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Sarcopenia adversely impacts
postoperative complications

in living-donor liver transplantation
recipients
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Despite technological and immunological innovations, living-donor liver transplant (LDLT) recipients
still face substantial risk of postoperative complications. Sarcopenia is being recognized more and
more as a biomarker that correlates with poor outcomes in surgical patients. The purpose of this study
was to evaluate the relationship between sarcopenia and significant surgical complications in LDLT
recipients. This retrospective review included patients who had received LDLT at our institute from
2005 to 2017. Sarcopenia was assessed using the psoas muscle index (PMI) in cross-sectional images.
ROC curve analysis was used to determine the ability of PMI to predict postoperative complications.
Correlations between major postoperative complications and sarcopenia were evaluated using
regression analysis. A total of 271 LDLT recipients were included. No significant differences were found
between PMI and major postoperative complications in male patients. Female recipients with major
postoperative complications had significantly lower mean PMI values (P =0.028), and the PMI cut-off
value was 2.63 cm?/m2. Postoperative massive pleural effusion requiring pigtail drainage occurred
more frequently in the sarcopenia group than in the non-sarcopenia group (P =0.003). 1-, 3-, 5- and
10-year overall survival rates in female were significantly poorer in the sarcopenia group (n=14)
compared with the non-sarcopenia group (n=108), at 92.9% versus 97.2%, 85.7% versus 95.4%,
85.7% versus 92.5% and 70.1 versus 82.0%, respectively (P =0.041) and 94.6%, 89.9%, 85.9% and
78.5% in male patients. Sarcopenia is associated with a significantly higher risk of major postoperative
complications in females. PMI and sarcopenia together are predictive of major postoperative
complications and survival rates in female LDLT recipients.

Due to a shortage of deceased donor liver grafts, living donor liver transplantation (LDLT) provides an opti-
mum solution. However, despite substantial technological and immunological innovations, recipients may still
experience significant postoperative complications. These complications may include respiratory failure, renal
failure, sepsis, abscess formation, ascites and pleural effusion requiring drainage, poor healing/dehiscent wound,
gastrointestinal bleeding, bile leakage, internal bleeding, vascular complications, acute rejection, and stroke.
Protein-energy malnutrition is common in end-stage liver disease and is closely associated with increased risk
of morbidity and mortality after liver transplantation®?.

Sarcopenia, the most common complication in cirrhotic patients, is broadly defined as a significant loss of
muscle mass and function. It is recognized as an important independent risk factor for numerous adverse out-
comes, including physical disability, falls, osteoporosis, major postoperative complications, prolonged hospital
stays, re-admission and death®~>. Sarcopenia is also associated with poor outcomes in both non-surgical and
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surgical patients with serious illnesses®’, and has been shown to be highly predictive of functional impairment,
chemotherapy toxicity, and mortality®®. It is also considered one of the main components of cancer cachexia
syndrome. Studies have demonstrated that sarcopenia has a negative impact on short-term outcomes after liver
resection in patients with liver tumors'’, and is also associated with mortality in patients with liver cirrhosis!’.

Multiple previous studies have evaluated sarcopenia for its role in postoperative complications and survival
rates after liver transplant®=®. However, few studies have evaluated sarcopenia for postoperative complications in
LDLT recipients in Asia. Therefore, the present study aimed to investigate the best cutoff value for sarcopenia,
focusing on postoperative complications and survival rates in Asian LDLT patients.

Materials and methods

The protocol for this retrospective study was reviewed and approved by the Research Ethics Committee of Chang
Gung Memorial Hospital (IRB no. 201601588B0) and was conducted in accordance with the principles of Dec-
laration of Helsinki and the International Conference on Harmonization for Good Clinical Practice. Informed
written consent was obtained from all patients.

Patients. The data of 271 patients (age > 20 years; 149 males, 122 female) who had undergone liver transplan-
tation at Chang Gung Memorial Hospital (CGMH) between January 2005 and September 2017 were retrieved
from the CGMH transplantation database and were included in the analytic sample. Patients without CT cross-
sectional images obtained 60 days before transplantation were excluded.

Computed tomography image analysis. All preoperative CT imaging was obtained using a multi-
detector computed tomography scanner (SOMATOM Definition Flash; SIEMENS, Munich, Germany). Stand-
ard CT acquisition parameters were as follows:120 kV, variable mA with dose modulation, soft tissue reconstruc-
tion algorithm matrix of 512 x 512, field of view (FOV) 30-35 cm, and reconstructed slice thickness 5 mm.

Skeletal muscle areas were analyzed quantitatively at the L3 level by commercial workstation (GE Healthcare
Centricity, GE, Chicago, IL, USA). Available CT images were processed through the local Picture Archiving
and Communication System (PACS). Manual tracing of the bilateral psoas muscle area (Total psoas muscle
area: cm?) from the L3 level cross-sectional image was performed by two radiologists. Two observers blinded
to patient outcomes read the CT images. The correlation (r) between the total psoas muscle area as measured
by two independent observers was 0.97. The total psoas muscle area values were normalized for stature (psoas
muscle index PMI: cm?/m?).

Morbidity classification. Assessment of post LDLT complications was performed according to the Cla-
vien-Dindo classification. The standardized Clavien-Dindo classification of surgery-related complications is a
simple and widely used tool applied to assess and report postoperative complications in general surgery. Prior to
any data analysis, we prespecified the primary and secondary outcomes. The primary outcomes were postopera-
tive morbidity occurring within 90 days of transplantation which was scored according to the Clavien-Dindo
classification; Complications with a score of>3a were considered major complications'’ the secondary out-
comes were 1-, 3-, 5- and 10-year overall survival rates.

Analyzed parameters. Clinical and laboratory data were collected from the CGMH transplantation data-
base. Recipient’s age, body weight, body height, creatinine and albumin levels on admission, Child-Pugh score,
model for end-stage liver disease (MELD) scores, graft-to-body-weight-ratio, operative time, cold ischemic
time, incidence of postoperative major complications, critical care stay, and overall length of stay were collected.
These parameters were compared between the sarcopenic and non-sarcopenic groups. To test the hypothesis
that sarcopenic recipients may have greater risk of major postoperative complications, sarcopenia and other
variables were compared between recipients with and without major complications. Overall and short-term
survival rates were compared between recipients with and without sarcopenia.

Statistical analysis. Descriptive statistics were calculated for the study cohort. Continuous variables were
summarized as mean and standard deviation (mean +SD). Associations between PMI and other variables were
assessed using standard linear regression analysis. Correlations between major postoperative complications and
sarcopenia were assessed using binary logistic regression. The impact of sarcopenia on morbidity and mortality
was examined using univariable and multivariable logistic regression analyses. Overall and short-term survival
rates were analyzed using the non-parametric Kaplan-Meier method. All statistical analyses were 2-tailed, and
a value of P <0.05 was established as statistical significance. All statistical analyses were performed using SAS
version 9.4 software (SAS Institute Inc., Cary, NC, USA).

Results

Of the 271 patients included in the study (Table 1), 45% of the study population was female (n=122). The
mean age at the time of transplant was 51.93 £ 7.4 years. Mean Body Mass Index (BMI) of the cohort was
24.89+4.23,9.2% were obese and 2.58% were underweight. The mean lab MELD score at the time of transplant
was 20.54+10.22. The mean time between CT scan and LDLT is 10.12 +7.31 days. The mean PMI was 5.36 +2.01
cm?/m?. A total of 39 patients (14.4%) died during the observation period (6.5 + 3.57 years). Male patients
had a slightly higher mean BMI than females that was still a statistically significant difference (25.08 vs. 24.67;
P=0.014). PMI was significantly higher in males than in females (6.36 +1.9 vs. 4.25+1.27; P <0.0001). Linear
regression analysis revealed that PMI correlated significantly (P <0.05) and negatively with age at transplant
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Characteristic All patients (n=271) | Male (n=149) | Female (n=122) | P value
Age (mean +SD) 51.93+7.40 51.61+£6.90 52.32+7.98 0.439
BMI 24.89+4.23 25.08+3.55 24.83+4.45 0.602
PMI (cm?*/m?) 5.36+2.01 6.37+1.91 429+1.22 <0.0001
MELD 20.54+10.22 21.79+10.19 19.02+10.10 0.027
Creatinine 0.85+0.39 0.95+0.35 0.73+£0.42 0.0001
Albumin 2.92+0.67 2.95+0.73 2.90+0.59 0.511
Total bilirubin 4.57+7.59 4.14+£7.19 5.13+8.10 0.291
ICU 20.76+12.35 20.87+13.04 20.65+11.51 0.885
Hospital stay (days) | 76.54+41.29 74.87 £40.81 78.58+41.95 0.463
Graft 0.0001
Left 59 9 50

Right 212 140 72

Etiology of liver disease

HBV 58 41 17

HCV 48 7 41

HBV/HCV 3 1 2

Other 53 19 34

HCC 6 4 2

T1 3 2 1 1.000
T2 3 2 1

HBV/HCC 67 60 7

T1 35 15 20 0.033
T2 32 29 3

HCV/HCC 29 9 20

T1 6 2 4 0.270
T2 23 6 17

HBV/HCV/HCC 7 6 1

T1 2 2 0 0.495
T2 5 4 1

Table 1. Demographic and clinical characteristics of LDLT recipients. BMI, Body mass index; MELD, Model
for end-stage liver disease; ICU, Intensive care unit; HBV, Hepatitis B virus; HCV, Hepatitis B virus; HCC,
Hepatocellular carcinoa.

Complication | No/minor complication | Major complication | P value
Male N=96 N=53

Female N=63 N=59

Male/PMI 6.324 + 1.768 6.446+2.155 0.709
Female/PMI 4.521 + 1.274 4.038+1.108 0.028

Table 2. The correlation between postoperative major complications and sarcopenia. PMI, Psoas muscle index

and ICU stays; however, it correlated positively with BMI (R-value all <0.3). Additionally, positive correlations
between PMI and albumin, and negative correlations with MELD scores were noted, without statistical signifi-
cance (Table 1).

During the first 90 days after LDLT, 153 patients presented no or minor complications, whereas 112 patients
experienced major complications, including BT, herpes, chest pigtail, TPN, diarrhea, bile leak, pleural effusion
and portal vein stenosis. No significant correlations were found between PMI and major complications in male
patients (P =0.709).

A total of 59 female recipients demonstrated Clavien-Dindo grade >3 for postoperative complications. The
independent samples T-test showed significantly lower mean PMI values (4.04+ 1.11) in recipient group females
with major complications (P =0.028) than those in the recipient group females without complications (4.52 +1.27)
(Table 2). ROC curve analysis (Fig. 1) revealed a PMI cut-off point at 2.63 cm?/m? (sensitivity = 20.6%, speci-
ficity =92%, AUE =0.567). Post-operative massive pleural effusion requiring pigtail drainage occurred more
frequently in the sarcopenia group than in the non-sarcopenia group (P =0.003).
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Figure 1. ROC curve analysis revealed PMI correlation with major complications after living donor liver
transplant(P =0.028). The PMI cut-off point as 2.63 (sensitivity =20.6%, specificity = 92%, AUE=0.567).
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Figure 2. ROC curve analysis revealed PMI correlation with one year mortality after a living donor liver
transplant for female PMI and 1-year mortality (sensitivity = 83.3%, specificity=41.7%, AUE=0.553).
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Figure 3. Survival analysis by Kaplan-Meier method.

The number of 10-year survival
Female/PMI cases Mortality | 1-year survival (%) | 3-year survival (%) | 5-year survival (%) | (%)
PMI<2.63 14 6 929 85.7 85.7 70.1
PMI>2.63 108 16 97.2 95.4 92.5 82.0
Overall 122 22

Table 3. Comparison of overall survival rate between sarcopenia and non-sarcopenia female patients.

The 1-, 3-, 5- and 10-year survival rates were 95.5%, 92.6%, 89.7% and 50.1%, respectively. ROC curve analysis
revealed PMI correlation with 1 year mortality after a living donor liver transplant for female PMI and 1-year
mortality. (sensitivity =83.3%, specificity=41.7%, AUE=0.553) (Fig. 2). Survival analysis using the Kaplan-Meier
method (Fig. 3) also showed that 1-, 3-, 5- and 10-years overall survival rates were significantly poorer in the
sarcopenia group (n=14) than in the non-sarcopenia group (n=108), including 92.9% versus 97.2%, 85.7%
versus 95.4%, 85.7% versus 92.5% and 70.1 versus 82.0%, respectively (P =0.041) (Table 3).

Discussion

Results of the present study show that female sarcopenia patients had higher occurrence rates (57%) for major
complications after LDLT compared to males and non-sarcopenia patients. This was noted especially in mas-
sive pleural effusion (29%), which led to longer ICU stays. These patients all received early drainage with pigtail
catheter to improve respiratory function. However, female sarcopenia patients had poor 10-year survival rates
(70.1%) compared with those of the non-sarcopenia group (82%). A previous study"® reported that pulmonary
complications, sepsis, hemorrhage and acute rejection were the major complications observed during the first
period of hospitalization. Malnutrition and sarcopenia are common in patients with end-stage liver disease, and
the prevalence of sarcopenia in adults before liver transplantation ranged between 14 and 78%. Sarcopenia may
lead to higher mortality while patients are on the waiting list for transplant. Recent study results'* have shown that
sarcopenia is associated with risk of higher morbidity and mortality in cancer patients, postoperative patients,
and post-transplant recipients, although the mechanisms are not well understood. Muscle mass functions as a
source of amino acids for protein synthesis and gluconeogenesis in stress and starvation'. Skeletal muscle loss
leads to contractile insufficiency, metabolic impairment, and myokine dysregulation, which contribute to dis-
ability, impaired immunity, and risk of sepsis-related death in cirrhotic patients'.

Certain measures of muscle mass only account for a single anatomic area, such as single slice imaging or
limb anthropometry (CT, MRI). Other measures, including dual X-ray absorptiometry (DXA) and bioelectrical
impedance analysis (BIA), are based on total body measures, including fat mass, total body water, total body
protein, and bone mineral content. Prakiknjo et al., reported fat free muscle mass in MRI could be as a marker
of sarcopenia, which predicts acute-on-chronic liver failure and survival in decompensated cirrhosis'® with
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no radiation exposure and avoids the risk of contrast medium-induced renal failure. However, in the cirrhotic
patient, when fluid overload is present, the proportion of total body water is altered, which reduces the accuracy
of such methods, leading to overestimation of lean body mass. However, the role of DXA in the evaluation of
body composition is well established and remains the leading method for evaluating body composition. In the
non-transplant setting, DXA is a more widely available instrument for evaluating muscle quality (total body lean
tissue mass or appendicular skeletal muscle mass) non-invasively.

Currently, the most common definition of sarcopenia is appendicular skeletal muscle index more than two
SDs below that of typical healthy adults (5.45 kg/m? for females; 7.26 kg/m? for males)'”. However, recipients
included in the present study did not have primary measures of body composition by DXA, therefore we could
not report on appendicular skeletal muscle. However, serial CT scan is part of standard clinical care in cirrhotic
patients and during liver transplantation assessment, and all recipients in the present study underwent preop-
erative triphasic CT scan of the abdomen with vascular reconstruction images. These CT images are used to
evaluate skeletal muscle mass in adults with liver disease without generating radiation risk or additional cost.
Furthermore, MRI and CT are cited as the gold standard for body composition assessment, and they can be used
interchangeably to quantify muscle mass*'.

No universal consensus exists on the sarcopenia definition cut-off point based on cross-sectional images.
The majority of studies define sarcopenia using the muscle area or skeletal muscle index of the lowest quartile in
the patients’ group—below the 5th percentile or < 2SD of the mean in healthy adults/donors groups. The present
study used optimum stratification by SAS (version 9.4) to find the most significant P-value using the log-rank x.
statistic to define the sex-specific cut-off points associated with mortality, which was introduced by Prado et al."’
in 2008. Optimum stratification solves the threshold value of the continuous covariate that, based on log-rank
statistics, best separates patients with sarcopenia from those who did not have sarcopenia for a sufficient time to
an event outcome (mortality). These cut-offs were then used to classify patients as those with sarcopenia or those
without sarcopenia'®. Many investigators used the skeletal muscle index cut-off points of Prado et al. (52.4 cm*/m?
for men and 38.5 cm?*/m? for women) to define sarcopenia in their studies. Although some studies have cited total
skeletal muscle area/index as a more complete measure than psoas muscle area alone, mainly because it is closely
related to total body protein and wait-list mortality**?!, the psoas muscle area at the L3 lumbar vertebra landmark
has also been reported to provide a convenient and reproducible measurement method. A number of studies
have demonstrated that the psoas muscle area can accurately estimate the whole-body tissue measurements?-2,
A recent study by Golse et al.”® clarified that the psoas muscle area and psoas muscle index offer better accuracy
than the skeletal muscle index in evaluating cirrhotic patients undergoing liver transplantation.

Sarcopenic cancer patients and organ transplant/liver transplant recipients have been shown to have higher
morbidity and mortality rates than cancer and transplant recipients without sarcopenia>®**?*. The present
study also revealed that sarcopenic LDLT recipients had more postoperative complications with Clavien-Dindo
grades > 3. The prevalence of sarcopenia was reported in 17 studies and ranged from 22.2% to nearly 70%. The
prevalence greatly depended on the definition used. All studies that reported the prevalence of sarcopenia
separately for males and females reported higher prevalence among males. In our study, there is no significant
difference between major complications and PMI in male patients, the possible reason may be most of the male
patients are a major economic source of the family. Post-operation, they could get full emotional and nutritional
support from the whole family. In the female group, some patients with relatively lower education level and
sense of illness may cause persisting sarcopenia status after liver transplantation and poor survival rate. Of note,
females in the sarcopenia subgroup appeared to have greater vulnerability to major postoperative complications,
possibly due to females having lower PMIs than males.

Multiple studies have employed CT to evaluate sarcopenia both in surgical patients using L3/L4 psoas muscle/
paravertebral muscles’, and in cancer patients using the L3 skeletal muscle index’->'**>?4, In general, a negative
impact associated with sarcopenia has been reported, including increased postoperative complications, increased
postoperative infections, decreased survival rates, longer ICU and hospital stays, increased medical costs, poor
function status, and increased toxicity from chemotherapy. Pre-liver transplantation sarcopenia and its associa-
tion with post-transplantation outcomes have been reported. Majority investigator reported sarcopenia associated
with poorer survival®®, increase rate of bacteremia and sepsis?® and increase post-operative complication?*%’.
However, Montano-Loza et al.” and Aby et al.?® reported no differences in survival between sarcopenia and non-
sarcopenia patients after liver transplantation. However, Aby et al.?® focused on patients with NASH cirrhosis
and high MELD scores (72% of recipients were NASH patients). They suggested that the presence of sarcopenia
may not impact post-transplant outcomes significantly in patients with high MELD scores who are already sig-
nificantly decompensated before transplantation. Montano-Loza et al.”’ stated that the result was possibly due to
the exclusion of patients with the most severe sarcopenia during general assessment, or to exclusions for other
criteria. In the above two studies, Aby et al. defined sarcopenia by the quartile method, while Montano-Loza et al.
defined sarcopenia based on the cutoff values validated in a different population (GI & respiratory tract cancer
patients) by optimal stratification statistical method introduced in a previous study?.

Limitations. The present study has several limitations. First, it was a retrospective cohort study using data
from only a single center, which narrows generalizability of results. Liver recipients were randomly included
within the study period but perioperative management and surgical techniques also have changed during the
11-year study period. Second, measuring muscle mass alone does not account for the loss of muscle function
that occurs with sarcopenia. Functional measures such as the walking speed test, 6-min walk test, and grip
strength should ideally be done in sarcopenic patients. Fortunately, there is evidence that grip strength correlates
significantly with the psoas muscle area®. Finally, we did not measure the muscle quality which can be done by
measuring intramuscular adipose tissue content. Muscle wasting is characterized by both a reduction in muscle
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size and an increased proportion of intermuscular and intramuscular fat, and fat infiltration is an additional
metabolic abnormality of the depletion process. Sarcopenic obesity, a condition associated with a higher risk of
metabolic syndrome and coronary artery disease®**!, is known to increase postoperative mobility and mortality.

In conclusion, sarcopenia is associated with major postoperative complications, and patients with postopera-
tive complications have a higher mortality rate. Sarcopenia also has a significant negative impact on transplant
patients’ overall survival.

Received: 10 June 2021; Accepted: 7 September 2021
Published online: 28 September 2021

References

1. Krell, R. W. et al. Association between sarcopenia and the risk of serious infection among adults undergoing liver transplantation.
Liver Transplant. 19, 1396-1402. https://doi.org/10.1002/1t.23752 (2013).

2. Kaido, T. et al. Impact of sarcopenia on survival in patients undergoing living donor liver transplantation. Am. J. Transplant. 13,
1549-1556. https://doi.org/10.1111/ajt.12221 (2013).

3. Cruz-Jentoft, A. J. et al. Prevalence of and interventions for sarcopenia in ageing adults: A systematic review. Report of the Inter-
national Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 43, 748-759. https://doi.org/10.1093/ageing/aful 15 (2014).

4. Cruz-Jentoft, A. J. et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on
sarcopenia in older people. Age Ageing 39, 412-423. https://doi.org/10.1093/ageing/afq034 (2010).

5. Fielding, R. A. et al. Sarcopenia: An undiagnosed condition in older adults. Current consensus definition: Prevalence, etiology, and
consequences. International working group on sarcopenia. J. Am. Med. Dir. Assoc. 12, 249-256. https://doi.org/10.1016/j.jamda.
2011.01.003 (2011).

6. Englesbe, M. J. et al. Sarcopenia and mortality after liver transplantation. J. Am. Coll. Surg. 211, 271-278. https://doi.org/10.1016/j.
jamcollsurg.2010.03.039 (2010).

7. Tan, B. H., Birdsell, L. A., Martin, L., Baracos, V. E. & Fearon, K. C. Sarcopenia in an overweight or obese patient is an adverse
prognostic factor in pancreatic cancer. Clin. Cancer Res. 15, 6973-6979. https://doi.org/10.1158/1078-0432.CCR-09-1525 (2009).

8. Antoun, S., Baracos, V. E., Birdsell, L., Escudier, B. & Sawyer, M. B. Low body mass index and sarcopenia associated with dose-
limiting toxicity of sorafenib in patients with renal cell carcinoma. Ann. Oncol. 21, 1594-1598. https://doi.org/10.1093/annonc/
mdp605 (2010).

9. Barret, M. et al. Sarcopenia is linked to treatment toxicity in patients with metastatic colorectal cancer. Nutr. Cancer 66, 583-589.
https://doi.org/10.1080/01635581.2014.894103 (2014).

10. Montano-Loza, A. J. et al. Muscle wasting is associated with mortality in patients with cirrhosis. Clin. Gastroenterol. Hepatol. 10,
166-173. https://doi.org/10.1016/j.cgh.2011.08.028 (2012).

11. Mitsiopoulos, N. et al. Cadaver validation of skeletal muscle measurement by magnetic resonance imaging and computerized
tomography. J. Appl. Physiol. 85, 115-122. https://doi.org/10.1152/jappl.1998.85.1.115 (1998).

12. Dindo, D., Demartines, N. & Clavien, P. A. Classification of surgical complications: A new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann. Surg. 240, 205-213. https://doi.org/10.1097/01.s1a.0000133083.54934.ae (2004).

13. Golse, N. et al. A new definition of sarcopenia in patients with cirrhosis undergoing liver transplantation. Liver Transpl. 23,
143-154. https://doi.org/10.1002/1t.24671 (2017).

14. Wolfe, R. R. Regulation of skeletal muscle protein metabolism in catabolic states. Curr. Opin. Clin. Nutr. Metab. Care 8, 61-65.
https://doi.org/10.1097/00075197-200501000-00009 (2005).

15. Biolo, G., Cederholm, T. & Muscaritoli, M. Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of
aging and chronic diseases: From sarcopenic obesity to cachexia. Clin. Nutr. 33, 737-748. https://doi.org/10.1016/j.clnu.2014.03.
007 (2014).

16. Praktiknjo, M. et al. Fat-free muscle mass in magnetic resonance imaging predicts acute-on-chronic liver failure and survival in
decompensated cirrhosis. Hepatology 67(3), 1014-1026 (2018).

17. Fearon, K. et al. Definition and classification of cancer cachexia: An international consensus. Lancet Oncol. 12, 489-495. https://
doi.org/10.1016/S1470-2045(10)70218-7 (2011).

18. Tandon, P. et al. Comparing the variability between measurements for sarcopenia using magnetic resonance imaging and computed
tomography imaging. Am. J. Transplant. 16, 2766-2767. https://doi.org/10.1111/ajt.13832 (2016).

19. Prado, C. M. et al. Prevalence and clinical implications of sarcopenic obesity in patients with solid tumours of the respiratory
and gastrointestinal tracts: A population-based study. Lancet Oncol. 9, 629-635. https://doi.org/10.1016/S1470-2045(08)70153-0
(2008).

20. Ebadi, M. et al. Poor performance of psoas muscle index for identification of patients with higher waitlist mortality risk in cirrhosis.
J. Cachexia Sarcopenia Muscle 9, 1053-1062. https://doi.org/10.1002/jcsm.12349 (2018).

21. Wells, C. I, McCall, J. L. & Plank, L. D. Relationship between total body protein and cross-sectional skeletal muscle area in liver
cirrhosis is influenced by overhydration. Liver Transplant. 25, 45-55. https://doi.org/10.1002/1t.25314 (2019).

22. Cruz, R.J. Jr. et al. Objective radiologic assessment of body composition in patients with end-stage liver disease: Going beyond
the BML. Transplantation 95, 617-622. https://doi.org/10.1097/TP.0b013e31827a0f27 (2013).

23. Martin, L. et al. Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful prognostic factor, independent of
body mass index. J. Clin. Oncol. 31, 1539-1547. https://doi.org/10.1200/JC0O.2012.45.2722 (2013).

24. Lieffers, J. R., Bathe, O. E, Fassbender, K., Winget, M. & Baracos, V. E. Sarcopenia is associated with postoperative infection and
delayed recovery from colorectal cancer resection surgery. Br. J. Cancer 107, 931-936. https://doi.org/10.1038/bjc.2012.350 (2012).

25. Valero, V. 3rd. et al. Sarcopenia adversely impacts postoperative complications following resection or transplantation in patients
with primary liver tumors. J. Gastrointest. Surg. 19, 272-281. https://doi.org/10.1007/s11605-014-2680-4 (2015).

26. Underwood, P. W. et al. Sarcopenia and failure to rescue following liver transplantation. Clin. Transplant. 29, 1076-1080. https://
doi.org/10.1111/ctr.12629 (2015).

27. Montano-Loza, A. ]. et al. Severe muscle depletion predicts postoperative length of stay but is not associated with survival after
liver transplantation. Liver Transplant. 20, 640-648. https://doi.org/10.1002/1t.23863 (2014).

28. Aby, E. S. et al. Pretransplant sarcopenia in patients with NASH cirrhosis does not impact rehospitalization or mortality. J. Clin.
Gastroenterol. 53, 680-685. https://doi.org/10.1097/MCG.0000000000001109 (2019).

29. Tsien, C. et al. Post-liver transplantation sarcopenia in cirrhosis: A prospective evaluation. J. Gastroenterol. Hepatol. 29, 1250-1257.
https://doi.org/10.1111/jgh.12524 (2014).

30. Kim, T. N. et al. Skeletal muscle mass to visceral fat area ratio is associated with metabolic syndrome and arterial stiffness: The
Korean Sarcopenic Obesity Study (KSOS). Diabetes Res. Clin. Pract. 93, 285-291. https://doi.org/10.1016/j.diabres.2011.06.013
(2011).

31. Lim, S. et al. Sarcopenic obesity: Prevalence and association with metabolic syndrome in the Korean Longitudinal Study on Health
and Aging (KLoSHA). Diabetes Care 33, 1652-1654. https://doi.org/10.2337/dc10-0107 (2010).

Scientific Reports |

(2021) 11:19247 | https://doi.org/10.1038/s41598-021-98399-6 nature portfolio


https://doi.org/10.1002/lt.23752
https://doi.org/10.1111/ajt.12221
https://doi.org/10.1093/ageing/afu115
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamcollsurg.2010.03.039
https://doi.org/10.1016/j.jamcollsurg.2010.03.039
https://doi.org/10.1158/1078-0432.CCR-09-1525
https://doi.org/10.1093/annonc/mdp605
https://doi.org/10.1093/annonc/mdp605
https://doi.org/10.1080/01635581.2014.894103
https://doi.org/10.1016/j.cgh.2011.08.028
https://doi.org/10.1152/jappl.1998.85.1.115
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1002/lt.24671
https://doi.org/10.1097/00075197-200501000-00009
https://doi.org/10.1016/j.clnu.2014.03.007
https://doi.org/10.1016/j.clnu.2014.03.007
https://doi.org/10.1016/S1470-2045(10)70218-7
https://doi.org/10.1016/S1470-2045(10)70218-7
https://doi.org/10.1111/ajt.13832
https://doi.org/10.1016/S1470-2045(08)70153-0
https://doi.org/10.1002/jcsm.12349
https://doi.org/10.1002/lt.25314
https://doi.org/10.1097/TP.0b013e31827a0f27
https://doi.org/10.1200/JCO.2012.45.2722
https://doi.org/10.1038/bjc.2012.350
https://doi.org/10.1007/s11605-014-2680-4
https://doi.org/10.1111/ctr.12629
https://doi.org/10.1111/ctr.12629
https://doi.org/10.1002/lt.23863
https://doi.org/10.1097/MCG.0000000000001109
https://doi.org/10.1111/jgh.12524
https://doi.org/10.1016/j.diabres.2011.06.013
https://doi.org/10.2337/dc10-0107

www.nature.com/scientificreports/

Author contributions

Study concept and design: H.Y.O. Acquisition of subjects and/or data: M.Y.W., WX L. and Y.EC. Analysis and
interpretation of data: C.D.C. and W.C.C. Preparation of manuscript: H-W.H., C.L.C., C.Y.Y,, L.C.T.,, YH.C. and
C.C.L.

Funding
This work was supported by Grant CMRPG8F0981 and CMRPG8F0982 from the Chang Gung Memorial Hos-
pital, R.O.C.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.-Y.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |  (2021) 11:19247 | https://doi.org/10.1038/s41598-021-98399-6 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Sarcopenia adversely impacts postoperative complications in living-donor liver transplantation recipients
	Materials and methods
	Patients. 
	Computed tomography image analysis. 
	Morbidity classification. 
	Analyzed parameters. 
	Statistical analysis. 

	Results
	Discussion
	Limitations. 

	References


