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ABSTRACT 

Background. Myosteatosis and muscle wasting (sarcopenia) are common complications 

of cirrhosis. Overweight patients with concurrent muscle depletion have a condition 

termed sarcopenic obesity. This study describes these muscle abnormalities in adult liver 

transplantation (LT) recipients and investigates their impact on post-transplantation 

outcomes. 

Methods. Records from 106 LT recipients were retrospectively analysed. Muscle 

abnormalities were determined on computed tomography using segmentation software.  

Myosteatosis was measured by mean muscle attenuation and sarcopenia by skeletal muscle 

index (SMI), determined at the third lumbar vertebra using validated gender- and body 

mass index (BMI)-specific cut-offs. Sarcopenic obesity was diagnosed in recipients with a 

BMI ≥25kg/m2 who also met the SMI cut-off for sarcopenia. Primary endpoints were the 

impact of these muscle abnormalities on patient and graft survival at one year after LT. 

Secondary outcomes were the impact on postoperative complications and length of 

hospital stay. 

Results. The majority of patients were males (n = 64, 60%) aged 50 to 64 years old (n = 

47, 44%). Alcoholic and/or non-alcoholic steatohepatitis were the commonest aetiologies 

of cirrhosis (n = 38, 36%). Myosteatosis was present in 76 patients (72%), 69 had 

sarcopenia (65%) and 36 had sarcopenic obesity (34%).  Myosteatosis increased the risk of 

mortality at one year after LT (Hazard ratio (HR) 3.3, 95% confidence interval (CI) 1.00-

11.13, p = 0.049). Sarcopenia increased the risk of death, but was of borderline 

significance (HR 2.64, 95% CI 0.99-7.00, p = 0.051). Patients with myosteatosis were at 

greater risk of allograft failure (HR 4.1, 95% CI 1.2-13.5, p = 0.021) and tended to have 

longer hospital stays (21, 95% CI 16-27 vs 16 days, 95% CI 10-20, p = 0.015). 
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Conclusions. Compared to patients without muscle abnormalities, LT recipients with 

myosteatosis and/or sarcopenia had an increased risk of death at one year. The risk of 

death was higher with myosteatosis than sarcopenia. Myosteatosis increased the risk of 

allograft failure at one year and these patients had a longer median length of hospital stay.  
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CHAPTER 1: PROTOCOL AND EXTENDED REVIEW OF 

THE LITERATURE 

1.1 Background  

Liver transplantation (LT) is the treatment of choice for patients with end-stage chronic 

liver disease (1). The dramatically increasing prevalence of non-alcoholic steatohepatitis 

(NASH), associated with obesity and diabetes, as well as a climbing burden of alcoholic 

hepatitis, drive the rising incidence of cirrhosis worldwide (2, 3). Furthermore, despite 

advances in immunization and direct acting antiviral therapy, cirrhosis and hepatocellular 

carcinoma secondary to viral hepatitis B and C remain major global health problems (2, 4).  

Accordingly, the number of patients requiring LT is climbing (2, 5).  

 

LT is however a costly procedure and in South Africa, small living donor LT programmes 

and low deceased donor rates are barriers to more widespread access to this life-saving 

procedure (6, 7). In response to this critical shortage of donor organs, alternatives to using 

full sized livers from donors after brain death are increasingly used (5). These alternative 

procedures include split liver grafts and more recently the use of extended criteria donor 

grafts, such as those donated after circulatory death or from donors with hepatic steatosis, 

positive hepatitis C serology or advanced age (2, 5, 8). Favourable outcomes with these so 

called, marginal grafts are documented, however identification of recipients at greater risk 

for poor morbidity and mortality outcomes may guide their utility (8, 9). 

 

There is evidence that sarcopenia is of clinical significance in morbidity and mortality 

outcomes after LT (10-14). The European Working Group on Sarcopenia in Older People 
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defines the umbrella term sarcopenia as a muscle disease characterised by low muscle 

strength with low muscle quantity or quality. The group further stratify sarcopenia severity 

according to physical performance in active dynamic tests (15). Both low quantity wasted 

muscle (sarcopenia) and low quality fat-infiltrated muscle (myosteatosis) are frequent 

complications of cirrhosis (10, 16). Further investigation on the clinical relevance of these 

body composition measures on LT outcomes is necessary. 

 

1.2 Literature review  

1.2.1 Liver transplantation in South Africa and abroad 

Investigation on LT outcomes in South Africa is growing. Two adult liver transplant 

centres are registered in the country, one in Cape Town at Groote Schuur Hospital and one 

in Johannesburg at Wits Donald Gordon Medical Centre (WDGMC). The number of 

transplants performed in each of these programmes has increased exponentially since their 

inception (6, 17, 18). A review of paediatric and adult LTs performed at Groote Schuur 

Hospital between 1988 and 2000, evaluated survival outcomes between two months and 

9.5 years post-transplantation. Patient survival at the time of review was 61.7% and the 

cumulative graft survival rate at five years was 61% (17). The more recently audited adult 

orthotopic LT programme at WDGMC, showed a recipient survival rate at 90 days, one 

year and five years of 87.6%, 81.7% and 71.0% respectively for transplantations 

performed between 2004 and 2016. Graft survival at 90 days was 85.8% and 81.0% at one 

year. Sepsis was the most common cause of death in the first 90 days after transplantation 

(6).  
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International transplant centres report comparable data. The Organ Procurement and 

Transplantation Network publishes an annual report on LTs performed in the United States 

of America. For deceased donor transplantations performed in 2017, graft survival at one 

year was 91.2% (2). Analysis of LTs from the European Liver Transplant Registry 

documents a current patient survival rate of 83% at one year. Morbidity and mortality in 

this population is greatest in the first year after transplantation. In the first six months, this 

is largely secondary to sepsis or surgical complications (5). However, globally graft and 

patient survival rates are improving. This is attributed to advances in donor and recipient 

selection, intra-operative surgical technique and post-operative immunosuppression (2, 5, 

6). 

 

1.2.2 Sarcopenia and cirrhosis 

Sarcopenia is common amongst recipients before and after LT (14, 19). Depending on the 

definition used, prevalence in patients with cirrhosis ranges from 30 to 70% (20, 21). It is 

more common in males than females (10, 22) and more commonly seen in alcoholic liver 

disease, than cirrhosis of other aetiology (13). Amongst a prospectively studied recipient 

population, Tsien et al. describe that 75% of study participants with normal muscle mass 

preoperatively, developed new onset sarcopenia after transplantation (19). The disease is 

generally underdiagnosed and has not yet been described in the South African 

transplantation population. Pre-operative sarcopenia in recipients has been identified as a 

risk factor for morbidity, mortality and poor quality of life in multiple studies (10-14, 22, 

23). This includes an increased risk of sepsis (12, 22), longer duration of intubation (13), 

longer length of stay in intensive care (13) and longer total length of stay in hospital (13, 
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22). The impact of sarcopenia on survival is independent of Model for End-Stage Liver 

Disease (MELD) score and Child-Turcotte-Pugh classification (Appendices A and B) (24).  

 

The measurement of sarcopenia prior to transplantation consequently appears to represent 

an objective indicator of prognosis. The European Working Group on Sarcopenia in Older 

People presents a comprehensive and updated definition of sarcopenia intended for clinical 

use in geriatrics: a muscle disease characterised by low muscle strength with low muscle 

quantity or quality. The group delineates primary (age-related) and secondary (systemic 

disease related) sarcopenia and describes three parameters as a diagnostic algorithm, 

shown in Table 1.1 (15). However, thus far much of the literature on sarcopenia in the LT 

setting is unidimensional, focusing solely on criterion 2 of this operational definition. 

There is less data on muscle strength and physical performance and much heterogeneity in 

the definition and technique of measurement of muscle quantity. 
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Table 1.1 European Working Group on Sarcopenia in Older People 2018 operational 

definition of sarcopenia (15) 

Probable sarcopenia is identified by criterion 1.  

Diagnosis is confirmed by additional documentation of criterion 2.  

If criteria 1, 2 and 3 are all met, sarcopenia is considered severe. 

Criterion 1. Low muscle strength 

Criterion 2. Low muscle quantity or quality 

Criterion 3. Low physical performance 

 

1.2.3 Muscle strength 

Muscle strength is most often measured by hand grip using a calibrated handheld 

dynamometer. It is easy and cost-effective to perform, has been validated and correlates 

excellently with many outcome measures in geriatric populations (15). Accordingly, The 

European Working Group on Sarcopenia in Older People regards low muscle strength as a 

pivotal entry-point criterion in the diagnosis of sarcopenia (15). In the LT setting, Daphnee 

et al. assessed handgrip in patients on the waiting list and report that low grip strength is a 

strong predictor of mortality (25). 

 

1.2.4 Muscle quantity 

Comparative analysis of sarcopenia in LT, is limited by the lack of a standardized 

technique to measure muscle quantity. Computed tomography (CT) and magnetic 

resonance imaging (MRI) are the gold standard investigations for quantifying muscle mass 

in research settings as they are precise and can distinguish muscle from fat (26). Recipients 

often routinely undergo abdominal CT scans in the pre-operative period, so images should 

be readily available without re-exposure to radiation. Bioelectrical impedance analysis and 

dual-energy X-ray absorptiometry are both accurate techniques for the assessment of total 

body composition and have been used in both clinical and research settings. They are safe 
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and relatively inexpensive and both have well validated age-, gender- and race-specific 

reference values defining sarcopenia (15, 26). However, bioelectrical impedance analysis 

is not accurate when there is fluid retention and so is of limited use in patients with end-

stage liver disease (27). Giusto et al. document poor correlation between dual-energy X-

ray absorptiometry and the gold standard CT measure (28). Likewise, body mass index 

(BMI) and typical anthropometric measurements, as detailed in Table 1.2, correlate poorly 

with the degree of sarcopenia, particularly in patients with chronic liver disease. This is 

attributable to the changes in body composition associated with end-stage disease, such as 

ascites and loss of adipose tissue (29, 30).  
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Table 1.2 Body size and composition measures in chronic liver disease 

  

In LT research, most commonly, a single CT cross-sectional measure of either the total 

skeletal muscle area or the area of the psoas muscle alone is used as a correlate of muscle 

mass. There is considerable heterogeneity in the definition and technique of measurement 

across studies. More commonly described is the total skeletal muscle area. This can be 

quantified using automated segmentation software set to tissue specific Hounsfield unit 

thresholds (as shown in Figure 1.1). In much of the literature on patients with cirrhosis, -29 

to +150 Hounsfield units are the chosen thresholds for muscle. This avoids over-estimation 

of the muscle area in the presence of ascitic fluid. The area is then normalized for height, 

computing a value known as the skeletal muscle index (SMI) measured in cm2/m2 (31). 

Correlation between various segmentation software programmes has been proven (32).  

The North American Working Group on Sarcopenia in Liver Transplantation emphasises 

that SMI measured on CT scan is the most well-researched technique for assessing low 

muscle mass in patients with cirrhosis (33). 

Method Measurement Weaknesses in the setting of chronic 

liver disease 

BMI Mass (kg)/ Height (m)2 Increased total body water results in 

overestimation of BMI (21) 

Does not measure body composition. No 

discrimination between lean muscle and 

adipose tissue 

Sarcopenia is not only diagnosed in 

patients with low BMI (16, 21) 

Anthropometry Mid-arm muscle 

circumference, skin fold 

thickness or calf 

circumference 

Low sensitivity as subcutaneous fat or 

oedema results in overestimation of lean 

muscle mass (29) 

Poor correlation between mid-arm 

muscle circumference and the gold 

standard CT measure of sarcopenia (28) 
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Figure 1.1 Skeletal muscle index quantification using segmentation software. Figure A and 

B show the abdominal CT scans of two male patients with cirrhosis and identical BMIs 

(32kg/m2) analysed in this current research report. Patient A is sarcopenic (SMI L3 = 

39cm2/m2) and patient B has normal muscle quantity (SMI L3 = 61cm2/m2) (34). 

 

The cross-sectional level of the third lumbar vertebra is typically used as a reference point 

when computing the SMI. At this level, the psoas, erector spinae, quadratus lumborum, 

transversus abdominis, external and internal oblique, and rectus abdominis muscles are 

visualized (31). The choice of the third lumbar vertebral level seems to be heavily based 

A 

B 



9 

 

on the findings of a study published by Shen et al. in 2004. This team investigated the 

relationship between abdominal skeletal muscle area, measured on a single transverse MRI 

slice, and the total body skeletal muscle volume, measured on whole body MRI. Amongst 

their population of 328 healthy and ethnically diverse adults, single skeletal muscle slice 

areas correlated best with total body skeletal muscle volumes at approximately 5cm above 

the fourth/ fifth lumbar intervertebral space (35). Mourtzakis et al. present further data in 

support of the third lumbar vertebra. In their study, SMI at the third lumbar vertebra, 

correlated well with whole body skeletal muscle mass measured on Dual-energy X-ray 

absorptiometry in 51 patients with colorectal or lung cancer (31). The muscle area 

measured at the third lumbar vertebral level is consequently largely accepted amongst 

researchers as a good correlate of total body skeletal muscle. However, alternative levels 

such as the fourth lumbar vertebra (19), the level of the umbilicus (36) or a level within the 

thigh region (35) have been proposed in studies but need further validation. 

 

Some studies use the psoas muscle alone rather than the SMI at the third lumbar vertebra. 

Several measures to define sarcopenia with this muscle are proposed including the psoas 

muscle area, psoas muscle area normalized for height, transverse psoas muscle thickness 

normalized for height and psoas muscle volume normalized for height. Each have been 

identified as a poor prognostic factor for complications or mortality after LT (12, 14, 36-

38). The rationale for using the psoas muscle is not clearly described. Some suggest it is 

chosen as the muscle is easily identifiable on CT scan or that as a deep hip flexor, it may 

be a good surrogate of muscle loss (39). There is no standardized definition of these above 

measures, nor an agreed upon technique to quantify them. Nevertheless, psoas muscle 

measurements appeal as they are simple and quick and may be more accurate than SMI in 

the setting of ascites. Data from Golse et al. analyses survival in LT recipients and 
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supports this. Psoas muscle area at the third lumbar vertebra was as accurate as psoas 

muscle area normalized for height and more accurate than SMI in predicting one-year 

patient survival (38). Conversely, amongst a population on the LT waiting list, Ebadi et al. 

describe that the psoas muscle index (bilateral psoas muscle area divided by height 

squared) poorly identifies those at increased risk of mortality when compared to SMI (39). 

Psoas muscle measurements have not been evaluated as a marker of total body muscle 

mass. 

 

The matter is further complicated by a lack of standardised age-, gender- and race-specific 

normal values for both SMI and the psoas muscle measurements. However, efforts to 

develop a congruous operational definition of sarcopenia in the LT population, are ever 

advancing. There is recognition that this is needed in order to generate comparable data. 

Previously a cut-off point of more than two standard deviations below the mean reference 

values of healthy young adults was recommended by the European Working Group on 

Sarcopenia in Older People (26). However skeletal muscle indices in the healthy young 

adult population are poorly studied, so this recommendation is vague. Some studies 

therefore borrow optimal cut-off values for SMI from the oncology literature. These values 

have been determined using optimal stratification statistical analysis in diseased 

populations (40). More recently in an effort to refine the values for the LT population, 

Carey et al. conducted a multicentre study amongst 396 mostly male Caucasian patients in 

North America. They conclude that in men, a threshold SMI of <50 cm2/m2 and in women 

<39 cm2/m2 correlates best with mortality on the LT waiting list (41). In 2019 the North 

American Working Group on Sarcopenia in Liver Transplantation released an expert 

opinion statement advocating these sex-specific cut-off values (33). Similar studies have 

not yet been conducted elsewhere in the world and so these values will require validation 
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in different populations and in a larger female cohort. Standardized cut-off values for the 

psoas muscle indices have not been studied.  

 

1.2.5 Muscle quality: myosteatosis and sarcopenic obesity 

Interest in the significance of intramuscular fat in LT recipients is growing as sarcopenia 

can be associated with either preserved or increased intramuscular fat deposition. The 

radiodensity of a muscle, measured in Hounsfield units on CT scan analysis is a measure 

of its fat content. Low muscle radiodensity, also termed low mean muscle radiation 

attenuation (MRA) or myosteatosis is a common and poor prognostic factor for late and 

early mortality in LT patients (16, 42). It is associated with higher risk of hepatic 

encephalopathy, higher post-operative complication rates, longer length of stay in 

intensive care, longer overall hospital stay and higher costs (43, 44). In many studies the 

incidence of myosteatosis is higher than that of sarcopenia (16, 42-44). There is no 

universal consensus on the measurement technique, nor defining cut-off value for 

myosteatosis (15). Once again, some authors use threshold values associated with lower 

survival which are derived from the oncology literature. Specifically, in these populations, 

<41 Hounsfield units in patients with a BMI <24.9kg/m2, and <33 Hounsfield units in 

those with a BMI ≥25kg/m2 define myosteatosis (45).  

 

The term sarcopenic obesity is used to describe patients with both loss of lean muscle mass 

and excess deposition of intermuscular and intramuscular adipose tissue. Although easily 

clinically overlooked, sarcopenic obesity has been described in up to 40% of LT recipients 

on CT based muscularity assessment (46). It is diagnosed in patients who are both obese or 

overweight (BMI ≥25kg/m2) and meet SMI criteria for sarcopenia. As the global incidence 
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of obesity with non-alcoholic fatty liver disease grows, the prevalence of overweight 

patients on the LT waiting list can be expected to grow (3). Obesity begets both sarcopenia 

and myosteatosis (16, 26). Sarcopenic obesity is significantly associated with higher 

perioperative risk as patients are at risk of the complications of both obesity and 

sarcopenia (26). In cognisance of this, The North American Working Group on Sarcopenia 

in Liver Transplantation notes than in future research, objective, image-based measures of 

obesity, which are superior to BMI will be required (33). 

 

1.2.6 Physical performance 

Physical performance is the third parameter of the European Working Group on 

Sarcopenia in Older People’s consensus definition. It is usually measured by active 

dynamic tests such as the gait speed, the Timed-Up and Go test or the Short Physical 

Performance Battery test. Assessment of physical performance is used to grade severity of 

sarcopenia as described in Table 1.1 (15). Studies have validated many of these active 

dynamic tests and they show good correlation with measures of skeletal muscle in patients 

with end-stage liver disease (47). However, the North American Working Group on 

Sarcopenia in Liver Transplantation highlights the limitations of hand grip and active 

dynamic tests in the acutely ill and patients with cognitive deficits. They note that muscle 

mass is more objective and chose not to incorporate measures of muscle strength or 

physical performance in their definition of sarcopenia (33).  

 

Instead, the term frailty, a concept more typically associated with geriatrics, is fast 

becoming an area of interest in LT research. It is described as a distinct clinical syndrome 

characterised by cumulative deterioration in physical, cognitive and social functioning (15, 
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48). Sarcopenia, the disease, is delineated from the broad frailty syndrome and from 

cachexia, a complex metabolic syndrome of muscle and fat loss associated with underlying 

disease. Rather, sarcopenia exacerbates the development of physical frailty (15, 26). The 

frailty syndrome is diagnosed using multidimensional frailty measurement tools which 

include the measures of muscle strength and physical performance described above. Data 

reflect that frailty is common amongst patients before LT owing to dysfunctional protein 

synthesis, malnutrition, physical inactivity and sarcopenia (48). Lai et al. constructed a 

frailty index including grip strength, chair stands and balance assessment and report that 

this metric accurately predicted waitlist mortality in patients with cirrhosis (49). The frailty 

syndrome persists and, in some cases, worsens after LT. There is legitimate concern that 

this will negatively impact long and short-term outcomes (48).  

 

1.2.7 Visceral fat 

The area of adipose tissue on a single transverse CT slice is also proposed as a relevant 

image-based measure of obesity in LT recipients. In the same way that the cross-sectional 

area of muscle is quantified, the area of fat is quantified using segmentation software set to 

the specific Hounsfield units for adipose tissue (-150 to -50 for visceral fat and -190 to -30 

for subcutaneous fat) (50, 51).  Standardized cut-off values defining visceral obesity in the 

LT population are not yet defined. In a retrospective study of deceased-donor LT 

recipients, Terjimanian et al. describe that increased abdominal visceral fat is significantly 

associated with worse survival outcomes at both one and five years after LT (52). 

Abdominal adiposity has similarly been shown to increase the risk of recurrence of 

hepatocellular carcinoma in male patients with cirrhosis after LT (53). Ebadi et al. describe 

that body composition has differing impacts on prognosis in males and females with 
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cirrhosis. In their study, low subcutaneous fat was associated with mortality in female, but 

not male patients. Low skeletal muscle index predicted mortality in male, but not female 

patients and in contrast to results from Terjimanian et al., visceral fat was not associated 

with survival (54).  Other authors highlight that the complex endocrine and paracrine 

action of fat varies depending on its distribution and therefore suggest that the ratio of 

visceral to subcutaneous fat may prove a more reliable predictor of outcome (42). 

 

1.2.8 Body composition and the MELD score: The way forward? 

Despite the use of extended donor criteria, traditional cadaver liver grafts are a scarce and 

costly resource. The development of ethically just, as well as clinically sound organ 

allocation policies is of fundamental importance in maximising medical utility of LT 

services. The now ubiquitous MELD score, which prioritises transplant waiting list 

candidates, was a key advancement in these allocation policies. It was adopted by the 

United Network for Organ Sharing in 2002 and has been validated by numerous studies 

(55, 56). Three objective variables namely, serum total bilirubin, serum creatinine and the 

international normalized ratio of prothrombin time (INR) are used to calculate a score 

between six and 40. This score reliably predicts three month mortality in patients with 

chronic liver disease (55). Previously, organ allocation policies relied on ranking according 

to waiting time on the list and the more subjective Child-Turcotte-Pugh score. Data reflect 

that in the post-MELD era, liver allocation has improved. In the first year that the score 

was implemented in the United States of America, transplantation rates increased 10 

percent and waiting list mortality decreased (57).  
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Modifications to the MELD score have been proposed to minimize its limitations and 

improve prognostication, thus improving ranking of candidates on the waiting list. Most 

notably, the MELDNa score includes serum sodium level. Hyponatraemia is an 

independent risk factor for mortality in patients with cirrhosis and since January 2016, the 

Organ Procurement and Transplantation Network recommends that the MELDNa score be 

used in organ allocation policies (58, 59).  

 

There is increasing postulation that a measure of nutritional status should supplement the 

MELDNa score in future organ allocation policies. Durand et al. measured transverse 

psoas muscle thickness at the level of the umbilicus and combined it with the MELD 

score, generating the MELD-psoas score. The discriminative performance of this score for 

waiting list mortality in patients with cirrhosis was better than the MELD score (36). 

Montano-Loza et al. tested a similar hypothesis, but assessed sarcopenia, measured by the 

cross-sectional area of skeletal muscle at the third lumbar vertebra. Their study reports that 

including sarcopenia in the MELD score, improves prediction of mortality, particularly in 

recipients with low MELD scores (60). However, in a Dutch cohort, the MELD-sarcopenia 

score failed to have any discriminative value over the MELD score in predicting waiting 

list mortality (61). A novel Muscle Model for End-stage Liver Disease score (Muscle-

MELD) is also proposed, in which both muscle quantity and quality are assessed. When 

analysed with post-transplantation outcomes, the Muscle-MELD score showed good 

discriminative performance in predicting mortality at three, six and 12 months after living 

donor LT (62). These modifications all require validation.  
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Ongoing research on the impact of sarcopenia on outcomes will ensure that LT allocation 

policies are guided by evolving and evidence-based clinical knowledge. Consequently, I 

aim to describe sarcopenia in a South African LT recipient population using previously 

described CT measurements. I will evaluate the impact, if any, of these measures on post-

transplantation morbidity and mortality outcomes. 

 

1.3 Objectives 

1. To describe the prevalence of sarcopenia using conventional CT measurements at three 

axial levels and then determine if any of these measurements are predictive of outcome 

after LT.  

2. To determine the impact, if any, of sarcopenia, sarcopenic obesity, myosteatosis and 

visceral fat on the following LT outcomes:  

a. Morbidity outcomes measured by post-operative complications and length of 

hospital stay 

b. Mortality outcomes measured by patient survival rate and graft survival rate at 

90 days and one year following transplantation. 

 

 

 

 

 

 



17 

 

1.4 Methods  

1.4.1 Study design 

Orthotopic adult LTs performed by the University of the Witwatersrand Liver 

Transplantation Centre at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) 

and WDGMC Liver Transplant Unit from 1 January 2005 to 30 April 2017 will be 

retrospectively analysed. 

1.4.2 Study population 

All adult LT recipients (≥18 years old at the time of transplantation), with chronic liver 

disease as the indication for surgery and with an abdominal CT scan performed within the 

six months prior to transplantation will be included in the study.  

1.4.3 Population size 

Approximately 30 to 40 adult LTs for both acute fulminant and chronic liver failure are 

performed in this centre a year. The estimated population size is 340 LT recipients. 

Addendum May 2020 

During data collection, the above study period and inclusion criteria were applied, 

however, only 47 LT recipients had suitable imaging available for analysis. No imaging 

taken prior to 2011 was accessible. In order to adequately power the study, a request was 

made to the University of the Witwatersrand Human Research Ethics Committee to extend 

the study period up to 31 January 2019 and to include patients who had a CT scan 

performed within the first month after LT. 

1.4.4 Data collection 
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The required data will be collected from the patient records at CMJAH and accessed from 

the Adult Liver Transplantation Database at Wits Donald Gordon Liver Transplant Unit. 

These records, the above database and the electronic database of CT imaging, will be 

accessed with permission from the chief executive officer of each hospital. Each patient 

will be allocated a unique study number which will only be accessible to the primary 

investigator and supervisors. The required CT parameters will be measured using 

segmentation software. 

The following variables, detailed in Table 1.3 will be collected. They are defined further in 

Appendix C and listed in the data collection sheets in Appendix D. 
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Table 1.3 Pre-transplantation, computed tomography parameters, surgical and post-

transplantation outcome data to be collected  

Pre-

transplantation 

recipient 

variables 

Age at time of LT 

Sex 

Self-reported race 

Cause of underlying chronic liver disease (indication for LT) 

Height and weight at time of LT to calculate BMI 

Serum creatinine, total bilirubin, international normalized ratio of prothrombin 

time (INR) and serum sodium level to calculate the MELD/MELDNa scores 

Diabetes mellitus 

CT scan 

parameters 

Cross-sectional area of muscle 

Skeletal muscle index 

Intramuscular fat  

Cross-sectional area of visceral fat 

Visceral adipose tissue index 

Bilateral psoas muscle area 

Psoas muscle index 

Psoas muscle thickness 

 Psoas muscle thickness normalized for height 

Surgical variables Living donor or cadaver donor 

Donor age 

Graft type and weight 

Duration of cold ischemic time 

Operative time 

Post-

transplantation 

outcomes 

Duration of hospital stay in days defined as the number of days from 

transplantation to discharge or death 

Complications (surgical re-exploration, biliary or vascular complications) 

Patient survival at 90 days and one year after LT 

Graft survival at 90 days and one year after LT defined by the absence of graft 

failure from any cause, including death or the need for re-transplantation 

 

1.4.5 Data analysis  

Data will be analysed using SAS version 9.4 (SAS Institute, USA). Continuous data will 

be described using mean, median and range. Mean ± standard deviation will be used to 

describe parametric data and the median and interquartile range to describe non-parametric 

data. The Fisher’s exact test will be used to compare categorical variables. A p-value 
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<0.05 will be considered statistically significant. Missing data will be handled uniformly. 

Univariate and multivariate analyses will be performed using Cox’s regression models. 

Variables with significant associations after univariate analyses will be included in the 

multivariate analysis.   

1.4.6 Bias  

The collection will be standardized for all participants and measurement of CT scan 

parameters will be blinded to outcome. Multi-variable analysis will be used to minimise 

the effect of confounding variables. The confounding variables are age, sex, self-reported 

race, cause of underlying chronic liver disease, BMI, MELD score, diabetes mellitus.  

 

1.5 Endpoints of study 

On completion of this study, the relationship between pre-transplantation variables and 

sarcopenia will be analysed to evaluate the impact (if any) of sarcopenia on morbidity and 

mortality outcomes after LT.  

 

1.6 Ethics  

This proposal will be submitted to the University of the Witwatersrand Human Research 

Ethics Committee. The intended study is retrospective and anonymous. Permission to 

access and record the data will be obtained from the chief executive officers of CMJAH 

and WDGMC. Once compiled, the data will remain in the primary investigator’s 

possession.  

 



21 

 

1.7 Timing  

The study will commence in May 2018 and anticipated duration to completion is 12 

months.  

Proposed schedule for completion of study  

 

F
eb

ru
ar

y
 

2
0

1
8
 

M
ar

ch
 

2
0

1
8
 

A
p

ri
l 

2
0

1
8

 

M
ay

 2
0

1
8

 

Ju
n

e 
2

0
1
8

 

Ju
ly

 2
0

1
8

 

A
u

g
u

st
 

2
0

1
8
 

S
ep

te
m

b
er

 

2
0

1
8
 

O
ct

o
b

er
 

2
0

1
8
 

N
o

v
em

b
er

 

2
0

1
8
 

D
ec

em
b

er
 

2
0

1
8
 

Ethics 

application 

           

Assessment 

of protocol 

           

Collection 

of data 

          

Data 

analysis 

         

Write up 

dissertation 

         

Review of 

dissertation 

         

Submit 

dissertation 

          

 

1.8 Funding  

Foreseen expenses include only photocopying and binding. This will be self-funded.  

 

1.9 Problems  

There may be difficulties tracing and accessing the CT scans for all study participants. 

Close liaison with the radiology unit will be necessary. This study will be limited by the 

lack of standardized population specific cut-off values defining the various measures of 

sarcopenia, myosteatosis and visceral fat in LT recipients. The definitions selected for use 

are evidence based and valid, but are neither specific to the study population nor the 

disease spectrum. 



22 

 

1.10 References 

1. Zarrinpar, A. and Busuttil, R.W. 2013. Liver transplantation: past, present and 

future. Nat Rev Gastroenterol Hepatol. 10(7):434-40. doi: 

10.1038/nrgastro.2013.88. 

2. Kwong, A., Kim, W.R., Lake, J.R., et al. 2020. OPTN/SRTR 2018 Annual data 

report: liver. Am J Transplant. 20:193-299. doi: 10.1111/ajt.15674. 

3. Pais, R., Barritt, A.S., Calmus, Y., et al. 2016. NAFLD and liver transplantation: 

Current burden and expected challenges. J Hepatol. 65(6):1245-57. doi: 

10.1016/j.jhep.2016.07.033. 

4. Moon, A.M., Singal, A.G., Tapper, E.B. 2019. Contemporary Epidemiology of 

Chronic Liver Disease and Cirrhosis. Clin Gastroenterol Hepatol. 8(19):30849-3. 

doi: 10.1016/j.cgh.2019.07.060. 

5. Adam, R., Karam, V., Cailliez, V., et al. 2018. 2018 Annual report of the European 

liver transplant registry (ELTR) – 50-year evolution of liver transplantation. 

Transpl Int. 31(12):1293-317. doi: 10.1111/tri.13358. 

6. Song, E., Fabian, J., Boshoff, P.E., et al. 2018. Adult liver transplantation in 

Johannesburg, South Africa (2004 - 2016): Balancing good outcomes, constrained 

resources and limited donors. S Afr Med J. 108(11):929-36. doi: 

10.7196/SAMJ.2018.v108i11.13286. 

7. Muller, E., Thomson, D., McCurdie, F. 2015. Transplantation in South Africa. 

Transplantation. 99(4):643-5. doi: 10.1097/TP.0000000000000712. 



23 

 

8. Lozanovski, V.J., Kerr, L.T.B., Khajeh, E., et al. 2019. Liver grafts with major 

extended donor criteria may expand the organ pool for patients with hepatocellular 

carcinoma. J Clin Med. 8(10):1692. doi: 10.3390/jcm8101692. 

9. Kollmann, D., Sapisochin, G., Goldaracena, N., et al. 2018. Expanding the donor 

pool: donation after circulatory death and living liver donation do not compromise 

the results of liver transplantation. Liver Transpl. 24(6):779-89. doi: 

10.1002/lt.25068. 

10. Tandon, P., Ney, M., Irwin, I., et al. 2012. Severe muscle depletion in patients on 

the liver transplant wait list: its prevalence and independent prognostic value. Liver 

Transpl. 18(10):1209-16. doi: 10.1002/lt.23495. 

11. Hamaguchi, Y., Kaido, T., Okumura, S., et al. 2014. Impact of quality as well as 

quantity of skeletal muscle on outcomes after liver transplantation. Liver Transpl. 

20(11):1413-9. doi: 10.1002/lt.23970. 

12. Masuda, T., Shirabe, K., Ikegami, T., et al. 2014. Sarcopenia is a prognostic factor 

in living donor liver transplantation. Liver Transpl. 20(4):401-7. doi: 

10.1002/lt.23811. 

13. DiMartini, A., Cruz Jr, R.J., Dew, M.A., et al. 2013. Muscle mass predicts 

outcomes following liver transplantation. Liver Transpl. 19(11):1172-80. doi: 

10.1002/lt.23724. 

14. Englesbe, M.J., Patel, S.P., He, K., et al. 2010. Sarcopenia and mortality after liver 

transplantation. J Am Coll Surg. 211(2):271-78. doi: 

10.1016/j.jamcollsurg.2010.03.039. 



24 

 

15. Cruz-Jentoft, A.J., Bahat, G., Bauer, J., et al. 2018. Sarcopenia: revised European 

consensus on definition and diagnosis. Age Ageing. 48(1):16-31. doi: 

10.1093/ageing/afy169. 

16. Montano-Loza, A.J., Angulo, P., Meza-Junco, J., et al. 2016. Sarcopenic obesity 

and myosteatosis are associated with higher mortality in patients with cirrhosis. J 

Cachexia Sarcopenia Muscle. 7(2):126-35. doi: 10.1002/jcsm.12039. 

17. Botha, J.F., Spearman, C.W., Millar, A.J., et al. 2000. Ten years of liver 

transplantation at Groote Schuur hospital. S Afr Med J. 90(9):880-3. 

18. Robson, S.C., Spearman, C.W., James, M.F., et al. 1992. Orthotopic liver 

transplantation at Groote Schuur hospital S Afr Med J. 82(2):79-82. 

19. Tsien, C., Garber, A., Narayanan, A., et al. 2014. Post-liver transplantation 

sarcopenia in cirrhosis: a prospective evaluation. J Gastroenterol Hepatol. 

29(6):1250-57. doi: doi:10.1111/jgh.12524. 

20. Meza-Junco, J., Montano-Loza, A.J., Baracos, V.E., et al. 2013. Sarcopenia as a 

prognostic index of nutritional status in concurrent cirrhosis and hepatocellular 

carcinoma. J Clin Gastroenterol. 47(10):861-70. doi: 

10.1097/MCG.0b013e318293a825. 

21. Cruz, R.J., Dew, M.A., Myaskovsky, L., et al. 2013. Objective radiologic 

assessment of body composition in patients with end-stage liver disease: going 

beyond the BMI. Transplantation. 95(4):617-22. doi: 

10.1097/TP.0b013e31827a0f27. 



25 

 

22. Montano-Loza, A.J. 2014. Severe muscle depletion predicts postoperative length of 

stay but is not associated with survival after liver transplantation. Liver Transpl. 

20(11):1424. doi: 10.1002/lt.23978. 

23. Norman, K., Kirchner, H., Lochs, H., et al. 2006. Malnutrition affects quality of 

life in gastroenterology patients. World J Gastroenterol. 12(21):3380-85. doi: 

10.3748/wjg.v12.i21.3380. 

24. Montano-Loza, A.J., Meza-Junco, J., Prado, C.M., et al. 2012. Muscle wasting is 

associated with mortality in patients with cirrhosis. Clin Gastroenterol Hepatol. 

10(2):166-73. doi: 10.1016/j.cgh.2011.08.028. 

25. Daphnee, D.K., John, S., Vaidya, A., et al. 2017. Hand grip strength: a reliable, 

reproducible, cost-effective tool to assess the nutritional status and outcomes of 

cirrhotics awaiting liver transplant. Clin Nutr. 19:49-53. doi: 

10.1016/j.clnesp.2017.01.011. 

26. Cruz-Jentoft, A.J., Baeyens, J.P., Bauer, J.M., et al. 2010. Sarcopenia: European 

consensus on definition and diagnosis: report of the European working group on 

sarcopenia in older people. Age Ageing. 39(4):412-23. doi: 10.1093/ageing/afq034. 

27. McCullough, A.J., Mullen, K.D., Kalhan, S.C. 1991. Measurements of total body 

and extracellular water in cirrhotic patients with and without ascites. Hepatology. 

14(6):1102-11. doi: 10.1002/hep.1840140626. 

28. Giusto, M., Lattanzi, B., Albanese, C., et al. 2015. Sarcopenia in liver cirrhosis: the 

role of computed tomography scan for the assessment of muscle mass compared 

with dual-energy X-ray absorptiometry and anthropometry. Eur J Gastroenterol 

Hepatol. 27(3):328-34. doi: 10.1097/meg.0000000000000274. 



26 

 

29. Prijatmoko, D., Strauss, B.J., Lambert, J.R., et al. 1993. Early detection of protein 

depletion in alcoholic cirrhosis: role of body composition analysis. 

Gastroenterology. 105(6):1839-45. doi: 10.1016/0016-5085(93)91083-t. 

30. Wagner, D., Adunka, C., Kniepeiss, D., et al. 2011. Serum albumin, subjective 

global assessment, body mass index and the bioimpedance analysis in the 

assessment of malnutrition in patients up to 15 years after liver transplantation. 

Clin Transplant. 25(4):396-400. doi: 10.1111/j.1399-0012.2011.01442.x. 

31. Mourtzakis, M., Prado, C.M., Lieffers, J.R., et al. 2008. A practical and precise 

approach to quantification of body composition in cancer patients using computed 

tomography images acquired during routine care. Appl Physiol Nutr Metab. 

33(5):997-1006. doi: 10.1139/H08-075. 

32. van Vugt, J.L., Levolger, S., Gharbharan, A., et al. 2017. A comparative study of 

software programmes for cross-sectional skeletal muscle and adipose tissue 

measurements on abdominal computed tomography scans of rectal cancer patients. 

J Cachexia Sarcopenia Muscle. 8(2):285-97. doi: 10.1002/jcsm.12158. 

33. Carey, E.J., Lai, J.C., Sonnenday, C., et al. 2019. A North American expert opinion 

statement on sarcopenia in liver transplantation. Hepatology. 70(5):1816-29. doi: 

10.1002/hep.30828. 

34. Lorentz, L. Skeletal muscle index quantification using segmentation software. 

OsiriX MD segmentation software (Version 10.0.0, Pixmeo SARL, Geneva, 

Switzerland): Image from: A retrospective analysis of the impact of sarcopenia on 

liver transplantation outcomes; 2020. 



27 

 

35. Shen, W., Punyanitya, M., Wang, Z., et al. 2004. Total body skeletal muscle and 

adipose tissue volumes: estimation from a single abdominal cross-sectional image. 

J Appl Physiol. 97(6):2333-38. doi: 10.1152/japplphysiol.00744.2004. 

36. Durand, F., Buyse, S., Francoz, C., et al. 2014. Prognostic value of muscle atrophy 

in cirrhosis using psoas muscle thickness on computed tomography. J Hepatol. 

60(6):1151-57. doi: 10.1016/j.jhep.2014.02.026. 

37. Valero, V., Amini, N., Spolverato, G., et al. 2015. Sarcopenia adversely impacts 

postoperative complications following resection or transplantation in patients with 

primary liver tumors. J Gastrointest Surg. 19(2):272-81. doi: 10.1007/s11605-014-

2680-4. 

38. Golse, N., Bucur, P.O., Ciacio, O., et al. 2017. A new definition of sarcopenia in 

patients with cirrhosis undergoing liver transplantation. Liver Transpl. 23(2):143-

54. doi: 10.1002/lt.24671. 

39. Ebadi, M., Wang, C.W., Lai, J.C., et al. 2018. Poor performance of psoas muscle 

index for identification of patients with higher waitlist mortality risk in cirrhosis. J 

Cachexia Sarcopenia Muscle. 9(6):1053-62. doi: 10.1002/jcsm.12349. 

40. Prado, C.M., Lieffers, J.R., McCargar, L.J., et al. 2008. 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(7):629-35. 

doi: 10.1016/S1470-2045(08)70153-0. 

41. Carey, E.J., Lai, J.C., Wang, C.W., et al. 2017. A multicenter study to define 

sarcopenia in patients with end-stage liver disease. Liver Transpl. 23(5):625-33. 

doi: 10.1002/lt.24750. 



28 

 

42. Hamaguchi, Y., Kaido, T., Okumura, S., et al. 2017. Impact of skeletal muscle 

mass index, intramuscular adipose tissue content, and visceral to subcutaneous 

adipose tissue area ratio on early mortality of living donor liver transplantation. 

Transplantation. 101(3):565-74. doi: 10.1097/TP.0000000000001587. 

43. Bhanji, R.A., Moctezuma-Velazquez, C., Duarte-Rojo, A., et al. 2018. 

Myosteatosis and sarcopenia are associated with hepatic encephalopathy in patients 

with cirrhosis. Hepatol Int. 12(4):377-86. doi: 10.1007/s12072-018-9875-9. 

44. Czigany, Z., Kramp, W., Bednarsch, J., et al. 2020. Myosteatosis to predict inferior 

perioperative outcome in patients undergoing orthotopic liver transplantation. Am J 

Transplant. 20(2):493-503. doi: 10.1111/ajt.15577. 

45. Martin, L., Birdsell, L., Macdonald, N., et al. 2013. Cancer cachexia in the age of 

obesity: skeletal muscle depletion is a powerful prognostic factor, independent of 

body mass index. J Clin Oncol. 31(12):1539-47. doi: 10.1200/JCO.2012.45.2722. 

46. Carias, S., Castellanos, A.L., Vilchez, V., et al. 2016. Nonalcoholic steatohepatitis 

is strongly associated with sarcopenic obesity in patients with cirrhosis undergoing 

liver transplant evaluation. J Gastroenterol Hepatol. 31(3):628-33. doi: 

10.1111/jgh.13166. 

47. Figueiredo, F.A., Dickson, E.R., Pasha, T.M., et al. 2000. Utility of standard 

nutritional parameters in detecting body cell mass depletion in patients with end-

stage liver disease. Liver Transpl. 6(5):575-81. doi: 10.1053/jlts.2000.9736. 

48. Lai, J.C., Segev, D.L., McCulloch, C.E., et al. 2018. Physical frailty after liver 

transplantation. Am J Transplant. 18(8):1986-94. doi: 10.1111/ajt.14675. 



29 

 

49. Lai, J.C., Covinsky, K.E., Dodge, J.L., et al. 2017. Development of a novel frailty 

index to predict mortality in patients with end-stage liver disease. Hepatology. 

66(2):564-74. doi: 10.1002/hep.29219. 

50. El-Serag, H.B., Hashmi, A., Garcia, J., et al. 2014. Visceral abdominal obesity 

measured by CT scan is associated with an increased risk of Barrett's oesophagus: a 

case-control study. Gut. 63(2):220-29. doi: 10.1136/gutjnl-2012-304189. 

51. Sottier, D., Petit, J.M., Guiu, S., et al. 2013. Quantification of the visceral and 

subcutaneous fat by computed tomography: interobserver correlation of a single 

slice technique. Diagn Interv Imaging. 94(9):879-84. doi: 

10.1016/j.diii.2013.04.006. 

52. Terjimanian, M.N., Harbaugh, C.M., Hussain, A., et al. 2016. Abdominal 

adiposity, body composition and survival after liver transplantation. Clin 

Transplant. 30(3):289-94. doi: 10.1111/ctr.12688. 

53. Montano-Loza, A.J., Mazurak, V.C., Ebadi, M., et al. 2018. Visceral adiposity 

increases risk for hepatocellular carcinoma in male patients with cirrhosis and 

recurrence after liver transplant. Hepatology. 67(3):914-23. doi: 

10.1002/hep.29578. 

54. Ebadi, M., Tandon, P., Moctezuma-Velazquez, C., et al. 2018. Low subcutaneous 

adiposity associates with higher mortality in female patients with cirrhosis. J 

Hepatol. 69(3):608-16. doi: 10.1016/j.jhep.2018.04.015. 

55. Wiesner, R., Edwards, E., Freeman, R., et al. 2003. Model for end-stage liver 

disease (MELD) and allocation of donor livers. Gastroenterology. 124(1):91-96. 

doi: 10.1053/gast.2003.50016. 



30 

 

56. Said, A., Williams, J., Holden, J., et al. 2004. Model for end stage liver disease 

score predicts mortality across a broad spectrum of liver disease. J Hepatol. 

40:897-903. doi: 10.1016/j.jhep.2004.02.010. 

57. Freeman, R.B., Wiesner, R.H., Edwards, E., et al. 2004. Results of the first year of 

the new liver allocation plan. Liver Transpl. 10(1):7-15. doi: 10.1002/lt.20024. 

58. Kim, W.R., Biggins, S.W., Kremers, W.K., et al. 2008. Hyponatremia and 

mortality among patients on the liver-transplant waiting list. N Engl J Med. 

359(10):1018-26. doi: 10.1056/NEJMoa0801209. 

59. United Network for Organ Sharing and Organ Procurement and Transplantation 

Network. 23 November 2015. Changes to OPTN bylaws and policies from actions 

at OPTN/UNOS executive committee meetings July 2015-November 2015. 

Available: https://optn.transplant.hrsa.gov/media/1575/policynotice_20151101.pdf 

[Accessed: 24/07/2017]. 

60. Montano-Loza, A.J., Duarte-Rojo, A., Meza-Junco, J., et al. 2015. Inclusion of 

Sarcopenia within MELD (MELD-sarcopenia) and the prediction of mortality in 

patients with cirrhosis. Clin Transl Gastroenterol. 6:e102. doi: 

10.1038/ctg.2015.31. 

61. van Vugt, J.L., Alferink, L.J., Buettner, S., et al. 2018. A model including 

sarcopenia surpasses the MELD score in predicting waiting list mortality in 

cirrhotic liver transplant candidates: a competing risk analysis in a national cohort. 

J Hepatol. 68(4):707-14. doi: 10.1016/j.jhep.2017.11.030. 



31 

 

62. Badawy, A., Kaido, T., Hamaguchi, Y., et al. 2018. Is muscle MELD a more 

promising predictor for mortality after living donor liver transplantation? Prog 

Transplant. 28(3):213-19. doi: 10.1177/1526924818781571. 

63.       Pugh, R.N., Murray-Lyon, I.M., Dawson, J.L., et al. 1973. Transection of the 

oesophagus for bleeding oesophageal varices. BJS. 60(8):646-49. doi: 

10.1002/bjs.1800600817. 

64.       Trey, C., Burns, D.G. and Saunders, S.J. 1966. Treatment of hepatic coma by 

exchange blood transfusion. N Engl J Med. 274(9):473-81. doi: 

10.1056/nejm196603032740901. 

 

 

 

  



32 

 

CHAPTER 2: PROPOSED MANUSCRIPT 

This proposed manuscript for Transplantation is prepared according to the journal’s 

instructions and guidelines for authors using a subset of all the collected data. 

The results of data collected, but not included in this proposed manuscript are detailed and 

analysed briefly in Appendix E. 
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ABSTRACT 

Background. Myosteatosis and muscle wasting (sarcopenia) are common complications 

of cirrhosis. Overweight patients with concurrent muscle depletion have a condition 

termed sarcopenic obesity. This study describes these muscle abnormalities in adult liver 

transplantation (LT) recipients and investigates their impact on post-transplantation 

outcomes. 

Methods. Records from 106 LT recipients were retrospectively analysed. Muscle 

abnormalities were determined on computed tomography using segmentation software.  

Myosteatosis was measured by mean muscle attenuation and sarcopenia by skeletal muscle 

index (SMI), determined at the third lumbar vertebra using validated gender- and body 

mass index (BMI)-specific cut-offs. Sarcopenic obesity was diagnosed in recipients with a 

BMI ≥25kg/m2 who also met the SMI cut-off for sarcopenia. Primary endpoints were the 

impact of these muscle abnormalities on patient and graft survival at one year after LT. 

Secondary outcomes were the impact on postoperative complications and length of 

hospital stay. 

Results. The majority of patients were males (n = 64, 60%) aged 50 to 64 years old (n = 

47, 44%). Alcoholic and/or non-alcoholic steatohepatitis were the commonest aetiologies 

of cirrhosis (n = 38, 36%). Myosteatosis was present in 76 patients (72%), 69 had 

sarcopenia (65%) and 36 had sarcopenic obesity (34%).  Myosteatosis increased the risk of 

mortality at one year after LT (Hazard ratio (HR) 3.3, 95% confidence interval (CI) 1.00-

11.13, p = 0.049). Sarcopenia increased the risk of death, but was of borderline 

significance (HR 2.64, 95% CI 0.99-7.00, p = 0.051). Patients with myosteatosis were at 

greater risk of allograft failure (HR 4.1, 95% CI 1.2-13.5, p = 0.021) and tended to have 

longer hospital stays (21, 95% CI 16-27 vs 16 days, 95% CI 10-20, p = 0.015). 
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Conclusions. Compared to patients without muscle abnormalities, LT recipients with 

myosteatosis and/or sarcopenia had an increased risk of death at one year. The risk of 

death was higher with myosteatosis than sarcopenia. Myosteatosis increased the risk of 

allograft failure at one year and these patients had a longer median length of hospital stay. 

  



38 

 

MAIN BODY TEXT 

Introduction 

Liver transplantation (LT) is the definitive treatment of choice for patients with end-stage 

chronic liver disease.1 Considerable clinical advances in organ preservation, surgical 

technique, post-operative care and immunosuppression have improved survival outcomes 

of this life-saving surgery.2, 3 The procedure is however costly and in South Africa, added 

barriers to the more widespread implementation of LT are small living donor LT 

programmes and low deceased donor rates.4, 5  In this era of organ shortage, further studies 

on long-term predictors of outcomes after LT may guide difficult clinical decisions 

regarding organ utility. 

 

Skeletal muscle wasting, termed sarcopenia, is an important predictor of survival in LT 

recipients.6 Cirrhosis is frequently associated with malnutrition and muscle wasting and as 

such both the American Association for the study of Liver Diseases (AASLD) and the 

European Association for the Study of the Liver (EASL) offer guidance on nutritional 

assessment and management.7-9 Analysis of muscle quantity on cross-sectional computed 

tomography (CT) or magnetic resonance imaging (MRI) is a validated and widely 

available measure of nutritional status in these patients.10 Currently the best internationally 

studied measure of sarcopenia in patients with cirrhosis is the skeletal muscle index at the 

third lumbar vertebra (SMI at L3) on CT.11 It has been shown to be an independent 

predictor of mortality, longer length of stay in intensive care and longer total length of stay 

in hospital.6, 12 
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The term sarcopenic obesity is used to describe patients who are both overweight (body 

mass index (BMI)  ≥25kg/m2) and meet CT SMI criteria for sarcopenia.12 Sarcopenic 

obesity has been described in up to 40% of LT recipients and is significantly associated 

with higher perioperative morbidity, as patients are at risk of the complications of both 

sarcopenia and obesity.10, 13 

 

Recent evidence suggests that not only low quantity skeletal muscle, but also low quality 

muscle increases the risk of poor outcomes. Myosteatosis, characterised by inter- and 

intramyocellular fat deposition has emerged as a risk factor for mortality in patients with 

cancer.14 Measured in Hounsfield units on cross-sectional CT imaging at L3, low mean 

muscle radioattenuation reflects the high fat content of muscle. Limited studies in patients 

with cirrhosis point towards higher post-operative complication rates including a higher 

risk of hepatic encephalopathy, longer hospital and intensive care unit stays and higher 

associated costs in patients with myosteatosis when compared to those without.15, 16 In 

many studies the incidence of myosteatosis in patients with cirrhosis is higher than that of 

sarcopenia.12, 15, 17 

 

The capacity of CT muscle measurements of nutritional status to predict outcome after LT 

has not yet been tested in South Africa. This present study describes the prevalence of 

sarcopenia, sarcopenic obesity and myosteatosis in adult patients undergoing LT, using 

cross-sectional CT imaging analysis and evaluates the impact of these body composition 

parameters on patient and graft survival, length of hospital stay and post-operative 

complications.  
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Materials and methods 

This study was approved by the University of the Witwatersrand Human Research Ethics 

Committee (Medical) (M180560) and conducted in accordance with the principles of the 

Declaration of Helsinki of 1996. Patient records were anonymized prior to analysis. 

 

Patients: Deceased-donor adult (age ≥18 years) LTs performed at Wits Donald Gordon 

Medical Centre (WDGMC) and Charlotte Maxeke Johannesburg Academic Hospital Liver 

Transplant Unit between 1 January 2011 and 31 January 2019 were assessed. First time LT 

recipients were included in this retrospective study if they (i) had end-stage liver disease of 

any aetiology (ii) had a plain abdominal CT scan performed at the discretion of the treating 

clinician in the six months prior or one month after surgery. During this period, 293 

patients underwent LT. Patients with acute liver failure (n = 29), previous liver 

transplantation (n = 5) or without suitable imaging (n = 153) were excluded. One hundred 

and six patients were included in the analysis.  

 

Clinical and biochemical data were extracted from the existing WDGMC Adult Liver 

Transplant Research Electronic Data Capture (REDCap) database. Pre-transplantation 

variables analysed included demographics (age at time of transplant, sex, self-reported 

race), BMI, aetiology of chronic liver disease, Model for end-stage liver disease (MELD) 

score and diabetes. Post-transplantation outcomes included recipient and graft survival at 

one year, immediate length of stay in hospital defined as the number of days from 

transplantation to discharge or death and post-operative complications (surgical re-

exploration, vascular complications and biliary complications). 
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Image Analysis and analysed parameters: All CT imaging was obtained with a 

multidetector CT scanner (Brilliance 64, Philips Medical Systems, Amsterdam, 

Netherlands).  

Unenhanced cross-sectional images were analysed using OsiriX MD segmentation 

software (Version 10.0.0, Pixmeo SARL, Geneva, Switzerland). The total cross-sectional 

area of the psoas, erector spinae, quadratus lumborum, transversus abdominus, external 

and internal oblique and rectus abdominus muscles was quantified at the level of L3 at -29 

to 150 Hounsfield units. This area was normalized for height, computing the SMI 

(cm2/m2). Sarcopenia was defined using published cut-off values: SMI in females 

<39cm2/m2 and males <50cm2/m2.11 Sarcopenic obesity was defined as those recipients 

with sarcopenia and co-morbid obesity or overweight (BMI ≥25kg/m2).12 

Myosteatosis was determined by measuring the mean muscle attenuation for the same 

muscle area at the L3 level in Hounsfield units and defined according to published cut-off 

values: mean muscle attenuation <41 Hounsfield units defined myosteatosis if the BMI 

was <24.9kg/m2 and <33 Hounsfield units if the BMI was ≥25kg/m2.18 

A radiologist (L.L.) and a trained observer (N.I.), both blinded to outcome, performed all 

measurements. 

Statistical Analysis: Categorical variables are presented as numbers and percentages. 

Continuous data are expressed as means ± standard deviations. The chi-squared test or 

Fisher’s exact probability test was used to compare categorical variables. The effect of 

each study variable on outcome was tested using the Cox proportional hazards regression 

method and significant variables were then included in a multiple binomial regression 

model. Cumulative survival curves were determined with the Kaplan-Meier method. Data 
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were analysed using SAS version 9.4 (SAS Institute, USA).  A 5% significance level was 

used.   

Results 

Demographics and clinical characteristics of patients evaluated: Of the 106 patients, 64 

were male (60%) and the most represented age group was 50 to 64 years of age (n = 47; 

44%) and ranged from 20-73 years. By self-reported race, there were 72 Caucasian (68%), 

20 Black-African (19%) and 12 Indian (11%) patients.  Alcoholic and/or non-alcoholic 

steatohepatitis (ASH/NASH) were the most common underlying aetiologies of liver 

disease (38; 36%), followed by autoimmune liver disease (34; 32%). Sixty-one percent of 

patients were overweight by BMI (>25kg/m2). Baseline characteristics of all included 

patients are summarized in Table 2.1. 

 

Eighty-eight percent of the study population had at least one body composition 

abnormality as presented in Table 2.2. Seventy-six patients had myosteatosis (72%), 69 

had sarcopenia (65%) and 36 had sarcopenic obesity (34%). Sarcopenia with co-morbid 

myosteatosis was diagnosed in 52 patients (49% overall). The mean SMI at L3 was 42 ± 9 

cm2/m2 and mean muscle attenuation was 32 ± 8 Hounsfield units. 

 

Correlations of skeletal muscle abnormalities with other variables: Muscularity varied 

significantly by sex. Ninety-one percent of females and 69% of males had myosteatosis (p 

< 0.001). Comparatively, 19% of females and 44% of males had sarcopenic obesity (p = 

0.012). Sarcopenia was also more prevalent in males, but not significantly (72 vs. 55%, p = 

0.096). Sarcopenic obesity associated significantly with Caucasian ethnicity compared to 

Black-African ethnicity (40 vs 10%, p = 0.040). In Caucasian, Black-African and 
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Indian/Asian race groups, the incidence of sarcopenia and myosteatosis was 67/75%, 

55/65% and 71/64% respectively, but these differences were not significant (p = 0.54 and 

p = 0.55 respectively). 

 

Most patients with sarcopenia, myosteatosis or both were of normal nutritional status by 

BMI (43% (30/69), 41% (31/76) and 46% (24/52) respectively). Three were underweight 

(BMI <18.5kg/m2) and of these, all had both myosteatosis and sarcopenia. The prevalence 

of sarcopenia decreased with increasing BMI (81% in patients with BMI ≤24.9kg/m2 vs. 

43% in patients with BMI ≥30kg/m2, p < 0.01). There was no significant correlation 

between myosteatosis and obesity by BMI (72 vs 83%, p = 0.071), underlying ASH/NASH 

aetiology (76 vs. 69%, p = 0.50) nor co-morbid diabetes (79 vs. 71%, p = 0.58). 

 

Clinical significance of skeletal muscle abnormalities: Median length of stay in hospital 

censored for death was 18 days (n=89, 95% confidence interval (CI) 15-22 days). Patients 

with myosteatosis were hospitalized for longer (21 days, 95% CI 16-27 days, p = 0.015) 

than patients without myosteatosis (16 days, 95% CI 10-20 days). Neither sarcopenia nor 

sarcopenic obesity portended longer median length of hospital stay.  

 

Of the 106 patients, 45 (43%) experienced at least one surgical post-operative 

complication. Morbidity included 24 patients with a biliary stricture or leak (23%), 21 

patients requiring re-exploratory laparotomy (20%) and 19 patients with a vascular 

complication (18%, most commonly hepatic artery thrombosis in 9/19).  No significant 

associations between myosteatosis (p = 0.13), sarcopenia (p = 0.77) or sarcopenic obesity 

(p = 0.10) and these complications were found. Patients with ASH/NASH had a lower risk 
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of post-operative complications (RR 0.51, 95% CI 0.29-0.91, p = 0.023), regardless of 

muscularity. Categorized MELD score (< or ≥15) did not significantly differ in patients 

with and without muscle abnormalities.  

 

Survival after LT: Patients with myosteatosis had significantly worse survival at one year 

in comparison to patients without myosteatosis. [Hazard ratio (HR) 3.3, 95% CI 1.003 – 

11.1, p = 0.049, Figure 2.1 A]. In this study, sarcopenia increased the risk of death at one 

year when compared to those without sarcopenia, but was of borderline significance (HR 

2.64, 95% CI 0.99-7.00, p = 0.051, Figure 2.1 B). Overall recipient survival at one year 

after LT was 82% (95% CI 73-88%). Amongst those who died, sepsis was the most 

common cause of death (26%, 5/19). Sarcopenic obesity did not significantly increase the 

risk of death at one year (HR 1.23, 95% CI 0.56-2.71, p = 0.61). For patients with 

myosteatosis, sarcopenia and sarcopenic obesity, survival rates at one year were 76%, 75% 

and 81% respectively. All patients without body composition abnormalities were alive at 

one year after LT compared to 69% of those with co-existing myosteatosis and sarcopenia. 

 

On univariate analysis, few other clinical factors increased the risk for death at one year. 

Black-African ethnicity non-significantly increased with greater risk of death (HR 2.22, 

95% CI 0.93-5.29, p = 0.072). Age, sex, aetiology, BMI, MELD score and diabetes did not 

influence one-year survival (Supplementary data: Table 2.3). 

 

Myosteatosis significantly increased the risk of allograft failure at one year (HR 4.08, 95% 

CI 1.24-13.45, p = 0.021), but neither sarcopenia, nor sarcopenic obesity impacted the risk 

(HR 1.63, 95% CI 0.73-3.67, p = 0.24 and HR 1.12, 95% CI 0.53-2.36, p = 0.76).   
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Table 2.1 Baseline characteristics of liver transplantation recipients at transplantation 

AILD = autoimmune liver disease, ASH/NASH = alcoholic/ non-alcoholic steatohepatitis, BMI = body mass index, MELD = model for 
end-stage liver disease 

Categorical data presented as n (%) 

a = Include primary sclerosing cholangitis, primary biliary cirrhosis and autoimmune hepatitis 

b = Include hepatocellular carcinoma, cholangiocarcinoma and neuroendocrine tumour 

c = Include haemochromatosis, oxalosis and α-1 anti-trypsin deficiency 

d = Include hepatic venous outflow obstruction, cryptogenic cirrhosis, sarcoidosis, polycystic liver disease and portal vein thrombosis 

Significantly different at the level of: *p < 0.05, **p = 0.01, ***p < 0.01, ****p < 0.0005 

 

All patients 

(n = 106) 

Myosteatosis 

(n = 76) 

Sarcopenia 

(n = 69) 

Sarcopenic 

obesity        

(n = 36) 

No muscle 

abnormality 

(n = 13) 

Age (years) 

18-34 17 (16.0) 12 (15.8) 14 (20.3) 1 (2.8) 1 (7.7) 

35-49 30 (28.3) 19 (25.0) 19 (27.5) 8 (22.2) 6 (46.15) 

50-64 47 (44.3) 36 (47.4) 28 (40.6) 20 (55.6) 5 (38.46) 

≥65 12 (11.3) 9 (11.8) 8 (11.6) 7 (19.4)*** 1 (7.7) 

Sex 

Male 64 (60.4) 38 (50.0) 46 (66.7) 28 (77.8)** 10 (76.9) 

Female 42 (39.6) 38 (50.0)**** 23 (33.3) 8 (22.2) 3 (23.1) 

Self-reported race 

White 72 (67.9) 54 (71.1) 48 (69.6) 29 (80.5)* 8 (61.5) 

Black-African 20 (18.9) 13 (17.1) 11 (15.9) 2 (5.6) 3 (23.1) 

Indian/Asian 13 (12.2) 9 (11.8) 9 (13.0) 4 (11.1) 2 (15.4) 

Mixed 1 (0.9) 0 1 (1.4) 1 (2.8) 0 

Indication for transplantation 

ASH/ NASH 38 (35.8) 29 (38.2) 25 (36.2) 18 (50)* 6 (46.15) 

AILDa 34 (32.1) 19 (25.0) 16 (23.2) 5 (13.9) 1 (7.7) 

Malignancyb 10 (9.4) 5 (6.5) 7 (10.1) 3 (8.3) 1 (7.7) 

Metabolicc 6 (5.7) 5 (6.5) 5 (7.2) 1 (2.8) 0 

Hepatitis B 4 (3.8) 1 (1.3) 2 (2.9) 1 (2.8) 2 (15.4) 

Hepatitis C 2 (1.9) 1 (1.3) 1 (1.4) 1 (2.8) 0 

Otherd 12 (11.3) 16 (21.1) 13 (18.8) 7 (19.4) 3 (23.05) 

BMI (kg/m2) 

≤24.9 41 (38.7) 34 (44.7) 33 (47.8)*** - 1 (7.7) 

25.0-29.9 37 (34.9) 22 (28.9) 24 (34.8) 24 (66.7) 6 (46.15) 

≥30 28 (26.4) 20 (26.3) 12 (17.4) 12 (33.3) 6 (46.15) 

Diabetes mellitus 

Yes 19 (17.9) 15 (19.7) 11 (15.9) 7 (19.4) 1 (7.7) 

No 87 (82.1) 61 (80.3) 58 (84.1) 29(80.6) 12 (92.3) 

MELD score 

<15 40 (37.7) 26 (34.2) 22 (31.9) 9 (25) 6 (46.2) 

≥15 66 (62.3) 50 (65.8) 47 (68.1) 27 (75) 7 (53.8) 
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Table 2.2 Muscular characteristics of LT recipients 

 

L3 SMI = skeletal muscle index at the level of the third lumbar vertebra, HU = Hounsfield units 

Categorical data presented as n (%). Continuous data presented as mean ± standard deviation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 All patients 

(n = 106) 

Myosteatosis 

(n = 76) 

Sarcopenia 

(n = 69) 

Sarcopenic 

obesity        

(n = 36) 

Myosteatosis 76 (72) - 52 (75) 25 (69) 

Sarcopenia 69 (65) 52 (68) - - 

Sarcopenic obesity 36 (34) 25 (33) 36 (52) - 

L3 SMI (cm2/m2) 42 ± 9 40 ± 8 38 ± 7 40 ± 6 

Muscle attenuation (HU) 32 ± 8 28 ± 6 31 ± 9 29 ± 8 
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Figure 2.1 Recipient survival in patients with myosteatosis (A) and sarcopenia (B). 

Survival at one year was significantly lower in patients with myosteatosis than those 

without myosteatosis (p = 0.049). Patients with sarcopenia had borderline significantly 

worse survival than patients without sarcopenia (p = 0.051).  

B 

A 
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Discussion 

Patients requiring LT are often severely ill and the elucidation of objective criteria which 

can assist in optimizing utilization of this scarce resource may assist clinicians. Sarcopenia 

is a well-studied risk factor for poor outcomes after LT, however, less is known on the 

prevalence and consequences of myosteatosis and sarcopenic obesity in the transplant 

setting. To our knowledge, this is the first study describing these muscle abnormalities and 

their associations in a South African LT recipient population. 

  

In this present study, muscle abnormalities were frequent with myosteatosis seen in over 

70%, sarcopenia in 65% and sarcopenic obesity in 34% of the patients. Myosteatosis is 

emerging as a significant, and possibly better correlate of outcome than sarcopenia in LT 

recipients. In many studies, and this study, its incidence is higher than that of 

sarcopenia.12,17 There were proportionately more females with myosteatosis in our group, 

an association that has been previously described.17 The presence of myosteatosis appears 

to increase length of hospital stay, but this requires further study as the published literature 

on this is contradictory.  Some authors report a significant correlation with prolonged and 

consequent increased cost of stay, whereas others report none.12, 15 This study observed 

that patients with myosteatosis spent on average five days longer in hospital than those 

without myosteatosis. Similar associations between sarcopenia and hospital stay were not 

observed.  

 

This study describes, using univariate modelling only, that both low quantity muscle mass 

(sarcopenia) and low quality fat-infiltrated muscle (myosteatosis) were determinants of 

mortality in patients with end-stage liver disease one year after LT. The risk of death was 
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2.5 to three times higher in those with sarcopenia or myosteatosis compared to those 

without muscle abnormalities. Importantly the prognostic value of myosteatosis was better 

than that of sarcopenia in predicting patient survival as well as length of hospital stay and 

allograft survival. In this study none of the three muscle measures were predictive of 

complications and sarcopenic obesity did not significantly increase the risk for poor 

survival outcomes. 

 

Although by univariate analysis only, the findings of this study agree with prior 

publications identifying myosteatosis as a risk factor for allograft dysfunction and 

mortality.12, 19 Notably, in this study myosteatosis was a more significant risk factor for 

mortality than sarcopenia. These results are consistent with those of Czigany et al. who 

measured myosteatosis by the same technique and describe its superiority over sarcopenia 

in predicting poor peri-operative outcomes including mortality.15 It is postulated that 

intramuscular fat accumulation disrupts the architecture and alignment of muscle fibrils 

weakening their mechanical action.20 Additionally, immunity is impaired and oxidative 

stress worsened by local pro-inflammatory cytokines and adipokines which in cohort all 

seem to predispose to increased complications and mortality.21, 22 The reasons why 

myosteatosis might predispose to a worse outcome over sarcopenia are unstudied.  

 

There are limitations to this study. Although many more patients received LT at WDGMC, 

only a small subset had suitable CT imaging available for review. It is possible that only 

those with an adverse clinical course were referred for imaging, leading to a selection bias 

for only the most ill patients. The consequent small sample size, from a single centre, may 

not represent the entire LT recipient population. The prevalence of body composition 
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abnormalities may be lower in a more representative sample. Furthermore, there is 

growing recognition that muscle wasting is one part of a multidimensional frailty 

syndrome, requiring functional assessment of physical performance and muscle strength as 

well as measures of muscle quantity or quality.23, 24 By the retrospective nature of this 

study, data on these measures such as gait speed or grip strength could not be collected. 

Lastly, the conclusions are based on univariate analysis only. 

 

This study however serves as a primary analysis of muscle abnormalities in a diverse 

South African LT recipient population. The clinical relevance of identifying both 

myosteatosis and sarcopenia in pre-LT assessment is highlighted. As screening tools, they 

may prove useful predictors of post-transplantation outcome. Nutritional, pharmacological 

and exercise interventions such as branch chain amino acid supplementation, testosterone 

supplementation, minimization of immunosuppression and physical resistance training aim 

to prevent fatty infiltration and wasting of muscle and so may delay functional decline and 

mortality in these patients.25-27 

 

Conclusion 

These results suggest that both sarcopenia and myosteatosis infer disproportionately higher 

risk for mortality at one year after LT, however myosteatosis appears to be a more 

significant predictor of patient and allograft survival and length of hospital stay. Further 

studies are needed to determine the underlying pathological mechanisms accountable for 

this observation. 
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SUPPLEMENTARY DATA 

Table 2.3 Pre-transplantation variables and one-year survival in liver transplantation 

recipients 

 

 

 

 

 

 

 

 

 

 

ASH/NASH = alcoholic/ non-alcoholic steatohepatitis, BMI = body mass index, CI = confidence interval, HR = hazard ratio, MELD = 
model for end-stage liver disease 

 

 

 

 HR for death 

at 1 year 

95% CI p-value 

Age (years)    

35-49 0.40 0.12-1.30 0.13 

50-64 0.63 0.24-1.69 0.36 

≥65 0.67 0.17-2.70 0.58 

Sex    

Female 1.30 0.60-2.82 0.50 

Self-reported race 

Black-African 2.22 0.93-5.29 0.072 

Indian/Asian/Mixed 1.70 0.56-5.19 0.35 

Indication for transplant  

ASH/ NASH 0.49 0.20-1.21 0.12 

BMI (kg/m2)  

25.0-29.9 1.15 0.51-2.61 0.74 

≥30 0.35 0.10-1.26 0.11 

Diabetes mellitus   

Yes 1.69 0.71-4.02 0.24 

MELD score  

≥15 1.16 0.52-2.60 0.72 
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CHAPTER 3: APPENDICES 

Appendix A: United Network for Organ Sharing and Organ 

Procurement and Transplantation Network model for end-stage liver 

disease score (59) 

Initial MELD score =  

0.957 × loge(creatinine in mg/dL) + 0. 378 × loge(bilirubin in mg/dL) + 1.120 x loge(INR) 

+ 0.643 

 

A value of 1.0 is used for any laboratory result less than 1.0.  

For candidates with renal dysfunction (creatinine ≥4.0mg/dL) or those who have received 

two or more dialysis sessions or a single 24 hour session of continuous veno-venous 

haemodialysis in the past week, a creatinine value of 4.0mg/dL is used in the above 

formula. 

The calculated score is rounded off to the tenth decimal place and then multiplied by 10 to 

give the initial MELD score. The maximum score is 40. 

 

If the initial MELD score greater than 11, the next formula, accounts for serum sodium 

level and is used to calculate the final MELD score: 

MELD = MELD(initial) + 1.32×(137-sodium) – [0.033×MELD(initial)×(137-sodium)] 

A value of 125 is used for any sodium value less than 125 mmol/L and 137 for any sodium 

result above 137mmol/L. 
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Appendix B: Child-Turcotte-Pugh score (63) 

The original Child-Turcotte score used to grade severity of liver disease was adapted by 

Pugh to include prothrombin time and exclude body nutritional assessment. Six parameters 

are assessed to calculate a grade A, B, C, which correlates with operative risk. 

 

Table B1 Child-Turcotte-Pugh score 

Clinical and Biochemical Parameters Points 

1 2 3 

Grade of encephalopathy* None 1 and 2 3 and 4 

Ascites Absent Slight Moderate 

Bilirubin (mg/100ml) 1-2 2-3 >3 

Albumin (g/100ml) 3.5 2.8-3.5 <2.8 

Prothrombin time (seconds prolonged) 1-4 4-6 >6 

If primary biliary cirrhosis use bilirubin 

(mg/100ml) 
1-4 4-10 >10 

*according to Trey, C., et al. (64). 

 

Grade A: 5 or 6 points. Good operative risk. 

Grade B: 7-9 points. Moderate operative risk 

Grade C: 10-15 points. Poor operative risk 

 

Table B2 Grading of hepatic encephalopathy by Trey, C et al. (64) 

Grade of 

encephalopathy 

Mental state Tremor Electroencephalographic 

changes 

Prodrome (often 

diagnosed in 

retrospect) or 

grade 1 

Euphoria, occasionally 

depression, fluctuant, mild 

confusion, slowness of 

mentation and affect, untidy, 

slurred speech, disorder in 

sleep rhythm 

Slight Usually absent 

Impending coma 

or grade 2 

Accentuation of grade 1, 

drowsiness, inappropriate 

behaviour, ability to maintain 

sphincter control 

Present Abnormal, generalized 

slowing 

Stupor or grade 3 Patient sleeps most of the 

time, but rousable, speech 

incoherent, confusion marked 

Usually 

present 

Always abnormal 

Deep coma or 

grade 4 

Patient may or may not 

respond to painful stimuli 

Absent Always abnormal 
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Appendix C: Definitions of abdominal computed tomography scan measurements 

Table C1 Definitions of abdominal computed tomography scan measurements 

Measurement Definition Units Cut-off value 

Cross-sectional area of 

muscle (31) 

Total cross-sectional area of all the skeletal muscles in a single axial slice image 

(psoas, erector spinae, quadratus lumborum, transversus abdominus, external and 

internal oblique, and rectus abdominus muscles)  

This is measured by outlining the muscles at the standard Hounsfield unit range for 

skeletal muscle (-29 to +150) using segmentation software. 

cm2 

 

Skeletal muscle index 

(31)  

Cross-sectional area of muscle normalised by height squared cm2/m2 At 

L3 

Female <39 

Male <50 

Sarcopenic obesity (16)  Concurrent sarcopenia (skeletal muscle index at L3 meeting above cut-off) AND 

overweight or obesity (BMI ≥25kg/m2) 

 

Intramuscular fat (45) Mean muscle attenuation in Hounsfield units for the entire cross-sectional area of 

muscle in a single axial slice. This is measured at the third lumbar vertebra. The 

value is calculated by the segmentation software programme. 

Hounsfield 

units 
BMI <24.9kg/m2 <41 

BMI ≥25kg/m2 <33 

Cross-sectional area of 

visceral fat (53)  

Total cross-sectional area of the visceral adipose tissue in a single axial slice image. 

This is measured using segmentation software at the third lumbar vertebra. The 

cross-sectional areas of tissue deep to the deep fascia and within the standard 

Hounsfield unit ranges for visceral adipose tissue (−150 to −50) are summed. 

cm2 

 

Visceral adipose tissue 

index (53) 

Cross-sectional area of visceral fat normalized by height squared cm2/m2 

No evidence based pre-

existing cut-off value 

specific to this population is 

known. 

Bilateral psoas muscle 

area (38) 

Cross-sectional area of the right and left psoas muscles.  

This is measured by manually outlining the muscle at the standard Hounsfield unit 

range for skeletal muscle (-29 to +150) 

cm2 

Psoas muscle index (39) Sum of the area of the right psoas muscle and the left psoas muscle normalized by 

height squared 

cm2/m2 

Psoas muscle thickness 

(36, 38) 

Transverse diameter (shortest axis) of the psoas muscle on a single axial slice. 

This is perpendicular to the axial diameter and manually measured on the right. 

mm 
 

Psoas muscle thickness 

normalized for height (36) 

Transverse psoas muscle thickness normalised by height mm/m No evidence based pre-

existing cut-off value. 
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Appendix D: Data collection sheets 

D1. Clinical and biochemical patient variables at the time of liver transplantation 

Date of collection: 

Date of liver transplantation:  

Study participant number: 

 

Record Review Data 

Age (years)  

Sex Female Male 

Self-reported race  

Height (m)  

Weight (kg)  

BMI (kg/m2)  

Cause of underlying chronic liver disease  

Serum creatinine (in μmol/L and mg/dL)   

Received two or more dialysis sessions or a 

single 24 hour session of continuous       veno-

venous haemodialysis in the past week 

Yes No 

Serum Total Bilirubin (in μmol/L and mg/dL)   

INR  

Serum sodium (mmol/L)  

MELD score  

Diabetes mellitus Yes No 

Donor type Living Donor Cadaver 

Donor age (years)  

Graft type Split Whole 

Graft weight (g)  

Duration of cold ischemic time (hours)  

Operative time (hours)  

Duration of hospital stay (days)  

Complications 

Surgical re-exploration Yes No 

Biliary Yes No 

Vascular Yes No 

Specify complication  

Patient 

survival  

90 days Yes No 

1 year Yes No 

Specify days until death  

Graft survival 

90 days Yes No 

1 year Yes No 

Specify days until graft failure  
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D2. Computed tomography analysis  

Date of collection: 

Date of computed tomography scan: 

Study participant number: 

 

Total cross-sectional measures 

Parameter to be measured/calculated Endplate of L3 Endplate of L4 
Level of the 

umbilicus 

Cross-sectional area of muscle (cm2)    

Skeletal muscle index (cm2/m2)    

Intramuscular fat (Hounsfield units)   

Cross-sectional area of visceral fat (cm2)  

Visceral adipose tissue index (cm2/m2)  

 

Psoas muscle measures 

Parameter to be measured/calculated Endplate of L3 

Bilateral psoas muscle area (cm2)  

Psoas muscle index (cm2/m2)  

Psoas muscle thickness (mm)  

Psoas muscle thickness normalized for 

height (mm/m) 
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Appendix E: Results and analysis of data not included in the proposed manuscript 

Table E1 Relative risk of death at 90 days and one year after liver transplantation 

CI = confidence interval, L3 or L4 = third or fourth lumbar vertebra, LT = liver transplantation, RR = relative risk, SMI = skeletal muscle index 

Significant results are indicted in italics 

 

Body composition measure n % Death at 90 days Death at one year 

No Yes RR 95% CI p-value No Yes RR 95% CI p-value 

Sarcopenic at L3 
Yes 69 65 58 11 5.90 0.79-43.93 0.08 52 17 4.56 1,11-18,66 0,03 

No 37 35 36 1  35 2  

Sarcopenic by SMI at L4 
Yes 62 58 52 10 3.55 0.82-15.41 0.09 47 15 2.66 0,95-7,48 0,06 

No 44 42 42 2  40 4  

Sarcopenic by SMI at the level of the umbilicus 
Yes 59 56 51 8 1.59 0.51-4.97 0.42 47 12 1.37 0,59-3,19 0,47 

No 47 44 43 4  40 7  

Sarcopenic obesity 
Yes 36 34 31 5 1.22 0.43-3.45 0.71 29 7 1.13 0.49-2.63 0.77 

No 70 66 62 8  58 12  

Myosteatosis 
Yes 76 72 65 11 4.34 0.59-32.18 0.15 58 18 7.11 0,99-50,89 0,05 

No 30 28 29 1  29 1  

Visceral adipose tissue index  

(upper tertile ≥41.9cm2/m2) 

Upper tertile 33 2 0.37 0.09-1.57 0.18 30 5 0.72 0.28-1.85 0.50 

Lower tertiles 60 11  57 14  

Bilateral psoas muscle area L3 

(lowest tertile ≤9.94cm2) 

Lowest tertile 29 6 1.74 0.63-4.79 0.28 25 10 2.25 1.00-5.04 0.05 

Upper tertiles 64 7  62 9  

Psoas muscle index L3  

(lowest tertile ≤3.68cm2/m2) 

Lowest tertile 29 6 1.74 0.63-4.79 0.28 25 10 2.25 1.00-5.04 0.05 

Upper tertiles 64 7  62 9  

Psoas muscle thickness normalized for height L3 

(lowest tertile ≤10.7mm/m) 

Lowest tertile 29 6 1.74 0.63-4.79 0.28 26 9 1.83 0.82-4.08 0.14 

Upper tertiles 64 7  61 10  
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 Table E2 Relative risk of allograft failure at 90 days and one year after liver transplantation 

 

CI = confidence interval, L3 or L4 = third or fourth lumbar vertebra, LT = liver transplantation, RR = relative risk, SMI = skeletal muscle index 

Significant results are indicated in italics 

Body composition measure Allograft failure at 90 days Allograft failure at one year 

No Yes RR 95% CI p- value No Yes RR 95% CI p-value 

Sarcopenic by SMI at L3  
Yes 57 12 2.14 0.65-7.12 0.21 51 18 2.41 0.88-6.61 0.09 

No 34 3  33 4  

Sarcopenic by SMI at L4 
Yes 51 11 1.95 0.66-5.73 0.22 46 16 1.89 0.80-4.45 0.14 

No 40 4  38 6  

Sarcopenic by SMI at the level of the umbilicus 
Yes 51 8 0.91 0.36-2.33 0.84 47 12 0.56 0.45-2.02 0.91 

No 40 7  37 10  

Sarcopenic obesity 
Yes 31 5 1.08 0.39-2.99 0.88 28 8 1.11 0.51-2.40 0.79 

No 61 9  56 14  

Myosteatosis 
Yes 62 14 5.53 0.76-40.2 0.09 55 21 8.29 1.17-58.91 0.03 

No 29 1  29 1  

Visceral adipose tissue index  

(highest tertile ≥41.9cm2/m2) 

Upper tertile 32 3 0.55 0.16-1.85 0.34 29 6 0.76 0.33-1.77 0.53 

Lower tertiles 60 11  55 16  

Bilateral psoas muscle area L3 

(lowest tertile ≤9.94cm2) 

Lowest tertile 29 6 1.52 0.57-4.05 0.40 25 10 1.69 0.81-3.53 0.16 

Upper tertiles 63 8  59 12  

Psoas muscle index L3 

(lowest tertile ≤3.68cm2/m2) 

Lowest tertile 29 6 1.52 0.57-4.05 0.40 25 10 1.69 0.81-3.53 0.16 

Upper tertiles 63 8  59 12  

Psoas muscle thickness normalized for height L3 

(lowest tertile ≤10.7mm/m 

Lowest tertile 29 6 1.52 0.57-4.05 0.40 25 10 1.69 0.81-3.53 0.16 

Upper tertiles 63 8  59 12  
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Discussion 

Total cross-sectional measures 

Sarcopenia measured at three axial levels 

In this report, sarcopenia was defined by the SMI at the level of the superior endplate of L3 

according to recommended techniques and standardized cut-off values (31, 41). To test the 

predictive value of SMI at alternative vertebral levels, the measurement was repeated at the 

superior endplate of L4 and at the level of the umbilicus. The vertebral level of the umbilicus 

was not consistent amongst participants. It was visualized anywhere between L3 and S3 

depending on the presence and degree of ascites and subcutaneous adiposity. In the absence 

of standardized cut-off values for SMI at these alternative levels, the published cut-off values 

for SMI at L3 were used. No significant correlations between SMI at L4 or SMI at the level 

of the umbilicus and patient or graft survival were found. Significant limitations must 

however be considered when interpreting this data. Most importantly that the cut-off value 

used is specific to the L3 level and may not accurately reflect sarcopenia at other levels. The 

population size in this report was too small to accurately determine a cut-off level by optimal 

stratification. There are no prior studies testing SMI at other vertebral levels. Further research 

is necessary to determine firstly if musculature at other vertebral levels is reflective of total 

body musculature and secondly to determine cut-off levels defining sarcopenia.  

 

Visceral fat 

In this present report, no significant associations were found between higher visceral 

adiposity and patient and allograft survival at 90 days or at one year after LT. Interpretation 

of these results is however also limited by the lack of a standardized gender, sex and 



64 

 

ethnicity-specific cut-off value defining visceral obesity. These findings are in keeping with 

those of Ebadi et al. who measured visceral fat and calculated the visceral adipose tissue 

index (VATI) by the same technique. In their large study of 677 LT recipients, they 

determined an optimal cut-off value for VATI predictive of mortality, but report that no 

statistically significant associations between the two were found (54). Future large studies are 

necessary to further evaluate the impact of this body composition measure on outcomes after 

LT. 

 

Psoas muscle measures 

Both lower bilateral psoas muscle area and lower psoas muscle index (bilateral psoas muscle 

area normalized for height squared) measured at L3 were significantly increased the risk of 

death at one year after LT (RR 2.25, 95% CI 1.00-5.04, p = 0.05). No significant associations 

were noted between these indices and allograft survival at 90 days or one year and patient 

survival at 90 days after LT. Published literature on the impact of psoas muscle area measures 

on mortality is variable. These results contrast findings of Ebadi et al. who report that psoas 

muscle index poorly predicts mortality in recipients on the LT waiting list (39). Multiple 

studies however report good correlation between low psoas muscle area and mortality (12, 

14). Of note again however, interpretation of these indices in the absence of standardized 

normal values is limited. 
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