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DESCRIPTION

Cirrhosis represents the final common pathway of chronic
liver disease and is characterized by diffuse fibrosis,
architectural distortion and progressive loss of hepatic
function. While compensated cirrhosis may remain clinically
silent for years, the transition to decompensated cirrhosis
marks a critical turning point associated with ascites, variceal
bleeding, hepatic encephalopathy and jaundice. This
transition is driven by complex pathophysiological changes
involving portal hypertension, systemic inflammation,
immune  dysfunction and circulatory derangements.
Identifying reliable biomarkers of cirrhosis decompensation
has therefore become a major focus of hepatology research,
as such markers can improve early detection, risk
stratification, prognostication and therapeutic decision
making.

Biomarkers of decompensation can be broadly understood as
measurable indicators reflecting hepatic functional reserve,
portal pressure, inflammation and organ crosstalk. Traditional
laboratory parameters such as serum bilirubin, albumin and
prothrombin time remain central to clinical assessment
because they directly reflect hepatocellular synthetic and
excretory capacity. Rising bilirubin levels indicate impaired
bile excretion and hepatocyte dysfunction, often preceding
clinical jaundice. Hypoalbuminemia reflects reduced synthetic
function and contributes to circulatory dysfunction and
ascites formation. Prolonged prothrombin time or elevated
international normalized ratio signals impaired synthesis of
clotting factors and is closely associated with poor outcomes.

Portal hypertension is a key driver of decompensation and
biomarkers related to this process have gained increasing
attention. Thrombocytopenia is an early and indirect marker

of portal hypertension, resulting from splenic sequestration
and reduced thrombopoietin production. Elevated levels of
von factor reflect endothelial dysfunction and increased
portal pressure and have been shown to correlate with the
presence of clinically significant portal hypertension and risk
of variceal bleeding. Serum sodium concentration is another
important indicator, as hyponatremia reflects advanced
circulatory dysfunction and activation of neurohormonal
systems and is strongly associated with ascites, hepatorenal
syndrome and mortality.

Systemic inflammation plays a central role in the progression
from compensated to decompensated cirrhosis. Bacterial
translocation from the gut and impaired immune surveillance
lead to persistent immune activation. Biomarkers such as
reactive protein and procalcitonin, although nonspecific, can
indicate heightened inflammatory activity and are particularly
useful  in identifying  infections that precipitate
decompensation. Elevated cytokines including interleukin six
and tumor necrosis factor alpha have been associated with
worsening liver function, circulatory failure and acute on
chronic liver failure. These inflammatory mediators contribute
to vasodilation, myocardial dysfunction and metabolic
disturbances that accelerate clinical deterioration.

Markers of hepatocyte injury and cell death also provide
insight into disease progression. Serum aminotransferases are
often only modestly elevated in advanced cirrhosis, limiting
their prognostic value. In contrast, newer biomarkers such as
cytokeratin eighteen fragments reflect apoptosis and necrosis
of hepatocytes and have shown promise in predicting
decompensation and short term mortality. Similarly, elevated
serum ferritin may indicate ongoing inflammation and
oxidative stress, both of which are linked to disease severity.
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Renal dysfunction is a major determinant of prognosis in
decompensated cirrhosis and biomarkers reflecting kidney
injury are increasingly relevant. Serum creatinine remains a
core component of prognostic models, but it has limitations
due to reduced muscle mass in cirrhotic patients. Novel
markers such as cystatin C and neutrophil gelatinase
associated lipocalin may offer earlier and more accurate
detection of renal impairment, particularly in the context of
hepatorenal syndrome. Their integration into clinical practice
could improve risk assessment and guide timely intervention.

Recent advances in metabolomics and proteomics have
opened new avenues for biomarker discovery. Alterations in
amino acid profiles, bile acids and lipid metabolites reflect

profound metabolic reprogramming in decompensated
cirrhosis. Increased aromatic amino acids and reduced
branched chain amino acids are linked to hepatic

encephalopathy and muscle wasting. Changes in bile acid
composition not only signal impaired hepatic clearance but
also contribute to inflammation and gut barrier dysfunction.
Proteomic studies have identified panels of circulating
proteins related to coagulation, inflammation and
extracellular matrix remodelling that may predict
decompensation before overt clinical events occur.

Despite these advances, no single biomarker can fully capture
the complexity of cirrhosis decompensation. The most
effective approach lies in combining multiple biomarkers that
reflect different pathophysiological domains. Composite
scores and dynamic monitoring over time are particularly
valuable, as decompensation is a process rather than a single
event. Incorporating novel biomarkers into existing clinical
frameworks may enhance prognostic accuracy and support
personalized management strategies.

In  conclusion, biomarkers of cirrhosis decompensation
provide critical insights into the transition from stable chronic
liver disease to a life threatening condition. Traditional
laboratory markers remain essential, but emerging indicators
of portal hypertension, inflammation, cell death and organ
dysfunction are expanding the diagnostic and prognostic
landscape. Continued research and validation are needed to
integrate these biomarkers into routine practice, with the
ultimate goal of enabling earlier intervention, improving
patient outcomes and guiding timely referral for advanced
therapies including liver transplantation.
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