score (FIB-4; cut-off 1.45)!? and history
of or current hepatic decompensation, patients were classified
as having non-advanced (non-ACLD; FIB-4 < 1.45), compensated
(cACLD; FIB-4 > 1.45) or decompensated (dACLD; history of or
current hepatic decompensation) ACLD. The FIB-4 score was
calculated using the formula: FIB-4 = age(years) x AST(U/L)/
[PLT(10%/L) x ALT(U/L)*51.13

We created a composite variable coding for evidence of clini-
cally significant portal hypertension (CSPH) consisting of (i) varices
on endoscopy and (ii) hepatic venous pressure gradient (HVPG)
>10 mmHg (within 365 days before or after MRI).

2.4 | Definition of hepatic decompensation and
transplant-free survival

Event-free survival time was defined from the time of MRI to
the development of first or further hepatic decompensation.
We applied a commonly used definition of hepatic decompensa-
tion, including: requirement of paracentesis, grade 3/4 hepatic
encephalopathy, variceal bleeding or liver-related death.'*'
Transplant-free survival (TFS) time was defined as the time from
MRI to death or end of follow-up, while patients undergoing liver
transplantation were censored at the day of surgery. Patients
treated with transjugular intrahepatic portosystemic shunt (TIPS)
during the study period were censored at the day of intervention.
In an additional sensitivity analysis, we also censored patients
with viral hepatitis who started antiviral medication and patients
with alcoholic liver disease who stopped alcohol consumption
after MRI.

2.5 | MRI protocol

All exams (n = 265) were performed using a 3T MRI scanner
(Magnetom Trio, A Tim; Siemens Healthcare, Erlangen, Germany)
with a combined six-element, phased-array abdominal coil and
a fixed spine coil. A standard protocol including T1- and T2-
weighted images with fat saturation in axial and coronal view,

chemical shift imaging (CSl), diffusion weighted imaging (DWI) and
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dynamic imaging after injection of gadoxetic acid (0.025 mmol/
kg; Primovist; Bayer Healthcare, Berlin, Germany) intravenously at
a rate of 1.0 mL/s, immediately followed by a 20 mL saline flush.
The contrast-enhanced sequence consisted of three-dimensional,
T1-weighted, volume-interpolated, breath-hold examination (VIBE)
sequences obtained before and after contrast injection using test
bolus for the arterial phase, and then 70 seconds for the portal ve-
nous phase and 3 minutes for the transitional phase. The param-
eters of the T1 VIBE sequence were as follows: section thickness,
1.7 mm; TR, 2.67 msec; TE, 0.92 msec; FOV, 430 and flip angle, 13.
The parameters of the axial T2-weighted images were as follows:
section thickness, 5 mm; TR, 1800 msec; TE, 150 msec; FOV, 400
and flip angle, 150.

2.6 | Image analysis

Two radiologist, one board certified with 9 years of experience
in abdominal imaging (radiologist 1, blinded for clinical data) one
in the 3rd year of training (radiologist 2, blinded for clinical data),
independently measured TPMT on the axial unenhanced and
portal-venous phase-enhanced T1 weighted as well as axial T2-
weighted images on a picture archiving and communication sys-
tem (PACS, workstation, Impax; Agfa, Mortsel, Belgium). TPMT
was measured at the third lumbar vertebral body.® TPMT was
defined as the greatest transverse diameter of the right psoas
muscle perpendicular to the long axis (anterior-posterior oblique)
of the psoas muscle diameter at the cranial L3 vertebra endplate
(Figure 1). Results were normalized to body height and shown as
millimetre (mm) psoas muscle thickness per meter (m) body height
(mm/m). The presence of sarcopenia was defined at a TPMT-L3
<12 mm/m in men and <8 mm/m in women.® Furthermore, 50
randomly selected cases we re-assessed by radiologist 1 after a
4-week interval to evaluate intra-reader repeatability. The radi-
ologists were blinded to all clinical, histological and laboratory
data.

2.7 | Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
Version 24 (IBM, Armonk, NY) and GraphPad Prism Version 5.01
(GraphPad Software, La Jolla, CA). Continuous variables were re-
ported as mean and standard deviation (SD) given parametric dis-
tribution of data or median (interquartile range (IQR)) in case of
non-parametric data distribution, while categorical variables were
reported as number and percentage of patients with the specific
characteristics. Student's t test was used for group comparisons of
parametric data, while Mann-Whitney U test was applied for non-
parametric data. Group comparisons of categorical variables were
performed using the chi-squared test.

intraclass  correlation  coefficients

Intra-observer (ICCs)

and their 95% confident intervals were calculated based on a
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FIGURE 1

Image illustration for measuring the transversal
psoas muscle thickness (TPMT). TPMT was defined as the greatest
transverse diameter of the right psoas muscle perpendicular to the
long axis (anterior-posterior oblique) of the psoas muscle diameter
at the cranial L3 vertebra endplate. A, T1-weighed non-contrast-
enhanced sequence. B, T1-weighed contrast-enhanced sequence.
C, T2-weighted sequence

single-measurement, absolute-agreement, two-way mixed-effects
model. Inter-observer ICC variability and 95% confident intervals
were calculated based on a single-reader, absolute-agreement, two-
way random-effects model.

The association of sarcopenia and clinical/laboratory data with
first/further hepatic decompensation and mortality was investi-
gated using Kaplan-Meier analysis and Cox regression analysis. A

two-sided P value <.05 was considered statistically significant.

3 | RESULTS
3.1 | Patients characteristics

We included 265 patients (164/61.9% men) who had an established
diagnosis of CLD with a mean age of 53 (SD + 14) years in this study
(Table 1, Figure 2, Table S1). Overall, the most common indica-
tions for the MRI were the evaluation of hepatic nodules (186/265
(70%)) followed by the query cholangiocellular carcinoma/obstruc-
tion (29/265 (10.9%)). As outlined in the methods section, patients
with current or prior malignancy including hepatocellular carcinoma
(HCC) were excluded. The most common causes of CLD were viral
hepatitis (HBV: n = 23 (9%), HCV: 55 (21%)) and ALD (n = 51 (19%)).
In patients with dACLD, the types of previous (first) hepatic decom-
pensation were as follows: ascites 65/99 (66%), SBP 8/99 (8%), HE
8/99 (8%) and variceal bleeding 18/99 (18%).

Sarcopenia was present in 14/56 (25%) of patients in the non-
ACLD group, in 18/110 (16.4%) of patients in the cACLD group and
in 40/99 (40%) of patients in the dACLD group. Nine (3.4%) of pa-
tients developed an HCC during the follow-up period and seven
(2.6%) patients were treated with a transjugular intrahepatic porto-

systemic shunt, on which day follow-up ceased.

3.2 | Reader agreement for TPMT and sarcopenia

There was a strong correlation between the various TPMT meas-
urements performed on all sequences for both readers (Spearman's
rho > 0.95, P < .001).

Intra-observer ICCs for TPMT measurements on the three dif-
ferent sequences were 0.98 (95% confidence interval (Cl): 0.98-99)
for R1 and 0.99 (95% Cl: 0.99-0.99) for R2. Inter-observer ICC for
the TPMT measurement were 0.98 (95% Cl: 0.96-0.98) for the un-
enhanced T1-weighted sequences, 0.98 (95% Cl: 0.97-0.98) for the
contrast-enhanced T1 weighted sequences and 0.98 (95% Cl: 0.97-
0.99) for the T2-weighted sequences. Intra-observer ICC for a re-
peated evaluation of 50 scans using all three sequences was 0.99
(95% ClI: 0.99-1.00).

3.3 | Sarcopenia is not a risk factor
for the development of first or further hepatic
decompensation

The median follow-up time was 30.2 months (range 0-99) (Table 2,
Figure 3). None of the patients in the non-ACLD group developed he-
patic decompensation during follow-up. Twenty-one patients (19%)
in the cACLD group developed hepatic decompensation: 14 patients
(12.7%) ascites, four patients (3.6%) hepatic encephalopathy, two pa-
tients (1.8%) variceal bleeding and one patient (0.9%) a liver-related
death. Sixty patients (61%) in the dACLD group developed further
hepatic decompensations: 35 patients (35%) first occurrence or wors-

ening of ascites, 14 patients (14%) first occurrence or worsening of
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TABLE 1 Patient characteristics

Patient characteristics

Indication for MRI
HCC?
PSC/PBC?
CCC/obstruction?
Diffuse liver disease?
Other

Age, years

Gender
Male
Female

Body weight, kg

Height, m

BMI, kg/m?

BSA, m?

Smoking

Diabetes
NIDDM
IDDM

Aetiology of CLD
HCV
HBV
ALD
Cholestatic
NAFLD
AlH
Genetic
Cryptogenic
Other

Antiviral therapy during
follow-up

Alcohol consumption
Below threshold
Above threshold

Alcohol abstinence during
follow-up

Varices
Small
Large
Evidence of CSPH
NSBB
CTP stage
A
B
C

A, cACLD (n = 110)

B, dACLD (n =99)

iver WILEY--2
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Sarcopenia

Sarcopenia

No, n = 92 (83.6%)

78 (85%)
3%)
4%)
2%)
5%)
+12

3
4
2
5

(
(
(
(
9

w

48 (52%)

44 (48%)
75(72-79)

1.7 (1.67-1.72)
25(25-27)
1.85(1.81-1.91)
27 (29%)

10 (11%)
11 (12%)

28 (30%)
9 (10%)
8 (9%)
5(5%)
10 (11%)
5(5%)
3(3%)
13 (14%)
5(6%)
20 (72%)

8 (9%)
8 (9%)
1 (6%)

11 (34%)
21 (66%)
41 (43%)
17 (53%)
79 (86%)
13 (14%)

Yes, n = 18 (16.4%)

13 (72%)
0 (0%)
3(17%)
1(6%)
1(6%)
58 +14

17 (94%)

1(6%)

78 (74-90)
1.75(1.72-1.79)
25 (24-29)

1.91 (1.89-2.06)
5(28%)

1(6%)
2 (11%)

4(17%)

4 (22%)
3(17%)
0 (0%)

2 (25%)
6 75%)
9 (56%)
6 (75%)

14 (78%)
4 (22%)

P value

.28

.63

.001

13

.04

.56

.046

1.0

.78

.53

.53

A1

.61

42
43

.39

No, n =59 (59.6%)

48 (81%)
4(7%)
1(2%)
1(2%)
5(9%)
56 +13

36 (61%)

23 (39%)

76 (72-82)

1.7 (1.67-1.73)
25.8(24.9-27.8)
1.92(1.8-1.95)
28 (48%)

4//%)
12 (20%)

13 (22%)
4(7%)
17 (29%)
1%)
3%)
9%)
1%)
15%)
8 (13%)
7 (54%)

1(
2(
5(
1(
9(

8 (14%)
8 (14%
1(6%)

7 (16%)

37 (84%)
47 (80%)
27 (61%)

8 (14%)
41 (70%)
10 (17%)

Yes, n =40 (40.4%)

36 (90%)

4 (10%)
77(71-81)

1.75 (1.73-1.79)
24.7 (23.2-25.9)
1.92(1.84-1.98)
19 (47%)

2 (5%)
6 (15%)

3(8%)
4 (10%)
19 (47%)

2 (5%)
6 (15%)
1(14%)

8(33%)

16 (67%)
29 (73%)
12 (50%)

2 (5%)
22 (55%)
16 (40%)

P value

.63

.82
.001
99
.01
17
42

1.0

72

14

.43

.38

.53

.10

41
45

.03

(Continues)
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TABLE 1 (Continued)

A, cACLD (n = 110) B, dACLD (n =99)

Sarcopenia Sarcopenia
Patient characteristics No, n =92 (83.6%) Yes,n =18 (16.4%) P value No,n =59 (59.6%) Yes, n=40(40.4%) P value
Ascites present 37 (64%) 29 (73%) .39
MELD, points 7 (3%) 8(7) .22 13 (9) 17 (9) .002
Platelet count, G/L 135(84) 133 (85) .61 105 (70) 110 (87) 41
Albumin, g/L 40.1 (7.9) 35.6(10.2) .047 34.4(7.2) 30.8 (10) .08
Bilirubin, mg/dL 0.87(0.87) 1.11 (1.05) 17 1.9(2.4) 3.2(7.4) .03
INR 1.2(0.1) 1.3(0.1) 74 1.3(0.4) 1.4(0.2) 45
Creatinine, mg/dL 0.81(0.27) 0.83(0.22) .52 0.87 (0.53) 1.13(1.15) .04
Sodium, mmol/L 140 (4) 140 (5) 48 137 (7) 135 (6) .06
ALP, U/L 98 (80) 94 (30) 46 112 (70) 131 (95) 48
GGT, U/L 73 (145) 122 (144) .65 98 (146) 64 (135) .39
AST, U/L 45 (36) 29 (51) .26 47 (37) 47 (71) .96
ALT, U/L 35 (44) 26 (43) 14 28 (28) 33(27) .66

Note: Abbreviations: ACLD, advanced chronic liver disease; AIH, autoimmune hepatitis; ALD alcoholic liver disease; ALP, alkaline phosphatase; ALT,

alanine transaminase; AST, aspartate transaminase; BMI, body mass index; body surface area; BSA; CCC, cholangiocellular carcinoma; CLD, chronic
liver disease; CSPH, clinical significant portal hypertension; CTP, Child-Turcotte-Pugh; GGT, gamma-glutamyltransferase; IDDM, insulin-dependent
diabetes mellitus; INR, international normalized ratio; MELD, model for end-stage liver disease; N/A not applicable; NAFLD, non-alcoholic fatty liver
disease; NIDDM, non-insulin-dependent diabetes mellitus; NSBB, non-selective beta blockers; SBP, spontaneous bacterial peritonitis; STI, soft tissue
infection; UTI, urinary tract infection.

265 with CLD patients FIGURE 2 Study flow chart

A \ 4 A 4
Non-ACLD: CACLD: dACLD:
56 patients 110 patients 99 pati
(21%) (42%) (37%)
A 4 A 4 A 4 A 4 A 4
No-Sarcopenia: Sarcopenia: No-Sarcopenia: Sarcopenia: No- Sarcopenia: Sarcopenia :
42 patients 14 patients 92 patients 18 patients 59 patients 40 patients
(75%) (25%) (84%) (16%) (60%) (40%)

TABLE 2 Risk factors for first (CACLD) or further (JACLD) hepatic decompensation

cACLD, n =110 dACLD, n =99

HR  95%ClI Pvalue aHR  95%ClI Pvalue HR 95% ClI Pvalue aHR 95% ClI P value
Patient
characteristics Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Sarcopenia 1.46 049-435 5 076  0.24-24 .64 1.36 0.82-2.27 .24 1.06 0.6-1.85 .85
MELD, per point 1.08 0.94-1.12 .56 0.96 0.87-1.06 .44 111 1.07-1.15 <.001 1.09 1.05-1.13 <.001
Albumin, perg/L 0.9  0.84-0.96 .02 0.88 0.8-0.93  .006 0.95  0.03-0.98 .002 0.94 0.92-0.99 .008
Varices 2.77 1.05-7.31 .04 N/A N/A N/A N/A N/A
Evidence of CSPH 3.2  1.24-8.26 .02 2.96 1.1-7.96 .03 N/A N/A

Note: Abbreviations: 95% Cl, 95% confidence interval; CSPH, clinical significant portal hypertension; HR, hazard ratio; MELD, model for end-stage

liver disease.

hepatic encephalopathy, two patients (2%) SBP, two patients (2%)

variceal bleeding and seven patients (7%) died for a liver-related

cause.

Sarcopenia impacted neither the risk of first nor further hepatic
decompensation. cACLD: hazard ratio (HR): 1.46, 95% Cl: 0.49-4.35,
P =.50; dACLD: HR: 1.36, 95% Cl: 0.82-2.27, P = .24. Using a pooled
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80 4 —l— Sarcopenia
—L— No-Sarcopenia
2 60- HR: 1.46, 95%CI: 0.49-4.35,p = 0.5
E
©
o
2 404
o
20
0 -

T T T T T T 1
0 12 24 36 48 60 72

Time (months)

Sarcopenia 18 13 10 6 4 3
No-Sarcopenia 92 78 64 52 31 23 11

(B) 100+
dACLD
80 HR:1.36,95%Cl: 0.82-2.27, p = 0.24
— . |—'_,_
E
©
S
a 107 —l— Sarcopenia
—— No-Sarcopenia
20
0 -
| I ) ) L | !
0 12 24 36 48 60 72
Time (months)
Sarcopenia 40 15 44 4 3 2 1
No-Sarcopenia 59 32 21 16 1 9 5

FIGURE 3 Kaplan-Meier curves for first and further hepatic
decompensation. A, First hepatic decompensation in compensated,
advanced chronic liver disease (cACLD) patients and (B) further
hepatic decompensation in patients with decompensated advanced
chronic liver disease (dAACLD). Abbreviations: HR, hazard ratio; 95%
Cl, 95% confidence interval

analysis including both patients with cACLD and dACLD, sarcopenia
was identified as a risk factor for the development of hepatic decom-
pensation (HR: 1.99, 95% Cl: 1.26-3.13, P = .003) in the univariate
analysis. However, after adjusting for MELD and serum albumin lev-
els, sarcopenia was not associated with the development of hepatic
decompensation (adjusted HR (aHR): 1.14, 95% Cl: 0.87-2.2, P = .18)
(Table S2).

iver WILEY--2%
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3.4 | Sarcopenia is an independent risk factor for
mortality in patients with cACLD

Nine patients (8%) in the cACLD group underwent liver transplan-
tation and 23 patients (22%) died (Table 3, Figure 4, Figure S1).
Nineteen patients (19%) in the dACLD group underwent liver trans-
plantation, while 44 (44%) died.

Sarcopenia was identified as a risk factor for mortality in both
patients with cACLD (HR: 3.13, 95% Cl: 1.33-7.41, P = .009) and
patients with dACLD (HR: 2.34, 95% ClI: 1.29-4.3, P = .005) in uni-
variate analysis. After adjusting for MELD, albumin levels and the
evidence of CSPH, sarcopenia remained an independent risk factor
for mortality in patients with cACLD (aHR: 2.76, 95% Cl: 1.02-7.42,
P = .045). In contrast, sarcopenia was only associated with a nu-
merically increased risk in dACLD (aHR: 1.46, 95% Cl: 0.74-2.92,
P = .28). Performing an analysis combining patients with cACLD
and dACLD, sarcopenia was identified as an independent risk factor
for mortality (aHR: 2.16, 95% Cl: 1.29-3.62, P = .0004; Table S3).

3.5 | Sarcopenia is a risk factor for development of
infections and infection-related mortality in patients
with cACLD

One hundred and twenty-two (46%) patients developed an infection
during the follow-up period, with urinary tract infection (36 patients;
39.5% of all infections) the most frequent infection site (Tables S4-
Sé6). There were no significant differences in the type of infection
between patients with and without sarcopenia. However, sarcopenia
was associated with an increased risk for the development of infec-
tions in patients with cACLD (HR: 2.27, 95% Cl: 1.07-4.78, P = .032),
while the increase in risk did not attain statistical significance in pa-
tients with dACLD (HR: 1.62, 95% CI: 0.88-2.98; P = .12). After the
correction for the MELD, albumin and the evidence of CSPH, there
was no significant association between sarcopenia and the develop-
ment of infections in cACLD (aHR: 1.84, 95% Cl: 0.84-4.02, P = .13).

In addition, we assessed whether sarcopenia was a risk factor for
infection-related death. In the univariate analysis, sarcopenia was
associated with increased risk for infection-related death in patients
with cACLD (HR: 7.98, 95% Cl: 1.33-47.78, P = .02), while the asso-
ciation did not attain statistical significance in dACLD (HR: 2.17, 95%
Cl: 0.8-5.91; P = .13). In the multivariable analysis in patients with
cACLD, sarcopenia was still a risk factor for infection-related deaths
(aHR: 12.41, 95% Cl: 1.4-110.13, P = .02), even after adjusting for
MELD, albumin and evidence of CSPH. Details can be found in the
Tables S5 and Sé.

3.6 | Sensitivity analysis: Impact of
aetiological treatment

Thirty-six patients with viral hepatitis began antiviral therapy dur-

ing follow-up and three patients with alcoholic liver disease stopped
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TABLE 3 Risk factors for mortality in patients with cACLD and dACLD
cACLD, n=110 dACLD,n =99
P P P [
HR 95% Cl value aHR 95% ClI value HR 95% Cl value aHR 95% Cl value

Patient
characteristics

Univariate analysis

Sarcopenia 3.13 1.33-741  .009 2.76 1.02-7.42
MELD, per point 1.06 099114 .09 0.99  0.91-1.08
Albumin, per g/L 0.9 0.84-0.95 .001 0.89  0.81-0.97
Varices 152  0.6-3.87 .38 N/A N/A

Evidence of CSPH 1.65 0.72-3.76 .24 156  0.62-3.93

Multivariate analysis

Univariate analysis Multivariate analysis

.045 2.45 1.32- .005 1.46 0.74- .28
4.57 2.92

.83 1.16 1.12- <.001 1.14 1.09-1.2 <.001
1.21

.007 093 09-097 <001 094 0.9-0.98 .003

N/A N/A N/A

.35 N/A N/A

Note: Abbreviations: 95% Cl, 95% confidence interval; CSPH, clinical significant portal hypertension; HR, hazard ratio; MELD, model for end-stage

liver disease.

alcohol consumptions during the follow-up (Tables S7 and S8). We
performed a sensitivity analysis and stopped follow-up at the day
of aetiological cure and performed revised time-to-event analysis
for patients with cACLD and dACLD. In line with our analysis shown
above, neither in patients with cACLD (univariate analysis: HR: 1.1,
95% Cl: 0.33-3.76; P = .88) nor in patients with dACLD (univariate
analysis: HR: 1.38, 95% Cl: 0.82-2.32; P = .23), sarcopenia was asso-
ciated with the development of first or further hepatic decompensa-
tion after censoring patients who achieved aetiological cure.

In the univariate analysis, sarcopenia was associated with mortality in
patients with cACLD and dACLD (see Table S8). However, after adjusting
for MELD and albumin (plus ‘evidence of CSPH’ in patients with cACLD),
there were trends towards increased mortality in patients with sarcope-
nia (P=.1and P=.11in cACLD and dACLD patients respectively).

3.7 | Interaction between liver disease
severity and the impact of sarcopenia on mortality

We subclassified patients with ACLD according to the MELD and
Child-Turcotte-Pugh (CTP) score in those who had a MELD < 15 and
CTP A/B vs MELD = 15 or CTP C. In the univariate analysis, sarco-
penia was identified as a risk factor for mortality in patients with
MELD < 15 0or CTP A/B (HR: 2.9, 95% Cl: 1.39-6.07, P = .005) and pa-
tients with MELD = 15 or CTP C (HR: 2.09, 95% ClI: 1.1-4.0, P = .003)
(Table S9). After adjusting for MELD, albumin and the presence of
CSPH, sarcopenia remained an independent risk factor for mortal-
ity in both groups (aHR: 3.36, 95% Cl: 1.05-7.25, P = .005; aHR: 2.2,
95% Cl: 1.03-3.97, P = .03). Finally, we also included the interaction
term sarcopenia*MELD 2 15 or CTP C in a multivariate model and

the interaction term did not attain statistical significance (P = .37).

4 | DISCUSSION

In this study we demonstrate that sarcopenia - as rapidly and re-

producibly assessed by TPMT on MRI - represents a risk factor

mortality in patients with ACLD. Particularly in cACLD patients, a
TPMT-L3 < 8 mm/m in women and <12 mm/m in men conferred a
2.77-fold increased risk for death.

Thus, the TPMT evaluated at L3 provides a simple and standard-
ized way of sarcopenia assessment in clinical practice and, impor-
tantly, provides critical prognostic information in ACLD patients.

A major strength of sarcopenia assessment by TPMT at L3 by
an abbreviated MRI protocol is the lack of need for contrast agent
injection. To the best of our knowledge, the imaging techniques
that were used to assess sarcopenia either on CT or MRl in previous
studies all used contrast agents. In certain clinical scenarios, avoiding
contrast may be necessary since a considerable proportion of ACLD
patients are suffering from renal impairment and/or are at risk for
contrast-induced nephropathy.18 In addition, CT is associated with
radiation exposure, and CT contrast agents cannot be administered
to patients with iodine allergies. Furthermore, MRI contrast agents
may accumulate within the body with implications that are not yet
fully understood.*?%°

Our study used the previously published CT-based TPMT L3
cut-of f8 confirming that these gender-specific and height-adjusted
cut-offs can be also be applied to non-contrast-enhanced MRI.
Current guidelines only recommend CT as cross-sectional imaging
technique to assess sarcopenia in patients with ACLD, however, we
could demonstrate that MRl is a suitable imaging technique to assess
sarcopenia, using similar cut-off values developed and validated on
CT-based studies. Furthermore, the excellent inter- and intra-reader
agreement (ICC > 0.98) for TPMT measurement on all MR sequences
underlines the reproducibility and robustness of this technique.
Our data are in line with previous studies that showed an excellent
agreement between CT- and MR-based skeletal muscle index mea-
surements.?! In contrast to invasive risk assessments,??2 MRI-based
TPMT assessment can be easily performed by both radiologist and
clinicians without any expertise in MRI analysis. Moreover, no dedi-
cated software or complex formula is necessary.

Patients with cACLD and sarcopenia showed a considerably
increased risk of mortality, even after adjusting for established

risk factors such as MELD score, serum albumin levels and the
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by further decompensating events and, ultimately, liver-related
mortality, are scare. Our results indicate that the presence of sar-
copenia is not associated with an increased risk for first or fur-
ther hepatic decompensation. These results are in line with recent
findings from our group, suggesting that sarcopenia is not linked
to the severity of portal hypertension,® which is a main driver of
26-28

Conversely, sarcopenia was a strong risk factor for increased
mortality, especially in patients with cACLD, in whom it was in-
dependently linked to the outcome of interest. While the median
TFS for patients with cACLD and dACLD without sarcopenia was
82 and 60 months, respectively, it was only 54 and 30 months in
patients with sarcopenia respectively. We also performed a sen-
sitivity analysis and censored all patients with viral hepatitis and
ALD at the day they started aetiological therapy during the fol-
low-up period. After this modification, we still found an associa-
tion between the presence of sarcopenia and increased mortality
in patients with cACLD in the univariate analysis, with a nearly
three-fold increased risk. In contrast, in the multivariable analysis,
we only observed a trend towards increased mortality in cACLD
patients with sarcopenia (HR: 2.34, P = .10), likely as a result of
limited statistical power. Of note, aetiological therapies were uni-
formly distributed between the sarcopenia subgroups, indicating

that they did not confound the association between sarcopenia

While sarcopenia was not a risk factor for infections in cACLD/
dACLD and did not seem to impact the site of infection, it was as-
sociated with increased risk of infection-related death. This is line
with a previous study by Lucidi et al®’ in patients with cirrhosis with
sepsis, which reported an association between sarcopenia and the
mortality in this setting - CTP A/B patients with sarcopenia were
found to have a similar probability of death, as compared to CTP
C patients. Thus, the impact of sarcopenia on the course of infec-
tions may provide an explanation for the excess mortality observed
among patients with sarcopenia in our study.

As previously reported,®® the prevalence of sarcopenia was
higher in patients with dACLD as compared to cACLD patients (40%
vs 16%). Accordingly, adopted treatment strategies that target mal-

nutrition and muscle loss may be particularly beneficial in the rel-
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chronic liver disease (dAACLD). Abbreviations: HR, hazard ratio; 95%
Cl, 95% confidence interval

evidence of CSPH, ie the main prognostic factors in this patient
group.14 In contrast, sarcopenia was not associated with the
risk for first or further hepatic decompensation. Several studies
have reported the association between sarcopenia and increased
mortality in patients with ACLD.*®%23-25 However, studies that
consider the complex natural history of CLD progression, ie that

hepatic decompensation usually occurs as initial event, followed

atively small group of patients with cACLD and sarcopenia. These
interventions should be tested in clinical trials and an abbreviated
non-contrast-enhanced MRI may be used for patient selection and
to non-invasively monitor treatment response.

In addition to its retrospective design, this study might be limited
by a selection bias (ie only patients undergoing MRl imaging were in-
cluded), which may limit the generalizability of our findings. However,
since MRI of the liver is the standard-of-care imaging in work-up of
focal liver lesions and/or CLD at our institution, a profound selection
bias is less likely and we also show that the indication for the MRI
was not different between patients with and without sarcopenia.
Secondly, the previously described TPMT-L3 derived cut-offs to de-
fine sarcopenia may not have been the ideal cut-offs for predicting

the clinical outcomes in our study population. However, we decided
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to use previously defined cut-offs to validate their prognostic value
for MRI-based assessments.

In conclusion, MRI-based sarcopenia assessment by a sim-
ple MRI TPMT-L3 measurement represents a quick reproduc-
ible tool which is ideal for clinical practice. cACLD patients with
low TPMP-L3 muscle mass should be selected for specific inter-
ventions targeting sarcopenia as they are at increased risk for
mortality.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.
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