THERAPEUTIC ADVANCES in
Gastroenterology

Original Research

Practice guidance for the use of terlipressin
for liver cirrhosis-related complications

Xingshun Qi**’, Zhaohui Bai*, Qiang Zhu*, Gang Cheng, Yu Chen, Xiaowei Dang, Huiguo Ding,
Jugiang Han, Lei Han, Yingli He, Fanpu Ji, Hongxu Jin, Bimin Li, Hongyu Li, Yiling Li“*, Zhiwei Li,
Bang Liu, Fuquan Liu, Lei Liu, Su Lin, Dapeng Ma, Fanping Meng, Ruizhao Qi, Tianshu Ren,
Lichun Shao, Shanhong Tang, Yufu Tang, Yue Teng, Chunhui Wang, Ran Wang, Yunhai Wu,
Xiangbo Xu, Ling Yang, Jingiu Yuan, Shanshan Yuan, Yida Yang, Qingchun Zhao, Wei Zhang,
Yongping Yang, Xiaozhong Guo and Weifen Xie; On the behalf of Hepatobiliary Disease Study
Group of the Chinese Society of Gastroenterology of the Chinese Medical Association &
Hepatology Committee of the Chinese Research Hospital Association

Abstract

Background: Liver cirrhosis is a major global health burden worldwide due to its high risk of
morbidity and mortality. Role of terlipressin for the management of liver cirrhosis-related
complications has been recognized during recent years. This article aims to develop
evidence-based clinical practice guidance on the use of terlipressin for liver cirrhosis-related
complications.

Methods: Hepatobiliary Study Group of the Chinese Society of Gastroenterology of the Chinese
Medical Association and Hepatology Committee of the Chinese Research Hospital Association
have invited gastroenterologists, hepatologists, infectious disease specialists, surgeons, and
clinical pharmacists to formulate the clinical practice guidance based on comprehensive
literature review and experts’ clinical experiences.

Results: Overall, 10 major guidance statements regarding efficacy and safety of terlipressin
in liver cirrhosis were proposed. Terlipressin can be beneficial for the management of
cirrhotic patients with acute variceal bleeding and hepatorenal syndrome (HRS). However, the
evidence regarding the use of terlipressin in cirrhotic patients with ascites, post-paracentesis
circulatory dysfunction, and bacterial infections and in those undergoing hepatic resection
and liver transplantation remains insufficient. Terlipressin-related adverse events, mainly
including gastrointestinal symptoms, electrolyte disturbance, and cardiovascular and
respiratory adverse events, should be closely monitored.

Conclusion: The current clinical practice guidance supports the use of terlipressin for
gastroesophageal variceal bleeding and HRS in liver cirrhosis. High-quality studies are needed
to further clarify its potential effects in other liver cirrhosis-related complications.
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Introduction

Liver cirrhosis is the 11th most common cause of
death and, together with liver cancer, accounts
for 3.5% of all deaths worldwide.! It imposes a
substantial health burden on many countries.
There were 10.6 million cases of decompensated
cirrhosis and 112million cases of compensated

cirrhosis globally in 2017.2 Ascites, gastroesopha-
geal variceal bleeding, hepatic encephalopathy,
and hepatorenal syndrome (HRS) are common
complications of liver cirrhosis,>> which are
mainly secondary to increased portal pressure,®’
hyperdynamic circulatory state,3!! and systemic
inflammation.!? Terlipressin is widely used for
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Table 1. Key guidance statements regarding the terlipressin in patients with liver cirrhosis.

Gastroesophageal variceal bleeding

Guidance Statement 1. Terlipressin is recommended for the treatment of gastroesophageal variceal

bleeding in liver cirrhosis.

Guidance Statement 2. Terlipressin should be considered for the management of acute gastrointestinal
bleeding in patients with liver cirrhosis before endoscopy, if gastroesophageal variceal rupture is

suspected as the major source of bleeding.

Guidance Statement 3. Terlipressin may be preferred in cirrhotic patients with acute gastrointestinal

bleeding and renal dysfunction.

Hepatorenal syndrome

Guidance Statement 4. Terlipressin is recommended for the treatment of type-1 hepatorenal syndrome in

liver cirrhosis.

Ascites

Guidance Statement 5. Terlipressin should be considered for severe or refractory ascites in cirrhotic
patients, if diuretics are ineffective or patients cannot tolerate diuretic-related adverse reactions.

Post-paracentesis circulatory dysfunction

Guidance Statement 6. Terlipressin could be considered for the prevention of post-paracentesis
circulatory dysfunction in cirrhotic patients with ascites undergoing large volume paracentesis (>5L).

Bacterial infections

Guidance Statement 7. Terlipressin should be considered in cirrhotic patients with bacterial infections to
improve systemic hemodynamic status, microcirculation, and organ perfusion.

Hepatic resection

Guidance Statement 8. Terlipressin can decrease intraoperative portal pressure, blood loss, and amount
of blood transfused and postoperative portal pressure in cirrhotic patients undergoing hepatic resection.

Liver transplantation

Guidance Statement 9. Terlipressin is considered for the improvement of systemic hemodynamic status
and renal function in cirrhotic patients undergoing liver transplantation.

Terlipressin-related adverse events

Guidance Statement 10. Terlipressin-related adverse events mainly include gastrointestinal symptoms,
electrolyte disturbance, and cardiovascular and respiratory adverse events. They can be often resolved by
dosage reduction or drug withdrawal and symptomatic treatment.

the management of gastroesophageal variceal
bleeding and HRS. However, its optimal dosage
and duration, timing of drug withdrawal, and
monitoring and management of adverse events
remain controversial.

Methods

Hepatobiliary Study Group of the Chinese Society
of Gastroenterology of the Chinese Medical
Association and Hepatology Committee of the
Chinese Research Hospital Association have

selected a working group of experts in charge of
organizing the online conferences and of writing
this document. Four leaders/co-leaders of this
working group defined the methodology used and
10 major topics involved for the practice guidance
(Table 1). The members of this working group
were selected based on their role, clinical experi-
ences, and researches in the field of management of
liver cirrhosis and mainly included gastroenterolo-
gists, hepatologists, infectious disease specialists,
surgeons, and clinical pharmacists. Four major
members were responsible for briefly presenting
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the background for each of the 10 major topics,
searching the literature in the PubMed database by
using search items ‘Cirrhosis” AND “Terlipressin’,
systematically reviewing the current evidence and
then elaborating the provisional statements for the
practice guidance. Since March 2021, these provi-
sional statements were circulated by sending emails
among the members of this working group. Thus,
each member can independently carry out a sys-
tematic literature search, using the PubMed data-
base, to assess the validity of these statements. The
four major members gave point-to-point responses
to their comments and made corresponding revi-
sions after their discussions. Notably, a guidance
document is different from a guideline. Guidelines
are developed by a multidisciplinary panel of
experts who rate the quality (level) of the evidence
and the strength of each recommendation using the
Grading of Recommendations Assessment,
Development, and Evaluation system. A guidance
document is developed by a panel of experts in the
topic, and guidance statements, not recommenda-
tions, are put forward to help clinicians understand
and implement the most recent evidence. On 7
September 2021, an online conference was held
and recorded, and the revised statements were dis-
cussed among all members of this working group.
All relevant comments were considered to further
improve the quality of the statements. Subsequently,
the updated version of practice guidance was sent
for final corrections, comments, and approval of
the practice guidance recommendations. Following
a Delphi process,!? all members of this working
group were asked to specify whether they approved
each recommendation and, if not, to justify their
disagreement. Corrections and comments were
considered in the final version of the practice guid-
ance. It should be acknowledged that these state-
ments will be further updated after more clinical
practice experiences and high-quality evidence are
accumulated in future. All members of the working
group were also asked to declare any potential con-
flict of interests. The present work followed the
AGREE Reporting Checklist. !4

Mechanisms of vasopressin and its

analogues

Vasopressin and its analogues exert pharmaco-
logical effects by binding to V receptors, mainly
including V, and V, receptors. V, receptors are
primarily distributed on the surface of vascular
and uterine smooth muscle cells, and activated V,
receptors can constrict vascular smooth muscle

and increase vascular resistance, thereby reducing
splanchnic blood flow and increasing effective cir-
culating blood volume, cardiac output, and blood
pressure.!>16 'V, receptors are located at the baso-
lateral membrane of collecting ducts, and acti-
vated V, receptors can promote the synthesis of
aquaporin, then insert into the apical membrane
of renal collecting duct and endothelial cells,
thereby increasing water reabsorption from the
renal collecting duct.!>

Vasopressin and its analogues include pituitrin, argi-
nine vasopressin (antidiuretic hormone), desmo-
pressin, and glycine vasopressin (terlipressin).
Pituitrin and terlipressin have strong affinity for V,
receptors and are commonly used for visceral hemo-
stasis.!”>18 Antidiuretic hormone and desmopressin
have strong selectivity for V, receptors and are com-
monly used for the treatment of central diabetes
insipidus.!® At present, pituitrin has been rarely used
for the treatment of liver cirrhosis—related complica-
tions due to its higher incidence of adverse events.20:21

Terlipressin is a synthetic analogue of vasopres-
sin, in which lysine replaces arginine at the eighth
position of vasopressin peptide chain, and an
amino acid branch chain composing of three gly-
cines at cysteine is added. Its molecular formula is
C;,H,,N,,0,5S,, relative molecular mass is
1227.37, and plasma half-life is 24 * 2min.
Terlipressin is degraded by protease into active
product lysine-vasopressin. Its affinity for V,
receptors is 6-fold higher than that for V, recep-
tors,?2 which can have a stronger effect on
splanchnic vasoconstriction, thereby reducing
portal pressure and increasing renal perfusion.23

Use of terlipressin in liver cirrhosis-related
complications

Gastroesophageal variceal bleeding in liver
cirrhosis

Guidance Statement 1. Terlipressin is recom-
mended for the treatment of gastroesophageal
variceal bleeding in liver cirrhosis.

Acute gastrointestinal bleeding is one of serious
complications of liver cirrhosis, and gastroesopha-
geal varices are the most common source of gas-
trointestinal  bleeding in liver cirrhosis.?*
Terlipressin has been recommended as the first-
line treatment of gastroesophageal variceal bleed-
ing.?5>27 In 1990, a randomized controlled trial
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(RCT) for the first time explored the role of terli-
pressin for the treatment of acute esophageal
variceal bleeding in cirrhotic patients.?® Sixty
patients were assigned to terlipressin (z=29) and
placebo (n=31) groups. The rate of control bleed-
ing was significantly higher in patients receiving
terlipressin than those receiving placebo (90% ver-
sus 59%, p<<0.01). Since then, several studies
have also confirmed the efficacy of terlipressin in
cirrhotic patients with acute variceal bleed-
ing.27%:29:30 Recently, a meta-analysis of 30 RCTs
with 3344 cases compared the efficacy and safety
of terlipressin versus placebo, pituitrin, somatosta-
tin, octreotide, endoscopic therapy, or balloon
tamponade for the management of acute variceal
bleeding in cirrhotic patients.3! Patients receiving
terlipressin had a significantly higher rate of con-
trol bleeding and a lower mortality than those
receiving placebo, but were not significantly dif-
ferent from those receiving pituitrin, somatostatin,
or octreotide. The incidence of adverse events was
significantly lower in patients receiving terlipressin
than those receiving pituitrin [odds ratio (OR)
R=0.15, p=0.02], but higher than those receiving
somatostatin (OR=2.44, p=0.04). Terlipressin
alone had significantly higher 5-day treatment fail-
ure than endoscopic variceal ligation plus terli-
pressin (OR=14.46, p=0.01). Terlipressin group
had a significantly lower 30-day mortality than
balloon tamponade group (OR=0.05, p<<0.01).3!
In addition, terlipressin in combination with
octreotide or somatostatin did not further reduce
portal pressure.3233 The European Association for
the Study of the Liver (EASL) and the American
Association for the Study of Liver Diseases
(AASLD) guidelines recommend that the dosage
of terlipressin is 2mg/4h by intravenous boluses
for 2—5 days.27:29:30 Notably, recent evidence sug-
gested that continuous infusion of terlipressin
could reduce portal pressure stably and increase
treatment success rate.3%35 Considering the use of
terlipressin in our clinical practice,3® we recom-
mend that the initial dosage of terlipressin is
1-2mg/4 h by slowly intravenous boluses (>1 min)
or continuously intravenous infusion and that the
maintenance dosage is 1-2mg/6 h by continuously
intravenous infusion. Generally, the maximum
daily dosage is 120-150 pug/kg, and its duration is
3-5days. Certainly, the dosage and duration of
terlipressin can be adjusted according to the sever-
ity of variceal bleeding and patients’ conditions.

Guidance Statement 2. Terlipressin should be con-
sidered for the management of acute gastrointestinal

bleeding in patients with liver cirrhosis before endos-
copy, if gastroesophageal variceal rupture is sus-
pected as the major source of bleeding.

Non-variceal gastrointestinal bleeding in cirrhotic
patients is mainly secondary to peptic ulcer and
gastric and duodenal mucosal erosion, and so
on.3” Endoscopy is the golden diagnostic approach
for the source of gastrointestinal bleeding.38
However, in real-world clinical practice, not all
patients with acute gastrointestinal bleeding can
undergo emergency endoscopy, especially in pri-
mary hospitals lacking endoscopy equipment and
experienced endoscopists. Real-world studies
also showed that 60-80% of patients with acute
gastrointestinal bleeding could undergo endos-
copy.3%40 Accordingly, the source of gastrointesti-
nal bleeding was unclear in about 20% of patients.
The first-line treatment for acute non-variceal
gastrointestinal bleeding is high-dose proton
pump inhibitors,*1-43 but clinicians also immedi-
ately prescribe vasoactive drugs when the source
of acute gastrointestinal bleeding is unknown in
cirrhotic patients and then adjust their treatment
strategy after endoscopy.?’#* This is primarily
because the source of gastrointestinal bleeding is
variceal in a majority of cirrhotic patients.%>-4¢ In
fact, in several well-designed clinical trials, vaso-
active drugs were given before endoscopy in cir-
rhotic patients with acute gastrointestinal
bleeding.4”%% Taken together, terlipressin can be
considered for the management of acute gastroin-
testinal bleeding when the source of bleeding is
unknown or before endoscopy.

Guidance Statement 3. Terlipressin may be pre-
ferred in cirrhotic patients with acute gastrointes-
tinal bleeding and renal dysfunction.

Renal dysfunction is a common complication of
acute gastrointestinal bleeding in liver cirrhosis
with an incidence of 16-25%.>%51 It can signifi-
cantly increase the risk of death in such patients
with a short-term mortality of 37-55%.51-53 A pilot
study demonstrated that terlipressin could associ-
ate with a significant decrease of serum cystatin-C
concentration.’* By comparison, early studies
found that octreotide and somatostatin could not
improve renal function.>>-57 Recently, a multicenter
retrospective study showed that terlipressin could
significantly decrease the in-hospital mortality as
compared to octreotide/somatostatin (3.6% versus
20.0%, p=0.04) in cirrhotic patients with acute
gastrointestinal bleeding and renal dysfunction
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defined as serum creatinine concentration of
>133mmol/L.>® Similarly, another retrospective
study also suggested that terlipressin could decrease
the 30-day mortality as compared to somatostatin
(42.3% wersus 52.6%) in cirrhotic patients with
esophageal variceal bleeding and renal dysfunction,
but the difference was not statistically significant
(hazard ratio=1.49, »p=0.09).5° Collectively, terli-
pressin may be a preferred choice of treatment in
cirrhotic patients with acute gastrointestinal bleed-
ing and renal dysfunction.

Hepatorenal syndrome in liver cirrhosis

Guidance Statement 4. Terlipressin is recom-
mended for the treatment of type-1 hepatorenal
syndrome in liver cirrhosis.

HRS, a functional renal failure, is related to a
reduction of effective arterial blood volume and
mean arterial pressure (MAP) caused by visceral
vasodilation in liver cirrhosis, which can activate
sympathetic nervous and renin—angiotensin—aldos-
terone systems. In addition, it is associated with
increased synthesis of vasoactive mediators, such
as cysteinyl leukotrienes, thromboxane-A2,
F2-isoprostane, and endothelin-1, which affects
renal blood flow or glomerular microcirculation.®®
Traditionally, HRS is classified into type 1 and
type 2. Type 1 HRS is characterized by rapidly
progressive renal failure with doubling of the initial
serum creatinine concentration to a level greater
than 226 mmol/LL (i.e. 2.5mg/dl) within 2weeks.
Type 2 HRS is characterized by steady or slowly
progressive renal failure with a change of serum
creatinine concentration from 133 to 226 mmol/L
(i.e. from 1.5 to 2.5mg/dl).®! In 2015, the
International Club of Ascites (ICA) updated the
definition of acute kidney injury (AKI) in patients
with liver cirrhosis, which refers to an increase in
serum creatinine concentration =0.3mg/dl (i.e.
=26.5umol/L.) within 48h, or a percentage
increase in serum creatinine concentration =50%
from baseline which is known, or presumed, to
have occurred within the prior 7 days.52 AKI is fur-
ther classified as three stages. Stage 1: an increase
in serum creatinine concentration =0.3mg/dl (i.e.
26.5umol/L) or an increase in serum creatinine
concentration =1.5 to 2-fold from baseline. Stage
2: an increase in serum creatinine concentration
>2- to 3-fold from baseline. Stage 3: an increase of
serum creatinine concentration >3-fold from
baseline or serum creatinine concentration
=4.0mg/dl (i.e. 353.6umol/L) with an acute

increase =0.3mg/dl (i.e. 26.5 umol/L) or initiation
of renal replacement therapy.%? ICA further pro-
posed the definition of HRS-AKI,%2 which refers to
the progression of AKI into stage 2 or 3 and meets
the diagnostic criteria of HRS.%! Accordingly, HRS
is divided into HRS-AKI (type 1 HRS) and HRS-
NAKI (type 2 HRS).%3 Even so, current evidence
regarding terlipressin for the treatment of HRS is
mostly based on traditional HRS classification.

Terlipressin can reduce the concentration of
renin in the circulatory system and reduce the
synthesis of angiotensin II, thereby increasing
renal blood perfusion and glomerular filtration
rate. Therefore, it is appropriate for the treatment
of HRS.60:64:65 Notably, institution of evidence-
based protocol can be translated into improved
survival of HRS patients.®® Until now, at least 20
meta-analyses®” 8 and 20 RCTs87106 have
explored the efficacy of terlipressin for HRS.
Generally, their conclusions are that terlipressin
can significantly improve renal function and out-
comes of type 1 HRS patients as compared to
untreated or placebo and that terlipressin is sig-
nificantly beneficial for the improvement of HRS
as compared to octreotide and midodrine plus
octreotide, but had similar mortality and inci-
dence of adverse events as compared to norepi-
nephrine, dopamine, octreotide, and midodrine
plus octreotide. Regardless, in real-world clinical
practice, terlipressin may be the most widely used
vasoactive drug for the treatment of HRS with a
higher rate of response to mild kidney injury.107

Currently, the EASL guideline recommend that
the initial dosage of terlipressin in HRS patients is
0.5-1.0mg/4—6 h by intravenous boluses; if serum
creatinine concentration drops <25% of the
baseline value, the maximum dosage can be
increased to 2mg/4-6h until serum creatinine
concentration drops to <133 umol/L.25 Recently,
an RCT demonstrated that terlipressin given by
continuously intravenous infusion was better tol-
erated than that by intravenous boluses in patients
with type 1 HRS and could be equally effective at
doses required for continuously intravenous infu-
sion lower than those required for intravenous
bolus administration.!® Considering the drug
safety in our clinical practice,!%® we recommend
that the starting dosage of terlipressin for HRS is
1-2mg/12h by continuously intravenous infu-
sion. The dosage should be adjusted according to
the changes in urine output and serum creatinine
concentration.
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Ascites in liver cirrhosis

Guidance Statement 5. Terlipressin should be con-
sidered for severe or refractory ascites in cirrhotic
patients, if diuretics are ineffective or patients can-
not tolerate diuretic-related adverse reactions.

Ascites in liver cirrhosis is related to visceral vasodi-
lation, activation of renin—angiotensin—aldosterone
and sympathetic-adrenal systems, and increased
secretion of antidiuretic hormone, which are sec-
ondary to portal hypertension.!10 It is also related to
low plasma osmotic pressure, which is secondary to
reduced hepatic capacity in synthesis of albumin.110
Management of cirrhotic ascites mainly includes
restriction of salt and water, diuretics, paracentesis,
peritoneal dialysis, transjugular intrahepatic porto-
systemic shunt (TIPS), and liver transplantation.!1?
Several pilot studies explored the efficacy of terli-
pressin in cirrhotic patients with non-refrac-
tory!11-113 and refractory ascites'13-117 and showed
that terlipressin could improve hemodynamic sta-
tus and increase urine output in cirrhotic patients
with ascites. Notably, a multicenter study found
that human serum albumin could enhance the
vasoconstrictive effect of terlipressin, suggesting the
synergistic effect of terlipressin plus human serum
albumin for refractory ascites.!!> A questionnaire
survey involving 33 gastroenterologists and hepa-
tologists from 30 hospitals in 15 provinces and
municipalities in China showed that 29 participants
had clinical experiences of using terlipressin in cir-
rhotic patients with ascites, because the severity of
ascites was not improved by diuretics (24/29,
82.76%), renal impairment developed during the
use of diuretics (24/29, 82.76%), and urine output
was unsatisfactory (6/29, 20.69%).11® However, no
study has evaluated the effect of terlipressin for the
prevention of AKI/HRS in cirrhotic patients with
ascites but without renal dysfunction.!!® It should
be acknowledged that the evidence is extremely
lacking. In accordance with the management of
HRS, we recommend that the starting dosage of
terlipressin for cirrhotic ascites is 1 mg/12h by con-
tinuously intravenous infusion.

Post-paracentesis circulatory dysfunction in

liver cirrhosis with ascites undergoing large
volume paracentesis

Guidance Statement 6. Terlipressin could be
considered for the prevention of post-paracente-
sis circulatory dysfunction in cirrhotic patients
with ascites undergoing large volume paracentesis
(>5L).

Post-paracentesis circulatory dysfunction
(PPCD) is defined as an increase in plasma renin
activity >50% from baseline within 6 days after
large volume paracentesis (LVP), which is defined
as the amount of ascites removed is >5L, in cir-
rhotic patients with ascites.20 It is associated with
excessive expansion of arterial capillaries after
LVP!2! and causes rapid re-accumulation of
ascites and development of hyponatremia and
renal dysfunction, thereby increasing the mortal-
ity.%0:110 Human serum albumin is the first-line
choice for the prevention of PPCD.122
Accordingly, LVP should be performed together
with the administration of albumin (8g/L of
ascitic fluid removed) to prevent from PPCD.110
Several recent studies also suggested that the use
of terlipressin could prevent from PPCD. In an
RCT, 40 cirrhotic patients with ascites who
underwent LLVP were assigned to terlipressin
(n=20) and albumin (z=20) groups. Terlipressin
at a dosage of 1 mg was given by intravenous infu-
sion at the beginning of LVP, 8h, and 16h.
Plasma renin activity and aldosterone concentra-
tions were significantly improved at 4—6 days after
treatment in both terlipressin and albumin
groups, and their benefits in preventing from
PPCD were similar.2> Another RCT involving
20 cirrhotic patients with ascites who underwent
LVP demonstrated no significant difference in
changes of plasma renin activity 4—6days after
treatment between terlipressin and albumin
groups (p=0.39).12¢ Based on the current evi-
dence, we recommend that the dosage of terli-
pressin in cirrhotic patients with ascites who will
undergo LVP is 1 mg by intravenous boluses at
the beginning of the LVP, 8h, and 16h.

Bacterial infections in liver cirrhosis

Guidance Statement 7. Terlipressin should be
considered in cirrhotic patients with bacterial
infections to improve systemic hemodynamic sta-
tus, microcirculation, and organ perfusion.

Bacterial infections are common in patients with
cirrhosis.!?> The prevalence of bacterial infections
in cirrhotic patients is 25-35% at admission or
during hospitalization!2¢ with a 4- to 5-fold higher
risk than general population.!?7-129 The 30-day
mortality is 30% and 1-year mortality is 63% in
cirrhotic patients with bacterial infections with a
4-fold higher risk of death than those without bac-
terial infections.!3%:131 Spontaneous bacterial peri-
tonitis (SBP) and urinary tract infections are the
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most common types of bacterial infections in cir-
rhotic patients, followed by pneumonia, skin and
soft tissue infections, and bacteremia.l2¢
Antibacterial drugs are the first-line choice of treat-
ment for bacterial infections in cirrhotic patients.126
It has been reported that terlipressin can cause
arterial vasoconstriction, increase blood pressure,
and reduce heart rate by activating V, receptors,
thereby improving hemodynamic status in patients
with septic shock.132:133 Several recent studies sug-
gested that terlipressin be beneficial for bacterial
infections in cirrhotic patients with or without
shock. In an RCT, 200 cirrhotic patients with SBP
and serum bilirubin concentration >4mg/dl or
serum creatinine concentration >1mg/dl who
were treated by antibacterial drugs were randomly
assigned to terlipressin (#=50), human serum
albumin (#=50), human serum albumin plus terli-
pressin (#=50), and midodrine (z=50) groups.13*
Terlipressin was intravenously infused at a dosage
of 1 mg/6h for 1-3 days. Patients who received ter-
lipressin had significantly lower cardiac output and
portal blood flow and higher systemic vascular
resistance than those who did not receive terlipres-
sin, but the in-hospital and 30-day mortality were
statistically similar among these groups. In another
RCT, 84 cirrhotic patients with septic shock were
assigned to terlipressin (z=42) and norepineph-
rine (n=42) groups.!3> The dosage of terlipressin
was adjusted every 15 min to maintain the average
arterial pressure of =65 mmHg, and the total dos-
age was 2-8mg within 24h. Terlipressin group
had higher rates of MAP >65mmHg (92.9% ver-
sus 69.1%, p<<0.01), survival at 48 h (95.2% versus
71.4%, p<0.01), and improvement of shock
(33.3% wersus 11.9%, p=0.02), and a lower rate of
variceal bleeding (0% wversus 9.5%, p=0.01) than
noradrenaline group. But the 28-day survival rate
was statistically similar between them (26.2% ver-
sus 14.3%, p=0.17). In summary, terlipressin can
be added on antibiotic treatment for bacterial
infections in cirrhotic patients, and the recom-
mended dosage is 1 mg/6h by continuously intra-
venous infusion for 1-3days. If septic shock
develops, the dosage of terlipressin should be
adjusted according to the MAP.

Hepatic resection in liver cirrhosis

Guidance Statement 8. Terlipressin can decrease
intraoperative portal pressure, blood loss, and
amount of blood transfused and postoperative
portal pressure in cirrhotic patients undergoing
hepatic resection.

Hepatocellular carcinoma, one of the most com-
mon malignancies, is often secondary to liver cir-
rhosis.!36:137  Hepatic resection is a curative
treatment for hepatocellular carcinoma.!3® But
liver cirrhosis with portal hypertension can signifi-
cantly increase the risk of complications and dete-
riorate the outcomes after hepatic resection.13%140
Terlipressin can decrease perioperative portal
pressure in patients undergoing hepatic resection.
In an RCT, 50 patients undergoing hepatobiliary
surgery were assigned to terlipressin (n=25,
including 13 patients who underwent hepatic
resection) and placebo (=25, including 14
patients who underwent hepatic resection) groups.
The initial dosage of terlipressin was 1 mg/30 min
by intravenous boluses and then adjusted to 2 ug/
kg/h by continuously intravenous infusion until
postoperative 4h. Terlipressin group had signifi-
cantly lower intraoperative portal pressure
(15.96 = 6.55mmHg versus 16.48 +
5.04mmHg, p<<0.05) and blood loss (842 =+
145.5ml versus 1065.7 =202ml, p<0.01), and
higher intraoperative MAP (88.7 =7.2mmHg
versus 83.9 £ 6.98mmHg, p=0.02) than placebo
group, but without any significant difference in
intraoperative central venous pressure.'¥l In
another RCT, 84 patients who underwent resec-
tion of two or more liver segments were assigned
to terlipressin (=42, including 19 patients with
liver cirrhosis) and placebo (n=42, including 12
patients with liver cirrhosis) groups. The initial
dosage of terlipressin was 1 mg/30min by intrave-
nous boluses and then adjusted to 2ug/kg/h by
continuously intravenous infusion until postoper-
ative 4h. Terlipressin significantly decreased
intraoperative blood loss (1351 *=887ml wversus
1892 +889ml, p<0.01) and blood transfusion
requirement (30% wersus 64.2%, p<<0.01), but
increased central venous pressure (8.1 =%
3.6 mmHg versus 5.9 * 3.7mmHg, p=0.01).142 In
a pilot study, 65 patients who underwent resection
of three or more liver segments and had portal
pressure >12mmHg were assigned to terlipressin
(n=46, including 31 patients with liver cirrhosis)
and control (=19, including 10 patients with
liver cirrhosis) groups. The dosage of terlipressin
was 2mg/24h by continuously intravenous infu-
sion until postoperative 4 days. Terlipressin could
decrease postoperative portal pressure and inci-
dence of liver failure (26% versus 53%, p=0.04).143
In addition, in an RCT, 150 patients undergoing
major hepatic resection were assigned to terlipres-
sin (n="75, including 15 patients with liver cirrho-
sis) and placebo (=75, including 14 patients
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with liver cirrhosis) groups. The initial dosage of
terlipressin was 1 mg by continuously intravenous
infusion (>2h), and then adjusted to 1 mg/6h by
continuously intravenous infusion until postoper-
ative 5days. Terlipressin could not significantly
prevent from the development of liver-related
complications and AKI (6.5% versus 22.6%,
p=0.15).1% Evidence from a meta-analysis also
suggested that terlipressin should significantly
increase MAP and decrease intensive care unit
(ICU) stay in non-cirrhotic patients who under-
went hepatic resection.!4> Notably, the dosage of
terlipressin was relatively large among these stud-
ies, but drug-related adverse reactions had not
been clearly reported. In addition, current evi-
dence fails to support the use of terlipressin for the
prevention of complications in patients undergo-
ing hepatic resection, despite it can decrease intra-
operative portal pressure, blood loss, and amount
of blood transfused, and postoperative portal pres-
sure. Therefore, we cannot make a definitive rec-
ommendation on the use of terlipressin in patients
undergoing hepatic resection.

Liver transplantation in liver cirrhosis

Guidance Statement 9. Terlipressin is considered
for the improvement of systemic hemodynamic
status and renal function in cirrhotic patients
undergoing liver transplantation.

Liver transplantation is a curative treatment
approach for advanced liver cirrhosis.?>146 The
incidence of AKI after liver transplantation is 20—
90%,!47 which significantly worsens the outcomes
of cirrhotic patients.!48-151 Major causes of AKI
after liver transplantation include excessive blood
loss, hypotension, sepsis, and use of calcineurin
inhibitors.15%151 Screening of preoperative renal
function, monitoring of postoperative renal func-
tion, and dosage adjustment of calcineurin inhibi-
tors are critical for the prevention of AKI after
liver transplantation.!3%153  Terlipressin can
improve hemodynamic status and prevent from
the development of AKI after liver transplanta-
tion. In an RCT, 41 patients with end-stage liver
diseases who underwent liver transplantation were
assigned to terlipressin (z=21) and saline (n=20)
groups.!> The initial dosage of terlipressin was
1mg/30min by intravenous boluses and then
adjusted to 2 pg/kg/h by continuously intravenous
infusion until postoperative 72h. Terlipressin
group had significantly lower incidence of AKI
(p=0.04), smaller drainage volume of ascites

(p<<0.05), and shorter length of stay (p=0.03). In
another RCT, 80 patients with end-stage liver dis-
eases who underwent liver transplantation were
assigned to terlipressin (z=40) and control
(n=40) groups.13> The initial dosage of terlipres-
sin was 3pug/kg/h by continuously intravenous
infusion and then adjusted to 1.5 ug/kg/h by con-
tinuously intravenous infusion until postoperative
72h. Terlipressin could significantly increase
MAP (47.8+4.8mmHg wversus 56.7 = 6 mmHg,
p»<0.01) and peripheral vascular resistance
(425.0 = 26.1 mmHg versus 723.0 =46.8 mmHg,
$<0.01) and decrease heart rate (102.6 * 4.6 ver-
sus 91.5+£5.7, p<0.01), cardiac output (8.8 £ 0.6
versus 6.9 + 0.3, p<0.01), hepatic vascular resist-
ance index (0.73+0.043 wversus 0.682 *0.042,
p»<0.01), renal wvascular resistance index
(0.733 = 0.04 versus 0.68 = 0.05, p<0.01), portal
vein blood flow (1807.61 *=239.62ml/s wversus
1402.380 = 397.26 ml/s, p<0.01), and serum cre-
atinine concentration (1.22*+0.31mg/dl versus
1.02+0.29mg/dl, p<0.01). In addition, in an
RCT, 30 patients who underwent living donor
liver transplantation were assigned to terlipressin
(n=15) and control (z=15) groups.!>¢ The initial
dosage of terlipressin was 1 mg/30 min by intrave-
nous boluses and then adjusted to 2ug/kg/h by
continuously intravenous infusion until postoper-
ative 48h. Terlipressin group had significantly
lower intraoperative portal pressure (p<<0.01),
postoperative serum creatinine (»p<<0.05), and
postoperative cystatin-C concentration (p <0.05),
buthigherintraoperative MAP (82.9 = 11.2mmHg
versus 71.3 = 13.9mmHg, p<<0.05) and intraop-
erative systemic vascular resistance (736.7 = 194.2
versus 557.2 +204, p<0.05) than control group.
Based on the current evidence, we suggest that the
initial dosage of terlipressin during liver transplan-
tation is 1 mg/30 min by intravenous boluses and
then adjusted to 1mg/12h by continuously intra-
venous infusion until postoperative 48-72h.

Terlipressin-related adverse events

Guidance Statement 10. Terlipressin-related
adverse events mainly include gastrointestinal
symptoms, electrolyte disturbance, and cardio-
vascular and respiratory adverse events. They can
be often resolved by dosage reduction or drug
withdrawal and symptomatic treatment.

Gastrointestinal symptoms
Terlipressin can produce gastrointestinal smooth
muscle spasm and visceral vasoconstriction,!57-158
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thereby inducing the development of nausea,
abdominal pain, and diarrhea.®> The incidence of
gastrointestinal symptoms during the use of terli-
pressin is 14-80%.8%157 Treatment strategy for
severe gastrointestinal symptoms mainly includes
dosage reduction and even withdrawal and use of
antispasmodic drugs. In animal studies, vasopres-
sin-induced gastric smooth muscle spasm can be
effectively reversed by local electrical stimula-
tion,!>® but this should be further confirmed by
human studies.

Electrolyte disturbance

Terlipressin can activate V, receptor, probably
producing antidiuretic effect and causing electro-
Iyte disturbance.l%® A case report published in
1998 suggested the risk of developing hypoka-
lemia after terlipressin in cirrhotic patients with
gastrointestinal bleeding.!%! Besides, more studies
suggested that hyponatremia be a common
adverse event of terlipressin in cirrhotic patients.
The incidence of serum sodium concentration
<130 mmol/L was 0—6%,162:163 and a decrease in
serum sodium concentration of >5mmol/L was
observed in 30-60% of patients treated with terli-
pressin. 164167 Patients with better liver function,
higher baseline sodium concentration, and longer
duration of terlipressin treatment had a higher
risk of developing hyponatremia.l6%16% In addi-
tion, non-steroidal anti-inflammatory drugs can
enhance the reabsorption of water by vasopressin
receptors located in the renal tubules by inhibit-
ing prostaglandin synthesis, thereby increasing
the risk of terlipressin-induced hyponatremia.l70
Electrolyte disturbance related to the use of terli-
pressin can be resolved after drug withdrawal.
However, severe hyponatremia can worsen the
outcome of cirrhotic patients, thus close monitor-
ing of serum sodium concentration is required
during the use of terlipressin, and restriction of
fluid intake and infusion of hypertonic saline
should be considered for the management of
hyponatremia, if necessary.25:171

Cardiovascular adverse events

Cardiovascular adverse events during the use of
terlipressin mainly include myocardial ischemia
and arrhythmia, because it can increase cardiac
afterload, decrease ejection fraction and cardiac
output, and cause bradycardia.'”? Their incidence
is estimated to be 11.1%.8> Management of cardio-
vascular adverse events includes dosage reduction

and withdrawal, except for close monitoring of car-
diac function. Continuously intravenous infusion
of terlipressin had a lower incidence of cardiovascu-
lar adverse events than intravenous boluses.!” In a
previous case report, a cirrhotic patient treated with
terlipressin developed sudden tachycardia and
chest pain and then was diagnosed with transient
left ventricular apical ballooning syndrome based
on cardiac enzymes and echocardiographic find-
ings. Symptoms were rapidly relieved after drug
withdrawal.174

Respiratory adverse events

Respiratory adverse events during the use of terli-
pressin mainly include dyspnea and respiratory
distress,87:%1 because terlipressin can induce pul-
monary vasoconstriction, thereby impairing oxy-
gen exchange.l”> Their incidence is estimated to
be 10.1%.%85 Recently, in a multicenter RCT
involving a total of 300 cirrhotic patients with
type 1 HRS, terlipressin group had a higher inci-
dence of respiratory failure than placebo group
(10% wersus 3%), and patients who developed
respiratory failure had worse outcome.106
However, it should be noted that a high dosage of
human serum albumin has been employed for
type 1 HRS in this RCT. If dyspnea or respiratory
failure occurs during the use of terlipressin, the
management should include immediate drug dis-
continuation, oxygen, bronchodilating drugs, and
mechanical ventilation, if necessary.

Other adverse events

Terlipressin can also cause skin and subcutane-
ous tissue ischemia with an incidence of <5%,!76-
179 due to its vasoconstrictor effect on the systemic
circulatory system.!80 Ischemia often occurs at
the head, breast, abdominal wall, small intestine,
scrotum as well as extremities.!>8180-18¢ SBP and
alcohol abuse may increase the risk and severity
of ischemic complications.176:185186 In case of
severe ischemic complications during the use of
terlipressin, it should be immediately discontin-
ued and vasodilator drugs should be given.187

In addition, terlipressin might worsen intracranial
edema and pressure in patients with acute liver
failure and severe hepatic encephalopathy,!88
probably because it decreased cerebrovascular
resistance and increased cerebral blood flow by
activating  cerebrovascular V, receptors.!18°
Therefore, its use should be cautious in patients
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with acute liver failure and severe hepatic enceph-
alopathy. If intracranial pressure increased during
the use of terlipressin, it would be immediately
discontinued, and intracranial pressure-lowering
drugs would be given.

Unresolved issues

Terlipressin plays an important role in the man-
agement of liver cirrhosis—related complications,
especially variceal bleeding and HRS. However,
the evidence regarding the use of terlipressin in
cirrhotic patients with ascites, PPCD, and bacte-
rial infections and in those undergoing hepatic
resection and liver transplantation remains insuf-
ficient, and high-quality RCTs are needed to fur-
ther clarify its potential effects. Future
well-designed studies should be performed to
address several unresolved issues as follows:

1. Renal dysfunction can significantly deterio-
rate the outcomes of cirrhotic patients with
acute gastrointestinal bleeding. RCTs
should clarify the effects of terlipressin on
renal function and outcomes in cirrhotic
patients with acute gastrointestinal bleed-
ing and renal dysfunction.

2. Terlipressin can significantly improve renal
function in cirrhotic patients with type 1
HRS, but its survival benefit remains con-
troversial. High-quality studies should clar-
ify the optimal timing of terlipressin and
explore whether early use of terlipressin is
more beneficial for cirrhotic patients with
HRS. In addition, the efficacy of terlipres-
sin for the treatment of severe/refractory
ascites in cirrhotic patients and the preven-
tion of renal dysfunction or AKI in cirrhotic
patients with severe/refractory ascites
should be explored.

3. Postoperative complications are often lethal
in cirrhotic patients undergoing hepatic
resection and liver transplantation. RCTs
should explore the effects of terlipressin on
the prevention of complications after hepatic
resection and liver transplantation and clar-
ify its optimal dosage and duration.

4. Drug-related adverse events can compro-
mise the use of terlipressin in clinical prac-
tice. Monitoring, prevention, and treatment
of terlipressin-related adverse events should
be further standardized in large-scale real-
world studies.
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