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Abstract
Objective: The authors' objective with this narrative review is to explore the
impact of rehabilitative interventions at each stage of liver disease.
Type: Narrative review.
Literature Survey: Literature search conducted in Medline, Embase, and Goo-
gle Scholar databases.
Methodology: Articles were included if they were identified in one of the three
database, written in English, peer‐reviewed, and involved human participants
without any restrictions on the publication date. Reference lists of these publi-
cations were also scrutinized for other articles that might be relevant. Elibigle
articles were reviewed to determine whether they met inclusion crtieria.
Synthesis: Authors synthesized findings in the eligible articles to create a nar-
rative summary.
Conclusions: Chronic liver disease is a major cause of morbidity and mortality
across the globe. Cirrhosis causes alterations in metabolic and circulatory func-
tions that negatively affect nutritional status and exercise capacity. Frailty is
identified in nearly half of patients with advanced liver disease and bears a poor
prognosis. Exercise and nutritional interventions improve key components of
physical frailty and quality of life in chronic liver disease and after liver trans-
plantation. Early mobility is generally recommended following liver transplanta-
tion and deemed to be safe and feasible. Inpatient rehabilitation may be
considered in patients who require ongoing daily medical management by a
physician, demonstrate a significant functional decline from their baseline, tol-
erate intensive rehabilitation, and have functional goals that can be addressed
by at least two skilled therapies. Rehabilitation is safe and improves outcomes
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at every stage of liver disease from cirrhosis to following transplantation. This
literature review explores the impact of rehabilitative interventions at each
stage of liver disease from cirrhosis to transplantation and beyond.

INTRODUCTION

Chronic liver disease (CLD) is a major cause of morbidity
and mortality around the globe. According to 2015 Global
Health Estimates, cirrhosis is the 11th leading cause of
death and 15th leading cause of morbidity worldwide.1

Cirrhosis represents a late stage of progressive liver
fibrosis. The predominant causes of cirrhosis are meta-
bolic dysfunction associated fatty liver disease (59%), fol-
lowed by hepatitis B virus (29%), hepatitis C virus (9%),
and alcoholic liver disease (2%).1 The prevalence of hep-
atitis C seems to be decreasing in Western countries with
the development of new antiviral regimens. In contrast,
nonalcoholic fatty liver disease is increasing with the inci-
dence of metabolic risk factors, including obesity and
type 2 diabetes.2 Alcohol-associated liver disease
became the leading diagnosis among adult liver trans-
plant candidates following the surge in unhealthy alcohol
use during the COVID-19 pandemic. In 2021, alcohol-
associated liver disease accounted for 36.3% of waitlist
registrations, with the greatest increase in alcohol-
associated liver disease listings occurring in young adults
and patients with severe alcohol-associated hepatitis.3,4

Although early stages of cirrhosis are typically asymp-
tomatic, decompensated cirrhosis is characterized by
jaundice and the presence of potentially life-threatening
complications, such as ascites, variceal bleeding, hepa-
torenal syndrome, and hepatic encephalopathy. Once
decompensation occurs, the morbidity and mortality
resulting from cirrhosis increase sharply. Patients require
frequent and increasing amounts of medical attention as
the disease progresses. In advanced stages, the only
treatment option may be liver transplantation, which is a
high-burden option for patients and medical systems with
high health care expenditures.5

The economic impact of CLD is high and growing. In
the United States, the rate of CLD-related hospitalizations
per 100,000 hospitalizations increased from 3056 (95%
confidence interval [CI], 3042–3069) in 2012 to 3757
(95%CI, 3742–3772) in 2016. Associated inpatient health
care costs during that time frame increased from $14.9 bil-
lion (95% CI, $13.9–15.9 billion) to $18.8 billion (95% CI,
$17.6–20.0 billion).6 A study that analyzed data collected
between 2004 and 2013 found that individuals with CLD
are more likely to be unemployed (55% vs. 30%), have
higher rates of disability-related unemployment (30.5%
vs. 6.6%), and have higher annual health care expendi-
tures ($19,390 vs. $5567) than thosewithout CLD.7,8

Adults with CLD report lower quality of life (QOL)
and more health-related functional limitations.8 They
are also more likely to require caregiver support to com-
plete activities of daily living (ADLs), such as dressing

and bathing, and instrumental ADLs (iADLs), such as
grocery shopping and housework.9 One study found
that individuals with cirrhosis received more than twice
the number of informal caregiving hours per week com-
pared to age-matched adults without cirrhosis.9

There is a need for systematic efforts to improve
patient outcomes and simultaneously reduce the health
care and economic burden associated with CLD.10 The
role of rehabilitation in management of chronic diseases
is well investigated. Rehabilitative interventions have
shown positive effects on many patient-related out-
comes including morbidity, mortality, physical function,
and QOL.11 This literature review explores the impact of
rehabilitative interventions at each stage of liver disease
from cirrhosis to transplantation and beyond.

LITERATURE SEARCH STRATEGY

A literature search was conducted in Medline, Embase,
and Google Scholar databases using keywords and
phrases including (“liver transplant” OR “liver disease”
OR cirrhosis OR “liver failure”) AND (rehabilitation OR
exercise OR “physical function” OR physiology OR out-
comes OR frailty). Articles were included if they were
identified in one of the three databases, written in
English, peer-reviewed, and involved human participants
without any restrictions on the publication date. Exclu-
sion criteria were commentaries, editorials, case reports,
not full texts, and not relevant to liver disease or rehabili-
tation. Authors independently screened titles and
abstracts then reviewed relevant full-text articles. Pub-
lished abstracts were considered if the content was rele-
vant and not available elsewhere. Reference lists of
these publications were scrutinized for other articles that
might be relevant. Eligible articles were reviewed by first
and last authors to determine whether they met inclusion
criteria, and any differences were resolved by consen-
sus. This search strategy resulted in 76 total articles,
which included original research and review articles.
Textbook chapters were referenced where appropriate
to include relevant background knowledge on the topic.

DISCUSSION

End-stage liver disease

Physiology

Cirrhosis causes alterations in metabolic and circula-
tory functions that negatively affect nutritional status
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and exercise capacity. Sarcopenia develops as a
result of malnutrition and hepatic synthetic dysfunc-
tion.12 Malnutrition is estimated to occur in up to
65%–95% of individuals with end-stage liver dis-
ease.13 Malnutrition occurs due to malaise from
chronic inflammation, impaired nutrient absorption,
and early satiety from ascites. Cirrhosis is associated
with an accelerated state of starvation and insulin
resistance.13 Decreased hepatic glycogen causes
the body to inappropriately consume protein stores
for gluconeogenesis. Excess ammonia beyond what
the liver can process is diverted to the muscles for
conversion to glutamine. Ammonia is toxic to muscles
and contributes to muscle degradation.14 The pres-
ence of sarcopenia in CLD is estimated at approxi-
mately 25%–70%. Rates are higher in individuals
with end-stage liver disease and in males.14

Portal hypertension and hypoalbuminemia cause a
redistribution of blood volume and intravascular hypo-
volemia. Baseline heart rate and cardiac output
increase and systemic vascular resistance and arterial
blood pressure decrease. Fluid shifts and ascites con-
tribute to decreased lung expansion and impaired pul-
monary gas exchange. Systemic inflammation leads
to anemia of chronic disease. Together, these physio-
logic changes lead to reduced muscle function, physi-
cal inactivity, and aerobic impairment in liver
disease.12

The Model for End-Stage Liver Disease (MELD) is
a numerical scoring system that uses lab values for
serum bilirubin, serum creatinine, and the international
normalized ratio for prothrombin time to indicate dis-
ease severity and predict outcomes in patients with
CLD. The original scale ranges from 6 to 40, with
higher scores indicating more severe liver disease
and a higher risk of mortality.15 As a result of its accu-
racy in predicting short-term survival in patients with
liver disease, MELD was adopted by the United
Network for Organ Sharing in 2002 for transplant
allocation and prioritization in the United States.
Newer iterations of the MELD score that include vari-
ables such as patient gender, sodium, and albumin
have been found to improve prognostic accuracy and
continue to be used by the United Network for Organ
Sharing for waitlist prioritization.16

The Organ Procurement and Transplantation Net-
work replaced the original MELD score with the MELD-
Na score in 2016 as emerging research found sodium
to be an independent predictor of mortality in cirrhosis.
One limitation of these scoring systems was the use of
serum creatinine, which may be lower in women and in
individuals with lower muscle mass. This may underes-
timate the degree of renal impairment and subse-
quently affect the overall MELD/MELD-Na score and
waitlist prioritization.16 The newest iteration currently
recommended by the Organ Procurement and Trans-
plantation Network, the MELD 3.0 developed by Kim

et al. in 2021, includes variables for female gender and
serum albumin to address disparities associated with
the MELD/MELD-Na.16 Markers of nutritional status
and physical function, such as frailty and sarcopenia,
have been found to improve the predictive accuracy of
the MELD score. These factors are often considered by
individual transplant centers when deciding to list a
patient for transplant.17

Pretransplant function and rehabilitation

Frailty is a state of decreased physiologic reserve and
increased vulnerability to health stressors. It is a critical
determinant of health outcomes in liver disease. Frailty
is characterized by skeletal muscle mass depletion
(sarcopenia), progressive immobility, decreased energy
expenditure, and malnutrition. Cirrhosis accelerates the
cycle of frailty through systemic inflammation,
decreased protein synthesis, muscle wasting, malnutri-
tion, fatigue, and immobility. This combines with other
factors such as aging and comorbidities that all contrib-
ute to frailty.17

The two most common indices used in liver disease
are the Fried Frailty Index and the Liver Frailty
Index.18,19 The Fried Frailty Index was first proposed in
2001 and assesses physical frailty based on five items:
unintentional weight loss, weakness, exhaustion, slow
gait, and low physical activity.19 The Fried Frailty Index
uses a combination of reported and objective measures
to arrive at a score. It has been found to have good evi-
dence for reliably and validity.20 The Liver Frailty Index
was developed more recently by a group of physicians
and researchers at University of California-San Fran-
cisco and published in 2017. It was originally intended
for use in adult patients with cirrhosis awaiting liver
transplantation in the outpatient setting. The
Liver Frailty Index consists of three performance-based
measures, including gender adjusted grip strength,
number of chair stands per second, and balance time.18

This scale has been found to have good reliability and
validity.20 For both the Fried Frailty Index and the Liver
Frailty Index, higher values indicate a higher degree of
frailty.18,19

Frailty is identified in nearly half of patients with
advanced liver disease. Frailty bears a poor prognosis,
predicting increased morbidity and mortality both pre-
and post-liver transplant, independent of MELD
score.21 Knowing a patient’s frailty status can be used
to complement the MELD score and other data in guid-
ing clinical decisions and facilitating discussions with
patients about treatment options, such as if they want
to pursue transplant, whether to pursue transplant cen-
ters more aggressively with lower MELD thresholds, or
perhaps seek palliative services.18 There are no data to
support a single frailty cutoff at which a patient should
not undergo liver transplantation.17

MALMUT ET AL. 1227
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Unlike most risk factors such as age, gender (estro-
gen protective), or MELD score, frailty and sarcopenia
are potentially modifiable with exercise and nutritional
interventions (Table 1).17 Exercise improves key com-
ponents of physical frailty (functional/aerobic capacity,
sarcopenia) and QOL in chronic liver disease and after
liver transplantation.29 Rehabilitation interventions have
been associated with a decreased rate of 30- and
90-day readmissions in patients with cirrhosis.30 When
rehabilitation interventions are not indicated or avail-
able, there are practical ways to maintain activity such
as parking further away in the parking lot or taking the
stairs instead of the elevator when able.31 It is also
important to consider barriers that may interfere with
activity or rehabilitation. Factors that may affect safety
include risk of variceal bleeding, falls, cardiovascular
and pulmonary comorbidities, fatigue, and cognitive
impairment.32 Studies reporting on outcomes in chronic
liver disease and before liver transplant are reported in
Table 1.22–28

Post liver transplantation

Physiology

Liver transplantation is a complex, life-saving treatment
option for patients with end-stage liver failure. There
have been several advancements in surgical tech-
niques over the years that have improved perioperative
morbidity and mortality. One such example is the appli-
cation of microsurgical techniques for hepatic artery
reconstruction, which have greatly reduced the risk of
hepatic artery thrombosis, a potentially devastating
complication that threatens the viability of the trans-
planted organ with a high rate of mortality.33 Postopera-
tive management plays a crucial role in ensuring the
success of the transplant. Immunosuppressants are
administered to prevent rejection. Careful drug monitor-
ing is essential to prevent rejection while minimizing
side effects.34 Prophylactic antimicrobial agents are
concomitantly administered to reduce the risk of bacte-
rial, viral, and fungal infections in the immunosup-
pressed patient. Adherence to medications and lifestyle
modifications are essential for long-term success fol-
lowing liver transplantation.35

Transplantation restores hepatic synthetic function
and normalizes portal hypertension almost immediately
for most recipients.36 Sarcopenia and physical capacity
tend to improve slowly but recovery is often incom-
plete.36 Immunosuppressants are thought to play a sig-
nificant role in the persistence or development of
metabolic syndrome and sarcopenia after transplanta-
tion. Recipients typically gain weight and metabolic
syndrome features persist or worsen.36 It is important
to consider that vagus innervation in normal hepatic
functioning is lost during transplantation. It has been

suggested that isolation of the liver from autonomic reg-
ulatory control may influence nutrient absorption and
metabolism, glucose and lipid homeostasis, as well as
appetite signaling and eating behavior. These factors
are thought to contribute to body composition and
weight changes observed after liver transplantation.37

Liver transplant recipients are at high risk for cardiovas-
cular morbidity.36

Immediate postoperative rehabilitation

Liver transplant recipients are typically monitored in
the intensive care unit for a period of time following
surgery. Early mobility is generally recommended fol-
lowing liver transplantation and deemed to be safe
and feasible and supported by evidence-based prac-
tice guidelines.38,39 Although there is only a small
body of literature reporting on safety and rehabilitation
outcomes in the early postoperative period after liver
transplantation, there is considerable research to sup-
port early mobility and therapy intervention in the criti-
cally ill population. Early mobilization strategies are
typically progressive, starting with in-bed activities
such as passive then active range of motion of major
joints, assessing physiologic tolerance of supine to
sit, moving to sitting up at edge of bed, sit to stand,
transfers, moving from bed to chair, and ultimately
walking in the room and then the hallway. A similar
progression is followed in the performance of ADLs.
Typically, these activities are performed with a physi-
cal and/or occupational therapist, or sometimes a
nurse, with the goal of progressing toward indepen-
dent mobilization and ADL performance.40

Thorough medical assessment of vital signs, labora-
tory data, active medical conditions, ventilator settings
(if appropriate), and medications should be performed
to determine adequate medical stability and safety for
rehabilitation.38 Criteria for safe initiation of physical
rehabilitation or mobilization in the intensive care unit
are described by Devlin et al.38 Once rehabilitation is
started, care needs to be taken to avoid disruption of
the surgical drain and other lines/tubes during mobility,
including consideration for gait belt placement.39 Rare
events that have been noted during early mobility
include onset of cardiopulmonary changes, unplanned
extubation, falls, and one report of Achilles tendon
rupture.38

Limited research suggests that postoperative liver
transplant recipients can safely perform early mobility
and exercise during acute care, including within the
intensive care unit. Benefits may include improved car-
diorespiratory and muscular fitness, reduced duration
of mechanical ventilation, and a moderate-sized
improvement in health-related QOL.39 One randomized
controlled trial evaluated intensive early rehabilitation
on 20 patients in the intensive care unit after liver
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transplantation. The intervention group sat on edge of
bed sooner (2.6 days vs. 9.7 days; p = .048) and
resumed intestinal transit sooner (3.7 days
vs. 5.6 days; p = .015) than controls.41 Early mobiliza-
tion after liver surgery has been associated with
improvement in sleep, reduction in postoperative com-
plications, and reduced hospital length of stay.40,42,43

Additional benefits include pain reduction and less
postoperative fatigue.44 Qualitative patient feedback
after abdominal surgery has suggested that early
mobility is an important part of care, influences recov-
ery, and improves overall well-being.45 Studies report-
ing early outcomes after liver transplantation are listed
in Table 2.41,46–59

There is significant opportunity for physiatry to be
actively engaged in the care of liver transplant recipi-
ents during the initial postoperative period. Physiatrists
can support optimization of function and QOL during
hospitalization and long term.60 Some focuses include
sleep regulation, pain management, delirium prevention
and treatment, as well as bladder and bowel
management.38–40

Inpatient rehabilitation

Medical considerations for inpatient rehabilitation
The inpatient rehabilitation facility (IRF) is an ideal post-
acute care setting for liver transplant recipients who
require close medical oversight and intensive therapy.
Inpatient rehabilitation (IPR) may be considered in
patients who require ongoing daily medical manage-
ment by a physician, demonstrate a significant func-
tional decline from their baseline, tolerate intensive
rehabilitation, and have functional goals that can be
addressed by at least two skilled therapies (physical
therapy, occupational therapy, and speech and lan-
guage pathology).61 Acute care inpatients who are at
moderate and high risk for pressure ulcer formation are
more likely to discharge to an IRF compared to patients
who are at low risk.62

The IPR team, led by a physical medicine and reha-
bilitation physician, collaborates with the transplant
team on medical optimization, including laboratory
monitoring, medication titration, in addition to workup
and treatment of any new medical concerns and esca-
lation of care when indicated.60 If the transplant team
cannot follow the patient in IPR, a shared electronic
medical record or close regular contact is necessary to
provide remote advice accordingly. Reliable laboratory
and pharmacy services are crucial for monitoring immu-
nosuppression and any signs of rejection.60

Subacute rehabilitation at a skilled nursing facility
may alternatively be considered for patients who can-
not tolerate the level of rehabilitation intensity provided
at IRFs or when IRFs are not close by or available.
IRFs are preferred in most cases due to the need forT
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ongoing close physician oversight and timely lab moni-
toring. Other levels of postacute care, including home
health and outpatient therapy, may be preferred after
the acute care hospitalization in patients who are func-
tionally able to return home and are stable enough for
laboratory monitoring and medication titration on an
outpatient basis.52 A retrospective chart review of 3072
liver transplant recipients found discharge to another
inpatient facility (IRF, skilled nursing facility, or long-
term acute care) had decreased odds of 30-day read-
mission compared to discharge home. Patients dis-
charged to IRF had the longest time to readmission.52

Insurers have invested a large amount of resources into
these patients and are often willing to approve IPR after
liver transplantation.52

Role of the interdisciplinary rehabilitation team
A highly skilled multidisciplinary therapy team is integral
to the successful recovery of this population. Rehabili-
tation programs for transplant recipients typically
include aerobic exercises, strength training, functional
training, and education.63 The physical therapist
focuses on mobility and endurance during the rehabili-
tation program. The occupational therapist incorporates
the use of adaptive equipment, energy conservation,
and pacing strategies to manage tremor, optimize dex-
terity, and assist with ADLs. The speech and language
pathologist can address dysphagia, hypophonia, or
dysphonia that may occur with central nervous system
pathology or vocal cord injury during intubation.60 Neu-
rocognitive impairments caused by hepatic encepha-
lopathy can also be treated to maximize cognitive
capabilities via compensatory strategies and education.
Impaired cognition can affect independence with medi-
cation management, independent living, and return
to work. At many centers, a caregiver is arranged prior
to transplant to provide oversight of iADLs and medica-
tion administration. Mood and adjustment disorders are
frequently comanaged with a rehabilitation psychologist
or psychiatrist consultant.60

Inpatient rehabilitation outcomes
Inpatient rehabilitation has been found to be safe, tol-
erable, feasible and may improve functional out-
comes after liver transplant. Outcomes have only
been reported in a handful of studies, but the growing
number of studies looking at functional improvement
in this population is promising. A retrospective chart
review of 55 patients after liver transplant admitted to
IRF found that low albumin and long length of stay in
acute care hospital correlated with longer IPR stay
and less efficient rehabilitation. Patients who were
discharged home (n = 50) had significant improve-
ments in functional scores during IRF admission.
There was a positive correlation between length of
stay and degree of functional gain.47 Further
research suggests that liver transplant recipients

demonstrate meaningful improvement in their func-
tional status with IPR, and a high percentage of
patients are able to discharge home. Trojetto found
that lack of funding, shortages of health care person-
nel, and low volume of patients can be barriers to
developing transplant rehabilitation programs.63

Additional outcomes research is needed to justify
IPR with regard to use of resources, cost, and value-
based care plans. A systematic review by Mina et al.
concluded that the overall quality of studies evaluat-
ing IPR outcomes after liver transplant is poor.64

Long-term functional considerations
Short-term survival in the first year after liver transplan-
tation has markedly improved with advancements in
immunosuppression and early perioperative care.65

However, long-term survival has not appreciably
improved in the past 30 years.65 Late mortality con-
tinues to be primarily related to long-term sequelae of
immunosuppression. Most frequent causes of late
death are cardiovascular disease, de novo malignan-
cies, chronic kidney disease, and recurrence of pre-
transplantation disease.66,67 Cardiovascular disease in
liver transplant recipients is related to posttransplanta-
tion metabolic syndrome, which is characterized by
obesity, high blood pressure, high blood triglycerides,
low high-density lipoprotein cholesterol, and insulin
resistance. In a study by Kallwitz et al., 63.5% of liver
transplant recipients had metabolic syndrome 1 year
post transplant.68 Malignancy screening, treatment of
recurrent disease, and adequate management of meta-
bolic disease are critical to improving survival outcomes
after transplantation.69

Liver transplant improves long-term QOL and func-
tion compared to preoperative status. QOL improves to
a similar level as the general population, but physical
function remains worse. A trial evaluating eight healthy
liver transplant recipients found impaired peak oxygen
consumption and reduced peak heart rate during exer-
cise compared to predicted values. The results were
similar to that observed after other solid organ trans-
plants.70 Worse QOL is predicted by more postopera-
tive complications. QOL improvements after liver
transplantation are similar to that seen after other solid
organ transplants (kidney, lung, or heart).71 Postopera-
tive physical activity is correlated with improved health-
related QOL.36,72

The U.S. Department of Health and Human Ser-
vices broadly recommends 150 minutes of moderate
intensity aerobic activity per week and muscle-
strengthening activities two times per week.73 Regular
exercise has been shown to be effective in the man-
agement and prevention of cardiac outcomes in meta-
bolic syndrome in the general population.74,75 In one
study, exercise intensity was shown to be inversely
related to metabolic syndrome after transplantation.68

Rehabilitation and therapy interventions may be useful
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to help patients achieve target fitness goals and improve
long-term outcomes after liver transplantation.36,68,69,76

Long-term outcomes after liver transplant are reported in
Table 3.77–82 Several studies have looked at exercise
interventions, but the literature is sparse.82 Authors of a
2023 Cochrane review on this topic were very uncertain
of the role of exercise training (aerobic, resistance-based
exercises, or both) in affecting mortality, health-related
QOL, and physical function (ie, aerobic capacity and
muscle strength) in liver transplant recipients.83

Other long-term outcomes that have been examined
include return to employment and sexual function. The
rate of continuous employment among individuals with
chronic liver disease and liver transplants is low,
with most studies quoting <50%.84,85 One cohort study
looked at employment data of 126 patients, which
included patients on the liver transplant waitlist and
patients who had undergone transplantation. Patients
were largely of working age in the later stages of their
careers. Only half of patients waiting for transplant were
actively working, and only a small percentage of
patients work following transplantation. This number
decreases with time following transplantation.86

Research on sexual health and function in liver trans-
plant recipients is limited and conflicting. One question-
naire completed by 150 liver transplant recipients found
sexual dysfunction increased from 24% pretransplant
to 47% after transplant and occurred at similar rates
between men and women.87 Another survey study
evaluating 64 patients who underwent liver transplanta-
tion found significant improvement in reported sexual
function in men after transplantation but not in
women.88

CONCLUSION

Liver disease affects metabolic and circulatory func-
tions that have a negative impact on exercise toler-
ance. Frailty is modifiable through exercise and
nutrition and predicts outcome in cirrhosis and after
transplantation. Transplantation improves function but
not to the level of the general population. The available
research suggests that rehabilitation is safe and
improves outcomes at every stage of liver disease from
cirrhosis to following transplantation. There are ample
data published on frailty and prehabilitation. Additional
research is needed to inform outcomes and rehabilita-
tion interventions in the perioperative period, inpatient
rehabilitation period, and long term.
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