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Abstract
BACKGROUND 
Sarcopenia, which is a loss of skeletal muscle mass, has been reported to increase 
post-transplant mortality and morbidity in patients undergoing the first liver 
transplant. Cross-sectional imaging modalities typically determine sarcopenia in 
patients with cirrhosis by measuring core abdominal musculatures. However, 
there is limited evidence for sarcopenia related outcomes in patients undergoing 
liver re-transplantation (re-OLT).

AIM 
To evaluate the risk of mortality in patients with pre-existing sarcopenia following 
liver re-OLT.
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METHODS 
This is a retrospective study of all adult patients who had undergone a liver re-
OLT at the University of Nebraska Medical Center from January 1, 2007 to 
January 1, 2017. We divided patients into sarcopenia and no sarcopenia groups. 
“TeraRecon AquariusNet 4.4.12.194” software was used to evaluate computed 
tomography or magnetic resonance imaging of the patients done within one year 
prior to their re-OLT, to calculate the Psoas muscle area at L3-L4 intervertebral 
disc. We defined cutoffs for sarcopenia as < 1561 mm2 for males and < 1464 mm2 
for females. The primary outcome was to compare 90 d, one, and 5-year survival 
rates. We also compared complications after re-OLT, length of stay, and re-
admission within 30 d. Survival analysis was performed with Kaplan-Meier 
survival analysis. Continuous variables were evaluated with Wilcoxon rank-sum 
tests. Categorical variables were evaluated with Fisher’s exact tests.

RESULTS 
Fifty-seven patients were included, 32 males: 25 females, median age 50 years. 
Two patients were excluded due to incomplete information. Overall, 47% (26) of 
patients who underwent re-OLT had sarcopenia. Females were found to have 
significantly more sarcopenia than males (73% vs 17%, P < 0.001). Median model 
for end stage liver disease at re-OLT was 28 in both sarcopenia and no sarcopenia 
groups. Patients in the no sarcopenia group had a trend of longer median time 
between the first and second transplant (36.5 mo vs 16.7 mo). Biological markers, 
outcome parameters, and survival at 90 d, 1 and 5 years, were similar between the 
two groups. Sarcopenia in re-OLT at our center was noted to be twice as common 
(47%) as historically reported in patients undergoing primary liver 
transplantation.

CONCLUSION 
Overall survival and outcome parameters were no different in those with and 
without the evidence of sarcopenia after re-OLT.

Key Words: Sarcopenia; Liver transplantation; Mortality; Re-transplantation; Psoas muscle 
index

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a limited data on outcomes among patients with sarcopenia 
undergoing re-transplantation of the liver. A retrospective study of 57 patients who 
underwent re-transplantation showed 47% of patients had sarcopenia by Psoas muscle 
index at the level of L3-L4 Intervertebral disc prior to re-transplantation. Biological 
markers, outcome parameters, and survival at 90 d, 1 and 5 years, were similar between 
the two groups. Sarcopenia in re-transplantation was noted to be twice as common as 
historically reported in patients undergoing primary liver transplantation.

Citation: Dhaliwal A, Larson D, Hiat M, Muinov LM, Harrison WL, Sayles H, Sempokuya T, 
Olivera MA, Rochling FA, McCashland TM. Impact of sarcopenia on mortality in patients 
undergoing liver re-transplantation. World J Hepatol 2020; 12(10): 807-815
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/807.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.807

INTRODUCTION
The European Working Group on Sarcopenia in older people defined sarcopenia as the 
progressive and generalized loss of skeletal muscle mass and strength, resulting in an 
increased risk of poor quality of life and death[1]. Due to the alterations in protein 
turnover and metabolic changes in liver disease, sarcopenia is a common complication 
of cirrhosis[2]. In patients with cirrhosis, sarcopenia can be identified using cross-
sectional imaging modalities such as computed tomography (CT) or magnetic 
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resonance imaging (MRI) to measure skeletal muscle area of core abdominal 
muscles[3]. Skeletal muscle measurements are obtained at the level of the third-fourth 
lumbar vertebrae as measurements at this level give an accurate estimation of total 
body skeletal muscle mass[4]. Psoas muscle area (PMA) is most commonly measured as 
it can be easily evaluated by imaging and is not susceptible to compression by 
ascites[5]. Sarcopenia is diagnosed when PMA is less than 1561 mm2 in men and less 
than 1464 mm2 in women with cirrhosis[3].

Sarcopenia has been noted in 22%-65% of cirrhotic patients and is associated with 
increased waiting list mortality in liver transplant patients, with studies reporting at 
least a 2-fold higher risk of mortality in sarcopenic patients compared to those without 
sarcopenia[3,4,6-8]. Sarcopenia is also associated with higher mortality after primary liver 
transplantation, with one-year survival rates following primary liver transplant 
ranging from 50%-64% for sarcopenic patients compared with 85%-94% for non-
sarcopenic patients[3,9,10]. Graft survival is also affected by sarcopenia, and patients 
without sarcopenia experience significantly higher one-year graft survival rates than 
do patients with sarcopenia (90.1% and 77.9%, respectively)[11].

For liver transplant recipients with graft failure, re-transplantation (re-OLT) is the 
only effective treatment option[12]. The United Network for Organ Sharing reported 
that the graft failure rate for orthotopic liver transplant (OLT) recipients in the United 
States in 2016 was 7.3% and 9.8% at six months and one year, respectively[13]. Similarly, 
recent studies have found the incidence of re-OLT among OLT recipients to be 4%-
17%[13-20]. While survival rates following primary liver transplantation continue to 
improve, overall survival following re-OLT remains 10% to 20% lower than after 
primary OLT[13,18].

Given the limited number of organs available for transplant, it is essential to 
determine factors that may be associated with increased mortality after liver re-
transplantation. While sarcopenia has been associated with worse outcomes, and a 
higher risk of mortality following primary OLT, the effect of sarcopenia on re-OLT has 
not been addressed. Interestingly, studies have shown that sarcopenia can be 
reversible, with 28% of patients experiencing resolution of sarcopenia following 
primary OLT[21]. However, the incidence of sarcopenia prior to re-OLT is not well 
reported. This study was undertaken to examine the relationship between sarcopenia 
and re-OLT and to determine whether sarcopenia prior to re-OLT increases the risk of 
mortality following re-OLT.

MATERIALS AND METHODS
Study design
This is a retrospective study of the patients who had liver re-OLT at University of 
Nebraska Medical Center (UNMC) between 01/01/07 and 01/01/2017. The study was 
approved by Institutional Review Board (IRB) of UNMC (IRB number# 236-17-EP). 
Two experienced staff body radiologists retrospectively evaluated abdominal CTs or 
MRIs of these patients, which were obtained within one year prior to their liver re-
transplantation. “TeraRecon Aquarius Net 4.4.12.194” software (Foster City, CA, USA) 
was utilized to calculate the 2D PMA of each psoas muscle, measured in a 
semiautomatic fashion on a single axial image at L3-L4 intervertebral disc level. The 
sum of bilateral PMAs was recorded (Figure 1). Based on PMA, patients were divided 
into sarcopenia vs no sarcopenia group. Sarcopenia was defined as PMA < 1561 mm2 

for males and PMA < 1464 mm2 for females[3].

Study subjects
Inclusion criteria were: (1) Age > 18 years old; and (2) Patients who had liver re-OLT 
between 01/01/07 - 01/01/2017 and had CT or MRI of the abdomen and pelvis done 
within one year prior to their liver re-OLT were included. Exclusion criteria were: (1) 
Patients who did not meet the inclusion criteria; (2) Pregnant females; and (3) 
Incomplete medical record information.

Study outcomes and statistical analysis 
The primary outcome was to compare 90 d, one, and 5-year survival rates between the 
two groups (sarcopenia vs no sarcopenia). Secondary outcomes: Hospital length of 
stay (LOS), intensive care unit (ICU) LOS, readmission within 30 d, need for dialysis, 
pulmonary complications, primary non-function (PNF), acute rejection episodes, 
arterial and biliary complications between patients who had sarcopenia vs no 
sarcopenia. Pulmonary complications are conditions such as pneumonia, pleural 
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Figure 1  The 2D Psoas muscle area of each psoas muscle, measured in a semiautomatic fashion on a single axial image at L3-L4 
intervertebral disc level.

effusions, or respiratory failure requiring supplement oxygen. PNF was defined as an 
irreversible graft failure requiring emergent liver retransplantation during the first 10 
d of the transplantation. Acute rejection episodes were biopsy proven. Arterial 
complications were defined mainly as conditions such as hepatic artery thrombosis 
and stenosis. Biliary complications were defined as conditions such as biloma 
formation, cholangitis, anastomotic strictures and anastomotic leak. Potential 
confounding variables were also evaluated between those with and without 
sarcopenia including age, sex, body mass index, model for end stage liver disease 
(MELD), the time between the first and second transplants, and several biomarkers 
such as albumin, platelet counts, creatinine, International Normalized Ratio (INR), 
sodium, and presence of ascites. Comparison of baseline characteristics were done on 
sarcopenia and no sarcopenia groups to minimize selection bias. Survival analysis was 
conducted with Kaplan-Meier survival curve. Wilcoxon rank-sum tests were used to 
evaluate continuous variables, while Fisher’s exact tests were used to compare 
categorical variables. P values of less than 0.05 were considered significant. All 
statistical analyses were conducted using STATA version 14 (The Stata Corp, College 
Station, TX, United States). The statistical methods of this study were reviewed by 
Harlan Sayles from Department of Biostatistics, College of Public Health, UNMC.

RESULTS
A total of 57 patients were included in our study; 32 (56%) were males and 25 (44%) 
were females. The overall median age in our study was 50 years. Two patients were 
excluded from the no sarcopenia group due to incomplete information. Overall, 47% 
(26) of patients underwent re-OLT had sarcopenia and 53% (29) of patients had no 
evidence of sarcopenia.

Demographics and other potential confounding variables
In our study, female gender was found to be significantly associated with sarcopenia 
with P < 0.001 (73% females vs 17% females in no sarcopenia group). Median MELD at 
re-OLT was 28 in both the groups. Patients in the no sarcopenia group had a trend of 
longer median time between the first and second transplant as compared to patients in 
the sarcopenia group, however this was not significant (36.5 mo vs 16.7 mo, P = 0.34). 
Biological markers including albumin, platelets, creatinine, INR and sodium were 
similar in both the groups (Table 1). There was no difference noted in regard to the 
presence of ascites in patients with sarcopenia vs no sarcopenia group (81% vs 62%, P = 
0.13)
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Table 1 Demographics and biochemical variables in our patient population

Potential confounder n Sarcopenia [Median (IQR) or n (%)] No sarcopenia [Median (IQR) or n 
(%)] P value

Age (yr) 55 49.5 (34, 59) 50 (34, 59) 0.906

Male sex 55 7 (27) 25 (86) < 0.001

BMI 55 24 (23, 29) 24.7 (21.7, 30.9) 0.781

MELD1 55 28 (24, 33) 28 (24, 33) 0.846

Time between 1st and 2nd OLT (mo) 55 16.7 (5.2, 108.1) 36.5 (7.4, 121.4) 0.337

Albumin 55 2.6 (2.1, 3.3) 2.7 (2.4, 3.1) 0.685

Platelets 55 100 (75, 189) 127 (79, 189) 0.544

Cr 55 1.24 (0.87, 1.76) 1.55 (1.26, 2.01) 0.149

INR 55 1.3 (1.1, 2.1) 1.5 (1.1, 1.8) 0.892

Na 55 136 (132, 139) 136 (134, 138) 0.716

Ascites 55 21 (81) 18 (62) 0.127

IQR: Interquartile range; BMI: Body mass index; Cr: Creatinine; MELD: Model for end-stage liver disease; OLT: Orthotopic liver transplantation; INR: 
International normalized ratio; Na: Sodium.

Primary and secondary outcomes 
The survival rates between sarcopenia and no sarcopenia group at 90 d (88% vs 90%), 
1-year (76% vs 81%) and 5-year (59% vs 68%) were similar. No statistical difference was 
noted in terms of mortality. Kaplan-Meier survival estimates were performed at 90 d, 
one, and 5-years between the two groups depicting no difference in the survival 
(Figure 2). The median ICU LOS, readmission to ICU, number of days intubated, need 
for dialysis and readmissions within 30 d were comparable between the two groups. 
The median total hospital LOS in no sarcopenia group was higher (21 d) as compared 
to sarcopenia group (14 d), but this was not statistically significant. The sarcopenia 
group had trend of higher pulmonary complications as compared to no sarcopenia 
group (38% vs 18%, P = 0.1). The post-transplant graft complications in terms of PNF, 
acute rejections, arterial and biliary complications were similar between the two 
groups (Table 2).

DISCUSSION
Due to the high prevalence of sarcopenia in patients with cirrhosis and its association 
with adverse outcomes, it is important to identify patients with sarcopenia prior to 
liver transplantation. While multiple modalities have been used to diagnose 
sarcopenia, the current gold standard is to use CT and/or MRI imaging to estimate 
muscle mass[1]. These imaging modalities are preferred as they provide higher 
accuracy in quantifying muscle and fat as compared to other methods such as dual-
energy X-ray absorptiometry or bio impedance analysis[5]. While earlier studies used 
the third lumbar skeletal muscle index (L3) to identify sarcopenia, recent studies have 
shown that PMA gives a more accurate estimation of total body skeletal muscle mass 
as it is not affected by ascites or hepatomegaly[3,5]. PMA has also been shown to be 
strongly associated with post-transplant mortality[9]. For these reasons, we used PMA 
obtained from CT and/or MRI images to diagnose sarcopenia in our study population.

Studies have shown that up to 17% of cirrhotic patients who undergo liver 
transplantation will require re-OLT due to graft failure. The most common indications 
for liver re-OLT reported in the literature include PNF, hepatic artery thrombosis, 
arterial and biliary complications, recurrence of disease and acute or chronic rejection. 
The median time interval from primary transplantation to re-OLT ranged from 8 d to 
557 d in these studies[13,14,16-19]. Similar to previous studies, patients in our study 
underwent re-OLT for PNF, acute rejection, hepatic artery thrombosis, arterial and 
biliary complications. The incidence of these complications was similar in patients 
with sarcopenia compared to those without. Compared to previous studies, our study 
population without sarcopenia had longer median time from primary transplantation 
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Table 2 Associations between sarcopenia status and outcomes

Outcome n Sarcopenia Median (IQR) or n (%)] No Sarcopenia Median (IQR) or n (%)] P value

Post-op survival for 90 d 55 23 (88) 26 (90) 1.000

Post-op survival for 1 yr 52 19 (76) 22 (81) 0.740

Post-op survival for 5 yr 41 13 (59) 13 (68) 0.746

ICU length of stay (d) 55 3 (2, 4) 2 (2, 5) 0.696

Readmission to ICU 54 4 (15) 4 (14) 1.000

Total length of stay (d) 55 13.5 (10, 27) 21 (9, 28) 0.661

Intubation days 55 1.5 (1, 3) 1 (1, 3) 0.484

Pulmonary complications 54 10 (38) 5 (18) 0.131

Need for dialysis 54 6 (23) 7 (25) 1.000

Readmission within 30 d 55 13 (50) 13 (45) 0.790

PNF 55 2 (8) 0 (0) 0.219

Acute rejection 55 2 (8) 4 (14) 0.672

Arterial complications 55 6 (23) 5 (17) 0.739

Biliary complications 55 8 (31) 10 (34) 1.000

IQR: Interquartile range; ICU: Intensive care unit; PNF: Primary non-function.

Figure 2  Kaplan-Meier analysis showings 90-d, 1-year and 5-year survival analysis in patients with sarcopenia status.

to re-OLT compared to sarcopenic patients (36.5 mo vs 16.7 mo). Although clinically, 
this was an important finding, but this difference was not statistically significant (P = 
0.34). Unlike previous studies which have shown that sarcopenia is more prevalent in 
males, we found female gender to be significantly associated with sarcopenia in our 
study[7,21].

Sarcopenia has been well studied in patients undergoing primary liver 
transplantation but the effects of sarcopenia on patients who require re-OLT remain 
relatively unknown. Given that many of the clinical consequences of cirrhosis reverse 
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with liver transplantation, it might be expected that sarcopenia also improves 
following transplantation. Montano et al[21] studied sarcopenia in cirrhotic patients 
undergoing liver transplantation and found that 28% of patients experienced 
resolution of sarcopenia following transplant. Other studies, however, found that the 
incidence of sarcopenia increased after transplant[5,8]. In a study by Tsien et al[8], 94% of 
patients with pre-transplant sarcopenia had persistent sarcopenia after transplant, and 
sarcopenia developed in 44% of patients who did not have sarcopenia prior to OLT. 
Likewise, Jeon et al[5] found the prevalence of sarcopenia after liver transplant to be 
46%, an increase from 36% prior to transplant. Similarly, we found the incidence of 
sarcopenia at our center to be 47%, suggesting that sarcopenia persists after initial 
transplant. Potential mechanisms for this include ongoing muscle loss due to 
immunosuppression regimens as well as prolonged hospital courses and sedentary 
lifestyle following transplant[22].

The adverse effects of sarcopenia on cirrhotic patients undergoing liver 
transplantation are well documented in the literature. Patients with sarcopenia 
experience longer hospital stays as well as longer stays in the ICU[3,11,21]. They also have 
a higher frequency of bacterial infections and post-operative sepsis[11,21,23]. Infections 
which occur in sarcopenic patients are also more likely to be severe[24]. Interestingly, 
we found no difference in total hospital LOS or ICU LOS after re-OLT in patients with 
sarcopenia compared to those without sarcopenia. We did note higher rates of 
pulmonary complications in patients with sarcopenia, however this difference was not 
statistically significant. Most importantly, we found no significant difference in the 
overall survival at 90 d, one and 5-year between patients with and without evidence of 
sarcopenia. This finding was unexpected given that sarcopenia has been associated 
with both higher waiting list mortality and post-transplant mortality[4]. Tandon et al[7] 
reported that survival rates for patients on the waiting list were 16% higher at one year 
and 19% higher at three years for non-sarcopenic patients compared to those with 
sarcopenia. Furthermore, Englesbe et al[9] found that total psoas area significantly 
affected post liver transplant mortality and the risk of mortality increased as psoas 
area decreased. In that study, one-year survival after liver transplant was 49.7% for the 
sarcopenic group and 87% for the non-sarcopenic group.

As 4%-17% of liver transplant recipients will require liver re-OLT, understanding 
the impact of sarcopenia on these patients is becoming increasingly important[13-20]. 
However, few studies have examined sarcopenia in this population and the effects of 
sarcopenia on mortality remain unknown. While we did not find any significant 
difference in mortality between sarcopenic and non-sarcopenic patients, this may be 
explained by our small population size.

Limitations
This is a single center retrospective study with small sample size of 55 patients (2 
patients were excluded). The sarcopenia status of the patients prior to their first liver 
transplant was unknown.

CONCLUSION
Sarcopenia in re-OLT at our center was noted to be twice as common (47%) as 
historically reported in patients undergoing primary transplantation. Sarcopenia was 
more common in females. Our study population with sarcopenia had shorter median 
time from primary transplantation to re-OLT compared to the patients without 
sarcopenia. However, in re-OLT patient’s overall survival and other outcome 
parameters were no different in those with and without evidence of sarcopenia. 
Further, multicenter studies are needed to validate our findings.

ARTICLE HIGHLIGHTS
Research background
Sarcopenia, which is a loss of skeletal muscle mass, has been reported to increase post-
transplant mortality and morbidity in patients undergoing the first liver transplant. 
Cross-sectional imaging modalities typically determine sarcopenia in patients with 
cirrhosis by measuring core abdominal musculatures.
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Research motivation
Identification of sarcopenia is becoming more prevalent in the initial liver 
transplantation. However, there is limited evidence for sarcopenia related outcomes in 
patients undergoing liver re-transplantation (re-OLT).

Research objectives
The study aimed to evaluate the risk of mortality in patients with pre-existing 
sarcopenia following liver re-OLT.

Research methods
This is a retrospective study of patients who had undergone a liver re-OLT. The 
presence of sarcopenia was determined by the Psoas Muscle Area on cross-sectional 
imaging. The primary outcome was to compare 90 d, one, and 5-year survival rates 
between sarcopenia and no sarcopenia group.

Research results
Overall, 47% of patients who underwent re-OLT had sarcopenia. Biological markers, 
outcome parameters, and survival at 90 d, 1 and 5 years, were similar between the two 
groups. Sarcopenia in re-OLT at our center was noted to be twice as common as 
historically reported in patients undergoing primary liver transplantation.

Research conclusions
Overall survival and outcome parameters were no different in those with and without 
the evidence of sarcopenia after re-OLT.

Research perspectives
Although sarcopenia has been shown to predict the outcomes after the first liver 
transplantation, our study did not show the difference in survival and outcome 
parameters between sarcopenia and non-sarcopenia groups. Besides, sarcopenia was 
more prevalent in patients undergoing re-OLT compared to initial transplantation. 
Larger prospective studies are needed to assess the impact of sarcopenia in patients 
undergoing re-OLT.
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