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Ascites due to liver cirrhosis is a common complication in patients with liver disease, severely affecting
their prognosis and quality of life. Traditional treatment methods have significant limitations in manag-
ing ascites, highlighting the need for new therapeutic approaches. As an antidiuretic drug, terlipressin
has shown good efficacy and potential in treating ascites. This review covers terlipressin’s applica-
tion in managing ascites caused by liver cirrhosis, covering the mechanism of action, usage strategies,
clinical effects, and potential side effects. Clinical trial results are discussed to provide a glimpse into
the efficacy and safety of terlipressin in managing ascites and its side effects. Additionally, we provide
detailed discussions on medication precautions and management strategies for adverse reactions in high-
risk patients. Finally, this review outlines future research directions, such as new clinical trial designs,
comparisons of terlipressin with other novel drugs, and the exploration of individualized treatment mod-
els. These efforts aim to provide references for clinical practice and promote further development in
this field.
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Introduction

Cirrhosis is a serious liver disease caused by various chronic liver conditions
(Valeriani et al, 2023). A notable complication associated with cirrhosis is ascites,
which is characterized by the abnormal accumulation of fluid within the abdominal
cavity (Xu and Xu, 2019). This condition mainly results from liver dysfunction and
increased pressure in the portal vein, known as portal hypertension, which is com-
mon in patients with cirrhosis. Ascites is closely linked to increased pressure in the
portal vein, the liver’s reduced ability to produce proteins, and changes in fluid bal-
ance (Tonon and Piano, 2023). In this process, portal hypertension is considered
to be one of the main driving factors for the development of ascites in cirrhosis,
which is mainly related to the increase of intrahepatic vascular resistance and the
decrease of systemic vascular resistance due to the production of endogenous va-
sodilator substances (Terbah et al, 2024). In patients with decompensated cirrhosis,
ascites is a common clinical sign that can significantly affect their quality of life
and overall prognosis (Zaccherini et al, 2021). The occurrence of ascites serves
as a significant prognostic marker in cirrhosis, with recurrent or refractory ascites
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often indicating a deterioration in the patient’s health status (Miyamoto et al, 2023).
Thus, ascites is a major complication of cirrhosis and a marker for liver dysfunc-
tion progression. Therefore, the early identification and management of ascites are
vital for improving patient survival rates and enhancing their quality of life. Nev-
ertheless, conventional therapeutic approaches such as diuretics and paracentesis
may exhibit limited efficacy in instances of refractory ascites. At the same time,
although sodium restriction and diuretics remain the cornerstones of ascites man-
agement, many patients still require additional treatment when they fail to respond
to such medications (Hou and Sanyal, 2009).

Terlipressin is a synthetic vasopressin analogue that has demonstrated signif-
icant efficacy in treating ascites caused by liver cirrhosis in recent years (Liu et
al, 2019). It exerts its antidiuretic effect by stimulating vasopressin receptors in the
splanchnic circulation and renal tubules, leading to splanchnic vasoconstriction and
improved renal perfusion (Scheinberg et al, 2023). Additionally, terlipressin can
improve renal function and increase urine output, giving it a unique advantage in
treating complications related to liver cirrhosis (Kulkarni et al, 2020). Teripressin
can also reduce portal inflow by directly and effectively constricting the splenic
blood vessels and improving hyperkinetic status. Despite its benefits, caution is
warranted when using terlipressin due to potential side effects, including cardiovas-
cular events and electrolyte disturbances (Qi et al, 2022).

This review details the application of terlipressin in managing ascites caused by
liver cirrhosis, covering the mechanism of action, usage strategies, clinical effects,
and potential side effects. First, we review the antidiuretic effects of terlipressin
and its impact on the vascular system and renal function. Next, we summarize the
clinical applications of terlipressin in ascites due to liver cirrhosis and its impact on
ascites improvement indicators, with reference to clinical trial results, medication
regimens, and dosage adjustments, as well as the effect of its combination with other
treatment methods. Finally, we discuss the safety and side effects of terlipressin and
propose future research directions and challenges.

In summary, the application of terlipressin in the management of ascites due to
liver cirrhosis has significant clinical value, but its use requires caution. Through
a comprehensive review of its mechanisms, clinical effects, and safety, we hope
to provide valuable references for clinical practice and guide future research direc-
tions. Next, this review will delve into the specific applications of terlipressin in
the management of ascites due to liver cirrhosis.

Application Status and Prospects of Terlipressin in
the Treatment of Ascites in Liver Cirrhosis

Chemical Structure and Pharmacological Properties of Terlipressin
Structure and Chemical Characteristics

Terlipressin (CspH74N14015S2; molecular weight = 1227.37) is a synthetic
derivative of the antidiuretic hormone, vasopressin, featuring comparable pharma-
codynamic effects to arginine vasopressin. Due to the higher selectivity of its re-
ceptor (i.e., V1 receptor) and longer half-life, terlipressin takes an extended period
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of time to be excreted from the body. Thus, it can be administered intermittently
and has a longer-lasting effect than other vasoconstrictors (Al-Saadi et al, 2022). It
is composed of a cyclic peptide made up of eight amino acids, with lysine as the
eighth amino acid and a triglycyl group at the N-terminus formed by three glycine
residues. After administration, terlipressin is metabolized proteolytically to form
its active metabolite, lysine vasopressin. This metabolite mediates the drug’s phar-
macological effects and has an average plasma half-life of 24 + 2 minutes (Qi et
al, 2022).

Overview of the Functions of Vasopressin VI and V2 Receptors

The vasopressin receptors, V1 and V2, are G protein-coupled receptors that
play important physiological roles. V1 receptors are mainly found in vascular
smooth muscle, liver, spleen, and platelets. They contribute to vasoconstriction,
hepatic glycogenolysis, and platelet aggregation, playing a significant role in reg-
ulating blood pressure and glucose homeostasis. Conversely, V2 receptors are pri-
marily located in the basolateral membrane of the renal distal tubule and collect-
ing duct cells. Vasopressin-induced water reabsorption is mediated by inducing in-
tracellular cyclic adenosine monophosphate (cAMP) production in collecting duct
cells, thereby regulating renal antidiuretic functions and body water balance, and
promoting the proliferation and migration of renal cells (Jamil et al, 2018). By
acting on these two receptor types, terlipressin stimulates the G-protein-coupled
receptor cascade, resulting in intracellular calcium inflow to trigger actin-myosin
cross bridging, which stimulates smooth muscle vascular contraction and promotes
antidiuretic functions (Scheinberg et al, 2023).

Mechanism of Action of Terlipressin
Antidiuretic Effect

Terlipressin, a synthetic analogue version of vasopressin, exhibits potent an-
tidiuretic effects. It primarily activates V1 receptors, leading to vasoconstriction
in vascular smooth muscle, which increases vascular resistance and blood pressure
(Gonzalez et al, 2020). In patients with ascites due to liver cirrhosis, terlipressin
significantly improves renal function by increasing glomerular filtration rate and
renal blood flow (Datta et al, 2020). In addition, terlipressin lowers plasma renin
activity and aldosterone levels. This reduces the activation of the renin-angiotensin-
aldosterone system, further reduces sodium and fluid retention, improves ascites,
and controls hepatic hydrothorax. This action inhibits the kidneys’ reabsorption
of sodium and water, helping to decrease ascites formation (Belcher et al, 2022).
Together, these mechanisms allow terlipressin to effectively manage ascites caused
by liver cirrhosis.

Effects on the Vascular System

Terlipressin activates V1 receptors, causing vasoconstriction in vascular smooth
muscle, which increases vascular resistance and blood pressure. This effect is not
limited to the kidneys but also affects the splanchnic vascular system, leading to
reduced splanchnic blood flow and increased effective circulating blood volume
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(Glavas et al, 2022). In patients with liver cirrhosis, terlipressin improves hepatic
hemodynamics by reducing splanchnic vasodilation, and significantly lowering por-
tal pressure (Garcia-Tsao et al, 2024). Furthermore, terlipressin boosts systemic
vascular resistance, enhances circulatory function in liver cirrhosis patients, and
helps reduce ascites formation (Terbah et al, 2024). These effects on the vascular
system highlight the clinical significance of terlipressin in the treatment of ascites
due to liver cirrhosis. In addition, by activating the V1 vasopressin receptor, terli-
pressin has also been shown to cause oesophagal muscle contraction and pressure
on oesophagal varices to help slow down acute varicose haemorrhage (VH). There-
fore, terlipressin is one of the drugs that can be combined with vasoactive drugs for
treating acute VH, and its efficacy resembles that of octreotide, as proven by many
experiments (Scheinberg et al, 2023).

Mechanisms Affecting Renal Function

Terlipressin affects renal function through various mechanisms, significantly
improving the prognosis of patients with cirrhotic ascites. First, it improves renal
function by increasing renal blood flow and glomerular filtration rate (Chiang et
al, 2019). Second, terlipressin inhibits the kidneys’ reabsorption of sodium and
water by reducing plasma renin activity and aldosterone levels, thereby decreas-
ing the formation of ascites (Bai et al, 2020). Additionally, terlipressin improves
the circulatory function of patients with cirrhosis by reducing visceral blood flow
and increasing effective circulating blood volume (Garcia-Tsao et al, 2024). Terli-
pressin’s mechanisms of action highlight its crucial role in treating cirrhotic ascites,
which leads to significant improvements in patient outcomes. This drug is widely
used to manage hepatorenal syndrome, with about 40% of patients showing a re-
versal of hepatorenal syndrome-acute kidney injury (Wong, 2024).

Clinical Application of Terlipressin in Cirrhotic Ascites and Comparison of
Its Efficacy with Traditional Diuretics

Traditional Therapeutic Role of Diuretics and Their Limitations

Diuretics are crucial for treating ascites, and furosemide and torsemide are the
most commonly used medications (Kehrenberg and Bachmann, 2022). However,
these traditional diuretics have limitations. They can cause problems like drug re-
sistance, worsening kidney function, and electrolyte imbalances (Zaccherini et al,
2021). Specifically, adverse effects of diuretic use or abuse include functional kid-
ney failure, hyponatrium, and hypokalemia (Bartoli et al, 2017). In the event of
deterioration, higher doses of diuretics are often needed to manage ascites, thus in-
creasing the risk of side effects. Additionally, diuretics may not effectively relieve
the symptoms of ascites, which may negatively impact patients’ overall quality of
life. This may be related to compensatory mechanisms triggered by the kidney
under the guidance of the homeostasis system, where the kidney counteracts the
effects of diuretics by achieving more complete reabsorption due to the activation
of powerful sodium retention mechanisms. This could eventually counter, or even
eliminate, the effectiveness of diuretics (Bartoli et al, 2017).
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Comparison of the Efficacy between Terlipressin and Diuretics

Terlipressin works differently from conventional diuretics like furosemide. It
significantly increases water reabsorption in the renal tubules and helps prevent the
buildup of ascites. Research shows that terlipressin significantly improves survival
rates and quality of life for patients, especially for those who do not respond well
to standard diuretics (Xing et al, 2019). Moreover, in patients with advanced cir-
rhosis, renal impairment is more persistent and ascites becomes refractory because
it no longer responds to diuretic treatment. A study by Scheinberg et al (2023)
found that the addition of terlipressin to conventional treatment can significantly
increase the mean arterial pressure, increase 24-hour urine volume, improve renal
function, and promote ascites resolution in patients with refractory cirrhosis; com-
paratively, the combined effect is more pronounced in patients with acute kidney
injury (AKI), with less adverse reactions (Scheinberg et al, 2023). The administra-
tion of terlipressin with albumin as a treatment to overcome the reduced effective-
ness of diuretic treatment has gradually become one of the main commonly used
methods to reduce kidney failure, which will be discussed in more details later. At
the same time, other studies have further speculated that albumin may help counter-
act the negative effects of systemic vasodilation by enhancing the vasoconstriction
response of terlipressin (Fimiani et al, 2011; Gentilini et al, 2002; Xing et al, 2019).
Additionally, terlipressin has shown high effectiveness in treating other compli-
cations associated with liver cirrhosis (Kulkarni et al, 2020), such as hepatorenal
syndrome, refractory ascites, and acute variceal bleeding. For example, terlipressin
is now the treatment of choice for hepatorenal syndrome (Pipili and Cholongitas,
2014). Therefore, comparing terlipressin with traditional diuretics reveals its supe-
rior effectiveness in certain patient groups, highlighting the need to tailor treatment
strategies to each patient’s specific situation.

Overview of Clinical Trial Results

Multiple studies have validated the use of terlipressin in managing cirrhotic as-
cites. A systematic review by Bai et al (2020) found that terlipressin significantly
improved hemodynamic parameters in patients with non-refractory ascites. This in-
cluded a reduction in heart rate and cardiac output, along with an increase in mean
arterial pressure and systemic vascular resistance (Bai et al, 2020). In patients with
refractory ascites, terlipressin significantly improved renal function, by increasing
glomerular filtration rate, renal blood flow, urinary sodium excretion, and urine out-
put, while reducing serum creatinine levels (Scheinberg et al, 2023). Furthermore,
terlipressin demonstrated significant effects in preventing circulatory dysfunction
after paracentesis (Bai et al, 2020). These findings indicate that terlipressin plays
an important role in improving hemodynamics and renal function in patients with
cirrhotic ascites.

Dosage Regimen and Adjustment
Varying dosage regimens and adjustments for terlipressin have been reported

in different studies. A review by Kulkarni et al (2020) summarized that terlipressin
is usually given in intravenous injection, starting with a dose of 1-2 mg every 4-6
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hours. In some studies, terlipressin has also been used for continuous infusion to
maintain stable drug concentrations (Bui et al, 2020). Continuous infusion not only
enhances the drug’s efficacy but also reduces the occurrence of adverse reactions
(Weinberg et al, 2023). During treatment, it is necessary to adjust the dosage in a
timely manner based on the patient’s clinical response and adverse reactions. For
patients showing significant improvement in renal function, the dose of terlipressin
can be gradually reduced until discontinuation.

Combined Use with Other Treatment Methods

Terlipressin is frequently combined with other treatments to improve efficacy
in managing cirrhotic ascites. Research by Sharma et al (2020) demonstrated that
combining terlipressin and albumin significantly improved the recovery rate of re-
nal function in patients with refractory ascites. Additionally, terlipressin can be
used in conjunction with diuretics to enhance diuretic effects and reduce the accu-
mulation of ascites (Xing et al, 2019). These combination treatment regimens not
only enhance the efficacy of terlipressin but also reduce the limitations and adverse
reactions associated with monotherapy (Qi et al, 2022). In line with the previous
discussion, combination treatment regimens also streamline drug therapy manage-
ment for patients with refractory ascites complicated by hepatorenal syndrome.

Indicators of Ascites Improvement

The efficacy of terlipressin in managing cirrhotic ascites is primarily assessed
by measuring indicators of ascites improvement. A previous study has shown that
terlipressin significantly reduces ascites formation through its potent vasoconstric-
tive effects. In a clinical trial, patients receiving terlipressin showed a significant
reduction in ascites volume, and the recurrence rate of ascites was also significantly
lower (Xing et al, 2019). Furthermore, terlipressin helps resolve ascites by im-
proving renal function and increasing urine output. These findings indicate that
terlipressin has significant efficacy in ascites management, effectively improving
patients’ clinical symptoms and quality of life (Bai et al, 2020).

Safety and Side Effects of Terlipressin
Analysis of Common Side Effects

Abdominal pain, skin discolouration, intestinal ischemia, cardiac ischemia,
cyanosis, bradycardia, and diarrhoea are recognized potential adverse effects of
terlipressin. The common adverse effects of terlipressin primarily include gastroin-
testinal disturbances, electrolyte imbalances, and negative effects on the cardiovas-
cular and respiratory systems. These side effects often improve with a reduction
in dosage, cessation of the medication, or through symptomatic management. Gas-
trointestinal issues are very common, occurring in 14% to 80% of patients (Israclsen
et al, 2017), and include symptoms such as abdominal discomfort, diarrhoea, nau-
sea, and vomiting (Allegretti et al, 2017). These reactions are mainly caused by
spasms in the gastrointestinal smooth muscle or visceral vasoconstriction triggered
by terlipressin (Furgala et al, 2011). Another significant adverse effect is hypona-
tremia, which occurs in 30% to 60% of patients when serum sodium levels drop
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by more than 5 mmol/L during treatment (Qi et al, 2022; Xu et al, 2020). This
phenomenon is likely associated with the activation of renal V2 receptors by ter-
lipressin, resulting in antidiuretic effects (Alukal et al, 2020). Additionally, terli-
pressin may induce cardiovascular complications, including myocardial ischemia
and arrhythmias, potentially arising from increased cardiac afterload, diminished
ejection fraction, bradycardia, and reduced cardiac output (Krag et al, 2010), with
an occurrence rate of 11% (Allegretti et al, 2017). The frequency and severity of
these complications depend on the dosage and duration of treatment, underscoring
the necessity for vigilant monitoring of patient responses and appropriate dosage
adjustments. Despite these potential adverse effects, terlipressin remains a valuable
treatment option for managing ascites due to liver cirrhosis. Most side effects can
be effectively managed in clinical practice.

Medication Precautions for High-Risk Patients

When using terlipressin to treat ascites caused by cirrhosis, prioritizing the
safety of high-risk patients is essential. High-risk patients include those with pre-
vious heart issues, liver and kidney problems, or serious electrolyte imbalances.
For these patients, terlipressin may cause serious side effects. A previous study
has shown that patients with low oxygen levels, particularly those with hepatorenal
syndrome type 1 and grade 3 acute-on-chronic liver failure, face a higher risk of
respiratory failure and death when treated with terlipressin (Wong et al, 2022). Fur-
thermore, patients experiencing hyponatremia may encounter exacerbated declines
in sodium levels, potentially leading to neurological manifestations and grave com-
plications (Meng et al, 2019). Thus, it is vital to conduct thorough risk assessments
for these patients. Additionally, careful monitoring of their heart activity, blood
pressure changes, and electrolyte levels is necessary throughout treatment. In sum-
mary, the formulation of individualized treatment strategies for high-risk patients
is critical, coupled with vigilant oversight, to ensure the safety and efficacy of ter-
lipressin therapy.

Management Strategies for Adverse Reactions

Clinicians should use several strategies to effectively manage terlipressin’s
adverse reactions. First, clinicians should assess the patient thoroughly before
starting the medication to identify underlying diseases and potential risk factors.
During treatment, it is crucial to monitor the patient’s clinical symptoms and lab
results closely to identify and address adverse reactions promptly. For example,
for patients experiencing gastrointestinal adverse reactions, dosage adjustments or
symptomatic treatment may be considered; for cardiovascular adverse reactions
such as hypertension and arrhythmias, management can be achieved by adjusting
the terlipressin dosage or co-administering other medications. Furthermore, pa-
tient education is also an important aspect of managing adverse reactions; doctors
should explain the potential risks and precautions of the medication to patients and
guide them to seek medical attention promptly if discomfort occurs. Through these
comprehensive measures, the adverse reactions of terlipressin can be minimized,
thereby enhancing the safety of treatment and patient compliance.
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Future Research Directions and Challenges
New Clinical Trial Designs

Terlipressin has demonstrated significant clinical effects in managing ascites
caused by liver cirrhosis. However, more clinical trials are needed to optimize its
usage strategies and assess long-term efficacy. Future clinical trials should focus on
multi-center, large-scale randomized controlled trials to enhance the reliability and
generalizability of the findings. Additionally, these trials need to compare different
dosages and administration regimens to find the best treatment plan. Inter-patient
differences, such as age, gender, and severity of the condition, should also be con-
sidered in the trials to develop personalized treatment strategies. Through these
studies, a more comprehensive understanding of the mechanism of action and clin-
ical effects of terlipressin can be achieved, providing a more scientific basis for
clinical applications.

Comparison of Terlipressin with Other New Drugs

However, ongoing advancements in medical research have led to the emer-
gence of new drugs. Thus, future research should compare the efficacy and safety
of terlipressin with other emerging drugs for treating ascites caused by liver cir-
rhosis (Berger et al, 2024; Bukofzer et al, 2023; Fernandez-Varo et al, 2016). For
instance, a study comparing terlipressin with drugs like midodrine, octreotide, and
norepinephrine has clarified its advantages and disadvantages in various treatment
regimens (Reddy et al, 2024). Additionally, the effects of combining terlipressin
with other medications should be explored to enhance treatment efficacy and re-
duce side effects (Israclsen et al, 2020). These comparative studies would reveal
more treatment options for clinicians, which potentially improve patient outcomes
and quality of life.

Exploration of New Indications

The clinical applications of terlipressin are expanding beyond its traditional
role in managing hepatorenal syndrome, attracting considerable interest for its po-
tential use in various other medical conditions. A recent study has suggested that
terlipressin may aid in liver regeneration and enhance liver function, opening new
research opportunities to explore its protective effects after liver surgeries (Jo et al,
2021). Additionally, research has shown that using terlipressin alongside careful
fluid management can significantly reduce the risk of acute kidney injury caused
by hemorrhagic shock, offering a new perspective on its role in treating critically
ill patients (Castro et al, 2022). As we look ahead, it is crucial for researchers to
investigate the therapeutic potential of terlipressin in cases of renal injury, septic
shock, and related conditions, and to assess its safety and eftectiveness to uncover
further clinical applications.

Exploration of Individualized Treatment Models

Personalized treatment is becoming increasingly important in modern medicine,
particularly for managing ascites caused by cirrhosis. This requires thorough re-
search into tailored treatment approaches that use terlipressin. A key part of these
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personalized models is developing selection criteria for patients who will receive
terlipressin. It is essential to assess the patient’s pre-existing conditions, comor-
bidities, and liver function. Research indicated that liver impairment significantly
impacts the efficacy and safety of terlipressin (Wong et al, 2022). Additionally,
factors like age, sex, and biochemical indicators, such as serum sodium levels,
are key determinants of how well a patient responds to treatment. By establish-
ing a robust set of criteria for patient selection, we can improve the success rates
and safety profiles associated with terlipressin therapy. Specific biomarkers may
serve to identify individuals who exhibit heightened responsiveness to terlipressin,
thereby enhancing treatment outcomes (Heinrich et al, 2023). Furthermore, it is
vital to explore the optimal timing and dosage of terlipressin across different dis-
ease stages to maximize therapeutic effectiveness while minimizing adverse effects.
Through the investigation of personalized treatment paradigms, we can devise more
tailored therapeutic strategies for patients, ultimately improving clinical outcomes
and heightening patient satisfaction. Fig. | illustrates the formulation of terlipressin
regimens for ascites due to cirrhosis based on different clinical conditions.

Fig. 1. Formulation of terlipressin regimen for ascites due to cirrhosis based on different

clinical conditions.

Conclusion

Terlipressin is highly effective in treating ascites caused by liver cirrhosis by
virtue of its unique mechanisms of action, including antidiuretic effects, vascular
system modulation, and renal function regulation. Clinical trials show that terli-
pressin significantly reduces ascites symptoms and improves patient survival and
quality of life. However, the clinical use of terlipressin needs to be improved in cer-
tain aspects, such as addressing individual patient differences, managing potential
side effects, and developing careful medication strategies for high-risk patients to
avoid serious complications. Therefore, healthcare providers should establish strict
monitoring protocols. They should also customize dosages and create combination
therapies that cater to each patient’s unique needs to ensure maximum therapeutic
effectiveness.

Future research should prioritize developing new clinical trials to thoroughly
assess the efficacy and safety of terlipressin, especially in liver cirrhosis patients.

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0606


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0606

10

REVIEW

Additionally, comparative studies with other new medications are essential to iden-
tify the most effective treatment strategies. Furthermore, the exploration of per-
sonalized treatment frameworks is crucial for forthcoming investigations, with the
objective of creating therapeutic plans that more precisely cater to patients’ individ-
ual needs through precision medicine. In summary, despite the challenges in the
treatment of cirrhotic ascites, terlipressin has remarkable efficacy and favorable
safety profile, which make it a promising therapeutic option. With the continuous
advancement of research and the accumulation of clinical insights, terlipressin will
play an increasingly significant role in the management of ascites due to liver cir-
rhosis.

e Ascites is a common complication in patients with cirrhosis, significantly
impacting their quality of life. The limitations in traditional treatments,
such as diuretics and paracentesis, underscore the need for new therapeu-
tic approaches.

e Terlipressin, an antidiuretic drug, has shown promising efficacy in treat-
ing cirrhotic ascites. Despite its benefits, caution should be exercised
when using terlipressin due to potential side effects that it causes, includ-
ing cardiovascular events and electrolyte disturbances.

e Future research should focus on developing personalized treatment strate-
gies involving the use of terlipressin, comparing its efficacy with other
new drugs, and identifying new indications.
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