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Overview of Complications in Cirrhosis
Key
hep
Rec
Add
De
ica
E-m
Abb
AV
dis
cot
tam
car
ard
sur
syn
ste
Vir
gra
gan
htt

© 2
Madhumita Premkumar *, Anil C. Anand y

*Department of Hepatology, Postgraduate Institute of Medical Education and Research, Chandigarh, 160012, India and yDepartment of
Gastroenterology and Hepatology, Kalinga Institute of Medical Sciences, Bhubaneshwar, Odisha, India
word
atoc
eived:
ress f
partm
l Scie
ail: a
revia
B: ac
ease;
te Pu
yl t
cinom
ratio
e gra
drom
atohe
al H
dient
izati
ps://d

022
Background: Cirrhosis is the outcome of chronic liver disease of any etiology due to progressive liver injury and
fibrosis. Consequently, cirrhosis leads to portal hypertension and liver dysfunction, progressing to complica-
tions like ascites, variceal bleeding, hepatic encephalopathy, hepatorenal syndrome, hepatopulmonary syn-
drome, cirrhotic cardiomyopathy, sarcopenia, hepatocellular carcinoma, and coagulation disorders. End-stage
liver disease leads to an impaired quality of life, loss of social and economic productivity, and reduced survival.
Methods: This narrative review explains the pathophysiology of complications of cirrhosis, the diagnostic
approach and innovative management, with focus on data from India. A comprehensive literature search of
the published data was performed in regard with the spectrum, diagnosis, and management of cirrhosis and
its complications.Results:There is a change in the epidemiology ofmetabolic syndrome, lifestyle diseases, alcohol
consumption and the spectrum of etiological diagnosis in patients with cirrhosis. With the advent of universal
vaccination and efficacious long-term viral suppression agents for chronic hepatitis B, availability of direct-
acting antiviral agents for chronic hepatitis C, and a booming liver transplantation programme across the coun-
try, the management of complications is essential. There are several updates in the standard of care in the man-
agement of complications of cirrhosis, such as hepatorenal syndrome, hepatocellular carcinoma, and hepatic
encephalopathy, and new therapies that address supportive and palliative care in advanced cirrhosis. Conclusion:
Prevention, early diagnosis, appropriate management of complications, timely transplantation are cornerstones
in the management protocol of cirrhosis and portal hypertension. India needs improved access to care, outreach
of public health programmes for viral hepatitis care, health infrastructure, and disease registries for improved
healthcare outcomes. Low-cost initiatives like immunization, alcohol cessation, awareness about liver diseases,
viral hepatitis elimination, and patient focused decision-making algorithms are essential to manage liver disease
in India. ( J CLIN EXP HEPATOL 2022;12:1150–1174)
Cirrhosis-related portal hypertension (PH) leads to
the formation of collateral channels and increased
intermediaries like endogenous vasoconstrictors

(norepinephrine, plasma renin activity, aldosterone, etc),
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vascular endothelial growth factor and splanchnic vasodi-
lators like nitric oxide. PH also leads to the expansion of
plasma volume due to the activation of the renin angio-
tensin aldosterone pathway, which increases cardiac
output and alters systemic hemodynamics, which is core
to the pathogenesis of several complications.1 PH can be
quantified by the measurement of the hepatic venous pres-
sure (HVPG).2 An HVPG of >5 mmHg is diagnostic of PH,
but HVPG $10 mmHg is termed clinically significant PH
(CSPH). The management of complications of cirrhosis
implies treating the underlying causes, anticipation and
prevention of complications and mitigating superimposed
insults.3,4 Patients may present for the first time with a
decompensation event like ascites, acute variceal bleeding
(AVB), hepatic encephalopathy (HE), or even with hepato-
cellular carcinoma (HCC) (Table 1). Specific therapy
directed against underlying etiology, such as antiviral
agents for chronic hepatitis B virus (HBV) and hepatitis
C virus (HCV) infection, cessation of alcohol, weight loss,
and obesity management, and so on, can change outcomes
at the primary and secondary levels of prevention. Evidence
suggesting the regression of fibrosis has been demon-
strated in HBV- and HCV-related chronic viral hepatitis,
autoimmune hepatitis, primary biliary cholangitis,
vier B.V. All rights reserved.
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Table 1 Complications of Cirrhosis.

Complications of cirrhosis Clinical presentation

Ascites Ascites is the most common complication of cirrhosis.

A diagnostic paracentesis is required in all cases of ascites

Spontaneous bacterial peritonitis is diagnosed if the polymorphonuclear leukocyte count
is $250 cells/mm3

Hepatic encephalopathy (HE) HE is a spectrum of neurological dysfunction ranging from covert encephalopathy with
minimal symptoms and signs to overt HE.

Hepatic hydrothorax Hepatic hydrothorax is a manifestation of ascites with collection of fluid in the negative
pressure pleural cavity across diaphragmatic defects.

Clinical features of hydrothorax include shortness of breath, cough, hypoxemia, and
respiratory failure.

Hepatocellular carcinoma (HCC) Patients with cirrhosis should undergo surveillance for HCC by abdominal ultrasonography
every six months. The use of AFP for surveillance is controversial.

Hepatopulmonary syndrome (HPS) Diagnosed as a trial of hypoxemia, orthodeoxia, and pulmonary arteriovenous shunting.
Patients with HPS are offered MELD exception points.
Clinical features include dyspnea, orthodeoxia syndrome, and hypoxemia while sleeping

Hepatorenal syndrome (HRS) Diagnosis of exclusion in patients with renal impairment.

Revised diagnostic criteria
Increase of creatinine from baseline or estimated GFR-based criteria.

� HRS-AKI
� HRS-non-AKI (HRS-AKD/HRS-CKD)

Signs include glomerular filtration rate < 40 mL/min, serum creatinine > 1.5 mg/dL,
sodium excretion < 10mmol/L, hyponatremia (<130mmol/L), decreased diuresis (<500
mL), and greater urine vs. plasma osmolality
Urine output criteria have been removed.

Porto-pulmonary hypertension The presence of pulmonary hypertension (mean pulmonary artery pressure > 25 mmHg
and pulmonary capillary wedge pressure < 15 mmHg) in patients with portal hypertension

Varices and/or variceal bleeding EGD is recommended to diagnose varices in all patients with decompensated cirrhosis
and in compensated cirrhosis with LSM >20 kPa with platelet count <<150� 109 cells/l

EGD should be performed when patient receives diagnosis of cirrhosis

Patients with compensated cirrhosis and no varices: repeat EGD in 2–3 years

Patients with small varices: repeat EGD in 1–2 years

Abbreviations: AFP, alpha feto protein; AKI, acute kidney injury; EGD, esophagogastroduodenoscopy; GFR, glomerular filtration rate; HCC, hepatocel-
lular carcinoma; HE, Hepatic encephalopathy; HPS, hepatopulmonary syndrome; HRS, hepatorenal syndrome; HRS-AKD, HRS-acute kidney disease;
HRS-CKD, HRS-chronic kidney disease; LSM, liver stiffness measurement; MELD, Model for End Stage Liver disease; PMN, polymorphonuclear; SBP,
spontaneous bacterial peritonitis.
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secondary biliary cirrhosis, non-alcoholic fatty liver disease
(NAFLD), and hemochromatosis.

Table 2 lists the complications of chronic liver disease
(CLD) covered in this review article. We hope to update
the reader regarding the pathogenesis, diagnosis, andman-
agement for specific liver-related complications in India.

Changing Epidemiology of Cirrhosis
Cirrhosis- and PH-related complications contribute to the
public health burden of morbidity and mortality in India.
Age, gender, family income, employment status, status of
residence (rural or urban), lifestyle, alcohol, smoking, nutri-
tional status, and education may all have bearing on the eti-
ology.3 The prevalence of cirrhosis is as high as 4.5–9.5%
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
based on autopsy studies. The cirrhosis attributable death
rate has increased from 1.5% in 1980 to 2.4% in 2017.5–7

The prevalence of cirrhosis in the United States was
0.27%, corresponding to 633,323 adults, as per the Na-
tional Health and Nutrition Examination Survey data-
base between 1999 and 2000, with 69% of individuals
being unaware they had the disease. The presence of dia-
betes mellitus, ethanol use, chronic HBV and HCV infec-
tion, male gender, and older age were independently
associated with the diagnosis of cirrhosis based on
aspartate transaminase-platelet ratio >2 and abnormal
liver function test results.6 More than 53.5% of cases in
this database had liver disease secondary to chronic
HCV infection, alcohol abuse, and diabetes, all of which
2 | No. 4 | 1150–1174 1151



Table 2 Current Management Options of Complications of Cirrhosis.

Complication Treatment Dosage

Ascites Sodium restriction,
Diuretics

Maximum 2000 mg of oral Na per day_ Spironolactone (Start 100 mg
orally per day: maximum 400 mg orally per day)
Furosemide (Start 40 mg orally per day: maximum 160 mg orally per
day)26

Albumin Albumin (8–10 g IV per L of fluid (if greater than 5 L) removed for
paracenteses)28,62

Fluid restriction if
serum Na is <120 mEq/L

In India, even patients with moderate volume paracentesis may require
replacement albumin.

Spontaneous bacterial
peritonitis (SBP)

Antibiotic therapy � Cefotaxime (2 g IV q8h)
� Ceftriaxone (2 g IV q12h)
� Piperacillin-tazobactam (4.5 g q6-8h)

Albumin 20% Human albumin (1.5 g per kg IV within 6 h of detection and 1 g per
kg IV on day 3)

Secondary prophylaxis
Norfloxacin

400 mg orally per day for prophylaxis33

Hepatic
encephalopathy (HE)

Lactulose 30–45 mL syrup orally titrated up to three to four times per day or 300
mL retention enema until two to four bowel movements per day and
mental status improvement_

Rifaximin 550 mg twice daily can be added to lactulose in patients who are
refractory to lactulose alone.

Oral Branched Chain
amino acids

Efficacy requires further investigation

Polyethylene glycol (PEG3350)
in acute HE

Used in acute HE in patients with acute decompensation of cirrhosis
and even ACLF99

Portal hypertension
and variceal bleeding

Non-selective beta blockers Propranolol (40–80 mg orally two times per day)
Carvedilol (3.125 mg twice daily, titrate up to 25 mg qd)75,87

Hepatorenal syndrome (HRS) Terlipressin
Midodrine and octreotide
Dopamine
Noradrenaline infusion

0.5–1 mg q 6h as bolus IV with doubling of dose every 2 days to a
maximum of 12 mg/day of creatinine does not decrease by >25%.59

Treatment can be given for up to 2 weeks, but can be stopped early after
complete reversal of HRS.
Can be dosed as continuous infusion.60

Dosed orally (midodrine 5–15 mg/d) and IV (octreotide 50mcg/h) to
obtain a stable increase of at least 15 mm Hg in MAP.
2 to 4 mcg per kg per minute IV.
Dose of 0.5–3 mg/h in combination with albumin, with a target MAP
increase of 10 mmHg.

Abbreviations: ACLF, acute-on-chronic liver failure; HE, Hepatic encephalopathy; HRS, Hepatorenal syndrome; IV, intravenously; MAP, mean arterial
pressure; SBP, Spontaneous bacterial peritonitis.
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are treatable factors. The overall mortality in cirrhosis
was 26.4% per 2-year period.7 In India, alcohol has dis-
placed chronic hepatitis B as the leading cause of
cirrhosis in adults.4 We lack a national disease registry
for the prevalence, etiology, and complications of
cirrhosis would help assess the changing epidemi-
ology.8,9 The rise of the metabolic syndrome pandemic
has resulted in multiple risk factors for cirrhosis in an
individual, such as concomitant steatohepatitis caused
by obesity and NAFLD, alcohol and chronic viral hepati-
tis, which can be synergistic in disease progression.5 A
higher mortality has been attributed to alcohol as the
etiology in several cohorts.6,9,10

In a large multicenter database of 13,014 patients with
CLD (median age 43 years, 73% males), 33.9% presented
1152 © 2022 Indian National Associa
with decompensated cirrhosis. Alcoholism (34.3% of
4413) was the commonest cause of cirrhosis while HBV
(33.3%) was the predominant cause of CLD. In India,
regional variations indicate a preponderance of HCV infec-
tion in the north, HBV in the southern and eastern states,
and alcohol in north-east India as the predominant etiol-
ogy. HBV infection (46.8%) was the most common cause
of HCC in India.11,12

Jain et al. analyzed the data of 5138 patients with
cirrhosis (aged 49.8 � 14.6 years, 79.5% male, 39.5%
ethanol related) who were classed as Child A, B, and C
in 11.7%, 41.6%, and 46.8% cases, respectively. The me-
dian time from the diagnosis of cirrhosis to 1st hospital-
ization was 2 years. One third (1707 persons) of the
cohort died within a year of hospitalization, 1248
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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(24.3%) of whom died in their primary admission, and
60% of the survivors were re-hospitalized for the same
or secondary complication within a year. Patients with
ethanol-related cirrhosis were more often male (97.7%
vs. 67.7%; P < 0.001) aged between 40 and 50 years
(36.2% vs. 20.2%; P < 0.001) with a higher incidence of
sepsis (20.3% vs. 14.9%), ascites (82.2% vs. 65.9%), sponta-
neous bacterial peritonitis [SBP (21.8% vs. 15.7%)], HE
(41.0% vs. 25.0%), AVB (32.0% vs. 23.7%), acute kidney
injury [AKI (30.5% vs 19.6%)]. This sobering data suggest
that a change in approach to the management of
cirrhosis and prevention of complications is essential.4

Complications of Cirrhosis
The main complications in cirrhosis warranting periodic
screening are gastrointestinal varices, ascites, and HCC.13

In a large Asia–Pacific database, about 54.3% of global
deaths attributable to cirrhosis were reported from Asia.
About 72.7% of HCC-related mortality and two-third of
the global burden of chronic hepatitis B and C were re-
corded from this region. Despite the availability of a safe
and cost-effective vaccine, chronic HBV infection remains
the cause of >50% of deaths attributable to cirrhosis
from Asia. Alcohol (20.8%), NAFLD (12.1%), and chronic
HCV infection (15.7%) are the next three etiologies. In
2015, HBV accounted for 50% of mortality due to HCC
in Asia.5

The model for end-stage liver disease (MELD), with
components being bilirubin, international normalized ra-
tio (INR), and serum creatinine, is better than the Child
Turcotte Pugh (CTP) score for predicting the short-term
and intermediate-term mortality. Adding serum sodium
to the MELD score (MELDNa) improves the diagnostic ac-
curacy for short-term mortality and is now the most used
risk index for transplant listing.14 Measurement of the
HVPG predicts the presence of esophageal varices (HVPG
$ 12 mmHg), risk of variceal bleeding and failure to con-
trol AVB (HVPG$ 20 mmHg) or response to non-selective
beta blockers (NSBB) wherein an HVPG reduction >20% of
baseline or to <12 mmHg is considered a ‘responder’.15

Comprehensive Approach to Cirrhosis and
Complications
The comprehensive management of cirrhosis requires the
treatment of underlying causes (viral hepatitis, obesity,
alcohol, etc), early diagnosis and treatment of complica-
tions, and improving health-related quality of life out-
comes. In India, specific health policy has been
established for the management of chronic viral hepati-
tis.16

Universal immunization for HBV, introduced in 2004
under the aegis of the National Immunization Pro-
gramme, can reduce the incidence of HBV infection with
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
a delayed impact on disease prevalence.17 Thus the focus
of public health programmes across Asia should be on
maximizing coverage of HBV vaccination.18 The National
Viral Hepatitis Control Programme was launched in India
in 2018, with a focus on screening for chronic viral hepati-
tis, provision of free-of-charge direct-acting antiviral
agents for HCV, with the expansion of immunization for
HBV. We expect a reformed timeline for the elimination
of viral hepatitis in India with these low-cost measures.19,20

The health policy implementation has resulted in the
improvement in blood banking, improved maternal
healthcare, and biomedical waste management. In addi-
tion, NAFLD and metabolic syndrome have also gained
prominence in non-communicable diseases health pro-
grammes.4

Ascites
Ascites is defined as the pathological accumulation of fluid
in the peritoneal cavity. Ascites is caused by cirrhosis in
85% of patients, and the remaining 15% have a non-
hepatic cause of fluid accumulation. Nearly 15% of patients
with ascites die within one year of diagnosis and 44% may
die in the next 5 years.21 In India, a mixed etiology of ascites
may be present, with cardiogenic, renal, and tubercular
components, which can obfuscate the primary disease.22

A diagnostic abdominal paracentesis should be per-
formed in all patients with clinically evident ascites to
establish the definite etiology. The laboratory diagnosis
should include a total and differential white cell count, to-
tal protein and albumin, serum-ascites albumin gradient,
lactate dehydrogenase, cytology, cultures, and tests for
tuberculosis, triglyceride, bilirubin, hemoglobin, amylase,
and so on where clinically deemed necessary or relevant.
The serum-ascites albumin gradient provides a rough esti-
mate of portal pressure.23 Figure 1 shows an algorithm-
based diagnostic approach to ascites.

Sodium restriction is advised in all patients with portal
hypertensive ascites (<88 mEq [2000 mg] daily). Adher-
ence to fluid restriction is difficult and as such does
not make clinical sense as the ascites in due to the reten-
tion of total body Na. Therefore, the goal of treatment is
to increase the urinary excretion of sodium to >78 mmol/
day. Fluid restriction should only be recommended in pa-
tients whose plasma sodium level is <120 mEq/L. Only
10–15% of patients with ascites can spontaneously excrete
sodium >78 mmol/day and can mobilize ascites with a
salt restricted diet.24,25 Since dietary Na increases palat-
ability of food, and patients with concomitant sarcopenia
need to be encouraged to partake liver-specific nutrition,
patients, and physicians prefer a combination of sodium-
restricted diet and diuretics.26 In patients with hyponatre-
mia, the use of diuretics and sodium restriction can
decrease renal perfusion pressure, leading to a vicious cy-
cle of renal impairment. Some newer randomized
2 | No. 4 | 1150–1174 1153



Diagnos�c Paracentesis of Ascites
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> 250                                                                                                                          
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Figure 1 Diagnostic approach to ascites in patients with cirrhosis. CT, computed tomography; eGFR, estimated glomerular filtration rate; IHC, immunohistochemistry; LDH, lactate dehydrogenase;
PET, positron emission tomography; RBC, red blood cells; SAAG, serum albumin ascitic gradient; TP, total protein; WBC, white blood cells.
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controlled studies have suggested that excessive salt re-
striction may have no benefit or may even cause harm
due to impaired renal hemodynamics.27 A combination
of diuretics (e.g. oral spironolactone and furosemide) pre-
vents hypokalemia. In patients who develop painful gy-
necomastia because of spironolactone, the use of
amiloride is a suitable replacement.24,25 As per the guide-
lines of the American Association for the Study of Liver
Diseases (AASLD), infusion of 8–10 g albumin per L of
ascites removed is recommended in large-volume para-
centesis.23 Albumin helps in volume expansion and pre-
vents the activation of the renin angiotensin
aldosterone system that leads to increased plasma renin
activity and paracentesis-induced circulatory dysfunc-
tion.28,29 Infusion of albumin as a volume expander is
deemed unnecessary for paracentesis <5L. However,
recent data from a north Indian center suggest patients
with ACLF and frailty are at the risk of paracentesis-
induced circulatory dysfunction, even with a moderate
volume paracentesis, and may need albumin support.
This needs further research in India.30

The AASLD defines refractory ascites ‘as patients who
continue to have fluid accumulation despite salt restric-
tion, maximum doses of diuretics (400 mg of spironolac-
tone and 80 mg of frusemide) and is diagnosed in the
absence of therapy with a nephrotoxic agent or NSAIDs,
such patients can be managed with outpatient paracente-
sis, domiciliary albumin and should be offered early trans-
plantation’.23 The use of midodrine as adjunctive therapy
to maintain mean arterial pressure and improve response
to diuretics has shown promise. However, adverse events
such as arterial hypertension, palpitations, and high-cost
limit long-term use.31

Diuretic-resistant ascites is defined when at least one of
the following criteria is present.

i. Failure to mobilize the ascites despite confirmed adher-
ence to Na restriction (to <88 mEq per day, i.e. less than
2000 mg of Na per day) and the use of maximum toler-
ated doses of diuretics i.e. 400 mg per day of spironolac-
tone and 160 mg per day of furosemide.

ii. Re-accumulation of ascitic fluid despite repeated thera-
peutic paracenteses.

The development of diuretic-related complications such
as renal impairment, HE, or recurrent electrolyte imbal-
ances would be called diuretic intractable ascites.

All patients with refractory ascites should be offered
liver transplantation as the primary treatment option
with the best evidence-based outcomes. Patients with re-
fractory ascites can also be offered a transjugular intra
hepatic portosystemic shunt (TIPS), as a bridge to trans-
plantation in those with MELD < 17, in the absence of
sepsis or recurrent overt HE. TIPS improves sarcopenia
and the risk of bleeding but may precipitate HE or heart
failure.31 A peritoneovenous shunt can be considered in
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
those who cannot tolerate paracenteses, or are poor can-
didates for transplant, or TIPS.32 Recent data regarding
the use of indwelling peritoneal catheters or automated
low flow ascites pump (alfa pump) to enable the outpa-
tient drainage of ascites has been recently proposed.
However, the risk of nosocomial sepsis limits wider
application.33

Spontaneous Bacterial Peritonitis
An ascitic fluid polymorphonuclear leucocyte (PMNL)
count of$250 cells/mm3 is the diagnostic of SBP, and pa-
tients should be administered optimum antibiotics imme-
diately pending culture results (e.g. ceftriaxone 2g
intravenously i.v. q12h or cefotaxime 2g i.v. q8h) or based
on local microorganism patterns.25,34 In addition, albumin
infusion should be given to prevent AKI.34 An ascitic fluid
PMNL count <250 cells per mm3, and signs and symptoms
of infection should also receive empiric antibiotic therapy
while awaiting culture results. After recovery from SBP, pa-
tients should receive long-term antibiotic prophylaxis with
norfloxacin or less commonly used sulfamethoxazole/
trimethoprim. Herein, Indian data on the bacteriological
spectrum of SBP are important.33–36 On long-term
norfloxacin therapy, the future risk of gram-positive organ-
isms or atypical infections like fungal etiology needs to be
ascertained. A blood culture positivity is a predictor ofmor-
tality and has a yield of 26.2% versus ascitic fluid culture
positivity which has yield of 5.7%.36 A Bayesian approach
network meta-analysis tested the utility of norfloxacin
and rifaximin given daily or in alternate months by calcu-
latingodds ratio (OR) and 95% credible intervals (CrI) using
rank probabilities. For the primary prevention of SBP, nor-
floxacin daily had OR 0.061 (0.0060, 0.33) while rifaximin
daily had OR 0.037 (0.00085, 0.87). For the secondary pre-
vention of SBP, rifaximin daily had OR of 0.022 (0.00011,
0.73). This study suggests that rifaximin is useful for
both primary and secondary prophylaxis of SBP.37

Hyponatremia in Cirrhosis
Hyponatremia occurs frequently in cirrhosis with ascites,
but is largely asymptomatic, unless the serum Na con-
centration is <110 mmol/L or there is a rapid change
in sodium levels. Severe hyponatremia warrants fluid re-
striction. An association with adrenal insufficiency and
hypothyroidism needs to be excluded.38 A serum sodium
level < 120 mmol/L is reasonable to initiate free water re-
striction.39 The accurate estimation of intravascular vol-
ume status is essential to make a diagnosis of dilutional
hyponatremia and dynamic inferior vena cava indices are
more accurate than central venous pressure estima-
tion.40

Thuluvath et al. assessed the impact of hyponatremia in
10,187 patients and found that AKI (50.3% vs. 32.8%, P <
0.001) and sepsis (16.8% vs. 11.8%, P < 0.001) were more
2 | No. 4 | 1150–1174 1155
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common in patients with hyponatremia than those
without. In addition, the prevalence of acute respiratory
failure, coagulation dysfunction, SBP, acute decompensa-
tion, and HCC were more likely to be found in those
with hyponatremia.38 Praharaj et al. have described the
management protocol for hyponatremia which includes
the discontinuation of beta blockers, diuretics, and correct
estimation of intravascular volume status. Hypothyroid-
ism and hypocortisolism need to be excluded. Albumin
infusion is the mainstay of therapy in cirrhosis with hypo-
natremia.39 In patients with serum Na <110 mmol/L or
when patients present with seizures or coma attributable
to electrolyte imbalance, hyponatremia needs correction
by administering hypertonic saline.41 Vaptans are vaso-
pressin receptor antagonists which have been used to treat
hyponatremia in heart failure. Vaptans also correct serum
Na in cirrhosis, but the recurrence of hyponatremia occurs
on stopping the drug. The adverse effects of vaptans
include nausea (21%), thirst (16%), dry mouth (13%), and
increased urinary frequency (11%); it can also precipitate
gastrointestinal bleeding in 10% of patients with cirrhosis.
The aggressive correction of hyponatremia can predispose
to central pontine myelinolysis if there is a Na change of
>12 mEq/L per day.42

Cirrhosis, Inflammation, and Sepsis
The overall prevalence of bacterial infection (BIs) in pa-
tients with cirrhosis who are hospitalized, is between 33%
and 47%. Recurrent SBP is associated with up to 49.5%
mortality.43 Sepsis is more likely in patients with Child C
cirrhosis than Child A/B cirrhosis. Overall, 30–60% of pa-
tients with cirrhosis develop an infection, the risk being
3–5 times higher than that of the general population.
The risk factors for sepsis in cirrhosis include recent vari-
ceal bleeding, alcohol abuse, steroid intake, recent hospital-
ization, and prior sepsis.44

The most common site of infection is SBP. Nosocomial
sepsis can be caused by invasive interventions like place-
ment of vascular catheters, urinary catheters endoscopic
sclerotherapy variceal ligation, paracentesis, TIPS place-
ment, and so on. After SBP, the common sites of sepsis
are urinary tract (20%), pneumonia (15%), and bacteremia
(12%).45

There are several limitations in the diagnosis of sepsis
with the currently available definitions in cirrhosis. Sepsis
was previously defined as systemic inflammatory response
syndrome with proven infection.46 According to the latest
SEPSIS-3 guidelines, sepsis is defined as life-threatening
organ dysfunction caused by a dysregulated host response
to infection.47 Organ dysfunction is identified by an acute
change in sequential organ failure assessment score by$2
points. This criterion is well-validated and applicable for
intensive care unit settings for patients with cirrhosis,
but in view of confounding presence of organ failures, it in-
1156 © 2022 Indian National Associa
troduces a degree of overlap in acute-on-chronic liver fail-
ure (ACLF).44

Multidrug Resistance
Baijal et al. showed that 25% of patients with cirrhosis had
evidence of infection at presentation in a multicentric
study. The common sites were SBP (31.1%), urinary tract
infections (22.6%), pneumonia (11.3%), and cellulitis
(11.3%). Gram negative infections (54%) were most com-
mon with multidrug resistant (MDR) organisms cultured
from 41.7% of positive isolates. Severity of liver disease was
an independent predictor of sepsis. Overall mortality was
7.6%, and patients with sepsis had higher mortality than
those without infection (23.5% vs. 2.2%, respectively; P <
0.001).48 The increased diagnosis of MDR pathogens in
cirrhosis in India makes it difficult to determine the initial
choice of antibiotic as most strains are increasingly resis-
tant to cephalosporins, quinolones, and beta-lactam anti-
biotics. Nosocomial infections often have extended
spectrum beta-lactamase (ESBL) producing Enterobacteri-
aceae strains, which require the use of older and potentially
nephrotoxic drugs like colistin, polymyxins, and so on.
This is an unaddressed and under reported problem in In-
dia. The use of these antibiotics increases the cost and
duration of hospital stay and exposes the patient to drug
interactions increased adverse effects like AKI, peripheral
neuropathy, critical illness myopathy, electrolyte distur-
bances, and so on.49 Scrupulous antibiotic pharmacovigi-
lance is needed in hepatology practice in India. However,
this may not solve the problem as new reservoirs of bacte-
rial resistance genes have been identified globally. The
spread of antibiotic resistance is also due to the increased
use of drugs in the livestock and poultry sector, which
poses a risk to public health and proliferation of MDR
pathogens in rivers, municipal water, drinking water,
milk, retail food, and so on.50,51 This calls for global regu-
lation of the harmful use of antibiotics with directed
health policy in India as spread of these MDR infections
is a public health problem.52

Fungal Sepsis in Cirrhosis
The incidence of fungal infections is between 4 and 15% in
patients with cirrhosis. There is an apparent increase in re-
porting fungal infections due to changing epidemiology,
use of biomarkers like b-D-glucan and galactomannan,
and the extensive use of broad-spectrum antibiotics.
Fungal infections are often nosocomial and significantly
increase mortality in cirrhosis.53 Nearly 45–70% of fungal
infection patients have concomitant BI. Diabetes, AKI, he-
modialysis, prior use of antibiotics, and admission BI are
risk factors for fungal sepsis, especially in the peri-
transplant period.54 spontaneous fungal peritonitis is
defined as fungal infection of ascites, with fluid PMNL $
250 cells/ml. Tariq et al. reported infection with mainly
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Candida species [Candida albicans (48%–81.8%),Candida kru-
sei (15%–25%), and Candida glabrata (6.6%–20%)], which sug-
gests that azole antifungals or echinocandins are useful
therapy. Cryptococcus neoformans (53.3%) was also cultured.
The in-hospital mortality was 33–100% in spontaneous
fungal peritonitis, and 28-day mortality was 50–73.3%.55

The use of liposomal amphotericin B (3–5 mg/kg/day) in
cirrhosis is associated with renal impairment (14–47%), hy-
pokalemia (31–51%), and hypomagnesemia (15–50%) and
should be limited to progressive and potentially fatal
fungal infections.

The COVID-19 pandemic also resulted in high risk of
complications like ACLF, autoimmune flare, drug induced,
or hypoxia induced liver injury in cirrhosis. An increased
incidence of fungal sepsis in patients with cirrhosis in
the post COVID-19 phase has been reported, like the gen-
eral population.56–58

Hepatorenal Syndrome
The criteria used to define hepatorenal syndrome were up-
dated in 2015 by the International Club of Ascites.59 As per
their definition, HRS is further classified into two types.
Type I, now called HRS-AKI is characterized by an absolute
increase in serum creatinine by at least 0.3 mg/dL or 50%
from baseline. The 2.5 mg/dL criterion has been removed
from the older definition of type 1 HRS, as it led to delay
in the identification of AKI and increased 90-day mortality.
The urine output criterion has been eliminated in the
revised HRS definition, as there was invariably a lower
urine output at baseline due to salt and water retention,
which affects response criteria.60 The revision also defines
HRS-non-AKI as functional kidney injury in cirrhosis, as-
sessed by estimated glomerular filtration rate (eGFR)
rather than serum creatinine level, which does not meet
criteria for HRS-AKI.

HRS-non-AKI, in turn, is of two subcategories based on
the duration of impairment. HRS-AKI is diagnosed if the
eGFR is less than 60 mL/min/1.73 m2 for <3 months
and HRS-chronic kidney disease if it remains <60 mL/
min/m2 for more than 3 months. The first represents a
loss of renal function (HRS acute kidney disease), whereas
the second represents a more chronic kidney dysfunction,
HRS-chronic kidney disease.61

The incidence of HRS at 1 and 5 years after the develop-
ment of cirrhosis with ascites is 18% and 39%, respectively.
HRS-AKI occurs in approximately in a fourth of patients
with SBP, despite clearance of sepsis. HRS-AKI associated
with SBP may be prevented by the administration of intra-
venous albumin in addition to antibiotic treatment than
antibiotics alone and may reduce overall mortality (16%
vs. 35.4%: OR 0.34, 0.19 to 0.60).62 Albumin administration
improves circulatory function, antibiotic binding capacity,
ameliorates cytokine damage, andmay delay renal dysfunc-
tion in SBP, but cannot prevent HRS-AKI.28 The long-term
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
administration of albuminmay help in themanagement of
ascites by improving response to diuretics, with improved
outcomes at 18 months as shown in the ANSWER
cohort.63 Albumin also helps in the management of non-
SBP infections by providing cytokine adsorption, better
antibiotic binding, and preserved oncotic pressure.64 Sri-
vastava et al. suggested that triple therapy with dopamine
(2 mg/kg/min), furosemide (0.01 mg/kg/hr), and albumin
(20 g/day) vs. infusion of terlipressin (0.5 mg for every 6
h and albumin 20 g/day for 5 days) were equally effective
at improving HRS type I, with lower cost when using dopa-
mine with albumin.65

Hemodialysis is indicated in progressive HRS and to
correct metabolic acidosis, uremia, and electrolyte imbal-
ances. The new understanding of HRS is that it is not
just a functional entity but is an inflammatory condition,
with structural tubular damage due to drugs, toxins, bile
salts, oxidative stress, and so on which may be irreversible.
The recurrent bouts of HRS can lead to chronic tubular
dysfunction. This explains the variation in responders to
terlipressin and other vasoconstrictors and albumin.66

Gastroesophageal Varices
Screening gastroduodenoscopy is recommended in all pa-
tients with decompensated cirrhosis and compensated
advanced chronic liver disease with platelet count <150 �
109 cells/l and high liver stiffness measurement (LSM >
20 kPa) as per the recent Baveno VII criteria.67 Gastro-
esophageal varices are expected in up to 50% of patients
with cirrhosis.68 The likelihood of finding varices increases
with the severity of liver disease.69 Patients with compen-
sated advanced chronic liver disease with a platelet count
>150 � 109 cells/L and an LSM <20 kPa can defer endos-
copy.70,71 Gastroesophageal (GE) variceal hemorrhage is
a ruinous complication in patients with cirrhosis and
ACLF. The AASLD guidelines define ‘AVB as bleeding
from an esophageal or gastric varix at the time of endos-
copy or the presence of large esophageal varices with blood
in the stomach and no other recognizable source of
bleeding’.69 The annual rate of bleeding in GE varices is
10–30%, and the mortality rate of AVB is 20% at six weeks
despite advanced endoscopic interventions. Size of the
varix, red wale signs, and Child B/C cirrhosis are the
most important predictors of bleeding.69 Themanagement
of AVB includes early goal directed hemodynamic resusci-
tation, the use of vasoconstrictors like terlipressin or so-
matostatin within an hour of presentation and
endoscopic intervention should be done as soon as
possible and not more than 12 h after presentation. The
prevention of re-bleeding by monitoring and appropriate
restrictive patient blood management is recommended as
per the AASLD guidance.69

If variceal ligation proves difficult (due to poor visuali-
zation in active bleeding, uncooperative patient, etc),
2 | No. 4 | 1150–1174 1157



COMPLICATIONS OF CIRRHOSIS PREMKUMAR & ANAND

C
o
m
p
lica

tio
n
s
in

C
irrh

o
sis
endoscopic sclerotherapy, and systemic use of vasocon-
strictors (e.g. octreotide or terlipressin) can control
bleeding.72,73 Terlipressin acts by causing vasoconstriction
of the celiac axis, and superior mesenteric artery vascular
bed which reduces the splanchnic and portal pressures.
At sites where HVPG measurements are not possible, the
LSM has been used as a surrogate marker for predicting
CSPH. An LSM >20–25 kPa, alone or combined with
platelet count and spleen size or presence of portosystemic
collaterals on imaging is sufficient to diagnose CSPH.69,74

Injection of glues like cyanoacrylate or N-butyl-cyanoacry-
late in gastric AVB has been reported in studies from In-
dia.75–77 Endoscopic ultrasound assisted coil and glue
injection is another technique used to control gastric
variceal bleeding.78

Early TIPS placement (within 72 of hemorrhage) as a
pre-emptive procedure can prevent rebleeding-related mor-
tality in a selected group of patients at a high risk of failure
or rebleeding (HVPG > 20 mmHg, CTP class C cirrhosis, or
CTP class B with active bleeding on endoscopy) who have
no contraindications for TIPS. A relative reduction of por-
tal pressure gradient, by at least 50% from pre-TIPS base-
line, may also be useful.67,69,79

In about 10%–20% patients, AVB cannot be controlled
or reoccurs despite adequate endoscopic interventions or
timely vasoconstrictor therapy.80,81 For patients in whom
an early TIPS is not performed, intravenous vasoactive
drugs should be continued for 2–5 days and NSBBs initi-
ated once vasoactive drugs are discontinued. Rescue TIPS
is indicated in these patients if hemorrhage cannot be
controlled or if bleeding recurs despite vasoactive drugs.69

A Sengstaken-Blakemore tube insertion may be used as an
emergency measure till definitive TIPS or surgical shunt
can be done. Balloon tamponade can temporarily control
bleeding in more than 80% of the patients. The use of
balloon occluded retrograde transvenous obliteration,
and modifications using plugs or coils, to obturate gastric
varices has also been demonstrated in India.81,82 Figure 2
shows the algorithm to manage AVB currently.

Propranolol at a dosage of 40 mg twice daily
(increasing to 160 mg/d in divided doses) or a dosage
titrated to a 25% reduction in heart rate is used for
reducing portal pressure.81 Carvedilol is a NSBB with
more potent effect with long-term safety data.83 Sharma
et al. followed up 48 patients (25 taking carvedilol; 23
propranolol) for 6 years and showed carvedilol had better
HVPG response rate when compared with propranolol
(72% vs. 47.8%, P = 0.047), with comparable rebleeding
rates and survival at 3 and 5 years.84 Currently, primary
prophylaxis is usually done with NSBB alone or EVL in
those with contraindications to NSBB, and secondary
prophylaxis done with combined EVL and NSBB.67 Villa-
nueva et al. demonstrated in the recent ‘prevent decom-
pensation of cirrhosis with portal hypertension
1158 © 2022 Indian National Associa
(PREDESCI)’ study that the risk of decompensation or
death was lowered in patients with compensated cirrhosis
with CSPH on NSBB therapy with 16 (16%) of 100 pa-
tients in the b blockers group vs. 27 (27%) of 101 in
the placebo group (hazard ratio [HR] 0.51, 95% CI
0.26–0$97, P = 0.041) developing a decompensation event
(ascites, bleeding, and encephalopathy).85

Portal Vein Thrombosis and Coagulation Defect
in Cirrhosis
The coagulation status in cirrhosis is erroneously assumed
to be of a bleeding phenotype due to the standard coagu-
lation tests indicating thrombocytopenia or prolonged
prothrombin time. However, it is now clear that patients
with cirrhosis have a fine rebalance of coagulation factors
(increased endothelium derived Factor VIII, vonWillebrand
factor), reduced protein C and S, with a deficiency of
vitamin K dependent Factors II, VII, IX, and X.86 It is
also evident that the platelet count, INR, and fibrinogen
levels are not indicative of bleeding risk in cirrhosis. This
state of rebalance can be upset by the onset of sepsis or
any acute insult that can precipitate ACLF.87 Patients
with cirrhosis can have thrombosis at one site, e.g. portal
vein or mesenteric thrombosis and have PH related variceal
bleeding simultaneously. Shukla et al. have elegantly sum-
marized the data from India and elsewhere regarding the
genetic predisposition and risk factors for portal vein
thrombosis.88 The monitoring of coagulation dysfunction
in cirrhosis using point-of-care viscoelastic testing, patient
blood management of bleeding in or coagulation assess-
ment during therapeutic procedures and transplantation
are topics for ongoing research in India.89
Hepatocellular Carcinoma
The annual incidence of HCC in patients with cirrhosis is 3–
5% and half a million cases of HCC are diagnosed world-
wide.90 In India, the incidence of HCC in cirrhosis is 1.6%
(95% CI 0.07–3) annually with age adjusted rate as 0.7–7.5
and 0.2–2.2 per 100,000 population per year in men and
women, respectively.91 The male: female ratio of HCC is
4:1 suggesting a genderbias inpropensity, etiological factors,
or diagnosis rates in India. The age of presentation is be-
tween 40 and 70 years.92 Younossi et al. reported the annual
incidence ofHCCwas 0.44per 1000person-years inNAFLD,
and 5.29 per 1000 person-years in NASH.93 Surveillance for
HCC inpatients withNAFLDwithout cirrhosis is controver-
sial due to low yield. The addition of serum alpha-
fetoprotein (AFP) to ultrasound q6m increases sensitivity
for HCC surveillance in NAFLD-cirrhosis but results in
lower specificity and increased cost. Surveillance with AFP
alone is not recommended because of low sensitivity (60%).94

There have been several new developments in the diag-
nosis and management of HCC. First, the Barcelona Clinic
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 2 Management of acute variceal bleeding in cirrhosis. BRTO, balloon occluded retrograde transvenous obliteration; EUS, endoscopic ultra-
sound; EVL, endoscopic variceal ligation; GI, gastrointestinal; GOV, gastroesophageal varices; LR, leinorenal shunt; PARTO, plug-assisted retrograde
transvenous obliteration; TIPS, transjugular intrahepatic portosystemic shunt.
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Liver Cancer staging system has been updated. Changes
include updating the recommended first- and second-line
systemic drugs for advanced stage HCC (BCLC stage C)
with addition of newer drugs like lenvatinib, atezolizu-
mab-bevacizumab, or durvalumab-tremelimumab as first-
line therapy and refining intermediate stage HCC (BCLC
stage B).95 There are several lacunae with the updated
version of the system. Performance status (PS), as defined
by the Eastern Cooperative Oncology Group (ECOG),
plays an important and dynamic role in HCC staging
and treatment recommendations, but is subjective and
there is overlap between PS 0 and 1 with both physician
and patient-related reporting bias.96 In addition, re-
compensation of liver disease or HCC in patients without
cirrhosis (NASH or HBV related) has not been revisited in
this version of the BCLC staging system. Patients with tu-
mor rupture have undergone resection or embolization
safely, even with PS1 suggesting that patients may be
offered therapy based on personalized indications in real-
world practice.97 Biliary invasion and hepatic venous tu-
mor invasion have not been addressed.98 The system also
does not consider tumor biology or role of biomarkers or
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
liquid biopsy. Lastly, the management of HCC with stereo-
tactic beam radiotherapy or the combination of systemic
and locoregional therapy have not been addressed.

Hepatic Encephalopathy
Amodio et al. have defined hepatic (portosystemic) enceph-
alopathy as ‘a potentially reversible alteration in neuropsy-
chiatric function in acute liver failure, cirrhosis, and ACLF,
which is noted predominantly in patients with PH’.99 The
onset of HE is insidious and diagnosed by subtle fluctu-
ating changes in memory, concentration, personality, and
reaction times.100 All other etiologies of altered mental sta-
tus must be excluded before the diagnosis of HE. Despite
variable evidence, lactulose remains the first-line therapy
for the management of HE. PEG3350 has been used as a
laxative in combination with lactulose in patients with
acute HE.101 Second-line agents include gut antibiotics
like neomycin and rifaximin. An increase in the ratio of
serum aromatic amino acids to branched chain amino
acids in ACLF also contributes to HE. The role of systemic
inflammation, neuroinflammation, bile acid metabolism,
endogenous benzodiazepines, and gut dysbiosis is of
2 | No. 4 | 1150–1174 1159



Table 3 Updates in the Therapies for Hepatic Encephalopathy.

Study Sample Size HE Intervention Mode of administration Outcome Ref

Sidhu SS
et al, 2018

N = 193 OHE in
cirrhosis

L-ornithine L
aspartate vs.
placebo

Intravenous infusions of LOLA
(n = 98), 30 g daily, or placebo
(n = 95) for 5 days

The grade of OHE was significantly lower in
the LOLA group (compared to placebo) on
days 1–4 but not on day 5. The mean time
taken for recovery was lower in the LOLA
group compared to the placebo group
(1.92 � 0.93 vs. 2.50 � 1.03 days, P =
0.002; 95% confidence interval�0.852 to
�0.202). Venous ammonia at day 5 and
length of hospital stay were significantly
lower in the LOLA group.

104

Jain A
et al 2021

N = 140 OHE
grade III-IV

Combination therapy
of LOLA, rifaximin,
and lactuloase

140 patients were randomized
to a combination of LOLA,
lactulose, and rifaximin (n = 70)
or placebo, lactulose, and
rifaximin (n = 70)

Improvement in grade of HE (92.5% vs.
66%, P < 0.001), lower time to recovery
(2.70 � 0.46 vs. 3.00 � 0.87 days, P =
0.03), and lower 28-day mortality (16.4%
vs. 41.8%, P = 0.001) were seen in the
LOLA group compared with placebo.

105

Dhiman
et al 2014

N = 66 (VSL#3)
and n = 64 (Placebo)

Overt VSL#3 (Probiotic) or
placebo daily for 6
months

Oral Reduction in the development of HE, less
hospitalization, improvement in CTP &
MELD, PHES, inflammation. The hazard
ratio (HR) for the risk in probiotic group
0.65 (0.38–1.11; P = 0.12)

106

Sharma et al. N = 63 (lactulose + rifaximin),
n = 57 (lactulose + placebo

Overt Lactulose + rifaximin
1200 mg/day vs.
lactulose (30–60
mL/thrice/day) +
placebo

A combination therapy is more effective,
decreases hospital mortality, sepsis-
related death, hospital stay.

107

Als-Nielsen B
et al, 2004.

n = 698; 12 trials Acute Episode of HE,
Chronic HE.

Lactulose or lactitol
vs. antibiotics

Lactulose 30–120 g and lactitol 30 g–60 g
per day for 5–90 days. Lactulose or lactitol
show significantly low treatment
responses than antibiotics, lactulose or
lactitol significantly higher risk of no
improvement (RR 1.24, 95% CI 1.02 to
1.50)

Gluud LL
et al., 2017

16 randomized clinical
trials including 827
participants

Cirrhosis
with HE

With hepatic
encephalopathy
classed as overt (12
trials) or minimal
(four trials). Eight
trials assessed oral
BCAA supplements
and seven trials
assessed
intravenous BCAA

BCAA had a beneficial effect on hepatic
encephalopathy (RR 0.76, 95% CI 0.63 to
0.92). Additional sensitivity analyses
found no difference between BCAA and
lactulose or neomycin (RR 0.66, 95% CI
0.34 to 1.30)

108,109
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research interest for newer therapies.102 The association of
ammonia level with grade of HE and targeting ammonia
reduction in therapeutic strategies has been recently chal-
lenged by emerging data.103

Several newer therapies have been used in the manage-
ment of HE in recent years (Table 3).

Cirrhotic Cardiomyopathy
As per current definitions, cirrhotic cardiomyopathy
(CCM) is defined as ‘compromised cardiac function sec-
ondary to cirrhosis characterized by diastolic dysfunc-
tion, systolic dysfunction, or impaired systolic response
to stress and abnormalities in electrophysiological re-
sponses in the absence of underlying primary cardiac
disease’.110,111 Cirrhosis results in the excessive release
of systemic neurohormones, inflammatory mediators
that cause a hyperdynamic circulatory state. Conven-
tional electrocardiography, 2D echocardiography with
tissue Doppler, or speckle tracking are diagnostic tests
for CCM. The presence of CCM is associated with
poor HRQoL, refractory ascites, HRS, and survival.
Asymptomatic diastolic and systolic cardiac dysfunction
can be unmasked by exercise, sepsis, surgery, critical
illness, TIPS insertion, or transplantation. New criteria
for CCM have been proposed that the use advanced car-
diac imaging like magnetic resonance imaging to assess
the cardiac function, dynamic changes in chamber vol-
umes, and extracellular edema of cardiomyocytes.112

Porto-pulmonary Hypertension and
Hepatopulmonary Syndrome
Portopulmonary hypertension (PoPH) is another under-
diagnosed complication of cirrhosis. It is defined as’ pul-
monary hypertension (PAH) (mean pulmonary artery
pressure >25 mmHg and pulmonary capillary wedge pres-
sure <15 mmHg) in a patient with coexisting PH and no
other alternative cause of PAH.113 The triad of intrapulmo-
nary vasodilation, impaired arterial oxygenation (hypox-
emia), and hepatic dysfunction is used to characterize
hepatopulmonary syndrome (HPS)’. The prevalence of
HPS is between 10 and 17%, and results in poor HRQoL
and increased waitlist mortality.114 Liver transplantation
can improve the five-year survival of HPS from 23 to
63%. However, poor prognostic factors, including a pre
transplant PaO2 < 50 mmHg, poor functional status
despite domiciliary oxygen therapy, macroaggregated albu-
min shunt fraction >20%, have a mortality rate as high as
67% in the post-transplant period.115 Therefore, the
concept of a ‘transplant window’ has been proposed in
HPS wherein patients with PaO2 more than 60mmHg is
prioritized for transplant while those with more severe
hypoxemia are excluded from listing. TIPS has been used
to improve gas exchange and shunt fraction in HPS in
some preliminary studies. Discrete pulmonary
2 | No. 4 | 1150–1174 1161
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arteriovenous communications can be embolized using
coils in patients with significant right to left shunting.
Coil embolization can also be used in those with persistent
hypoxemia six months after transplantation.116

Sarcopenia and Frailty in Cirrhosis
Muscle wasting i.e. sarcopenia and malnutrition are two
sides of the same coin that affect HRQoL, survival, perfor-
mance status, and tolerance for infection and surgery in
cirrhosis. Nutritional assessment and tests for sarcopenia
and frailty are difficult due to associated fluid retention
and/or obesity due to unreliability of measures like weight,
body mass index, or skin fold thickness. Obese persons
with cirrhosis may have a combination of loss of skeletal
muscle and increased adiposity which is termed “sarco-
penic obesity.” Frailty is independently associated with
Table 4 Evidenced Based Interventions to Prolong Life in Decom

Strong Level Evidence Modera
of evi

Prevention
of Cirrhosis

Universal immunization –

Hepatitis B19,20

Treatment of
underlying etiology

Chronic hepatitis C- direct-
acting antiviral agents
Chronic hepatitis B- antiviral
agents5,19

Autoimmune hepatitis-
steroids
Alcohol-associated liver
disease-Cessation of
alcohol8–10

Metabolic liver disease-
specific therapy for Wilson’s
disease, hemochromatosis
etc.31

Reduce portal
hypertension

Beta blocker therapy
Statins3

Transjugular intrahepatic
portosystemic shunt129

Anticoagula
portal vein t
Midodrine in
refractory as

Reduce bacterial
translocation

Antibiotics to modulate
microbiome43–45

� Norfloxacin
� Rifaximin107

Non-antibiot

� Pre-biotics
� Probiotics
� Beta Bloc

Circulatory
dysfunction

Human albumin28,62–64

Betablockers83,85
Simvastatin
statins

Immune
dysfunction

Human albumin63

Sarcopenia Nutritional interventionsg
raded exercise
therapy132–134

Bridging therapies

Definitive therapy Liver transplantation120–122

Abbreviations: cccDNA, covalently closed circular DNA of hepatitis B virus; F

1162 © 2022 Indian National Associa
mortality, sepsis events, overt HE, and prolonged hospital-
ization after LT.117 The assessment of sarcopenia using
computed tomographic indices is a reliable measure,
with age and gender-based cut offs. Cirrhosis is a state of
accelerated starvation, with altered protein metabolism
due to hyperammonemia, low cobalamin and vitamin D,
direct effects of ethanol, systemic inflammation and cyto-
kine abnormalities, poor oral intake, physical inactivity.
Comprehensive interventions, like branched chain amino
acid (BCAA) supplementation, exercise schedules, myosta-
tin inhibitors, and so on, are under evaluation to prevent
and reverse sarcopenia, in cirrhosis.118 Handelzalts et al.
have described the impact of frailty in patients with end-
stage liver disease, which remains worse even after control-
ling for the MELD, suggesting that they remain sedentary,
with fewer steps taken per day, although traditional
pensated Cirrhosis-evidence-based Approach.

te level
dence

Low level
evidence

Experimental
Therapy

Entry inhibitors cccDNA
cleaving therapies

tion in
hrombosis88

cites29

ic therapy

106

kers

FXR agonist
(Obeticholic acid)151

Fecal microbiota
transplantation

and other

Hematopoietic growth
factors like G-CSF130

Albumin dialysis153

Plasma exchange
Stem cell therapy154

XR, Farnesoid X receptor; G-CSF, granulocyte colony stimulating factor.

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 3 Update in the management of hepatocellular carcinoma.
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measures like metabolic equivalent of tasks remain the
same.119

Transplantation in Cirrhosis
Patients with cirrhosis who have decompensated with asci-
tes, HE, or have a third complication (sepsis, recurrent
AVB, or SBP) are unlikely to have good 1-year survival
and should be advised early transplantation. Increasingly,
the most common etiology for liver transplantation in
alcohol-associated liver disease in India.120 Timely trans-
plantation for HCC using Milan or extendedMilan criteria
is curative, with good recurrence-free survival rates.121 Mc
Cabe et al. reported that among 100,618 adults listed for
LT (68.8% male), patients with worse Karnofsky Perfor-
mance Status Score (KPSS) were significantly more likely
to have ascites, HE, and SBP at time of waitlist registration
(KPSS-1 vs. KPSS-4: ascites, 66% vs. 93%; HE, 81% vs. 49%;
SBP, 4% vs. 16%, P < 0.001 for all), which was independent
of disease etiology.122 Functional status assessment of
nutrition, frailty, and sarcopenia has bearing on LT out-
comes in India.123 Expansion of the transplant programme
in India brings up questions about the affordability and ac-
cess to advanced care. Very few public health programmes
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
in India offer low-cost transplantation, and most high-
volume centers are managed by the private sector.
Disparity in availability of hepatology care remains an
issue worldwide.124 The COVID-19 pandemic has
impacted the LT programme globally but gives time to
pause and assess expansion and capacity building.125

Improvement of public health infrastructure in India, cre-
ation of more liver specific programmes and bringing
affordable transplants under the ambit of national health
insurance schemes may be key to ensuring the success and
sustainability of LT in India.126 In addition, over depen-
dence on living donor programmes in India leads to ques-
tions of ethics and increases cost of LT.127 In the future,
regional organ registries and centrally regulated unbiased
wait listing will be essential to ensure successful, equitable,
and affordable LT.

Prolongation of Life in Cirrhosis
Table 2 summarizes the treatment of major complications
in cirrhosis. First-line treatment of patients with cirrhotic as-
cites consists of sodium restriction, diuretics (oral spirono-
lactone and furosemide), and nutritional interventions.
The use of midodrine and domiciliary albumin infusions
2 | No. 4 | 1150–1174 1163



Figure 4 Decline in Clinical Status guidelines. Adapted fromCenters for Medicare &Medicaid Services. Local Coverage Determination (LCD) for Hos-
pice Determining Terminal Status (L33393) Available from https://www.cms.gov/medicare-coverage-database/view/lcd.aspx?LCDId=33393. Last
accessed 23 November 2021.
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has improved diuretic response.128 TIPS may be considered
as a bridge to transplant in refractory ascites, whereas peri-
toneovenous shunt should be considered in eligible patients
are not candidates for multiple paracentesis, TIPS, or liver
transplantation.129 With increasing availability of LT, the
use of these surgical shunts is limited. Patients who survive
an episode of SBP should receive long-term antibiotic pro-
phylaxis (norfloxacin) and should be listed for early LT. Pa-
tients with AVB, should be managed with vasoconstrictors
like terlipressin or octreotide and specific endotherapy.
They should receive antibiotics to prevent SBP. NSBBs like
propranolol and carvedilol are useful for prophylaxis of var-
iceal bleeding. The role of discontinuation of NSBB in re-
fractory ascites or recurrent HRS is under debate. The
PREDESCI study used high doses of NSBB (either propran-
olol up to 160 mg twice daily) vs. placebo or carvedilol#25
mg per day in propranolol non-responders and showed
reduced risk of a new decompensation event in patients
with compensated cirrhosis and CSPH.85
1164 © 2022 Indian National Associa
The role of oral vitamin D supplementation has been
described in a recent trial wherein mean difference in
BMD at lumbar spine and left hip neck did not differ after
1 year of intervention, albeit with significant improvement
in vitamin D levels.130

Also, a Cochrane meta-analysis suggested a low level of
evidence regarding prevention of liver-related morbidity or
decompensation. The authors assessed the efficacy of
vitamin D vs. placebo or no intervention in 27 trials with
979 participants with a mean follow-up of 7 months and
showed reduced risk ratio (0.86, 95% CI 0.51 to 1.45) of
all-cause mortality). They concluded that ‘the effect of
vitamin D versus placebo or no intervention on liver-
related mortality (RR 1.62, 95% CI 0.08 to 34.66; 1 trial;
18 participants)’ was unclear and serious adverse events
such as hypercalcemia (RR 5.00, 95% CI 0.25 to 100.8; 1
trial; 76 participants); myocardial infarction (RR 0.75,
95% CI 0.08 to 6.81; 2 trials; 86 participants) and non-
serious adverse events could not be distinguished due to
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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inherent bias with very low certainty of evidence for all out-
comes. Trials on vitamin D supplementation have not re-
ported on liver-related morbidity such as AVB, HE, HRS,
ascites, or HCC. There were also no data on health-
related quality of life.131

Currently, nutritional interventions and exercise ther-
apy are underutilized as effective means of prolonging
life in cirrhosis (Table 4). As per the recent Japanese Society
of Hepatology guidelines in an Asian population,31 energy
intake is recommended as 25–35 kcal/kg (standard body
weight)/day in the absence of glucose intolerance, and pro-
tein requirements should be 1.0–1.5 g/kg/day (including
BCAA preparations) in the absence of protein intoler-
ance.132 Patients with BMI < 18.5 kg/m2 are at a high-
risk of protein-energy malnutrition or sarcopenia. Small
frequent meals divided as 4–7 meals per day improve
non-protein respiratory quotient.133 Regular nutritional
assessment, enhanced diet, and exercise in cirrhosis can
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
improve insulin resistance, hepatic steatosis, and liver
fibrosis.134 A recent meta-analysis suggested that coffee
consumption reduces liver fibrosis and risk of HCC or
mortality in cirrhosis.135,136 Kim et al. reported that statin
use was associated with 46% lower risk of hepatic decom-
pensation (4 studies; RR, 0.54; 95% CI, 0.46–0.62;
moderate-quality evidence), and 46% lower mortality (5
studies; RR, 0.54; 95% CI, 0.47–0.61; moderate-quality evi-
dence) in patients with cirrhosis.137 Statins are reported to
reduce portal pressure, improve endothelial dysfunction,
decrease fibrogenesis, ameliorate endotoxin-mediated liver
injury, reduce risk of ischemia reperfusion injury in liver
grafts, and protect from ACLF.138
Role of Palliative Therapies
Hospice and palliative care models share the same princi-
ples of providing supportive care and comfort to patients
2 | No. 4 | 1150–1174 1165
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Figure 6 Diagnostic criteria for end-of-life care with life expectancy #6 months in patients with cirrhosis.
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with advanced cirrhosis. The term hospice care is used to
describe a ‘model of palliative care that is offered to pa-
tients with a terminal illness, with an estimated life expec-
tancy of six months or less or when the curative therapy or
life prolonging interventions are no longer the focus of
treatment’. In contrast, palliative care models should be
offered to all patients with cirrhosis with complications,
concurrent with disease-specific treatments like antibi-
otics, albumin, NSBB, and endoscopic interventions.139

The clinical criteria for patients with advanced liver dis-
ease include the following:

� Advanced cirrhosis with one or more of the following
complications including refractory ascites, HE, HRS,
recurrent SBP, and recurrent variceal bleeding.

� Serum albumin <2.5 g/dL with prolonged INR or pro-
thrombin time.

� Advanced HCC.

As per current Medicare guidelines, patients are in the
terminal stage of liver disease i.e. life expectancy of #6
1166 © 2022 Indian National Associa
months if they meet the following criteria. Criteria 1 and
2, pertaining to coagulation defect and PH-related compli-
cations should be present while factors from criteria 3,
related to sarcopenia, frailty, alcoholism, and HCC, lend
supporting evidence for providing palliative care (Figure
3). Patients should be assessed for non-disease-specific
“Decline in clinical status” guidelines described in Figure
4 plus the applicable disease-specific guidelines pertaining
to cirrhosis will establish the necessary expectancy.140 It is
necessary to frame such concepts for use in the Indian
context (Figure 5).

Persons with cirrhosis can be considered eligible for
end-of-life care if a decline in clinical status has been
documented and the clinical worsening is considered
irreversible. The decline in clinical status guidelines
assess the progression of disease as documented by wors-
ening clinical status signs and symptoms and laboratory
results. Patients with cirrhosis can have intractable sys-
temic infections like pneumonia, systemic sepsis, pyelo-
nephritis, and so on. Weight loss should be
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 5 Principles of Management and Interventions as Palliative Care in Cirrhosis.

Domain Primary Management Additional therapy and dose
modifications

Supportive care

Ascites
Management21

Drugs that decrease systemic
blood pressure should be
discontinued including ACEIs, beta
blockers, ARBs, etc. NSAIDs can
reduce renal perfusion and should
be avoided.27

Midodrine is an oral vasopressor
and can improved diuretic response
by maintaining the mean arterial
pressure.
It is prescribed in a dose of 5–22.5
mg/day in 2–3 divided doses.
Combination of midodrine with
diuretics has been described.29,30

� Serial large vol-
ume paracente-
sis32,129

� Domiciliary albu-
min infusion

� Indwelling perito-
neal catheter

� Low flow ascitic
pump.33

Recurrent Hepatic
Encephalopathy

Precipitation of episodic HE by
dehydration, dyselectrolytemia and
overdiuresis can be avoided
Maintenance of nutritional therapy,
stool consistency and frequency by
patient education.

Assessment of decision-making
capacity of the patient.
Provision of adequate nutrition,
high value protein, exercise
program and cognition support.

Caregiver assistance

Pain Management136 Acetaminophen is the ‘safest’ drug.

� Tissue stores of glutathione are
reduced in patients with cirrhosis
or malnutrition.

� Therefore, risk of formation of the
toxic metabolite of acetamino-
phen (NAPQI) is increased

� Consumption of ethanol also re-
duces glutathione stores

� Half-life of acetaminophen is
prolonged by two times in
cirrhosis

Total daily dose of acetaminophen
should be restricted to less than 1 g
per day. Avoid frequent use or long
duration of therapy. Use of
acetaminophen should be avoided
in advanced cirrhosis with active
alcohol consumption malnutrition
or concomitant drug usage which
induce hepatic CYPs.
Aspirin should be avoided in
cirrhosis.
Selective COX-2 inhibitors should
also be avoided

Opioid analgesics155

Fentanyl:
Fentanyl is metabolized by CYP3A4
to inactive metabolites. Fentanyl
can accumulate in tissues after
repeat dosing or when administered
as a continuous infusion due to
protein binding.
It is used as analgesia in intensive
care practice

� Fentanyl is the best choice for
patients with cirrhosis where
opiate treatment is indicated.

� It is also useful in patients with
acute kidney injury

� Dose adjustment is not needed
for single dose of fentanyl.

� However, for repeated dosing
schedule the frequency and total
dose should be reduced by 25–
50%.

� Initiate transdermal fentanyl
patch at half usual dose

Tramadol:

� This opioid analoge is metabo-
lized to its active metabolite by
CYP3A4 and CYP2D6.

� However, there is unpredictable
onset of action, variable efficacy,
and possible accumulation of the
drug in cirrhosis.

� Avoid use in patients with
decompensated cirrhosis.

� Avoid use in patients at risk for
seizures.

� Based on limited experience, a
reduced dose of 25 mg every 8 h
may be considered for treatment
of pain in patients with advanced
CLD or well-compensated
cirrhosis.

(Continued on next page )
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Table 5 (Continued )

Domain Primary Management Additional therapy and dose
modifications

Supportive care

Management of
neuropathic pain156

Pregabalin:

� Pregabalin is excreted un-
changed in urine

� Its excretion is dependent on
renal function.

� It is not metabolized in the liver
nor is it bound to plasma proteins

� Adverse effect effects like seda-
tion and dizziness limits the use-
fulness in patients with advanced
cirrhosis or hepatic encephalop-
athy

Gabapentin

� Gabapentin is excreted un-
changed in the urine

� Its excretion is dependent on
renal function.

� Adverse effects include sedation,
ataxia, dizziness, and nausea
which limit the tolerance of this
drug in advanced cirrhosis

� Pregabalin should be initiated at
the dose of 50 mg twice daily and
gradually titrated over weeks.

� The efficacy of pregabalin is
noted only after two to three
weeks, due to delayed onset of
action in neuropathic pain.

� The maintenance dose is depen-
dent on renal function.

Gabapentin should be initiated at a
dose of 300 mg per day and
gradually titrated over weeks
Slow titration improves tolerability

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor II blockers; CLD, chronic liver disease; CYP, cytochrome
P450 enzyme; HE, Hepatic Encephalopathy; NSAIDs, non-steroidal anti-inflammatory drugs.
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documented as loss of at least 10% of body weight in the
past six months which is attributable to diabetes and has
been objectively assessed by decreasing anthropomorphic
measurements [midarm circumference, abdominal girth],
which is not caused by depression or use of diuretics. A
subjective observation of ill-fitting of clothes, decrease
in skin turgor, or other subjective observations of weight
loss contributes to the definition of a decline in clinical
status. Decreased serum albumin or cholesterol, poor
oral intake, self-imposed restriction of activity, dysphagia
leading to recurrent aspiration indicated by inadequate
protein calorie consumption indicate poor clinical status
in cirrhosis. Other symptoms that need to be assessed in
the palliative care model are dyspnea, increasing respira-
tory rate, intractable cough, nausea and vomiting, intrac-
table diarrhea, and need for requiring increasing doses of
analgesia to manage disease-related pain141 (Figure 5).

Health-related Quality of Life in Cirrhosis
One of the major implications in the way patients with
cirrhosis manage their clinical disease is the changes in
their ability to remain working earningmembers of society,
their state of physical, mental, and social wellbeing and the
impact the disease has on the caregivers.142 The social and
economic impact of cirrhosis and its complications should
be factored into any clinical decision-making with the pub-
lic health burden of disease. Clinicians should be trained to
1168 © 2022 Indian National Associa
assess HRQoL outcomes in cirrhosis and need to be aware
of patients' preferences for care, especially for end-of-life
approaches (Figure 6).

The Study to Understand Prognoses and Preferences for
Outcomes and Risks of Treatments (SUPPORT) reported
that patients with decompensated cirrhosis report moder-
ate to high pain scores that are like persons living with can-
cer.143

Most patients in this study expressed a preference for
dying rather than living in a coma or on prolonged life sup-
port. Studies from India have also confirmed the impact of
cirrhosis on patient reported outcomes such as pain, social
and mental health, vitality, and functional decline with
time.144,145 Table 5 lists the interventions used in palliative
care in decompensated cirrhosis.

The significant mortality while on transplant listing,
suggested that waitlisted patients suffer from physical
and psychological decline. More data are required from
an Indian caregiver and self-financed setting rather
than Western populations where most transplant pro-
grammes are on health insurance basis. Many patients
remain in the transplant purgatory, with insufficient
MELD to be listed for an organ, but too sick for a func-
tional life.146

Nath et al. have performed a systematic review on the
treatment on muscle cramps in cirrhosis. Fatigue may be
defined as any transient exercise-induced decrease in
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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muscular force or power output, with or without task
failure, that is best understood across three axes i.e., mo-
tor, cognitive, and affective.147 The symptom of fatigue
was traditionally described with autoimmune liver dis-
ease and primary biliary cholangitis but is now reported
as cardinal features of alcohol-associated liver disease,
chronic viral hepatitis, drug induced liver injury, and
NAFLD. Patient-reported outcomes should be part of
outcomes assessment in cirrhosis.148 Experimental ther-
apies like stem cell infusions, have yet to find wide clin-
ical application.149 Use of interventions like norfloxacin
and rifaximin to reduce bacterial translocation and
reduce risk of sepsis have been reported in the Indian
context.150 Recently, the use of obeticholic acid is dis-
eases other than NAFLD has been described.151 Lastly
novel strategies for sarcopenia and frailty require more
research to improve patient outcomes and quality of
life.152

In conclusion, patients with cirrhosis have progressive
disease and suffer from multiple complications like asci-
tes, HE, variceal bleeding, hepatorenal syndrome,
cirrhotic cardiomyopathy, pulmonary syndromes, sarco-
penia, frailty, and HCC. The prevention, early diagnosis,
treatment, and palliation of these complications are
essential in comprehensive clinical care plans. The incor-
poration of patient-reported outcomes, quality of life
assessment and patient driven management algorithms
are the need of the hour. Importantly, access to special-
ized care like locoregional therapy, liver transplantation,
advanced imaging and endoscopy, public health pro-
grammes for viral hepatitis, alcohol use reduction,
obesity, and non-communicable disease policy frame-
works can improve disease outcomes in cirrhosis. The
improved understanding of pathophysiological mecha-
nisms, availability of breakthrough drugs, like DAAs,
HCC immunotherapy, and so on, generic treatments
and low-cost nutritional interventions can change the
natural history of disease. Lastly, understanding palliative
care and end-of-life care options can improve patient
centric management options.
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