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INTRODUCTION

Pruritus is a prevalent symptom often linked to immune-
mediated cholestatic liver diseases, such as primary
biliary cholangitis (PBC).[1] Approximately 70% of
patients diagnosed with PBC experience pruritus
over their lifetime, and nearly 35% have refractory
pruritus.[2,3] In chronic liver disease, pruritus is intricately
linked to both intrahepatic and extrahepatic cholestatic
pathologies, with notable examples including PBC and
primary sclerosing cholangitis.[4] Additionally, specific
entities, such as intrahepatic cholestasis of pregnancy
(ICP), contribute to pruritus etiology through mecha-
nisms involving hepatocyte secretory failure and bile
duct impairment.[4]

Pruritus is a disabling symptom that can significantly
impact one’s quality of life. Notably, intense nighttime
itching, which is moderate to severe, results in sleep
deprivation and worsens fatigue.[5,6] These elements
ultimately contribute to the emergence of depression
and, in some cases, suicidal ideation.[7] Due to the
subjective nature of pruritus, there is added difficulty in
determining its etiology and severity.[8]

Pharmacological treatments for pruritus, as per
guideline recommendations, consist of bile acid–
binding agents, rifampin, opioid antagonists, and
sertraline.[2] Alternate therapies must be considered in

patients who have pruritus and are refractory to these
treatments. Many aspects of pruritus pathophysiology
and the precise mechanisms of certain treatments are
still under investigation. Addressing these often-
unbearable symptoms demands close and ongoing
monitoring, underpinned by a comprehensive, multi-
disciplinary approach that complements pharmaceutical
interventions.

This review summarizes the clinical features, diag-
nosis, and current treatment options, along with a
glimpse into potential future therapies for pruritus in
patients with chronic liver disease.

PATHOGENESIS

The precise mechanisms of pruritus in cholestatic liver
diseases remain to be definitively established; however,
several potential mechanisms have been proposed.

First, it is known that bile acids are elevated in
cholestasis and activate various receptors implicated in
the transmission of itch signals, such as Takeda G
protein–coupled receptor 5, MAS-related GPR Family
Member X4, and farnesoid X receptor.[9] Nevertheless,
studies examining the concentrations of bile acids in the
skin of patients with chronic cholestasis and their
correlation with the presence and severity of pruritus have
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yielded inconclusive results.[9] Similarly, studies exploring
whether elevated bilirubin correlates to the itch associated
with cholestasis have produced mixed findings.[10]

Second, due to the antipruritic effects observed with
opioid receptor antagonists and selective serotonin
reuptake inhibitors, there is a hypothesis that prurito-
gens signal through endogenous opioidergic and
serotonergic systems.[10]

Third, an alternative avenue is the lysophosphatidic
acid (LPA) and autotaxin (ATX) pathways.[10] LPA,
generated by ATX activity, is found at elevated levels in
the serum of patients with cholestatic diseases, and it
has been associated with pruritus.[10,11] The mechanism
linking ATX-LPA activity and cholestatic liver disease
remains unknown.[12] The association was identified
when Kremer et al[11] observed intradermal LPA-
induced scratch responses in mice. Subsequently, the
same author[13] demonstrated that elevated ATX levels
were specific to pruritus in cholestasis and not present
in other forms of pruritus. Despite significant efforts in
immunobiology, substantial gaps persist in compre-
hending the mechanisms of PBC-associated pruritus.[12]

Furthermore, it has been established that changes in
steroid and steroid metabolite levels, as well as
lipophospholipids like lysophosphatidylcholine, may
play a role in the development of pruritus in cholestatic
liver diseases.[11]

Clinical trials investigating the impact of farnesoid X
receptor agonism have identified increased IL-31 expres-
sion in patients with cholestatic liver disease. This
suggests a positive correlation between FXR agonism
and elevated IL-31 levels, highlighting IL-31 as a trigger
for pruritus in patients with PBC.[14] Importantly, medica-
tions with antipruritic effects, such as seladelpar, have
demonstrated a dose-dependent reduction in IL-31 levels
in patients with PBC, further supporting the multifactorial
role of IL-31 in cholestatic pruritus.[15]

Lastly, peroxisome proliferator-activated receptor
(PPAR) α and δ are ligand-dependent transcription
factors integral in regulating inflammatory processes
and have emerged as crucial players in the patho-
genesis of various skin diseases.[16] PPARs, as
members of the nuclear receptor family, consist of 3
primary isoforms: PPARα, PPARβ/δ, and PPARγ.[17]
PPAR-agonists have demonstrated beneficial effects
on bile acid metabolism. For example, PPARγ agonists
ease biliary inflammation in patients with PBC by
curbing inflammatory factor expression.[17] In a mouse
model simulating bile duct ligation, reduced PPARγ
expression in KCs was associated with a decreased
inhibitory effect on inflammatory cytokines.[18]

PPARs possess notable potential as targets for the
treatment of common skin diseases, including atopic
dermatitis, psoriasis, and pruritus. It has been reported
that PPARs are expressed in the itch sensory fibers and
dorsal root ganglion.[16] Dorsal root ganglion neurons
innervate the skin through C fibers and can be stimulated

by exogenous or endogenous pruritogens released by
immune cells, keratinocytes, or primary neuronal afferent
terminals. However, the regions in the central nervous
system that are involved in the itching process are poorly
understood.[16]

Moreover, a significant reduction in PPARγ expres-
sion was observed in the biliary epithelial cells of
individuals with PBC.[18] Encouragingly, medications
like seladelpar or elafibranor, targeting PPAR agonism,
have shown promise in improving cholestatic pruritus,
affirming a positive correlation between PPAR and this
distressing symptom.[15,19]

EVALUATION OF PRURITUS

Individuals with cholestatic disorders frequently experi-
ence chronic pruritus, characterized by itching sensa-
tions that persist for longer than 6 weeks.[7] Pruritus is
often a symptom of systemic illnesses, requiring an
initial evaluation for other potential causes.[3] The initial
evaluation of a patient experiencing pruritus should
involve ruling out alternative dermatological and sys-
temic factors.[7]

The inherent subjectivity of pruritus poses a consid-
erable challenge in both evaluating its severity and
devising effective treatment strategies. Therefore, sim-
ple and efficient questionnaires, like the Visual Analog
Scale (VAS), PBC-40 questionnaire, and 5D itch scale,
are preferred (Figure 1).[20]

VAS categorizes pruritus intensity, with 0% indicating
the absence of pruritus, >0%–<40% percentage
representing mild pruritus, ≥40 to <70 percentage
denoting moderate pruritus, ≥ 70 to <90 points signify-
ing severe pruritus, and ≥ 90 points indicating a state of
very severe pruritus.[21]

The 5-D itch questionnaire, a concise one-page tool,
comprises 5 domains: duration, degree, direction,
disability, and distribution, with each domain accounting
for 5 points.[22] The domain scores are then added
together for a total 5-D score, potentially ranging from 5
(no pruritus) to 25 (most severe pruritus). This survey
assesses itch over the last 14 days.[22,23]

The PBC-40 includes 40 questions covering 6
domains related to PBC: general symptoms, itch,
fatigue, cognition, social, and emotional.[23] Items are
scored from zero or 1–5, contributing to total domain
scores. This survey assesses symptoms over the past 4
weeks; clinically significant itch is defined as ≥7 points
in the itch domain, while mild itch is ≥1 and <7 out of a
maximum of 15.[23]

MEDICAL THERAPIES

Various medical treatments, including bile acid–binding
resins, rifampicin, and opioid receptor antagonists, have

188 | CLINICAL LIVER DISEASE

© 2024 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article prohibited.



been studied for pruritus in chronic liver disease.
Nonpharmacological approaches such as phototherapy
are also highlighted. Here, we discuss some of these
medical therapies for treating pruritus.

Bile acid–binding resins

Cholestyramine, an anion-exchange resin, is the primary
choice for cholestatic pruritus management (Figure 2).[6]

This therapy eases symptoms by sequestering systemic
bile salts.[2,23] The proposed dose for cholestyramine in
pruritus management is 4–16 g/d.[1] A double-blind study
with microporous cholestyramine demonstrated its supe-
riority over placebo in reducing itching intensity (p<0.01)
and serum bile acid levels (p<0.01).[24] In a meta-
analysis of 5 randomized controlled trials (RCTs), 3
showed significant pruritus reduction, while high-bias
trials reported ns results. Zuin et al[25] RCT revealed
cholestyramine significantly reduced pruritus by 45.5%

1. Visual Analogue Scale

2. 5D Itch Scale

3. PBC-40 questionnaire

During the last 2 weeks how many hours a day have you been itching?

Please rate the intensity of your itching over the past 2 weeks?

“Some people with PBC experience itching. How often did you experience itching in
the last four weeks?”
(I) Itching disturbed my sleep
(II) I scratched so much, I made my skin raw
(III) I felt embarrassed because of the itching

Over the past 2 weeks has your itching gotten better or worse compared
to the previous month?

4.a Rate the impact of your itching on your sleep over the last 2 weeks 
4.b Rate the impact of your itching on your leisure activity over the last 2 weeks
4.c Rate the impact of your itching on your work/school activity over
the last 2 weeks

Mark whether itching has been present in the following parts of your body over
the last 2 weeks: head/scalp, face, chest, abdomen, back, buttocks, thighs, lower legs,
tops of feet/toes, soles, palms, tops of hands/fingers, forearms, upper arms,
points of contact with clothing.

No itching Worst possible itching

0 100%

1

2

3

4

5

F IGURE 1 Assessment of the severity of pruritus. Visual Analog Scale: 0% = no pruritus; 10%–30% = mild pruritus; 40%–60% = moderate
pruritus; 70%–80% = severe pruritus; 90%–100% = very severe pruritus. 5D Itch Scale: The domain scores are added together, potentially
ranging from 5 (no pruritus) to 25 (most severe pruritus). PBC-40: Items are scored from 1 to 5 (never, rarely, sometimes, most of the time, and
always), and the individual item scores are summed to give a total domain. Abbreviation: PBC, primary biliary cholangitis.
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versus 36.8% with the use of diethylaminoethyl-dextran
(p<0.001). Diethylaminoethyl-dextran, a polycationic
derivative of dextran, is used as an adjuvant in immuno-
therapeutics and has been reported to enhance inter-
feron production induced by various mechanisms.[26]

Less commonly used bile acid resins include colese-
velam (3.75 g in 2–3 divided doses/day) and colestilan
(6.42 g/d).[20] However, in an RCT, colesevelam showed

a 40% reduction in VAS in 3 weeks, which was not
significant when compared to placebo.[20,27] More studies
are needed to evaluate the benefits of this medication.
Another RCT using colestilan demonstrated better
results, showing a significant reduction in the Numeric
Rating Scale (NRS) for pruritus compared to placebo
(p<0.001).[28] Another bile acid resin use, colestipol, is
less firmly established for PBC-pruritus usage.[28] Side

Class Drug Dosage Route Side Effects Recommendation

Treatment of pruritus and 
underlying disease

ICP

First line treatment of pruritus

First line treatment of pruritus

No improvement within 2 weeks

No improvement within 2 weeks

No improvement within 4 weeks

Consider experimental
approaches

Ursodeoxycholic
acid

1000-2000 mg
daily

(for ICP)
Oral

Nausea, vomiting, or abdominal
discomfort

Unpleasant taste, bloating,
constipation, and diarrhea

Heartburn, constipation, diarrhea,
decreased appetite

Nausea, vomiting, diarrhea,
decreased appetite, headaches,

fever, rash, and flushing.
Hepatitis, hemolytic anemica,

 thrombocytopenia

Opioid withdrawal like reaction

Dizziness, diarrhea, decrease
appetite, visual hallucinations, and

increased fatigue

Diarrhea, abdominal distention,
abdominal discomfort, nausea, and

vomiting

Anxiety, dizziness, fatigue, or blurred
vision; difficulty with balance or

coordination; edema in extremities

Pruritus, nausea, diarrhea,
abdominal pain

Abdominal pain, diarrhea, nausea,
and vomiting

Erythema, xerosis, pruritus,
blistering, altered pigmentation, and

photoaging

Oral

Oral

Oral

Oral

Oral

Oral

Topical

4-16 g/day

6.42 g/day

200-400 mg
daily

150-600 mg
daily

12.5-150 mg
daily

75-100 mg daily

40 mg BID

100/300-2400
mg daily

5-10 mg daily

80 mg daily

10 000 Iux 60–
120 min/day

3.75 in 2-3
divided

doses/day

Cholestyramine

Colesevelam

Colestilan

Bezafibrate

Rifampicin

Naltrexone

Sertraline

Linerixibat

Gabapentin or 
Pregabalin

Seladelpar

Elafibranor

UVA, UVB

Hydrophilic
Bile Acid

Bile Acid Binding
Resins

Fibrates

PXR Agonist

Opioid Antagonist

Serotonin Reuptake
Inhibitors

Pharmaceuticals in
Clinical Development

Phototherapy

F IGURE 2 Current therapeutic recommendation for the management of pruritus in cholestatic liver diseases. Abbreviations: ICP, intrahepatic
cholestasis of pregnancy; mg, milligrams; PXR, pregnane X receptor.
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effects include an unpleasant taste (cholestyramine)
and bloating, constipation, and diarrhea (less with
colesevelam).[20]

Fibrates

Fibrates, along with bile acid resins, can also be
considered the first choice for the management of
pruritus.[23] Bezafibrate is the most used, starting with
200 mg up to a maximum of 400 mg daily.[7] Recent
studies have investigated bezafibrate, a nonselective
PPAR agonist, to assess its potential as a treatment for
cholestasis, inflammation, and itching in people with
cholestatic diseases.[3] In one study by de Vries et al,[29]

involving 74 participants, bezafibrate treatment led to a
significant reduction in VAS scores (a reduction of ≥50%
in pruritus) in patients with PBC and primary sclerosing
cholangitis, as compared to the placebo group (45% vs.
11%; p=0.003) after 3 weeks of treatment.

Similarly, a systematic literature review and meta-
analysis, which encompassed all accessible double-
blind, randomized, placebo-controlled clinical trials
assessing the effectiveness of pharmacotherapy for
symptomatically managing pruritus in PBC using the
VAS, determined that bezafibrate had a significant
positive impact on pruritus.[2] The analysis revealed that
bezafibrate significantly improved pruritus compared to
placebo, with a CI of −1.41 to −0.68.[2]

Fenofibrate can be considered an alternative, though
its antipruritic efficacy is not as firmly established.[7]

Clinical trials investigating the use of fenofibrate in
cholestatic pruritus are currently unavailable.[30,31] How-
ever, a retrospective study by Lemoinne et al,[32]

including 20 patients with primary sclerosing cholangitis
who did not respond adequately to ursodeoxycholic
acid (UDCA) monotherapy, was conducted to assess
the impact of fibrates (fenofibrate micronized 200 mg/d
or bezafibrate 400 mg/d) in combination with UDCA.
About 88% of the patients experienced significantly
decreased pruritus intensity, including 3 who reported
complete remission (p= 0.021).[32]

URSODEOXYCHOLIC ACID

Although UDCA does not benefit cholestatic chronic
pruritus, it is included in this review due to its use in ICP.
A meta-analysis by Bacq et al[33] supports the efficacy
of UDCA in reducing pruritus and improving liver
markers in ICP. The recommended dose is 2 daily oral
tablets (500 mg UDCA twice daily). Health care
professionals may increase the dose by 1 tablet every
3–14 days, up to a maximum of 4 daily tablets (2000 mg
UDCA daily).[33]

Moreover, in the PITCHES trial conducted from
December 2015 to August 2018, 605 women were

enrolled and randomly assigned to receive either UDCA
(n=305) or placebo (n=300).[34] In this RCT, the
postrandomization maternal itch score was lower in the
UDCA group compared to the placebo group (mean
difference −5·7 [95% CI: −9·7 to −1·7], p=0·0054), which
was less than the 30 points difference predetermined by
clinicians and women as clinically meaningful.[34,35]

Therefore, the 5-point reduction in itch score reported in
this RCT is unlikely to be clinically useful.[34]

In a systematic review by Ovadia et al,[36] women
with intrahepatic cholestasis of pregnancy who were
treated with UDCA had lower rates of preterm birth and
a composite outcome of stillbirth and preterm birth than
did women who were not treated with UDCA. This study
showed the benefit of UDCA treatment in reducing
spontaneous preterm birth was statistically significant
for women with higher bile acid concentrations
(≥40 μmol/L).[36] Adverse events in pregnancy are
rare, though some women may have gastrointestinal
side effects like diarrhea; the largest trial to date
showed no significant differences in reported side
effects between UDCA and placebo groups.[37]

Rifampicin

It is a second-line treatment for patients who are
intolerant or refractory to bile acid resins.[9] It can be
used starting with a dose of 150 mg up to 600 mg daily.[7]

The antipruritic effect of rifampicin occurs through
pregnane X receptor agonism, leading to the down-
regulation of ATX transcription in HepG2 cells. These
cells, which are nontumorigenic and commonly used in
metabolism studies, exhibit high proliferation.[3,11] A
comprehensive meta-analysis assessing the effective-
ness of pharmacotherapy for symptomatically managing
PBC through the use of the VAS revealed that rifampicin
had a significant positive impact on pruritus (95% CI:
−5.78 to −0.80).[2]

Opioid antagonists

An increase in opioidergic tone has been observed in
patients with pruritus.[3] This has culminated in the use
of nonselective or κ-selective opioid receptor antago-
nists as a therapeutic approach to cholestatic
pruritus.[38] Additionally, naltrexone, with its mechanism
involving mu-opioid receptor antagonism, has also been
used. It can be started with a dose of 12.5 mg up to
150 mg daily.[7]

In a meta-analysis involving a 4-week intervention
with 22 patients diagnosed with PBC, the assessment
of pruritus scores demonstrated a significant reduction
when oral medications (naltrexone and nalmefene) and
i.v. naloxone was administered compared to the control
placebo group.[2]
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Likewise, in a crossover, double-blind, placebo-
controlled study, VAS exhibited statistically significant
improvements using naltrexone when compared to the
placebo group (p< 0.0003).[39] Among patients receiv-
ing naltrexone, 45% experienced a reduction in pruritus
of > 50% when compared to their baseline, with 5 of
them reporting a complete disappearance of pruritus.[39]

In a placebo-controlled RCT involving 34 cholestatic
patients experiencing pruritus, 47% exhibited side
effects that were predominantly mild and transient,
requiring no additional therapy in this study.[40] Two
patients ceased treatment due to severe opioid with-
drawal effects. Notably, naltrexone demonstrated a
favorable safety profile compared to nalmefene, man-
ifesting less severe complications in this study.[40]

Sertraline

The serotonergic pathway might also contribute to the
development of cholestatic pruritus.[3] Sertraline, sug-
gested as a fourth-line treatment by both the European
Association for the Study of the Liver (EASL) and
American Association for the Study of Liver Diseases
(AASLD) guidelines, has shown effectiveness in pruri-
tus treatment, although its antipruritic mechanisms are
not yet fully understood.[20] A study sought to determine
the effective dose of sertraline for cholestatic pruritus in
21 subjects with chronic pruritus related to liver
diseases. It involved an open-label dose escalation
phase to find the optimal dose, followed by a
randomized, double-blind, placebo-controlled trial. The
study showed that a sertraline dose of 75–100 mg/d
was well tolerated and resulted in improved itch scores
compared to a placebo (p= 0.009).[41]

Sertraline at 75 mg/d for 4 weeks showed the most
improvement in itching, surpassing the effects of
25–50 mg/d doses.[41] Additionally, some nonrespon-
sive patients responded positively to 100 mg/d for the
same duration.

PHARMACEUTICALS IN CLINICAL
DEVELOPMENT

Linerixibat

Recent insights into bile acid physiology and chole-
static pruritus pathophysiology hold promise for the
development of novel therapies. Ileal bile acid trans-
porter (IBAT) inhibitors, which decrease bile acid
reabsorption, enhance excretion in stool, and disrupt
enterohepatic circulation.[7] IBAT inhibitors, particularly
linerixibat, have resulted in a significant reduction in
pruritus compared to a placebo.[2] Collective analysis
of IBAT inhibitors showed a positive trend in pruritus
improvement; this was notably influenced by the

GLIMMER trial.[2] This trial suggests that especially
linerixibat at 40 mg twice a day (BID) significantly
improved mean worst daily itch (MWDI) scores in
patients with moderate to severe pruritus compared to
placebo (mean change: −1.64, 95% CI: −3.19 to
−0.10).[2] The monthly itch score also showed signif-
icant differences between placebo and linerixibat
(180 mg every day, 40 mg BID, and 90 mg BID).[2]

These findings suggest efficacy in relieving pruritus
with linerixibat, particularly at a dose of 40 mg BID.[2]

Side effects associated with IBAT inhibitors include
abdominal pain and diarrhea.[42]

Gabapentin or pregabalin

Anticonvulsants such as gabapentin and pregabalin,
commonly used for neuropathic pain and chronic kidney
disease–associated pruritus, have shown discouraging
outcomes in hepatic pruritus treatment.[24,29] The rec-
ommended starting dose is 100–300 mg daily, up to a
maximum of 2400 mg daily.[7] Notably, a RCT con-
ducted by Bergasa et al[43] found that pregabalin yielded
negative results when compared to a placebo in a
cohort of 16 patients over a 2-week period, as assessed
by mean hourly scratching activity. Surprisingly, pla-
cebo demonstrated significantly superior efficacy than
pregabalin at the end of the follow-up (mean hourly
scratching activity=88.50 vs. 15.34).[43] It is essential to
acknowledge the study’s limitations, including the small
patient size and short duration, necessitating further
investigations to understand the therapeutic potential of
anticonvulsants for pruritus.

Seladelpar

Seladelpar, a PPAR-δ agonist, has shown promising
efficacy in the management of pruritus in cholestatic
liver disease.[15,16] In a placebo-controlled, randomized
trial, PBC patients with moderate to severe pruritus at
baseline were administered seladelpar at a dose of 5
and 10 mg daily.[15] The results revealed a significant
reduction in pruritus NRS in the seladelpar 10-mg group
compared to the placebo group at month 3, with a
noteworthy 36.8% of patients achieving a clinically
relevant ≥ 4-point reduction in pruritus NRS.[15] Impor-
tantly, this medication exhibited improvements in the 5-
domain itch scale and the PBC-40 itch domain
scores.[14] Beyond its anticholestatic effects and reduc-
tion in liver injury signs, seladelpar’s efficacy in
addressing pruritus suggests its potential role as a
second-line therapy for managing both disease activity
and symptoms in patients with PBC.[15] Ongoing
research, including a 52-week phase 3 study
(NCT04620733), aims to further confirm the efficacy
and safety of seladelpar in PBC management.
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Elafibranor

Elafibranor, a dual PPAR-α and δ agonist, demon-
strated notable effectiveness in managing pruritus
among patients with moderate to severe symptoms
associated with PBC.[19] In a placebo-controlled RCT
spanning 52 weeks using elafibranor 80 mg daily,
secondary end points, including normalization of alka-
line phosphatase levels and changes in pruritus
intensity measured by the Worst Itch Numeric Rating
Scale, showed a positive tendency supporting the
medication.[19] However, the most substantial improve-
ment was observed in patient-reported outcomes
related to pruritus, assessed with the PBC-40 question-
naire, significantly favoring elafibranor 80 mg (mean
difference, −2.3; 95% CI, −4.0 to −0.7).[19] These
findings demonstrate the comprehensive therapeutic
effects of this medication in addressing both bio-
chemical and pruritus-related aspects of PBC.

LIVER TRANSPLANTATION

In cases where persistent pruritus remains unresponsive
to therapy, liver transplantation can represent an appro-
priate course of action, even when liver failure is not
apparent.[20]

ULTRAVIOLET B PHOTOTHERAPY

The mechanism by which ultraviolet B phototherapy
exerts antipruritic effects remains unknown. According
to an observational case series, the median VAS
showed a significant decrease from 8.0 to 2.0 after
treatment with phototherapy (0<0.0001).[44]

OTHER NONPHARMACOLOGIC
THERAPIES

Patients who do not respond to or experience intolerable
side effects from standard treatments should be directed
to specialized centers for potential participation in clinical
trials or experimental interventions, such as extracorpor-
eal albumin dialysis (molecular adsorbent recirculating
system or prometheus dyalisis), nasobiliary drainage,
plasmapheresis, plasma separation, or anion absorp-
tion.[6] However, these therapies are beyond the scope
of this review due to the limited data supporting their
long-term efficacy and safety in PBC-related pruritus.

CONCLUSIONS

Managing pruritus in PBC remains challenging, as a
significant number of patients still endure this unbearable

symptom. The lack of effective, long-term treatments is a
consequence of an incomplete understanding of
the mechanisms behind cholestatic pruritus. Further
research is needed to better enhance treatment options
for those with chronic liver disease, ultimately improving
their quality of life.
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