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Abstract
Background: Cirrhosis is increasingly common and morbid. Optimal utilisation of 
therapeutic strategies to prevent and control the complications of cirrhosis are cen-
tral to improving clinical and patient- reported outcomes.
Methods: We conducted a narrative review of the literature focusing on the most 
recent advances.
Results: We review the aetiology- focused therapies that can prevent cirrhosis and 
its complications. These include anti- viral therapies, psychopharmacological therapy 
for alcohol- use disorder, and the current landscape of clinical trials for non- alcoholic 
steatohepatitis. We review the current standard of care and latest developments in 
the management of hepatic encephalopathy (HE), ascites and hepatorenal syndrome. 
We evaluate the promise and drawbacks of chemopreventative therapies that have 
been examined in trials and observational studies which may reduce the risk of hepa-
tocellular carcinoma and cirrhosis complications. Finally, we examine the therapies 
which address the non- pain symptoms of cirrhosis including pruritis, muscle cramps, 
sexual dysfunction and fatigue.
Conclusion: The improvement of clinical and patient- reported outcomes for 
 patients with cirrhosis is possible by applying evidence- based pharmacotherapeutic 
 approaches to the prevention and treatment of cirrhosis complications.
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1  | INTRODUC TION

Cirrhosis is common and morbid. Its prevalence exceeds >1 million 
persons in the United States (US) alone,1 rising by 50% in the past 
20 years.2 Hospitalisations for cirrhosis have increased by 90% and 
their rate now exceeds that for heart failure.3 Cirrhosis mortality has 
risen by 65% since 2008.4 Despite these poor indicators, there has 
been substantial progress in supportive care for cirrhosis with in-
terventions that enrich quality of life and prevent the development 
of cirrhosis complications. Effort to optimise therapy for cirrhosis 
care and prevention will improve public health. Herein, we provide a 
narrative review of the state- of- the art for the pharmacotherapeutic 
management and prevention of cirrhosis complications.

2  | AETIOLOGIC THER APIES

The most effective strategies to reduce the burden of cirrhosis are 
those which address the underlying aetiology of cirrhosis. In this 
section, as summarised in Figure 1, we review the evidence for mul-
tiple chronic liver diseases.

2.1 | Viral hepatitis

Eradication of hepatitis C virus (HCV) is associated with a reduced risk 
of incident cirrhosis and its complications.5 Even for patients with de-
compensated cirrhosis, HCV eradication is associated with marked 
improvement in liver function. HCV eradication may lead to clinical 
recompensation with the resolution of HE.6- 9 Combining the trials of 
the direct- acting antivirals indicated for patients with decompensated 
cirrhosis— ledipasvir/sofosbuvir and velpatisvir/sofosbuvir— many pa-
tients returned to Child A, particularly those with single decompensa-
tions.10 In general, antiviral therapy is indicated for all patients with HCV. 

However, treatment may be best deferred to after liver transplantation 
for waitlisted patients with model for end- stage liver disease (MELD) 
scores >27 to avoid the risk of reduced MELD with persistent decom-
pensation (MELD purgatory).11,12 HCV eradication also reduces the risk 
of HCC,13,14 but the risk of HCC can remain elevated, particularly among 
older persons with low platelets or albumin, high liver stiffness or fibro-
sis- 4 indices, and those who are actively drinking alcohol.13,15

Similarly, control of hepatitis B is associated with substantial 
benefits. It is likely that antiviral therapy for hepatitis B prevents 
the development of cirrhosis.16 Antiviral therapy is also indicated 
for patients with chronic hepatitis B and cirrhosis.17 Therapy is as-
sociated with improved Child– Pugh scores18 and reduced risk of 
HCC.19 There is a small 5%– 9% risk of increased serum creatinine 
>0.5 mg/dl,20 one which is potentially limited by the use of Tenofovir 
alafenamide,21 and, rarely, lactic acidosis.17 The patients at lowest 
risk of complications including HCC appear to be those who achieve 
a functional cure or loss of surface antigen >1 year.22 There are 
numerous therapies under investigation which aim to improve the 
rate of functional cure or complete cure (elimination of cccDNA or 
DNA integration). These include immunomodulators, viral entry in-
hibitors, core protein modulators, nucleic acid polymers, anti- sense 
oligonucleotides, CRISPR- Cas9, nucleases and interfering RNA.23

2.2 | Alcohol- related liver disease

The most effective therapy for alcohol- related liver disease (ALD) 
is abstinence and harm reduction. Psychotherapy is widely recom-
mended and most effective when integrated with medical care.24 
When successfully linked to care, residential or outpatient psycho-
therapy and counselling are associated with a reduced risk of hospital 
readmission.25 There are several pharmacotherapeutic options that 
are associated with reduced alcohol consumption and abstinence. 
Though none are specifically approved in the setting of cirrhosis, their 
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use is associated with a reduced risk of decompensation and death.26 
Baclofen is notable for having been studied among patients with de-
compensated cirrhosis and successfully reducing alcohol consumption 
in a small study where patients were hospitalised for the initiation of 
therapy.27 Most evidence, therefore, needs to be cautiously applied 
from data involving patients with alcohol use disorder without de-
compensated cirrhosis. The most effective therapies in alcohol use 
disorder are naltrexone (daily/oral or intramuscular/long- acting)28,29 
and gabapentin.30,31 Naltrexone has a label warning is associated with 
transiently elevated liver enzymes based on experience in a trial of 26 
obese patients; however, no liver injury has been observed in trials en-
rolling patients with alcohol use disorder or cholestatic liver disease 
(where it has been used for pruritis).32,33 Gabapentin is unique as an 
agent used for reduction of alcohol use in that it is also effective for 
persons with or at risk for alcohol withdrawal symptoms.30,34

2.3 | Non- alcoholic steatohepatitis cirrhosis

2.3.1 | Weight loss in obese/overweight

Weight loss through dietary and lifestyle modification is the current 
cornerstone of treatment for patients with non- alcoholic steatohep-
atitis (NASH) among overweight and obese patients (not specific to 
cirrhosis).35- 37 A prospective study of 261 patients with biopsy- proven 
NASH were encouraged to adopt recommended lifestyle changes, 
followed by a repeat liver biopsy.38 The degree of NASH and fibrosis 
resolution correlated with the degree of weight loss, with the greatest 
improvements among patients who lost ≥10% of their body weight. 
However, patients with cirrhosis were excluded from this study, and 
it is unclear if the findings of this study can be generalised to patients 
with cirrhosis.

Bariatric surgery appears to be effective in improving NASH 
among patients with severe obesity especially those with significant 
comorbidities.39 A prospective French study conducted among 180 
severely obese patients with biopsy- proven NASH who underwent 
bariatric surgery revealed that 84% of patients had resolution of 
NASH 5 years after surgery.39 A retrospective U.S. study of 1158 
patients with biopsy- proven NASH compared 650 patients who 
underwent bariatric surgery with 508 patients who were managed 
non- surgically and determined that bariatric surgery was associated 
with a lower risk of major adverse liver outcomes defined by diag-
nostic codes (adjusted absolute risk difference 12.4%).40 Owing to 
the exclusion of large numbers of patients with cirrhosis, data are 
insufficient for bariatric surgery to be routinely recommended for 
patients with NASH cirrhosis and obesity. Additional data to define 
the population most likely to benefit are urgently needed.

2.3.2 | Pharmacological therapies

To date, there are no approved pharmacological therapies for NASH, 
with regulatory approval hindered by challenges with clinical trials 

including slow disease progression, the requirement for repeat liver 
biopsies, and heterogenous patient populations.36 Several clinical 
trials studying candidates specifically for the treatment of NASH cir-
rhosis are summarised in Table 1. A recent phase 3 placebo- controlled 
trial of selonsertib, a selective inhibitor of apoptosis signal- regulating 
kinase 1 (ASK1) and a phase 2b placebo- controlled trial of simtu-
zumab, a humanised monoclonal antibody directed against lysyl 
oxidase- like 2 (LOXL2) were conducted in patients with compensated 
NASH cirrhosis.41,42 Both studies were halted at week 48 and week 
96 respectively due to lack of efficacy. A randomised phase 2b trial 
of belapectin, an inhibitor of galectin 3, among patients with NASH 
cirrhosis failed to reduce portal pressure.43 However, in a subgroup 
analysis of patients without varices, belapectin reduced hepatic ve-
nous pressure gradient and improved fibrosis. Therefore, another 
phase 2b/3 trial of belapectin specifically in patients with NASH cir-
rhosis and signs of portal hypertension but without baseline varices 
is ongoing (NCT04365868, Table 1). A placebo- controlled trial of 
Emricasan, a pan- caspase inhibitor, among 217 participants with de-
compensated NASH cirrhosis did not meet the primary endpoints 
(mortality, new decompensation event or rise in MELD- NA score ≥ 4 
points).44 FALCON 2, a phase 2, randomised study of pegbelfermin, 
a PEGylated fibroblast growth factor 2 analogue, reported that the 
study failed to meet the primary endpoint of fibrosis improvement 
without worsening of NASH.45 A phase 2b trial of combination ther-
apies (selonsertib, cilofexor or firsocostat) among 392 participants 
with NASH (56% with cirrhosis) demonstrated that participants 
treated with cilofexor/firsocostat had improvements in NASH activ-
ity, although the primary endpoint (fibrosis improvement without 
worsening of NASH) of the study was not met.46 Phase 2 trials of 
the glucagon- like peptide 1 (GLP- 1) receptor agonists liraglutide and 
semaglutide (which did not include patients with cirrhosis) showed a 
higher resolution of NASH compared with placebo.47,48 The PIVENs 
clinical trial demonstrated that Vitamin E improves liver histology 
in non- diabetic patients with biopsy- proven NASH.49 However, 
patients with cirrhosis were excluded from the PIVENs study.35,49 
Additional ongoing trials are summarised in Table 1.

2.4 | Complications of cirrhosis

Therapeutics for the treatment and prevention of the complications 
of cirrhosis are summarised in Figure 2.

2.4.1 | Variceal haemorrhage

Based on guidance from Baveno VI to VII, patients with compen-
sated cirrhosis may avoid a screening oesophagogastroduodenos-
copy (EGD) if their liver stiffness on vibration controlled transient 
elastography is <20 kPa and the platelet count is >150,000.50 
However, recent data has emerged refining the thresholds for pa-
tients with NASH cirrhosis,51 with a platelet count >110,000/mm3 
and LSM < 30 kPa for M probe, and platelet count >110,000/mm3 



1102  |     TAPPER et al.

and LSM < 25 kPa for XL probe as the updated threshold beyond 
which a screening EGD may be avoided.

2.4.2 | Hepatic encephalopathy

Current best- practice for the management of HE includes nutritional 
support as well as therapeutic agents that mitigate the effects of 
factors in the causal pathway for the disease process. Given that 
muscle is critical for the metabolism of systemic ammonia,52 all pa-
tients with HE are recommended to consume 1 g dietary protein per 
kilogram actual bodyweight.53 As patients with cirrhosis often have 
inadequate hepatic gluconeogenesis, fasting should be avoided and 
all patients should consume high- calorie/high- protein night- time or 
early- morning snack.54 Branch- chain amino acids are specifically re-
quired and are frequently supplemented but may not be required in 
the setting of adequate protein supplementation.53

Lactulose titrated to produce soft stools— specifically 2- 3 bowel 
movements with Bristol stool scale55— remains first- line and is the 
only agent shown to improve quality of life and sleep quality among 
persons with covert HE.56 Rifaximin has been approved for break-
through episodes of HE on lactulose and its use is associated with re-
duced mortality and hospitalisations after incident HE.57,58 Ammonia 

TA B L E  1   Selected studies of drugs for NASH cirrhosis in Phase II/III development

Agent Mechanism Phase ClinicalTrials.
gov number

Progress/results Date of 
completion 
or expected 
completion

Simtuzumab42 Monoclonal antibody against 
lysyl oxidase- like 2

IIb NCT01672879 Ineffective in decreasing hepatic 
venous pressure gradient

Jan 2017

Selonsertib41 Selective inhibitor of ASK1 III NCT03053063 Ineffective in improving fibrosis 
without worsening NASH

May 2019

Emricasan44 Pan- caspase inhibitor II NCT03205345 No reduction in composite outcome of 
mortality, decompensation or rise 
in MELD- NA score ≥4 points

Aug 2019

Pegbelfermin 45 PEGylated fibroblast growth 
factor 21 (FGF21) 
analogue

IIa NCT03486912 Ineffective in improving fibrosis 
without worsening NASH

Oct 2021

Aldafermin Fibroblast growth factor 19 
analogue

II NCT04210245 Ongoing; primary outcome: ≥ 1- stage 
improvement in fibrosis without 
worsening NASH

Sep 2022

Belapectin Inhibitor of galectin 3 IIb/3 NCT04365868 Ongoing; primary outcome: proportion 
of patients who develop new 
oesophageal varices

Dec 2023

Semaglutide ± 
Cilofexor/
Firsocostat

Glucagon- like peptide- 1 
receptor agonist 
(semaglutide)

II NCT04971785 Ongoing; primary outcome: ≥1- stage 
improvement in fibrosis without 
worsening NASH

Mar 2024

Efruxifermin Fc-  fibroblast growth factor 
21 fusion protein

IIb NCT05039450 Ongoing; primary outcome: change 
from baseline in fibrosis regression 
with no worsening steatohepatitis

Apr 2024

BMS- 986263 siRNA designed to degrade 
HSP47 mRNA

II NCT04267393 Ongoing; primary outcome: ≥ 1- stage 
improvement in fibrosis without 
worsening NASH

Jul 2024

Abbreviations: MELD, model for end- stage liver disease; NASH, non- alcoholic steatohepatitis.

F I G U R E  1   Aetiology directed therapies to prevent 
decompensations of cirrhosis. Patients with cirrhosis may have 
multiple disease aetiologies. Efforts to address alcohol use, lifestyle 
change and elimination or control of viral hepatitis are essential
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scavengers have had mixed results. Glycerol phenylbutyrate improves 
freedom from recurrent HE but is not available for this indication. Oral 
l- ornthine/l- aspartate (LOLA) is associated with improved cognitive 
function in small trials which do not compare to other therapies.59 
Intravenous LOLA was recently associated with hastened recovery 
from overt HE compared to lactulose and rifaximin.60 While LOLA did 
not improve length of stay, it was associated with a reduction in 28- day 
mortality from 42% to 16%, which raises important questions about 
the population studied.61 Finally, the ammonia and glutamine scaven-
ger, intravenous ornithine phenylacetate did not improve the resolu-
tion of overt HE compared to lactulose.62 Adjunctive therapies such 
as faecal microbiota transplantation and golexanolone (a neurosteroid 
antagonist) appear promising but not in phase 3 trials.63,64 Case series 
have suggested a potential role for the closure of spontaneous porto-
systemic shunts, however, recurrence rates remain high.65

2.4.3 | Ascites

Ascites is a relatively neglected area of investigation. The standard of 
care for ascites management includes sodium restriction and combi-
nation loop and aldosterone antagonist diuretics. Sodium restriction 
can be efficacious but is only effective in 14% of patients. Adherence 
is limited and is often associated with unintended protein/calorie re-
striction.66,67 This is likely due to gaps in patient education. Tapper 

et al. recently conducted a pilot 40- subject randomised trial of home- 
delivered medically- tailored sodium- restricted meals and observed 
lower paracentesis requirement as well as higher quality of life but it 
was not powered to detect significant changes.68 Diuretics are often 
dosed in a 2:5 ratio starting with 40 mg of furosemide and 100 mg of 
spironolactone, escalating to a maximum of 400 mg spironolactone. 
Weight loss is gradual as ascites clearance occurs at a maximum of 1 L/
day.69 Gynecomastia may worsen on spironolactone for which a switch 
to eplerenone (50 mg roughly equivalent to 100 mg spironolactone) or 
amiloride (10 mg/100 mg spironolactone) could be considered.70

Hyponatremia and renal injury frequently limit the effectiveness 
of diuretics owing to the exacerbation of vascular underfilling and 
maladaptive neurohormonal activation. Advanced therapies like 
transjugular portosystemic intrahepatic shunts are reserved for 
persons with preserved liver and cardiac function. There are emerg-
ing reports regarding the role of Sodium- Glucose Cotransporter 2 
(SGLT- 2) inhibitors wherein patients with diabetes and refractory 
ascites can experience improvements in volume status with add- on 
SGLT- 2 inhibitors.71 Controlled trials are needed.

Transjugular intrahepatic portosystemic shunts (TIPS) is a vital 
salvage therapy for ascites for appropriate candidates. In appropri-
ate candidates, typically Child score <12 and bilirubin<5.8 g/dl with 
preserved cardiac function, TIPS increases the odds of freedom from 
paracentesis and even survival.72 The risk of HE is increased after 
TIPS but is not a contraindication. It is crucial to not stop HE therapy 

F I G U R E  2   The physiological basis of therapies to prevent and manage cirrhosis complications. AKI, acute kidney injury; BCAA, branch- 
chain amino acids; HRS, hepatorenal syndrome; US, United States
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(ie, lactulose) if the patient is taking prior to TIPS.73 Beyond that, 
both under- dilation the TIPS (6 mm vs 8 mm) and rifaximin prior to 
TIPS may improve the risk of HE.73,74

Spontaneous bacterial peritonitis (SBP) is a frequent and morbid 
complication of ascites. Efforts to prevent SBP centre on identifying 
candidates for antibiotic prophylaxis. There are several unresolved 
issues. First, effectiveness is questionable. Trials in this space have 
had mixed results.75,76 There are observational data suggesting 
that rifaximin may reduce the incidence of SBP, but these have not 
been confirmed in randomised trial.77 Data from a large randomised 
trial (ASEPTIC) enrolling British patients in a trial of trimethroprim- 
sulfamethoxazole or placebo is forthcoming. Second, there is in-
creasing concern that long- term antibiotics may drive resistance.78 
Third, it is unclear if the dominant method for patient selection 
(ascitic protein <1.5 g/dL) actually discriminates risk.79 Finally, 
one unblinded controlled study evaluated the impact of enoxapa-
rin on the risk of portal vein thrombosis in persons with ascites.80 
Anticoagulation was associated with decreased thrombosis and also 
SBP, likely by decreasing bacterial translocation.

Hepatorenal syndrome (HRS) is the most devastating complication 
of ascites. The standard of care varies with access to approved ther-
apies. As HRS is defined by a lack of fluid responsiveness, first- line 
therapy is an albumin infusion. However, the optimal dose and dura-
tion of albumin infusion are unknown. In a recent trial (CONFIRM),81 
there was clear evidence of harm (respiratory failure) attributed to 
high cumulative doses of albumin in the context of increased afterload 
caused by vasoconstrictor therapy. Elsewhere, it has been observed 
in trials of ultrasound- guided estimations of intravascular volume 
that many patients meet criteria for HRS without volume depletion 
and, in fact, benefit from early vasoconstrictors or paracentesis (for 
patients with increased abdominal compartment pressures limitting 
cardiac return).82 The preferred vasoconstrictor therapy in Europe 
is terlipressin83,84 while octreotide and midodrine are typically used 
where terlipressin is unavailable. Terlipressin is superior compared 
to octreotide/midodrine and yields similar results in comparison to 
norepinephrine.85 Unfortunately, although terlipressin often reverses 
HRS, it has not been associated with a survival benefit.81 In fact, the 
outcomes after HRS have not changed over multiple decades.84

2.4.4 | Sarcopenia and frailty

Sarcopenia, loss of muscle bulk and frailty, diminished physiologic 
reserve, are well- established sequelae of cirrhosis.53,86 These condi-
tions result from malnutrition, hyperammonemia, negative energy 
balance (particularly due to ascites or fasting), and are potent predic-
tors of falls, HE and mortality.87- 89 The nutritional management of 
sarcopenia and frailty are summarised above and in recent AASLD 
guidance, focusing on late- night snacks, avoiding fasting, high (1 g/
kg/day) protein and calorie (~30 kcal/kg/day) consumption, and 
increasing physical activity.53 Pharmacologic agents are limited. 
Patients with frailty owing to cognitive impairment may benefit from 
initiation or intensification of HE therapy. Beyond that, testosterone 

has been trialled and is a promising therapy for men with low tes-
tosterone without HCC or prostate cancer who have been coun-
selled regarding cardiovascular risks.90 A trial of an oral testosterone 
ester is planned to address sarcopenia in patients with cirrhosis 
(NCT04874350). Finally, the EMPOWER trial (NCT04816916) is in-
vestigating a proprietary nutritional therapy consisting of 8 amino 
acids for the improvement of HE (and frailty).

2.5 | Chemoprevention

Given dismal outcomes following the decompensation of cirrhosis, 
there is intense interest in developing therapies to forestall the progres-
sion of disease (Table 2). Few of such approaches have been examined 
in randomised trials with the exception of statins and non- selective 
beta- blockers (NSBB). NSBB reduce portal pressure, reducing the risk 
of variceal haemorrhage.91 The PREDESCI trial tested whether this re-
duction could translate to reduced risk of all- cause decompensation, 
randomising 201 compensated patients with manometry- confirmed 
portal hypertension to placebo or non- selective beta- blocker (pro-
pranolol or carvedilol). NSBB was associated with a reduced risk of the 
primary outcome, hazard ratio (HR) 0.51, 95% CI 0.26- 0.97, driven by a 
reduced incidence of ascites, HR 0.44, 95% CI 0.20- 0.97. As carvedilol 
is associated with a higher rate of portal pressure reduction92 and can 
be dosed daily, it may be the preferred NSBB. PREDESCI enrolled pa-
tients after portal manometry with predominantly undertreated HCV 
and as such further study is needed to determine whether similar ef-
fects can be observed in patients with NASH, ALD and those with 
elastography- based risk- assessments. Observational data regard-
ing the impact of NSBB are less clear. A recent observational study 
at risk for survivorship bias suggests improved survival for patients 
with varices taking carvedilol compared to band- ligation (from 7.8 to 
4.2 years).93 Another recent study of administrative data at risk for 
immortal time bias and confounding by indication showed a dramatic 
reduction in the risk of HCC with NSBB.94

Statins are the subject of multiple trials. Two small randomised 
studies have shown short- term simvastatin reduces portal pres-
sure.95,96 An RCT of 158 patients found that simvastatin did not 
prevent variceal haemorrhage but did improve the underpowered 
outcome of overall survival.97 Observational data regarding the im-
pact of statins suggests users are at lower risk of decompensation 
including bleeding, ascites and HE.98,99 These studies are at risk of 
multiple biases. Similarly, a study of statins purported an implausible 
50% reduction in the absolute risk of HCC.100 Four trials of statins 
are underway. First, LIVERHOPE is randomising 240 Europeans 
with decompensated cirrhosis to 20 mg simvastatin and rifaximin 
for the prevention of acute- on- chronic liver failure.101 Second, the 
European STAT- LIVER trial is randomising 162 patients with Child- 
Pugh <13 and portal hypertension to receive 10- 20 mg of atorvas-
tatin or placebo.102 The primary endpoint is overall survival. Third, 
the SACRED trial is hoping to randomise 500 US Veterans with 
compensated cirrhosis and portal hypertension who lack conven-
tional statin indications to either 40 mg of simvastatin or placebo. 
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Fourth, the NIDDK Liver Cirrhosis Network is also planning a trial 
of statins.

Beyond statins and NSBB, most data regarding chemopreven-
tion for cirrhosis complications are derived from observational 
studies. As observational data are susceptible to biases, caution 
must be applied. For example, aspirin and statins have been as-
sociated with biologically implausible risk reductions for incident 
hepatocellular carcinoma that implicate immortal time bias or mis-
classification errors.100,103 Metformin has also been associated 
with both improved and worsened outcomes, with the largest sug-
gesting no difference in the risk of HCC or decompensation.104,105 
Meta- analyses suggest a large (~50%) reduction of HCC risk 
with metformin, an unreliable estimate owing to multiple biases, 
namely immortal time bias.106- 108 One large observational study 
has evaluated the potential benefits of oral anticoagulants, finding 
an association with a lower risk of mortality but not specific de-
compensations raising questions regarding the mechanism and the 
risk of residual confounding.109

2.6 | Symptom management in cirrhosis care

Patients with cirrhosis experience many physical and psychologi-
cal symptoms that are often underrecognised, under assessed and 
undertreated by their clinicians.110,111 Following is an evidence- 
based review of pharmacotherapies for the management of common 
non- pain symptoms encountered in cirrhosis care: pruritus, muscle 
cramps, sleep disturbances, sexual dysfunction and fatigue (Table 3).

2.6.1 | Pruritus

Cholestasis- associated pruritus is a common symptom experi-
enced by patients with cirrhosis, with much of the evidence base 
for its management coming from trials conducted in patients with 
cholestatic liver disease.112- 114 Pharmacotherapeutic options for 
cholestatic pruritus that have been tested in clinical trials include 

TA B L E  2   Therapies associated with reduced risk of cirrhosis complications

Study type Outcome Exemplar study Threats to validity from study design

Specific General

Observational 
studies

Aspirin

Hepatocellular 
carcinoma

Simon 2020 Implausible 50% 
absolute risk 
reduction, largely 
non- cirrhotic cohort

Retrospective 
cohort

Administrative 
data

Confounding 
by 
indication

Immortal 
time 
bias

Beta- blockers

Hepatocellular 
carcinoma

Wijarnpreecha94 Implausible 39% relative 
risk reduction

Statins

Variceal bleeding Mohanty99 Low event rates (1%– 2%)

Ascites Unreliable diagnostic 
codes

Hepatocellular 
carcinoma

Simon100 Implausible 70% 
absolute risk 
reduction

Largely non- cirrhotic 
cohort

Hepatic 
encephalopathy

Tapper98 Did not use new- user 
design

Randomised 
trials

Carvedilol

Variceal bleeding Sinagra 2014 
(meta- analysis 
of RCTs)163

Optimal method of 
patient selection 
unknown

None

Ascites Villaneuva 201891 Highly adherent 
patients; most with 
viral untreated 
hepatitis C

Statins

Mortality Abraldes97 Small sample (N = 158) 
powered to detect 
the difference in 
bleeding but not 
mortality

All patients were on Non- selective Beta- Blockers
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TA B L E  3   Therapeutic agents for the control of symptoms common to patients with cirrhosis

Symptom Therapy RCT Dosing Patient population Duration of treatment Outcome Reported side effects

Pruritus Cholestyramine Di Padova115 Cholestyramine (3 mg TID) vs 
placebo

10 patients with either intra-  or extra-  
hepatic cholestasis

4 weeks Improvement in itching intensity in cholestyramine 
group

No reported major/minor adverse effects

Colesevelam Kuiper116 Colesevelam (1875 mg twice 
daily) vs placebo

35 patients with cholestatic pruritus 
(PBC: 14, PSC: 14, Other: 7)

3 weeks No difference in pruritus (VAS), quality of life (SF- 36 
and LDSI), or itching severity between both 
groups

No reported major/minor adverse effects

Gabapentin Bergasa117 Gabapentin (300- 2400 mg 
daily) vs placebo

16 women with chronic liver disease 
(PBC: 9, PSC: 1, HCV: 6) and chronic 
pruritus

4 weeks Increased perception of pruritus (VAS) in gabapentin 
group

Minor: Pruritus, fatigue, dizziness, worsening 
symptoms of carpal tunnel syndrome, 
vomiting

Rifampin Ghent164 Rifampin (300- 450 mg daily in 
divided doses) vs placebo

Nine patients with compensated PBC and 
chronic pruritus

4 weeks (randomised crossover: 2 weeks 
rifampin, 2 weeks placebo with washout 
period)

Improved pruritus scores (VAS) during rifampin 
therapy

No reported major/minor adverse effects

Podesta165 Rifampin (300 mg twice daily) vs 
placebo

14 patients with PBC 2 weeks (randomised crossover: 1 week 
rifampin, 1 week placebo with washout 
period)

Improved pruritus severity (VAS) during rifampin 
therapy

No reported major/minor adverse effects

Naltrexone Wolfhagen119 Naltrexone (50 mg daily) vs 
placebo

16 patients (PBC: 13, PSC: 2, Other: 1) and 
chronic pruritus

4 weeks Improved daytime and nighttime itching (VAS) in 
naltrexone group

Minor: Opioid withdrawal- like phenomena, 
nausea, dizziness, flushing, drowsiness, 
headache, tremors, abdominal crampsTerg33 Naltrexone (50 mg daily) vs 

placebo
20 patients (PBC: 15, PSC 1, Other: 4) 1– 3 months Improved pruritus severity (VAS) in naltrexone 

group

Sertraline Mayo122 Sertraline (75– 100 mg daily) vs 
placebo

12 patients with cholestatic liver disease 
(PBC: 9, PSC: 2, Other: 1; 4 with 
MELD >15) and chronic pruritus

12 weeks (randomised crossover: 6 weeks 
sertraline, 6 weeks placebo with washout 
period)

Improved itch scores (VAS) in sertraline group Minor: Dizziness, loose stools

Bezafibrate De Vries123 Bezafibrate (400 mg daily) vs 
placebo

70 patients with cholestatic liver disease 
(PSC: 44, PBC 24, Other: 2) with itch 
intensity of ≥5 on VAS

3 weeks Higher rates of ≥50% reduction of moderate to 
severe pruritus (VAS) in bezafibrate group

Minor: Pain in the mouth, lower back pain, 
general malaise, intensified itch and 
jaundice after stop of treatment

Muscle cramps Taurine Vidot127 Taurine (500– 1000 mg twice 
daily) vs placebo

30 patients (CTP A: 6, CTP B: 20, CTP C: 4, 
43% with prior or present HE) experiencing 
≥3 cramps/week

8 weeks (randomised crossover: 4 weeks 
taurine, 4 weeks placebo)

Reduced frequency, duration and intensity of 
muscle cramps (patient self- report, VAS) in 
taurine group

No reported major/minor adverse effects

Branched- chain amino 
acids (BCAA)

Hidaka128 Daytime BCAA (one sachet 
after each meal) vs 
Nocturnal BCAA (one sachet 
after breakfast and two 
sachets before bedtime)

37 patients with cirrhosis and serum albumin 
3.1– 3.5 g/dl (CTP A: 21, CTP B: 16)

12 weeks Decreased occurrence of muscle cramps (HRQOL 
survey) in nocturnal group

Minor: Bloating, itching

Quinidine Lee130 Quinidine sulphate (400 mg 
daily) vs placebo

31 patients with cirrhosis (CTP A: 23, CTP B: 
7, CTP C: 1) and muscle cramps

4 weeks Reduced frequency of cramps (patient self- report) in 
quinidine group

Minor: diarrhoea
*Not approved for use in the United States 

due to side effect profile

Baclofen Elfert131 Baclofen (10– 30 mg total daily 
dose) vs placebo

100 patients with cirrhosis (CTP score 5– 9) 
without HE experiencing ≥3 cramps/week

12 weeks Decreased frequency, severity and duration of 
muscle cramps (patient self- report) in baclofen 
group

Minor: Drowsiness, constipation, nausea

Methocarbamol Abd- Elsalam132 Methocarbamol (500 mg twice 
daily) vs placebo

100 patients with HCV cirrhosis (CTP A: 21, 
CTP B: 42, CTP C: 37) experiencing ≥3 
cramps/week

4 weeks Decreased frequency and duration of muscle 
cramps (patient self- report) in methocarbamol 
group

Minor: Dry mouth, drowsiness

Orphenadrine Abd- Elsalam133 Orphenadrine (100 mg twice 
daily) vs placebo

124 patients with cirrhosis (CTP A: 61, 
CTP B: 24, CTP C: 39) experiencing ≥3 
cramps/week

4 weeks Decreased frequency and duration (patient self- 
report) of muscle cramps in orphenadrine group

Minor: Dry mouth, drowsiness, nausea

Sexual dysfunction Tadalafil Jagdish136 Tadalafil (10 mg daily) vs 
placebo

140 men with cirrhosis (CTP < 10) and 
erectile dysfunction (erectile function 
score <25 on IIEF)

12 weeks Improved erectile function (>5- point increase in 
erectile function score of IIEF) in the tadalafil 
group

Minor: Dizziness, congestion, mild headache, 
bloating, peri- orbital swelling, itching
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Symptom Therapy RCT Dosing Patient population Duration of treatment Outcome Reported side effects

Pruritus Cholestyramine Di Padova115 Cholestyramine (3 mg TID) vs 
placebo

10 patients with either intra-  or extra-  
hepatic cholestasis

4 weeks Improvement in itching intensity in cholestyramine 
group

No reported major/minor adverse effects

Colesevelam Kuiper116 Colesevelam (1875 mg twice 
daily) vs placebo

35 patients with cholestatic pruritus 
(PBC: 14, PSC: 14, Other: 7)

3 weeks No difference in pruritus (VAS), quality of life (SF- 36 
and LDSI), or itching severity between both 
groups

No reported major/minor adverse effects

Gabapentin Bergasa117 Gabapentin (300- 2400 mg 
daily) vs placebo

16 women with chronic liver disease 
(PBC: 9, PSC: 1, HCV: 6) and chronic 
pruritus

4 weeks Increased perception of pruritus (VAS) in gabapentin 
group

Minor: Pruritus, fatigue, dizziness, worsening 
symptoms of carpal tunnel syndrome, 
vomiting

Rifampin Ghent164 Rifampin (300- 450 mg daily in 
divided doses) vs placebo

Nine patients with compensated PBC and 
chronic pruritus

4 weeks (randomised crossover: 2 weeks 
rifampin, 2 weeks placebo with washout 
period)

Improved pruritus scores (VAS) during rifampin 
therapy

No reported major/minor adverse effects

Podesta165 Rifampin (300 mg twice daily) vs 
placebo

14 patients with PBC 2 weeks (randomised crossover: 1 week 
rifampin, 1 week placebo with washout 
period)

Improved pruritus severity (VAS) during rifampin 
therapy

No reported major/minor adverse effects

Naltrexone Wolfhagen119 Naltrexone (50 mg daily) vs 
placebo

16 patients (PBC: 13, PSC: 2, Other: 1) and 
chronic pruritus

4 weeks Improved daytime and nighttime itching (VAS) in 
naltrexone group

Minor: Opioid withdrawal- like phenomena, 
nausea, dizziness, flushing, drowsiness, 
headache, tremors, abdominal crampsTerg33 Naltrexone (50 mg daily) vs 

placebo
20 patients (PBC: 15, PSC 1, Other: 4) 1– 3 months Improved pruritus severity (VAS) in naltrexone 

group

Sertraline Mayo122 Sertraline (75– 100 mg daily) vs 
placebo

12 patients with cholestatic liver disease 
(PBC: 9, PSC: 2, Other: 1; 4 with 
MELD >15) and chronic pruritus

12 weeks (randomised crossover: 6 weeks 
sertraline, 6 weeks placebo with washout 
period)

Improved itch scores (VAS) in sertraline group Minor: Dizziness, loose stools

Bezafibrate De Vries123 Bezafibrate (400 mg daily) vs 
placebo

70 patients with cholestatic liver disease 
(PSC: 44, PBC 24, Other: 2) with itch 
intensity of ≥5 on VAS

3 weeks Higher rates of ≥50% reduction of moderate to 
severe pruritus (VAS) in bezafibrate group

Minor: Pain in the mouth, lower back pain, 
general malaise, intensified itch and 
jaundice after stop of treatment

Muscle cramps Taurine Vidot127 Taurine (500– 1000 mg twice 
daily) vs placebo

30 patients (CTP A: 6, CTP B: 20, CTP C: 4, 
43% with prior or present HE) experiencing 
≥3 cramps/week

8 weeks (randomised crossover: 4 weeks 
taurine, 4 weeks placebo)

Reduced frequency, duration and intensity of 
muscle cramps (patient self- report, VAS) in 
taurine group

No reported major/minor adverse effects

Branched- chain amino 
acids (BCAA)

Hidaka128 Daytime BCAA (one sachet 
after each meal) vs 
Nocturnal BCAA (one sachet 
after breakfast and two 
sachets before bedtime)

37 patients with cirrhosis and serum albumin 
3.1– 3.5 g/dl (CTP A: 21, CTP B: 16)

12 weeks Decreased occurrence of muscle cramps (HRQOL 
survey) in nocturnal group

Minor: Bloating, itching

Quinidine Lee130 Quinidine sulphate (400 mg 
daily) vs placebo

31 patients with cirrhosis (CTP A: 23, CTP B: 
7, CTP C: 1) and muscle cramps

4 weeks Reduced frequency of cramps (patient self- report) in 
quinidine group

Minor: diarrhoea
*Not approved for use in the United States 

due to side effect profile

Baclofen Elfert131 Baclofen (10– 30 mg total daily 
dose) vs placebo

100 patients with cirrhosis (CTP score 5– 9) 
without HE experiencing ≥3 cramps/week

12 weeks Decreased frequency, severity and duration of 
muscle cramps (patient self- report) in baclofen 
group

Minor: Drowsiness, constipation, nausea

Methocarbamol Abd- Elsalam132 Methocarbamol (500 mg twice 
daily) vs placebo

100 patients with HCV cirrhosis (CTP A: 21, 
CTP B: 42, CTP C: 37) experiencing ≥3 
cramps/week

4 weeks Decreased frequency and duration of muscle 
cramps (patient self- report) in methocarbamol 
group

Minor: Dry mouth, drowsiness

Orphenadrine Abd- Elsalam133 Orphenadrine (100 mg twice 
daily) vs placebo

124 patients with cirrhosis (CTP A: 61, 
CTP B: 24, CTP C: 39) experiencing ≥3 
cramps/week

4 weeks Decreased frequency and duration (patient self- 
report) of muscle cramps in orphenadrine group

Minor: Dry mouth, drowsiness, nausea

Sexual dysfunction Tadalafil Jagdish136 Tadalafil (10 mg daily) vs 
placebo

140 men with cirrhosis (CTP < 10) and 
erectile dysfunction (erectile function 
score <25 on IIEF)

12 weeks Improved erectile function (>5- point increase in 
erectile function score of IIEF) in the tadalafil 
group

Minor: Dizziness, congestion, mild headache, 
bloating, peri- orbital swelling, itching

(Continued)
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cholestyramine, colesevelam, gabapentin, rifampin, naltrexone, 
sertraline and bezafibrate. Small randomised studies have estab-
lished the effectiveness of cholestyramine, a bile acid sequestrant, 
as a first- line therapeutic agent for the treatment of cholestatic 
pruritus.115 While cholestyramine is generally well- tolerated, ad-
verse effects of cholestyramine include drug- drug interactions 
and gastrointestinal side effects. Colesevelam is a newer bile se-
questrant with improved GI tolerability, however, it failed to dem-
onstrate effectiveness in the treatment of cholestatic pruritus in 
a randomised placebo- controlled trial.116 Gabapentin was asso-
ciated with an increase in the perception of itching compared to 
placebo in a double- blind, randomised, placebo- controlled trial.117 
Rifampin, through its action as a pregnane X receptor agonist, is a 
second- line therapy with proven effectiveness in treating chole-
static pruritus in multiple randomised controlled trials, however, 
its risk for hepatotoxicity limits its use in patients with decom-
pensated cirrhosis.114,118 Naltrexone, an opioid antagonist with es-
tablished efficacy in treating cholestatic pruritus, can be used as 
third- line therapy.33,119,120 Naltrexone should be used with caution 
in individuals receiving opioid therapy, as it can reduce analgesia 
or potentiate opioid withdrawal- like reactions. Bioavailability is 
altered in patients with severe hepatic dysfunction121; efficacy 
and safety estimates may not generalise to multiply decompen-
sated patients. Sertraline, a selective serotonin reuptake inhibitor, 
has been shown to be a safe and effective treatment for pruri-
tus in a small randomised placebo- controlled trial of 12 patients 
with chronic liver disease.122 Lastly, the FITCH trial (fibrates for 
cholestatic ITCH) demonstrated the effectiveness of bezafibrate, 

a peroxisome proliferator- activated receptor (PPAR) agonist, in 
improving moderate to severe pruritus in patients with primary 
sclerosing cholangitis and primary biliary cholangitis.123 The effect 
of other fibrates (eg, fenofibrate) have been examined, albeit in 
smaller studies.124

2.6.2 | Muscle cramps

Muscle cramps are frequently experienced by patients with cir-
rhosis, affecting over 1 in 3 patients and contributing to poor 
health- related quality of life.110,125,126 Despite its high preva-
lence, there is a paucity of robust clinical trials for the treatment 
of muscle cramps in patients with cirrhosis, with many published 
trials limited by small sample sizes. Pharmacological treatments 
for muscle cramps in patients with cirrhosis include taurine, 
branched- chain amino acids, quinidine, muscle relaxants (ba-
clofen, methocarbamol and orphenadrine), vitamin E, zinc and 
l- carnitine. A recently completed trial examined pickle juice sips 
as a therapy to abort muscle cramps (Clinicaltrials.gov identifier: 
NCT04650295).

Daily oral taurine supplementation in 30 patients with cirrhosis 
and muscle cramps led to a reduction in cramp severity, duration 
and frequency without any reported serious adverse effects in a 
crossover randomised controlled trial.127 A multicentre randomised 
controlled trial of daytime vs nighttime administration of branched- 
chain amino acids granules in 37 patients with compensated cirrhosis 
showed a significant reduction in muscle cramping in both groups.128 

Symptom Therapy RCT Dosing Patient population Duration of treatment Outcome Reported side effects

Sleep Disturbances Melatonin De Silva144 Melatonin (3 mg nightly) vs 
placebo

60 patients with cirrhosis (CTP A or B) 
with sleep disturbances, without present or 
prior overt HE

2 weeks Improved sleep quality (PSQI) and daytime 
sleepiness (ESS) in the melatonin group

Minor: Abdominal pain, headache, dizziness

Zolpidem Sharma143 Zolpidem (5 mg nightly) vs 
placebo

52 patients with cirrhosis (CTP A or B) 
with PSQI >5 without present or prior 
overt HE

4 weeks Increased total sleep time, sleep efficiency, 
subjective sleep quality (PSQI) and improvement 
in parameters of sleep initiation and 
maintenance (polysomnography) in zolpidem 
group

Minor: Excessive daytime sleepiness, 
constipation, dry mouth

Hydroxyzine Spahr145 Hydroxyzine (25 mg nightly) vs 
placebo

35 patients with cirrhosis with minimal 
HE, >3 months of sleep difficulties, and 
ESS score >10

10 days Improved sleep behaviour (VAS, wrist actigraphy) in 
hydroxyzine group

Major: 1 patient developed acute overt 
hepatic encephalopathy while receiving 
hydroxyzine

Fatigue Fluvoxamine ter Borg149 Fluvoxamine (75 mg twice daily) 
vs placebo

33 patients with cholestatic liver disease 
(PBC: 22, PSC: 11; CTP < 6) with 
self- reported fatigue

6 weeks No statistically significant beneficial effect of 
fluvoxamine on fatigue (VAS, FFSS, MFI) or 
quality of life (SF- 36)

Minor: Headache, nausea, insomnia, dizziness

Modafinil Silveira (2017)150 Modafinil (100 mg daily) vs 
placebo

33 patients with PBC receiving 
UDCA >6 months before study enrolment. 
Excluded: MELD >15, recurrent variceal 
bleeding, diuretic- refractory ascites or 
spontaneous HE

12 weeks No significant improvement in fatigue severity 
(≥50% improvement in FFSS) in modafinil 
compared to placebo

Minor: Headaches, diarrhoea, rash

Abbreviations: CTP, Child- Turcotte- Pugh; ESS, Epworth Sleepiness Scale; FFSS, Fick Fatigue Severity Scale; HAS, Hourly scratching activity; 
HE, Hepatic encephalopathy; HRQOL, Health- related quality of life; IIEF, International Index of Erectile Function; LDSI, Liver Disease Symptom 
Index; MELD, Model for End- stage Liver Disease; PBC, Primary biliary cholangitis; PSC, Primary sclerosing cholangitis; PSQI, Pittsburgh Sleep 
Quality Index; SF- 36, Short- Form 36 Questionnaire; UDCA, Ursodeoxycholic acid; VAS, visual analogue scale.

TABLE 3 (Continued)
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A small placebo- controlled randomised controlled trial showed that 
quinidine treatment improved muscle cramping in 31 patients with 
cirrhosis. However, the risk of severe hematologic adverse effects 
of quinidine has restricted its use in the United States.129,130 Short- 
term trials of baclofen, methocarbamol and orphenadrine for the 
treatment of muscle cramps have shown promising efficacy data in 
single- centre randomised controlled studies, however, larger stud-
ies with longer- term follow- up data are needed.131- 133 Daily vitamin 
E supplementation did not improve muscle cramp symptoms com-
pared to placebo in a pilot randomised controlled crossover trial of 
9 patients with cirrhosis. Two open- label studies of l- carnitine sup-
plementation and oral zinc sulphate therapy showed preliminary ef-
ficacy in reducing muscle cramps in patients with cirrhosis, however, 
these trials were limited by small sample sizes and uncontrolled, non- 
randomised study design.134,135

2.6.3 | Sexual dysfunction

Sexual dysfunction is estimated to affect 53%- 93% of patients with 
cirrhosis, occurring in a higher frequency among those with more ad-
vanced disease.110 A randomised controlled trial of a 12- week course 
of tadalafil therapy for 140 men with cirrhosis (Child- Pugh Turcotte 
score <10) and erectile dysfunction showed that it enhanced erec-
tile function and improved depression, anxiety and quality of life 
compared to placebo.136 Tadalafil was well- tolerated by patients in 
the trial; there were no significant differences in reproductive hor-
mone levels or body composition between the two groups. There 

have been no clinical studies of pharmacological treatments for fe-
male sexual dysfunction in patients with cirrhosis.137

2.6.4 | Sleep disturbances

Sleep disturbances, which include sleep- wake inversion, excessive 
daytime sleepiness and insomnia, affect 50%– 80% of patients with 
cirrhosis.110,138- 140 Treatment of HE may help to improve sleep dis-
turbances in patients with cirrhosis— an observational study and 
randomised controlled trial showed the benefit of using lactulose 
to improve sleep quality in patients with minimal HE.141,142 Short 
courses of melatonin, zolpidem and hydroxyzine have also been 
shown to improve sleep quality in randomised trials of patients with 
Child Pugh A and B cirrhosis.143- 145 No pharmacological therapies for 
sleep disturbances have been trialed in patients with decompensated 
cirrhosis, likely due to the increased risk of cognitive dysfunction and 
falls in patients with more advanced disease.146 Similarly, benzodiaz-
epines should be avoided for the management of sleep disturbances 
in this population given the risk of sedation and HE.147,148

2.6.5 | Fatigue

Pharmacological therapies for fatigue have primarily been tested in 
patients with cholestatic liver disease. Fluvoxamine, an antidepres-
sant, showed no beneficial effect on fatigue among patients with 
cholestatic liver disease in a placebo- controlled randomised clinical 

Symptom Therapy RCT Dosing Patient population Duration of treatment Outcome Reported side effects

Sleep Disturbances Melatonin De Silva144 Melatonin (3 mg nightly) vs 
placebo

60 patients with cirrhosis (CTP A or B) 
with sleep disturbances, without present or 
prior overt HE

2 weeks Improved sleep quality (PSQI) and daytime 
sleepiness (ESS) in the melatonin group

Minor: Abdominal pain, headache, dizziness

Zolpidem Sharma143 Zolpidem (5 mg nightly) vs 
placebo

52 patients with cirrhosis (CTP A or B) 
with PSQI >5 without present or prior 
overt HE

4 weeks Increased total sleep time, sleep efficiency, 
subjective sleep quality (PSQI) and improvement 
in parameters of sleep initiation and 
maintenance (polysomnography) in zolpidem 
group

Minor: Excessive daytime sleepiness, 
constipation, dry mouth

Hydroxyzine Spahr145 Hydroxyzine (25 mg nightly) vs 
placebo

35 patients with cirrhosis with minimal 
HE, >3 months of sleep difficulties, and 
ESS score >10

10 days Improved sleep behaviour (VAS, wrist actigraphy) in 
hydroxyzine group

Major: 1 patient developed acute overt 
hepatic encephalopathy while receiving 
hydroxyzine

Fatigue Fluvoxamine ter Borg149 Fluvoxamine (75 mg twice daily) 
vs placebo

33 patients with cholestatic liver disease 
(PBC: 22, PSC: 11; CTP < 6) with 
self- reported fatigue

6 weeks No statistically significant beneficial effect of 
fluvoxamine on fatigue (VAS, FFSS, MFI) or 
quality of life (SF- 36)

Minor: Headache, nausea, insomnia, dizziness

Modafinil Silveira (2017)150 Modafinil (100 mg daily) vs 
placebo

33 patients with PBC receiving 
UDCA >6 months before study enrolment. 
Excluded: MELD >15, recurrent variceal 
bleeding, diuretic- refractory ascites or 
spontaneous HE

12 weeks No significant improvement in fatigue severity 
(≥50% improvement in FFSS) in modafinil 
compared to placebo

Minor: Headaches, diarrhoea, rash

Abbreviations: CTP, Child- Turcotte- Pugh; ESS, Epworth Sleepiness Scale; FFSS, Fick Fatigue Severity Scale; HAS, Hourly scratching activity; 
HE, Hepatic encephalopathy; HRQOL, Health- related quality of life; IIEF, International Index of Erectile Function; LDSI, Liver Disease Symptom 
Index; MELD, Model for End- stage Liver Disease; PBC, Primary biliary cholangitis; PSC, Primary sclerosing cholangitis; PSQI, Pittsburgh Sleep 
Quality Index; SF- 36, Short- Form 36 Questionnaire; UDCA, Ursodeoxycholic acid; VAS, visual analogue scale.
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trial.149 Similarly, modafinil, a dopamine reuptake inhibitor, showed 
no significant impact on fatigue among patients with PBC.150,151

2.6.6 | Future directions

Many pharmacological symptom management trials in cirrhosis care 
have been limited by small sample sizes, single- centre recruitment, 
lack of long- term follow- up safety data, and non- randomised de-
signs. Minimal data exist for the management of common symptoms 
such as pain, depression and anxiety in this population. Furthermore, 
efforts to enrol patients with decompensated cirrhosis are neces-
sary to ensure generalisability of safety and efficacy data.152 There 
is also a role for expanding the evaluation of non- pharmacological 
interventions. For example, evidence- based behavioural therapies 
such as mindfulness- based stress reduction have shown promising 
preliminary efficacy for the treatment of sleep disturbances in pa-
tients with cirrhosis.153

In oncology, routine symptom monitoring has been shown in pro-
spective randomised trials to improve symptom control, quality of 
life, healthcare utilisation and even survival.154- 156 Routine symptom 
assessment may lead to early identification of and intervention for 
untreated symptoms, which may in turn improve health outcomes 
for patients with cirrhosis. As symptom science continues to expand 
in cirrhosis care, concurrent attention should be paid to examining 
the potential role of routine symptom monitoring in clinical care, 
developing algorithmic approaches to symptom management, and 
establishing collaborations with supportive care services such as 
pharmacy, palliative care, psychology, psychiatry and social work.

2.7 | Implementation

As the prevalence and complexity of cirrhosis have risen,1- 4 so has 
the standard of care, the tools available to improve clinical out-
comes, and our awareness of gaps in patient- centred outcomes. 
The needs of patients with cirrhosis may outstrip the capacity 
of the hepatology workforce to them alone. In this context, in 
order to optimise the uptake and delivery of the therapies/ap-
proaches discussed above, several care delivery strategies must 
be embraced. First, collaborative models of care are needed. 
It may not be reasonable to expect generalists to manage the 
full breadth of cirrhosis- related concerns. Educational seminars 
and outreach may be helpful but their effect is limited and often 
fleeting. Instead, hepatology can increase its reach by training 
advance practice providers (APPs) to semi- specialise or develop 
shared- care models with hepatologists involved in diagnosis and 
clinical changes.157 Second, efforts to prevent cirrhosis compli-
cations may require early intervention to treat underlying con-
ditions and initiate prophylactic therapies. The earlier that liver 
disease is detected, the simpler its management and the more 
likely its care can be centred within primary care clinics. This 

requires case finding strategies such as those pioneered by the 
Veterans Administration (outreach for hepatitis C screening and 
treatment and linkage to care for cirrhosis),158,159 screening at- 
risk persons for hepatitis C,160 and population- based screening 
for advanced liver disease.161 Third, clinics should embrace the 
use of electronic reporting and monitoring of symptoms. Our 
group has integrated the assessment of PROs including ascites 
burden and alcohol use into the electronic record, pushing sur-
veys to patients prior to all visits to objectively track the symp-
toms and enable early intervention.162 Others have begun pilots 
of remote monitoring to track symptoms and vital signs with the 
capacity to alert care teams when intervention is needed (eg, 
CirrhoCare: NCT05045924). Fourth, in order to optimise the out-
comes of patients with unique needs, structural practice changes 
may be needed. As we are failing to meet the needs of patients 
with alcohol use disorder,26 the solutions are multifold: improve 
the cross- disciplinary training of hepatologists and co- localise 
clinics with or streamline referral pathways to addiction special-
ists. Additionally, given the growing subset of ageing patients 
with extrahepatic comorbidities, new cross- collaborations with 
geriatric medicine or palliative care are warranted.

3  | CONCLUSION

Therapies for cirrhosis include efforts to reduce the incidence of 
cirrhosis and its complications as well as those which address the 
symptoms of cirrhosis. Both approaches are unified by the goal of 
reducing the public and personal burden posed by cirrhosis. This 
review highlights the current standard of care and the opportuni-
ties to improve it. Improvements in the quality and quantity of life 
experienced by patients with cirrhosis will require efforts towards 
the implementation of evidence- based therapies and the execution 
of patient- centred trials.
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