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Abstract
Introduction: Sarcopenia, a state considered by the loss of muscle function and mass, is progressively
recognized as a common complication of advanced cirrhosis and is related to negative clinical consequences.
Liver transplantation (LT) is one of the options in the treatment of cirrhosis. This study aimed to evaluate
the impact of exercise in newly developed (ND) sarcopenia through measurement of the psoas major muscle
at the level of the third lumbar vertebra by abdominal computed tomography (CT) images in liver transplant
patients.

Method: This analytical case-control longitudinal study was conducted on patients aged between 16 and 70
years at King Fahad Specialist Hospital (KFSH-D) in Dammam, Saudi Arabia. The patients were divided into
two groups: an intervention group consisting of liver transplant patients (LTx, n=26) and a control group
consisting of end-stage liver disease patients (ESLD, n=23) who were not candidates for LT. All participants
were treated with a therapeutic exercise program through three phases. The first phase included pre-
operative exercises, the second phase included early post-operative exercises, and the last phase included
late post-operative exercises. CT scan of the psoas major muscle was performed pre- and post-LT to assess
sarcopenia. Pain was measured with a numerical pain scale before and after exercise to evaluate the impact
of exercise on pain.

Result: Psoas muscle index (PMI) for post-therapeutic exercises in the control and liver transplant groups
showed significant differences for both male and female patients compared with the normal range (p<0.05).
The liver transplant group showed a significant difference in mean weight loss, body mass index (BMI), and
numerical pain rating scale (NPRS) observed on post-therapeutic exercises compared to baseline data. 

Conclusion: By and large, the finding revealed a substantial impact of therapeutic exercise on patient
outcomes in terms of anthropometric characteristics, abdominal pain, handgrip strength (HGS), and PMI.
The mean PMI at post-therapeutic exercises showed a significant increase by measuring the psoas major
muscle at the level of the third lumbar vertebra by abdominal CT, which may indicate the extent of
improvement and recovery from the ND sarcopenia in LTx. The results emphasize the potential advantages
of pre- and post-therapeutic exercise in LTx, including enhancements in muscle strength and mass, as well
as pain management associated with liver function and general health. Optimizing patient outcomes and
promoting a more comprehensive approach to liver disease treatment may be achieved by including exercise
activities in pre- and post-LT care procedures.
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Introduction
Sarcopenia, a state considered by loss of muscle function and mass, is progressively recognized as a common
complication of advanced cirrhosis and is related to negative clinical consequences [1,2]. Sarcopenia and
functional impairment are potentially life-threatening and could extend their impact on various aspects of
life [3]. The sarcopenia prevalence in end-stage liver disease (ESLD) patients varies from 10% to 70%,
depending on the severity of hepatic dysfunction [4]. Patients with sarcopenia show reduced muscle strength
and low skeletal muscle mass, which results in muscle atrophy and physical disabilities, which is a major
concern [4]. Computed tomography (CT) is a method that provides an objective anatomical assessment of
muscle changes and consequently sarcopenia. However, using whole-body CT for repeated and routine body
composition assessment is impossible. In its place, measuring the thickness of the psoas muscle on a CT
scan has been used as an approximation of muscle mass and hence sarcopenia [2]. This technique involves
determining the cross-sectional area of muscle at the level of the third (L3) or fourth (L4) lumbar vertebrae,
which has shown a good association with total body muscle mass [1]. Nishikawa studied the usefulness of
the psoas muscle index (PMI) to evaluate muscle mass in healthy donors for living donor liver transplants.
The PMI was achieved by evaluating the iliopsoas muscle area at the level of L3 through a CT scan and
dividing it by the height squared [5].

Handgrip strength (HGS), as a functional assessment of sarcopenia, was found to be a simple method and
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noninvasive approach for evaluating the strength of muscle. The research data confirmed that using an HGS
as a standalone tool for showing low muscle mass was highly effective [4]. According to the criteria of Japan
Society of Hepatology (JSH) guidelines for sarcopenia in liver disease, values of HGS below 18 kg in females
and 26 kg in males were considered low HGS showing limited muscle strength [4].

Executing exercise programs before surgery can enhance both quality of life and muscle strength for
hospitalized patients awaiting liver transplantation (LT). Furthermore, therapeutic exercises before
transplantation can help patients reduce post-operative complications [6,7]. Consequently, the
incorporation of well-designed physiotherapy initiatives holds promise in mitigating functional losses and
optimizing outcomes in the LT [8]. After the liver transplant surgery, therapeutic exercises are started as part
of the patient's early care of post-transplant. These exercises emphasize mobilization and physiotherapy
from the first day after the operation until the patient is discharged from the intensive care unit (ICU) [7].
Roshdy et al. have conducted research aimed at evaluating the effect of early pulmonary rehabilitation
following a liver transplant [9]. Immediate post-operative care is necessary following liver transplant surgery
and should continue for three months after the patient is discharged to preserve optimal physical activity [7]
and is essential in long-term health outcomes [10]. Finally, in a comprehensive overview of ongoing care
and management of pre- and post-LT, Dhaliwal and Raghunathan observed that early LT has risen as the
definitive and established treatment for ESLD in the last few decades and post-operative intensive care has
significantly contributed to enhanced survival rates and overall outcomes [11].

This study aimed to assess the impact of exercise in sarcopenia through measurement of the psoas major
muscle at the level of the third lumbar vertebra by abdominal CT images and pain in patients with liver
transplants.

Materials And Methods
This study is an analytical case-control longitudinal study which was conducted at King Fahad Specialist
Hospital (KFSH-D) in Dammam, Saudi Arabia. The study period lasted for two years from the beginning of
the Ethics Committee (IRB) approval on November 1, 2021. A total of 49 adult patients by using convenience
sampling were distributed in two groups, with 26 undergoing LT and 23 serving as a control group. All the
participants including intervention and control groups were between the ages of 18 and 70 years in both
genders. These groups were separated according to their liver disease stage and whether the patient has
either LTx or ESLD within KFSH in Dammam. In contrast, individuals with recent myocardial infarction,
uncontrolled arrhythmias, acute pulmonary embolism, uncontrolled bleeding disorders, or active infections,
or with advanced cardiovascular or respiratory disease or other severe medical conditions that could pose a
risk during exercise, and with significant cognitive impairments or physical limitations that hinder their
ability to understand and follow the exercise program or engage in physical activities were excluded from the
study.

Pre- and post-operative exercises
Participants received a therapeutic exercise program by the design of the Swiss Program of Physical Activity
pre- and post-LT in phases [12], starting with the first phase and continuing until the end of the third phase.

Phase 1: Pre-operative Exercises

Therapeutic exercises were administered for one month before surgery. Exercises were used as part of the
pre-transplant care at our center with pre-operative education for both groups that received the following
standard supervised physiotherapy follow-up [13].

The following were the exercises implemented three times per week: (1) stretching exercises to increase
flexibility and range of motion in the muscles and joints, (2) strengthening exercises to increase muscle
strength, which can lead to better post-operative outcomes and faster recovery, and (3) cardiovascular
exercise (walking). It is essential in pre-operative preparation to improve cardiovascular fitness and overall
health. Participants received instruction on how to deal with walking a home-based exercise program
(HBEP), considering their individual rehabilitation requirements and the principles of graded activity.
Weekly follow-up calls were made to keep up the walking and schedule follow-up appointments.

Phase 2: Early Post-operative Exercises

The following were the therapeutic exercises employed in the ICU and then in the transplant unit daily for
two weeks [7,12]: First is pulmonary physiotherapy: we can use forced expiratory and coughing techniques
(16) or an instrument called an incentive spirometer device, where the patient breathes as deeply as he can
through a tube connected to a hand-held plastic chamber. This chamber contains three balls that rise with
each breath. This method is performed 5-10 consecutive times every hour while the patient is awake. Second
is gradually introducing mobilization stretching exercises for the patient's limbs: they start with limb
exercises while the patient is supine and progress to sitting in bed, standing, and finally walking exercises. It
is important to keep in mind that all exercises are closely supervised.
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Phase 3: Late Post-operative Exercises

The following therapeutic exercises were applied in the first three months after surgery and implemented
three times per week [7,12]: (1) stretching exercises and (2) strengthening exercises.

Data collection
Data were collected before applying pre-operative exercises one month before LT and three months after LT
after applying post-operative exercises for the experimental group. For the control group, data was collected
before applying therapeutic exercises and after four months after the completed therapeutic exercises.

Clinical examinations were performed on all patients with chronic liver diseases deemed candidates for LT
including body weight (BW) and height (Ht) to calculate body mass index (BMI), pain assessment by
numerical pain rating scale (NPRS), and handgrip test to assess sarcopenia.

Radiological examinations were done using abdominal CT images at the level of the third lumbar vertebra to
assess sarcopenia through measurement of the psoas major muscle. The XERO® software application was
utilized to measure and identify the psoas major muscle using imaging data (Figure 1). This software was
used to calculate the PMI value using a simple method. We utilized the PMI to assess sarcopenia.

FIGURE 1: Psoas major muscle assessment images in a liver transplant
patient.
(a) Abdominal CT image (horizontal section) showing the third lumbar vertebra to calculate the PMI for pre-
therapeutic exercises. (b) Abdominal CT image (horizontal section) showing the third lumbar vertebra to calculate
the PMI for post-therapeutic exercises.

CT: computed tomography; PMI: psoas muscle index

Data analysis
The categorical response variable was presented as frequency and percentage. A chi-squared test was applied
to compare control and liver transplant groups. All the continuous variables like age, weight, height, BMI,
NPRS, HGS, and PMI were presented as mean±standard deviation. Kolmogorov-Simonov's test of normality
was applied to test the distribution of data. Most of the variables were normally distributed. A paired
samples t-test was applied to compare the mean of baseline demographic characteristics and psoas major
muscle measurements at the L3 level as pre-therapeutic exercises (Exs) versus post-Exs within control and
liver transplant groups. The effect of post-Exs between the control and liver transplant group was compared
by using an unpaired t-test. A p-value less than or equal to 0.05 was considered statistically significant. In
both the control and the liver transplant groups, the post-Exs effect relationship between HGS and PMI was
shown by calculating the Pearson correlation coefficient (r) and making scatter plots.

Results
A total of 49 patients participated in the study. Out of them, 26 (53.1%) underwent LT, whereas 23 (46.9%)
patients were considered as controls who were observed on the waiting list for LT as per the study protocol.
While comparing demographic data including the mean age, weight, height, BMI, NPRS, and HGS between
control and liver transplant groups, non-significant differences were seen for baseline data at a 5% level of
significance. However, significant mean differences in BMI and NPRS were seen for post-therapeutic
exercise data between control and liver transplant groups (Table 1).

 

2024 AlShahrani et al. Cureus 16(7): e64360. DOI 10.7759/cureus.64360 3 of 10

javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1094770/lightbox_af9c6180396b11ef9791071beb8ae9da-Figure-1-Psoas-major-muscle-assessment-images-in-a-liver-transplant-patient-7-.png
javascript:void(0)


Demographic characteristics
Control (n=23)

aSig.
Liver transplant (n=26)

aSig.
bSig. bSig.

Pre-Exs Post-Exs Pre-Exs Post-Exs Pre-Exs Post-Exs

Age (years) 49.4±10.9 - - 52.0±12.7 - - 0.449 -

Weight (kg) 77.3±16.7 75.7±16.4 0.128 74.1±14.0 68.4±12.7* 0.001 0.471 0.086

Height (m) 1.62±0.11 1.61±0.10 0.069 1.65±0.09 1.65±0.09 0.664 0.265 0.156

BMI (kg/m2) 29.5±5.9 29.1±6.0 0.372 27.1±4.5 25.0±4.5* 0.001 0.112 0.009

NPRS 3.5±2.1 4.4±2.6* 0.032 3.8±1.3 0.92±1.0* 0.001 0.619 0.001

HGS (kg) 21.4±8.3 23.0±6.9 0.091 24.1±12.1 22.7±9.7 0.485 0.375 0.888

TABLE 1: Comparison of demographic characteristics of the baseline and post-therapeutic
exercises and between control and liver transplant groups.
*A significant difference in mean at a 5% level of significance.

aSig: a significant value for the mean difference between pre-Exs and post-Exs within the control group and the liver transplant group.

bSig: a significant value for the mean difference between the control group and the liver transplant group.

Exs: therapeutic exercises; HGS: handgrip strength; NPRS: numeric pain rating score (abdominal pain)

The control group did not expose any significant differences of therapeutic exercises on weight, BMI, and HS
except that the mean NPRS significantly increased (p=0.032) on post-therapeutic exercises (4.4±2.6)
compared to pre-therapeutic exercises (3.5±2.1), whereas, in the liver transplant group, a significant
difference in mean weight loss, BMI, and NPRS was observed on post-therapeutic exercises compared to
baseline data (Table 1).

Based on the JSH guidelines, we compared the findings to the normal range of the HGS and PMI. The mean
HGS in pre- and post-therapeutic exercises in the control group revealed non-significant differences for
male patients p=0.577 and p=0.878, respectively. The reference range of HGS for female patients was ≥18 kg
compared to the mean HGS in pre- and post-therapeutic exercises followed by the likewise non-significant
differences for female patients as detailed in Table 2. There was a statistically significant difference
(p=0.040) between the mean PMI in post-therapeutic exercises and the normal range of PMI for male
patients in the control group, but there was no significant difference between the mean PMI in pre-

therapeutic exercises and the normal range of PMI for male patients, which was 6.36 cm2/m2. Furthermore,
when comparing the pre-therapeutic exercises with the normal range of PMI for female patients, which is

≥3.93 cm2/m2, the mean PMI at baseline was significantly greater (p=0.006), but it was not significant after
the post-therapeutic exercises in the control group (Table 2).
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Variable Male Female

 Normal range Pre-Exs Post-Exs Sig. Normal range Pre-Exs Post-Exs Sig.

HGS (kg) ≥26.0 24.7±8.4 25.7±6.8 a0.577; b0.878 ≥18 16.2±5.1 18.8±4.7 a0.323; b0.636

PMI (cm2/m2) ≥6.36 7.6±2.6 7.8±2.2* a0.105; b0.040 ≥3.93 6.2±1.7* 5.8±2.8 a0.006; b0.132

TABLE 2: Comparison of gender-specific mean HGS and PMI pre- and post-therapeutic exercises
based on normal reference value in the control group.
*A significant difference in the mean based on normal reference value at a 5% level of significance.

aA significance value for the difference of pre-Exs with normal range.

bA significance value for the difference of post-Exs with normal range.

Exs: therapeutic exercises; HGS: handgrip strength; PMI: psoas muscle index

PMI at L3=(total psoas muscle area of L3 level (cm2))/(height(m)×height(m))

In the liver transplant group, the mean HGS in pre- and post-therapeutic exercises revealed non-significant
differences for male patients with a significant decrease in mean HGS for female patients, as detailed in
Table 3. In addition, the mean PMI in pre- and post-therapeutic exercises were compared with the normal
range that have shown significantly higher mean PMI in both male and female patients (p<0.05) as detailed
in Table 3.

Variable
Male Female

Normal range Pre-Exs Post-Exs Sig. Normal range Pre-Exs Post-Exs Sig.

HGS (kg) ≥26.0 29.4±11.5 27.2±8.6 a0.238; b0.562 ≥18 14.0±3.9* 14.0±4.3* a0.016; b0.024

PMI (cm2/m2) ≥6.36 8.5±3.1* 8.9±2.7* a0.014; b0.016 ≥3.93 5.0±1.6* 7.1±2.1* a0.033; b0.007

TABLE 3: Comparison of gender-specific mean HGS and PMI pre- and post-therapeutic exercises
based on normal reference value in the liver transplant group.
*A significant difference in the mean based on normal reference value at a 5% level of significance.

aA significance value for the difference of pre-Exs with normal range.

bA significance value for the difference of post-Exs with normal range.

Exs: therapeutic exercises; HGS: handgrip strength; PMI: psoas muscle index

PMI at L3=(total psoas muscle area of L3 level (cm2))/(height(m)×height(m))

Post-therapeutic exercise's effect relationship between HGS and PMI in the control group was r=0.343;
however, this positive correlation was non-significant (p=0.139), as illustrated in Figure 2. Post-therapeutic
exercise's effect relationship between HGS and PMI in the liver transplant group was r=0.225; however, this
positive correlation was non-significant (p=0.386) as illustrated in Figure 3.
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FIGURE 2: Scatter plot of post-therapeutic exercises relationship
between HGS and PMI in the control group.
HGS: handgrip strength; PMI: psoas muscle index

FIGURE 3: Scatter plot of post-therapeutic exercises relationship
between HGS and PMI in the liver transplant group.
HGS: handgrip strength; PMI: psoas muscle index

Only the mean transverse psoas muscle thickness (TPMT) of the right psoas muscle was found significant
after therapeutic exercise in the control group (p=0.049), while the non-significant effect of post-therapeutic
exercise was seen with regard to mean psoas major muscle measurements at L3 level including PMI in the
control and liver transplant groups (Table 4). Post-therapeutic exercise effect between the control and liver
transplant group was also non-significant (p>0.05) as presented in Figure 4.
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Psoas major muscle measurements at the L3 level
Control (n=23)  Liver transplant (n=26)  

Pre-Exs Post-Exs Sig. Pre-Exs Post-Exs Sig.

TPMT of the right psoas muscle (CM) 2.21±0.58 2.42±0.47* 0.049 2.20±0.69 2.47±0.65 0.088

LPMT of the right psoas muscle (CM) 4.10±0.54 4.11±0.50 0.877 4.22±0.67 4.37±0.62 0.154

TPMT of the left psoas muscle (CM) 2.20±0.58 2.27±0.54 0.557 2.27±0.65 2.48±0.59 0.308

LPMT of the left psoas muscle (CM) 4.17±0.74 4.15±0.48 0.863 4.30±0.71 4.34±0.54 0.368

PMI (cm2/m2) 7.04±2.32 7.07±2.54 0.939 7.13±2.71 8.16±2.56 0.148

TABLE 4: Comparison of pre- versus post-therapeutic exercises effect on mean psoas major
muscle measurements at L3 level between the control and liver transplant group.
*A significant difference in mean between the control and liver transplant group at a 5% level of significance.

Exs: therapeutic exercises; TMMT: transverse psoas muscle thickness; LPMT: longitudinal psoas muscle thickness

PMI at L3=(total psoas muscle area of L3 level (cm2))/(height(m)×height(m))

FIGURE 4: Comparison of post-therapeutic exercise effect on mean
psoas major muscle measurements at L3 level between the control and
liver transplant group.

Discussion
This study aimed to measure sarcopenia through the anatomical measurement of the psoas major muscle at
the level of the third lumbar vertebra by abdominal CT images as well as HGS pre- and post-operative
exercises in LTx identifying the potential benefits of exercise in liver disease management. Patients
undergoing LT face significant physiological changes, and therapeutic exercises may offer a proactive
method for post-transplant recovery and overall well-being.

Post-therapeutic exercises exposed significant changes in BMI, weight loss, and pain scores in the liver
transplant group compared to baseline, whereas the control group showed significant changes only in pain
scores post-therapeutic exercises.

HGS and PMI measurements exhibited varied responses to exercises between the groups, with notable
differences in PMI for both male and female patients' post-therapeutic exercises in the control and liver
transplant groups. The observed changes in BMI, weight, HGS, pain scores, and PMI markers post-
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therapeutic exercises recommend that exercise interventions may have a valuable impact on liver transplant
patients. Whereas both groups experienced some improvements, the liver transplant group showed more
significant changes, potentially indicating a greater need for responsiveness to exercise interventions in this
population. The correlation between PMI and HGS mentioned the interplay between mass and muscle
strength, recommending that improvements in one may positively impact the other.

Despite the deliberate or appropriate selection of patients for LT following the donor's availability, the
recipient's HLA matching, and their overall medical fitness for the procedure, the two groups were matched
in terms of gender. Though the liver transplant group is older, with a mean age of 52+/-12.7 years, the
difference from the control group is not significant. The loss of weight measured at three months post-
therapeutic exercises in the LTx group could be an indication of either sarcopenia, loss of water from ascites,
or edema compared to the ESLD patients.

Surely, the control group was not as bedridden as the LTx group that was operated upon. Sarcopenia
develops rapidly when older individuals are bedridden, even for short periods. This sarcopenia is even more
rapid in older patients compared to younger ones, and the age range of the LTx was toward the older side
(52.0±12.7) compared to the control group (49.4±10.9).

Though the handgrip test is not significant between pre- and post-therapeutic exercises in the LTx group,
the hand grip is reduced at three months post-therapeutic exercises. This also goes with weight loss, which
could be because of muscle loss (sarcopenia). The term "newly developed" (ND) sarcopenia refers to
sarcopenia that develops one or two years after LTx in individuals who have never had sarcopenia before LT,
according to a recent study published in 2023 [14]. To evaluate the degree of sarcopenia by using CT scans,
this study compared pre-LTx and one- and two-year post-LTx periods. The average skeletal muscle area
divided by height squared was used to determine sarcopenia. In comparison to patients with sarcopenia
before LTx, people with ND sarcopenia had significantly worse results. The following conditions are
potential causes of ND sarcopenia in individuals who have undergone LT: post-transplant infection, renal
failure, immunosuppressive drugs, including corticosteroids and calcineurin inhibitors, and prolonged
hypermetabolic hypertrophy [14].

PMI at L3 level increased at post-therapeutic exercises in both groups, even though there were non-
significant differences compared to pre-therapeutic exercises. In addition, the mean PMI at post-therapeutic
exercises was compared with the normal range, which showed significantly higher mean PMI in both groups
(male and female). The result of PMI is a good sign that represents a preventive effect against muscle loss
(sarcopenia) that is specifically important for older patients immobilized post-operation. These results
highlight the potential rapid onset and extent of muscle loss within a short time limit in this demographic.

Aarden et al. found that being bedridden may lead to a loss of muscle mass and muscle strength. Muscle loss
could appear very rapidly within a week to two weeks, and depending on the age of the patient, it could be
quite extensive. As a result, it might affect muscle mass and muscle strength even more in older adults [15].
Furthermore, systemic infections are quite common following LT, since patients should be on
immunosuppressants for the rest of their lives. These infections are linked to higher rates of mortality and
morbidity, which can delay improvements in the muscle and functional capacity of the patients [16].

Usually, ESLD patients have ascites and general edema because the liver is not producing enough albumin
protein to keep the water in circulation [17]. The two primary pathophysiological processes that cause
ascites in people with cirrhosis are portal hypertension and salt and water retention [18].

Multiple pathophysiological pathways have been identified in the etiology of sarcopenia in individuals with
liver cirrhosis, according to a recent review study published in 2023. There is a recurrent imbalance between
the building and breaking down of muscles in liver cirrhosis. Sarcopenia in liver cirrhosis patients is
categorized as secondary and has been linked to higher rates of mortality and morbidity both before and
after transplantation [19].

The results highlight the potential benefits of pre- and post-therapeutic exercises in LTx, comprising
improvements in muscle strength, mass, and pain management related to liver function and overall health.
Integrating exercise interventions into pre- and post-LT care protocols may improve patient outcomes and
contribute to a more holistic approach to liver disease management. In addition, expectations concerning
total levels of protein intake and nutritional therapy may improve outcomes post-LT in nutrition and liver
synthetic function [20]. A similar study found that patients awaiting LTx had a significant level of anxiety
and depression (61%), which did not improve with home-based exercise for patients (HBEP) alone [21].

This study is subject to some limitations. It was not able to draw a broad conclusion from the study because
of its very small sample size: just 26 patients received LT, and 23 patients completed the control group. The
study's findings were impacted by confounding variables, including variations in age, comorbidities, use of
medications, and transplant standards.

It would be extremely beneficial to do a large-scale study to determine the effects of exercise on sarcopenia
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by measuring the psoas major muscle by abdominal CT imaging at the level of the third lumbar vertebra and
assessing pain in liver transplant recipients. For LTx patients, it was recommended to work with diverse
teams to incorporate dietary and psychological enhancements with HBEP therapies. However, there are
variations in the results since every patient is unique and because there are several affecting factors. To fully
comprehend the long-term impacts of exercise on post-LT recovery and quality of life, more study is
required. Resolving discrepancies and improving comprehension of study findings may be achieved by
investigating these variables and possibly modifying research techniques.

Conclusions
By and large, the finding revealed a substantial impact of therapeutic exercise on patient outcomes in terms
of anthropometric characteristics, abdominal pain, HGS, and PMI. The mean PMI at post-therapeutic
exercises showed a significant increase by measuring the psoas major muscle at the level of the third lumbar
vertebra by abdominal CT, which may indicate the extent of improvement and recovery from the ND
sarcopenia in LTx.

The results emphasize the potential advantages of pre- and post-therapeutic exercise in LTx, including
enhancements in muscle strength and mass, as well as pain management associated with liver function and
general health. Optimizing patient outcomes and promoting a more comprehensive approach to liver
disease treatment may be achieved by including exercise activities in pre- and post-LT care procedures.
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