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Objective: Muscle depletion in patients undergoing liver transplantation affects the recipients’ prognosis and therefore
cannot be overlooked. We aimed to evaluate whether changes in muscle and fat mass during the preoperative period are
associated with prognosis after deceased donor liver transplantation (DDLT).

Materials and Methods: This study included 72 patients who underwent DDLT and serial computed tomography (CT) scans.
Skeletal muscle index (SMI) and fat mass index (FMI) were calculated using the muscle and fat area in CT performed 1 year
prior to surgery (1 yr Pre-LT), just before surgery (Pre-LT), and after transplantation (Post-LT). Simple aspects of serial changes
in muscle and fat mass were analyzed during three measurement time points. The rate of preoperative changes in body
composition parameters were calculated (preoperative ASMI [%] = [SMI at Pre-LT - SMI at 1 yr Pre-LT] / SMI at Pre-LT x 100;
preoperative AFMI [%] = [FMI at Pre-LT - FMI at 1 yr Pre-LT] / FMI at Pre-LT x 100) and assessed for correlation with patient
survival.

Results: SMI significantly decreased during the preoperative period (mean preoperative ASMI, -13.04%, p < 0.001). In the
multivariable analysis, preoperative ASMI (p = 0.016) and model for end-stage liver disease score (p = 0.011) were
independent prognostic factors for overall survival. The mean survival time for patients with a threshold decrease in the
preoperative ASMI (< -30%) was significantly shorter than for other patients (p = 0.007). Preoperative AFMI was not a
prognostic factor but FMI increased during the postoperative period (p = 0.009) in all patients.

Conclusion: A large reduction in preoperative SMI was significantly associated with reduced survival after DDLT. Therefore,
changes in muscle mass during the preoperative period can be considered as a prognostic factor for survival after DDLT.
Keywords: Liver transplantation; Sarcopenia; Computed tomography; Preoperative period; Survival

INTRODUCTION outcomes (2-5). Multiple factors can induce sarcopenia
in patients with cirrhosis including decreases in the
Sarcopenia, defined as severe depletion of skeletal substance for producing muscle caused by poor oral intake,
muscle mass and function (1), is one of the most common malabsorption, depleted glycogen stores, and impaired

complications of cirrhosis and is related to adverse clinical protein synthesis (3, 6). In particular, muscle depletion can
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be aggravated immediately after liver transplantation due to
malnutrition during the perioperative period, surgical stress,
postsurgical complications, immunosuppressive treatment,
and postoperative impairment of protein metabolism (7).
The model for end-stage liver disease (MELD) score is the
most common way to prioritize liver transplantation among
patients with chronic liver disease (8). Despite its strong
predictive value, it is unable to reflect a patient’s nutritional
status, which is a serious limitation of this score (9, 10).
Although many efforts have been made to complement the
original MELD score system, the integration of nutritional
status into existing prognostic models is still limited
and ineffective (11). Recently, cross-sectional imaging
techniques, typically abdominal computed tomography (CT),
have been considered as standard references for measuring
muscle mass to evaluate sarcopenia in candidates for liver
transplantation. Moreover, CT scans are one of the routine
examinations for preoperative evaluation and postoperative
management in most liver transplant candidates. The
association between image-diagnosed sarcopenia before liver
transplantation and survival rate has been reported from
many transplantation centers (12-17), as well as in a recent
meta-analysis study where sarcopenia was significantly
associated with post-transplantation mortality (18).
However, from a longitudinal perspective, it is more
advantageous to investigate changes in muscle mass in
the preoperative period as overcoming the limitations
of image-diagnosed sarcopenia from the single cross-
sectional evaluation is possible (19, 20). Moreover,
muscle wasting can be progressive in the patients
with advanced, decompensated liver cirrhosis and is
associated with mortality (21, 22). Thus, we hypothesized
that evaluating serial changes in the muscle mass of
patients on the waiting list for transplantation would be
more helpful in differentiating progressive sarcopenia
from stationary muscle depletion and predicting the
survival of patients after transplantation, compared
to a single measurement of muscle mass just before
surgery. Therefore, the present study aimed to evaluate
whether changes in muscle and fat mass (FM) during the
preoperative period are associated with prognosis after
deceased donor liver transplantation (DDLT).

MATERIALS AND METHODS

Patients
The Institutional Review Board of our institution
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approved this retrospective study (IRB No. 2015-10-191)
and the informed consent requirement could be waived.

A total of 302 adults underwent DDLT from May 1999 to
November 2013 at Samsung Medical Center (Seoul, Republic
of Korea). Among these patients, the study population was
selected according to the following inclusion criteria: 1)
patients of whom a digital copy of the CT was available on
our server; 2) patients who underwent serial preoperative
and postoperative abdominal CT studies at least 1 year
before transplantation (1 year + 3 months; 1 yr Pre-LT), just
before transplantation (within 2 months; Pre-LT), and after
transplantation (Post-LT); and 3) patients who had an event
less than 6 months after transplantation or completed
at least 6 months of follow-up after transplantation.
Exclusion criteria were as follows: 1) the abdominal CT
scans were inadequate for analysis due to lack of lumbar
section; 2) the patients were preoperatively diagnosed with
hepatocellular carcinoma or other malignant tumors; or 3)
the patients had a history of previous liver transplantation.
Among the patients who met the inclusion criteria (n = 94),
a total of 72 patients (mean age, 53.2 years + 8.7; range,
41-70 years), including 52 males (mean age, 52.5 years +
8.8; range, 41-70 years) and 20 females (mean age, 53.0
years + 7.6; range, 41-66 years), were enrolled as our study
population (Fig. 1).

Clinical and Laboratory Assessments

Variables of interest were obtained from electronic
medical records including age, sex, weight, height,
body mass index (BMI), Child-Pugh and MELD scores,
serum albumin, bilirubin, international normalized ratio,
encephalopathy, and etiology of cirrhosis. The ethnicity
of all subjects was Asian. Clinical and laboratory data for
analyses were acquired within 7 days before DDLT surgery.

CT Scans

Preoperative and postoperative abdominal CT scans (16-
to 256-row multidetector CT scanners [Brilliance 40, Philips
Healthcare; Lightspeed QX/I, Lightspeed Ultra, Lightspeed
VCT XT, and Discovery 750 HD, GE Healthcare; Aquilion 64,
Canon Medical System; Somatom Definition Flash, Siemens
Healthineers]: 120 or 130 kV, 90-320 mA, field of view
290-460 mm, matrix 256-512, reconstructed slice thickness
3-5 mm) were retrieved from the picture archiving and
communication system for image analysis.

Preoperative CT scans classed as 1 yr Pre-LT were
performed at a median of 12 months (range, 9-15 months)
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302 patients underwent orthotopic liver transplantation for adults from May 1999 to November 2013 ‘

94 patients who met the insclusion criteria:

- Patients without a history of previous liver transplantation

- Patients of whom the digital copy of the CT was available in our server
- Patients who underwent serial preoperative and postoperative abdominal CT studies at 1 year before transplantation
(+ 3 months), just before transplantation (within 2 months), and after transplantation

- Patients with an event for 6 months after transplantation or completion of at least 6 months of follow-up care

A4

10 patients without abdominal scan reached lumbar section required
for body composition calculations

e

10 patients who were diagnosed with hepatocellular carcinoma or other malignant tumors ‘

—

2 patients with history of previous liver transplantation ‘

4

72 patients who met inclusion criteria formed our study population ‘

Fig. 1. Flow chart showing the inclusion and exclusion criteria of the study. CT = computed tomography

before DDLT, while preoperative CT scans classed as Pre-LT
were performed at a median of 17.5 days (range, 1-60 days)
before DDLT. Post-LT CT scans were performed at a median
of 13 months (range, 1-63 months) after DDLT.

Image Analyses

A radiologist (6 years of experience in abdominal
imaging) measured the CT imaging data using Imagel
(National Institutes of Health). The third lumbar vertebra
(L3), described as the first axial image that clearly
demonstrates the spinous process, was selected as the
standard landmark for the muscle groups consisting of
the psoas, quadratus lumborum, erector spinae, external
and internal obliques, transversus abdominis, and rectus
abdominis. It has been reported that the assessment of
an abdominal CT image at the L3 level can yield reliable
results in the measurement of whole-body skeletal muscle
mass (23). Muscle area was normalized to height and is
reported as the skeletal muscle index (SMI) (cm?/m?).
Semi-automated demarcation of specific regions was
conducted to measure the cross-sectional muscle and fat
areas using the following Hounsfield unit thresholds on
portal venous phase images: 8 to 100 (skeletal muscle) and
-300 to -50 (visceral and subcutaneous fat), as published
previously (Fig. 2) (24).

The total FM was acquired by the regression equations

kjronline.org https://doi.org/10.3348/kjr.2019.0750

below, and the FM was normalized to height and expressed
as FM index (FMI) (kg/m?), as reported elsewhere (25, 26):

Total body FM (kg) = 0.042 x (total adipose tissue at L3
[em?]) + 11.2

FMI (kg/m?) = Total body FM / (height x height [m*])

SMI and FMI were calculated with the muscle and fat
area in the CT images at 1 yr Pre-LT, Pre-LT, and Post-LT.
Serial changes in muscle and FM were analyzed during three
measurement time points.

The rate of preoperative changes in body composition
parameters were also calculated using CT images for
correlation with patient survival:

Preoperative ASMI (%) = ([SMI at Pre-LT - SMI at 1 yr
Pre-LT] / SMI at Pre-LT) x 100

Preoperative AFMI (%) = ([FMI at Pre-LT - FMI at 1 yr Pre-
LT] / FMI at Pre-LT) x 100

Evaluation of Overall Survival

Overall survival time was calculated from the date of
transplantation to the date of death due to disease-related
cause. Likewise, for patients who were alive during the last
assessment period, overall survival time was calculated from
the date of transplantation to the date of the last visit of
our clinic.
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Fig. 2. An example of body composition analysis using a CT scan. Semi-automated demarcation of a specific region was conducted to
measure the cross-sectional muscle and fat areas using the following HU thresholds: 8 to 100 (skeletal muscle) and -300 to -50 (visceral and
subcutaneous fat). Initially, segmentation of fat was automatically performed, and the area of fat was measured. The line was manually drawn
along the abdominal cavity to remove the internal area in which a substance with HU similar to skeletal muscle, such as a solid organ, exists (not
shown). Then, segmentation of the skeletal muscle area was also automatically performed and the area of skeletal muscle was measured.

A. Cross-sectional CT images at the L3 transverse section. B. Total fat area. C. Skeletal muscle area. HU = Hounsfield unit

Statistical Analysis

Percentage changes in serial preoperative and
postoperative SMI and FMI were computed. To compare
percentage changes in SMI and FMI, paired t tests were
performed for both the preoperative and postoperative
periods. Repeated measures ANOVA was used to analyze the
within-subject effect of parameters at 1 yr Pre-LT, Pre-LT,
and Post-LT. Subgroup analysis was performed to evaluate
the between-subject effect between patients who died and
those who survived.

Univariable and multivariable Cox proportional hazard
regression analyses were performed to determine prognostic
factors for overall survival including the following
characteristics: age, sex, BMI, encephalopathy, Child-Pugh
score, preoperative SMI, preoperative FMI, preoperative
ASMI, and preoperative AFMI.

To select the optimal cutoff values for statistically
significant parameters that classify the poor prognostic
group after DDLT, the Youden index of the receiver operating
characteristic curve was calculated (27).

Overall survival rates of the two groups based on
preoperative ASMI (a group with a reduction greater than
the threshold value and another group with a reduction less
than the threshold value) were estimated using the Kaplan-
Meier method, and differences in survival between the two
groups were compared using the log-rank test.

All statistical analyses were performed using SAS version
9.4 (SAS Institute) and MedCalc version 18 (MedCalc
Software). The significance level was set as a p value less
than 0.05.
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RESULTS

Patient Characteristics

A summary of clinical, demographic, and biochemical
characteristics of patients is given in Table 1. There were
56 patients (77.8%; 43 males [82.7%)] and 13 females
[65%]) who were sarcopenic at 1 yr Pre-LT, and this number
increased to 71 patients (98.6%; 52 males [100%] and 19
females [95%]) at Pre-LT. All patients were sarcopenic after
DDLT. The median follow-up period for all patients was 37.7
months (range, 6.4-151.3 months). Fifty-five (76.4%) of
the 72 patients were alive (median follow-up period, 68.0
months; range, 15.1-151.3 months) and 17 (23.6%) of the
72 patients died (median follow-up period, 14.5 months;
range, 6.4-69.5 months).

Serial Changes in Body Composition Parameters during
the 3 Measurement Time Points

Both the SMI and FMI showed significant changes over time
(p < 0.001) (Fig. 3A). Serial changes in the body composition
parameters before and after DDLT are summarized in Table 2.
During the preoperative period, the change in the SMI was
-4.0 £ 5.5 cm?’/m? (p < 0.001) and -1.6 + 2.2 cm’/m’ during
the postoperative period (p < 0.001). In subgroup analysis,
the SMI declined more in the deceased patients compared
to the surviving patients during both the preoperative and
postoperative periods (preoperative -5.7 + 8.4 cm’/m’ [p =
0.013] vs. -3.5 + 4.2 cm?/m* [p < 0.001]) and postoperative
-8.7 + 11.6 cm?/m? [p = 0.007] vs. -4.1 + 5.2 cm?’/m? [p <
0.001], respectively) (Fig. 3B). There was also a decrease in
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Table 1. Baseline Characteristics of Patients

Characteristics Number of Patients (n = 72)
Age (years)* 53.2 £ 8.7
Sex

Male 52 (72)

Female 20 (28)
Weight (kg)* 69.1+17.0
Height (cm)* 165.6 + 8.6
BMI (kg/m?)* 25.1+5.3
MELD score* 21.1+9.0
Child-Pugh score

A 2(3)

B 32 (44)

C 38 (53)
Albumin (g/L)* 29+0.4
Bilirubin (pmol/L)* 10.0 + 12.8
INR* 1.9+ 1.0
Encephalopathy 15 (21)
Etiology of cirrhosis

HBV 52 (72)

HCV 9 (13)

HBV + HCV 1(1)

Alcohol 2 (3)

Others! 8 (11)

Unless otherwise specified, data are number of patients with
percentage in parentheses. *Data are mean + SD, "Includes
autoimmune liver diseases, primary sclerosing cholangitis, and
Budd-Chiari syndrome. BMI = body mass index, HBV = hepatitis
B virus, HCV = hepatitis C virus, INR = international normalized
ratio, MELD = model for end-stage liver disease, SD = standard
deviation

Korean Journal of Radiology

the FMI during the preoperative period, but the result was
not statistically significant (-0.1 + 0.9 kg/m?, p = 0.089).
There was however, a significant increase in the FMI during
the postoperative period in all patients (0.4 + 1.2 kg/m?,
p = 0.009). The mean preoperative ASMI was -13.04%
(range, -62.02-11.35%) and preoperative AFMI was
-13.86% (range, -91.25-63.24%).

Predicting Factors Associated with Overall Survival after
DDLT

Univariable Cox analysis showed that MELD score (p =
0.006) and preoperative ASMI (p = 0.006) were associated
with overall survival after DDLT. Additional assessment
through multivariable analysis using the Cox proportional
hazard model showed that the preoperative ASMI (p = 0.016)
and MELD score (p = 0.011) were independent prognostic
factors for overall survival after DDLT (Table 3).

Overall Survival Rates after DDLT according to the Cutoff
Value of the Preoperative ASMI

Using the Youden index, 30% of the preoperative ASMI
was determined as the optimal cutoff value. The mean
survival times for patients with a large decrease in the
preoperative ASMI (preoperative ASMI < -30%; n =7)
and a small decrease or increase in the preoperative ASMI
(preoperative ASMI > -30%; n = 65) were 47.7 + 17.7
months (range, 2.2-101.7 months) and 121.6 + 7.3 months
(range, 1.4-151.3 months), respectively (p = 0.007). The 1-

SMI (cm?/m?)
N
w

20+
15 A
10+ o—e SMI of all patients
5 e-- SMI of surviving patients
o0 SMI of deceased patients
0 -

1 yr Pre-LT Pre-LT Post-LT

16

14

12

10

FMI (kg?/m?)
[o0]
1

=—a FMI of all patients
24 m--= FMI of surviving patients
0 FMI of deceased patients

1 yr Pre-LT Pre-LT Post-LT

A

Fig. 3. Serial changes in body composition parameters of patients. Patients underwent preoperative and postoperative abdominal CT
studies at 1 yr Pre-LT (+ 3 months), Pre-LT (within 2 months), and Post-LT with subgroup analysis between deceased and surviving patients.
A. Serial changes in SMI. B. Serial changes in FMI. FMI = fat mass index, Post-LT = after transplantation, Pre-LT = just before transplantation,

SMI = skeletal mass index, 1 yr Pre-LT = 1 year before transplantation
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and 3-year overall survival rates after DDLT were 57.1% and ~ DDLT and how these preoperative changes affect the post-
42.9% for patients with a large decrease in the preoperative  transplantation outcomes. We determined that the SMI

ASMI, and 89.2% and 80.2% for patients with a small of patients who underwent transplantation significantly
decrease or increase in the preoperative ASMI, respectively decreased during the preoperative and postoperative
(Fig. 4). periods. In the analysis of our study, the SMI before and
after transplantation were reduced more in the deceased
DISCUSSION patients than the surviving patients. In multivariable
analysis, the preoperative ASMI was an independent
In this study, we investigated the changes in skeletal prognostic factor for overall survival and the mean

muscle and fat during the pre- and postoperative periods of  survival time for patients with a threshold decrease in the

Table 2. Serial Changes in Body Composition Parameters

Group Parameters Mean (SD) Change (SD) 95% CI P
SMI (cm?/m?)

1 yr Pre-LT 42.9 (8.0)
-4.0 (5.5)* -5.28- -2.69* <0.001*
All (n =72) Pre-LT 38.9 (8.3) 5.2 (7.4)" -6.95— -3.471 <0.001f
Post-LT 33.7 (7.9) B ' ' i
1 yr Pre-LT 43.3 (7.9) . R .
- -3.5 (4.2) -4.58- -2.30 <0.001
Surviving (n = 55) Pre-LT 39.8 (7.5) 41 (5.2) 5.54- -2.73" <0.001!
Post-LT 35.7 (7.3) T ' ' '
Lyr Pre-LT 418 (8.5) 5.7 (8.4)* 10.06- -1.41* 0.013*
Deceased (n = 17) Pre-LT 36.1 (10.3) -8.7 (1'1 6 -14.66— _2.731 0.0077
Post-LT 27.4 (6.5) S ' ' '
FMI (kg/m?)
Lyr Pre-LT 7621 0.1 (0.9)* 0.40-0.03* 0.089*
All (n = 72) Pre-LT 7.5 (2.2) a0 (1'2)T 0.10-0.68" 0.000"
Post-LT 7.9 (2.0) T R '
1 yr Pre-LT 7.7 (2.2)
i -0.1 (0.9)* -0.34-0.12* 0.346*
Surviving (n = 55) Pre-LT 7.6 (2.3) 0.3 (1.3)' -0.01-0.70' 0.050"
Post-LT 7.9 (2.1) T R '
1 yr Pre-LT 7.4 (1.7)
-0.5 (1.1)* -0.97-0.12* 0.117*
Deceased (n = 17) Pre-LT 6.9 (1.5) 0.6 (1.1)' -0.01-1.09" 0.052"
Post-LT 7.5 (1.6) T T '

*Pre-LT - 1 yr Pre-LT, 'Post-LT - Pre-LT. (I = confidence interval, FMI = fat mass index, Post-LT = after transplantation, Pre-LT = just before
transplantation, SMI = skeletal muscle index, 1 yr Pre-LT = 1 year before transplantation

Table 3. Univariable and Multivariable Analyses for the Prediction of Overall Survival after Liver Transplantation

Variable Univariable Multivariable
Hazard Ratio 95% (I P Hazard Ratio 95% (I P
Age 0.973 0.923-1.025 0.298
Sex 0.957 0.337-2.718 0.935
BMI 0.937 0.812-1.081 0.372
MELD score 1.064 1.018-1.112 0.006 1.062 1.014-1.114 0.011
Encephalopathy 1.456 0.593-3.572 0.413
Child-Pugh score 1.776 0.687-4.591 0.236
Preoperative SMI* 0.951 0.893-1.012 0.115
Preoperative FMI* 0.896 0.692-1.160 0.381
Preoperative ASMIf 0.242 0.088-0.664 0.006 0.284 0.102-0.789 0.016
Preoperative AFMI' 0.090 0.002-4.480 0.236

*Pre-LT, 'Pre-LT - 1 yr Pre-LT.
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Number at risk
Small decrease or increase (> -30%)

65 47 33 26 13 7 2 0
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7 3 1 1 1 0 0 0

Fig. 4. Comparison of survival curves in relation to the
preoperative ASMI in patients with deceased donor liver
transplantation. The overall survival rates of the patients with a
large decrease in the preoperative ASMI was significantly lower than
those with a small decrease or increase in the preoperative ASMI.
*Pre-LT - 1yr Pre-LT.

preoperative ASMI (< -30%) was significantly shorter than
for other patients. This suggests that a large decrease in the
SMI has a negative impact on the postoperative outcome.
Therefore, it is plausible that the severity of sarcopenia is
closely related to a patient’s poor postoperative prognosis,
which supports our hypothesis. It is therefore important for
clinicians to examine serial changes in muscle mass during
the preoperative period.

As a result of our study, the MELD score was identified
as a statistically significant prognostic factor for overall
survival after DDLT, which is well known (28). However,
the drawback of the MELD score is the lack of an objective
parameter assessing the physical and nutritional status of a
patient. Studies have attempted to overcome this limitation
by showing that the modified MELD score, which includes
sarcopenia, is superior to predicting mortality than the
MELD score itself in cirrhotic patients (29, 30). Since our
results show that the preoperative ASMI is an independent
prognostic factor for recipients of DDLT, it is expected that
the preoperative ASMI could play a role in liver allocation,
in conjunction with the MELD score, in the further studies.

The results of our study could support the need for
active treatment to prevent muscle mass depletion prior to

kjronline.org https://doi.org/10.3348/kjr.2019.0750
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transplantation. Some studies have reported that increased
muscle mass contributes to postoperative survival in
patients with cirrhosis (31). If a patient with cirrhosis has
serious sarcopenia, it is necessary to treat this in advance
of the surgery and to revolve the transplantation and
intensive postoperative care around the sarcopenia.

Interestingly, our results showed that the FMI significantly
increased during the postoperative period, but there was
no correlation with mortality after transplantation. A few
studies have reported that postoperative weight gain is due
to increased fat tissue while muscle mass decreases (32-34).
The etiology of altering postoperative body composition is
uncertain, but several possible mechanisms can be inferred.
One potential cause is that there is a steady increase in
resting energy expenditure after liver transplantation in
cirrhotic patients, which may contribute to post-transplant
sarcopenia. Immunosuppressants interfere with the recovery
of skeletal muscle after transplantation as they increase
the risk of infection and change skeletal muscle protein
metabolism. Corticosteroids compromise protein synthesis
and are responsible for proteolysis and therefore play an
important role in FM increase, by increasing appetite and
fat accumulation and reducing fat oxidation. Calcineurin
inhibitors can affect muscle mass and energy metabolism
(35, 36). Therefore, it can be assumed that these various
contributors cause a decline in muscle mass and increment
in FM in the short term after liver transplantation.

There are some limitations in this study. Firstly, this
was a retrospective, single center study. The period of
follow up for the CT scans was not exactly the same in
all patients and the size of the sample was reduced by
selecting a case that matched the condition. Although the
CT scan time was not fixed and showed severe temporal
deviation in the postoperative period, it was not used to
analyze prognostic factors, but only to assess the trends
in the changes of muscle and FM. Secondly, as our study
evaluated the association between skeletal muscle mass and
the prognosis of patients undergoing liver transplantation
without considering muscle function, we are only able to
report on “skeletal muscle mass” rather than sarcopenia,
since the definition of sarcopenia is not only a reduction
of the skeletal muscle mass, but also muscle function.
Future studies should include measurements of muscle
function as well as muscle mass. As in recent studies, the
method of assessing muscle quality using sonoelastography
could be one approach (37). Thirdly, we emphasized the
importance of serial changes in muscle mass and presented
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a cutoff value, but this may not have relevance to other
medical centers and populations. Ideally, clinical trials
should investigate a range of cutoff values that can be
applied to various populations of age, sex, ethnicities,
and diseases. However, since these studies are difficult to
carry out, meta-analysis, including subsequent large-scale
observational studies reported in various regions, can be
used as an alternative to identify a more accurate cutoff
value.

In conclusion, muscle mass was significantly and
continuously decreased on preoperative and postoperative

(T scans in patients who underwent DDLT. A large reduction

in the preoperative ASMI, in other words, a more severe
decrease of muscle mass, was significantly associated
with a reduction in overall survival after DDLT. Therefore,

changes in muscle mass during the preoperative period can

be considered a prognostic factor for outcomes of DDLT.
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