
HAL Id: hal-04482272
https://hal.univ-lille.fr/hal-04482272

Submitted on 28 Feb 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Sarcopenia should be evaluated in patients with
acute-on-chronic liver failure and candidates to liver

transplantation.
Florent Artru, Charles Le Goffic, Georges-Philippe Pageaux, Faouzi Saliba,

Alexandre Louvet

To cite this version:
Florent Artru, Charles Le Goffic, Georges-Philippe Pageaux, Faouzi Saliba, Alexandre Louvet. Sar-
copenia should be evaluated in patients with acute-on-chronic liver failure and candidates to liver
transplantation.. Journal of Hepatology, 2021, Journal of Hepatology, �10.1016/j.jhep.2021.09.004�.
�hal-04482272�

https://hal.univ-lille.fr/hal-04482272
https://hal.archives-ouvertes.fr


awareness regarding HCC surveillance regardless of the method
of surveillance.

Finally, we echo the authors’ concerns regarding potential
tissue accumulation and adverse effects of gadolinium if
contrast-enhanced AMRI is used for HCC screening. Not only this,
contrast-enhanced AMRI is associated with greater acquisition
time and cost and may hamper patient compliance. Thus, we
assert that for AMRI to be safe and acceptable, non-contrast
rather than contrast-enhanced AMRI should be utilized.
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Sarcopenia should be evaluated in patients with acute-on-chronic
liver failure and candidates for liver transplantation

To the Editor:
We have read with great interest the manuscript of Belli et al.1

reporting a wide variation in listing for patients with acute-on-
chronic liver failure (ACLF) in Europe despite favorable
outcome after liver transplantation (LT). The authors have
particularly observed, after multivariate analyses, the negative
impact of pre-LT multi drug resistant organism (MDRO) infec-
tion, arterial lactate levels at LT >4 mmol/L and the need for renal
replacement therapy (RRT) at LT.1 Identifying risk factors
associated with poorer post-LT outcomes in this population is
crucial and the authors must be congratulated for their efforts in

this regard. However, the retrospective design of this study and
others in the field might bias the analyses, as several variables,
considered as important, have not been studied yet. Indeed, as
highlighted by the authors in the discussion section, the impact
of sarcopenia on post-LT outcome was not assessed in this study
nor in others in the field. As only few retrospective studies are
available on this topic, it is unclear if clinicians considered the
nutritional status of patients with ACLF at time of deciding on
transplantability. In a new analysis of our cohort previously
published in Journal of Hepatology2 reporting favorable and non-
different 1-year survival in patients transplanted with ACLF
grade 3 compared to matched control patients transplanted with
ACLF grade <3 or no ACLF, we aimed to assess if radiological
parameters of sarcopenia were associated with outcome. All
patients included in our first publication were considered in the
present study. Radiological parameters of sarcopenia were
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retrospectively assessed on CT scans performed at time of LT (±15
days) when available using transversal right psoas muscle
thickness at the umbilical level/height (TPMT/height in mm/m)3

and psoas muscle index (PMI in cm2/m2) at the L3-L4 level.4 Age,
hospitalization status (home, general ward, intensive care unit
[ICU]), model for end-stage liver disease score and grade of
ACLF were available for patients at time of LT. We studied the
main patient characteristics in the ACLF cohort that were asso-
ciated with 1-year survival on univariate and multivariate anal-
ysis using the Cox proportional hazards regression models. The
overall survival curves at 1 year were estimated using the
Kaplan-Meier method and were compared using the log-rank
test. Statistical testing was done at the 2-tailed a level of 0.05.
CT scans allowing for the assessment of TPMT/height and PMI
were available in 584 out of 629 patients (93%) initially included
in our previous study: 270/292 patients without ACLF, 105/119
patients with ACLF grade 1, 139/145 ACLF grade 2 and 70/73 ACLF
grade 3. For these patients, 1-year survival was respectively 91%
(95% CI 87-94) vs. 83% (76-90) vs. 88% (83-94) vs. 83% (74-92), p =
0.1. TPMT/height was 18.4 mm/m (15.4-21.1) vs. 17.5 mm/m (15.4
- 20.0) vs. 16.9 mm/m (14.6-20.2) vs. 16.1 mm/m (14.1-18.6),
respectively, p <0.0001. PMI was 6.9 cm2/m2 (5.6-8.3) vs. 6.3 cm2/
m2 (5.1-7.3) vs. 6.1 cm2/m2 (5.2-7.4) vs. 5.4 cm2/m2 (4.6-6.5),
respectively, p <0.0001. Uni and multivariate analyses associated
with 1-year survival in the ACLF cohort are provided in Table 1
and suggest an independent association between 1-year mor-
tality and radiological parameters of sarcopenia. In a second step,
we aimed to assess the ability of the already published thresh-
olds of TPMT/height (16.6 mm/m)3 and PMI (5.1 cm2/m2 in men
and 4.3 cm2/m2) in women4 to identify patients with ACLF with
poorer outcome following LT. These thresholds respectively
identified 2 populations with different 1-year survival: 91%

(86-96) vs. 79% (73-86), p = 0.004 (Fig. 1A) and 88% (84-92) vs.
75% (65-85), p = 0.007 (Fig. 1B).

In sensitivity analyses according to sex, there was only a trend
towards an association of these parameters with 1-year survival
in men while the association was independent in women, in cox
regression analyses (Table 1). In the same line, women with low
TPMT/height and PMI according to established thresholds
experienced lower survival 77% (67-88) vs. 97% (91-100), p =
0.01, and 74% (56-90) vs. 88% (81-96), p = 0.04, respectively.
Men with low PMI had significant lower 1-year survival (76%
(63-88) vs. 88% (83-93), p = 0.05). Male patients with low TPMT/
height experienced a trend towards lower survival (80% (73-85)
vs. 89% (84-95), p = 0.07).

The present analyses on our previously published cohort
suggest three important considerations. First, even if non-
different 1-year survivals after LT were observed, patients
transplanted with ACLF showed significantly decreased muscle
mass compared to patients without ACLF, with the most severe
sarcopenia observed in ACLF grade 3 patients. This suggests that
despite a stringent selection process, only about 3% of patients
with cirrhosis in the ICU were selected for LT,2 some patients
with severe sarcopenia were still carefully chosen for LT.
Second, and despite the first observation, patients with the
most severe sarcopenia have the lowest 1-year survival inde-
pendently of other cofounding factors. Third, the evaluation of
sarcopenia by psoas measurements seems less sensitive in men
than in women, for transplanted patients with ACLF. However,
due to the intrinsic retrospective design of our analyses, pa-
tients with the most severe sarcopenia still had accept-
able outcomes.

Nonetheless, our study has several limitations mainly related
to the use of psoas-related sarcopenia parameters (variation of

Table 1. Multivariate analysis of factors associated with 1-year mortality in patients with ACLF at time of liver transplantation.

Covariant

Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Male sex 1.11 0.56 -1.98 0.86
Age (per 10-year increase) 0.92 0.72-1.34 0.92
MELD score 1.01 0.96-1.06 0.83
Hospitalization status 1.51 0.98-2.35 0.06 1.43 0.91-2.22 0.11
Grade ACLF 0.91 0.64-1.43 0.84
TPMT/height 0.92 0.86-0.99 0.05 0.93 0.86-1.00 0.07*
PMI 0.89 0.66-0.97 0.02 0.82 0.68-0.99 0.03*

Male (n = 222)
Age (per 10-year increase) 1.31 0.89-1.93 0.24
MELD score 1.03 0.97-1.10 0.33
Hospitalization status 1.47 0.88-2.46 0.13
Grade ACLF 1.02 0.64-1.64 0.91
TPMT/height 0.95 0.88-1.01 0.09 0.95 0.88-1.01 0.09*
PMI 0.83 0.67-1.00 0.08 0.83 0.67-1.00 0.08*

Female (n = 92)
Age (per 10-year increase) 0.47 0.28-0.83 0.008 0.52 0.29-0.94 0.03
MELD score 0.96 0.89-1.03 0.29
Hospitalization status 1.64 0.71-3.80 0.25
Grade ACLF 0.82 0.40-1.70 0.60
TPMT/height 0.82 0.71-0.95 0.01 0.85 0.73-0.97 0.03*
PMI 0.72 0.61-0.98 0.04 0.88 0.79.-0.99 0.05*

ACLF, acute on chronic liver failure; MELD, model for end-stage liver disease; PMI psoas muscle index; TPMT/height transversal right psoas muscle thickness at the umbilical
level/height. Uni and multivariate analysis using the Cox proportional hazards regression models.
*Analyses performed separately to avoid collinearity.
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umbilicus level, psoas accounting for less than 15% of the total
skeletal muscle area etc.). It has recently been confirmed that
L3-skeletal muscle index (L3SMI) is more strongly correlated
with total body protein5 with less misclassification of mortality
risk in patients with cirrhosis.4 Moreover, patients with higher
mortality risk are underestimated using psoas cut-offs. The
psoas cut-offs in the present study were mainly used to illustrate
the association between TPMT/height and PMI with 1-year
mortality.4 However, even if not ideal, the present study
strongly suggests that psoas sarcopenia evaluation is an
independent predictor of 1-year mortality in patients with ACLF.

Therefore, we feel that a prospective evaluation of sarcopenia,
particularly using L3SMI, should be integrated into the pre-
transplant work up of patients with ACLF who are candidates
for LT. This would allow us to assess the impact of sarcopenia on
outcomes after LT. Finally, sarcopenia parameters could be
implemented into a multivariate model to identify patients un-
dergoing potentially inappropriate LT.

Financial support
The authors received no financial support to produce
this manuscript.

Conflicts of interests
The authors declare no conflicts of interest that pertain to
this work.

Please refer to the accompanying ICMJE disclosure forms for
further details.

Authors’ contributions
Design of the study: FA, CLG, GPG, FS, AL. Acquisition of data: FA,
CLG. Statistical analysis: FA, AL. Drafting of the manuscript: FA,
CLG, GPG, FS, AL.

Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jhep.2021.09.004.

References
Author names in bold designate shared co-first authorship

[1] Belli LS, Duvoux C, Artzner T, Bernal W, Conti S, Cortesi PA, et al. Liver
transplantation for patients with acute-on-chronic liver failure (ACLF) in
Europe: results of the ELITA/EF-CLIF collaborative study (ECLIS). J Hepatol
2021;75(3):610–622. https://doi.org/10.1016/j.jhep.2021.03.030.

[2] Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya J, et al. Liver
transplantation in the most severely ill cirrhotic patients: a multicenter
study in acute-on-chronic liver failure grade 3. J Hepatol 2017;67:708–715.
https://doi.org/10.1016/j.jhep.2017.06.009.

[3] Durand F, Buyse S, Francoz C, Laouénan C, Bruno O, Belghiti J, et al. Prog-
nostic value of muscle atrophy in cirrhosis using psoas muscle thickness on
computed tomography. J Hepatol 2014;60:1151–1157. https://doi.org/10.
1016/j.jhep.2014.02.026.

[4] Ebadi M, Wang CW, Lai JC, Dasarathy S, Kappus MR, Dunn MA, et al. Poor
performance of psoas muscle index for identification of patients with
higher waitlist mortality risk in cirrhosis. J Cachexia Sarcopenia Muscle
2018;9:1053–1062. https://doi.org/10.1002/jcsm.12349.

[5] Wells CI, McCall JL, Plank LD. Relationship between total body protein and
cross-sectional skeletal muscle area in liver cirrhosis is influenced by
overhydration. Liver Transplant Off Publ Am Assoc Study Liver Dis Int Liver
Transplant Soc 2019;25:45–55. https://doi.org/10.1002/lt.25314.

Florent Artru1,2,*

Charles le Goffic1

Georges-Philippe Pageaux3

Faouzi Saliba4

Alexandre Louvet1
1Hôpital Claude Huriez, Services Maladies de l’Appareil Digestif and

INSERM Unité 995, CHRU Lille, Lille, France
2Institute of Liver Studies, School of Immunology and Microbial Sciences,

King’s College Hospital, London, UK
3Hôpital Saint Eloi, Service d’Hépato-Gastroentérologie et

Transplantation Hépatique, Montpellier, France
4AP-HP Hôpital Paul-Brousse, Centre Hépato-Biliaire, Liver Intensive

Care Unit, INSERM, Unité 1193 and Université Paris-Saclay,
Villejuif, France

*Corresponding author. Address: Service Maladies de l’Appareil
digestif, Hôpital Huriez, Rue Polonovski, Lille, France, and Institute of
Liver Studies, School of Immunology and Microbial Sciences, King’s

College Hospital, Denmark Hill, London SE9 5RS, UK.
E-mail address: florent.artru@kcl.ac.uk (F. Artru)

0 100 200 300 400
0%

20%

40%

60%

80%

100%
Su

rv
iv

al
 (%

)

Su
rv

iv
al

 (%
)

Time (days)

91% (86-96)

79% (73-86)

p = 0.004

0 100 200 300 400
0%

20%

40%

60%

80%

100%

p = 0.007

88% (84-92)

75% (65-85)

Time (days)
Patients with TPMT/height above 16.6 mm/m (N = 158)

Patients with TPMT/height below 16.6 mm/m (N = 156)

Patients with PMI above 5.1 cm2/m2 in men and 4.3 cm2/m2 in women (N = 245) 

Patients with PMI below 5.1 cm2/m2 in men and 4.3 cm2/m2 in women (N = 69) 

A B

Fig. 1. One-year survival following liver transplantation in patients transplanted with ACLF and an available CT scan performed at LT (±15 days) from our
initial cohort (314 patients out of 337 with ACLF).2 (A) according to the threshold of 16.6 mm/m of TPMT/height3; (B) according to the thresholds of 5.1 cm2/m2

in men and 4.3 cm2/m2 in women of PMI.4 ACLF, acute-on-chronic liver failure; LT, liver transplantation; TPMT, transversal right psoas muscle thickness at the
umbilical level. Survivals were estimated by the Kaplan-Meier method and compared by log-rank test.
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