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Purpose and Scope of This Practice Guidance

This is the first American Association for the Study of Liver Diseases (AASLD) Practice Guidance on the
management of malnutrition, frailty, and sarcopenia in patients with cirrhosis. This guidance represents the
consensus of a panel of experts after a thorough review and vigorous debate of the literature published to
date, incorporating clinical experience and common sense to fill in the gaps when appropriate. Our goal was
to offer clinicians pragmatic recommendations that could be implemented immediately in clinical practice to

target malnutrition, frailty, and sarcopenia in this population.

This AASLD Guidance document differs from AASLD Guidelines, which are supported by systematic reviews of
the literature, formal rating of the quality of the evidence and strength of the recommendations, and, if
appropriate, meta-analysis of results using the Grading of Recommendations Assessment Development and
Evaluation system. In contrast, this Guidance was developed by consensus of an expert panel and provides
guidance statements based on formal review and analysis of the literature on the topics, with oversight
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provided by the AASLD Practice Guidelines Committee at all stages of Guidance development. The AASLD
Practice Guidelines Committee chose to perform a Guidance on this topic because a sufficient number of

randomized controlled trials (RCTs) were not available to support the development of a Guideline.

Definitions of Malnutrition, Frailty, and Sarcopenia and Their Relationship in Patients With Cirrhosis
Cirrhosis is a major predisposing condition for the development of malnutrition, frailty, and sarcopenia.
Multiple, yet complementary, definitions of these conditions exist in the published domain outside of the
field of hepatology, but consensus definitions have not yet been established by the AASLD for patients with
cirrhosis. Furthermore, there has been ambiguity related to operationalization of these constructs in clinical
practice. To address this, we offer definitions of the theoretical constructs of malnutrition, frailty, and
sarcopenia as commonly represented in all populations, partnered with operational definitions, developed by
consensus, to facilitate pragmatic implementation of these constructs in clinical practice as applied to
patients with cirrhosis (Table 1).

e Malnutrition is a clinical syndrome that results from “an imbalance (deficiency or excess) of nutrients
that causes measurable adverse effects on tissue/body form (body shape, size, composition) or
function, and/or clinical outcome.”! Key to this definition is the recognition that malnutrition
represents a spectrum of nutritional disorders across the entire range of body mass index (BMI)—
from underweight to obese. By this definition, malnutrition leads to adverse physical effects, which,
in patients with cirrhosis, are commonly manifested phenotypically as frailty or sarcopenia.

e  Frailty has most commonly been defined as a clinical state of decreased physiologic reserve and
increased vulnerability to health stressors, a definition that has its roots in the field of geriatrics.2
However, the weight of evidence available to date in patients with cirrhosis has focused
predominantly on one component of frailty: physical frailty. Although this representation deviates
somewhat from the classic “geriatric” definition of frailty as a global construct, physical frailty
represents clinical manifestations of impaired muscle contractile function that are commonly
reported by patients with cirrhosis such as decreased physical function, decreased functional
performance, and disability.

e Sarcopenia has been defined by the European Working Group on Sarcopenia as “a progressive and
generalized skeletal muscle disorder associated with an increased likelihood of adverse outcomes

including falls, fractures, disability, and mortality,” combining both muscle mass and muscle strength
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or muscle performance in its definition.® However, the majority of studies in patients with cirrhosis

have investigated sarcopenia using measures of muscle mass alone. Therefore, based on the evidence

available to date on patients with cirrhosis, we have developed a consensus definition for

operationalization of sarcopenia in patients with cirrhosis as the phenotypic manifestation of loss of

muscle mass.

Table 1. Definitions for the theoretical constructs of malnutrition, frailty, and sarcopenia and consensus-

derived operational definitions, applied to patients with cirrhosis

Operational Definitions, Applied to Patients

Construct Theoretical Definitions
With Cirrhosis
A clinical syndrome that results from deficiencies | Animbalance (deficiency or excess) of
or excesses of nutrient intake, imbalance of nutrients that causes measurable adverse
Malnutrition essential nutrients, or impaired nutrient effects on tissue/body form (body shape, size,
utilization* composition) or function and/or clinical
outcome!
A clinical state of decreased physiologic reserve The phenotypic representation of impaired
Frailty and increased vulnerability to health stressors? muscle contractile function
A progressive and generalized skeletal muscle The phenotypic representation of loss of
disorder associated with an increased likelihood muscle mass
Sarcopenia

of adverse outcomes including falls, fractures,

disability, and mortality?

Although we have, for the purposes of this Guidance, developed separate operational definitions for

malnutrition, frailty, and sarcopenia, we acknowledge that these three constructs are interrelated and in

practice are often recognized simultaneously in an individual patient. For example, a patient with cirrhosis

who presents to clinic with severe muscle wasting might be described as “malnourished,” “frail,” and

“sarcopenic,” each descriptor conveying similar information about the patient’s poor clinical condition and

prognosis. Despite the overlap of these three constructs in clinical practice, there is value in understanding
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each as a separate entity as well as the relationship between the three in order to develop tailored behavioral

interventions and targeted pharmacotherapies for these conditions.

Herein, we propose a conceptual framework for this relationship (Figure 1). There are a number of factors
that lead to malnutrition in patients with cirrhosis, which is challenging to identify at the bedside unless it
manifests phenotypically as frailty and/or sarcopenia. Malnutrition is not the only factor that contributes to
frailty and sarcopenia; other factors such as cirrhosis complications, other systems-related factors (e.g.,
systemic inflammation, metabolic dysregulation), physical inactivity, and environmental/organizational
factors can contribute to frailty and/or sarcopenia within or independent of the malnutrition pathway. In
addition, frailty and sarcopenia can contribute to each other—impaired muscle contractile function can
accelerate loss of muscle mass, and vice versa. It is these clinical phenotypes—frailty and sarcopenia—that
ultimately lead to adverse health outcomes including hepatic decompensation, increased health care
utilization, worse health-related quality of life, adverse posttransplant outcomes, and increased overall risk of

death.

Figure 1. Factors contributing to malnutrition, frailty, and sarcopenia, and the relationship between these
three constructs. Cirrhosis-related and other systems-related factors, along with physical inactivity and
environmental/organizational factors, contribute to malnutrition—which then leads to frailty and
sarcopenia. These factors can also contribute directly to frailty and sarcopenia independent of

malnutrition.
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Factors That Contribute to Frailty and Sarcopenia in Patients With Cirrhosis

Here, we describe the factors that have been shown to contribute to frailty and sarcopenia in patients with
cirrhosis. We acknowledge that these factors are, in some cases, interrelated, but for the purposes of ease of
clinical implementation, we have categorized these factors broadly as 1) malnutrition, 2) cirrhosis-related, 3)

other systems-related, 4) physical inactivity, and 5) environmental/organizational factors.

Malnutrition

Impaired Intake of Macronutrients

Reduced oral intake results from many factors including early satiety, anorexia, nausea and vomiting,
dysgeusia, diet unpalatability (e.g., low sodium or low potassium), impaired level of consciousness, free water
restriction, and frequent fasting due to procedures and hospitalizations.> Excess oral intake is a root cause of
obesity and is influenced by a variety of biological, sociocultural, and psychological factors.® Many patients
with cirrhosis have limited knowledge about disease self-management, including nutrition therapy.”?
Inadequate food knowledge/preparation skills and food insecurity can impact dietary intake—either through

reduced or excess intake—across the spectrum of nutritional disorders from undernutrition to obesity.”?
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Impaired Intake of Micronutrients

Malabsorption leads to high rates of micronutrient deficiency in patients with cirrhosis. Factors leading to
impaired macronutrient intake and absorption also contribute to deficiency of many micronutrients. In
particular, folate, thiamine, zinc, selenium, vitamin D, and vitamin E deficiencies have been reported in
patients with alcohol-associated liver disease, and fat-soluble vitamin deficiencies have been well-
documented in patients with cholestatic liver disease.1%1* Several of these micronutrients have a strong link
with frailty or sarcopenia. Vitamin D deficiency is associated with impaired muscle contractile function in the
general population.'® Although studies evaluating the role of vitamin D deficiency on frailty and sarcopenia in
patients with cirrhosis are lacking, vitamin D deficiency is prevalent in patients with cirrhosis®'8 and may
contribute to the development and progression of frailty in this population. Deficiency of zinc, a cofactor in
the urea cycle that metabolizes ammonium, is associated with hepatic encephalopathy (HE), frailty, and
sarcopenia in patients with cirrhosis.?®-2! Magnesium deficiency occurs because of malabsorption of
magnesium in the small intestine and is exacerbated by diuretic use. Magnesium deficiency is associated with
reduced cognitive performance as well as reduced muscle strength in adults with cirrhosis???* and with

increased bone resorption in children with cholestatic liver disease.?®

Impaired Nutrient Uptake

Impaired nutrient uptake is multifactorial, resulting from malabsorption, maldigestion, and altered
macronutrient metabolism. Cholestasis leads to alterations in the enterohepatic circulation of bile salts and
maladaptation of bile salt regulation. This may result in elevated serum and tissue levels of potentially toxic
bile salts as well as impaired metabolism and malabsorption of long-chain fatty acids and fat-soluble vitamin
deficiency in both adults and children.?%-22 Other contributors to malabsorption and maldigestion in patients
with cirrhosis include portosystemic shunting, pancreatic enzyme deficiency, bacterial overgrowth, altered
intestinal flora, and enteropathy.® Altered macronutrient metabolism or “accelerated starvation” occurs as a
result of reduced hepatic glycogen synthesis and storage during the postprandial state, an early shift from
glycogenolysis to gluconeogenesis, fatty acid oxidation, and increased rates of whole-body protein
breakdown.?*:3° Hypermetabolism has been variably defined in the literature (e.g., resting energy expenditure
[REE] + 1 standard deviation [SD] or REE:REEpredicted + 25D).3%32 With its associated catabolic state,

hypermetabolism also contributes to the imbalance between intake and requirements, occurring in at least
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15% of patients with cirrhosis without a clear correlation of hypermetabolism with disease severity or other

predictors.3233

Cirrhosis-Related

Cirrhosis itself leads to frailty and sarcopenia through a number of pathways. At the pathophysiological level,
the altered catabolic state in cirrhosis leads to an imbalance between energy needs and intake. Altered
protein metabolism, particularly of branched-chain amino acids (BCAAs) that are essential for supporting
glutamine synthesis and extrahepatic ammonia detoxification, results in reduced levels of circulating BCAAs,
which leads to accelerated muscle breakdown.3*3¢ Impaired hepatic ammonia clearance from loss of
metabolic capacity, in combination with increased portosystemic shunting, increases systemic ammonia
concentration with pathologic effects on the muscle.3”-3> Ammonia is myotoxic through mechanisms that
include decreased protein synthesis, increased autophagy, proteolysis, and mitochondrial oxidative
dysfunction in the skeletal muscle. Posttranslational modifications of contractile proteins with bioenergetic

dysfunction result in muscle contractile dysfunction and loss of muscle mass.40-42

The etiology of liver disease has been associated with differences in the prevalence of sarcopenia.**** For
example, alcohol-associated liver disease has been associated with a particularly high prevalence of
sarcopenia, affecting 80% of patients with decompensated cirrhosis—although sarcopenia was reported in
approximately 60% of patients with cirrhosis from nonalcoholic steatohepatitis (NASH), chronic hepatitis C
virus (HCV), and autoimmune hepatitis.*> Patients with alcohol-associated cirrhosis display the most rapid
rate of reduction in muscle areas compared with other etiologies.** Alcohol exposure increases muscle
autophagy, inhibits proteasome activity, and decreases the anabolic hormone insulin-like growth factor 1.46-48
Patients with cirrhosis secondary to NASH may be at increased risk of sarcopenia due to the additive effects
of insulin resistance and chronic systemic inflammation.* Finally, cholestasis-predominant liver diseases, such
as primary sclerosing cholangitis, lead to elevated serum bile acid levels that may induce skeletal muscle

atrophy through the bile acid receptor, TGR5, that is expressed in healthy muscles.>®

Complications of portal hypertension also contribute to malnutrition and muscle dysfunction. HE is associated

with anorexia, reduced physical activity, and frequent hospitalizations.3”°! Ascites contributes to anorexia,
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early satiety, increased REE, and limited physical activity.>>>3 Both HE and ascites are strongly associated with

frailty.>*

Other Systems

Systemic Inflammation, Endocrine Factors, Metabolic Dysregulation, and Other Aging-Related Conditions
Circulating levels of inflammatory markers such as interleukin (IL)-1, IL-6, IL-10, c-reactive protein, and tumor
necrosis factor-alpha are elevated in patients with cirrhosis.>>*® Low-grade endotoxemia may result from
increased gut permeability, from impaired hepatic clearance of lipopolysaccharide and portosystemic
shunting, and potentially from cirrhosis-related changes in the gut microbiome.>” This chronic systemic
inflammation may promote the development of frailty, sarcopenia, and their subsequent complications

through reduced muscle protein synthesis and increased protein degradation.8#61

Even in the absence of cirrhosis, chronic liver disease may lead to systemic inflammation and vulnerability to
developing frailty and sarcopenia. Inflammatory cytokines are elevated in chronic HCV; eradication of HCV
with antiviral agents results in a decrease of these markers.®263 Both alcohol-associated and nonalcoholic

fatty liver diseases (NAFLDs) are also characterized by elevated systemic inflammatory markers.®*

Further disruption of mediators of the “liver-muscle axis” may result from cirrhosis-related reduction in
circulating levels of testosterone and changes in growth hormone secretion and sensitivity.®> Low
testosterone levels have been observed in male patients with cirrhosis and sarcopenia compared with
patients who are nonsarcopenic.®® Testosterone replacement resulted in improvements in total lean body

mass,®” further supporting the role of low testosterone on the development and progression of sarcopenia.

Obesity has been associated with frailty and sarcopenia in patients with cirrhosis and is of increasing
relevance given the rapidly rising prevalence of obesity-related liver diseases.®®%7! Obesity is associated with
metabolic dysregulation, visceral fat accumulation, insulin resistance, and anabolic resistance. A strong link
has been demonstrated between obesity and muscle loss in patients with cirrhosis, with nearly 1/3 of
patients with obesity and cirrhosis meeting criteria for sarcopenia by skeletal muscle index (SMI).7® With
regard to muscle function, obesity has not been associated with an increased rate of frailty, although one

multicenter study of patients with cirrhosis awaiting liver transplantation did demonstrate a significant
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interaction between obesity and frailty on clinical outcomes: patients with a BMI = 35 kg/m?who were frail
experienced a 3-fold increased risk of waitlist mortality compared with similar-weight patients who were

nonfrail .68

Consistent with the general population, there has been a rapid rise in the prevalence of cirrhosis in older
adults.”? In older adults with cirrhosis, a combination of primary (aging-related) and secondary (chronic
disease—related) sarcopenia occurs simultaneously and has been referred to as compound sarcopenia.’® In
hospitalized patients, compound sarcopenia was associated with higher odds of death (odds ratio [OR], 1.06;
95% Cl, 1.04-1.08) and greater resource utilization (OR, 1.10; 95% Cl, 1.04-1.08) than patients with cirrhosis

but without compound sarcopenia.”

Physical Inactivity

Physical inactivity and sedentary behavior are common in patients with cirrhosis and are associated with
frailty and sarcopenia as well as mortality.”*76 In one small study of 53 liver transplant candidates,
participants spent 76% of their waking hours in sedentary time and completed a mean of only 3,000 steps per
day.”® Physical inactivity was significantly higher among liver transplant candidates who experienced waitlist
mortality than in those who experienced other outcomes on the waitlist (e.g., transplant, removed for social
reasons, or still waiting).”® In a survey of liver transplant candidates and their caregivers, only 60% of patients
and caregivers reported feeling that their clinicians “encouraged exercise,”’” suggesting that one possible
barrier to engaging in physical activity is the patient-provider communication around the benefits of physical

activity.

There are no prospective longitudinal studies evaluating the direct role of physical inactivity on progressive
frailty and/or sarcopenia. However, a number of trials have demonstrated a benefit of interventions to
increase physical activity (in combination with nutritional counseling) on muscle function, muscle mass, and
functional capacity.”®®2 These studies suggest that physical inactivity may, in part, contribute to decline in

muscle function and/or muscle mass.

Social Determinants of Health
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Social determinants of health—that is, where we live, learn, work, and play®*—also play a role in the
development of malnutrition, frailty, and sarcopenia. Health literacy is primarily governed by socioeconomic
factors and is associated with physical frailty among liver transplant candidates.* Food insecurity owing to
social factors such as poverty, isolation, or limited access to nutritious food is associated with advanced liver
disease in patients with NAFLD.®> Financial strain may limit caregiver presence in the home, resulting in
limited monitoring, limited supervision for physical activity, and less attentive management of cirrhosis
complications (e.g., timely lactulose therapy for HE). Conversely, increased patient needs impact caregiver
productivity and earning potential. Some caregivers of patients with cirrhosis lose employment,2® potentially
worsening financial strain and thus the ability to provide adequate nutrition and management of cirrhosis

complications that contribute to malnutrition.

Organizational Factors

Factors at the local, community, and national levels can exacerbate the development of malnutrition, frailty,
and sarcopenia in this population. Community-level barriers to access to nutritious food may accelerate the
development of all of these factors, including obesity, in some populations and drive adverse outcomes. In
pediatric liver transplant recipients, neighborhood deprivation, an administrative metric of socioeconomic
status, has been shown to be independently associated with mortality.8” Given the complexity of managing
patients with cirrhosis, there may be insufficient time during clinical visits to devote to identifying factors and
developing strategies to target the contributing causes. Although a referral to, or comanagement with, a
registered dietician with expertise in managing patients with advanced liver disease is ideal, some health care
systems may not offer this resource or allow for longitudinal follow-up to assess for response to treatment
recommendations. Furthermore, there may be confusion about which provider is responsible for
management (e.g., primary care physician, hepatologist, registered dietician), despite the importance of a

multimodal, multidisciplinary approach.

Clinical Manifestations of Muscle Dysfunction: Frailty and Sarcopenia

Frailty

Assessment of Frailty in Adults and Children

Tools to assess frailty as a multidimensional construct (e.g., global frailty) or its individual components (e.g.,

physical frailty, disability, functional status) that have been studied in adults or children with cirrhosis are
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listed in Table 2. The tools are organized in the table from subjective, survey-based tools assessed by the
patient, caregiver, or clinician to objective, performance-based assessments. The majority of these tools have
been studied in the ambulatory setting only, underscoring the original “geriatric” construct of frailty as a
chronic state of decreased physiologic reserve. However, the strong prognostic value of the two tools that
have been studied in the acute care setting—activities of daily living (ADLs) and Karnofsky Performance Status
(KPS)—highlights the pragmatic need for tools to measure the effects of frailty and sarcopenia in patients

with acute cirrhosis complications.

Some scales have validated thresholds to grade the severity of frailty. Specifically, patients can be categorized
as having high, moderate, or low performance status using KPS thresholds of 80-100, 50-70, or 10-40,
respectively.®88° The Liver Frailty Index also has established cut-points to define robust (Liver Frailty Index
<3.2), prefrail (Liver Frailty Index 3.2-4.3), and frail (Liver Frailty Index >4.4).°%°! Poor performance according
to some scales (e.g., ADLs), however, suggests a greater burden of functional deficits than others (e.g., walk
speed). The only tools that have also evaluated the associations between longitudinal assessments and

outcomes in patients with cirrhosis are the KPS scale and the Liver Frailty Index.88°2

When it comes to assessing frailty in children, the well-established tools for assessment of frailty in adults are
challenging to administer in children given the need for participation in the tests (either by survey or by
performance) and consideration of age-related and sex-related norms. However, a few studies have
demonstrated that the concept of frailty has clear applicability to children with chronic liver disease. The
traditional Fried Frailty Phenotype, developed in older adults and validated in patients with cirrhosis of all
ages, has been modified for children.??® Although assessment of frailty was feasible in this cohort of children 5-
17 years of age, the majority of children undergoing liver transplantation are too young to use the Modified
Fried Frailty Instrument (median age 18 years), highlighting the need to derive an objective pediatric frailty
assessment tool for children less than 2 years of age. One promising metric is the Lansky Play-Performance
Scale, a measure of global functional status developed for children with cancer ages 1-16 years, which can be
assessed by the patient, caregiver, or clinical provider.?* Gaps remain in the measurement of muscle

contractile function among those <1 year of age.

Prevalence and Natural History
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Frailty is common among patients with cirrhosis; its prevalence increases with liver disease severity. Estimates
of frailty prevalence in this population have varied because of the use of a number of different tools to
capture impaired muscle contractile function. Among patients with cirrhosis in the ambulatory setting, the
reported prevalence of frailty has ranged from 17% to 43%.547>25°% Among hospitalized patients with
cirrhosis, the prevalence of frailty is as high as 38% for inpatients with HE (and 18% for those without HE)
when measured as disability using the ADL tool.””8 Rates of frailty have been reported to be as high as 68%
when measured as impaired performance status using the KPS scale.® Using the Modified Fried Frailty
Phenotype, 24% of children with chronic liver disease met criteria for frailty, with rates as high as 46% among

children with more advanced/end-stage liver disease.”

Frailty worsens in the majority of patients with cirrhosis over time.#°2 Among patients awaiting liver
transplantation in the United States, fewer than 20% of patients displayed improved or stable KPS scores.®
After liver transplantation, at least 90% experience at least some improvement in their KPS scores, with a
median improvement of 20% by 1 year posttransplant.® Frailty, as measured by the Liver Frailty Index,
improved in only 16% of 1,093 patients with cirrhosis awaiting liver transplantation during a median follow-up
time of 10.6 months on the waitlist.?? At 3, 6, and 12 months after liver transplantation, Liver Frailty Index
scores worsened from pretransplant values in 59%, 41%, and 32% of patients, respectively. Only 20% of
patients achieved functional “robustness” as defined by a Liver Frailty Index score of <3.2 by 1 year after liver

transplantation.®®

Association With Outcomes

Frailty has been strongly linked with mortality in both the ambulatory and acute care settings as well as the
posttransplant setting.547>8889,89,92:94,96,97,100-108 Fqr example, frailty, by the Liver Frailty Index, was associated
with a nearly 2-fold increased adjusted risk of death in a study of >1,000 ambulatory patients with cirrhosis
awaiting liver transplantation at 9 U.S. centers (subhazard ratio, 1.82; 95% Cl, 1.31-2.52).>* In another study
including 734 hospitalized patients with cirrhosis, disability, as assessed by the need for some assistance with
>3 ADLs, was associated with a nearly 2-fold increased adjusted odds of 90-day mortality (OR, 1.83; 95% Cl,
1.05-3.20).%" In the posttransplant setting, compromised functional performance, by the KPS score, was
associated with higher hazard ratios (HR) for death after liver transplantation (for KPS 50%-70%: HR, 1.18;
95% Cl, 1.13-1.24; for KPS 10%-40%: HR, 1.43; 95% Cl, 1.35-1.52).88
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Importantly, changes in frailty over time—both worsening and improvement—are informative of mortality
risk.88°2 Among 1,093 patients with cirrhosis at 8 U.S. sites, each 0.1 unit change in the Liver Frailty Index over
3 months was associated with a 2-fold increased hazard of waitlist mortality (HR, 2.04; 95% Cl, 1.35-3.09),
independent of baseline frailty and Model for End-Stage Liver Disease-Sodium (MELD-Na) score. Cumulative
rates of waitlist mortality at 6 months were 12.1% among those who experienced severe worsening
compared with 7% among those who remained stable. Although this was a purely observational study, it is
worth noting that those who displayed improved frailty scores demonstrated a 6-month cumulative incidence
of waitlist mortality of only 0.6%, suggesting the potential benefit of interventions targeting frailty to reduce

mortality in this population.®?

Baseline frailty measures have been linked with outcomes other than mortality. These outcomes include
metrics of health care utilization in both ambulatory patients (e.g., unplanned hospitalizations, health care
costs, recovery of physical function after liver transplantation) and hospitalized patients (e.g., readmissions,
prolonged length of stay, discharge to a rehabilitation facility).8%°7,9910510% Fyrthermore, frailty is strongly
associated with patient-reported outcomes, including development of falls, depression, disability, and global

health-related quality of life.109-114

Guidance statement:
1. All patients with cirrhosis should be assessed for frailty with a standardized tool both at baseline and

longitudinally.

1a. There are insufficient data to recommend the use of one frailty tool over another. Instead, we
recommend that selection of the standardized frailty tool in clinical practice should depend upon
the relative need for efficiency versus objectivity of assessment within that clinical scenario. In
patients with compensated cirrhosis, annual frailty assessment may be sufficient, whereas
patients with decompensated cirrhosis may benefit from more frequent (every 3-6 months)
assessment.
2. All patients with cirrhosis should be counseled on the risks and adverse clinical consequences of frailty

regardless of their baseline frailty status.
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Table 2. Tools to assess frailty or individual frailty components that have been studied in patients with cirrhosis

- Subjective

Objective <

Setting Administration Component(s) of
Tool Equipment Needed Details Regarding Administration
Studied Time Frailty Measured
Clinical Frailty Ambulatory Rapid survey-based instrument using clinician assessment on a scale
<1 minute None Global frailty
Scale®6115 Inpatient of 1to 9 where 1 = very fit, 5 = mildly frail, and 9 = terminally ill
Ability to conduct Patient or caregiver assesses difficulty or dependence with six
Ambulatory
ADLs?7/100,113 2-3 minutes None basic tasks to function | activities that are essential to function within one’s home (e.g., basic
Inpatient
within one’s home hygiene, eating, ambulation)
Patient, caregiver, or clinician assesses functional limitations ranging
Ambulatory Ability to carry out from 100 (normal, no complaints, no evidence of disease) to 50
KPS8889.116,117 <1 minute None
Inpatient normal ADL (requires considerable assistance and frequent medical care) to 10
(moribund, fatal processes progressing rapidly).
Studied in children between ages 1-17 years listed for liver transplant.
Lansky Play-
Ambulatory Usual play activity in Similar to KPS scale ranging from 100 (fully active, normal) to 50 (lying
Performance <1 minute None
o Inpatient children around much of the day; no active playing but participates in all quiet
Scale
play and activities) to 10 (does not play)
Eastern Patient, caregiver, or clinician assesses functional limitations ranging
Cooperative Ability to carry out from 0 to 5, where 0 = asymptomatic and 2 = <50% in bed during the
Ambulatory | <1 minute None
Oncology normal ADL day and 4 = bedbound.
Group103,104,118—121
Hand dynamometer Consists of 5 domains: 1) weight loss (question), 2) exhaustion
Fried Frailty
Ambulatory | 5-10 minutes Stopwatch Physical frailty (question), 3) slowness (short gait speed), 4) weakness (hand grip

Instrument’>106

Tape measure

strength), and 5) low physical activity level (questionnaire)
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Modified Fried

Hand dynamometer

Developed for children with chronic liver disease ages 5-17 years.

Stopwatch Consists of 5 domains: 1) weight loss (triceps skinfold thickness), 2)
Frailty Ambulatory | 60 minutes Physical frailty
Tape measure exhaustion (questionnaire), 3) slowness (gait speed), 4) weakness
Instrument®?
(grip strength), 5) low physical activity (questionnaire)
The patient is asked to grip a dynamometer using the dominant hand
Hand grip
2223 Ambulatory | 2-3 minutes Hand dynamometer | Physical frailty with their best effort. The test is repeated three times and the values
strength'?>
averaged.
Stopwatch One of the components of the Short Physical Performance Battery
Short gait speed!® | Ambulatory | ~1 minute Functional mobility
Tape measure
Stopwatch Submaximal aerobic Distance walked on a flat surface at usual walking speed within 6
6 minute walk
Ambulatory | 6 minutes Tape measure capacity and minutes
test07
endurance
Short Physical Stopwatch Consists of 3 components: 1) 8 foot gait speed, 2) timed chair stands x
Lower extremity
Performance Ambulatory | ~3 minutes Tape measure 5 times, 3) balance testing 3 positions (feet together, semitandem,
physical function
Battery’® Chair tandem) for 10 seconds each
Stopwatch Cirrhosis-specific tool consisting of grip strength, chair stands, and
Liver Frailty Ambulatory
~3 minutes Hand dynamometer | Physical frailty balance testing. Changes in Liver Frailty Index are associated with
Index>4°0-92,124-127 Inpatient
Chair outcomes.
Cardiopulmonary Cardiopulmonary Noninvasive test of functional capacity through measurement of gas
Maximal aerobic
exercise Ambulatory | 60 minutes stress diagnostic exchange at rest and during exercise to evaluate both submaximal and

test 102,108,128

system

capacity

peak exercise responses
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Sarcopenia
Assessment of Sarcopenia in Adults and Children

Methods to assess muscle mass in patients with cirrhosis are detailed in Table 3.

Computed tomography (CT) imaging is currently the gold standard for assessment of muscle mass in cirrhosis,
but cost and exposure to ionizing radiation make routine use of CT solely for the purpose of detecting
sarcopenia impractical in many clinical settings.'>® However, when abdominal CT imaging is performed for
clinical reasons—such as in patients with hepatocellular carcinoma (HCC) or for surgical planning (e.g.,
transplant, hepatectomy)—muscle mass measurement can be obtained from clinical scans using readily
available quantitative morphomics software.’3® Muscle mass is conventionally reported as the SMI calculated
as the total skeletal muscle area at L3 normalized to height.'3! Total psoas muscle area has also been studied
in patients with cirrhosis (along with psoas muscle index, calculated as total psoas muscle area normalized to
height) but has been shown to be less strongly correlated with total body protein as determined by dual-
energy x-ray absorptiometry (DEXA) than skeletal muscle area.'3? Furthermore, psoas muscle index led to
greater misclassification of mortality risk in adult patients with cirrhosis when compared with SMI.133
Quantitative morphomics by magnetic resonance imaging (MRI) is less well studied in patients with cirrhosis
but offers the same theoretical advantages as CT-based measures of muscle mass (and is often more costly

and less readily available in resource-limited settings).13*

Measures of muscle mass other than cross-sectional imaging have been studied in patients with cirrhosis.
Assessment of fat-free mass by bioelectrical impedance analysis (BIA), including segmental BIA, has been
shown to modestly correlate with muscle mass and is associated with mortality in patients with cirrhosis.”%13%>
140 Fluid retention impacts the reliability of lean body mass estimates by BIA.1#! Phase angle measurements
have good reliability in patients with cirrhosis, even among those with ascites.'3® Availability of BIA devices for
routine clinical practice is currently limited, although availability of portable BIA devices may increase the
acceptability of BIA measures of body composition. Other methods to assess muscle mass, such as DEXA scan
or anthropometrics, may be more available in some practice settings worldwide but have limitations in
patients with cirrhosis due to fluid retention in certain body compartments.138142-145 Anthropometrics,

although valuable in pediatric populations,**® are vulnerable to high interobserver variability and the inability
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to distinguish different body compartments (lean versus fat mass), which is of particular relevance given

increasing rates of obesity in cirrhosis populations.'4?

Sarcopenia assessment is particularly useful in the pediatric population because muscle contractile function
can be difficult to assess in young children. Measures of muscle mass can provide an objective measure of
growth because anthropometric measures such as weight, BMI, midarm circumference, triceps skin fold
thickness, and serum markers such as albumin are often confounded by concurrent ascites, peripheral
edema, and organomegaly.?¥’-14° This is particularly relevant in infants, for whom ascites limits the value of
standard anthropometric measurements. Similar to adults, CT imaging with quantitative morphomics
provides the most accurate assessment of muscle mass, with more data supporting the use of total psoas
muscle versus total skeletal muscle mass, including reference values for children ages 1-16 years old.147:150-152
Longitudinal measurements, including rate of change, are even more relevant given the dynamic changes

with development in children.

Prevalence

Sarcopenia is common in adults with cirrhosis, affecting 30%-70% of patients with end-stage liver disease.>3
Similar to the general population, there are strong sex-based differences in the prevalence of sarcopenia,
with 21% of women and 54% of men with cirrhosis awaiting liver transplantation meeting criteria for
sarcopenia by SMI in one large multicenter study.’3! The degree of muscle loss correlates with severity of liver
disease in men but not women.** In children, sarcopenia has been reported in 17%-40% of children with end-

stage liver disease.1°1,155156

Association With Outcomes

Studies investigating sarcopenia in patients with cirrhosis have largely focused on muscle mass assessments in
the ambulatory setting. Sarcopenia has been shown to be a robust predictor of a wide spectrum of outcomes
in adults with cirrhosis both with and without HCC.70,73,131,142,147,151,154,157-165 These outcomes have included not
only mortality both before and after liver transplantation'31169.161 hyt also hepatic decompensation,6¢
reduced quality of life,'®” increased risk for infection,*” and prolonged hospitalization.*473168 |n a meta-
analysis of 3,803 liver transplant candidates across 19 studies in partly overlapping cohorts published

between 2000 and 2015, “sarcopenia,” as defined by a wide range of CT-assessed skeletal muscle mass cut-
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points, was associated with a pooled HR of 1.72 (95% Cl, 0.99-3.00) for waitlist mortality and 1.84 (95% Cl,
1.11-3.05) for posttransplant mortality.'>® A separate North American multicenter cohort of nearly 400
patients with cirrhosis listed for liver transplantation identified SMI cut-points to predict waitlist mortality:
<39 cm?/m?in women and <50 cm?/m? in men.13%16° These SMI cut-points were further validated in a
separate cohort of all White patients.'3%16? Although the original derivation cohort consisted of patients with
liver transplants in the ambulatory setting at five centers in North America, it predominantly consisted of non-
Hispanic and Hispanic White patients, so additional validation in more diverse cohorts is warranted to
evaluate the prognostic value of SMI across all populations. Most studies to date have used a static measure
of sarcopenia, but recent data suggest that sarcopenia is progressive and dynamic measures of rate of muscle

loss from serial/longitudinal measures are predictors of clinical outcomes.*?

In children with end-stage liver disease, sarcopenia has been associated with adverse outcomes including

growth failure, hospitalizations, infections, and motor delay.>1,155156

Sarcopenic Obesity

Sarcopenic obesity refers to the state of decreased muscle mass in the setting of increased fat mass. This
phenotype presents a unique clinical challenge in that it can be difficult to detect without dedicated testing
because fat mass can mask underlying muscle wasting.® The prevalence of sarcopenic obesity in patients with
cirrhosis ranges from 20% to 35%.707%13% NAFLD has been shown to be a strong risk factor for sarcopenic
obesity, even after adjustment for metabolic comorbidities.®®170 Sarcopenic obesity, defined as low sex-
adjusted SMI and BMI > 25 kg/m?, is an independent risk factor for mortality in patients with cirrhosis.”%13°

Rates of sarcopenic obesity are likely to increase as cirrhosis related to NAFLD increases.
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Guidance statements:

3. Given the strong and consistent association between muscle mass and outcomes in both adults and children
with cirrhosis, objective measures of muscle loss should be considered to assess risk for poor outcomes in
patients with cirrhosis.

4. SMI as assessed by CT image analysis is recommended as the most consistent and reproducible method to
quantify muscle mass in patients with cirrhosis.

4a. There are currently insufficient data to support a bedside tool to assess muscle mass in patients with
cirrhosis.

4b. MRI measurement of skeletal muscle mass has not been validated in patients with cirrhosis but
theoretically provides the same information on muscle mass as CT imaging.

5. Because of the risk of exposure to radiation, use of abdominal CT solely for the purpose of muscle mass
measurement is not recommended for routine use, but quantification of skeletal muscle mass should be
considered when an abdominal CT is obtained as part of clinical care or in patients in whom assessment of

muscle contractile function is not practical or feasible (e.g., acutely ill patients, very young children).
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Table 3. Tools to assess muscle mass that have been studied in patients with end-stage liver disease

Equipment
Method Advantages Disadvantages Outcomes studied Summary notes
needed
‘142,171 Safe Concordance between
Anthropometrics Low reproducibility
. Tape measure Rapid DEXA and CT
(midarm muscle Affected by fluid
. . Bedside tool Practical for large patient populations
circumference, triceps overload, adipose tissue .
Skinfold Accessible Post-liver transplant but poor accuracy and precision;
skinfold thickness) loss . )
thickness Minimal morbidity and mortality | interpret with caution
- Weak correlation with
Anthropometrics calipers training Comparison between
cross-sectional imaging
(pediatric)>° Repeatable MAMC and CT
Safe
Strict parameters
Rapid Fluid retention may impact the
around nutritional
Accessible reliability of lean body mass
intake and exercise Hepatic decompensation
BIA135-139 BIA device Minimal- estimates. Data using phase angle
before the test Pretransplant mortality
moderate show good reliability even in patients
Positioning challenging
training with fluid retention.
in patients with obesity
Repeatable
Ultrasound of psoas
Safe Operator-dependent
compared with CT-based | More data are needed to standardize
Ultrasound Rapid Challenging in patients
Ultrasound?65172.173 SMI technique. Able to provide
device Accessible with obesity
Hospitalizations and echogenicity data for tissue integrity
Repeatable Lack of normative data

mortality
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Severity of liver disease

Accurate
MRI machine No radiation Validated against CT
Measures Costly imaging Muscle mass has been defined by fat-
MR|134,174
Image analysis muscle Limited availability Acute-on-chronic liver free muscle area
software guantity and failure and mortality
quality
Low concordance between DEXA and
Safe Radiation exposure (low) CT in patients with cirrhosis
DEXA142,144,145,158,175 DEXA scanner Rapid Edema can limit Mortality
accuracy DEXA appendicular mass improves
accuracy compared with CT.
Waitlist mortality
Accurate Has the most evidence to support its
Posttransplant mortality
Rapid Radiation exposure use but has challenges with radiation
CT131,154,157,159,160,166,169,176,177 Decompensation
Measures exposure and repeatability
Acute care utilization
CT scanner muscle Not available at bedside
Quality of life
Image analysis guantity and Muscle mass measures that have
Comparison between
software quality Varying cut-points/sites been studied:
MAMC and CT
L. Requires a of measurement -Total psoas area
CT (pediatric)*>* Comparison with
high level of - Psoas muscle index
152,155,156,178 healthy children
training to Not easily repeatable - SMI
Motor delay, infections,
interpret - Total skeletal muscle attenuation

hospitalizations
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Practical Considerations for Assessing Frailty and Sarcopenia in Clinical and Research Settings

Measures of muscle mass, particularly by cross-sectional imaging, have the advantage of being objective,
reliable, and more easily reproducible than measures of muscle function. However, despite the prognostic
importance of sarcopenia in patients with cirrhosis, its clinical use is currently hampered by the lack of
inexpensive, safe, and readily available tests for assessment. On the other hand, many tools to assess frailty
can be administered quickly in the ambulatory setting, at low cost, and, perhaps most importantly, can be
repeated at follow-up intervals. Furthermore, measures of muscle contractile function may be more closely
associated than measures of muscle mass with additional patient-reported outcomes including depression or

the ability to complete basic life activities.?8111.113,175,180

For the purposes of clinical practice, one tool does not fit all. The choice of whether to measure frailty or
sarcopenia (or both) depends on the specific clinical scenario and resources available. Given the ease, low
cost, and repeatability of frailty metrics, we recommend routine assessment of frailty using a standardized
tool—from which there are many to choose (Table 2)—in all ambulatory patients with cirrhosis. Assessment
of muscle mass, on the other hand, may be useful in select groups, especially those in whom measures of
frailty are unobtainable or unreliable. Such groups may include hospitalized patients, who often cannot
perform performance-based tests of muscle contractile function. In this setting, preserved muscle mass may
be an indicator of underlying physiologic reserve and suggest high potential for reversal of the patient’s acute
presentation. Children with end-stage liver disease represent another subgroup in whom assessment of
muscle mass may be more useful than measures of muscle contractile function given the limitations of

performance-based testing in very young individuals (including infants).

For the purposes of research, both frailty and sarcopenia represent important and complementary endpoints
because they are robust and consistent predictors of outcomes in patients with cirrhosis. Given that the
pathophysiology of sarcopenia in patients with cirrhosis is better elucidated than frailty,>” sarcopenia may
offer more precise mechanistic targets for drug development. In addition, assessment of muscle mass does
not require active patient participation and therefore may be more appropriate as a research tool in patients
who are critically ill and immobilized (e.g., on mechanical ventilation). However, frailty has the advantage of

directly measuring how an individual functions and correlating strongly with how the individual feels, so
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frailty may be a more direct measure of a patient’s quality of life than sarcopenia. For these reasons, we

recommend the inclusion of both frailty and sarcopenia as complementary endpoints in research studies.

Guidance statements:
6. In clinical settings, we recommend systematic assessment of frailty and/or sarcopenia in all patients with
cirrhosis using a standardized instrument.
6a. Frailty testing may be particularly useful in the ambulatory setting and when intermediate-term
and long-term longitudinal assessments are needed to assess natural progression or response to
treatment.
6b. Sarcopenia testing may be particularly useful for patients in whom administration of tests of
frailty are not feasible or are impractical (e.g., because of acute severe illness or inability to
participate in testing such as in very young children).
7. Inresearch studies of patients with cirrhosis, including clinical trials evaluating interventions related to
malnutrition and/or muscle dysfunction, we recommend assessment of both frailty and sarcopenia, when

possible, to more comprehensively capture the impact of interventions on these complementary endpoints.

Interventions

Algorithm for the Management of Malnutrition, Frailty, and Sarcopenia in Clinical Practice

Ideally, all patients with cirrhosis would receive intensive efforts to preserve muscle mass and contractile
function on diagnosis of cirrhosis, but we recognize that this is not practical in most clinical settings given
resource limitations. In an effort to guide the greatest resource allocation to those with the greatest need, we
have grounded our recommendations within a classic three-level framework for disease prevention and
health promotion, with each level representing different aims at different stages of disease requiring
increasing intensities of assessment and action (Figure 2). Primary prevention refers to routine screening to
identify patients with sarcopenia or frailty. Secondary prevention refers to the initiation of therapy in patients
diagnosed with sarcopenia or frailty. Tertiary prevention refers to the intensification of therapy in patients
with sarcopenia or frailty not responding to first-line therapy. The ultimate goal is to prevent the occurrence

of adverse health outcomes attributable to malnutrition, frailty, and sarcopenia.
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Figure 2. The three levels of disease prevention and health promotion as applied to management of

malnutrition, frailty, and sarcopenia in patients with cirrhosis.

Patient with Primary Secondary Tertiary FUIIET e EE
cirrhosis revention revention revention of undesirable health
P 2 P outcomes
- Prevent development - Early diagnosis - Rehabilitate
Aim - Delay onset - Prompt initiation of treatment - Reverse
- Slow progression
- Malnutrition screening - Evaluate for etiologic risk factors - Reassess for progression of
- Assessment of muscle dysfunction - Explore dietary preferences and malnutrition, frailty, and/or sarcopenia
e eamant barriers to exercise despite primary and secondary
preventative efforts
( Diagnostic toolbox ]
- Educate patients and caregivers - Apply management toolbox - Refer to a registered dietician, certified
- Encourage positive health behaviors | - Co-management with a registered | exercise physiologist/physical therapist,
- Empower patients with specific dietician and certified exercise and/or health behavior specialist for
Action skills physiologist/physical therapist, co-management
if available - Consider center-based rehabilitation,
intensive nutritional supplementation
Management toolbox

Using this framework, we have developed a clinical practice algorithm for screening, assessment, and
management of malnutrition, frailty, and sarcopenia in patients with cirrhosis (Figure 3). Key to this algorithm
is the importance of reassessment of malnutrition risk, frailty, and sarcopenia—whether it be rescreening for
the development or evaluating for worsening of these conditions. Although definitive intervals for
reassessment have not been established in the literature, there are three points that have informed our
recommendations for reassessment intervals. First, rates of frailty and sarcopenia increase with worsening
liver disease severity, so patients with decompensated cirrhosis should be assessed more frequently than
those with compensated cirrhosis. Second, clinical trials of interventions that target muscle dysfunction, such
as testosterone,®” nocturnal nutritional supplementation,®! or exercise,’®#° evaluated outcomes at intervals
no shorter than 8 weeks but as long as 3, 6, and 12 months. Third, the recent International Conference of
Frailty and Sarcopenia Research consensus guidelines on frailty screening and management in primary care
recommended screening for frailty (in the general geriatric population) on an annual basis.!®> Based on these
points, we recommend that reassessment of malnutrition risk (refer to the “Screening for Malnutrition Risk”
section), frailty, and sarcopenia occur at least annually for patients with well-compensated disease but as
frequently as every 8 to 12 weeks among those with decompensated cirrhosis and/or those undergoing active

management for malnutrition, frailty, and sarcopenia.
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Figure 3. Algorithm for screening, assessment, and management of malnutrition, frailty, and sarcopenia in

patients with cirrhosis.

All patients
with cirrhosis

!

Screen for Malnutrition
Both Normal & Either is Abnormal
Assess for frailty and/or sarcopenia
(see Diagnostic Toolbox)
[ Identify contributing factors ]

Educate patients & caregivers (see Diagnostic Toolbox)

about the association between

malnutrition/frailty/sarcopenia
and outcomes

Management strategies
(see Management Toolbox)

ﬁ"‘ for malnutrition, frailty, and/or sarcopenia
k (see Diagnostic Toolbox)*

*At least annually for patients with well-compensated cirrhosis; every 8-12 weeks for patients with decompensated cirrhosis

Guidance statements:

8. All patients with cirrhosis should receive education, motivation, and behavioral skills support to reduce their
risk of development of these conditions (primary prevention).

9. A positive frailty or sarcopenia screen should prompt evaluation for underlying etiologic risk factors and the
development of an ambulatory personalized management plan (secondary prevention).

10. Reassessment of frailty or sarcopenia using the same standardized tool as baseline assessment should occur
at least annually for patients with well compensated disease but as frequently as every 8 to 12 weeks in
those with decompensated cirrhosis and/or those undergoing active management for these conditions.

11. Patients with progressive frailty or sarcopenia despite initiation of secondary prevention efforts should
undergo more intensive nutrition and exercise rehabilitation under the direct supervision of a registered
dietician and certified exercise physiologist/physical therapist (tertiary prevention).

12. Management should involve a multidisciplinary team consisting of the patient’s primary care provider,
gastroenterologist/hepatologist, registered dietician, certified exercise physiologist/physical therapist, and
health behavior specialist (if there is concurrent mental health condition) when possible. However, if not
available at all levels of prevention/health promotion, then at a minimum, referral to a registered dietician

and certified exercise physiologist/physical therapist is recommended at the tertiary preventive level.
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Ideally, a multidisciplinary team, consisting of the patient’s primary care provider,
gastroenterologist/hepatologist, registered dietician, certified exercise physiologist/physical therapist, and
health behavior specialist—especially ones with expertise in managing patients with serious medical
conditions, including advanced liver disease—would be involved with each level of management, but this may
not be feasible in many practice settings. At a minimum, a patient should be referred to a registered dietician
and a certified exercise physiologist/physical therapist if malnutrition, frailty, and/or sarcopenia are

progressive despite primary and secondary preventive efforts.

Figure 4. Diagnostic and management toolboxes with specific tools to facilitate diagnosis and management

of malnutrition, frailty, and sarcopenia in patients with cirrhosis.
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Given the interdependence of malnutrition, frailty, and sarcopenia in patients with cirrhosis, interventions
that target one condition likely impact the other two conditions as well. Here, we provide pragmatic guidance
for the management of malnutrition, frailty, and sarcopenia in patients with cirrhosis (Figure 4, Diagnostic
and Management Toolboxes). This information was intended for medical providers who are not specialists in

nutrition or exercise to engage in primary and secondary prevention efforts (Figure 2).

Screening for Malnutrition Risk

Multiple tools to screen for malnutrition have been evaluated in patients with cirrhosis.'8-187 Of these, the
Royal Free Hospital Nutrition Prioritizing Tool (RFH-NPT) has been the most consistently associated with a
diagnosis of malnutrition.'8>187 Patients are classified into three nutritional risk categories (low, moderate,
and high) based on a combination of 1) presence of acute hepatitis or need for enteral nutritional support, 2)
low BMI, unexplained weight loss, maintenance of volitional nutritional intake, and 3) whether fluid overload
interferes with ability to eat. Patients at high risk for malnutrition based on the RFH-NPT classification system
have been shown to experience worse clinical outcomes including reduced survival, worsened liver function,

and reduced quality of life.’®” Improvement in the RFH-NPT has been associated with improved survival.'8”

Cirrhosis-Related Interventions

Disease-Specific

When possible, the cause of underlying chronic liver disease should be addressed. Eradication of chronic HCV
is associated with a reduction in systemic inflammation, although levels of inflammatory biomarkers among
individuals with advanced fibrosis remained elevated above levels measured in individuals who are not
infected with HCV. Alcohol-associated skeletal myopathy may be partially reversible with alcohol cessation.88
Although the exact mechanisms linking NAFLD with sarcopenia and sarcopenic obesity are not well
understood, the shared pathophysiologic processes of chronic inflammation and insulin resistance (that lead
to both NAFLD and sarcopenia) suggest that interventions targeting NAFLD have the potential to prevent

muscle loss.
Management of HE

A strong theoretical basis exists for the management of frailty and sarcopenia with agents that lower

circulating blood ammonia concentration or reduce its production. In an animal model, combined use of
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rifaximin and L-ornithine L-aspartate lowered plasma and muscle ammonia concentrations and improved
muscle mass and function.'®® These data raise the possibility that agents used to manage HE may have a role
in prevention and treatment of sarcopenia as well. However, data specifically evaluating the benefit of HE
management strategies on muscle contractile function or muscle mass in patients with cirrhosis are lacking.
Carnitine plays a key role in mitochondrial fatty acid oxidation, a process impaired by ammonia and central to
mitochondrial function and energy metabolism. In small studies, administration of L-carnitine was associated
with dose-related lowering of blood ammonia levels, a lower rate of muscle loss, reversal of existing
sarcopenia, and increased levels of physical activity.1°°1°2 However, a recent systematic review did not show
benefit of acetyl-L-carnitine for the treatment of HE,'* so its availability for the management of frailty and/or

sarcopenia in clinical practice may be limited.

Management of Ascites

Medical therapy of fluid retention should be optimized, as ascites and edema lead to early satiety, limit
exercise capacity, and compromise mobility. In some patients, therapeutic paracentesis may improve
anorexia, satiety, caloric intake, and exercise tolerance as well as reduce REE.>?>31%* Use of loop diuretics in
patients with cirrhosis and ascites has been associated with loss of muscle mass, although this finding is
limited to one study and has not been confirmed in other cohorts (and its use must be balanced against the

risk of poorly controlled fluid retention).1

Transjugular Intrahepatic Portosystemic Shunt for Management of Portal Hypertension

Placement of a transjugular intrahepatic portosystemic shunt (TIPS) in patients with portal hypertensive
complications has been associated with marked improvement in body composition with gain of lean body
mass, lower visceral fat, and an increase in total and fat-free muscle mass.13419%-19 However, failure to
increase muscle mass after TIPS is seen in up to 1/3 of patients and is associated with increased mortality;
baseline sarcopenia is a strong risk factor for failure to improve muscle mass after TIPS.1341%7 There is
currently no evidence supporting the use of TIPS explicitly for the management of frailty and/or sarcopenia,
although TIPS placement for standard indications (e.g., ascites, variceal bleed) may offer indirect benefits to

the patient in the form of improvement in muscle mass.

Liver Transplantation for Management of Portal Hypertension
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Liver transplantation is associated with improvement of frailty and sarcopenia in some but not all liver
transplant recipients, and often not to levels of age-matched and sex-matched norms,®%:101,168,200-203 |y 3
prospective study that included 118 liver transplant recipients without HCC, the proportion of patients who
were frail (Liver Frailty Index score >4.5) decreased from 29% pretransplant to 9% at 12 months after
transplant, but only 30% met criteria for “robust” by a Liver Frailty Index <3.2.%° Rates of improvement were
related to the severity of pretransplant frailty,?® highlighting a need both for pretransplant interventions to
prevent or minimize frailty and for mechanisms to identify and transplant patients before they become
severely frail. With respect to sarcopenia, 2 separate studies including 53 and 40 liver transplant recipients
demonstrated rates of improvement in muscle mass between 25% and 34% after liver transplantation;
however, one of the studies demonstrated that 26% developed new-onset sarcopenia after liver transplant
but did not identify any specific predictors of posttransplant muscle loss.2°%293 Similar to our
recommendations regarding TIPS, liver transplantation may offer indirect benefits to improving frailty and/or

sarcopenia in recipients but cannot be recommended specifically for the treatment of these two conditions.

Although frailty and/or sarcopenia may improve after liver transplantation in some patients, both
pretransplant frailty and sarcopenia are associated with adverse outcomes, including mortality after liver
transplantation.8899,160-163204 \When considering the presence of frailty or sarcopenia in the assessment of a
patient’s candidacy for liver transplantation, we recommend the use of objective, standardized metrics for
frailty and/or sarcopenia for transplant decision-making. However, in the absence of data demonstrating
specific thresholds of objective metrics of frailty or sarcopenia that balance risk of waitlist with posttransplant
mortality, we do not recommend using frailty or sarcopenia as absolute contraindications against liver

transplantation.
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Guidance statements:

13. Treatment of inflammatory conditions that lead to cirrhosis, such as HCV, insulin resistance, obesity,
and alcohol use disorder, is recommended to manage malnutrition, frailty, and sarcopenia.

14. Identification and management of cirrhosis-specific complications (e.g., HE, ascites) is recommended
in all patients with cirrhosis to manage malnutrition, frailty, and sarcopenia.

15. TIPS placement for standard indications (e.g., ascites, acute variceal bleeding) may offer an indirect
benefit of improving muscle mass.

16. In the absence of specific data on which patients will experience improvement in frailty and
sarcopenia posttransplant, liver transplantation cannot be recommended specifically for the
treatment of frailty or sarcopenia.

17. We do not recommend using frailty or sarcopenia as an absolute contraindication against liver

transplantation.

Intake-Related Interventions

A personalized nutrition “prescription” should be provided to all patients with cirrhosis that is tailored to
current nutritional status (i.e., a patient who meets criteria for frailty or sarcopenia should receive more
intensive nutritional support to reach their targets than a patient who does not meet these criteria for
malnutrition). Reassessment of nutritional intake should be repeated at regular intervals, with more frequent
intervals reserved for those meeting criteria for frailty or sarcopenia at baseline and/or displaying worsening
impairment of muscle contractile function or mass. If clinical deterioration or lack of improvement occurs
despite target calorie and protein intake, additional causes should be considered, barriers addressed, and the

nutrition prescription refined.
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Guidance statement:

18. All patients with cirrhosis (regardless of a diagnosis of malnutrition) should receive educational resources
and counseling regarding the association between nutritional status and outcomes and to optimize
nutritional status.

19. Patients with cirrhosis who screen positive for malnutrition risk, frailty, or sarcopenia should receive a
personalized intake “prescription” that is tailored to actual needs and incorporates individual habits around

nutrition.

Energy Intake

One of the most important elements of developing a personalized intake prescription is to calculate the
patient’s REE. Indirect calorimetry using a metabolic cart is the gold standard for measuring actual REE but is
not widely available in all practice settings. Use of handheld calorimeters, a relatively inexpensive option to
measure REE, has been validated in patients with cirrhosis to quantify REE and can be used at the bedside
with high reliability in measuring REE (based on the gold standard of metabolic cart indirect calorimetry).20>206
In the absence of indirect calorimetry, predictive equations (e.g., Harris-Benedict, Mifflin-St. Jeor) can be used
to estimate an individual’s daily energy expenditure, but there is considerable interindividual variation in

measured versus predicted values of REE.33

Studies evaluating energy expenditure in patients with cirrhosis have demonstrated that total energy
expenditure ranges from 28 to 38 kcal/kg/day.?°’-?10 Based on these data, current nutrition guidelines for
patients with chronic liver diseases and/or cirrhosis recommend a weight-based daily caloric intake of at least
35 kcal/kg/day.?'1-213 |n patients with fluid retention, dry weight can be estimated using subjective
assessments based on either 1) postparacentesis weight or 2) subtracting a percentage of weight based on
the amount of fluid retention (mild, 5%; moderate, 10%; severe, 15%; additional 5% taken off with bilateral
pedal edema to the knees).?!* Although data are lacking on actual energy utilization among patients with
cirrhosis across the spectrum of BMI, there is increasing acceptance of the need for BMI-adjusted energy
intake goals. In light of this, weight-based energy intake recommendations may be modified to 25-35
kcal/kg/day for individuals with BMI 30-40 kg/m? and 20-25 kcal/kg/day for individuals with BMI 240 kg/m?2.213

Further research is required to evaluate the accuracy of weight-based equations across BMI strata. Until that
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time, given their ease of use in a busy clinical practice for patients who are nonhospitalized and patients who
are clinically stable, we support using BMI-adjusted, weight-based energy intake calculations to develop
personalized daily caloric targets when indirect calorimetry is not available and use of predictive equations

(e.g., Harris-Benedict) is not practical.

Sodium restriction may reduce the palatability of food, representing a barrier to adequate nutrition intake. In
a study of 120 outpatients with cirrhosis and ascites, only 31% were adherent to a 2 g sodium diet, and
adherent patients had a 20% lower daily caloric intake.® When patients are prescribed a sodium-restricted
diet, it should be balanced with educational resources that offer suggestions to improve diet palatability.
Liberalization of sodium restriction should be considered if the patient is unable to maintain nutritional

targets because of diet unpalatability.

Guidance statements:

20. Calorie needs should be personalized to the patient.

20a. When possible, indirect calorimetry should be used to measure the patient’s resting energy
expenditure in order to provide a personalized intake prescription.
20b. In the absence of indirect calorimetry, data, although limited, support the use of the following:
e Traditional predictive equations, such as the Harris-Benedict equation
e Weight-based equations (using ideal body weight)
o Nonobese—target of at least 35 kcal/kg body weight/day
o Obese (nonhospitalized, clinically stable)—use of caloric targets stratified by
BMiI: 25-35 kcal/kg/day for individuals with BMI 30-40 kg/m? and 20-25
kcal/kg/day for individuals with BMI 240 kg/m?
20c. In patients who screen positive for frailty or sarcopenia and cannot meet nutritional targets on a
sodium-restricted diet, liberalization of sodium restriction should be considered to facilitate

adequate oral intake.

Protein Intake
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Studies dating as far back as the 1980s have established that patients with cirrhosis have increased protein
needs.?19214-216 |n these studies, a positive protein balance was achieved above a daily protein intake of 1.2
g/kg/day?'421%; another study in patients with cirrhosis demonstrated the ability to use up to 1.8 g/kg/day of
protein.?® A small randomized clinical trial of 30 hospitalized patients with cirrhosis and HE who received
either protein restriction (0 g per day for the first 3 days, then gradual increase to 1.2 g/kg/day for the next 2
days) versus normal protein diet of 1.2 g/kg/day demonstrated accelerated protein catabolism in the protein-
restricted group with no difference in evolution of HE between the two groups.?!’ Based on these data, we
recommend a daily protein intake of 1.2-1.5 g/kg/day for adults with cirrhosis because it is safe, does not
worsen HE, and minimizes protein loss as compared with lower protein doses.?'218 For children with
cirrhosis, daily protein intake of up to 4 g/kg/day has been shown to be safe and effective in improving
anthropometrics (based on a single study with 10 children).?!® Although the existing literature lacks
consistency on whether the weight on which to calculate protein targets should be measured, dry, or ideal

body weight, we recommend using ideal body weight (based on height) for pragmatic reasons.

Data evaluating the effect of the type of protein on nutritional status in patients with cirrhosis are limited.
Several studies have demonstrated the benefits of vegetable and casein-based protein diets over meat
protein diets to reduce HE.?2%222 |n light of the limited evidence on malnutrition and the fact that meat may
be a staple protein source for many patients, we currently do not recommend limiting the intake of meat-
based protein sources. However, patients should be encouraged to consume protein from a diverse range of

sources, including vegetable and dairy products when possible.

Some studies support the use of BCAA supplementation (e.g., leucine, isoleucine, and valine) in the
management of cirrhosis-related complications, primarily HE, some of which evaluated the effect of BCAAs on
nutritional status.??3226 Two studies have demonstrated a reduction in clinical events and an improvement in
quality of life with longer-term use of BCAAs.?2322> However, in a meta-analysis of 16 RCTs evaluating BCAA
supplementation (either orally or intravenously) in patients with HE, BCAAs had no effect on mortality, quality
of life, or nutritional parameters.??” Children with chronic cholestatic liver disease have significantly higher
BCAA requirements than healthy children.??® One RCT of children with end-stage liver disease demonstrated
benefit of BCAA-enriched nutritional support over a standard formula with respect to MAMC and triceps

skinfold thickness, but this study included only 12 children.??® Given that BCAAs are naturally present in
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protein-containing foods, we do not recommend long-term BCAA supplementation beyond recommended

protein intake targets from a diverse range of protein sources.

Several other amino acid-based treatments have been studied in patients with cirrhosis, but there is currently
insufficient patient-level evidence to definitively support their use for management of malnutrition, frailty, or
sarcopenia in this population. These include R-hydroxy-R-methylbutyrate (a metabolite of leucine),?3%23!
acetyl-L-carnitine (an amino acid that has been shown to reduce blood ammonia levels),'*3 and L-ornithine L-

aspartate (a combination of two endogenous amino acids that reduces blood ammonia levels).?3?

Guidance statements:
21. Recommended daily protein intake for adults with cirrhosis is 1.2-1.5 g/kg ideal body weight per day.
i. For adults with cirrhosis who are critically ill, a target of 1.2-2.0 g/kg ideal body weight per day
is recommended.
ii. A diverse range of protein sources, including vegetable and dairy products, should be
encouraged.
iii. BCAA supplementation is not recommended beyond emphasizing the importance of meeting
daily overall protein targets from a diverse range of protein sources.
22. For children with chronic liver disease, recommended daily protein intake should be up to 4 g/kg ideal
body weight per day.

23. Protein intake should not be restricted in patients with HE.

Timing of Nutritional Intake

Timing of nutritional intake is essential to manage nutritional status in patients with cirrhosis. Prolonged
periods of fasting should be avoided in cirrhosis, with evidence supporting the benefits on muscle mass of an
early morning breakfast, late evening snack, and intake of small, frequent meals and snacks every 3-4 hours
while awake.181.233.234 A [andmark study randomized 103 patients to daytime or nighttime supplemental
nutrition of 710 kcal per day who otherwise had isocaloric, isonitrogenous diets.*®! Although most sustained
in the Child-Turcotte-Pugh A patients, across all Child-Turcotte-Pugh classes, patients receiving nocturnal
supplementation demonstrated a significant improvement in total body protein and fat-free mass. A diverse
range of late-night snack options have been evaluated in the literature, with snacks varying from 149 to 710

kcal with varying carbohydrate and protein composition.?33 Given the range of personal habits regarding

This article is protected by copyright. All rights reserved



timing of regular food intake and preferences for types of snacks, we suggest a personalized approach to
providing patients with recommendations on the timing of additional snacks (e.g., early breakfast versus late

evening snack) as well as snack content (e.g., protein bar, rice ball, yogurt).

Guidance statements:
24. Fasting time should be minimized, with a maximum interval of 3-4 hours between nutritional intake while
awake.

25. To minimize nocturnal fasting time, an early breakfast and/or late evening snack should be recommended.

Method of Nutritional Intake

A retrospective study of 75 patients with cirrhosis and known esophageal varices who underwent enteric tube
placement demonstrated that 15% of patients experienced a gastrointestinal bleed within 48 hours of
placement.?3*> Higher MELD-Na score was a strong predictor of gastrointestinal bleeding. On the other hand,
in a study of 14 outpatients with cirrhosis, continuous feeding through an enteric tube was associated with
significant improvement of ascites, need for paracenteses, and handgrip strength without any reported
complications.?3¢ Percutaneous gastrostomy placement is associated with a high risk of complications and
mortality in patients with cirrhosis.?*” Based on these data, we recommend considering an enteric tube only
in patients who have failed a trial of oral supplementation; we strongly advise against placement of

percutaneous feeding devices in patients with cirrhosis and ascites.

Guidance statements:
26. In ambulatory patients with cirrhosis and children with cirrhosis/end-stage liver disease who do not meet
dietary intake requirements with oral intake, enteral nutritional supplementation may be considered to
achieve targets.

27. Percutaneous gastrostomy tubes should not be placed in patients with cirrhosis and ascites.

Weight Loss With Obesity
In patients who are overweight/obese with compensated cirrhosis, weight loss of 5%-10% has been
associated with reduced disease progression and reduction of portal hypertension,?38 but the effects of

intentional weight loss on nutritional parameters, muscle contractile function, and muscle mass are less well
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studied. In a study of 160 dieting older adults without liver disease, intentional weight loss was associated
with decreases in lean mass and bone mineral density, but this was mitigated by resistance training.?3° Given
the evidence supporting the role of adequate protein intake on the preservation of overall nitrogen balance
(see the “Protein Intake” section), we advise caution when recommending weight loss in patients with
decompensated cirrhosis or known sarcopenic obesity.® If weight loss through caloric restriction must be
prescribed in patients with cirrhosis for clinical reasons (e.g., reduce NASH progression, for transplant listing),
we recommend 1) ensuring adequate protein intake (1.2-1.5 g/kg/day) and 2) combination with an exercise

program.

Guidance statements:

28. If medically required, weight loss should be undertaken under the supervision of a multidisciplinary team.

28a. Particular caution should be applied to prescribing weight loss in a patient with decompensated
cirrhosis.
28b. Intake of target protein and physical activity are required to reduce the loss of muscle contractile

function and muscle mass that can occur with weight loss.

Nutritional Intake in the Hospitalized Setting

Existing meta-analyses of nutritional supplementation in hospitalized patients with cirrhosis have not been
able to demonstrate an impact on mortality.2*%241 However, a subgroup analysis of 3 studies evaluating oral
nutritional supplementation alone demonstrated a benefit on mortality in hospitalized patients with cirrhosis
(risk ratio, 0.40; 95% Cl, 0.18-0.90).2! The benefit of oral supplementation is further supported by an RCT of
patients hospitalized with severe acute alcohol-associated hepatitis in which enteral versus oral
supplementation did not offer a benefit on mortality but that adequate oral intake (defined as 222
kcal/kg/day)—regardless of mode of administration—reduced mortality by 67% (0.19-0.57) compared with
patients who consumed <22 kcal/kg/day.?*?> One study conducted at a single Veterans Affairs Medical Center
demonstrated that a cirrhosis-specific nutrition education intervention targeted to physicians and dieticians
involved in caring for inpatients with cirrhosis resulted in increased nutritional intake and reduction in 90-day
hospital readmissions.?** We recommend that all hospitalized patients with cirrhosis receive formal
consultation by a registered dietician within 24 hours of admission or, if not possible, with the RFH-NPT.213

Barriers to oral intake (e.g., fasting time, HE, nausea) should be promptly identified and addressed. In patients
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who screen positive for malnutrition in whom barriers have been addressed and who are unable to meet
their nutrition targets through oral intake alone, enteral nutrition should be considered within 48-72 hours of
hospital admission.?*#24> One common barrier is prolonged periods of fasting that result from frequent nil per
os (NPO) orders for procedures; strategies to minimize this fasting period or frequency of NPO orders (e.g.,
pre-bedtime snack; early morning snack if the procedure will be in the late afternoon; consider advancing diet

rapidly when there is no indication for NPO status) should be implemented.

In the intensive care unit (ICU) population, limited cirrhosis-specific data are available to guide energy targets.
Indirect calorimetry is the gold standard for determining total energy requirements in this setting. However,
given the limited availability of indirect calorimetry in many hospital settings, predictive or weight-based
estimations of energy needs may be used, recognizing the potential underestimation of energy needs in light
of the dynamic metabolic requirements and fluid overload in patients with cirrhosis who are acutely ill.2** In
patients who are critically ill, it is generally recommended to use higher protein goals, targeting 1.2-2.0
g/kg/day.2#4246.247 Agqin, the literature is not clear whether these recommendations are based on dry or ideal

body weight; therefore, we recommend using ideal body weight for pragmatic purposes.

For hospitalized patients with cirrhosis who are unable to meet energy needs through oral intake alone,
enteral feeding should be considered (time course has not been established in the literature); for those who
are critically ill and unable to maintain volitional intake, enteral feeding should be initiated within 24-48 hours
of ICU admission. A meta-analysis of 21 RCTs comparing early versus delayed enteral nutrition in all patients
who are critically ill (including those with cirrhosis) demonstrated a significant reduction in mortality (relative
risk, 0.70; 9% Cl, 0.49-1.00) and infectious morbidity (relative risk, 0.74; 95% Cl, 0.58-0.93) among those
receiving early enteral nutrition versus delayed enteral nutrition or standard of care.?** In one RCT of 136
patients with severe alcohol-associated hepatitis randomized (1:1) to intensive enteral nutritional support
versus oral supplementation, enteral feeding had to be discontinued early in 49% of patients and was
associated with 3 (4%) serious adverse events that were determined to be related to the intervention (1
aspiration pneumonia, 1 decompensated diabetes, 1 severe worsening of HE); mortality benefit of
supplemental nutrition was demonstrated only in patients 221.5 kcal/kg body weight/day, regardless of

intervention arm. In 2 studies of early enteral feeding in patients with cirrhosis admitted with an esophageal
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variceal hemorrhage, placement of a nasogastric feeding tube was associated with a 10%-33% rate of

rebleeding.23>248

Data around the use of parenteral nutrition in cirrhosis are limited, but meta-analyses in the general critically
ill population have reported a higher incidence of hyperglycemia and sepsis (but an improvement in mortality
when compared with patients receiving enteral nutrition).2*>2>0 Parenteral nutrition should be considered as a
second-line option to enteral nutrition in patients who are unable to meet their nutritional requirements by

oral intake alone and is strongly preferable to no nutritional supplementation in patients who are hospitalized

and meet criteria for frailty or sarcopenia.
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Guidance statements:

29. All hospitalized patients with cirrhosis should receive formal consultation with a registered dietician within 24
hours of admission or, if not available, then assessment for malnutrition using the Royal Free Hospital-
Nutrition Prioritizing Tool.

30. Strategies to minimize this fasting period or frequency of NPO orders (e.g., pre-bedtime snack; early morning
snack if the procedure will be in the late afternoon; consider advancing diet rapidly when there is no indication
for NPO status) should be implemented.

31. Oral nutritional supplementation is the first-line therapy for hospitalized patients with cirrhosis who are
unable to meet energy needs via volitional intake alone.

32. In hospitalized patients with cirrhosis who are unable to meet energy needs with volitional intake and oral

nutritional supplementation, enteral nutritional supplementation should be considered to achieve targets.

32a. Precautions should be taken to reduce risk of aspiration and development of hyperglycemia.
32b. The presence of esophageal varices is not an absolute contraindication to placement of an enteric
feeding tube, but close monitoring is warranted for signs of rebleeding if enteric tube is required
after recent banding of esophageal varices.
32c. Parenteral nutritional should be reserved for patients with cirrhosis who are intolerant to enteral
nutrition and unable meet dietary intake requirements via oral intake alone.
33. In patients who are critically ill with cirrhosis, a higher protein target of 1.2-2.0 g/kg ideal body weight per day
is recommended.
34. In hospitalized patients with decompensated cirrhosis, parenteral nutritional support should be considered in
patients who are unable to meet nutritional requirements through oral intake alone and are unable to receive

enteral nutritional support.

Micronutrients

Vitamin and mineral deficiencies are common in cirrhosis regardless of etiology of liver disease and are
particularly prevalent in patients with advanced disease, cholestasis, or acute illness.?>%2>2 Routine
assessment for micronutrient deficiencies and appropriate repletion is recommended in patients with
cirrhosis.?>> Recommendations for repletion of certain micronutrients that have been better studied in

patients with cirrhosis are detailed in Table 4. There is little evidence to guide longer-term maintenance
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dosing once deficiency has been corrected. Decisions for use of longer-term maintenance dosing will depend
on assessment of whether the patient remains at nutritional risk, e.g., still consuming alcohol or with low oral

intake.

However, because vitamin and mineral status may not be regularly assessed in clinical practice because of
competing demands from other cirrhosis complications (e.g., management of protein-calorie malnutrition,
ascites, HE, etc.)—and, multivitamin supplementation is inexpensive and essentially free of side effects—we
support a pragmatic approach of an empiric course of oral multivitamin supplementation in patients with

cirrhosis who display any evidence of frailty or sarcopenia, as has been proposed in the general population.?

Guidance statements:
35. Micronutrient deficiencies should be assessed at least annually, repleted if deficient, and reassessed after

repletion.
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Table 4. Micronutrient supplementation in cirrhosis

Symptoms of Deficiency

Repletion

Comments/Monitoring

Fat-soluble

vitamins

- Ocular changes (e.g., xerophthalmia,

night blindness)

Vitamin A 2,000-200,000 U/

day per os (PO) according to

- In patients not responding to vitamin A

replacement, consider replacing zinc as wel|2>7,258

Vitamin A | - Skin changes (e.g., hyperkeratosis,
deficiency syndrome and - Monitor levels with supplementation, as there is
phrynoderma, poor wound healing)
severity for 4-8 weeks?>>256 risk of significant toxicity (>120 pg/dL)
- Growth retardation
- Therapeutic target 25-OH vitamin D > 30 ng/mL
- Bone pain, muscle weakness, Repletion: 50,000 IU/week - In children, supplementation with vitamin D; is
osteomalacia, anorexia, hair loss, poor | vitamin D, or D; for 8 weeks more effective than vitamin D, because greater
Vitamin D
wound healing followed by maintenance of water solubility is better absorbed?6°
- Hypocalcemia, hypophosphatemia 1,500-2,000 IU/day?>*® - Give with calcium in those with low bone mineral
density
- Hemolytic anemia - Deficiency is much less common than vitamins A
- Neurologic deficits (e.g., ataxia, a-Tocopherol acetate 400-800 and D
Vitamin E
peripheral neuropathy) IU/day PO - High doses antagonize vitamin A and adversely
- Muscle pain affect wound healing and platelet function
- Bleeding, petechiae, purpura,
Phytonadione 1-10 mg orally, - Not stored, so deficiencies occur rapidly
ecchymosis
Vitamin K subcutaneously, or - Route and dose of replacement regimen varies

- Prolongation of international

normalized ratio

intravenously

by clinical setting
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Water-
soluble

vitamins

- Dry/wet beriberi

Asymptomatic: thiamine 100

mg/day

- Thiamine measurement is not widely available.

Thiamine | - Wernicke encephalopathy
Suspected WE: - Dose and route according to deficiency syndrome
Vitamin B; | (WE)/Korsakoff syndrome
Thiamine 500 mg IV 3x/day on and severity.
- Muscle weakness
days 1 and 2, then 250 mg IV
3x/day on days 3-5
- Pellagra: dry skin and bright red
tongue, gastrointestinal disturbance
Niacin 300-1,000 mg/day PO for - Blood levels unreliable measures of deficiency
- Neurological symptoms; apathy,
Vitamin B; deficiency states - Hepatotoxicity possible from excess dosage
fatigue headache, memory loss,
abnormal behavior
- Paresthesia, seizures - Isolated deficiency uncommon
Pyridoxine Vitamin B6 100 mg orally per
- Oral changes (e.g., glossitis, - Parallel measurement of B;, recommended
Vitamin Bg day
ulcerations) - High doses may reduce zinc absorption.
- Muscle weakness
Folicacid | - Oral changes (e.g., glossitis,
Folate 1-5 mg orally per day - High doses may reduce zinc absorption.
Vitamin By | ulcerations)
- Macrocytic anemia
Cobalamin | - Oral changes (e.g., glossitis) Vitamin B, 1,000 ug - Patients with low gastric acid secretion or after
Vitamin - Muscle weakness intramuscularly monthly or ileal secretion are at high risk for deficiency and
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B, - Neurologic (e.g., peripheral 1,000-2,000 pg orally per day high doses may be required.
neuropathy, gait disturbance, cognitive
impairment
- Hyperpigmentation
- Macrocytic/pernicious anemia
- Perifollicular petechiae, keratosis,
Ascorbic ecchymosis
Vitamin C 500-1,000 mg orally
acid - Impaired wound healing - Requirements are increased in critical illness.
per day
Vitamin C | - Oral changes: gingivitis, glossitis
- anemia
- Rash, alopecia - Replacing zinc may result in normalization of
- Poor wound healing vitamin A metabolism.?7?
30-50 mg elemental zinc orally
Zinc - Myopathy - High doses may result in copper deficiency.
per day?>8
- Altered smell and taste - Blood levels only a crude index of whole-body
- Possible contribution to HE zinc status.
Trace
- Cardiomyopathy
elements
- Myositis and cramps
Selenium 50-100 pg/day PO - Deficiency is relatively rare.
- Skin changes: alopecia, dry skin,
erythema
- Bone marrow suppression: microcytic | 2-4 mg IV for 6 - Blood copper level a screening test for deficiency
Copper

anemia, leukopenia, pancytopenia

days, followed by 3-8 mg

- Serum ceruloplasmin concentration
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- Hypercholesterolemia
- Delayed wound healing
- Neurologic changes: neuropathies,

ataxia

per day orally until level
normalization or

symptom resolution?6!

used to guide repletion strategies: confounded by
inflammation26?
- Bariatric bypass surgery a risk factor for

deficiency
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Physical Activity—Related Interventions

Physical activity—based interventions have been shown to improve muscle contractile function and muscle
mass as well as cardiopulmonary function and quality of life in patients with cirrhosis.”881,238262-265 The caveat
to interpretation of these studies in this population is they have been limited by small sample size and

inclusion of primarily well-compensated patients.

There are 3 general principles to consider when recommending activity-based interventions for patients with
cirrhosis: 1) assess frailty and/or sarcopenia with a standardized tool, 2) recommend a combination of aerobic
and resistance exercises, and 3) tailor recommendations based on the physical assessment and
reassessments.

1. Assess frailty and/or sarcopenia with a standardized tool. This should occur at baseline and
longitudinally to assess response to the intervention. Improvement in frailty has been associated with
lower rates of mortality compared with worsening of frailty in patients with decompensated
cirrhosis.®? Data are lacking on the potential benefits of changes in sarcopenia.

2. Recommend a combination of aerobic and resistance exercises. Activity-based interventions in
patients with cirrhosis have ranged in duration from 8 to 64 weeks.?%¢ Exercise prescriptions can be
guided by FITT principles (Frequency, Intensity, Time, and Type) as detailed in the Management
Toolbox (Figure 4) and adapted from the American College of Sports Medicine.?¢” Although the type
of exercise (e.g., aerobic only or combination aerobic and resistance training) has varied in these
studies, general consensus is that the optimal activity-based intervention should include a
combination of aerobic and resistance training. The theoretical framework for this recommendation
is that aerobic training may address impaired muscular endurance and cardiopulmonary fitness,
whereas resistance training specifically addresses skeletal muscle strength and mass.?%3 Data on what
constitutes an adequate level of aerobic activity in patients with cirrhosis are limited, although it is
reasonable to follow Centers for Disease Control guidelines to achieve 150-300 minutes of moderate
to vigorous intensity exercise per week and muscle-strengthening exercises at least 2 days per
week.2%8 The use of technology, including fitness trackers, can provide more accurate and objective
data on an individual’s actual physical activity better than self-report alone.”® Smartphone-based
fitness apps designed for persons with cirrhosis may have a role in facilitating increased exercise and

activity in patients with cirrhosis.?%°
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3. Tailor recommendations based on baseline assessment and reassessments. This includes modifying
the intensity of the physical activity intervention based on the presence of frailty and/or
sarcopenia.?’? It also includes adapting recommendations based on risk for adverse events related to
increased mobility, such as musculoskeletal injury and falls.?’! Studies evaluating activity-based
interventions in patients with cirrhosis to date have demonstrated a good safety profile of
exercise,?38272.273 hut most studies to date have primarily included patients with well-compensated
cirrhosis. A number of unanswered questions regarding an exercise program in cirrhosis remain,
including the duration, time of day, and impact of concurrent exercise on responses.?’*
Notwithstanding these, it is prudent for patients to optimize their portal hypertensive complications
(e.g., ascites control, variceal prophylaxis, optimal HE therapies) before initiating an activity-based

program.

Guidance statements
36. Physical activity—-based interventions are recommended to improve muscle contractile function and muscle
mass in patients with cirrhosis.
37. The three components to activity-based interventions in patients with cirrhosis should include 1) assessing
and reassessing frailty and/or sarcopenia using standardized tools, 2) recommending a combination of

aerobic and resistance exercises, and 3) tailoring recommendations based on assessments.

Interventions Targeting Other Systems

Hormone-Associated Interventions

In one study of 101 male patients with cirrhosis and low testosterone (defined as total testosterone < 12
nmol/L or free testosterone < 230 pmol/L), testosterone replacement increased muscle mass, decreased fat
mass, and improved glucose metabolism.®’ The anabolic effect of testosterone on muscle may be related to
suppression of muscle cell apoptosis and myostatin production.?’”> However, exogenous testosterone is also
associated with increased risk for HCC and thrombophilia. Testosterone therapy may be indicated for some
men with cirrhosis, but the risk/benefit profile must be individualized. For men with a personal or family
history of HCC, prostate cancer, or thrombophilia, the risk of testosterone replacement may outweigh

potential benefits.
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Guidance statements:
38. In men with cirrhosis who may be candidates for testosterone therapy, testosterone levels should be checked
at baseline.

39. Testosterone replacement may be considered in select men with low testosterone to improve muscle mass.

39a. Relative contraindications to use of testosterone include a history of HCC, other malignancy, or

thrombosis.

Suggestions for Future Research

In patients with cirrhosis, frailty and sarcopenia are prevalent and lethal. The last decade has welcomed a
large body of literature solidifying the importance of frailty and sarcopenia on outcomes in patients with
cirrhosis and has brought with it exciting opportunities for future research. Although the possibilities are
endless, we highlight three that we believe are the most urgently needed:

1) Standardized, feasible assessment of frailty and sarcopenia in diverse populations of patients with
cirrhosis with respect to sex/gender, race/ethnicity, and clinical acuity. The literature has been lacking
on detailed comparisons of frailty and sarcopenia by not only biological sex but also by self-identified
gender. Cohorts should be enriched with patients of diverse racial/ethnic backgrounds to better
understand variation in race/ethnicity differences in manifestations of malnutrition, frailty, and
sarcopenia and the implications on clinical outcomes. Lastly, more studies are needed in patients with
decompensated cirrhosis, particularly those who are acutely ill.

2) Longitudinal assessment of frailty and sarcopenia. This includes evaluation of the natural progression
as well as predictors of accelerated decline. Studies evaluating any treatments in this population (e.g.,
antiviral agents, alcohol abstinence, management of ascites, TIPS, liver transplantation) should also
investigate the impact of those interventions on muscle function and muscle mass.

3) Development of therapeutics and multimodal strategies targeting frailty and sarcopenia. Frailty and
sarcopenia are measurable and clinically significant. The objective measurement of these conditions
enables a field of research focused on reversing or slowing their consequences. This will require
collaboration across many disciplines, including hepatology, surgery, nutrition, and physiotherapy,

but it will also require collaboration across industries, including academia and pharmaceutical and
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biotechnology firms. One essential step for the development of therapeutics is certification by the

Food and Drug Administration of clinically meaningful endpoints of frailty and sarcopenia.
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