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Abstract

Liver cirrhosis is the end stage of chronic liver disease, characterized by progressive fibrosis, architectural distortion, and
impaired hepatic function. It arises from diverse etiologies including viral hepatitis, alcohol-associated liver disease, non-
alcoholic fatty liver disease, autoimmune hepatitis, and cholestatic disorders. Complications such as portal hypertension,
hepatic encephalopathy, ascites, and hepatocellular carcinoma significantly impact morbidity and mortality, particularly in
decompensated stages. Early identification and etiology-specific treatment, including antiviral therapy, alcohol cessation,
and metabolic management, are essential to slow progression. Multidisciplinary care, nutritional optimization, infection
prophylaxis, and regular surveillance for hepatocellular carcinoma are key components of effective management. Liver
transplantation remains the definitive therapy for selected patients with advanced disease. As global prevalence increases,
there is an urgent need for integrated care models, improved access to treatment, and innovations in antifibrotic therapies.
This review highlights current strategies and future directions in the comprehensive management of liver cirrhosis.
Keywords: Liver Cirrhosis, Liver Failure, Chronic, Portal Hypertension, Hepatocellular Carcinoma, Multidisciplinary
Care Team.
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The disease process is driven by chronic
hepatocyte injury, inflammation, and activation of
hepatic stellate cells, which stimulate fibrosis. This
cascade involves complex molecular and immune
pathways, presenting opportunities for targeted
antifibrotic therapies [7]. Non-invasive tools like
transient elastography and serum fibrosis markers have
transformed the diagnosis and monitoring of liver
fibrosis, reducing the need for liver biopsy [8].

INTRODUCTION

Liver cirrhosis is the final stage of chronic liver
injury, marked by progressive fibrosis, architectural
distortion, and regenerative nodule formation. It is a
significant global health concern, ranking as the 11th
leading cause of death and responsible for approximately
2 million deaths annually [1, 2]. Causes include chronic
hepatitis B and C, alcohol-related liver disease, and
increasingly, non-alcoholic fatty liver disease (NAFLD),

which is now a leading contributor worldwide [3, 4]. Despite improvements in managing underlying

. L e liver diseases and complications, cirrhosis remains a
Cirrhosis is classified into compensated and

decompensated stages. In the compensated stage, liver
function is preserved and symptoms may be minimal.
Decompensated cirrhosis, however, presents with
complications such as ascites, variceal bleeding, hepatic
encephalopathy, and jaundice, and is associated with a
median survival of wunder two years without
transplantation [5, 6].

progressive and often fatal condition. Optimal care
requires a multidisciplinary approach involving
hepatologists, nutritionists, addiction specialists, and
transplant teams. This coordinated strategy is essential to
address the complexities of cirrhosis and improve patient
outcomes. Ongoing research continues to explore new
diagnostic markers and therapeutic targets, with the aim
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of slowing disease progression and enhancing long-term
survival.

Alcohol-Associated Liver Cirrhosis
Alcohol-associated liver cirrhosis (ALC)
remains a major global health issue, contributing to about
25% of all cirrhosis-related deaths in 2019. The global
age-standardized death rate (ASDR) was 4.5 per
100,000, highest in Africa and lowest in the Western
Pacific. While ASDR for alcohol-related cirrhosis has
declined slightly, deaths from alcohol-related liver
cancer are increasing. Without effective intervention,
cirrhosis- and cancer-related deaths due to alcohol are
expected to rise, especially among men [9, 10].

Pathogenesis

ALC develops through hepatocyte injury,
inflammation, and fibrosis. Ethanol is primarily
metabolized in the liver, producing acetaldehyde—a
toxic compound that damages cell and promotes
oxidative stress. This process generates reactive oxygen
species (ROS), disrupts mitochondria, and depletes
antioxidants. Damaged cells activate Kupffer cells (liver
macrophages), which release inflammatory cytokines
like TNF-o0, recruiting immune cells and worsening
injury. These signals also activate hepatic stellate cells,
which deposit extracellular matrix proteins, especially
collagen, leading to fibrosis and structural distortion [11-
14].

Integrated Management Approach

Early alcohol abstinence can reverse hepatic
steatosis and slow disease  progression. A
multidisciplinary, integrated care model (ICM)
involving  hepatologists, addiction  psychiatrists,
counselors, nurses, and social workers has proven
effective in managing both alcohol use disorder (AUD)
and ALC. However, barriers such as stigma, training
gaps, and healthcare disparities hinder widespread
implementation.

Nutritional Support

Nutritional  therapy is essential, with
recommendations of 1.2-1.5 g protein/kg/day and 35
kcal/kg/day. Nighttime feeding has shown benefits in
cirrhosis, and biomarkers like myostatin (high in severe
disease) and decorin (low in severe disease) correlate
with muscle loss and poor outcomes. Combining decorin
levels with MELD scores improves mortality prediction
[15].

A personalized, holistic strategy that integrates
medical, psychological, and nutritional support is critical
for improving outcomes in patients with advanced
alcohol-associated cirrhosis.

Non-Alcoholic  Fatty Liver Disease and Its
Progression to Liver Cirrhosis

NAFLD is the most prevalent chronic liver
disease globally, affecting 25-30% of the population

[16]. It includes a spectrum from simple steatosis to non-
alcoholic steatohepatitis (NASH), the latter involving
liver inflammation and damage that can lead to fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC), even
without alcohol consumption [8].

Pathogenesis and Progression

NAFLD is driven by insulin resistance,
oxidative stress, adipose dysfunction, and chronic
inflammation. It is closely linked with obesity, type 2
diabetes, and metabolic syndrome [17]. While many
with steatosis remain stable, about 20% develop NASH,
and of those, up to 25% may progress to cirrhosis [18].
NAFLD-related cirrhosis is often silent until
complications such as ascites, encephalopathy, or
variceal bleeding occur. HCC can also develop without
cirrhosis, especially in NASH patients.

Epidemiology and Burden

As obesity and diabetes rise, so does NAFLD.
It is now the second leading cause of liver transplant in
the U.S. and is expected to become the first. NAFLD is
also a growing cause of HCC, often diagnosed late due
to its silent progression [18].

Diagnosis and Risk Stratification

Although biopsy remains the gold standard,
non-invasive tools like FIB-4, NAFLD Fibrosis Score,
and FibroScan are commonly used to assess fibrosis and
guide referrals [8]. HCC surveillance with ultrasound +
AFP every six months is recommended for cirrhotic
patients.

Management

Lifestyle change, especially 7-10% weight
loss, is key for improving liver health. A Mediterranean
diet and regular exercise are advised. No approved drugs
exist, but pioglitazone and GLP-1 receptor agonists (e.g.,
semaglutide) show promise. For advanced disease,
standard cirrhosis care and liver transplantation may be
necessary. A multidisciplinary approach and early
detection in high-risk populations are essential to reduce
NAFLD-related complications.

Viral Hepatitis and Its Progression to Liver Cirrhosis

Hepatitis B (HBV) and hepatitis C (HCV)
remain major causes of chronic liver disease, cirrhosis,
and hepatocellular carcinoma (HCC) worldwide. Over
296 million people live with chronic HBV and 58 million
with chronic HCV [19]. Persistent infection triggers
inflammation and fibrosis, leading to progressive liver
damage [20].

HBYV is a DNA virus capable of integrating into
the host genome, often establishing chronic infection
when acquired early in life. Chronic HBV causes
immune-mediated liver injury, driving fibrosis and
cirrhosis. Without treatment, 15-40% of chronic HBV
patients may develop cirrhosis, particularly those with
high viral loads and liver inflammation [21]. While
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antivirals suppress HBV replication and slow disease
progression, cirrhosis and HCC remain prevalent in
endemic areas.

HCV, an RNA virus, becomes chronic in 75—
85% of cases post-infection. Ongoing hepatic
inflammation and stellate cell activation lead to fibrosis.
Around 20-30% of chronic HCV patients develop
cirrhosis within two decades, with risk factors including
HIV co-infection, alcohol, male sex, metabolic
syndrome, and older age at infection (Thomas, 2019).
The introduction of direct-acting antivirals (DAAS) has
transformed HCV management, achieving cure rates
over 95% and significantly reducing liver-related
complications [22].

HDV, which co-infects or superinfects HBV
patients, accelerates liver damage and increases the risk
of cirrhosis and HCC [23]. HEV, typically self-limiting,
can become chronic and cause cirrhosis in
immunocompromised individuals.

Cirrhosis develops gradually through fibrosis,
septa formation, and regenerative nodules. This process
is often silent until complications arise [6]. While liver
biopsy is the diagnostic gold standard, non-invasive tools
like FibroScan, APRI, and FIB-4 are commonly used [8].

Despite treatment, cirrhotic patients remain at
lifelong risk for HCC. Global strategies—vaccination,
early diagnosis, treatment access, and harm reduction—
aim to eliminate HBV and HCV as public health threats
by 2030.

Primary Sclerosing Cholangitis and Its Progression
to Liver Cirrhosis

PSC is a chronic, progressive liver disorder
marked by inflammation and fibrosis of the intrahepatic
and/or extrahepatic bile ducts. This leads to cholestasis,
biliary cirrhosis, and eventually end-stage liver disease.
Though its exact cause is unknown, PSC is believed to
have an immune-mediated origin, influenced by genetic
and environmental factors. Notably, 70-80% of PSC
patients also have inflammatory bowel disease (IBD),
particularly ulcerative colitis, indicating a gut-liver
connection [24].

The clinical course of PSC varies widely. Some
individuals remain stable for years, while others quickly
progress to cirrhosis and its complications. It often
presents subtly, discovered incidentally via abnormal
liver tests or imaging. Disease progression involves bile
duct obstruction and fibrosis, leading to hepatic damage
and architectural distortion. Histologically, periductal
"onion-skin" fibrosis may be observed but is not always
present [25].

PSC can range from asymptomatic to
decompensated cirrhosis. Median survival from
diagnosis to death or liver transplant is 12—18 years [26].

Complications like dominant strictures, recurrent
cholangitis, or cholangiocarcinoma—common in PSC—
can hasten progression.

Magnetic resonance cholangiopancreatography
(MRCP) is the preferred diagnostic tool, showing bile
duct narrowing and beading. Liver biopsy is reserved for
unclear cases or suspected overlap syndromes.

No approved medical cure  exists.
Ursodeoxycholic acid (UDCA) shows no survival
benefit at high doses and may be harmful [27]. Liver
transplant is the only effective treatment for end-stage
disease, though recurrence occurs in 10-30% of cases
[28]. Even in early stages, patients may suffer from
cholangitis,  fatigue, and  pruritus, requiring
multidisciplinary care. Ongoing research into the gut
microbiome, immune pathways, and bile acid regulation
offers promise for future therapies [29].

Primary Biliary Cholangitis and Its Progression to
Liver Cirrhosis

Primary biliary cholangitis (PBC) is an
autoimmune liver disease marked by the destruction of
intrahepatic bile ducts, primarily affecting middle-aged
women. This condition results in bile flow impairment,
cholestasis, hepatocellular damage, and potential fibrosis
or cirrhosis. The prevalence of PBC is estimated between
1.9 and 40.2 per 100,000 globally, with a significant
female predominance [30].

The diagnosis of PBC is often confirmed by the
presence of anti-mitochondrial antibodies (AMAS) and
elevated alkaline  phosphatase  (ALP) levels.
Histopathological examination reveals nonsuppurative
granulomatous cholangitis and accompanying periportal
inflammation and fibrosis [31].

PBC progresses through four histological
stages, from portal inflammation to cirrhosis, with
untreated patients having a 50% chance of progressing to
cirrhosis within 15-20 years. Symptoms such as pruritus
and fatigue may appear before the onset of complications
like portal hypertension and HCC [32, 33].

Ursodeoxycholic acid (UDCA) is the primary
therapeutic agent for PBC, improving clinical outcomes
and delaying disease progression when administered
early. However, 30-40% of patients do not respond
adequately to UDCA, necessitating second-line
treatments like obeticholic acid and fibrates to manage
cholestasis [30-35].

Cirrhosis progression in PBC entails significant
health risks, prompting the development of prognostic
models like the GLOBE and UK-PBC risk scores for
predicting patient outcomes. For those with severe
cirrhosis or significant symptoms, liver transplantation
provides a curative approach, achieving over 75% 10-
year survival rates [36, 37].

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 347



Ayisha Mohamed Hanifa et al, Saudi J Med Pharm Sci, Apr, 2025; 11(4): 345-353

Despite effective therapies, early diagnosis and
risk assessment are essential, as complications from
cirrhosis still affect many patients. Research focusing on
the immunopathogenesis of PBC is ongoing, potentially
leading to new therapeutic interventions to enhance
patient outcomes.

Autoimmune Hepatitis and Its Progression to Liver
Cirrhosis

Autoimmune hepatitis (AIH) is a chronic liver
disorder marked by immune-mediated inflammation,
interface hepatitis, autoantibodies, and elevated 1gG
levels. Its etiology is unclear but involves genetic and
environmental factors leading to immune tolerance
breakdown and autoimmunity [38].

AlH affects all demographics, predominantly
females, with a 3:1 female-to-male ratio. Clinical
manifestations vary from asymptomatic transaminase
elevation to severe hepatic failure, often diagnosed post
liver dysfunction or cirrhosis. Histologically, it features
interface hepatitis, plasma cell infiltration, and fibrosis
[39].

Untreated, AIH can lead to fibrosis and
cirrhosis within years, with 40% of patients showing
cirrhosis at diagnosis [40]. Progression risk correlates
with disease severity, diagnosis delay, and treatment
response, with persistent inflammation causing
hepatocyte necrosis and complications like cirrhosis,
portal hypertension, and hepatocellular carcinoma [41].

Immunosuppressive therapy is fundamental in
AIH management, markedly enhancing long-term
outcomes. First-line treatments include corticosteroids,
with azathioprine as needed, achieving remission in over
80% of cases if started early [42]. However, incomplete
responses or late-stage disease may lead to continued
progression despite treatment.

Cirrhosis development in AIH correlates with
poorer prognosis, with decompensated cirrhosis showing
lower transplant-free survival. Patients with cirrhosis
require vigilant monitoring for complications, and liver
transplantation is the definitive treatment in advanced
cases, yielding over 85% five-year survival, though graft
recurrence occurs in up to 30% [43].

Monitoring disease activity and fibrosis is
crucial throughout AIH progression. Non-invasive
markers like APRI, FIB-4, and transient elastography are
utilized to assess fibrosis without liver biopsies. Long-
term follow-up also includes monitoring treatment side
effects, remission assessment, and early cirrhosis
complication detection.

Despite advancements in diagnosis and therapy,
challenges persist in early detection and managing
atypical cases. Ongoing research into pathogenesis,
including regulatory T cells, HLA polymorphisms, and

gut-liver interactions, may identify new therapeutic
targets and enhance outcomes for at-risk patients.

Drug-Induced Liver Cirrhosis

Drug-induced liver injury (DILI) is a significant
contributor to acute liver failure and can lead to chronic
liver disease and cirrhosis when exposure to the
causative agent persists. Although most DILI cases
resolve after drug cessation, some may progress to drug-
induced liver cirrhosis, a rare yet severe complication
[44].

DILI may present as hepatocellular, cholestatic,
or mixed injury, classified into intrinsic (predictable) or
idiosyncratic (unpredictable) types [45]. Cirrhosis
typically develops from chronic DILI due to recurrent
hepatocyte damage, inflammation, and fibrogenesis.

Chronic liver injury with fibrotic progression
can be caused by various medications, including:
Methotrexate, commonly used in rheumatology and
oncology, has been linked to hepatic fibrosis and
cirrhosis, particularly in patients with metabolic risk
factors [46]. Amiodarone can induce phospholipidosis
and  mitochondrial  dysfunction,  resulting in
steatohepatitis and cirrhosis with prolonged use.
Isoniazid may lead to a hepatocellular injury pattern that
can occasionally progress to chronic hepatitis and
fibrosis. Leflunomide and nitrofurantoin, associated with
autoimmune-like hepatitis, can also result in cirrhosis if
not promptly identified and discontinued [47].

Histologically, drug-induced cirrhosis is
indistinguishable from cirrhosis of other origins,
characterized by bridging fibrosis, regenerative nodules,
and distorted liver architecture. Diagnosis relies on
thorough clinical history, exclusion of other causes, and
sometimes liver biopsy, with non-invasive assessments
like transient elastography and serum fibrosis markers
aiding in fibrotic detection.

Management of  drug-induced cirrhosis
involves stopping the offending drug, monitoring
progression, and providing supportive care. Established
cirrhosis patients require standard management for
complications such as portal hypertension, varices, and
hepatic encephalopathy, with liver transplantation
considered for decompensated cirrhosis, yielding
outcomes comparable to other causes [48].

Prevention is crucial through risk stratification,
liver function monitoring, and prompt identification of
hepatic adverse effects in at-risk individuals. The
advancement of predictive models and
pharmacogenomic screening tools may further improve
early detection and mitigate the impact of drug-induced
cirrhosis in clinical settings.
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Complications of Cirrhosis

Cirrhosis marks the final stage of chronic liver
disease, defined by extensive fibrosis, regenerative
nodules, and liver structural distortion. As liver function
deteriorates and intrahepatic pressure rises, life-
threatening complications may develop, broadly divided
into those related to portal hypertension and liver failure
[49].

Portal Hypertension and Complications

Portal hypertension, identified by a hepatic
venous pressure gradient over 5 mmHg, is a key factor
in cirrhosis complications. Pressures above 10-12
mmHg heighten the risk of decompensation [50].

e Variceal bleeding, affecting up to 30% of those
with esophageal varices, has high mortality,
especially in decompensated patients [51].

e  Ascites is the most common complication and a
sign of poor prognosis, with 1-year mortality
nearing 50% [52].

e Spontaneous bacterial peritonitis (SBP) occurs
in 10-30% of hospitalized cirrhotic patients and
requires urgent antibiotic treatment [53].

e Hepatic encephalopathy (HE) results from
ammonia buildup, leading to cognitive issues or
coma [54].

o Hepatorenal syndrome (HRS), particularly
HRS-AKI, reflects severe renal dysfunction
with poor outcomes [55].

Liver Failure-Related Effects
Declining liver function leads to:

e Coagulopathy, due to reduced clotting factor
production [56]

e Jaundice, hypoalbuminemia, and
hyponatremia, indicating worsening liver
function and circulatory imbalance [57]

e Hepatocellular carcinoma (HCC), requiring
regular surveillance [58]

Other Issues

Acute-on-chronic liver failure (ACLF) involves
rapid decompensation with multi-organ failure, often
triggered by infection or bleeding [59[. Cirrhosis also
raises risks for infections, malnutrition, sarcopenia,
osteoporosis, and hormonal imbalances, especially in
cholestatic diseases like PBC and PSC.

Effective Management of Liver Cirrhosis

Managing cirrhosis requires a comprehensive
approach focused on halting disease progression,
preventing complications, and enhancing survival. Since
cirrhosis can remain compensated for years, early
detection and intervention are crucial.

1. Treating the Underlying Cause

Addressing the root cause is key. Antivirals
such as DAAs for hepatitis C and entecavir or tenofovir
for hepatitis B improve liver outcomes and reduce
complications [60]. In ALD, sustained alcohol

abstinence, along with  psychosocial support,
significantly improves survival [61]. For NAFLD-
related cirrhosis, lifestyle changes, weight loss, and
cardiovascular risk management are essential.
Autoimmune liver diseases are managed with
immunosuppressants or bile acid therapy [30].

2. Managing Complications

e Portal hypertension: Use non-selective beta-
blockers or EVL to prevent variceal bleeding.

e Ascites: Managed through sodium restriction,
diuretics, and paracentesis; TIPS may be needed in
refractory cases [38].

e SBP: Treated with antibiotics and albumin;
prophylaxis in high-risk patients is recommended
[62].

e HE: Lactulose and rifaximin are standard, with
attention to triggers [63].

¢ HRS: Managed with vasoconstrictors and albumin;
TIPS or transplant may be needed [52].

2. Nutrition and Supportive Care

Addressing malnutrition with high-protein,
calorie-rich diets and late-night snacks is vital. BCAAs
may help in select cases [53].

3. HCC Surveillance
Biannual ultrasound + AFP is advised for early
cancer detection [56].

4. Preventive Care

Vaccinations (HAV, HBV, influenza,
pneumococcus, COVID-19) and education on avoiding
hepatotoxic drugs are essential [49].

5. Liver Transplantation
Indicated in advanced cases (MELD >15), with
high success rates post-transplant [64].

6. Multidisciplinary Care
A coordinated team approach improves
outcomes, especially in complex cases [65].

CONCLUSION

Liver cirrhosis is a critical, irreversible chronic
liver disease with various causes and significant health
implications. Its progression to advanced stages
increases morbidity and mortality due to complications
like portal hypertension and hepatocellular carcinoma.
Effective cirrhosis management relies on early detection,
removal of causes, and preventive measures against
complications. Key strategies include antiviral
treatment, alcohol cessation, and metabolic disease
management, alongside multidisciplinary approaches to
enhance patient outcomes. Innovative strategies,
including integrated care and precision medicine,
promise personalized treatment options, especially for
patients with coexisting conditions. Nevertheless, access
to liver transplantation remains limited, highlighting the
necessity for improved health system preparedness. As
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our

comprehension of cirrhosis advances, future

initiatives should focus on early intervention, health
equity, and novel therapies to reverse fibrosis and
enhance patient quality of life.
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