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INTRODUCTION: Musclemass has been shown to be aprognosticmarker in patientswith liver cirrhosis. Transversal psoas

muscle thickness normalized by height (TPMT/height) obtained by routine computed tomography is

a simple surrogate parameter for sarcopenia. TPMT/height, however, is not sex specific, which might

play a role in risk stratification. Its association with acute-on-chronic liver failure (ACLF) has not been

established yet. ACLF is associated with systemic inflammatory dysregulation. This study aimed at

evaluating the role of sarcopenia in ACLF development of patients with decompensated cirrhosis

receiving transjugular intrahepatic portosystemic shunt (TIPS) using sex-specific TPMT/height.

METHODS: One hundred eighty-six patients from the prospective Non-invasive Evaluation Program for TIPS and

Follow Up Network cohort (observational, real-world TIPS cohort with structured follow-up) were

analyzed. TPMT/height was measured from routine computed tomography. The sex-specific cutoff was

determined to classify patients as sarcopenic andnonsarcopenic for 1-yearmortality after TIPS.Clinical

outcome was compared. Primary end points were ACLF and 1-year mortality after TIPS. Secondary end

points were development of decompensations (hepatic encephalopathy and ascites) after TIPS.

RESULTS: The sex-specific cutoff increases the diagnostic accuracy with regard to primary and secondary end

points compared with the unisex cutoff. Sex-specific sarcopenia classification is an independent

predictor of 1-year mortality and ACLF development in patients with cirrhosis receiving TIPS. Patients

in the sarcopenia group showed significantly higher rates of mortality, ascites, overt hepatic

encephalopathy, and ACLF after TIPS compared with the nonsarcopenia group. The Chronic Liver

Failure Consortium Acute Decompensation score as a marker of systemic inflammation was

significantly higher in sarcopenic patients.

CONCLUSIONS: This study demonstrates for the first time that sarcopenia is related to ACLF development and systemic

inflammation. The prognostic value of TPMT/height can be improved by using sex-specific cutoffs.

ClinicalTrials.gov identifier: NCT03584204.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A22
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INTRODUCTION
Liver cirrhosis is a growing health care burden, and the man-
agement of its complications is challenging, whereas mortality in
many other pathologies is declining (1). Sarcopenia is defined as

pathological muscle loss in patients with chronic diseases, and its
role in the outcome of patients with cirrhosis is widely accepted
(2). Different methods have been proposed to diagnose sarco-
penia using cross-sectional imaging (2–8). Most methods

1Department of Internal Medicine I, University of Bonn, Bonn, Germany; 2Department of Clinical Medicine, SapienzaUniversity of Rome, Rome, Italy; 3Department
of Radiology, University of Bonn, Bonn, Germany; 4European Foundation for the Study of Chronic Liver Failure—EF CLIF, Barcelona, Spain; 5Department of
Gastroenterology, OdenseHospital, University of Southern Denmark, Odense, Denmark; 6Institute for Bioengineering of Catalonia, Barcelona, Spain; 7Department
of Internal Medicine I, Goethe University Clinic Frankfurt, Frankfurt, Germany. Correspondence: Jonel Trebicka. E-mail: jonel.trebicka@kgu.de.
Received December 11, 2018; accepted February 8, 2019; published online March 29, 2019

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology

American College of Gastroenterology Clinical and Translational Gastroenterology

ARTICLE 1

LI
VE

R

http://ClinicalTrials.gov
http://links.lww.com/CTG/A22
https://doi.org/10.14309/ctg.0000000000000025
mailto:jonel.trebicka@kgu.de


evaluated computed tomography (CT) and require special soft-
ware, whichmay be time consuming and difficult to implement in
clinical routine (4,7). A simpler and fast method uses the right
transversal psoasmuscle thickness normalized by height (TPMT/
height), which is an independent predictor of mortality for
patients with cirrhosis on the waiting list for liver transplantation
(5,9). Similar to sarcopenia, TPMT/heightmay also be influenced
by a number of factors. Sex, in particular, seems to influence the
muscle structure and its distribution in the body and thus possibly
influences the diagnosis and the pattern of sarcopenia in cirrhosis
(10). Cumulative data emphasize the role of sex in the sarcopenia
pattern suggesting different cutoffs for female and male
patients (2,8).

Patients with cirrhosis with acute decompensations (ADs), in
particular, are at a higher risk of death and require more health
care resources (11–16). AD can lead to a systemic inflammatory
response and progress to acute-on-chronic liver failure (ACLF),
a syndrome with high short-term mortality. Systemic in-
flammation has been associated with age-related sarcopenia and
development of ACLF (17,18). Although a number of risk factors
for the development of ACLF have been discussed, the relation-
ship of sarcopenia with ACLF and systemic inflammation has not
been investigated yet (19–21).

Therefore, we conducted this analysis of the prospective Non-
invasive Evaluation Program for TIPS and Follow Up Network
(NEPTUN) study to evaluate the role of sarcopenia in ACLF
development of patients with cirrhosis receiving transjugular
intrahepatic portosystemic shunt (TIPS) using sex-specific
TPMT/height.

METHODS
Study population

For this study, we included patients from the NEPTUN study,
which prospectively included patients with decompensated cir-
rhosis who underwent the TIPS procedure in a structured mon-
ocentric follow-up program. Noninvasive methods for risk
stratification were evaluated. For inclusion in this analysis, CT
had to be available. Exclusion criteria were lack of available or
poor-quality CT.

The primary end point was 1-year mortality after TIPS. Sec-
ondary end points were development of ACLF stratified by fatal
and nonfatal at 1 and 2 years and ADs (ascites and overt hepatic
encephalopathy (HE)) during follow-up after TIPS. ACLF and
overt HE were defined according to the European Association for
the Study of the Liver guideline (12,22).

Biochemical blood analyses were performed using standard
laboratory tests. The local ethics committee of the University of
Bonn approved the study (029/13), and all patients agreed to and
signed informed written consent in accordance with the Decla-
ration of Helsinki for the procedures they underwent. This study
is part of the NEPTUN cohort registered at ClinicalTrials.gov
(identifier: NCT03584204).

Assessment of muscle parameters

For all examinations, commercially available clinical CT imag-
ing systems (Philips Brilliance 64 or Philips Brilliance 256 iCT;
both Philips Healthcare, Best, the Netherlands) were used. We
analyzed the transversal psoas muscle thickness (TPMT) as
previously described in cross-sectional images on the level of the
umbilicus (5). Briefly, the maximum transverse diameter of the
right psoasmuscle was measured inmillimeters and normalized

for height (in meters) to calculate TPMT/height (see Figure 1b,
Supplementary Digital Content 1, http://links.lww.com/CTG/
A22).We chose the umbilicus because it is easy to identify in CT
and it was used as a landmark in the aforementioned description
of the method (5). The umbilicus in this cohort was located at
the level of L4 in 70%, L5 in 20%, and L3 in 10% of patients (data
not shown). The median time between CT and TIPS was 5426
88 days. The assessments were performed by 2 hepatologists
(M.P. and C.C.) who had been trained by an expert radiolo-
gist (C.M.).

Statistical analysis

We performed descriptive statistics for all variables. Non-
parametric testing was used to compare different groups when
suitable. Paired nonparametric testing was used to compare
data before and after the TIPS procedure of the same patients.
For the selection of cutoff values of TPMT/height, receiver
operating characteristic (ROC) analysis with 1-year survival as
end point was calculated. To examine the impact of muscle
indexes on survival and ACLF, we used the Kaplan-Meier
curve with the log-rank test. Univariate and multivariate risk
factor analyses were performed with Cox regression for 1-year
mortality, fatal and nonfatal ACLF, occurrence of ascites, and
episodes of HE as end points. Multivariate analysis included all
values with P , 0.05 from univariate Cox regression. De-
pendent variables such as bilirubin and model of end-stage
liver disease (MELD) and MELD-sodium (MELD-Na) were
included separately in multivariate analysis to avoid collin-
earity. Concordance of the sarcopenia definitions was
expressed by calculating concordance (C-index). Continuous
variables are presented as median (range). Categorical varia-
bles are presented as absolute cases or percentage. All data were
analyzed using SPSS (version 24; IBM, Armonk, NY). Prism
(version 5; GraphPad, LaJolla, CA) was used for data plotting.

RESULTS
General patient characteristics

In this study, 186 patients with decompensated cirrhosis from
the NEPTUN study were included (see Figure 1a, Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A22).
Of these 186 included patients, 109 (59%) were men. The
median age at TIPS procedure was 56 (18–80) years. Alcohol
was the most common etiology of cirrhosis (129 patients,
69%), whereas 24 patients (13%) had chronic viral hepatitis B
and/or C infection and 18% other etiologies. Ninety-six
patients (52%) received TIPS for refractory ascites, and 90
patients for variceal bleeding (48%). The median MELD score
was 11 (Table 1). The median follow-up period was 2.1 years
(0–24 years).

Sex-specific sarcopenia classification

As TPMT/height has been reported to predict waiting list
mortality, we performedROC analysis of TPMT/height with 1-
year survival as the end point. This resulted in an area under
the curve (AUC) of 0.732 (confidence interval (CI)
0.648–0.816, P, 0.001), which is in line with previous reports.
The reported unisex cutoff of 16.8 mm/m was used to classify
sarcopenia (see Figures 1b and c, Supplementary Digital
Content 1, http://links.lww.com/CTG/A22) (4,5).

To evaluatewhether sex-specific differences and therefore sex-
specific cutoff values would improve the method, we performed
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sex-specific ROC analysis. This revealed an optimal cutoff of 17.8
mm/m (AUC 0.754, CI 0.654–0.854, P, 0.001) formen and 14.0
mm/m (AUC 0.740, CI 0.606–0.874, P, 0.010) for women for 1-
year mortality (see Figures 1d and e, Supplementary Digital
Content 1, http://links.lww.com/CTG/A22).

With sex-specific classification, misclassification is lower
compared with unisex classification. For 1-year mortality, sex-

specific classification has a higher C-index and therefore a higher
diagnostic accuracy.

Sarcopenia and survival

A Kaplan-Meier survival curve for 1-year mortality showed
a significantly increased mortality in sarcopenic patients
(Figure 1a). Interestingly, sex-specific classification provided
superior discrimination compared with unisex classification of
sarcopenia (Figure 1a). There was no significant difference re-
garding the causes of death between the sarcopenia and the
nonsarcopenia groups (data not shown).

Cox regression analysis for 1-year mortality revealed Child-
Pugh, MELD, MELD-Na, Chronic Liver Failure Consortium
(CLIF-C) AD score, creatinine, bilirubin, international normal-
ized ratio (INR), and age, as well as TPMT/height and unisex and
sex-specific sarcopenia classification as dependent risk factors.
Only sex-specific sarcopenia classification was shown to be an
independent predictor alongside CLIF-C AD score, age, serum
creatinine, and bilirubin (Table 2). Unisex classification did not
reach statistical significance.

Interestingly, sarcopenic patients receiving TIPS for refractory
asciteshadahigher riskof 1-yearmortality comparedwith thosewith
variceal bleeding as indication for TIPS (hazard ratio 5.296 vs 2.832).

Sarcopenia and development of ACLF

Sarcopenic patients showed significantly higher rates of nonfatal
ACLF development compared with nonsarcopenic patients
(Figure 1b). Also, ACLFwith fatal outcome occurred significantly
more often in sarcopenic patients (Figure 1c). With sex-specific
classification, misclassification is lower compared with unisex
classification for development of ACLF at 1-year follow-up (C-
index 0.66 vs 0.73) (see Table 1, SupplementaryDigital Content 1,
http://links.lww.com/CTG/A22).

We performed univariate Cox regression to identify risk factors
for 1-year ACLFdevelopment. Apart from the expected prognostic
markers Child-Pugh, MELD, MELD-Na, CLIF-C AD score, cre-
atinine, bilirubin, INR, and age, this also revealed TPMT/height
and unisex and sex-specific sarcopenia classification as dependent
predictors of ACLF development. In multivariate Cox regression
analysis, unisex classification failed. Sex-specific cutoff-defined
sarcopenia, CLIF-CAD score, age, serum creatinine, and INRwere
independent predictors of 1-year ACLF development (Table 3).
Stratified for indication for TIPS, sarcopenic patients with re-
fractory ascites had a higher of development of ACLF than sar-
copenic patients with variceal bleeding as indication for TIPS
(hazard ratio 6.845 vs 3.439).

Univariate and multivariate Cox regression analyses were
performed separately for nonfatal ACLF and fatal ACLF. In
multivariate analysis, only sex-specific classification and CLIF-C
AD score were found to be significant (see Table 3, Supplemen-
tary Digital Content 1, http://links.lww.com/CTG/A22). For
nonfatal ACLF, only sex-specific classification and age were in-
dependent predictors (see Table 4, Supplementary Digital Con-
tent 1, http://links.lww.com/CTG/A22).

Sarcopenia and AD

Absence of sarcopenia was associated with faster resolution of
ascites after TIPS, whereas sarcopenic patients displayed a longer
response to ascites despite patent TIPS (Figure 2a). Furthermore,
sarcopenic patients had a significantly higher rate of episodes of
HE compared with nonsarcopenic patients (Figure 2b). For the 2

Table 1. General characteristics at baseline

Parameter Baseline

Sex-specific TPMT classification All n 5 186

Clinical

Age (yr) 56 (18–80)

Sex (male/female) 109/77 (59/41%)

Etiology of cirrhosis (alcohol/viral/other) 129/24/33 (69/13/18%)

Indication for TIPS (bleeding/ascites/both) 90/92/4 (48/50/2%)

PSPG before TIPS 19 (3–38)

PSPG after TIPS 7 (0–30)

TPMT/height 19.2 (9.6–29.4)

Scores

MELD 11 (6–32)

MELD-Na 14 (6–32)

Child-Pugh 8 (5–12)

Child-Pugh grade (A/B/C) 41/112/33 (22/60/18%)

CLIF-C-AD 49 (23–71)

Laboratory

Sodium (mmol/L) 137 (119–147)

Creatinine (mg/dL) 1.0 (0.5–7.8)

Bilirubin (mg/dL) 1.3 (0.2–14.7)

gGT (U/L) 128 (12–1,166)

AST (U/L) 38 (11–1,439)

ALT (U/L) 24 (7–1,439)

Albumin (g/L) 31 (8–54)

INR 1.2 (0.9–1.9)

WBC (G/mL) 6.9 (1.6–31.5)

Hb (mg/dL) 10.2 (5.9–16.7)

Platelets (G/mL) 125 (10–725)

Outcome

Ascites 143 (77%)

HE 42 (23%)

Mortality at 1-year follow-up 41 (22%)

ACLF at 1-year follow-up (all/fatal/nonfatal) 41/35/6 (22/19/3%)

ACLF at 2-year follow-up (all/fatal/nonfatal) 52/42/10 (28/23/5%)

Follow-up time 25 (0–288)

ACLF, acute-on-chronic liver failure; ALT, alanine transaminase; AST, aspartate
transaminase; CLIF-C-AD, Chronic Liver Failure Consortium Acute
Decompensation; gGT, gamma-glutamyl transferase; INR, international
normalized ratio; MELD, model of end-stage liver disease; PSPG, portosystemic
pressure gradient; TIPS, transjugular intrahepatic portosystemic shunt; TPMT,
thickness normalized by height; WBC, white blood count.
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end points, ascites and HE, the sex-specific cutoff showed an
improved discrimination compared with the unisex cutoff.

Sarcopenia and scores and systemic inflammation

The sarcopenia group showed a higher fraction of alcoholic eti-
ology and ascites as indication for TIPS compared with the
nonsarcopenia group. MELD, MELD-Na, CLIF-C AD, and
Child-Pugh score were significantly higher in the sarcopenia
group. After TIPS, increase in MELD and MELD-Na score was
higher in sarcopenic patients than in nonsarcopenic patients. In
fact, the CLIF-C AD score showed a decrease in nonsarcopenic
patients, whereas it increased in sarcopenic patients (Figure 2c).

At follow-up, all prognostic scores (MELD,MELD-Na, Child-
Pugh, and CLIF-C AD score) were significantly worse in the
sarcopenia group. Interestingly, in the nonsarcopenia group,
MELD, Child-Pugh, and CLIF-C AD score improved at follow-
up, resulting in a significantly lower risk of decompensations in
this group (see Table 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A22).

Apart from the prognostic scores, especially white blood cell
count, as a marker of systemic inflammation, levels of INR and
hemoglobin were significantly better in the nonsarcopenia group
during follow-up (see Table 1, Supplementary Digital Content 1,
http://links.lww.com/CTG/A22).

DISCUSSION
The present study demonstrates that sex-specific TPMT/height-
defined sarcopenia in the NEPTUN cohort identifies patients at
risk of development of ACLF and risk of death.

In real life, patients with cirrhosis usually seek medical at-
tention, including CT, at the time of decompensating events. In
addition, CT is performed for evaluation and planning of inter-
ventions, such as TIPS or liver transplant. In these situations, the
potential to predict outcome is extremely important to stratify
patient care. Using these imaging methods, different measures of
muscle mass have been described. TPMT/height is an easy-to-
assessmeasure ofmusclemass (5). It was previously reported that
TPMT/height could predict survival in patients on the waiting list
for liver transplantation (5). Interestingly, in that cohort, the
authors elaborated only 1 cutoff for both male and female
patients. There is growing evidence of the importance to recog-
nize the sex differences in sarcopenic patients (2,4,23–25).
Females tend to have significantly lower muscle indices, which is
in line with our results and supports our data (2,8,26). These
previous data explain, in part, our findings that the sex-specific
cutoff is superior to the unisex cutoff used previously (5). There
are several possible explanations for these discrepant findings.
First, patients listed for liver transplantation have a higherMELD
score than patients receiving TIPS, which was also the case in
a previously published cohort with a meanMELD score of 19 (5),
whereas in our cohort, the patients were not as advanced with
a median MELD score of 11. Second, another key difference in
patient characteristics is the rather low proportion of females in
the previously published cohort of 21% (5), whereas in our cohort,
it is 41%. These differences in characteristics possibly explain the
inferior diagnostic accuracy of unisex cutoff compared with the
sex-specific cutoff in our cohort. Therefore, sex-specific cutoff
values should be applied to minimize misclassification. This is

Figure 1. (a) Kaplan-Meier curve for 1-year survival stratified by unisex and sex-specific sarcopenia classification. (b) Kaplan-Meier curve for development
of nonfatal acute-on-chronic liver failure (ACLF) at 2-year follow-up stratified byunisex and sex-specific sarcopenia classification. (c) Kaplan-Meier curve for
development of fatal ACLF at 2-year follow-up stratified by unisex and sex-specific sarcopenia classification. CLIF-C-AD, Chronic Liver Failure Consortium
Acute Decompensation; HE, hepatic encephalopathy; MELD, model of end-stage liver disease.
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emphasized even more by our results, which identify sex-specific
sarcopenia classification as an independent predictor of mortality,
whereas theunisex cutoff failed in themultivariate analysis. Further
multicentric studies with large patient cohorts are needed to

determine comparable sex-specific cutoff values (2,4,5,9,27–29).
This is especially important regarding the relatively low negative
predictive value of our classification in this cohort. It may well be
higher in larger cohorts with lower prevalence of 1-year mortality.

Table 3. Univariate and multivariate Cox regression analyses for development of ACLF at 1-year follow-up

1-year ACLF Univariate Cox regression Multivariate Cox regression

Parameter P HR CI P HR CI

Age (yr) 0.003 1.044 1.015 1.073 0.003 1.056 1.019 1.094

Sex 0.286

TPMT/height (mm/m) ,0.001 0.807 0.745 0.875 ,0.001 0.808 0.736 0.886

Unisex classification ,0.001 3.492 1.874 6.509

Sex-specific classification ,0.001 5.765 3.047 10.909 ,0.001 5.285 2.660 10.499

HE at baseline 0.222

Ascites at baseline 0.057

Child-Pugh at baseline 0.002 1.334 1.114 1.596

MELD at baseline ,0.001 1.108 1.060 1.157

MELD-Na at baseline ,0.001 1.101 1.055 1.150

CLIF-C-AD at baseline ,0.001 1.107 1.068 1.148 ,0.001 1.093 1.052 1.136

Sodium at baseline (mmol/L) 0.186

Creatinine at baseline (mg/dL) 0.009 1.328 1.074 1.642 ,0.001 1.488 1.169 1.894

Bilirubin at baseline (mg/dL) 0.006 1.134 1.037 1.240

INR at baseline 0.007 5.914 1.620 21.596 0.003 10.151 2.257 45.647

ACLF, acute-on-chronic liver failure; CI, confidence interval; CLIF-C-AD, Chronic Liver Failure Consortium Acute Decompensation; HR, hazard ratio; INR, international
normalized ratio; MELD, model of end-stage liver disease; TPMT, thickness normalized by height.

Table 2. Univariate and multivariate Cox regression analyses for 1-year survival

1-year mortality Univariate Cox regression Multivariate Cox regression

Parameter P HR CI P HR CI

Age (yr) 0.016 1.035 11.006 1.064 0.010 1.046 1.011 1.081

Sex 0.488

TPMT/height (mm/m) ,0.001 0.834 0.770 0.902 ,0.001 0.835 0.764 0.912

Unisex classification 0.001 2.963 1.598 5.494

Sex-specific classification 0.000 4.095 2.207 7.597 ,0.001 3.462 1.808 6.631

HE at baseline 0.034 2.010 1.054 3.836

Ascites at baseline 0.182 1.804 0.758 4.289

Child-Pugh at baseline 0.004 1.311 1.093 1.574

MELD at baseline ,0.001 1.125 1.074 1.178

MELD-Na at baseline ,0.001 1.118 1.069 1.170

CLIF-C-AD at baseline ,0.001 1.119 1.078 1.161 ,0.001 1.105 1.064 1.147

Sodium at baseline (mmol/L) 0.087 0.942 0.879 1.009

Creatinine at baseline (mg/dL) 0.004 1.356 1.103 1.666 ,0.001 1.552 1.224 1.969

Bilirubin at baseline (mg/dL) 0.001 1.161 1.061 1.270 0.009 1.150 1.036 1.275

INR at baseline 0.028 4.775 1.183 19.282

CI, confidence interval; CLIF-C-AD, Chronic Liver Failure Consortium Acute Decompensation; HR, hazard ratio; INR, international normalized ratio; MELD, model of end-
stage liver disease; TPMT, thickness normalized by height.
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Apart from the prediction of survival in these patients, another
example is that TPMT/height-defined sarcopenia is associated
with higher rates of overtHE. This has been supported by another
study using skeletal muscle index at L3 vertebra (L3-SMI) re-
quiring special software in a smaller cohort (30), underlining the
robustness of our study. Moreover, the association of sarcopenia
with survival and HE is important because this facilitates the
caregiver to select patients who may benefit from additional
therapeutic options, such as dietary strategies in sarcopenic
patients (31–33).

The limitations of this study are in line with the nature of all
retrospective studies, namely that selection bias cannot be ex-
cluded despite the cohort showing fairly representative charac-
teristics for patients with cirrhosis in a TIPS program. However,
probably not all decompensating events, including nonfatal
ACLF, are recorded because we do not have all the information
about admissions to other hospitals. This possibly explains the
lower accuracy of prediction of nonfatal ACLF compared with
fatal ACLF in our cohort. However, we are confident that we have
detected all ACLF developments with fatal outcome, which seems
to be the more severe clinical entity in our patients.

Although the relationship of sarcopenia with survival has been
established on several different occasions, the main novel finding
of this study is the association of sarcopenia with development of
ACLF. Recently, ACLF has been characterized as a syndrome
with very high short-term mortality, which may also develop in
outpatients with cirrhosis (34). Interestingly, the presence of
sarcopenia predicts—independent of other factors—the de-
velopment of ACLF in TIPS patients. Further factors known to be
associatedwith the development of ACLF and deathwere CLIF-C

AD score, creatinine, and INR, predicting the development of
ACLF in TIPS patients. This stresses the robustness of our data.
However, both presence of sarcopenia and TMPT/height out-
perform the MELD score in the prediction of ACLF, which has
been designed to predict mortality after TIPS. This finding might
be also due to the chosen time frame as the development of ACLF
in TIPS patientsmight occur at a later stage, whileMELDpredicts
a 3-month mortality. ACLF is a dynamic syndrome, which can
reverse rapidly, especially in the earlier stages.

To avoid the overrepresentation of ACLF due to laboratory
value fluctuations, progressive ACLF—ending with death—was
defined in this study as fatal ACLF and was evaluated separately.
Importantly, half of the patients with sarcopenia developed fatal
ACLF during the first year after TIPS, whereas less than 10% of
the patients without sarcopenia developed ACLF, indicating that
sarcopenia might play at least a predisposing and probably also
a pathogenic role in the development of ACLF.

Through the secretion of soluble peptides, or myokines,
skeletal muscle interacts inmetabolic processes with other organs
such as the liver. In turn, metabolic cues from these organs are
received by skeletal muscle, adapting their response accordingly.
Cross-talking between anabolic and catabolic pathways charac-
terizes the signaling. Systemic inflammation evokes a catabolic
reaction in skeletal muscle leading to excessive energy expendi-
ture and ultimately sarcopenia (35). Systemic inflammation has
also been identified in the pathogenesis of ACLF development
(17,18,36). It is conceivable that sarcopenia is therefore a clinical
expression of underlying chronic systemic inflammation, which
might facilitate development of ACLF. Interestingly, in this co-
hort, leukocyte count, a surrogate of systemic inflammation, is

Figure 2. (a) Cumulative hazard function for the presence of ascites (persistence and/or reoccurrence) after TIPS stratified by unisex and sex-specific
sarcopenia classification. (b) Cumulative hazard function for the occurrence of episode of hepatic encephalopathy after TIPS stratified by unisex and sex-
specific sarcopenia classification. (c) Diagram showing changes in prognostic scores before and after TIPS. ACLF, acute-on-chronic liver failure; TPMT,
thickness normalized by height.

Clinical and Translational Gastroenterology VOLUME 10 | APRIL 2019 www.clintranslgastro.com

LI
VE

R
Praktiknjo et al.6

http://www.clintranslgastro.com


significantly higher in sarcopenic patients, further underlining
the tight association of systemic inflammation with sarcopenia
and ACLF. The question of whether sarcopenia predisposes for
systemic inflammation and ACLF development or systemic in-
flammation causes sarcopenia andACLF is beyond the scopeof this
study. This needs to be investigated in the future because it could
also offer therapeutic or preventive approaches. Nevertheless, these
results demonstrate that especially the early identification of sar-
copenic patients is of clinical relevance because these patients are at
risk of developing ACLF. In these patients, shorter follow-up peri-
ods might help to better monitor their progress.

Recently, a plethora of different techniques for estimation of
musclemass and frailty has been published. TPMT/height has been
debated for the asymmetrical shape of the psoasmuscle and because
this method chooses the umbilicus as anatomical landmark,
whereas other techniques use, e.g., the psoasmuscle area or L3-SMI
(4,5). The umbilicus as a landmark shows some variability and has
a limitation in patients with giant umbilical hernia. However, in the
current literature, there are conflicting data on the different per-
formance of psoasmuscle comparedwith othermuscle parameters,
where L3-SMI seems to performbetter in cohorts with high fraction
of hepatocellular carcinoma (4,5,37). In our cohort, hepatocellular
carcinoma was excluded before treatment with TIPS. A test battery
to perform frailty assessment was not possible in this retrospective
study (38). However, despite its limitations, this study shows the
value of TPMT/height in predicting ACLF and death. Finally, the
requirement of CT for this study represents a selection bias, which
led to the exclusion of several patients. The variable time between
CT and TIPS might represent a limitation, and CT performed just
before the TIPS procedure would have been ideal and should be
considered in future prospective studies.

As for the clinical routine, we emphasize the simplicity and
convenience of the method, as cross-sectional imaging is rou-
tinely performed in cirrhotic patients, e.g., for evaluation for liver
transplantation or TIPS procedure. Hence, no additional cost for
evaluation of sarcopenia is needed. The measurement itself is fast
and reproducible, which is the main limitation for the clinical use
of anthropometric parameters, such as mid-arm muscle cir-
cumference (8,9).

In conclusion, this study shows that the use of sex-specific
cutoffs offers an improvement of prognostic value ofTPMT/height.
Furthermore, this study, for the first time, demonstrates the asso-
ciation of TPMT/height defined with the development of ACLF.
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