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Abstract

Background: Sarcopenia, defined as low muscle mass with reduced function, is frequently encountered in cirrhotic patients and
is a major predictor of adverse events, including post-liver transplant (LT) outcome.
Objectives: This study assessed the impact of sarcopenia using computed tomography (CT)-based measurements on post-LT mor-
tality and complications.
Methods: From January 2008 to June 2016, 646 adult patients underwent 613 LTs at our institution. We analyzed the postoperative
outcome of 287 patients who had pathologically proven cirrhosis on the explanted liver and who had performed a CT examination
three months before LT. Psoas muscle density (PMD) was detected for every patient using standard instruments present in the ra-
diological workstation and was related to postoperative survival rates and complications. Statistical analysis was carried out using
the appropriate tests.
Results: Postoperative mortality was 6.3%. At least one grade III-IV postoperative complication was experienced by 121 patients. Res-
piratory and infective complications occurred in 30 and 32 patients, respectively. Also, PMD was an independent predictor of post-
operative mortality (P = 0.021), respiratory complications (P = 0.015), and infections (P = 0.010). The ROC analysis identified a PMD
≤ 43.72 HU as the best cutoff value for predicting 90-day mortality after LT.
Conclusions: Psoas muscle density accurately predicted post-LT mortality and complications. Its ease and low-cost determination
can allow widespread use of this parameter to improve clinical care and help with the decision to give these patients some priority
on the transplant waiting list.
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1. Background

Liver transplant (LT) is the only curative option for pa-
tients with end-stage liver disease (ESLD).

Unfortunately, severe graft shortage prolongs the time
on the waiting list, leading to advanced liver disease and
worse patient clinical conditions at the same rate (1). Ef-
forts to increase the donor pool have included adding do-
nation after cardiac death to standard donation after brain
death (2). Moreover, older donors and donors with fatty liv-

ers have been utilized in recent years (3). At the same time,
the predicted decline in organ availability in the future,
due to graft quality deterioration (4), confirms the strict
selection of transplant candidates being of paramount im-
portance.

Sarcopenia can be defined as low muscle mass associ-
ated with a lower muscle function (5). It is frequent in pa-
tients with ESLD, with a reported incidence up to 70% (6-9),
and is a major predictor of adverse clinical outcome mea-
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sures, including survival, quality of life, development of
other complications of cirrhosis, and post-transplant out-
comes (9-13). In particular, a recent study demonstrated
that both short- and long-term post-LT survival were con-
siderably poorer in the sarcopenic group than in the non-
sarcopenic group (82% versus 98% and 53.6% versus 79.8%;
P < 0.001) (14). In the study by Valero et al. (15), sarcope-
nia was an independent predictor of postoperative compli-
cations in multivariable analysis (Odds Ratio 3.06, 95%CI =
1.07 - 8.72, P = 0.03).

Sarcopenia is an objective measure of malnutrition in
cirrhotic patients instead of serum (pre-) albumin, body
mass index (BMI), and weight, which may be conditioned
by liver impaired function or ascites. In the literature, com-
puted tomography (CT) measurements of skeletal muscle
mass include a wide variety of tools, such as Psoas mus-
cle area (PMA) (16), PMA normalized for height (14), psoas
thickness normalized for height (17), and third lumbar
vertebra (L3) muscle index standardized by the squared
height (8, 17). Due to many clinical definitions, the Eu-
ropean Working Group on Sarcopenia in 2010 stated that
“more research is urgently needed to obtain good refer-
ence values” (5). In particular, no precise cut-off value is
available to diagnose sarcopenia in patients affected by
ESLD. Moreover, this definition recommends the use of a
practical clinical definition and a consensus diagnostic cri-
terion.

The main limit in finding a cut-off agreed upon by the
scientific community is that many authors use different
measurements, some of which requiring expensive soft-
ware that is not readily available in every center (8, 14, 16,
17).

2. Objectives

In the present study, we assessed the impact of sar-
copenia on post-LT mortality and complications, using
single-slice CT-based measurements of Psoas muscle den-
sity (PMD).

3. Methods

3.1. Study Design

From January 1, 2008, to June 15, 2016, 646 adult
patients underwent 613 LTs from AB0-identical or AB0-
compatible brain-death-deceased donors at our institu-
tion. From the 646 transplanted patients, we designated
287 patients with pathologically proven cirrhosis on the
explanted liver, for whom a CT examination was available

(three months before LT). The availability of recent imag-
ing depended on the oncologic follow-up in patients with
HCC (18) and modifications of patient clinical conditions,
which needed a CT scan evaluation (i.e., sudden liver de-
compensation, acute abdominal pain, etc.).

The clinical features of both donors and recipients, in-
cluding biochemical and surgical parameters, were stored
in the institutional database. Since 2004, a two-center re-
gional allocation based on the model for end-stage liver
disease (MELD) score has been used, with additional points
assigned for different indications (hepatocellular carci-
noma (HCC), metabolic diseases, etc.), with periodical re-
evaluation between the two centers involved (18, 19). At
present, malnutrition determines an assignation of extra
points only in patients affected by the polycystic hepatic
disease, for whom the loss of weight was exclusively re-
lated to the mass effect imposed by massive hepatomegaly
(20). The results were assessed considering post-transplant
survival rates and complications. Since sarcopenic pa-
tients are at higher risk of developing respiratory or infec-
tive postoperative complications (15, 21), we performed an
additional analysis of these issues.

This single-center study, carried out at our tertiary care
center, was approved by the institutional review board and
written informed consent was obtained from each patient.

3.2. Definitions

The postoperative course was designated as the pe-
riod comprising 90 days after LT, as previously done (19,
22). Postoperative complications were graded according
to the Dindo-Clavien classification (23). Only were grade
III-IV complications analyzed, as previously performed (19).
Acute-on-chronic Liver Failure (ACLF) was defined as a
rapid decompensation in a chronic setting of liver disease,
with a potential organ failure(s) predefined by the CLIF-
SOFA score (24). Hepatorenal syndrome (HRS) was diag-
nosed as per the International Club of Ascites definition
(25). Prolonged post-LT mechanical ventilation (MV) was
defined as MV for at least 72 h postoperatively (26). Post-
operative respiratory complications included pneumonia,
pulmonary edema, and respiratory failure (defined as pro-
longed MV, the need for re-intubation for respiratory fail-
ure, and the need for tracheotomy) (27). Infections were
defined following the standard criteria recommended by
the centers for disease control and prevention (28).

3.3. Imaging Analysis

The CT examinations were performed in all patients,
following a previously described protocol (29). A more
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than 10-year experienced radiologist in the abdominal
imaging field, blinded to all of the information, including
clinical history, assessed the images. All the images were
retrieved from and evaluated on our institutional picture
archiving and communication system (Carestream PACS®,
version 1.4; Kodak, Rochester, NY). All the measurements
(size, area, or density evaluation) were performed using
standard instruments present in all the imaging worksta-
tions without the use of dedicated software. We decided to
perform three different evaluations: (1) transversal psoas
muscle thickness (TPMT) measurement; (2) cross-sectional
PMA measurement; and (3) PMD measurement. All the
measurements were performed on both the right and the
left psoas muscles, and their means were calculated by
halving the sum of right and left assessments (Figure 1).

Measurements of TPMT on CT were performed, accord-
ing to the previously described method by Durand et al.
(17). Besides, TPMT was normalized for stature divided by
height (TPMTh). Measurements of PMA and PMD were per-
formed on a single axial image of basal CT scan at the level
of L3. The radiologist traced the contour of the muscle us-
ing the freehand instrument for density measurement, au-
tomatically obtaining the following values: -area (mm2)
and -density (Hounsfield Unit, HU). Then, PMA was normal-
ized for Body Surface Area (BSA) (14). Normal density for
skeletal muscle is defined as 30 - 100 HU (30); a lower den-
sity is related to “fatty replacement” of muscle tissue due
to patient age, obesity, and concomitant diseases, such as
neurological chronic conditions, type 2 diabetes, malig-
nancy, or cirrhosis (30-32).

3.4. Statistical Analysis

Continuous variables were expressed as median and
range and compared using a two-tailed unpaired Student’s
t test. Categorical variables were compared using χ2 or
Fisher analysis. Patient survival was calculated from the
date of LT to the last date of follow-up or death. Actuarial
survivals were computed with the Kaplan-Meier method,
and the differences between the groups were compared by
the log-rank test.

To identify the predictors of 90-day mortality and 90-
day postoperative complications, a univariable analysis
was performed. A multilinear regression was also per-
formed, including those variables significantly correlated
to the outcome at univariable analysis. In this way, it evalu-
ated the correlation between some of these identified pre-
dictors. In particular, since ACLF definition, according to
the CLIF-SOFA score, already included the MELD-score, and
HRS was diagnosed based on the serum creatinine level,

which is one factor used to calculate the MELD-score, only
was the variable with the higher chi-square value included
in the multivariable analysis. In this way, the rule of thumb
of one variable for 10 events was fulfilled.

Since our principal goal was to better understand
which recipient characteristics will most impact post-LT
survival and considering that we have already demon-
strated comparable post-transplant outcomes regardless
of donor characteristics (19), the latter were not analyzed
as possible predictors of postoperative survival and com-
plications.

The prognostic value of PMD measurement in predict-
ing 90-day postoperative mortality was assessed using re-
ceiver operating characteristic (ROC) curve analysis. The
area under the curve (AUC), sensitivity, specificity, positive
and negative predictive values, and positive and negative
likelihood ratios for the cut-off point obtained were re-
ported. A P-value less than 0.05 was considered statistically
significant. Statistical analysis was performed with SPSS
version 17.0 software (SPSS, Inc., Chicago, IL). The ROC anal-
ysis was performed with MedCalc version 12.5.0 (MedCalc
Software, Ostend, Vlaanderen, Belgium). The statistical re-
view of the study was performed by a biomedical statisti-
cian.

4. Results

4.1. Recipient Characteristics and Postoperative Course

The baseline characteristics of the study population
are summarized in Table 1. After a median follow-up of 40
months (0 - 109 months), 58 (20.2%) patients died. The one-
and five-year overall survival rates were 87.1% and 78.9%, re-
spectively.

Men made up 74.2% of the cohort. Notable characteris-
tics included a median BMI of 24.7 kg/m2 (range: 11.8 - 37.2)
and post-necrotic cirrhosis as the cause of liver dysfunc-
tion in 61.7% of the cases. Respecting the markers of liver
disease severity, the median pre-LT MELD score was 20 (6 -
49), and HRS and ACLF were diagnosed in 29.3% and 20.9%
of the cases, respectively. Postoperative mortality was 6.3%
(18 patients). The main cause of postoperative death was
infection/multi-organ failure (MOF) (61.1%, 11 patients), fol-
lowed by hemorrhagic shock (22.2%, four patients). At least
one grade III-IV postoperative complication was observed
in 121 (42.2%) patients. Respiratory and infective complica-
tions occurred in 30 and 32 patients (10.5% and 11.1%), re-
spectively.
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Figure 1. Transversal psoas muscle thickness. (A) In a sagittal CT image passing through the spinal column, the red line was positioned at the umbilicus to obtain a single axial
image (B). (C) Transversal psoas muscle thickness measurement (dotted line) was perpendicular to the axial psoas muscle thickness measurement, which corresponds to the
largest diameter of the psoas muscle on an axial view (continuous line). Cross-sectional psoas muscle area and psoas muscle density. (D) In a sagittal CT image, the red line
was positioned at L3 to obtain a single axial image (E). (F) Psoas muscle profile was contoured using the free-hand density measurement tool. Thanks to this instrument, both
psoas muscle area and density were simultaneously calculated. All the measurements were performed on the right and left psoas muscle.

4.2. Psoas Muscle Density and 90-day Mortality and Complica-
tions

The ROC analysis identified a PMD ≤ 43.72 HU as the
best cut-off value for predicting 90-day mortality after LT
(AUC = 0.746, 95%C.I. = 0.691–0.795; sensitivity = 94.4%;
specificity = 57.3%; positive predictive value [PPV] = 12.4%;
negative predictive value [NPV] = 99.4%; positive likelihood
ratio [PLR] = 2.21; negative likelihood ratio [NLR] = 0.097;
P < 0.001] (Figure 2A). Seventeen (94.4%) of the 18 patients
who died in the postoperative period had PMD≤ 43.72 HU,
while only one (5.6%) had higher PMD (P < 0.001).

We used the ROC analysis to find the PMD cut-off value
also for grade III-IV complications, respiratory complica-
tions, and infections. According to this statistical analysis,
the three cut-off values respectively were:

PMD≤46.11 HU (AUC = 0.569, 95%C.I. = 0.510-0.628; sen-
sitivity = 66.1%; specificity = 46.4%; PPV = 12.1%; NPV = 92.5%;
PLR = 1.23; NLR = 0.73; P = 0.043) (Figure 2B);

PMD≤ 42.41 HU (AUC = 0722, 95%C.I. = 0.666-0.773; sen-
sitivity = 73.3%; specificity = 64.6%; PPV = 18.7%; NPV = 95.6%;
PLR = 2.07; NLR = 0.41; P < 0.001) (Figure 2C);

PMD ≤ 40.39 HU (AUC = 0.664, 95%C.I. = 0.606-0.719;
sensitivity = 53.1%; specificity = 74.5%; PPV = 18.8%; NPV =
93.5%; PLR = 2.08; NLR = 0.63; P = 0.002) (Figure 2D).

4.3. Analysis of Factors Affecting 90-day Mortality and Compli-
cations

The following factors were analyzed for their impact on
postoperative mortality and complications: Recipient age,
gender, BMI, and BSA; type of liver disease, presence of HCC,
hepatitis C virus (HCV) or hepatitis B virus (HBV) infection;
MELD score, the onset of ACLF or HRS; pre-LT in-hospital
stay, the need for continuous venovenous hemofiltration
(CVVH), MV or norepinephrine; TPMTh, PMA normalized
for BSA, and PMD.

A higher MELD score, onset of ACLF, and lower PMD
were correlated with higher 90-day mortality in univari-
able analysis (Table 2). The only independent predictor of
90-day mortality was PMD (Exp(B) = 0.929, 95% CI = 0.872
- 0.989; P = 0.021). Grade III-IV complications were signifi-
cantly related to the MELD score, onset of ACLF, diagnosis
of HRS, and hospitalization at the time of LT (Table 3). In
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Figure 2. ROC analysis of psoas muscle density for predicting: A, 90-day postoperative mortality; B, Grade III-IV postoperative complications; C, Postoperative respiratory
complications; D, Postoperative infections.

multivariable analysis, only could the MELD score indepen-
dently predict postoperative complications (Exp(B) = 1.051,
95% CI = 1.015 - 1.087; P = 0.004).

Postoperative respiratory complications occurred
more frequently in older patients, with higher MELD
score, pre-LT diagnosis of HRS and ACLF, and lower PMD
(Table 4). In multivariable analysis, recipient age (Exp(B) =
1.060, 95% CI = 1.005 - 1.119; P = 0.032), MELD score (Exp(B)

= 1.088, 95% CI = 1.034 - 1.145; P = 0.001), and PMD (Exp(B)
= 0.930, 95% CI = 0.878 - 0.986; P = 0.015) independently
predicted the occurrence of post-LT respiratory complica-
tions.

Post-LT infections arose more frequently in patients
with higher MELD scores, pre-LT diagnosis of HRS, and
lower PMD (Table 5). Multivariable analysis found HRS
and PMD as independent predictors of postoperative infec-

Hepat Mon. 2021; 21(4):e99690. 5



Bertuzzo VR et al.

Table 1. Recipient Characteristics and Postoperative Coursea

Variables Patients (N = 287)

Age 54 (18 - 71)

Male gender 213 (74.2)

BMI, kg/m2 24.7 (11.8 - 37.2)

BSA, m2 1.86 (1.37 - 2.40)

Liver disease

Post-necrotic cirrhosis 177 (61.7)

Alcoholic cirrhosis 46 (16.0)

Cholestatic disease 21 (7.3)

Other 43 (15.0)

Hepatocellular carcinoma 127 (44.3)

HCV infection 130 (45.3)

HBV infection 82 (28.6)

MELD score at LT 20 (6 - 49)

ACLF pre-LT 60 (20.9)

Pre-LT in-hospital stay 102 (35.5)

Pre-LT hepatorenal syndrome 84 (29.3)

Pre-LT CVVH/HD 8 (2.8)

Pre-LT mechanical ventilation 10 (3.5)

Pre-LT use of norepinephrine 7 (2.4)

Transversal psoas muscle thickness/height,
mm/m

18.06 (4.98 - 26.99)

Psoas muscle area/BSA, mm2 /m2 342.17 (25.34 - 832.08)

Psoas muscle density, HU 44.69 (12.99 - 59.78)

Postoperative course

ICU stay, d 6 (0 - 277)

In-hospital stay, d 17 (0 - 370)

90-day mortality 18 (6.3)

Postoperative complications 142 (49.5)

Grade III-IV complications 121 (42.2)

Infective complications 32 (11.1)

Respiratory complications 30 (10.5)

aValues are expressed as median (range) or No. (%).

tions (Exp(B) = 3.688, 95% CI = 1.698 - 8.013; P = 0.001 and
Exp(B) = 0.934, 95% CI = 0.887 - 0.984; P = 0.010, respec-
tively).

4.4. Analysis of Factors Affecting 90-day Mortality of Sarcopenic
Patients

To better understand the impact of sarcopenia on post-
LT mortality, we performed a further sub-analysis, consid-
ering only the patients with PMD value≤ 43.72 HU (n = 132,

46.0% of the cases), searching for possible differences be-
tween survivors (115 patients, 87.1%) and deceased patients
(17 patients, 12.9%) in this sarcopenic subgroup. By analyz-
ing the same variables reported above, a higher median
MELD score (22 versus 27; P = 0.012) and age (55 versus 61
years; P = 0.041) were associated with 90-day mortality in
univariable analysis. In multivariable analysis, both MELD
score and recipient age independently predicted 90-day
postoperative mortality (Exp(B) = 1.095, 95% CI = 1.022 -
1.174; P = 0.010 and Exp(B) = 1.098, 95% CI = 1.010 - 1.193; P
= 0.028, respectively).

5. Discussion

The identification of patients listed for LT with an in-
creased risk of postoperative morbidity and mortality is
crucial to improve candidate selection, organ allocation,
and optimal graft-to-recipient matching. Malnutrition
and sarcopenia have been correlated with mortality in cir-
rhotic patients, waiting-list mortality, post-transplant se-
vere infections, and longer hospital stay (9-16). Consider-
ing that prolonged MV, bacterial infections, intensive care,
and hospital long stay are well-known negative predictors
of post-LT survival (19, 33, 34), the impact of malnutrition
and muscle reduction on these variables is fundamental.

At present, different methods are available to evalu-
ate body composition and estimate muscle mass in pa-
tients with cirrhosis; however, most of these modalities
present some limitations, primarily owing to limited re-
producibility. In this setting, the muscle thickness assess-
ment based on cross-sectional CT imaging has been pro-
posed as a quantitative index of nutritional status in pa-
tients with cirrhosis, particularly owing to its objective na-
ture (8, 13-17, 32).

Englesbe et al. (16) first introduced the concept of
sarcopenia to LT using an objective and recordable value,
namely PMA at level L4. In fact, one-year post-LT survival
ranged from 49.7% for the quartile with the smallest PMA
to 87.0% for the quartile with the largest PMA, with a hazard
ratio of 3.7/1,000 mm2 decrease in PMA (P < 0.001). Subse-
quently, many other authors used PMA or TPMT to find a
relationship between these values and post-LT survival or
complications (14, 15, 17). The principal limitation of these
studies is that PMA and TPMT, even if normalized for height
or BSA, could vary significantly due to gender, ethnicity,
age, height, weight, and other clinical conditions, leading
to potential confounding results (30-32). In addition, the
location of the umbilicus, as proposed by Durand et al. for
TPMT (17), may change owing to ascites or obesity. Thus,
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Table 2. Comparison of Preoperative Characteristics of Patients Deceased 90-day post-LT with Those of Patients Who Surviveda

Variables 90-Day Survivors (N = 269) 90-Day Deceased Patients (N = 18) P Exp(B) C.I. P

Age 54 (14 - 71) 53 (21 - 65) 0.377 - - -

Male gender 202 (75.1) 11 (61.1) 0.189 - - -

BMI, kg/m2 24.7 (11.8 - 37.22) 24.5 (21.2 - 36.7) 0.071 - - -

BSA, m2 1.86 (1.37 - 2.40) 1.84 (1.57 - 2.12) 0.590 - - -

Liver disease

Post-necrotic cirrhosis 167 (62.1) 10 (55.6) 0.581 - - -

Alcoholic cirrhosis 43 (16.0) 3 (16.7) 0.575 - - -

Cholestatic disease 19 (7.1) 2 (11.1) 0.386 - - -

Other 41 (15.2) 2 (11.1) 0.476 - - -

Hepatocellular carcinoma 122 (45.4) 5 (27.8) 0.146 - - -

HCV infection 121 (45) 9 (50.0) 0.679 - - -

HBV infection 79 (29.4) 3 (16.7) 0.190 - - -

MELD score at LT 19 (6 - 49) 25 (7 - 42) 0.017 - - -

Pre-LT ACLF 52 (19.3) 8 (44.4) 0.011 2.712 0.994-7.398 0.051

Pre-LT in-hospital stay 93 (34.6) 9 (50.0) 0.186 - - -

Pre-LT hepatorenal syndrome 77 (28.6) 7 (38.9) 0.354 - - -

Pre-LT CVVH/HD 6 (2.2) 2 (11.1) 0.083 - - -

Pre-LT MV 8 (3.0) 2 (11.1) 0.124 - - -

Pre-LT use of norepinephrine 6 (2.2) 1 (5.6) 0.368 - - -

Transversal psoas muscle
thickness/height

18.01 (4.98 - 26.99) 18.55 (9.26 - 22.72) 0.927 - - -

Psoas muscle area/BSA, mm2 /m2 342.17 (25.34 - 832.08) 351.91 (181.92 - 639.27) 0.815 - - -

Psoas muscle density (HU) 45.28 (12.99 - 59.78) 39.52 (31.21 - 45.91) 0.005 0.929 0.872 - 0.989 0.021

Psoas muscle density ≤ 43.72 HU 115 (42.8) 17 (94.4) < 0.001 - - -

aValues are expressed as median (range) or No. (%).

some measurements may be recorded at different levels.

Montano-Loza et al. (8) demonstrated a correlation be-
tween sarcopenia, defined using abdominal muscle den-
sity, and mortality in cirrhotic patients (HR = 2.21, P =
0.008). As previously reported, muscle density is indepen-
dent of gender, height, weight, or ethnicity, and thus ap-
pears to be more objective than muscle area or thickness
(31). Interestingly, the frequency of sepsis-related death
was significantly higher in sarcopenic patients than in
non-sarcopenic patients (22% versus 8%; P = 0.02), support-
ing the hypothesis of impaired immunity in these patients
(34-36). Moreover, the same authors more recently demon-
strated that sarcopenia predicted post-LT outcomes inde-
pendently of MELD score; in fact, if present, sarcopenia
was equivalent to adding 10 points to the MELD score (37).
The principal limitations of these studies were the need for
specifically dedicated software and the use of cut-off values

taken from a population of non-cirrhotic patients (38). In
this sense, the measurement of PMD seemed to be a more
rapid and low-cost method. Regarding the cut-off value for
PMD, interestingly, Kalafateli et al. (32) reported a 43.14 HU
of psoas muscle density as the best predictor of 12-month
mortality in a population of 98 cirrhotic patients, which
is similar to ours. Our study demonstrated that PMD was
the best predictor of postoperative mortality after LT (P =
0.021); in fact, 94% of the patients who died within 90 days
after LT had a PMD lower than 43.72 HU, which is the cut-
off we applied to define sarcopenic patients. Among 132
sarcopenic patients, the variables that independently in-
fluenced 90-day mortality were higher MELD score and re-
cipient age. These data are congruent with our analyses
of factors associated with postoperative complications. In
fact, while the MELD score independently predicted seri-
ous postoperative complications (P = 0.004), older recip-
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Table 3. Comparison of Preoperative Characteristics of Patients Who Experienced Postoperative Grade III-IV Complications with Those of Patients Without Postoperative
Complicationsa

Variables No Grade III-IV Complications (N =
166)

Grade III-IV Complications (N =
121)

P Exp(B) C.I. P

Age 54 (18 - 71) 54 (18 - 69) 0.691 - - -

Male gender 118 (71.1) 95 (78.5) 0.155 - - -

BMI, kg/m2 24.6 (11.7 - 37.2) 25.0 (15.3 - 36.7) 0.529 - - -

BSA, m2 1.86 (1.37 - 2.40) 1.87 (1.47 - 2.30) 0.500 - - -

Liver disease

Post-necrotic cirrhosis 103 (62.0) 74 (61.2) 0.878 - - -

Alcoholic cirrhosis 21 (12.7) 25 (20.7) 0.068 - - -

Cholestatic disease 16 (9.6) 5 (4.1) 0.077 - - -

Other 27 (16.3) 16 (13.2) 0.476 - - -

Hepatocellular carcinoma 81 (48.8) 46 (38.0) 0.069 - - -

HCV infection 74 (44.6) 56 (46.3) 0.775 - - -

HBV infection 50 (30.1) 32 (26.4) 0.496 - - -

MELD score at LT 18 (6 - 39) 22 (6 - 49) < 0.001 1.051 1.015 - 1.087 0.004

Pre-LT ACLF 28 (16.9) 32 (26.4) 0.049 - - -

Pre-LT in-hospital stay 48 (28.9) 54 (44.6) 0.006 1.277 0.717 - 2.277 0.406

Pre-LT hepatorenal syndrome 31 (18.7) 53 (43.8) < 0.001

Pre-LT CVVH/HD 2 (1.2) 6 (5.0) 0.062 - - -

Pre-LT MV 6 (3.6) 4 (3.3) 0.579 - - -

Pre-LT use of norepinephrine 3 (1.8) 4 (3.3) 0.331 - - -

Transversal psoas muscle
thickness/height

18.04 (4.98 - 25.87) 18.06 (9.26 - 26.99) 0.849 - - -

Psoas muscle area/BSA, mm2 /m2 343.94 (68.49 - 617.64) 341.01 (25.34 - 832.08) 0.867 - - -

Psoas muscle density, HU 45.37 (12.99 - 59.78) 43.23 (22.61 - 59.78) 0.071 - - -

Psoas muscle density ≤ 46.11 HU 89 (53.6) 80 (66.1) 0.022 - - -

aValues are expressed as median (range) or No. (%).

ient age (P = 0.032) and higher MELD score (P = 0.001) were
independently associated with the occurrence of respira-
tory complications following LT.

Moreover, we proved the ability of PMD to predict both
postoperative respiratory complications and infections,
supporting the results of previous studies from other au-
thors (8, 12, 15). Our results confirmed the hypothesis
that undernutrition is associated with immunosuppres-
sion, due to a reduction in circulating immune cell num-
ber and in pro-inflammatory cytokine release, leading to
an increased susceptibility to infection (39).

The present study must be considered within the con-
text of its limitations. One limitation is the small sample
size, which restricted the type of analyses that we were able
to perform. The principal limitation is the retrospective de-
sign of the study, which determined a potential selection

bias. In particular, the sample may have been biased to-
ward sicker patients, as these patients are more likely to
more often undergo abdominal CT scans. Since sarcopenia
was associated with cirrhosis severity (7-10, 37), our results
are probably exaggerated by focusing on sicker patients.

Nevertheless, this study was innovative in its approach
by using a simple and rapid way to check sarcopenia. Ac-
tually, the strength of this method is that every radiolo-
gist could measure PMD, with no need for specifically ded-
icated software. Another advantage of using PMD to as-
sess sarcopenia is that muscle density is independent of
gender, height, weight, or ethnicity compared to muscle
area or thickness and thus appears more objective. In this
sense, PMD should better contextualize the nutritional sta-
tus of patients affected by nonalcoholic steatohepatitis,
who are often malnourished (40); in these patients, a low
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Table 4. Comparison of Preoperative Characteristics of Patients Who Experienced Postoperative Respiratory Complications with Those of Patients Without Postoperative
Respiratory Complicationsa

Variables No Respiratory Complications (N
= 257)

Respiratory Complications (N =
30)

P Exp(B) C.I. P

Age 53 (14 - 71) 59 (39 - 69) 0.011 1.060 1.005 - 1.119 0.032

Male gender 192 (74.7) 21 (70.0) 0.577 - - -

BMI, kg/m2 24.7 (11.7 - 37.2) 25.0 (15.8 - 32.5) 0.855 - - -

BSA, m2 1.86 (1.37 - 2.40) 1.84 (1.48 - 2.24) 0.365 - - -

Liver disease

Post-necrotic cirrhosis 162 (63.0) 15 (50.0) 0.165 - - -

Alcoholic cirrhosis 38 (14.8) 8 (26.7) 0.093 - - -

Cholestatic disease 21 (8.2) 0 (0) 0.090 - - -

Other 37 (14.4) 6 (20.0) 0.416 - - -

Hepatocellular carcinoma 117 (45.5) 10 (33.3) 0.203 - - -

HCV infection 118 (45.9) 12 (40.0) 0.538 - - -

HBV infection 76 (29.6) 6 (20.0) 0.272 - - -

MELD score at LT 19 (6 - 39) 25 (10 - 49) < 0.001 1.088 1.034 - 1.145 0.001

Pre-LT ACLF 47 (18.3) 13 (43.3) 0.001 - - -

Pre-LT in-hospital stay 87 (33.8) 15 (50.0) 0.080 - - -

Pre-LT hepatorenal syndrome 67 (26.1) 17 (56.7) 0.001 - - -

Pre-LT CVVH/HD 6 (2.3) 2 (6.7) 0.199 - - -

Pre-LT MV 9 (3.5) 1 (3.3) 0.719 - - -

Pre-LT use of norepinephrine 6 (2.3) 1 (3.3) 0.542 - - -

Transversal psoas muscle
thickness/height

18.26 (4.98 - 26.99) 16.32 (9.26 - 24.51) 0.058 - - -

Psoas muscle area/BSA, mm2 /m2 345.72 (68.49-832.08) 335.47 (25.34 - 626.72) 0.326 - - -

Psoas muscle density (HU) 45.28 (12.99 - 59.78) 39.05 (22.61 - 57.44) < 0.001 0.930 0.878 - 0.986 0.015

Psoas muscle density ≤ 42.41 HU 91 (35.4) 22 (73.3) < 0.001 - - -

aValues are expressed as median (range) or No. (%).

PMD should guide clinicians to prescribe specific nutri-
tional programs.

5.1. Conclusions

Further prospective studies on the utility of using PMD
in prognostication and care of high-risk LT patients are
needed. A better diagnosis of sarcopenia in cirrhotic pa-
tients should improve clinical care and help with the deci-
sion to give these patients some priority on the transplant
waiting list.
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Table 5. Comparison of Preoperative Characteristics of Patients Who Experienced Postoperative Infections with Those of Patients Without Postoperative Infectionsa

Variables No Infections (N = 255) Postoperative Infections (N = 32) P Exp(B) C.I. P

Age 54 (14 - 71) 56 (35 - 69) 0.370 - - -

Male gender 190 (74.5) 23 (71.9) 0.748 - - -

BMI, kg/m2 24.5 (11.7 - 37.2) 26.6 (18.0 - 34.4) 0.052 - - -

BSA, m2 1.86 (1.37 - 2.40) 1.83 (1.52 - 2.26) 0.899 - - -

Liver disease

Post-necrotic cirrhosis 160 (62.7) 17 (53.1) 0.291 - - -

Alcoholic cirrhosis 41 (16.1) 5 (15.6) 0.947 - - -

Cholestatic disease 20 (7.8) 1 (3.1) 0.293 - - -

Other 35 (13.7) 8 (25.0) 0.092 - - -

Hepatocellular carcinoma 118 (46.2) 9 (28.1) 0.051 - - -

HCV infection 116 (45.5) 14 (43.8) 0.852 - - -

HBV infection 75 (29.4) 7 (21.9) 0.374 - - -

MELD score at LT 19 (6 - 49) 24 (8 - 39) 0.038 - - -

Pre-LT ACLF 51 (20.0) 9 (28.1) 0.287 - - -

Pre-LT in-hospital stay 88 (34.5) 14 (43.8) 0.303 - - -

Pre-LT hepatorenal syndrome 65 (25.5) 19 (59.4) < 0.001 3.688 1.698 - 8.013 0.001

Pre-LT CVVH/HD 6 (2.4) 2 (6.2) 0.220 - - -

Pre-LT MV 9 (3.5) 1 (3.1) 0.691 - - -

Pre-LT use of norepinephrine 5 (2.0) 2 (6.2) 0.177 - - -

Transversal psoas muscle thickness/height 18.01 (4.98 - 25.87) 18.48 (9.45 - 26.99) 0.302 - - -

Psoas muscle area/BSA, mm2 /m2 340.92(25.34 - 832.08) 361.87(169.08 - 639.27) 0.489 - - -

Psoas muscle density, HU 44.99 (12.99 - 59.78) 40.25 (22.61 - 55.47) 0.001 0.934 0.887 - 0.984 0.010

Psoas muscle density ≤ 40.39 HU 65 (25.5) 17 (53.1) 0.002 - - -

aValues are expressed as median (range) or No. (%).
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