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Abstract

Liver cirrhosis poses major challenges for both individual health and global healthcare
systems. Recent studies have challenged the traditional and predictable linear course of
cirrhosis, demonstrating marked heterogeneity in the patterns of the first decompensating
events. This review presents an updated epidemiology of cirrhosis and its main causes,
outlines an overview of the clinical features, and explores the evolving concepts of the
spectrum of decompensation. It further delineates recent advancements in the diagnosis,
prognostic scoring, and management of decompensated cirrhosis and the subsequent
clinically challenging complications of portal hypertension. Emerging innovations in non-
invasive imaging, diagnostic serum biomarkers, and etiology-specific therapies, together
with the development of novel liver support systems, underscore a paradigm shift toward a
multimodal approach for cirrhosis care. Furthermore, the integration of precision medicine
into clinical practice holds promise for reshaping the future of liver cirrhosis management
in the coming decades.

Keywords: acute decompensation; concepts; portal hypertension; fibrosis; biomarkers;
non-invasive diagnostics; prognostic; scores; management; clinical outcomes

1. Liver Cirrhosis—Causes, Pathogenesis, Diagnosis, Natural History,
Clinical Complications, and Prognostic Scores

Liver disease and its sequelae, such as liver cirrhosis, liver failure, and hepatocellular
carcinoma (HCC), continue to pose a significant global public health problem, causing
over two million deaths annually. This represents one in every 25 deaths [1], with liver
cirrhosis remaining the predominant contributor to liver-related mortality globally [1–3].
Cirrhosis, first described by Hippocrates in the fifth century BCE, is the result of several
etiologies causing chronic necroinflammation, followed by diffuse hepatic fibrosis [4,5].
Histologically, it is characterized by the disruption of the normal hepatic architecture,
replaced by widespread nodular regeneration surrounded by fibrous dense septa with
ensuing parenchymal extinction and distortion of hepatic architecture, collectively leading
to pronounced distortion of the hepatic vascular architecture. Subsequently, this collapse
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leads to elevated resistance to portal blood flow and, therefore, to hepatic failure and
portal hypertension. Although chronic liver inflammation does not invariably culminate
in cirrhosis, when it does, the interval to progression can span from weeks to several
decades [6].

Traditionally, cirrhosis has been dichotomized into a compensated and decompensated
stage. In its early stages, cirrhosis is typically compensated, with most patients remaining
asymptomatic [7]. The initial asymptomatic phase of cirrhosis is typically followed by a
relatively brief symptomatic period, which may last for several months to a few years.
The symptomatic (initial) phase—commonly designated as decompensated cirrhosis—is
characterized by the onset of multiple complications, which result in a substantial increase
of morbidity and mortality, resulting in frequent hospitalization, as well as impaired quality
of life of patients and caregivers alike [8,9]. Complications such as the first occurrence
of ascites, gastroesophageal variceal bleeding, hepatic encephalopathy (HE), or, in some
individuals, non-obstructive jaundice (increased bilirubin concentration) herald the onset
of decompensated cirrhosis. Acute decompensation (AD) of cirrhosis is often defined as the
acute development of gastrointestinal hemorrhage, ascites, HE, susceptibility to bacterial
and fungal infections, or any combination thereof, requiring hospitalization [10].

Decompensation represents a prognostic watershed, resulting in high short-term
mortality and a median survival of 2 years, compared to 12 years in the compensated
phase [11].

Relative to the general population, patients with compensated cirrhosis have a fivefold
increase in mortality risk, whereas those with decompensated cirrhosis exhibit a tenfold
increased risk [11,12]. Acute-on-chronic liver failure (ACLF) is the most severe form of acute
decompensation, characterized by organ failure, and is associated with high short-term
mortality [13]. In patients with decompensated cirrhosis, most deaths can be attributed to
hepatic and extrahepatic organ failure [6,14]. Conversely, during the compensated stage,
mortality is primarily associated with cardiovascular disease, renal disease, and malignant
conditions [6].

Although cirrhosis is associated with significant morbidity and mortality, it remains
under-recognized and garners less public awareness than other chronic conditions, in-
cluding heart failure, chronic kidney disease, diabetes mellitus, and chronic obstructive
pulmonary disease. This disparity can be attributed, in part, to the stigmatization surround-
ing cirrhosis and the perception that it is primarily a consequence of alcohol use [15,16].

1.1. Novel Concepts of Decompensation of Liver Cirrhosis

For decades, it has been widely accepted that the occurrence of clinical complications
related to portal hypertension and impairment of hepatic function, such as ascites, HE, jaun-
dice, and gastrointestinal bleeding, demarcates the transition from the compensated to the
decompensated stage of cirrhosis. This transition represents a stratification variable with a
deep negative impact on the prognosis of patients with cirrhosis [17]. However, this binary
concept has been widely challenged. Recent findings suggest that patients with AD are
quite heterogeneous, and the traditional definition of AD oversimplifies the clinical course
of the disease, which comprises various heterogeneous phenotypic–prognostic subgroups
(Figure 1) [18]. One of the most recent landmark studies is the CANONIC trial [19]. This
study identified a specific subgroup of patients with AD characterized by severe systemic
inflammation, organ failure, and mitochondrial dysfunction and proposed a redefinition
of AD as a clinical state that may predispose to the development of acute-on-chronic liver
failure (ACLF), in accordance with the EASL-CLIF criteria. Consequently, these novel
concepts placed emphasis on the acute nature and dynamics of the decompensated state
rather than on the nature of the decompensating event itself. AD was later reaffirmed in the
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PREDICT and ACLARA studies [10,20]. The heterogeneity of the AD definition remains a
heated doctrinal debate in hepatology. The novel element of this debate is the focus on the
significance of the pathway by which decompensation takes place and the rate of complica-
tion onset. Recently, experts have proposed distinctive trajectories of decompensation, such
as non-acute decompensation (NAD) and AD, mainly by shifting the emphasis to the con-
texts precipitating the first episode of decompensation and the heterogeneous presentation
patterns in decompensated cirrhosis [18]. A recent study by Verma et al. has elucidated
that NAD is clinically, prognostically, and pathophysiologically distinct from compensated
cirrhosis and AD [21]. NADs have a 12-month mortality rate of 18.3% when compared
with a mortality rate of 68.8% in those with AD. NAD, who demonstrated similar markers
of systemic inflammation with compensated cirrhosis and lower than those observed in
AD. Furthermore, NAD exhibits both apoptotic and non-apoptotic cell death, with levels
significantly higher than those observed in compensated cirrhosis and markedly lower than
in AD. Predictors of progression from NAD to AD include severe ascites, elevated bilirubin,
Gasdermin D, and receptor-interacting serine/threonine protein kinase 3, along with low
insulin-like growth factor-1. Effective management of AD or prophylactic therapies to
prevent progression from NAD to AD can result in clinical stabilization and, in some cases,
may even lead to recompensation and reversal of ACLF.

Figure 1. The clinical course of cirrhosis does not follow a predictable trajectory. For decades, it has
been widely accepted that the onset of complications related to portal hypertension and impaired liver
function delineates the transition from compensated to decompensated cirrhosis, serving as a pivotal
pathophysiological and prognostic milestone. Recently, this oversimplified binary concept has been
widely challenged, with the emphasis on the distinctive pathways and phenotypes of decompensation
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as non-acute decompensation and acute decompensation. Patients with non-acute decompensation
typically lack significant systemic inflammation but demonstrate elevated biomarkers of cell death.
Prognostically, non-acute decompensation is associated with poorer survival than compensated
cirrhosis, yet outcomes are more favorable compared to acute decompensation. Severe ascites, high
bilirubin, GasD, RIPK3, and low IGF-1 predict progression to acute decompensation in patients with
non-acute decompensation. Abbreviations: ACLF: acute-on-chronic liver failure; GasD: gasdermin D;
IGF-1: insulin-like growth factor-1; RIPK3: receptor-interacting serine/threonine protein kinase 3;
OLT: orthotopic liver transplantation.

1.2. Causes of Cirrhosis

The etiological factors of cirrhosis can be found in Table 1. The presence of multiple
causative factors in a single patient can accelerate the progression to cirrhosis. In addition,
the underlying etiology may impact the comorbidities associated with cirrhosis. For
instance, metabolic syndrome is more common in patients with MASLD. Patients with
cryptogenic cirrhosis typically have evidence of more active fibrosis and a higher risk of
liver-related clinical events, while having similar demographics to the MASH spectrum.

Table 1. Aetiology of liver cirrhosis.

1. Alcohol-related liver disease

2. Metabolic and genetic
MASLD
Haemochromatosis
Wilson’s disease
al-antitryp sin deficiency
Cystic fibrosis
Progressive familial intrahepatic cholestasis
Lysosomal acid lipase deficiency
Tyrosinemia type 1
Type IV glycogen storage disease
3. Auto-immune
Autoimmune hepatitis
Primary biliary cholangitis

4. Biliary
Biliary atresia (paediatrics patients)
Biliary strictures
Primary sclerosing cholangitis

5. Vascular
Budd-Chiari syndrome
Veno-occlusive disease
Fontan-associated liver disease
Cardiac cirrhosis/Right sided heart failure

6. Drugs and toxins (long tenn use)
Methotrexate
Isoniazid
Amiodarone
Methyldopa
Vitamin A
Allopurinol
Valproic Acid
Vinyl chloride
Aflatoxin
Herbs like kava and comfrey

7. Cryptogenic cirrhosis

8. Infections
Viral hepatitis B
Viral hepatitis C
Viral hepatitis D (typically superimposed on hepatitis B infection)
Schistosomiasis



Livers 2025, 5, 28 5 of 53

1.3. Burden of Liver Cirrhosis

Annually, liver disease accounts for approximately two million deaths globally—
about one million from cirrhosis and one million from HCC and viral hepatitis. Females
account for approximately one-third of all liver-related deaths [1]. The estimated mortality
associated with cirrhosis worldwide is 1,472,000 in 2019 [22].

As of 2023, cirrhosis ranks as the tenth leading cause of mortality in Africa, ninth in
both Southeast Asia and Europe, fifth in the Eastern Mediterranean region, and twelfth
in North America [1]. In Australia, cirrhosis and other liver diseases ranked as the 20th
leading cause of death according to the Australian Bureau of Statistics in 2023 [23].

The impact of cirrhosis varies significantly across different populations, including
geographic regions, genders, races and ethnicities, and socioeconomic strata. Moreover, the
burden of cirrhosis has evolved considerably over time [2,22,24]. Cirrhosis prevalence is
difficult to assess and is possibly underestimated because the initial stages are asymptomatic
and the disorder is often undiagnosed. The global age-standardized death rate in 2019
was 18 deaths per 100,000 population [22]. The estimated ASDR varies substantially across
countries, ranging from 3.3 deaths per 100,000 population in Singapore to 126.7 per 100,000
in Egypt, as reported in 2019 [25].

Liver cirrhosis ranks as the 15th most common cause of death globally, contributing
significantly to mortalities and disability-adjusted life years (DALYs) [26]. Cirrhosis ranks
as the seventh leading cause of DALYs among individuals aged 50–74, the twelfth among
those aged 25–49, and the fifteenth across all age groups [22].

Age-standardized cirrhosis deaths peak in Eastern Sub-Saharan Africa, reflecting the
region’s high hepatitis B and C prevalence (44.15 [38.47–51.91] per 100,000 population) and
are the lowest in Australasia (5.48 [5.05–5.93] deaths per 100,000 population in 2019) [27].
According to the WHO, viral hepatitis accounted for approximately 1.3 million deaths in
2024, a toll comparable to tuberculosis and malaria combined [28,29].

Expanded HBV vaccination programs and enhanced access to efficacious antivirals
contributed to the reduction in global age-standardized mortality rates associated with
HBV-induced cirrhosis [30,31]. Likewise, the advent of safe and effective DAAs in 2015
has marked a paradigm shift in HCV treatment. However, the full extent of the impact of
direct-acting antivirals (DAAs) on the global prevalence of HCV-related cirrhosis remains
to be fully elucidated [32,33].

Globally, 2.3 billion people are active drinkers of alcohol [34–36]. Total alcohol per
capita consumption in the world’s population over 15 years of age rose from 5.5 liters of
pure alcohol in 2005 to 6.4 liters in 2016 [34]. Alcohol is now the leading global cause of
cirrhosis, where 60% of cases in high-income regions such as Europe, North America, and
Latin America can be attributed to alcohol [37,38]. Approximately one-third of patients
with alcohol use disorder (AUD) will develop ALD [38]. Of note, AUD is reported to
be more prevalent in high-income countries, while it is likely underdiagnosed and un-
derreported in low-income countries [34]. ALD can co-exist with other causes of liver
disease, including viral hepatitis and metabolic dysfunction-associated steatotic liver dis-
ease (MASLD). MASLD, also known as metabolic-associated fatty liver disease (MAFLD),
and formerly known as non-alcoholic fatty liver disease (NAFLD), is the second leading
cause of end-stage liver disease, impacting a quarter of the world’s population [39,40].
It also ranks as the second most common cause for liver transplantation overall and is
the leading cause among females [1]. However, the prevalence of MASLD around the
world varies widely due to numerous differences in ethnicity, geographic regions, genetic
factors, and lifestyle factors [41]. Worldwide, the percentage of total deaths from all causes
attributable to MASLD has increased from (0.8–0.14%) to 0.17% (0.13–0.23%) [1].
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In 2022, approximately 2.5 billion adults globally were overweight, and 537 million
were living with diabetes—populations that are all at increased risk for MASLD [42,43].
Due to the global rise in metabolic risk factors and an aging population, it is anticipated that
the prevalence of MASLD will more than double between 2016 and 2030 [44]. Importantly,
metabolic risk factors among children and adolescents represent a significant and growing
threat to global health over the next decades [44]. The prevalence of overweight and obesity
among the Indigenous adult population in Australia is higher across all age groups, placing
them at greater risk of cardiometabolic conditions and fatty liver disease [45,46].

MASLD includes a spectrum of conditions ranging from isolated hepatic steato-
sis (metabolic dysfunction-associated steatotic liver, MASL) and metabolic dysfunction-
associated steatohepatitis (MASH) to more advanced stages such as fibrosis and cirrhosis.
In addition to MASLD, the category of steatotic liver disease (SLD) also encompasses
MASLD cases with moderate alcohol intake (MetALD), alcohol-related liver disease (ALD),
specific etiologies such as drug-induced liver injury (DILI) and monogenic disorders, and
cryptogenic SLD [47].

The prevalence of primary sclerosing cholangitis (PSC) and inflammatory bowel
disease (IBD) is notably higher in high-income, industrialized countries [48,49]. Conse-
quently, most epidemiological studies on PSC are predominantly derived from Western
nations. PSC is a risk factor for gallbladder, cholangiocarcinoma, and colorectal cancers,
contributing to premature death [50]. Overall, magnetic resonance cholangiopancreatogra-
phy (MRCP)–based studies estimate the prevalence of PSC among patients with IBD to be
approximately 8%. Notably, around 70% of all PSC cases are associated with underlying
IBD, with ulcerative colitis representing nearly 80% of these cases [49,51].

Like PSC, primary biliary cholangitis appears to be more common in the Western
population. The incidence rates of primary biliary cholangitis (PBC) vary from 0.33 to 5.8
cases per 100,000 population annually, while the prevalence rates range from 1.91 to 40.2
cases per 100,000 population [52].

Autoimmune hepatitis occurs in all races, ages, and ethnic groups [53]. Females are
more affected than males (4:1). Compared to age- and sex-matched controls, affected
patients have approximately a 1.5-fold higher risk of developing various malignancies,
including HCC, colorectal cancer, lymphoma, and non-melanoma skin cancers [54,55].

In 2017, an estimated 112 million patients worldwide were living with compensated
cirrhosis, while 10.6 million had progressed to decompensated cirrhosis [22]. Compared
to the general population, patients with compensated cirrhosis have a mortality risk ap-
proximately five times higher than that of the general population, whereas those with
decompensated cirrhosis have a tenfold increase in mortality risk [56]. The reported overall
survival rates for patients with compensated and decompensated cirrhosis are 87% versus
75% at one year and 67% versus 45% at five years, respectively [56].

Epidemiological data reveal an increasing prevalence of decompensated cirrhosis.
Prior studies have demonstrated that transition to decompensated cirrhosis from com-
pensated cirrhosis was at an annual rate ranging from 5% to 12%, but this rate varies by
the underlying disease etiology [11,57–59]. According to the Global Burden of Disease
(GBD) Study 2017, the global prevalence of decompensated cirrhosis rose from 5.2 million
in 1990 to 10.6 million in 2017. This increase was accompanied by an increase in the age-
standardized prevalence rate, from 110.6 to 132.5 per 100,000 population over the same
period. In 2017, the etiology of decompensated cirrhosis was attributed to the hepatitis B
virus (28%), hepatitis C virus (25%), alcohol-related liver disease (23%), non-alcoholic fatty
liver disease (9%), and other less common etiologies (16%) [22].

Acute-on-chronic liver failure (ACLF) is a frequent and serious complication among
hospitalized patients with liver cirrhosis, which constitutes the most severe clinical mani-
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festation of AD [13]. Over the past few decades, various definitions of ACLF have emerged
from different regions, including the European Association for the Study of the Liver—
Chronic Liver Failure (EASL-CLIF) criteria, the NASCELD definition in North America, and
the APASL criteria in East Asia. As a result, epidemiological data on ACLF are inconsistent
and challenging to compare [60]. A meta-analysis of 30 studies reported that the global
prevalence of ACLF—based on the EASL-CLIF criteria—among patients hospitalized for
decompensated cirrhosis is approximately 35% [61]. Alcohol-related liver disease was
identified as the leading underlying cause in 45% of ACLF cases worldwide. Additionally,
the global 90-day mortality rate for ACLF was estimated at 58% [61].

The Australia and New Zealand Liver Transplant Registry (ANZLTR) data highlight
important trends in the etiologies of chronic liver disease (CLD) leading to liver transplan-
tation (LT) [62,63]. Notably, the proportion of LT cases due to alcohol-related liver disease
has stabilized and has recently surpassed that for the hepatitis C virus (HCV), which has
declined significantly due to the introduction of direct-acting antivirals. Similarly, cases
of LT related to the hepatitis B virus (HBV) have also decreased, which is attributed to
improved antiviral therapies and universal neonatal vaccination programs in Australia. In
contrast, the incidence of LT for NAFLD has risen considerably, making it the third most
common cause of CLD requiring transplantation [62,63]. This trend is mirrored in the rising
cases of hepatocellular carcinoma (HCC) associated with MASLD, reflecting the broader
public health issues of obesity and metabolic syndrome in Australasia. The increase in
HCC cases underscores a significant shift in the landscape of liver disease in the region.

1.4. Pathophysiology of Liver Cirrhosis

The progression from chronic liver disease to cirrhosis involves a series of maladaptive
responses to chronic liver injury: inflammation, activation of hepatic stellate cells, and
subsequent fibrogenesis and angiogenesis, alongside parenchymal extinction lesions result-
ing from microthrombi and vascular occlusion [64–66]. This sequence of events leads to
significant microvascular changes in the liver, marked by sinusoidal remodeling, which
includes extracellular matrix deposition from proliferating activated hepatic stellate cells,
resulting in the loss of fenestrae, leading to the capillarization of hepatic sinusoids [67].
Moreover, this process promotes the formation of intrahepatic shunts, nodules of fibrosis,
and hepatic endothelial dysfunction.

These histological abnormalities associated with cirrhosis disrupt the hepatic angioar-
chitecture, resulting in increased resistance to portal blood flow, which is a primum movens
in the development of portal hypertension [68–71]. Moreover, disruption in the balance
between intrahepatic vasoconstrictors and vasodilators results in predominant vasocon-
striction, contributing to a dynamic, functional component of hepatic resistance that may
lead to rapid changes in portal pressure [72,73]. Nitric oxide is the most extensively studied
vasoactive agent in the context of hepatic endothelial dysfunction. In cirrhotic livers, sinu-
soidal endothelial cells exhibit impaired nitric oxide production, primarily due to decreased
activity of endothelial nitric oxide synthase. This reduction is attributed to insufficient pro-
tein kinase B-dependent phosphorylation, a lack of essential cofactors, elevated oxidative
stress leading to increased nitric oxide scavenging, and elevated levels of endogenous nitric
oxide inhibitors [74]. Acute events, such as infections, may further suppress nitric oxide
levels. This reduction in nitric oxide exacerbates hepatic resistance, thereby contributing to
elevated portal pressure [75]. Concomitantly, the production of vasoconstrictors—primarily
driven by androgenic stimulation and thromboxane A2—is elevated, alongside activation
of the renin–angiotensin system, antidiuretic hormone, and endothelin-1, all of which
contribute to a further restriction of sinusoidal blood flow.
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The initial elevation in portal pressure, driven by increased intrahepatic vascular
resistance, leads to circulatory disturbances, most notably the development of splanchnic
arterial vasodilation [75]. In contrast to what happens in hepatic circulation, the production
of nitric oxide by endothelial cells is amplified in splanchnic circulation as a result of vascu-
lar shear stress initially and later by disease exacerbation caused by bacterial translocation
and sustained inflammatory response typical for advanced cirrhosis [75–78]. Vasodilation
within the splanchnic capillaries and arterioles increases portal venous inflow. When com-
bined with elevated intrahepatic vascular resistance, this leads to a rise in portal pressure,
culminating in the development of portal hypertension. Since the splanchnic vascular
bed comprises about 25% of the total systemic vascular resistance, persistent splanchnic
vasodilation decreases the effective arterial blood volume, leading to systemic hypotension
and arterial underfilling. This, in turn, triggers the activation of neurohumoral vasocon-
strictor systems, including the renin–angiotensin–aldosterone system, the sympathetic
nervous system, and non-osmotic vasopressin secretion. These systems aim to counteract
vasodilation, leading to sodium and water retention and an increase in plasma volume, pre-
disposing patients to ascites, hyponatremia, kidney injury, infection, or hemorrhages [79].
Some of this excess plasma volume accumulates in the peritoneal cavity as ascites due to
portal hypertension. Increased sinusoidal pressure induces ascites from increased lymph
production, which extravasates into the peritoneum when the lymphatic drainage capacity
is exceeded. As cirrhosis progresses, vasodilation intensifies, and systemic blood pressure
continues to decline, with a maximal activation of vasoconstrictors. This cascade leads to
marked vasoconstriction within the renal circulation, which can progress to hepatorenal
syndrome, a form of acute kidney injury.

Systemic vasodilation can also contribute to pulmonary ventilation/perfusion mis-
match, which, in severe cases, may result in hepatopulmonary syndrome (HPS) with arterial
hypoxemia or portopulmonary hypertension due to increased pulmonary vasoconstriction.
The expansion of plasma volume increases cardiac output, contributing to a hyperdynamic
circulatory state [80]. This, combined with splanchnic vasodilation, augments portal ve-
nous inflow and exacerbates portal hypertension. The elevated portal pressure leads to
a reversal in blood flow and, subsequently, the dilation of existing collateral channels at
anatomical sites where the systemic and portal circulations intersect, such as the gastro-
esophageal junction, and activates angiogenesis, which facilitates the formation of new
collateral vessels, for which vascular endothelial growth factor (VEGF)-driven angiogenesis
plays an important role [66].The most clinically relevant portosystemic collaterals are gas-
troesophageal varices. Variceal bleeding occurs when the intravariceal pressure surpasses
the elastic capacity of the vessel wall. The risk of variceal bleeding is directly related to
increased wall tension, which is influenced by portal pressure, variceal diameter, and the
thinness of the variceal wall. Dilatation of the gastric mucosal vessels contributes to the
development of portal hypertensive gastropathy. Moreover, the presence of portosystemic
shunts, in conjunction with progressive hepatic dysfunction, plays a central role in the
pathogenesis of HE by declining the first-pass metabolism of orally administered drugs,
impairing endothelial function, and reducing the hepatic clearance of gut-derived ammo-
nia [81]. While the mechanisms are not fully understood, the presence of hepatic fibrosis
alongside liver injury from inflammation contributes to genetic and epigenetic alterations
that can lead to a progression into malignancy and the development of HCC.

Pathophysiological evidence has long delineated portal hypertension with splanchnic
and systemic vasodilation and a hyperdynamic circulatory state, as a central mechanism in
the development of AD [82,83]. Portal hypertension (PH) is defined as increased pressure
within the portal vein. It is due to a rise in the hepatic venous pressure gradient (HVPG) due
to increased intrahepatic vascular resistance and impaired hepatic sinusoidal circulation.
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PH, most frequently arising from CLD, is an important determinant of its disease course
and prognosis. Clinically significant portal hypertension (CSPH) is a major milestone in
the natural history of CLD. It is defined as an increase in HVPG to ≥10 mmHg. Above this
threshold, the complications of portal hypertension might emerge [84].

Recent findings have integrated the concept of systemic inflammation—evidenced
by the translocation of gut microbiota components, elevated oxidative stress levels, and
increased circulating pro-inflammatory cytokines and chemokines—into the classical
paradigms of AD [85–87]. The bidirectional interaction between the gut and liver highlights
the critical role of the gastrointestinal microbiome in the pathogenesis and progression of
chronic liver disease, as well as in triggering decompensation events [83,88,89]. Bile acids
and liver-derived antimicrobial peptides play a critical role in regulating and shaping the
composition and function of the gastrointestinal microbiota. Conversely, the portal vein
serves as the primary conduit for the transport of gut-derived metabolites and microbial
products to the liver. Among the principal etiological factors of chronic liver disease, alco-
hol consumption and dietary patterns not only induce direct local hepatic injury, triggering
the release of damage-associated molecular patterns (DAMPs), but also contribute to the
gut’s microbial dysbiosis and increased gut permeability. This disruption facilitates the
translocation of pathogen-associated molecular patterns (PAMPs) into the portal venous
circulation, further perpetuating hepatic inflammation. In end-stage liver disease, these
factors are often exacerbated by increased bacterial translocation and a diminished hepatic
capacity to clear microbial products [90]. Bacterial translocation is facilitated by delayed
intestinal transit, bacterial overgrowth, and increased gut permeability in the context of
altered gut microbiota function and composition [91–93].

A growing body of evidence has emerged suggesting that cirrhosis is associated with
alterations in gut microbiota composition, most notably marked by a loss of genetic diver-
sity, a decline in autochthonous species, and an overrepresentation of potentially pathogenic
and uncommon taxa like Enterococcus species [92]. These alterations worsen as cirrhosis
progresses. Though mechanisms linking microbiota changes to disease progression are
not fully understood, one hypothesis proposes that these alterations may compromise
microbiota function, resulting in intestinal inflammation, disruption of the epithelial barrier,
and increased intestinal permeability, thereby further aggravating bacterial translocation.
The enrichment of pathogenic species may also lead to elevated endotoxemia, causing an
increased systemic inflammation. This cascade of events can be attributed to the onset of
circulatory dysfunction and directly promotes the progression of multi-organ dysfunction
and failure.

1.5. Diagnosing Cirrhosis

Chronic liver disease is asymptomatic until the onset of cirrhosis accompanied by
clinical decompensation [94]. Clinical decompensation events include ascites, variceal
bleeding, HE, sepsis, and non-obstructive jaundice. Consequently, the diagnostic evalu-
ation of patients suspected of having cirrhosis is contingent upon the disease phase. In
individuals with the compensated phase of cirrhosis, the objectives are to quantify the
extent of hepatic fibrosis, evaluate the presence and severity of portal hypertension, and
elucidate the underlying etiology of the liver disease. These factors are linked to potential
complications of cirrhosis and help guide the necessary follow-up care.

A thorough medical history and physical examination remain essential for identifying
patients with, or at risk of, cirrhosis. The prevalence of muscle cramps can reach 64% in all
patients with cirrhosis, pruritus (32%), poor-quality of sleep (63%), or sexual dysfunction
(53%) [95]. Risk factors such as alcohol use or diabetes and symptoms experienced in
cirrhosis are neither specific nor sensitive, but some may offer a specificity greater than
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90%, including Terry’s nails (highly specific but insensitive marker—white discoloration,
absent lunula, dark pink at tip), palmar erythema (a symmetrical, reddish discoloration
of the palms, particularly over the thenar and hypothenar eminences), caput medusa
(distended and engorged paraumbilical veins radiating from the umbilicus across the
abdomen), gynecomastia, facial telangiectasia, spider angiomas, decreased body hair,
jaundice, and testicular atrophy [96]. Clubbing of fingers can be observed in the case of
concomitant HPS. Dupuytren’s contracture, which affects primarily the fourth and fifth
fingers and may present in males over 60 years of age of Northern European ancestry, is
more commonly a consequence of chronic excessive alcohol consumption rather than an
indicator of cirrhosis [97]. Alcoholism and alcohol-related liver disease are frequently cited
as predisposing factors for sialadenitis and parotid enlargement [98].

An evaluation of liver fibrosis is essential for identifying patients at risk of developing
cirrhosis. Liver fibrosis is typically categorized into four stages, each representing a pro-
gressive increase in severity. Stages 3 and 4 fibrosis, the latter being classified as cirrhosis,
are strongly correlated with subsequent liver-related morbidity and mortality [99–102].
Therefore, these stages represent critical points for timely intervention aimed at preventing
further disease progression.

Demonstrating irregular nodular liver through imaging by ultrasonography, CT, or
MRI in conjunction with impaired hepatic synthetic function is sufficient for the diagnosis
of cirrhosis. Other findings can be detected, such as shrunken liver, evidence of portosys-
temic collaterals, and splenomegaly. Differential diagnoses include nodular regenerative
hyperplasia, nodules but no fibrosis, congenital hepatic fibrosis, and non-cirrhotic portal
hypertension. However, conventional imaging may yield a false-negative diagnosis of
cirrhosis. Non-invasive liver disease assessments (NILDA) [also known as non-invasive
testing (NIT)] are increasingly utilized. Several indices combining various markers are
now available to assess the degree of fibrosis. They include direct and indirect serum
blood markers (panels) and imaging modalities or a combination of these testing modalities
(Tables 2 and 3) [103–105]. These tests are inexpensive and simpler to follow longitudinally
than liver biopsy. The most commonly utilized serologic tests to detect direct signs of liver
fibrosis and dysfunction include thrombocytopenia, indicating reduced platelet production
and splenic sequestration, and an elevated ratio of AST to ALT. Indices such as FIB-4 are
widely accepted for risk stratification in patients with either MASLD or ALD, classifying
the score as low (<1.30), intermediate (1.30–2.67), and high (>2.67) [106]. Age influences
the FIB-4 score, with the values increasing as patients age. For individuals over 65 years,
the low-risk threshold is adjusted to ≤2.0, while the high-risk threshold (>2.67) remains
unchanged [107]. Cut-offs of less than 1.45 and greater than 3.25 have been developed for
HCV. Risk stratification using the FIB-4 index is recommended by societal guidelines for
individuals with diagnosed MASLD or those with risk factors such as obesity or diabetes
mellitus. A FIB-4 score below 1.3 is associated with a negative likelihood ratio of 0.4 for
advanced fibrosis, effectively identifying patients at low risk [108]. Suggested cut-off values
to rule out or in liver fibrosis for FIB-4, NAFLD fibrosis score, ELF, transient elastography
(TE) and AST/ALT ratio can be found in Table 3 Combination strategies may include
the combination of FibroScan and ultrasonography conducted simultaneously, fibrotest
and FibroScan also conducted simultaneously (liver biopsy can be obtained if discordant
on fibrosis classification), and FibroScan and fibrometer also conducted simultaneously
and whereby the results are introduced into computer for assessment of fibrosis severity.
APRI and fibrotest can be conducted sequentially, whereas MEFIB combines magnetic reso-
nance elastography (MRE) with the FIB-4 index undertaken separately [109]. Likewise, the
FibroScan-AST (FAST) and ADAPT is a composite score that includes age, diabetes status,
PRO-C3 (a marker of collagen formation), and platelet count to assess liver fibrosis [110].
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The Baveno VII consensus, convened in October 2021, reinforced the central role of
non-invasive tools—particularly transient elastography (TE)—in the assessment of clinically
significant portal hypertension (CSPH) [9]. The term “compensated advanced chronic liver
disease” (cACLD) was coined to represent the spectrum of severe fibrosis and cirrhosis in
individuals with chronic liver disease.

A liver biopsy is the gold standard for the assessment of liver fibrosis. However, it is
seldom needed, and the current indication is to determine the etiology of liver disease in
cases of uncertainty and not to stage fibrosis. The transjugular approach yields samples
of similar quality to percutaneous ones but further provides diagnostic information by
measurement of hepatic-vein pressure gradient (HVPG) [111].
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Table 2. Commonly used tests for diagnosis of cirrhosis.

(A) Imaging-based non-invasive liver disease assessment of hepatic fibrosis, steatosis, and portal hypertension

Imaging Modality Components Aetiology of Liver
Disease Evidence Comments

Ultrasonography Hepatic nodularity, signs
of portal hypertension All Well-validated • Sensitivity is low in early stages of cirrhosis

CT/MRI Hepatic nodularity, signs
of portal hypertension All Well-validated • Sensitivity is low in early stages of cirrhosis

Transient elastography
(FibroScan)

Liver stiffness
measurement All Well-validated but exact cut-offs for specific fibrosis stages

and causes not established.

• Failure rate, <5–15%, reason: High BMI (M probe) ascites
• Operator-dependent; variability can occur based on

technician experience

Acoustic radiation force
impulse imaging

Liver stiffness
measurement All Moderate validation in single etiology CLD with histology

as reference standard
• Failure rate, <5–15%, reason: High BMI (M probe) ascites

Magnetic resonance
elastography (MRE)

Liver stiffness
measurement All Limited validation in single etiology CLD with histology

as reference standard

• High cost, limited availability
• Failure rate < 5% mainly due to liver iron deposition,

large ascites, very high BMI, 3T (for 2D gradient recalled
echo)

• Expensive and may not be available in all institutions
• Time-consuming procedure compared to other tests
• Requires specialized equipment and trained personnel

(B) Blood-based biomarker algorithms for fibrosis

Indirect serum non-invasive
fibrosis tests Component Etiology of liver disease Model algorithm year Comments

Fibroindex [112]
Indirect markers:

AST, platelets, gamma
globulin

HCV

1.738 − 0.064 (platelet
[×104/mm3]) + 0/005

(AST IU/L) + 0.463 (gamma
globulin [g/Dl])

2007

• Population Specific: Primarily validated in limited
patient groups, reducing generalizability.

• Sensitivity Issues: Poor detection of early fibrosis
(F0–F1).

• Comorbidity Influence: Affected by conditions like
obesity and diabetes.

• Laboratory Variability: Results can differ based on
measurement methods.

• Limited Scope: Assesses fibrosis only, not liver function.
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Table 2. Cont.

(B) Blood-based biomarker algorithms for fibrosis

Indirect serum non-invasive
fibrosis tests Component Etiology of liver disease Model algorithm year Comments

King’s Score [113]
Indirect markers: AST,
INR, platelets. Clinical

variable: Age
HCV Age × AST × INR/[platelet

count (109/L)] 2009

• Population Specific: Primarily validated in specific
patient populations, limiting broader applicability

• Sensitivity Issues: May not accurately detect mild
fibrosis (F0–F1)

• Influence of Comorbidities: Conditions such as obesity
and diabetes can affect the score

• Biochemical Variability: Results may vary based on
different laboratory practices

• Limited Insight: Focuses solely on fibrosis assessment,
not liver function, or other pathologies

APRI [114] Indirect markers: AST,
platelets HBV, HCV [(AST level/ULN)/platelet count

(109/L)] × 100 2003
• Muscle injury leading to inaccurate results (elevated

AST)
• May not effectively detect mild fibrosis (F0–F1)

Fibrosis-4 Index
(FIB-4) [106]

Indirect markers: AST,
ALT, platelets; clinical

variable: age
HBV, HCV, MASLD

Age (y) × AST (U/L)
Platelet count

(109/L) ×
√

ALT (U/L)
2006

• Validated mainly in hepatitis C, less accurate for other
liver diseases

• Older patients may have higher scores
• Less effective in differentiating between significant

fibrosis (F3) and cirrhosis (F4)
• Comorbid conditions can impact the score result

NAFLD Fibrosis
Score (NFS) [115]

Indirect markers: AST,
ALT, platelets, albumin,
Clinical variables: Age,

BMI, IFG/diabetes

MASLD

−1.675 + (0.037 × age)
+ (0.094 × BMI) + 1.13

× IFG/diabetes (yes = 1, no = 0)
+ 0.99 × (AST/ALT ratio)

− (0.013 × platelets)
− (0.66 × albumin)

2007

• Primarily validated in populations with non-alcoholic
fatty liver disease (NAFLD), limiting generalizability

• May not perform well in individuals with other liver
diseases or significant metabolic disorders

• Relies on patient self-reported data, which can
introduce bias
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Table 2. Cont.

(B) Blood-based biomarker algorithms for fibrosis

Indirect serum non-invasive
fibrosis tests Component Etiology of liver disease Model algorithm year Comments

Easy Liver Fibrosis Test (eLIFT)
[116]

Indirect markers: GGT,
AST, platelets,

prothrombin index

HBV, HCV,
MASLD, ALD

Component weighted
scores (0–4) 2017

• Population-Specific: Validated mainly in hepatitis C,
limiting accuracy in other liver diseases

• Sensitivity Issues: May not effectively detect mild
fibrosis (F0–F1)

• Influence of Comorbidities: Conditions like diabetes and
obesity can skew results

• Biochemical Variability: Results may vary based on
laboratory measurement methods

• Not Comprehensive: Does not assess liver function or
other liver pathologies

AST/ALT [117–119] Indirect markers: AST, ALT HBV, HCV,
MASLD, ALD

(AST/AST upper limit of
normal)/Platelet count × 100 -

• Can give false positives in conditions with elevated AST
unrelated to fibrosis (e.g., muscle injury)

• Platelet count may be affected by other non-liver-related
conditions, leading to misleading results

• Not very reliable in patients with liver disease other than
hepatitis C

Forns Index [120] Indirect markers: GGT,
Cholesterol, platelets HBV, HCV

7.811 − 3.131 × ln [platelets
(mm3)/1000] + 0.781 × ln [GGT

(IU/L)] + 3.467 × ln [age] − 0.014
× [cholesterol (mg/dL)]

2002

• Population Specific: Validated mainly in hepatitis C,
limiting accuracy in other liver diseases

• Sensitivity Issues: May not effectively detect mild
fibrosis (F0–F1)

• Influence of Comorbidities: Conditions like diabetes and
obesity can skew results

• Biochemical Variability: Results may vary based on
laboratory measurement methods

• Not Comprehensive: Does not assess liver function or
other liver pathologies
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Table 2. Cont.

(C) Proprietary blood-based NILDA

FibroSureTM/FibroTest® [121]
Indirect markers: α2M,

GGT, total bilirubin,
haptoglobin, ApoA-I

HBV, HCV,
MASLD, ALD

Proprietary
Biopredictive, France 2001

• Relatively expensive
• Results can be affected by acute inflammation,

hemolysis, and Gilbert’s syndrome

ELFTM [122]
Direct markers: HA,

PIIINP, TIMP-1, Clinical
variable: Age

HBV, HCV, MASLD Proprietary
Siemens, UK 2004

• Higher costs and limited availability
• Limited data on performance in patients with

alcohol-related liver disease

HepascoreTM [123,124]
Direct marker: HA,

TIMP-1, Clinical
variable: α2M

HCV, MASLD Proprietary
Pathwest, Australia 2005

• Population Specific: Validated primarily in hepatitis C
patients, limiting its accuracy in other liver diseases like
NAFLD

• Influence of Inflammation: Acute liver inflammation can
lead to overestimation of fibrosis severity

• Cutoff Value Limitations: Predefined cutoffs may not
apply universally across different ethnic or
demographic groups

Fibrospect IITM [124,125]

Direct marker: HA,
Indirect markers: Total
bilirubin, α2M, GGT,

Clinical variable: Age, Sex

HCV Proprietary
Prometheus, USA 2004

• Requires biochemical markers, which may not be
available in all settings

• Less effective in distinguishing early stages of fibrosis
(F0–F1)

FibroMeterTM [124]

Direct marker: HA,
Indirect marker: Platelets,
prothrombin index, urea,

AST, α2M, Clinical
variable: Age

HBV, HCV,
MASLD, ALD

Proprietary
BioLiveScale, France 2005

• Population Specific: Validated mainly in select
populations, limiting accuracy in others

• Complex Calculation: Requires multiple blood tests,
complicating routine use

• Influence of Comorbidities: Conditions like obesity and
diabetes can skew results

• Not Liver Function Specific: Assesses fibrosis but does
not evaluate liver function

• Variability in Results: Results can differ based on
laboratory measurement methods

• Limited Sensitivity: May struggle to distinguish early
stages of fibrosis (F0–F1)

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; APoA-1, apolipoprotein A-1; eLIFT, easy liver fibrosis; FIB-4, Fibrosis-4 index; HA, hyaluronic acid; IFG,
impaired fasting glucose; INR, international normalized ratio (also known as prothrombin time); NFS, NAFLD fibrosis score; PIIINP, amino-terminal propeptide of type III procollagen;
TIMP-1, tissue inhibitor matrix metalloproteinase 1; α2M, α2-macroglobulin.
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Table 3. Proposed cutoff values to rule out/in liver fibrosis for most-used fibrosis non-invasive
tests/assessments.

Test Rule Out Fibrosis Rule in Fibrosis Stage 2 Rule in Fibrosis Stage 3 or 4

FIB-4 <1.3 2.67–3.25 >3.25

NAFLD cirrhosis score (NFS) <1.455 Not established >0.676

Fibro test <0.31 0.48–0.72 >0.72

ELF <7.7 9.8–10.5 10.5

Transient elastography <6 kPa 8 kPa–12 kPa >12 kPa

AST/ALT ratio <0.5 (F0–F1) 0.5–1.0 >1.0

1.6. Special Considerations: Impact of COVID-19 Pandemic and Cirrhosis

Although the liver is not the primary organ affected by COVID-19, mild elevations in
serum aminotransferases are frequently observed, occurring in up to two-thirds of infected
patients [126]. In contrast, elevations in serum bilirubin or the international normalized ratio
(INR) are relatively uncommon [127,128]. Patients with cirrhosis have a 1.7-fold higher risk
of COVID-19-related mortality compared to those without cirrhosis, predominantly driven
by respiratory complications [129,130]. The COVID-19 pandemic significantly disrupted
hepatology services, particularly for hepatitis B and C, as reported by the WHO [131].
Many healthcare facilities prioritised COVID-19 responses, leading to reduced access to
care, delayed diagnoses, and interruptions in ongoing treatment programs. The COVID-19
pandemic has limited the progress of HBV and HCV elimination strategies. A one-year
disruption in the delivery of birth doses and routine childhood hepatitis B vaccinations
is projected to result in 5.3 million additional chronic HBV infections among those born
between 2020 and 2030, potentially leading to an estimated 1 million additional HBV-
related deaths later in life [1,132,133]. Meanwhile, a global one-year delay in hepatitis C
elimination efforts is estimated to lead to 44,800 additional cases of HCC and an additional
72,300 deaths by 2030 [134]. Finally, alcohol-related liver disease has increased during the
COVID-19 pandemic [135,136]. Future decompensation and missed diagnosis of HCC are
expected in the coming years [137].

1.7. Diagnosing Clinically Significant Portal Hypertension

It is widely accepted that portal pressure rises in a relatively linear manner with
increasing degree of fibrosis over time. However, the evidence supporting this relation-
ship remains limited. Nonetheless, measurement of the hepatic venous pressure gradient
(HVPG) is widely recognized as the reference standard technique for the diagnosis of
portal hypertension. An HVPG value exceeding 5 mmHg is indicative of sinusoidal portal
hypertension. A multitude of studies have delineated an HVPG threshold greater than
10 mmHg as clinically significant portal hypertension (CSPH), while an HVPG surpass-
ing 12 mmHg markedly increased the risk of variceal hemorrhage [138]. In a study of
213 patients with HVPG less than 10 mmHg, approximately 90% remained decompensation-
free for at least 4 years [139]. The clinical manifestations associated with portal hypertension
include ascites, varices (gastroesophageal, ectopic, and intra-abdominal), hepatorenal syn-
drome (HRS), hepatic encephalopathy (HE), HPS, porto-pulmonary hypertension, hepatic
hydrothorax, and cirrhotic cardiomyopathy [9].

However, HVPG measurement, though safe, is expensive and can be obtained in
specialized units and has a high inter-individual variance of 26% [140]. Prognostic per-
formance of non-invasive testing for portal hypertension can be comparable to that of
HPVG [141]. The optimal non-invasive alternative for identifying patients with CSPH
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involves a combination of VCTE and platelet count [142]. In patients with viral, alco-
hol, and/or non-obese MASH-related advanced chronic liver disease, an LSM by TE of
≥25 kPa, irrespective of platelet count, is sufficient to rule in CSPH. It can be also ruled in
if an LSM of 15–20 kPa with platelet count of <150 × 109/L or an LSM of 15–20 kPa with
platelet count of <110 × 109/L [9,142,143] is detected. CSPH can be ruled out if there is an
LSM by TE of ≤15 kPa and a platelet count of ≥150 × 109/L [9]. Moreover, CSPH can also
be diagnosed based on clinical findings, including the presence of decompensation events,
gastroesophageal varices observed on endoscopy, portosystemic collaterals, or hepatofugal
blood flow identified through imaging [143].

Patients are considered not to have compensated advanced chronic liver disease
(cACLD) when the LSM via transient elastography (TE) is below 10 kPa. Values between
10 and 15 kPa are suggestive of cACLD; values > 15 kPa are highly suggestive of cACLD [9].

Evidence suggests that esophageal varices develop only after HVPG is elevated (typi-
cally above 10–12 mm Hg). As portal pressure measurement does not take place routinely,
it is recommended to screen for varices every year if a patient with cirrhosis has decompen-
sation, or every 2–3 years if the patient is compensated [144]. The results of 7387 patients
pooled from 26 studies demonstrated that the need for endoscopy can be obviated if the
LSM < 20 kPa and the platelet count ≥ 150 × 109 L, as the likelihood ratio to develop
high-risk varices is as low as 0.09 [145].

In patients with portal hypertension, the abnormal hemodynamic pressure in the
splenic circulation leads to significant splenic remodeling, characterized by enhanced
angiogenesis and fibrogenesis, as well as lymphoid hyperplasia [146]. These pathophys-
iological changes ultimately lead to splenomegaly and increased spleen stiffness. As a
result, the spleen stiffness measurement (SSM) has emerged as a particularly appealing non-
invasive tool for assessing portal hypertension. Moreover, SSM offers the added advantage
of detecting portal hypertension due to presinusoidal or prehepatic causes, which may not
be detected in liver stiffness measurements (LSM) [147,148]. Despite its potential, SSM has
not achieved widespread clinical adoption outside research settings, primarily due to sev-
eral practical limitations. These include a high rate of invalid measurements—particularly
in cases where the spleen is poorly visualized with certain probes—and a general lack of
operator expertise and standardization across clinical centers. Despite this, SSM is believed
to enhance the prediction accuracy for varices needing treatment and can offer valuable
clinical assistance in avoiding unnecessary endoscopy [149]. A recent study also found
that the addition of SSM to LSM, BMI, and platelet count outperformed the ANTICIPATE
± NASH model for CSPH risk stratification in a cohort of contemporary patients with
cACLD, supporting its wider implementation into clinical practice [104,142,150,151].

1.8. Screening for HCC

Globally, liver cancer ranks as the fourth leading cause of cancer-related mortality after
lung, breast, and colorectal cancer, but it remains the second leading cause of cancer-related
death in men [1].

Hepatocellular carcinoma (HCC) accounts for roughly 90% of all primary liver cancers.
Annually, it is estimated that 2–4% of individuals with cirrhosis are likely to progress
and develop HCC, underscoring the elevated risk associated with this advanced liver
disease [152].

Despite the lack of randomized trials for the screening of hepatocellular carcinoma,
surveillance is recommended every 6 months for patients with cirrhosis through ultra-
sonography and serum α-fetoprotein (cutoff > 20 ng/mL) [153,154].
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A metanalysis of 32 observational studies that included 13,367 patients has shown that
HCC screening was associated with early-stage detection (58.8% vs. 27.0%) and an increased
rate of curative therapies (58.2% vs. 34.0%) when compared with no screening [155].

If lesions measuring 1 cm or larger are detected on ultrasonography, further evalua-
tion is performed using either quadruple-phase computed tomography (CT) or dynamic
contrast-enhanced magnetic resonance imaging (MRI). A solid lesion exhibiting specific
features (arterial phase hyperenhancement and portal venous phase washout) is highly
diagnostic of HCC in patients with cirrhosis.

The detection of hepatocellular carcinoma (HCC) may be enhanced by emerging
biomarkers such as the GALAD score, which integrates patient age, sex, alpha-fetoprotein
(AFP), AFP-L3%, and des-gamma-carboxy prothrombin (DCP) [156]. Liquid biopsy tech-
niques, particularly those analyzing circulating tumor DNA, hold promise for improving
early detection of HCC in the future [157].

1.9. Prognostic Scores

Cirrhosis is among the severe conditions where survival is the primary endpoint.
Consequently, the main objective of the prognostic scores for patients with cirrhosis is to
estimate the likelihood of mortality within a specified timeframe [158].

However, the development of reliable predictive tools for cirrhosis patient outcomes
has posed a considerable challenge for clinicians. The main objective is to develop a single
score generated by aggregating a subset of individual predictive variables, each of which is
expected to weigh on the progression of the disease.

Prognostic scores further serve as a quantitative measure of hepatic functional reserve,
as well as the patient’s ability to withstand surgical interventions or other aggressive
therapeutic interventions.

Factors associated with reduced survival have traditionally been used for the devel-
opment of these scores. The Child–Turcotte score, first proposed in 1964 and modified
as the Child–Pugh score thereafter, has been widely used to address these basic issues
(Table 4) [159]. The Child–Turcotte–Pugh (CTP) score included known factors associated with
decreased survival, such as lower serum levels of albumin, higher INRs, and elevated bilirubin
levels, and incorporated clinical variables, including ascites and hepatic encephalopathy. It is
widely used as a simple at-the-bedside descriptive or prognostic indicator. The CTP ranges
from 5 (75% 5-year survival) to 15 (20% 5-year survival if >12) [160].

Table 4. The Child–Pugh score.

Points 1 2 3

Encephalopathy None Minimal Advanced (coma)

Ascites Absent Controlled Refractory

Bilirubin (µmol/L) <34 34–51 >51

Albumin (g/L) >35 28–35 <28

Prothrombin (s) a <4 4–6 >6
a Prothrombin time values of 4 and 6 s correspond approximately to 50 and 40% of normal, respectively.

The challenges surrounding optimal indications for transplantation and the prioriti-
zation of liver graft allocation have driven the development and widespread adoption of
the MELD score. However, it is important to recognize that the MELD score was initially
designed to predict survival following transjugular intrahepatic portosystemic shunt (TIPS)
procedures [161].

The MELD score, which is calculated using serum bilirubin, serum creatinine, and
the international normalized ratio (INR), ranges from 6 to 40, with higher scores in-
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dicating more severe liver disease [162]. The calculation follows a specific formula:
MELD(i) = round1 (0.378 × loge(bilirubin)) + (1.120 × loge(INR)) + (0.957 × loge(creatinine))
+ 0.643, rounded to the tenth decimal place. The standard MELD score was further adjusted
to incorporate sodium soon after, and the sodium (Na) level was found to be an independent
predictor of mortality in cirrhosis [163]. MELD-Na = MELD(i) + 1.32 × (137 − Na) − (0.033 ×
MELD(i) × (137 − Na)). Serum sodium (Na) is capped at 137, and serum creatinine is limited
to a maximum of four. If a patient has undergone dialysis at least twice in the past week,
serum creatinine is automatically adjusted to 4.0. The highest achievable MELD score is
40. While the MELD score effectively predicts mortality in patients with liver cirrhosis, it
may have prognostic inaccuracies when predicting death resulting from extrahepatic organ
dysfunction [164]. Furthermore, other scoring systems such as the Acute Physiology and
Chronic Health Evaluation (APACHE) II and III, the Sequential Organ Failure Assessment
(SOFA), the Multiple Organ Dysfunction Score (MODS), and RIFLE (Risk, Injury, Failure,
Loss, and End-Stage Renal Failure) can also be employed for hospitalized cirrhosis patients.

Despite being the most widely utilized prognostic tool in liver transplantation, the
MELD-Na score is associated with several intrinsic limitations. The MELD-Na score is
dynamic. A study examining the predictive accuracy of MELD over time from data on
120,156 patients has demonstrated that its predictive ability is decreasing due to shifts in
the epidemiology of liver diseases. Originally, the MELD-Na score was designed when
hepatitis C was the primary reason for transplantation. As hepatitis C prevalence declines
and cases of MASLD and ALD rise, the score’s ability to effectively predict mortality
has diminished [165]. Incorporating serum creatinine into the score does not accurately
represent true renal function [166]. Individuals with lower muscle mass (such as those
with sarcopenia) may have reduced serum creatinine levels, which can lead to an inac-
curate assessment of their actual renal function [167]. Furthermore, the threshold for
serum creatinine levels in the MELD-Na score has been scrutinized, as it caps at 4 mg/dL
(68.42 µmol/L). This implies that individuals with higher creatinine levels may exhibit
comparable mortality rates, irrespective of their dialysis status [168].

In contrast to CPS, which is best suited for long-term prognostication, the MELD-
Na score is designed to predict short-term prognostication in patients with decompen-
sated cirrhosis. However, it does not reliably assess risk in individuals with acute-on-
chronic liver failure (ACLF) [169]. The MELD-Na ranges from 6 (1.9% 90-day mortality) to
40 (71.3% 90-day mortality).

In 2021, Kim et al. introduced the MELD 3.0 score to enhance the predictive accuracy
of the MELD-Na score using contemporary data [170]. This revised model incorporated
variables such as female sex and serum albumin, showing improved discrimination (C-
statistic of 0.869 compared to 0.862, p < 0.01). It reclassified 8.8% of patients to a higher
MELD score, thereby increasing their chances of transplantation, especially among women,
and reducing waitlist mortality compared to the MELD-Na score. The MELD 3.0 reliably
addresses the sex disparities present in the current MELD-Na score.

1.10. ACLF and ACLF Scores and FIPS

The concept of acute-on-chronic liver failure (ACLF) has been broadly utilized in
the critical care of hepatology to investigate patients who underwent artificial support
therapies as a bridge to liver transplantation (LT) [171]. This syndrome is a specific, but
rather complex and multifactorial, form of AD of cirrhosis and is characterized by a unique
dynamic natural course and rapid evolution of organ failure, following a precipitating
event in a patient with previously well- or reasonably well-compensated cirrhosis [172].
These precipitating events include either an indirect (e.g., variceal hemorrhage, sepsis) or a
direct (e.g., drug-induced) hepatotoxic factor. The short-term mortality for this condition
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is more than 50% [19,173,174]. A scoring system composed of three scores (CLIF-C OFs,
CLIF-C AD, and CLIF-C ACLFs) was specifically developed for patients with AD, both
with and without ACLF, supporting a stepwise, clinically rational approach to therapeutic
decision-making. Designed for bedside application, it enables dynamic, daily updates
to facilitate continuous risk stratification. Such adaptability assists in guiding critical
care decisions, including escalation to intensive care, prioritization for liver transplan-
tation, early discharge planning, or, when appropriate, recognition of futility in further
intensive intervention.

Numerous studies have emphasized the significance of organ failure in determining
the prognosis of severely ill cirrhotic patients, and the role of systemic inflammation in
this context [175]. Organ failure includes hepatic encephalopathy (severe), mechanical
ventilation use, shock, and renal failure requiring dialysis. Thirty-day survival for patients
with decompensated cirrhosis and no organ failure is 95%, while this can be reduced to
two organ failures without infection (84%) and with infection (62%), respectively. For those
with four organ failures, survival can be reduced to 0–24%.

The Chronic Liver Failure Consortium Acute Decompensation score (CLIF-C ADs)
was developed to assess hospitalized patients with cirrhosis who are experiencing AD
but have not yet developed ACLF, utilizing data from the CANONIC study [176]. This
scoring system was built on the hypothesis that, within this population, there is a low-
risk subgroup that could be safely discharged from the hospital, as well as a high-risk
group with a significant likelihood of progressing to ACLF, which is associated with
increased mortality.

The analysis identified five independent prognostic variables—age, serum sodium,
white cell count, creatinine, and international normalized ratio (INR). These parameters
were weighted accordingly and incorporated into a composite scoring system ranging from
0 to 100. The CLIF-C AD score integrates a series of clinical and laboratory parameters that
reflect the severity of underlying liver disease and the patient’s overall health status. It can
be calculated using the following formula: CLIF-C AD score = 10 × (0.03 × age [years]
+ 0.66 × ln (creatinine [mg/dL]) + 1.71 × ln (INR) + 0.88 × ln (white blood cell count
[×109 cells/L]) − 0.05 × (sodium [mmol/L]) + 8). The CLIF-C AD score demonstrated
significantly better predictive accuracy for both 3-month and 12-month mortality compared
to the MELD, MELD-Na, and Child–Pugh scores [176]. Specifically, the CLIF-C AD score
improved the prediction of death by 10–20% over these other models. Furthermore, specific
cut-off points were established, with a score of ≤45 indicating a very low-risk group with
a 3-month mortality rate of 1.8%. Conversely, a score of ≥60 identified a high-risk group
with approximately 31% 3-month mortality. Patients with scores between 45 and 60 were
classified as an intermediate-risk group.

Patients with a CLIF-C ADs of less than or equal to 45 can be discharged from the
hospital early. Those with scores exceeding 60 are at high risk of progression to ACLF and
warrant management in enhanced or intensive care settings. Patients with scores between
46 and 60 require ongoing inpatient care [176].

Recently, the Freiburg Index of Post-TIPS Survival (FIPS) was developed, improving
the risk classification of patients with decompensated cirrhosis allocated to transjugular
intrahepatic portosystemic shunt (TIPS) implantation. However, the prognostic value of
the FIPS was further validated in patients hospitalized with AD, outside the setting of
TIPS implantation, demonstrating better or similar prognostication for long-term mortality
in comparison with other scores [177]. FIPS has been particularly shown to be superior
for patients presenting with variceal bleeding. A recent study by Sturm et al. found that
FIPS can remarkably identify patients at risk of further decompensation and ACLF after
TIPS [178].
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2. Management of Liver Cirrhosis
2.1. General Considerations

Once cirrhosis is diagnosed, the primary goals of management are to address the
underlying cause whenever feasible, prevent or delay hepatic decompensation, monitor
for hepatocellular carcinoma and esophageal varices, manage complications, evaluate the
prognosis, and assess the patient’s eligibility for liver transplantation. Reversing the cause
of the disease is associated with a lower risk of hepatic decompensation and increases the
chances of re-compensation.

Evidence from cohort and case-control studies suggests that lifestyle modifications
should not be overlooked in patients with cirrhosis. Lifestyle advice should be provided to
all patients, as these interventions are easy to implement, carry minimal risk of side effects,
and incur little or no cost.

Irrespective of liver disease etiology, insulin resistance, obesity and metabolic syn-
drome have deleterious effects and are linked pathophysiologically to alcohol liver disease
through mechanisms such as increased steatosis, chronic inflammation, oxidative stress,
and insulin resistance and are independently associated with liver-related mortality, as
they increase the risk of complications such as advanced fibrosis and cirrhosis, regardless
of alcohol intake [179,180].

In patients with decompensated cirrhosis, maintaining adequate nutritional intake
is critical to prevent the progressive loss of skeletal muscle mass, which may contribute
to sarcopenia and frailty. All patients with decompensated liver disease should be pro-
vided with dietary counselling and access to appropriate educational resources [181]. In
non-obese patients, the recommended daily energy intake is 35 kcal/kg, with a protein
intake of 1.2–1.5 g/kg per day, supplemented with vitamins and zinc as needed. To
achieve these nutritional goals, it is advisable to encourage small, frequent, high-calorie
meals, including a bedtime snack [181]. Aerobic and resistance exercises, with a focus on
balance and flexibility, should be part of the management plan [182]. All patients with
cirrhosis, regardless of etiology, must abstain from alcohol and receive counselling on
smoking cessation.

Foods and beverages rich in antioxidants may have a prophylactic role in cirrhosis.
Regular coffee intake, in particular, has been linked with reduced liver fibrosis, lower risk of
HCC, and improved overall survival [183–185]. Evidence suggests that consuming at least
two cups of coffee daily is required to achieve these benefits. Short-term administration
of ascorbic acid and, likewise, dark chocolate have been reported to attenuate the post-
prandial increase in HVPG observed in patients with cirrhosis [186,187].

Vaccination against both hepatitis A and B, influenza, and pneumococcal pneumonia
is recommended for all patients with cirrhosis. If analgesia is necessary, paracetamol
can be safely administered in doses up to 2 g daily in cirrhotic patients. However, non-
steroidal anti-inflammatory drugs (NSAIDs) should be avoided, particularly in those with
decompensated cirrhosis, due to the risk of precipitating acute kidney injury [188]. Drugs
such as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers are
typically avoided in patients with ascites, as they can induce significant hypotension and
deterioration of renal function [189]. While statins are generally safe for use in compensated
cirrhosis, they should be prescribed cautiously at low doses due to the potential risk
of rhabdomyolysis.

2.2. Portal Hypertension Complications and Management

An optimal approach to managing patients with decompensated cirrhosis should
prioritize the prevention of disease progression, focusing on averting further decompen-
sation rather than solely addressing complications. Currently, the standard management
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focuses on suppressing the underlying etiological factors driving liver inflammation and
cirrhosis, while also targeting the key pathogenic mechanisms involved in decompensation
and disease development (Table 5).

Table 5. Potential therapeutic targets in portal hypertension.

Target Treatments

Etiological therapy Antiviral therapy (HCV, HBV), immunosuppression (AIH), sustained alcohol
abstinence, and therapeutic relapse management

Adoption of healthy lifestyle

Reduction and cessation of alcohol consumption, regular moderate aerobic exercise,
and dietary counseling aimed at maintaining a BMI between 18 and 29 kg/m2.
Ensuring adequate protein intake (exceeding 1.2–1.5 g/kg/day), avoiding processed
foods, high-sugar and high-fructose corn syrup-sweetened products, excessive salt,
and tobacco use, as well as incorporating a nocturnal high-protein snack

Elevated hepatic vascular resistance Carvedilol, TIPS

Activated hepatic stellate cells (HSCs) Antifibrotic agents (experimental), anticoagulants

Liver sinusoidal endothelial cell (LSEC) dedifferentiation Statins

Hepatocellular damage Antioxidant Therapy

Splanchnic vasodilation Nonselective beta-blockers, Carvedilol, Somatostatin, Terlipressin, and analogs

Gut-liver axis Nonselective beta-blockers, Carvedilol, probiotics, prebiotics, fecal microbiota
transplantation, antibiotics

Collaterals and varices Nonselective beta-blockers, Carvedilol, antiangiogenics (experimental), endoscopic
therapy, collateral embolisation, BRTO, PARTO, esophageal stents, balloon tamponade

Endothelial dysfunction and NO imbalance NO donors (experimental), phosphodiesterase inhibitors (sildenafil, tadalafil)

Microbiome modulation Prebiotics, postbiotics (experimental), dietary fiber interventions

Renal dysfunction and hepatorenal syndrome Terlipressin, albumin, norepinephrine

Liver transplantation Liver transplantation (advanced decompensated cirrhosis)

Abbreviations: AIH, autoimmune hepatitis; BRTO, balloon-occluded retrograde transvenous obliteration; PARTO,
plug-occluded retrograde transvenous obliteration; NO, nitric oxide.

To date, no therapies have been shown to directly alter the overall progression of
decompensated cirrhosis. The development of disease-modifying treatments remains an
active area of ongoing research. Recently, resmetirom (Rezdiffra), an oral, once-daily,
liver-targeted thyroid hormone receptor beta selective agonist (THR-β), was approved by
the U.S. Food and Drug Administration for adult patients with MASH and moderate to
advanced fibrosis (stage F2–F3). Clinical trials have shown that resmetirom significantly
reduces hepatic steatosis compared to placebo, with improvements in liver histology visible
within a few months of treatment initiation. Evidence suggests that resmetirom may also
facilitate a reduction in liver fibrosis by at least one stage.

Future treatment strategies for portal hypertension (PH) are expected to involve a
comprehensive approach that targets various mechanisms contributing to the synergistic
progression of cirrhosis. Promising new therapies that have shown efficacy include statins,
glucagon-like peptide 1 (GLP-1) agonists, peroxisome proliferator-activated receptor (PPAR)
agonists (e.g., lanifibranor), sodium–glucose cotransporter 2 (SGLT2) inhibitors, dual or
pan-FXR receptor agonists, soluble guanylate cyclase (sGC) activators and stimulators,
enoxaparin, and rivaroxaban. Numerous randomized controlled trials (RCTs) are currently
underway, making the fields of PH and cirrhosis particularly dynamic, with significant
advancements in management and prognosis anticipated in the near future.

The therapeutic efficacy of nonselective beta-blockers (NSBBs) in managing portal
hypertension is attributed to their capacity to reduce portal pressure by diminishing both
portal and collateral blood flow (Table 6). These hemodynamic effects are mediated by
Beta 1-adrenergic blockade, which lowers cardiac output, and Beta 2-adrenergic blockade,
which induces vasoconstriction in the splanchnic arterial circulation. Carvedilol, a third-
generation NSBB, confers additional advantages due to its intrinsic alpha-1 adrenergic
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antagonism, which, along with facilitating nitric oxide-mediated vasodilation, induces
intrahepatic vasodilation and attenuates portal pressure [190]. Notably, carvedilol achieves
a more pronounced reduction in hepatic venous pressure gradient (HVPG) compared to
traditional NSBBs, such as propranolol and nadolol, demonstrating superior efficacy in
decreasing portal hypertension. Titration is not required based on resting heart rate for
Carvedilol [143].

Table 6. Common non-selective beta-blockers utilized for portal hypertension management.

Therapy Mechanism
of Action Initial Dose Titration

Strategy Maximum Dose Therapeutic Goal Common Side
Effects

Duration of
Therapy

Propranolol

Reduces cardiac
output through
beta-1 receptor
blockade, which
lowers heart rate
and contractility; it
also decreases
portal pressure.

20–40 mg
twice daily

Titrate gradually
every 2–3 days
until therapeutic
goal is achieved.

No ascites:
320 mg/day; with
ascites: 160 mg/day

Target heart rate of
55–60 bpm; maintain
SBP ≥ 90 mm Hg

Fatigue,
bradycardia,
difficulty
breathing, low
blood pressure,
constipation

Therapy should
be maintained
long-term—or
until placement
of a TIPS or liver
transplantation—
no routine
surveillance via
upper endoscopy
recommended

Nadolol

Induces constriction
of splanchnic
arteries by blocking
beta-2 receptors,
leading to
unopposed
alpha-adrenergic
vasoconstrictive
activity.

20–40 mg
at bedtime

Adjust dose
as required

No ascites:
160 mg/day; with
ascites: 80 mg/day

Target heart rate of
55–60 bpm; maintain
SBP ≥ 90 mm Hg

Tiredness, slow
heart rate, low
blood pressure

Therapy should
be maintained
long-term—or
until placement
of a TIPS or liver
transplantation—
no routine
surveillance via
upper endoscopy
recommended

Carvedilol

In addition to beta-1
and beta-2 receptor
blockade, reduces
intrahepatic
vascular resistance
via alpha-
adrenergic activity.

6.25 mg one
time daily

Rise to 6.25 mg
two times daily
after 3 days

12.5 mg/day
(higher doses
possible for
non-liver
conditions)

No specific heart rate
target; maintain
SBP ≥ 90 mm Hg

Low blood
pressure,
dizziness, fatigue

Therapy should
be maintained
long-term—or
until placement
of a TIPS or liver
transplantation—
no routine
surveillance via
upper endoscopy
recommended

Abbreviations: SBP, systolic blood pressure; TIPS, transjugular intrahepatic portosystemic shunt.

Due to its hepatic metabolism, carvedilol is prescribed at lower doses in cirrhosis
compared to its use in heart failure. An initial daily dose of 6.25 mg is recommended,
with escalation to 12.5 mg per day after 2–3 days in patients who tolerate the treatment.
The total daily dose may be administered either once or as two 6.25 mg doses. In patients
with compensated cirrhosis who experience poor tolerability or a systolic blood pressure
below 90 mmHg, the dose should be reduced to 6.25 mg daily, given either as a single
dose or in divided doses. For individuals with Child–Turcotte–Pugh (CTP) class B or
C cirrhosis, lower starting doses may be more appropriate [191]. About one-third of
patients with compensated cirrhosis present with arterial hypertension, and in these cases,
carvedilol can be titrated up to 25 mg/day to effectively manage blood pressure. Given its
greater reduction of portal pressure in direct comparisons with traditional NSBBs, improved
tolerance, simpler dosing regimen, potential to prevent ascites, and possible survival benefit,
carvedilol has become the NSBB of choice for managing portal hypertension [190,192].

Evidence suggests that carvedilol may confer a survival benefit in patients with
compensated cirrhosis and CSPH [193,194]. Based on current data, both the Baveno VII
consensus and AASLD practice guidelines recommend considering the use of nonselective
beta-blockers (NSBBs), with carvedilol (12.5 mg/day) as the preferred agent, for patients
with compensated cirrhosis and CSPH, provided there are no contraindications [9,143]. NS-
BBs should be discontinued in patients who develop marked systemic arterial hypotension—
defined as a systolic blood pressure below 90 mmHg—or who experience serious adverse
reactions. Absolute contraindications to NSBB therapy include asthma, second- or third-
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degree atrioventricular block (without an implanted pacemaker), sick sinus syndrome,
and clinically significant bradycardia (heart rate < 50 bpm). Relative contraindications
encompass psoriasis, peripheral artery disease, chronic obstructive pulmonary disease,
pulmonary arterial hypertension (though this remains controversial), insulin-dependent
diabetes mellitus (due to interference with hypoglycemia symptom recognition), and Ray-
naud syndrome [143]. The critical determinant of the therapeutic window for NSBBs in
decompensated cirrhosis is maintaining arterial perfusion to prevent the onset of renal
hypoperfusion [143,195].

3. The Transjugular Intrahepatic Portosystemic Shunt
3.1. TIPS

Transjugular intrahepatic portosystemic shunt (TIPS) has become widely accepted as
a minimally invasive therapeutic option to treat the complications of PH, such as variceal
hemorrhage, refractory ascites, and hydrothorax [196–200].

The TIPS procedure involves an interventional radiologist percutaneously creating a
portosystemic shunt using a self-expandable, polytetrafluoroethylene (PTFE)-covered stent
graft, such as the Viatorr® stent graft (W. L. Gore and Associates), through the liver.

When a TIPS stent is established, a reduction in portal pressures can provide symp-
tomatic improvement and reduce the risk of complications associated with PH. The pro-
cedure is generally performed under general anesthetic and takes 90–120 min for uncom-
plicated cases. A shunt may also be established between the inferior vena cava and the
portal vein, referred to as a direct intrahepatic portosystemic shunt (DIPS). DIPS is typi-
cally indicated when the hepatic veins are occluded or unsuitable, as is often the case in
Budd–Chiari syndrome.

3.2. Physiological Effects of TIPS

A TIPS is an endovascular shunt created under radiographic guidance, aiming to
alleviate portal hypertension. The placement of TIPS diverts portal flow to the systemic
circulation, leading to a transient increase in cardiac index and central blood volume, as
well as the deactivation of the renin–angiotensin–aldosterone system. It is estimated that
TIPS can result in approximately a 15% rise in cardiac output due to improved cardiac
inotropy [200]. Following TIPS creation, systemic vascular resistance and, consequently,
cardiac afterload decrease. This is accompanied by increases in right ventricular pressure,
pulmonary arterial pressure, and pulmonary capillary wedge pressure. While the heart rate
typically remains stable initially, it may rise over subsequent months. Post-TIPS, plasma
levels of copeptin, aldosterone, and renin decline, whereas norepinephrine levels, urinary
sodium excretion, and renal blood flow are elevated. Renal function may improve after
TIPS through improved end-organ perfusion and alleviation of maladaptive vasoconstric-
tion [201]. TIPS is also associated with increased portosystemic shunting, which can result
in new onset or worsening of hepatic encephalopathy [202].

4. Cirrhosis Complications and Management
4.1. Ascites

Ascites represents the initial and most prevalent decompensating event in cirrhosis, oc-
curring in 5–10% of patients with compensated disease annually [12,166]. Ascites manifests
as an increase in abdominal circumference with abdominal discomfort. The development
of ascites profoundly impacts a patient’s occupational and social life, often resulting in
hospitalization, necessitating long-term management, and directly leading to complications
such as SBP, restrictive ventilatory dysfunction, and abdominal hernias. The presence of
ascites heralds a significantly worse prognosis, with five-year survival rates decreasing
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from approximately 80% in patients with compensated cirrhosis to approximately 30% in
those with decompensated cirrhosis and ascites [11]. Among patients with ascites, 37.1%
develop dilutional hyponatremia, while 11.4% experience refractory ascites or progress to
hepatorenal syndrome within five years [203].

In cirrhosis, elevated lymph production and lymphangiogenesis create an imbalance
between the lymphatic volume produced and the amount that can be reabsorbed into
systemic circulation [201]. This imbalance results in the accumulation of fluid within the
peritoneal cavity. Ascites is graded according to the volume of fluid present. Grade 1
denotes mild ascites, detectable only by ultrasonography, and is generally manageable
with dietary sodium restriction or diuretic therapy, although invasive intervention is often
unnecessary. Grade 2 describes moderate, recurrent ascites, characterized by noticeable
abdominal distension, discomfort, and shifting dullness. Grade 3, or severe (large/gross)
ascites, presents as tense abdominal distension with a palpable fluid wave and is typically
refractory to medical management, necessitating paracentesis [94].

Ascites is subclassified as either uncomplicated or complicated (recurrent or refractory),
with complicated ascites imparting a poor prognosis—median survival post-diagnosis is
approximately six months. Recurrent ascites is defined as the recurrence of ascitic fluid
three or more times within a 12-month period, notwithstanding adherence to appropriate
diuretic therapy and sodium restriction [204]. Patients with recurrent or refractory ascites
are treated with large volume paracentesis with albumin replacement and should be
evaluated for TIPS and/or liver transplantation, given the poor prognosis. Refractory
ascites (RA) includes two distinct subgroups. The first is diuretic-resistant ascites, which
refers to fluid accumulation that does not improve despite dietary sodium restriction and
intensive diuretic treatment. The second is diuretic-intractable ascites, characterized by a
failure to manage ascites due to complications induced by diuretics, which prevent the use
of an effective dosage.

Diagnostic paracentesis is recommended in all patients with a de novo onset of
grade 2 or 3 ascites, as well as for any patients hospitalized with complications of cir-
rhosis [205,206].

The neutrophil count, total protein, albumin concentration, and microbial cultures
should consistently be evaluated in the analysis of ascitic fluid [205–211]. A neutrophil
count exceeding 250 cells/µL is diagnostic for SBP. A total protein concentration of
<1.5 g/dL is often considered a predisposing factor for SBP, although evidence remains
inconclusive [207,208]. For ascitic fluid cultures, the inoculation of at least 10 mL into blood
culture bottles at the bedside is recommended to improve diagnostic sensitivity [210]. The
serum-ascites albumin gradient (SAAG) is a valuable diagnostic tool when the etiology of
ascites is unclear (Figure 2). A SAAG value of ≥1.1 g/dL strongly suggests the presence
of portal hypertension with an accuracy rate of approximately 97% [210]. Additional
diagnostic tests, including amylase levels, cytological analysis, and cultures for mycobac-
teria, should be selected based on the patient’s clinical presentation. In cases where the
ascitic cholesterol concentration exceeds 45 mg/dL, further testing with cytology and carci-
noembryonic antigen (CEA) measurements is a cost-effective approach for differentiating
between malignant and non-malignant causes of ascites [211].

For patients with cirrhosis and grade 2 ascites, sodium intake is limited to under
2 g per day (90 mmol/day) to induce a negative sodium balance and facilitate net fluid
reduction [204]. Sodium restriction does not appear to enhance diuretic efficacy. In a
randomized trial involving 115 hospitalized patients, daily sodium intakes of 2760 mg and
920 mg yielded comparable rates of refractory ascites (5.7% vs. 4.8%, respectively) [212].
Fluid restriction is not indicated unless hyponatremia is present. In most cirrhotic patients
with ascites, dietary sodium restriction alone is insufficient to achieve adequate fluid
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balance, necessitating diuretic treatment. Aldosterone antagonists (e.g., spironolactone)
and loop diuretics (e.g., furosemide, torsemide, and bumetanide) constitute the cornerstone
of diuretic therapy in the management of cirrhotic ascites [204]. Aldosterone antagonists,
particularly spironolactone at dosages of 100–400 mg/day, form the cornerstone of diuretic
management [204,213]. In cases of persistent ascites, loop diuretics such as furosemide
(40–160 mg/day) may be added to optimize fluid balance. For refractory ascites, large-
volume paracentesis (LVP) is the first-line intervention, with or without albumin [204].

Figure 2. Interpretation of SAAG for determining the cause of ascites. Abbreviations: SAAG,
serum-ascites albumin gradient.

Albumin infusion is recommended at the time of LVP when more than 5 liters of ascitic
fluid are removed to mitigate post-paracentesis circulatory dysfunction (PPCD) [204]. The
risk of PPCD rises when more than 8 L of ascitic fluid are removed in a single session.
Based on expert consensus, 6–8 g of albumin should be administered per liter of ascitic
fluid evacuated. PPCD results from splanchnic vasodilation post-paracentesis, leading to
increased plasma renin activity, with subsequent water and sodium retention [214]. This
underlying pathophysiology may lead to renal impairment, hepatic encephalopathy (HE),
and increased mortality.

4.1.1. Albumin in Refractory Ascites

The well-established indications for albumin in decompensated cirrhosis include SBP,
PPCD, and HRS [215]. Recent evidence suggests that long-term albumin therapy could
offer a survival advantage in patients with refractory ascites. Several studies have explored
albumin’s role in decompensated cirrhosis with ascites [215].

The ANSWER trial randomized 440 patients with cirrhosis and medically controlled
ascites to receive either standard medical therapy alone or standard therapy supplemented
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with albumin infusions (40 g twice weekly for two weeks, then 40 g once weekly) [216]. At
18 months, survival was significantly higher in the albumin group compared to the control
group (77% vs. 66%, p = 0.028) [216].

A study by Di Pascoli et al. [217] of 70 patients with cirrhosis and refractory ascites
non-randomly assigned 45 patients to receive 20 g of albumin twice weekly in addition
to standard care. At 24 months, mortality was significantly lower in the albumin group
(41.6% vs. 65.5%, p = 0.032), and patients had fewer emergent hospitalizations
(p = 0.008) [218]. Those receiving albumin also had lower rates of overt hepatic encephalopa-
thy, ascites recurrence, SBP, and non-SBP infections, with a trend toward reduced HRS
incidence [217,218]. The dose of albumin used may be critical to achieving positive re-
sults [219].

While long-term albumin therapy may offer benefits in refractory ascites, further data
are required before routine clinical use can be recommended.

4.1.2. TIPS and LT in Refractory Ascites

Numerous metanalyses have demonstrated that TIPS is more effective than paracente-
sis in controlling refractory ascites [218,220–223]. Data from a meta-analysis of 305 patients
in RCTs using covered TIPS stents (polytetrafluoroethylene) showed that TIPS has im-
proved transplant-free survival compared to paracentesis [224]. TIPS reduced the two-year
mortality (51% vs. 65%) and reduced the risk of recurrent ascites (42% vs. 89%) [225].
Moreover, TIPS did not impact survival in patients with sarcopenia [225–227]. On the
contrary, TIPS improved muscle mass in patients with decompensated cirrhosis. Patient
selection and timing for TIPS are crucial for achieving successful outcomes [228]. Generally,
patients with high MELD scores ≥ 18 are considered poor candidates for the procedure.
Additionally, certain risk factors, such as advanced age, cardiopulmonary insufficiency,
and sarcopenia, increase the likelihood of complications post-TIPS and the risk of hepatic
encephalopathy [227,229]. TIPS stents with smaller diameters (8–10 mm) have been asso-
ciated with a reduced incidence of post-TIPS hepatic encephalopathy while maintaining
effective control of ascites [230].

For patients who are not suitable candidates for TIPS, the safety and efficacy of perma-
nent indwelling peritoneal catheters remain inadequately established [231]. The alfapump
(Sequana Medical NV; Ghent, Belgium) is an implantable, battery-powered device designed
to transport ascites from the peritoneal cavity to the bladder, enabling elimination through
urination in patients with refractory or recurrent ascites (that is poorly controlled by di-
uretics and dietary measures (>3 paracenteses per year)) and is contraindicated for TIPS.
Studies indicate that inserting an alfapump can decrease the need for paracentesis and
improve both quality of life and nutritional status [232–237].

Patients with RA who exhibit considerable liver dysfunction that precludes TIPS im-
plantation should be evaluated for liver transplantation (LT). Those with RA but preserved
hepatic function may be at a disadvantage under the current MELD-based organ allocation
system, as the presence of ascites contributes an additional mortality risk equivalent to
4.5 MELD points, specifically in individuals with a MELD score below 21 [238,239]. Fur-
thermore, many patients with RA present with hyponatremia, which is incorporated into
the MELD-sodium score [240]. Post-LT, the hemodynamic abnormalities associated with
decompensated cirrhosis may require weeks to months for resolution, and patients may
continue to experience ascites in the early post-transplant period, requiring adherence to a
sodium-restricted diet until the ascites resolves.

Hepatic hydrothorax presents as a pleural effusion in the absence of cardiac, pul-
monary, or pleural disease. Response to diuretic therapy is typically poor, necessitating
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therapeutic thoracocentesis for symptom relief. In selected patients, TIPS may provide
sustained, long-term benefit.

4.2. Muscle Cramps

Muscle cramps are common in patients with liver cirrhosis, especially among those
receiving diuretic therapy for ascites, and can adversely influence the quality of life [241].
The exact mechanisms behind muscle cramps in patients with cirrhosis are still not fully un-
derstood. However, in addition to correcting electrolyte imbalances (such as hypokalaemia
and hypomagnesemia), muscle cramps may respond to treatments like baclofen (starting at
10 mg/day with a weekly increase of 10 mg/day, up to a maximum of 30 mg/day) and albu-
min (20–40 g/week) [242]. Other medications, such as orphenadrine and methocarbamol,
have also been suggested for managing muscle cramps in these patients [243,244]. Addi-
tionally, quinidine at a dosage of 400 mg/day for 4 weeks has shown greater effectiveness
than placebo in alleviating painful muscle cramps in patients with cirrhosis. However, its
use may be limited due to side effects, such as diarrhea, which is noticed in about one-third
of cases and results in treatment discontinuation [245].

In a recent randomized controlled trial (RCT) involving 80 patients, it was found
that one sip of pickle brine at the onset of cramps significantly decreased cramp severity
compared to tap water, with a reduction of 2.3 points versus 0.4 points on a 10-point
visual analogue scale at the 28-day follow-up [246]. Similarly, in a 2-week randomized,
double-blind, crossover trial of 30 patients, the administration of 1000 mg of taurine twice
daily significantly reduced leg cramping, resulting in seven fewer cramps compared to the
placebo group [247].

4.3. Hyponatraemia

Hyponatremia, defined as a serum sodium concentration of ≤135 mEq/L, is observed
in almost half (49%) of patients with cirrhosis and ascites, with over 22% having serum
sodium levels of ≤130 mEq/L. Most patients with cirrhosis, ascites, and hyponatremia
present with hypervolemic hyponatremia [248]. Nonetheless, hypovolemic and euvolemic
forms should also be taken into account during assessment. Hyponatremia is associated
with an increased incidence of refractory ascites, hepatic encephalopathy, SBP, HRS, and
overall mortality [248–250].

Hyponatremia in cirrhosis is classified by severity as mild (126–135 mEq/L), mod-
erate (120–125 mEq/L), and severe (<120 mEq/L). Mild hyponatremia typically does
not require specific treatment other than monitoring and water restriction. However, pa-
tients with symptomatic hyponatremia, moderate or severe cases, or those awaiting liver
transplantation may require more targeted management. Treatment of hypervolemic hy-
ponatremia includes fluid restriction, adjustment or cessation of diuretics and laxatives,
administration of hyperoncotic albumin, and/or the use of vasopressin receptor antagonists
(vaptans) [250].

In patients with acute hyponatremia (onset within 48 h), rapid correction is generally
recommended to prevent cerebral edema, as there is little risk of developing osmotic
demyelination syndrome (ODS). In contrast, those with chronic hyponatremia require a
slower and more controlled correction (the goal rate of increase of serum (Na) is 4–6 mEq/L
per 24 h period, not to exceed 8 mEq/L per 24 h period) to avoid overcorrection and reduce
the risk of ODS [204].

4.4. Bacterial Infections and Spontaneous Bacterial Peritonitis

Bacterial infections are found in approximately one-third of hospitalized patients with
cirrhosis, representing a significantly higher prevalence compared to individuals without
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cirrhosis. The sequelae of infections and sepsis among patients with cirrhosis include the
development of acute-on-chronic liver failure and other system failures [251].

Patients with cirrhosis have a 2.6-fold higher risk of developing sepsis compared
to individuals without underlying liver disease. Bacterial infections are present in ap-
proximately 25% to 46% of patients hospitalized with cirrhosis [252,253]. Their onset is
closely associated with the development of cirrhosis-related complications and is linked to
a fourfold increase in mortality [254].

Spontaneous bacterial peritonitis, along with urinary tract infection, represents the
most frequent infection in patients with cirrhosis, followed by pneumonia, skin and soft
tissue infections, and spontaneous bacteremia [253,255,256]. Fungal infections may occur
in approximately 10–13% of cases [257].

Fever, hypothermia, chills, or localized symptoms should prompt suspicion of a
bacterial infection. However, in cirrhotic patients, these typical signs may be absent. A
bacterial infection should be considered when a cirrhotic patient shows signs of clinical
deterioration, particularly in the presence of acute kidney injury (AKI), encephalopathy,
and/or jaundice.

Spontaneous bacterial peritonitis (SBP) is defined as the infection of ascitic fluid
without an identifiable intra-abdominal source amenable to surgical intervention. Its
clinical presentation is heterogeneous. The clinical presentation of SBP includes abdominal
pain, abdominal tenderness on palpation (with or without rebound tenderness), and
signs of ileus. However, it is important to note that up to one-third of patients with SBP
may remain entirely asymptomatic or present solely with encephalopathy and/or AKI,
complicating early recognition of the condition.

Diagnostic paracentesis should be routinely performed for all hospitalized individ-
uals with ascites to exclude SBP. This should include both an ascitic neutrophil count
(greater than 250/mm3) and an ascitic fluid culture, ideally inoculated into blood culture
bottles to enhance sensitivity [207,258]. Although advances in the diagnosis and treatment
of SBP have improved outcomes, the in-hospital mortality rate remains significant, at
approximately 20% [94].

Spontaneous bacterial infections are predominantly mono-bacterial, with approxi-
mately 60% caused by Gram-negative organisms, while fungal pathogens account for
less than 5% of cases. The primary causative microorganisms are enteric bacteria, with
Escherichia coli being the most frequent, followed by Klebsiella pneumoniae, Staphylococcus
aureus, Enterococcus faecalis, and Enterococcus faecium [253]. In recent years, there has been
an increasing shift toward Gram-positive and multidrug-resistant organisms (MDRO), par-
ticularly in nosocomial and healthcare-associated SBP [255,259,260]. MDROs now account
for around 35% of infections in cirrhotic patients, resulting in a reduced efficacy of the
standard empirical antibiotic regimens [255].

Patients with suspected SBP should be treated empirically with IV antibiotics (be-
fore obtaining culture results) and, traditionally, third-generation cephalosporins such as
ceftriaxone, 2 g daily, or IV cefotaxime (2 g every 12 h) and intravenous albumin [204].
Acute kidney injury is the strongest risk factor for the prediction of mortality in patients
with spontaneous bacterial peritonitis. Therefore, albumin should be administered on
days 1 and 3. In a randomized controlled trial involving 126 patients, the addition of
25% albumin (1.5 g/kg on day 1 and 1 g/kg on day 2) to antibiotic therapy significantly
reduced the 3-month mortality from 41% to 22%. Following an initial episode of SBP,
patients should receive secondary prophylaxis with antibiotics, such as trimethoprim–
sulfamethoxazole or ciprofloxacin. In contrast, primary prophylaxis is often less effective
due to the increasing prevalence of antibiotic-resistant organisms in the community. An-
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tibiotic use is also linked to adverse effects, such as trimethoprim-related hyperkalemia,
antibiotic-associated diarrhea, and Clostridioides difficile infection [204].

Primary prophylaxis may be warranted in patients at high risk for infection or SBP,
particularly in those with cirrhosis and acute upper gastrointestinal bleeding who have
not had a prior episode of SBP [260,261]. For patients considered to have a high risk of
developing SBP, prophylactic antibiotic therapy may be appropriate after careful patient
selection, for instance, in patients with low protein ascites and advanced liver failure
(Child–Turcotte–Pugh score > 9 points with serum bilirubin level > 51 µmol/L [3 mg/dL])
or impaired kidney function (serum creatinine level > 1.2 mg/dL, blood urea nitrogen
level > 25 mg/dL, or serum sodium level < 130 mEq/L), low (<1.5 g/dL) ascitic fluid
protein concentration [262,263].

4.5. Portal Hypertension-Related Bleeding

Gastrointestinal bleeding ranks as the second most frequent complication in cirrhosis,
with acute variceal bleeding (AVB) being the predominant cause. AVB constitutes a medical
emergency and requires timely and effective management to prevent short-term mortality.
Even with therapeutic advancements for AVB, 6-week mortality still ranges from 10% to
15%; mortality is even higher in the presence of infection [144]. Bleeding occurs due to
the rupture of the variceal wall, which is a consequence of increased wall tension. This
elevated tension is directly related to increased variceal transluminal pressure, enlargement
of variceal diameter, and reduced wall thickness [264]. AVB is closely correlated with
the degree of portal hypertension, the severity of liver dysfunction, and specific variceal
characteristics, such as size and the presence of red wale marks [265–269]. It is important
to note that esophageal varices develop and enlarge at an annual rate of approximately 7%,
with the incidence of a first variceal bleed estimated at 12% per year. [270]. Both primary
prophylaxis (to prevent initial bleeding) and secondary prophylaxis (to prevent rebleeding)
are essential strategies for improving clinical outcomes in patients with cirrhosis [9].

Portal hypertensive bleeding risk stratification defines high-risk varices as moder-
ate/large varices, varices exhibiting red wale signs, or any varices present in patients with
CTP class C. For patients who are intolerant of or have contraindications to NSBBs, annual
endoscopic screening for varices is recommended. Primary prophylactic strategies for
esophageal variceal bleeding in individuals with decompensated cirrhosis include the use
of NSBBs and EVL.

Beta-blockers are the standard of care for individuals with large varices or prior
bleeding [143,153,271]. The Baveno VII consensus recommends carvedilol (optimally
dosed at 12.5 mg daily) as the preferred β-blocker if large varices are encountered on
endoscopy, compared to other β-blockers (grade B evidence, strong recommendation) [9].
In a randomized controlled trial (RCT) of 152 patients, carvedilol (without banding) resulted
in lower rates of variceal bleeding (10% vs. 23%) over 20 months, compared with band
ligation every two weeks until variceal eradication [272]. Esophageal ulcers from band
ligation caused bleeding in approximately 8% of patients in the banding group [273].

In patients with high-risk varices without NSBB use, EVL may be performed and
repeated every 2–4 weeks until the eradication of the varices [143]. Endoscopic band
ligation consists of placing rubber elastic bands on medium or large varices, and it is
repeated until the lesions are eradicated.

A 2019 meta-analysis of 32 randomized controlled trials including 3362 patients with
cirrhosis and high-risk varices found that endoscopic variceal ligation (EVL) monother-
apy was associated with reduced overall mortality compared to placebo (OR 0.48,
95% CI 0.28–0.80) [274].
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Conversely, EVL monotherapy was linked to a higher, though not statistically signifi-
cant, mortality risk compared to non-selective beta-blocker (NSBB) monotherapy (OR 1.35,
95% CI 0.98–1.86).

Approach to Variceal Bleeding

In the context of variceal bleeding, implementing a restrictive transfusion strategy
(transfusion threshold 7 g/dL) in stable patients can be safe and effective, particularly
when carefully monitored and combined with appropriate volume resuscitation. RCTs
have demonstrated decreased mortality with restrictive transfusion treatment for upper
gastrointestinal bleeding [275].

Acute variceal bleeding should be managed with band ligation during prompt en-
doscopy (<12–24 h after presentation), vasoactive medications (terlipressin, somatostatin,
or octreotide), and prophylactic antibiotics (e.g., ceftriaxone) [276]. Octreotide, compared
with placebo, improved hemostasis rates at 5 days (77% vs. 58%) in a meta-analysis of
randomized trials [277]. Prophylactic antibiotics were shown to reduce short-term mortality
(18.5% vs. 22.2% with placebo) in another meta-analysis [278]. In a randomized trial of
63 patients with acute variceal bleeding who achieved initial hemostasis, transjugular
intrahepatic portosystemic shunt (TIPS) performed within 72 h significantly improved
1-year survival (86% vs. 61%) compared with no TIPS implantation [279].

Currently, pre-emptive TIPS is recommended for patients presenting with an acute
variceal hemorrhage (AVH) who are CTP class C score 10–13 or CTP class B > 7 with active
bleeding on endoscopy. If the patient is not a candidate for TIPS, it is recommended to initiate
therapy with NSBB and ongoing EVL with the goal of variceal eradication [9,143,280].

Variceal embolization or obliteration via retrograde transvenous obliteration (RTO) or
antegrade transvenous obliteration (ATO) may be indicated in cases of variceal bleeding
where a transjugular intrahepatic portosystemic shunt (TIPS) is contraindicated [143,281].
Endoscopic therapeutic options for managing gastric variceal bleeding remain limited,
with available modalities including band ligation, cyanoacrylate injection, and endoscopic
coiling. While cyanoacrylate has been suggested to be more effective than band ligation in
preventing gastric variceal rebleeding, current studies are limited and carry a potential risk
of bias [282]. A recent randomized controlled trial found that cyanoacrylate was associated
with a significantly higher risk of gastric variceal rebleeding compared to balloon-occluded
retrograde transvenous obliteration (BRTO) (p = 0.024) [283].

The RTO and ATO techniques have evolved since the introduction of the first balloon-
occluded retrograde transvenous obliteration (BRTO) in 1996 [284]. In the original BRTO
procedure, a balloon was inflated within the gastro-renal shunt, followed by the injection
of a sclerosant into the shunt [281]. Novel techniques, such as plug-assisted RTO (PARTO)
and coil-assisted RTO (CARTO), have since been developed, employing Gelfoam and/or
coils to achieve the obliteration of collateral vessels [281].

Hemorrhage from portal hypertension–associated gastropathy, enteropathy, or colopa-
thy is more insidious than variceal bleeding and often presents clinically as anemia. Ectopic
variceal bleeding, including at sites such as the duodenum, jejunum, stomal sites, or rec-
tum, may initially be managed with endoscopic interventions. However, TIPS and/or
ATO/RTO are often considered more definitive treatments for ectopic variceal hemorrhage
management [281].

4.6. Hepatic Encephalopathy

Hepatic encephalopathy is the complication that most frequently leads to admission
and/or readmission to the hospital. It profoundly impacts the quality of life of both patients
and their caregivers.
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Hepatic encephalopathy is one of the most frequent manifestations of decompensated
liver disease, affecting approximately 30–40% of patients with cirrhosis, particularly those
with MASLD-related cirrhosis [285]. In a population-based study, patients with hepatic
encephalopathy had the lowest 1-year survival rate at 36%, compared to 51% among those
with ascites or variceal bleeding [57,286].

Ammonia, a byproduct of bacterial metabolism in the gut, is typically processed by
the liver. In individuals with advanced liver disease, elevated ammonia levels adversely
impact astrocytes, disrupt pH balance, alter membrane potentials, and affect electrolyte
homeostasis. The gut–liver–brain axis in cirrhosis is compromised due to an imbalance be-
tween beneficial and pathogenic gut microbiota, leading to increased intestinal permeability
and bacterial translocation. This dysfunction is linked to neurocognitive impairments in
patients with advanced liver disease.

Hepatic encephalopathy is defined as the spectrum of potentially reversible neuropsy-
chiatric abnormalities that are secondary to hepatic dysfunction, portosystemic shunting,
or both and are classified clinically according to the West Haven Criteria, ranging from
covert (grades 0 and 1) to overt (grades 2, 3, and 4) hepatic encephalopathy [287].

Overt hepatic encephalopathy comprises grades 2 through 4 on the West Haven
Criteria and is characterized by clinically apparent neuropsychiatric disturbances, which
can range widely in severity. Grade 2 hepatic encephalopathy is marked by lethargy or
apathy, mild disorientation in time or place, personality changes, inappropriate behaviors,
constructional apraxia, and the presence of asterixis. Somnolence to semi-stupor, responsive
to stimuli, confusion, profound disorientation, and inappropriate behaviors are hallmarks
of grade 3 hepatic encephalopathy. Grade 4 hepatic encephalopathy corresponds to coma,
in which the patient is unresponsive to external stimuli [6].

Meanwhile, covert hepatic encephalopathy (grades ≤ 1) presents as subclinical al-
terations evident only by neuropsychological or electrophysiological testing and is not
detectable at physical examination. The gold standard for diagnosing covert hepatic en-
cephalopathy is a performance score of four or more standard deviations below healthy
controls on the Psychometric Hepatic Encephalopathy Score (PHES), a five-test paper–
pencil battery [95,288].

In 2017, the animal naming test was introduced to appraise impaired cognitive function
(mainly executive functions) in the early stages of hepatic encephalopathy [289].

Therefore PHES can be substituted by bedside tests such as the Animal Naming Test
(in which naming fewer than 15 or 10 animals per minute had sensitivities of 70% and
15% and specificities of 63% and 92%, respectively, in a cohort of 327 patients) or the
EncephalApp Stroop Test (A duration greater than 198 s on a computerized Stroop test was
associated with 80% sensitivity and 61% specificity for detection, as observed in a cohort of
277 patients) [288].

Additional manifestations of covert hepatic encephalopathy include an increased risk
of recent falls (40% of patients with covert hepatic encephalopathy experienced falls within
the prior year compared to 12.9% without), and poorer sleep quality (a mean Pittsburgh
Sleep Quality Index score of 10.3 vs. 7.6, where >5 indicates poor sleep) [290,291]. Moreover,
covert hepatic encephalopathy increases the risk of motor vehicle accidents and is linked to
reduced quality of life [292].

A diagnostic algorithm incorporating factors such as age, sex, and symptoms like loss
of balance, irritability, anorexia, and lack of interest in physical activity can identify covert
hepatic encephalopathy with 80% sensitivity and 79% specificity.

The first-line treatment for hepatic encephalopathy (HE) involves the use of non-
absorbable disaccharides, such as lactulose and lactitol, which confer multiple therapeutic
benefits. In the colon, lactulose is metabolized by gut flora, leading to lower colonic pH.
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This lower pH converts ammonia into non-absorbable ammonium, thereby reducing sys-
temic ammonia absorption [293]. In addition, lactulose acts as a laxative, speeding up gut
transit and reducing ammonia absorption while increasing its excretion. It also supports
the uptake of nitrogen by colonic bacteria for protein synthesis and encourages the growth
of non-urease-producing Lactobacillus in the gastrointestinal tract [294]. Rifaximin is a
well-established adjunct to lactulose in the treatment of HE, particularly in patients who ex-
hibit suboptimal intolerance or inadequate response to lactulose monotherapy. A landmark
multinational study demonstrated the superior efficacy of rifaximin over placebo in sustain-
ing remission from HE and in mitigating the risk of HE-related hospitalizations [281,295]. A
recent randomized controlled trial conducted by Bureau et al. revealed that the administra-
tion of rifaximin 14 days prior to the insertion of a transjugular intrahepatic portosystemic
shunt (TIPS) significantly lowered the incidence of overt HE (OHE) post-TIPS compared to
placebo (OR, 0.48; 95% CI, 0.27–0.87) [296]. In light of these findings, rifaximin prophylaxis
is administered for two weeks prior to TIPS, and the therapy is maintained for a duration
of six months to attenuate the risk of post-TIPS HE [284].

Other therapies include oral branched-chain amino acids, intravenous (IV) L-ornithine
L-aspartate, Glycerol phenylbutyrate, sodium benzoate, and zinc, all of which are metabolic
ammonia scavengers [294]. Though not routinely recommended, probiotics, prebiotics,
synbiotics, and other antibiotics have also been used [297]. Fecal microbiota transplantation
(FMT) has emerged as a potential therapy for HE [298,299]. A decreased activity of ornithine
transcarbamylase is commonly observed in patients with liver cirrhosis due to zinc defi-
ciency, which compromises the function of urea cycle enzymes that are essential for effective
nitrogen metabolism and ammonia detoxification [300]. Zinc supplementation has been
shown to attenuate the severity and clinical manifestations of hepatic encephalopathy [300].
Long-term administration may improve quality of life by contributing to the reduction of
systemic ammonia levels [300–302]. Zinc supplementation could be highly inexpensive
and may serve as an adjunctive therapy. However, establishing the optimum dosage of zinc
required, as well as defining the optimum duration of treatment and monitoring regimens
for zinc supplementation, remains challenging [300].

Current guidelines advise against prolonged protein restriction in HE. Although short-
term protein limitation may be unavoidable during the initial 48–72 h of OHE management
to mitigate ammonia production, dietary protein intake should be promptly restored
once the acute period subsides to prevent malnutrition and sarcopenia [287]. Arguably, a
recent study demonstrated that substitution of a single meat-based meal with a non-meat
alternative results in lower ammoniagenesis and can alter serum metabolomics centered
on branched-chain amino acids, acylcarnitines, lysophospholipids, and sphingomyelins in
patients with cirrhosis, regardless of HE or the stool microbiome [303].

In patients with recurrent episodes of overt hepatic encephalopathy (HE) and pre-
served liver function, it is important to investigate the presence of large spontaneous
portosystemic shunts (PSSs). Certain shunt types, such as splenorenal shunts, can be
effectively embolized, resulting in a rapid resolution of overt HE [304,305].

4.7. Acute Kidney Injury and Hepatorenal Syndrome

Acute kidney injury (AKI) occurs in 30–50% of hospitalized patients with decompensated
cirrhosis and is associated with higher mortality rates (30-day mortality of ≤58%) [306–308].
AKI in cirrhosis can be defined as an increase in serum creatinine of at least ≥26.5 µmol/L
(0.3 mg/dL) within 48 h, or a rise of 50% or more from baseline, either known or presumed
to have developed within the past 7 days [309]. HRS has a very high mortality rate and the
worst prognosis among the etiologies of AKI, with a survival rate of 35% [310,311].
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Acute kidney injury–hepatorenal syndrome (HRS-AKI) is a distinct form of functional
renal failure that occurs in individuals with advanced cirrhosis. It is not caused by structural
kidney damage but results from severe renal vasoconstriction in the setting of systemic
circulatory dysfunction. HRS-AKI is frequently associated with other complications of the
disease [79]. Although hepatorenal syndrome lacks specific clinical signs or symptoms,
it is characterized by a significant reduction in renal blood flow, resulting in a decreased
glomerular filtration rate, and arterial hypotension is a common finding.

HRS was previously categorized into type 1 and type 2. However, these classifications
were revised by the International Club of Ascites (ICA) in 2014 to reflect a more accurate
understanding of the condition and its clinical course. Type 2 hepatorenal syndrome is
classed as not meeting the criteria for acute kidney injury, thus representing a non-acute
form of hepatorenal syndrome–renal injury. Type 1 hepatorenal syndrome is now termed
hepatorenal syndrome–acute kidney injury (HRS-AKI). The diagnosis of HRS-AKI is based
on several criteria: (i) the presence of cirrhosis with ascites; (ii) acute kidney injury defined
by the ICA-AKI criteria, which includes elevation in serum creatinine of ≥0.3 mg/dL within
48 h or a ≥50% rise from baseline, occurring or presumed to have occurred within the
previous 7 days; (iii) no improvement in kidney function following at least 48 h of diuretic
withdrawal and plasma volume expansion with intravenous albumin at a dose of 1 g/kg
of body weight; (iv) absence of shock; (v) no recent or ongoing use of nephrotoxic medica-
tions, such as NSAIDs, aminoglycosides, or iodinated contrast agents; (vi) no evidence of
intrinsic renal disease, indicated by the absence of significant proteinuria (>500 mg/day);
(vii) absence of microhematuria (>50 red blood cells per high-power field); and (viii) normal
findings on a renal ultrasonography.

Although bacterial infections are the predominant precipitants, hepatorenal syndrome
may present as acute kidney injury, even without an identifiable trigger. Furthermore, there
are no specific laboratory tests or markers for diagnosing AKI-HRS. Rather, the diagnosis is
made by excluding other causes of AKI and confirming the absence of markers indicating
intrinsic acute kidney injury, like hematuria, proteinuria, or abnormalities detected by renal
ultrasonography. Classical biomarkers, including urine sodium, fractional excretion of
sodium, and urine osmolality, have limited diagnostic utility in patients with cirrhosis and
ascites, as urine sodium levels may be markedly reduced due to renal sodium retention or
elevated as a result of ongoing diuretic therapy. Multiple studies have demonstrated that serum
creatinine tends to overestimate the glomerular filtration rate in patients with cirrhosis [312].
Novel biomarkers of tubular injury, especially the iron-trafficking protein NGAL, may prove
helpful in distinguishing acute kidney injury–hepatorenal syndrome [94,313]. Other biomarkers
that have been investigated include albumin, IL-8, KIM-1, and L-FABP, with elevated levels
observed in patients with acute tubular necrosis (ATN) compared to those with hypov-
olemia and hepatorenal syndrome (HRS) [79] Additionally, plasma levels of cystatin C may
serve as a predictor for the progression and development of acute kidney injury (AKI) and
mortality in patients with cirrhosis [314].

The optimal management of hepatorenal syndrome (HRS) consists of carefully moni-
tored volume expansion with intravenous albumin administration and the use of vasocon-
strictor therapy to enhance the mean arterial pressure and improve renal perfusion [315].
Vasoconstrictors are standard in the management of HRS-AKI, as they directly influence
splanchnic arterial vasodilation [79]. In a randomized controlled trial involving 300 patients,
terlipressin significantly enhanced renal function, achieving a serum creatinine level of
≤1.5 mg/dL in 39% of patients compared to 18% in the placebo group (p = 0.006). However,
the use of terlipressin was associated with a higher risk of mortality due to respiratory
failure (11% vs. 2% with placebo) [316]. Furthermore, a meta-analysis demonstrated that
norepinephrine, administered at doses ranging from 0.5 to 3 mg/h, was not inferior to
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terlipressin, with a pooled reversal rate of kidney injury at 50% [310]. Given these findings,
while terlipressin is a critical therapeutic option, the potential for respiratory complications
necessitates cautious administration, particularly in patients receiving concurrent albumin
and terlipressin [316]. Ultimately, renal replacement therapy may benefit selected patients
and can be considered as a bridge to liver transplantation, with simultaneous liver–kidney
transplantation recommended for those unlikely to achieve renal recovery following liver
transplantation alone [204].

4.8. Sarcopenia

Sarcopenia, characterized by a progressive loss of skeletal muscle mass and function,
is a significant complication in patients with cirrhosis and a predictor of poor outcomes
in cirrhotic patients [317]. It is associated with high mortality rates, increased risk of
hospitalization, and complications like HE and infections. An estimated 20–40% of indi-
viduals with compensated cirrhosis have sarcopenia. However, this prevalence increases
significantly and can exceed 40–70% in decompensated cirrhosis [318,319]. A range of
direct and indirect techniques, including anthropometry, bioelectrical impedance analysis
(BIA), dual-energy X-ray absorptiometry (DXA), ultrasound, magnetic resonance imaging
(MRI), and computed tomography (CT), have been utilized to assess and quantify the
muscle mass in patients with decompensated cirrhosis. Currently, the evidence for most
of the therapeutic strategies for sarcopenia is based on a small number of experimental
or human-based studies. Current management approaches for sarcopenia and physi-
cal frailty focus on ensuring adequate nutritional support with adequate protein intake
(1.2–1.5 g/kg/day), with increased intake recommended for the critically ill. Further,
minimizing fasting duration and promoting regular physical activity, alongside optimal
treatment of the underlying etiology of cirrhosis and its complications, are essential compo-
nents of comprehensive patient management.

4.9. Hepatopulmonary Syndrome

HPS is the leading cause of respiratory insufficiency in patients with chronic liver
disease [320,321]. It is defined by impaired gas exchange resulting from intrapulmonary
vascular dilatations and shunts. Intrapulmonary vascular dilatations or shunts are de-
tected using contrast-enhanced transthoracic echocardiography. HPS affects approximately
10–30% of patients being evaluated for liver transplantation [322]. HPS is frequently asymp-
tomatic. The clinical presentation of hepatopulmonary syndrome (HPS) is predominantly
driven by hypoxemia, often accompanied by signs such as cyanosis and digital clubbing.
Moreover, platypnea (dyspnea worsening when moving from a supine to an upright posi-
tion) and orthodeoxia (>5% or >4 mmHg decrease in partial pressure of arterial oxygen
[PaO2] after changing from supine to upright position) can be found in up to 25% of
cases [323]. Patients with hepatopulmonary syndrome (HPS) exhibit more than a twofold
increase in mortality. Therapeutic strategies for HPS include the initiation of support-
ive long-term oxygen therapy in individuals with severe hypoxemia (PaO2 < 60 mmHg).
In many countries, patients with severe HPS are granted MELD exception status [324].
However, liver transplantation remains the only definitive treatment capable of reversing
the syndrome.

5. Future Perspectives
Cirrhosis, irrespective of the underlying etiology, is associated with significant mor-

bidity and mortality. The development of portal hypertension often precipitates life-
threatening sequelae, profoundly impacting the quality of life of patients and their carers.
Despite recent advancements in diagnostic modalities and the design of rigorous clinical
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trials targeting PH and its complications, the management of patients with decompensated
cirrhosis continues to pose significant challenges within the field of hepatology.

A better understanding of the evolving decompensation pathways in cirrhosis, particu-
larly the distinction between AD and NAD, offers important clinical and pathophysiological
insights. NAD has emerged as a distinct clinical entity characterized by low severity, the
absence of systemic inflammation, and a more indolent trajectory compared to AD. Unlike
classical AD events, such as acute variceal bleeding, NAD is associated with reduced
urgency for hospitalization, therefore allowing for a more nuanced risk stratification and
resource allocation [325].

Moreover, NAD may represent a transitional phenotype toward recompensation, a
concept gaining recognition in the recent literature but not yet well-defined in clinical
practice. Biomarker profiles in NAD, including elevated markers of hepatocyte cell death
without significant inflammation, suggest novel mechanistic pathways and therapeutic
targets, particularly in modulating programmed cell death [21].

Ultimately, recognizing NAD as a pathophysiologically and prognostically distinct
subset of cirrhosis underscores the need to better understand its progression dynamics and
integrate this understanding into future clinical pathways, research, and management.

As interventional radiology and hepatology evolve, the integration of advanced
imaging techniques with biomarkers, genetic profiling, and artificial intelligence will
enable clinicians to adopt a more nuanced approach to the management of PH and its
complications. By offering a more precise evaluation of vascular anatomy, fibrosis stage,
and patient-specific risk factors, these tools will facilitate more precise and individualized
therapeutic regimens, ensuring that the most appropriate intervention—whether it be TIPS
or other novel interventional radiology procedures such as RTO and its different forms,
ATO, or an alternative therapy—can be selected for each individual patient.

Beyond interventional radiology techniques, biomarkers and genetic profiling are
introducing another dimension to the management of PH. The use of biomarkers, such
as procollagen III peptide (PIIINP), hyaluronic acid, tissue inhibitor of metalloproteinases
1 (TIMP1), procollagen type III N-terminal propeptide (PRO-C3), interleukin 6 (IL-6),
urinary neutrophil gelatinase-associated lipocalin (NGAL) or copeptin, likely offer valuable
prognostic insight, helping to identify those at higher risk of developing important clinical
endpoints in decompensated cirrhosis in the future.

Genetic profiling is particularly promising in the era of personalized medicine. Genetic
mutations in the PNPLA3, TM6SF2, or MBOAT7 genes are known to influence liver fibrosis
progression and may also guide more personalized treatment approaches and monitoring
strategies. mRNA therapy is an emerging therapeutic approach for diseases, which has
been at the forefront of the novel COVID-19 vaccines and can be targeted to the liver to
promote hepatocyte regeneration and correct underlying genetic disorders caused by a
loss-of-function phenotype. Combining mRNA therapy and CRISPR/Cas9 may further
leverage the advantages of both methods to treat rare liver diseases.

The extent to which modulating the gut microbiota impacts the natural history of
decompensated cirrhosis remains unclear. Yet, microbiome-based therapeutics, including
prebiotics, probiotics, synbiotics, postbiotics, antibiotics, bacteriophages, antibodies to spe-
cific species, selected consortium products, and fecal microbiota transplant, hold promise
to ameliorate the progression of liver disease and may also lead to the discovery of novel
treatments and targeted biomarkers.

Furthermore, artificial intelligence and derived technologies can offer promising
avenues for diagnosis, prognostic predictions, stratifying patients, and personalizing treat-
ment plans. Recently, the Dieta app to gauge stool AI characteristics was accepted and
increased the insight into the lactulose dose and Bristol stool scale in cirrhosis.
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The interruption of the mechanisms that initiate and perpetuate PH remains the
ideal strategy to counter the complications associated with cirrhosis. Promising agents
mitigating increased intrahepatic vascular resistance, such as statins, PPAR agonists, GLP-
1 agonists, SGLT2 inhibitors, sGC activators and stimulators, ribaroxaban, enoxaparin,
and dual or pan-FXR receptor agonists, have the potential to alter the clinical course of
advanced chronic liver disease, complementing the traditional etiologic approach. However,
the full translational potential of these therapies still requires further validation through
ongoing studies.

Antifibrotic treatments are likely to be developed in the next decade, on the basis of a
better understanding of the pathogenesis of fibrosis. In the future, patients with cirrhosis
are likely to be treated with a targeted anti-inflammatory agent that can reduce portal
pressure and simultaneously serves as an antifibrotic or fibrinolytic agent.

In the next decades, we are likely to witness the broader adoption of rapid non-invasive
liver diagnostic assessments and validated, safe, and reproducible non-invasive techniques
for monitoring PH. Replacing invasive and limited-in-availability hepatic venous pressure
gradient (HVPG) measurements, these tools will not only revolutionize the management of
PH, but they will serve as effective surrogates for diagnosing, staging PH, and predicting
patient outcomes.

Effective artificial liver support remains a major unmet need in the management of
advanced liver disease, as liver transplantation continues to be the only definitive curative
treatment currently available. Notably, advances in regenerative medicine, or cell-derived
therapies and bioartificial liver support, are expected to mark major breakthroughs in the
future, offering the potential to reduce the high demand for liver transplantation. Extracor-
poreal liver support systems like Prometheus and the Molecular Adsorbent Recirculating
System (MARS) are effective for improving short-term biochemical and hemodynamic
parameters in patients with liver failure, which could be crucial as a bridge to liver trans-
plantation. Although these systems offer temporary clinical improvements, robust evidence
for a consistent long-term survival benefit remains inconclusive. Their impact on overall
survival appears to be influenced by patient selection and the severity of liver and multi-
organ dysfunction. Other novel interventions, such as recombinant alkaline phosphatase
and liver dialysis devices such as DIALIVE—a liver dialysis device that aims to exchange
dysfunctional albumin and remove DAMPs and PAMPs—show promise in mitigating
inflammatory damage. Advances in immunotherapy and molecular-targeted agents also
offer hope for cirrhosis-related HCC.

This shift toward precision medicine in hepatology promises to enhance outcomes,
reduce complications, and provide a more cost-effective management strategy for patients
with chronic liver disease. Ultimately, it is anticipated that there will be a more integrated
and multimodal approach to PH management and shifting away from a “one-size-fits-all”
paradigm, with TIPS and innovative techniques working synergistically to improve patient
outcomes and enhance their quality of life.
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ACLF Acute-on-chronic-liver failure
AD Acute decompensation of cirrhosis
AFP Alpha-fetoprotein
AKD Acute kidney disease
AKI Acute kidney injury
ALD Alcohol related liver disease
ALT Alanine aminotransferase
APoA-1 Apolipoprotein A-1
AST Aspartate aminotransferase
AUD Alcohol use disorder
AVB Acute variceal bleeding
BATO Balloon-occluded antegrade transvenous obliteration
BRTO Balloon-occluded RTO
cACLD Compensated advanced chronic liver disease
CKD Chronic kidney disease
CLD Chronic liver disease
CLIF-C ACLF Chronic Liver Failure Consortium Acute-on-chronic liver failure
CLIF-C AD Chronic Liver Failure-Consortium Acute Decompensation
COVID-19 Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2)
CSPH Clinically significant portal hypertension
CTP Child–Turcotte–Pugh
eLIFT Easy liver fibrosis
EV Esophageal varices
EVL Endoscopic variceal ligation
FIB-4 Fibrosis-4 index
FIPS The Freiburg index of post-TIPS survival
GasD Gasdermin D
GEV Gastroesophageal varices
HA Hyaluronic acid
HBV Hepatitis B virus
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
HE Hepatic encephalopathy
HPS Hepatopulmonary syndrome
HRS Hepatorenal syndrome
HVPG Hepatic venous pressure gradient
IFG Impaired fasting glucose
IGF-1 Insulin-like growth factor-1
IGV1 Isolated gastric varices type 1
IGV2 Isolated gastric varices type 2
INCPH Idiopathic non-cirrhotic portal hypertension
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INR Internationalized normal ratio (also known as prothrombin time)
kPa Kilopascal
LT Liver transplantation
LVP Large volume paracentesis
MASH Metabolic-associated steatohepatitis
MASLD Metabolic dysfunction-associated steatotic liver disease
MELD Model for End-Stage Liver Disease
MELD-Na Model for End-Stage Liver Disease-Sodium
MRI Magnetic resonance imaging
NFS NAFLD fibrosis score
NSBBs Non-selective beta-blockers
OLT Orthotopic liver transplantation
PBC Primary biliary cirrhosis
PH Portal hypertension
PHES Psychometric hepatic encephalopathy score
PICD Paracentesis-induced circulatory dysfunction
PIIINP Amino-terminal propeptide of type III procollagen
POPH Portopulmonary hypertension
PPI Proton pump inhibitors
PT Prothrombin time
RA Refractory ascites
RIPK3 Receptor-interacting serine/threonine protein kinase 3
SBP Spontaneous bacterial peritonitis
sCr Serum creatinine
TE Transient elastography
TIMP-1 Tissue inhibitor matrix metalloproteinase 1
TIPS Transjugular intrahepatic portosystemic shunt
VCTE Vibration-controlled transient elastography
α2M α2-macroglobulin
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