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INTRODUCTION

Portal hypertension is a key driver of most clinical
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Abstract

Terlipressin is a vasopressin analog with potent splanchnic vasoconstrictor
properties. It has an established role in managing portal hypertensive
bleeding and hepatorenal syndrome-acute kidney injury, with a growing body
of evidence demonstrating improved safety and efficacy with continuous
infusion-based administration compared to bolus dosing. We discuss
previously reported adverse effects of terlipressin and evidence-based
strategies to maximize the safety of administration. We also review the
literature surrounding emerging indications for terlipressin in decompensated
cirrhosis, particularly in the management of refractory ascites. Furthermore,
we present data on novel ambulatory programs utilizing long-term
continuous terlipressin infusion as bridging therapy for liver transplant
candidates with recurrent hepatorenal syndrome-acute kidney injury,
diuretic-refractory ascites, or hydrothorax.

Keywords: acute variceal bleeding, decompensated cirrhosis, hepatorenal
syndrome, portal hypertension, terlipressin

Terlipressin is a synthetic vasopressin analog that
preferentially targets V1a receptors on vascular smooth
muscle in the splanchnic vascular bed, inducing

complications of cirrhosis, including ascites, variceal
bleeding, and hepatic encephalopathy.ll As portal
hypertension progresses, it can lead to hepatorenal
syndrome-acute kidney injury (HRS-AKI), cirrhotic
cardiomyopathy, and associated multi-organ dys-
function. In addition to addressing the underlying liver
disease etiology and managing symptoms, there is
increasing interest in therapies that directly target portal
hypertension itself.

vasoconstriction and reducing portal pressure.23 The
unigue hemodynamic effects of terlipressin have
established it as a first-line therapy for acute variceal
bleeding (AVB) and HRS-AKI. Safety concerns have
limited its broader use, but increasing experience has
provided data to optimize administration strategies and
minimize adverse events (AEs). For example, continu-
ous terlipressin infusion (CTI) improves tolerability and
efficacy compared to bolus dosing, and early initiation of

Abbreviations: ACLF, acute on chronic liver failure; AE, adverse event; AVB, acute variceal bleeding; CTI, continuous terlipressin infusion; EBL, endoscopic band
ligation; FDA, U.S. Food and Drug Administration; HRS, hepatorenal syndrome; HRS-AKI, hepatorenal syndrome-acute kidney injury; LT, liver transplantation; RCT,

randomized controlled trial; RRT, renal replacement therapy; sCr, serum creatinine.
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terlipressin for HRS-AKI with judicious albumin admin-
istration reduces the risk of pulmonary edema.*-8l
Recent studies have explored the role of long-term
home CTI for other complications of portal hyper-
tension, including cardiac dysfunction, diuretic-refrac-
tory ascites, and hydrothorax.[*-2 Long-term home CTI
also has additional benefits on nutritional and functional
muscle parameters.®'3 This review discusses the
established roles, safety considerations, and emerging
indications for terlipressin in the management of portal
hypertension due to decompensated cirrhosis.

TERLIPRESSIN

Terlipressin is an intravenous long-acting synthetic
vasopressin analog cleaved by endopeptidases into
the active metabolite lysine-vasopressin.B'4l |t is a
selective V1a receptor agonist with a pressor effect that
is 2-fold greater than its antidiuretic effect via renal V2
receptors.l'415] Due to its rapid elimination half-life of
50 minutes, terlipressin is typically administered every
4-6 hours.'"413] Terlipressin causes direct splanchnic
vasoconstriction due to V1a receptor activity, which is
expressed in vascular smooth muscle cells in the
splanchnic circulation, amongst other tissues.! 14 Terli-
pressin indirectly induces splanchnic vasoconstriction
by inhibiting nitric oxide production.¥! In patients with
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FIGURE 1

cirrhosis and portal hypertension, this splanchnic
vasoconstriction reduces portal venous blood flow and
the HVPG.[216.771 Consequently, effective arterial blood
volume is redistributed back into the systemic circula-
tion, resulting in increased systemic vascular resist-
ance, increased mean arterial pressure, attenuation of
the hyperdynamic cardiac circulation, and reversal of
activated neurohormonal pathways (Figure 1).[2:16.17]

CONTINUOUS TERLIPRESSIN
INFUSION VERSUS BOLUS
TERLIPRESSIN

Current guidelines recommend bolus terlipressin every
4-6 hours for managing AVB or HRS-AKL[ These
recommendations are based on pharmacokinetic stud-
ies in a limited number of healthy individuals.['8-20]
Recent clinical data have compared CTI to bolus
terlipressin in patients with cirrhosis and portal hyper-
tension and suggest superior efficacy and safety for all
indications.

In patients with cirrhosis and portal hypertension,
CTIl maintains a stable steady-state drug concentra-
tion, unlike the variable peak and trough concentra-
tions seen with bolus terlipressin (Figure 2).1'"! The
physical and chemical stability of terlipressin at room
temperature in 24-hour continuous infusion devices
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Hemodynamic and neurohormonal effects of terlipressin. Abbreviations: CO, cardiac output; HR, heart rate; MAP, mean arterial

pressure; RAAS, renin—angiotensin—aldosterone system; SNS, sympathetic nervous system; SVR, systemic vascular resistance.
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Reproduced from “Safety, tolerability, pharmacokinetics, and efficacy of terlipressin delivered by continuous intravenous infusion in patients with
cirrhosis and refractory ascites” by Jasmohan S. Bajaj et all’ 1], GastroHep, volume 2022, page 5. Licensed under Creative Commons Attribution

4.0 (https://creativecommons.org/licenses/by/4.0/legalcode.en).

has also been demonstrated.?!! The fluctuations in
plasma concentrations associated with bolus dosing
result in a less effective hemodynamic response
compared to CTI.[22l A single 2 mg bolus of terlipressin
reduces HVPG and azygous blood flow for only
4 hours, whereas the effects of a 1 mg bolus last no
longer than 3 hours.[2®! For both doses, peak reduction
in HVPG occurs rapidly after 30 minutes, followed by a
gradual return to baseline.[?!

The superior hemodynamic effects of CTl over bolus
terlipressin are of clinical significance. In patients with
AVB, CTI induces a greater reduction in HPVG at
24 hours compared to bolus terlipressin (58.2% vs.
29.1%, p=0.003), despite a lower mean terlipressin
dosage (4.25 mg/dL+1.26 mg/dL vs. 7.42 mg/dL +
1.42 mg/dL, p < 0.001).24 A recent meta-analysis found
significantly lower rebleeding (RR: 0.43, 95% CI:
0.27-0.69, p=0.0004) and treatment failure (RR:
0.22, 95% CI: 0.06-0.82, p=0.02) in patients with
AVB treated with CTI compared to bolus terlipressin.“l
Although comparable treatment response rates be-
tween CTI and bolus terlipressin were observed in a
cohort of patients with type 1 hepatorenal syndrome
(HRS), a lower mean daily terlipressin dose was
required to achieve treatment response with CTI
(2.23 mg/dL £0.65 mg/dL vs. 3.51 mg/dL+1.77 mg/
dL, p=0.0001).6

The favorable safety profile of CTI relative to bolus
terlipressin is well-documented.[*6.11.24.25] A meta-anal-
ysis of 5 randomized controlled trials (RCTs) involving
395 patients with cirrhosis and either AVB or type 1

HRS, found a significantly lower risk of AEs with CTI
compared to bolus terlipressin (RR: 0.52, 95% CI:
0.43-0.7, p<0.00001)."! Patients experiencing AEs
with bolus terlipressin can also transition to CTI with
improved tolerability.®! The lower effective doses
required with CTIl, combined with the avoidance of
potentially harmful peak concentrations associated with
bolus dosing, enhance its overall tolerability.

ESTABLISHED INDICATIONS FOR
TERLIPRESSIN USE

Acute variceal bleeding

Terlipressin is a recommended first-line treatment for AVB
as an adjunct to endoscopic band ligation (EBL). A 2003
meta-analysis compared the efficacy and safety of
terlipressin to placebo, other vasoactive drugs (vasopres-
sin, somatostatin, octreotide), and endoscopic therapies
(balloon tamponade, endoscopic treatment).[26l Compared
to placebo, bolus terlipressin significantly reduced all-
cause mortality (RR: 0.66, 95% CI: 0.49-0.88) and the
number of procedures needed to stop uncontrolled
bleeding or rebleeding (RR: 0.72, 95% Cl 0.55-0.93).126]
No difference was found between bolus terlipressin and
other vasoactive and endoscopic therapies in all-cause
mortality, failure of initial hemostasis and rebleeding,
except for a greater risk of failure of initial hemostasis
when compared to octreotide (RR: 1.62, 95% CI:
1.05-2.50).1%81 There was no difference in AEs leading to
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drug discontinuation or death.?®! These findings firmly
established terlipressin as a primary treatment for AVB.

Terlipressin versus octreotide in acute
variceal bleeding

Octreotide, a somatostatin analog, is an alternative
vasoactive therapy used in AVB. Octreotide causes
selective vasoconstriction of the splanchnic circulation
by inhibiting vasodilator release and reducing splanch-
nic hyperemia.2”]

The hemodynamic effects of terlipressin are superior
to those of octreotide. Terlipressin causes a significantly
greater reduction in HVPG and heart rate and an
increase in mean arterial pressure, compared to
octreotide.?829 Unlike the sustained hemodynamic
effects of terlipressin, the initial reduction in HVPG
induced by octreotide can rebound within 5 minutes.
(28291 Fyrthermore, in patients with a suboptimal HVPG
response to a 250 pg/h somatostatin infusion, a 2 mg
bolus of terlipressin achieves a greater reduction in
HVPG compared to increasing the somatostatin dose to
500 pg/h.B9% The variable HVPG responses observed
with octreotide suggest a potential rapid desensitization
of somatostatin receptors to octreotide.l3"l

Few prospective studies directly compare terlipres-
sin and octreotide as adjunct therapies to EBL for
AVB. A randomized trial involving 324 patients
demonstrated that patients treated with bolus terli-
pressin (2 mg bolus then 1 mg/6 h for 3 d) had less
active bleeding at gastroscopy than patients receiving
octreotide (100 pg bolus then 50 ug/h for 3 d).32
When combined with EBL, there were no significant
differences in mortality, bleeding control, or transfu-
sion requirements between the 2 therapies.l*2l A large
multicenter, randomized non-inferiority trial compared
outcomes between bolus terlipressin (2 mg bolus then
1 mg/6 h for 5 d), octreotide (50 pg bolus then 25 pg/h
for 5 d), and somatostatin (250 ug bolus then 250 ug/h
for 5 d) in 780 patients with AVB.[3! Endoscopic
therapy included EBL and/or cyanoacrylate injection
depending on the varix type. Non-inferiority was
demonstrated among the 3 groups regarding bleeding
control, rebleeding, mortality, and a composite of
these outcomes.[33 Meta-analyses comparing differ-
ent vasoactive therapies have similarly found no

significant differences between bolus terlipressin and
octreotide in AVB outcomes.[34-37]

Importantly, no study has compared CTl to octreotide
for AVB. Given its ability to maintain portal pressure
reduction, CTl would be expected to have a superior
impact on AVB outcomes compared to bolus dosing.
However, there is currently no clinical data comparing
CTI to other therapies for AVB.

Administration of terlipressin in acute
variceal bleeding—our approach

Current guidelines recommend intermittent bolus terli-
pressin for the management of AVB (Table 1). Few
studies have demonstrated improved efficacy and
tolerability of CTI compared to bolus terlipressin in
AVB.14.24.39401 A proposed CTI protocol based on our
local practice is outlined in Table 1; however, we
acknowledge that further RCT evidence in this area is
required. Higher daily doses of terlipressin (8 mg/24 h
vs. 4 mg/24 h) have not been shown to improve
bleeding control or mortality.”!

Hepatorenal syndrome

Terlipressin has long been the preferred treatment for
HRS-AKI in Europe and the Asia-Pacific but was only
recently approved by the U.S. Food and Drug Admin-
istration (FDA) for this indication. The key RCTs
comparing terlipressin to placebo and/or albumin in
HRS-AKI are summarized in Table 2.

The first large multicenter RCT included 112 patients
with type 1 HRS randomized to receive either bolus
terlipressin or placebo.4! The primary outcome, defined
as 2 consecutive serum creatinine (sCr) measurements
of £1.5 mg/dL >48 hours apart, without intervening
renal replacement therapy (RRT), liver transplantation
(LT), or death, was not statistically different between
groups (25% vs. 12.5%, p=0.09).44 The low success
rates were contributed to by the strict clinical endpoint,
high baseline mean sCr (terlipressin: 3.96 mg/dL,
placebo: 3.85 mg/dL), a greater proportion of patients
with baseline sCr > 7.0 mg/dL randomized to terlipres-
sin (6 vs. 0), and one-third of patients receiving <3 days
of treatment.[*4]

TABLE 1 Recommended terlipressin dosing in acute variceal bleeding
Source Initial dosing
AASLDI38] 2 mg bolus every 4-6 hours for the first
24—48 hours
eAsL] 2 mg bolus every 4 hours for the first 48 hours

Local practice® 0.85 mg single bolus (equivalent to 1 mg

terlipressin acetate)

Maintenance dosing Duration
1 mg bolus every 4-6 hours 2-5d
1 mg bolus every 4 hours 2-5d
3.4 mg/24 h infusion (equivalent to 4 mg/24 h 2-5d

terlipressin acetate)

aTerlipressin base 0.17 mL/mL (anhydrous, acetate-free) is equivalent to 0.2 mg/mL terlipressin acetate.



TABLE 2

Authors
Solanki et al (2003)42]

Neri et al (2008)143]

Sanyal et al (2008)144]

Martin-Llahi et al (2008)45]

Boyer et al (2016)[46]

Wong et al (2021)47]

n

24

52

112

46

196

300

Blinding
Single

Unblinded

Double

Unblinded

Double

Double

HRS
type
HRS-1

HRS-1

HRS-1

HRS-1
HRS-2

HRS-1

HRS-1

Treatment arm
Terlipressin 1 mg
every 12 h (n=12)°

Terlipressin 0.5-1 mg
every 8 h (n=26)

Terlipressin 1-2 mg
every 6 h (n=56)
Terlipressin 1-2 mg
every 4 h (n=23)

Terlipressin 1-2 mg
every 6 h (n=97)

Terlipressin
1-2 mg every
5.5-6.5 h (n=199)

Bolus

Bolus

Bolus

Bolus

Bolus

Bolus

Comparator
arm

Placebo
(n=12)

Albumin
(n=26)

Placebo
(n=56)

Albumin
(n=23)

Placebo and
albumin
(n=99)

Placebo and
albumin
(n=101)

Summary of randomized controlled clinical trials comparing terlipressin to placebo in patients with hepatorenal syndrome

CTl vs.
bolus
terlipressin

Concurrent
albumin dose

20 g/d

1 g/kg BW day
1 then
2040 g/d

100 gonday 1
then 25 g/d

1 g/kg BW on
day 1 then
2040 g/d

20-40 g/d

1 g/kg BW on
day 1 then
2040 g/d

Maximum
treatment
duration

15d

14 d

14 d

15d

14 d

14 d

HRS reversal®
(treatment vs
control)

42% vs. 0%°

80% vs. 19%°

34% vs. 13%°

39% vs. 4%°

24% vs. 15%

32% vs. 17%°

Survival
(treatment vs.
control)

42% vs. 0% at
day 15°¢

42% vs. 16%
at day 180°

43% vs. 38%
at day 180

27% vs. 19%
at day 90

58% vs. 55%
at day 90

49% vs. 54%
at day 90

2Serum creatinine <1.5 mg/dL.

bConcurrent renal vasodilatory doses of dopamine are given for the first 24—48 hours.

°p<0.05.

Abbreviations: BW, body weight; CTI, continuous terlipressin infusion; CVP, central venous pressure; HRS, hepatorenal syndrome.
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The subsequent REVERSE ftrial enrolled 196
patients with type 1 HRS.“6! The study endpoint of
“confirmed HRS reversal”, defined as 2 consecutive sCr
measurements <1.5 mg/dL >40 hours apart without
intervening RRT or LT, occurred in 19.6% of bolus
terlipressin-treated patients and 13.1% of placebo
patients (p=0.22).4¢1 Treatment failure occurred in
one-third of the bolus terlipressin group, likely due to
the severe renal dysfunction present at baseline (mean
sCr: 3.6+1.1 mg/dL).*8! However, bolus terlipressin
was associated with a greater reduction in mean sCr
(-1.1 mg/dL vs. -0.6 mg/dL, p<0.001), and a strong
correlation was observed between changes in sCr and
survival (r=0.88, p<0.01).14¢!

The 2021 CONFIRM trial, which included 300
patients with type 1 HRS, ultimately led to the FDA
approval of terlipressin for the management of HRS-
AKLB7 The primary outcome was defined as 2
consecutive sCr <1.5 mg/dL >2 hours apart within
the first 14 days, and survival for an additional 10 days
without intervening RRT.7 Contrary to previous trials,
a significantly higher proportion of patients in the bolus
terlipressin group achieved the primary outcome com-
pared to placebo (32% vs. 17%, p=0.006).471 Bolus
terlipressin was notably associated with a higher risk of
respiratory failure (13.5% vs. 5%) and death within
90 days from respiratory failure (11% vs. 2%), com-
pared to placebo.”! The high rates of respiratory failure
observed in the CONFIRM trial were anticipated, given
the combined effects of terlipressin-induced increased
portal blood return to the systemic circulation and
excessive albumin replacement. Furthermore, because
terlipressin was initiated later in the course of HRS-AKI
(baseline mean sCr 3.5 mg/dL+1.0 mg/dL), many
patients may have already progressed to acute tubular
necrosis, oliguria, or anuria, impairing their ability to
excrete excess fluid (see ‘Safety profile of terlipressin’).
Current knowledge also suggests that the delayed
initiation of terlipressin may have limited the ability of
terlipressin to reverse HRS-AKI. Other characteristics of
the CONFIRM trial population may also affect general-
izability. Alcohol was the predominant cause of cirrhosis
(67%), with coexistent alcoholic hepatitis in 41% of
patients, which is known to markedly worsen prognosis.
There was a small representation of patients with
metabolic-associated steatotic liver disease (formerly
NAFLD; 21%), which is an important consideration, as
older age and metabolic comorbidities (eg, hyper-
tension, diabetes) may contribute to underlying intrinsic
renal disease and impair treatment response. Thus,
while the CONFIRM trial is the largest RCT on
terlipressin to date, its results should be interpreted in
the context of the aforementioned limiting factors.

There are several explanations for the variable efficacy
of terlipressin in the literature. Firstly, there is considerable
heterogeneity in study design and outcome definitions.
Secondly, only bolus terlipressin has been investigated in

RCTs, despite higher response rates for CTI previously
demonstrated in both type 1 HRS and HRS-AK].[484]
Thirdly, prior studies used the 2007 International Club of
Ascites classification of HRS, which required specific sCr
thresholds to be met. This tends to lead to a delayed
diagnosis and more severe renal dysfunction, particularly
in sarcopenic patients with lower baseline sCr levels.
Furthermore, a higher baseline sCr is a predictor of
reduced response to terlipressin, suggesting that earlier
treatment in the course of HRS-AKI leads to better
treatment responses.5%-52 This may be because although
HRS-AKI is a functional impairment related to changes in
renal perfusion, if untreated or advanced, it may lead to
irreversible parenchymal damage.®53! In 2015, a revised
definition of HRS-AKI was introduced, incorporating
changes in sCr rather than specific cutoffs.53 This new
classification allows for earlier diagnosis and treatment,
with greater treatment response rates anticipated in
clinical practice and future studies.

The recent INFUSE study utilized the revised HRS-
AKI classification, comparing 50 CTI patients (0.5 mg
bolus then 2—-8 mg/24 h) to 50 historical controls treated
with noradrenaline or octreotide and midodrine.®! The
CTI group had a lower baseline median sCr than the
control group (1.4 mg/dL vs. 2.1 mg/dL, p<0.001),
reflecting earlier treatment initiation per the revised HRS-
AKI criteria. A markedly higher proportion of CTl-treated
patients achieved complete response (decrease >30%
sCr with final sCr <1.5 mg/dL) compared to historical
controls (64% vs. 16%, p < 0.001).5 The CTl group had a
favorable safety profile, with no cardiac or ischemic AEs
reported, consistent with previous CTI studies.5:10.13:49.54]
The use of CTI, early initiation of therapy, avoidance of
protocolized albumin administration, and exclusion of
patients with grade 3 acute on chronic liver failure
(ACLF), sCr >5.0 mg/dL and MELD >35, likely
mitigated AEs in this trial.

Current RCTs have not been sufficiently powered to
detect a survival difference between terlipressin and
placebo for patients with HRS-AKI. While meta-analy-
ses have reported on the efficacy of terlipressin in
improving renal function, its impact on mortality remains
unclear.®5-59 Nevertheless, terlipressin offers additional
benefits for LT candidates, including reduced pretrans-
plant RRT requirements, lower rates of posttransplant
chronic kidney disease, and reduced requirement for
simultaneous liver—kidney transplantation.[5:10.60.61]

Terlipressin versus octreotide and
midodrine in hepatorenal syndrome

In countries with limited access to terlipressin, octreotide,
and midodrine are used to treat HRS-AKI. Combination
therapy potentiates the vasodilation-inhibitory effects of
octreotide with the alpha-adrenergic effects of midodrine,
as octreotide alone is ineffective.6?
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Only one head-to-head prospective study has
compared terlipressin to octreotide and midodrine in
the treatment of HRS-AKI. An RCT randomized 49
patients with type 1 or 2 HRS to either CTI (3 mg/24 h
up to 12 mg/24 h) or octreotide and midodrine
(100 pg/7.5 mg TDS up to 200 pg/12.5 mg TDS),
alongside albumin replacement.8! A higher proportion
of patients in the CTI group achieved HRS reversal
compared to the octreotide and midodrine group
(55.5% vs. 4.8%, p<0.001).48! The reduction in sCr
in the CTI group (from 326.8 umol/L +88.4 umol/L to
2211 pmol/L +162.8 umol/L) was also significantly
greater than the octreotide and midodrine group
(from 343.9 pmol/L+187.5 pumol/L to 326.4 pmol/
L +273. 2umol/L, p=0.035).18! Six nonresponders in
the octreotide and midodrine group received rescue
therapy with CTI, resulting in improved renal function
in 5 patients (83.3%).481 AEs and survival were
comparable between groups.8! The study was nota-
bly not powered for survival analysis and terminated
prematurely due to the superior results observed in the
CTI arm. The superiority of terlipressin over octreotide
and midodrine has similarly been demonstrated in
retrospective cohort studies.63.64]

While large, prospective comparative studies are
lacking, the existing literature strongly supports terli-
pressin as the preferred treatment for HRS-AKI, with
further studies in this area being unlikely.

Terlipressin versus noradrenaline in
hepatorenal syndrome

Noradrenaline is a catecholamine with predominant
alpha-adrenergic activity and is an alternative to
terlipressin in patients with HRS-AKI requiring pressor
support in the intensive care setting due to concurrent
circulatory failure.

Multiple small, randomized trials have reported com-
parable HRS reversal rates between bolus terlipressin
and noradrenaline.[’570 Both therapies significantly
improved renal function, sodium balance, and circulatory
function.85701 Rates of AEs were similar between
groups.[6567-69 Two recent meta-analyses further sup-
port noradrenaline as a suitable treatment for HRS-AKI.
One meta-analysis found no statistical difference in HRS
reversal (OR: 1.33, 95% Cl: 0.8-2.22, p=0.22) or
mortality (OR: 1.5, 95% CI: 0.64-3.53, p =0.26) between
noradrenaline and bolus terlipressin.l’"l Similarly, the
second meta-analysis reported comparable outcomes
for both therapies in terms of HRS reversal (RR: 1.15,
95% ClI: 0.96-1.37, p=0.12) and mortality (RR: 0.87,
95% ClI: 0.74-1.01, p=0.08).I'2

One RCT compared terlipressin to noradrenaline in
120 patients with APASL-defined ACLF and HRS-AKI.
49 Patients received either CTI (2-12 mg/24 h) or
noradrenaline (0.5-3 mg/24 h) with concomitant

albumin for 14 days.*®) The mean daily dose of
terlipressin was low at 2.02 mg + 0.70 mg. Nevertheless
compared to noradrenaline, CTl was associated with
higher rates of HRS reversal (40% vs. 16.7%,
p=0.004), reduced RRT requirement (56.6% vs. 80%,
p=0.006) and greater 28-day survival (48.3% vs. 20%,
p=0.001).49 Although AEs occurred more frequently in
the terlipressin group (23.3% vs. 8.3%, p=0.02), they
were mild and reversible with drug cessation.*?! The
increased efficacy of terlipressin compared to prior
studies may result from using CTI instead of bolus
terlipressin and early treatment initiation based on HRS-
AKI criteria; however, validation with further studies is
required.

Administration of terlipressin in
hepatorenal syndrome-acute kidney injury
—our approach

Our institution has used terlipressin for the treatment of
HRS-AKI for over 20 years and routinely transitioned to
CTI over bolus dosing over 10 years ago. Following a
0.85 mg i.v. bolus, CTl is commenced at the target dose
of 3.4 mg/d (Figure 3). In our experience, most patients
respond to a CTl dose of 3.4 mg/d if treatment is
initiated early before severe renal dysfunction develops,
which is increasingly supported by global data.l>61.73!
Dose escalation due to treatment nonresponse is
uncommon in our experience. Albumin administration
is minimized to avoid circulatory overload and is used
only if patients are under-volumed, typically requiring a
short course (eg, 1-2 d) to restore circulating blood
volume and renal blood flow. Ongoing coadministration
of terlipressin and albumin beyond this point is not
recommended. Terlipressin is continued until renal
function is restored or up to 14 days in non-transplant
candidates. For rebound or recurrent HRS-AKI in
transplant candidates, long-term home CTI is instituted
as a bridge to LT (see ‘Emerging Indications for
Terlipressin Use’).

CTI is initially administered via a peripheral intra-
venous catheter that may be transitioned to a
peripherally inserted central catheter if a longer
duration of therapy is anticipated. Terlipressin is
routinely administered in the medical ward at our
institution without additional intensive monitoring
beyond general nursing care. Following the results of
the CONFIRM frial, the American Gastroenterological
Association recently published a clinical practice
update stating that terlipressin can be administered
through a peripheral line and does not require
intensive care monitoring.”4 Our real-world and RCT
data on long-term CTI have also not demonstrated any
serious treatment-related AEs,®7% further reinforcing
the safety of terlipressin administration in the general
ward setting.
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Treat until complete response
(sCr <0.3mg/dL or 26.5umol/L
f from baseline) or maximum 14
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Treat until complete response
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days unless bridging to liver
transplantation with long-term
home CTI

FIGURE 3

Terlipressin dosing algorithms for the management of hepatorenal syndrome-acute kidney injury. *We recommend regular fluid

balance assessments and careful, individualized titration of albumin replacement in under-volumed patients to restore circulating blood volume.
Albumin administration should be minimized to avoid circulatory overload and pulmonary edema. Abbreviations: CTI, continuous terlipressin

infusion; sCr, serum creatinine.

SAFETY PROFILE OF TERLIPRESSIN

When evaluating the safety profile of terlipressin, it is
important to consider the clinical context: patients with
AVB have a 6-week mortality risk of 15%, and those
with HRS-AKI have a 3-month mortality risk of 90% if
untreated.l38.76 A recent meta-analysis of 78 prospec-
tive and retrospective studies reported a pooled
incidence of treatment-related AEs of 22% and
serious AEs of 5%.7] Unsurprisingly, patients with
advanced cirrhosis were at greatest risk of serious
AEs. Patients with bilirubin >4.3 mg/dL had a higher
rate of treatment-related serious AEs than those with
bilirubin <4.3 mg/dL (8% vs. 1%, p=0.04)."]
Additionally, patients with HRS-AKI had more treat-
ment-related serious AEs than those with AVB or
ascites (8% vs. 1% vs. 7%, p=0.02).'1 However,
previous meta-analyses of RCTs have reassuringly
found terlipressin-related AEs to be mild to moderate
in severity, with rates comparable to other vaso-
constrictive therapies, despite the high acuity of the
patient population.[35:56.58.59.78]

Increasing real-world experience with terlipressin has
provided valuable data to inform best-practice adminis-
tration strategies that minimize AEs, as summarized
below and in Table 3.

Gastrointestinal symptoms

Diarrhea and abdominal pain are the most common
terlipressin AEs, with incidences of 10% and 9%,
respectively.[56.771 Gastrointestinal AEs are often mild,
self-limited, or reversible with dose reduction. Gastro-
intestinal AEs may be minimized with CTl compared to
bolus dosing.["”]

Pulmonary edema and respiratory failure

The incidence of terlipressin-induced dyspnea, pulmo-
nary edema, and respiratory failure, was reported in the
aforementioned recent meta-analysis as 9%, 7%, and
4%, respectively.[’7l Despite these low rates, the FDA
has a black box warning for terlipressin regarding the
potential for respiratory failure, particularly in patients
with circulatory overload or grade 3 ACLF. This warning
stems from the high proportion of respiratory failure-
related deaths that occurred with bolus terlipressin
compared to placebo in the CONFIRM trial (11% vs.
2%).47] Respiratory failure was more likely in patients
with grade 3 ACLF than in those with lower grades (30%
vs. 9.4%, p=0.002).["®! Understanding the pathophysio-
logy leading to respiratory failure can help clinicians
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TABLE 3

Adverse effect Risk factors

Gastrointestinal

e Advanced HRS-AKI

e Oliguric renal failure

e Excess albumin replacement
o Cardiac failure

Respiratory failure

Hyponatremia e High serum sodium
e Low serum creatinine
e Low Child—Pugh or MELD score

e Rapid changes in fluid status

Organ ischemia e Hypovolaemia

e Atherosclerotic risk factors (eg, smoking,

T2DM)

e Underlying severe coronary artery disease

e Underlying severe peripheral vascular
disease or venous insufficiency
e Concomitant use of vasopressors

Key adverse effects associated with terlipressin use and methods to mitigate risk

Protective factors

o Dose reduction or temporary pause in treatment
e CTI over bolus dosing

e Early initiation of treatment

o Regular fluid balance assessment

e Judicious and personalized administration of albumin
based on volume status

e Avoid in NYHA class 3—4 cardiac failure

o Monitor serum sodium regularly
o Active titration of diuretics with treatment response
e CTI over bolus dosing

e Ensure volume is replete prior to commencing
terlipressin, including correction of anemia if required

e Avoid severe coronary artery disease (eg, class 3—4
angina, untreated significant ischemia on coronary
stress testing, untreated extensive, or severe stenosis
on angiography)

e Avoid in severe peripheral vascular disease (eg, critical
limb ischemia, untreated extensive, or severe stenosis
on angiography)

e CTI over bolus dosing

Abbreviations: ACLF, acute on chronic liver failure; CTI, continuous terlipressin infusion; HRS-AKI, hepatorenal syndrome-acute kidney injury; NYHA, New York Heart

Association; sCr, serum creatinine; T2DM, type 2 diabetes mellitus.

understand why this cohort was particularly vulnerable
to respiratory failure.

Splanchnic vasoconstriction induced by terlipressin
contracts the total circulating blood volume and returns
portal blood to the systemic circulation, thereby increas-
ing hydrostatic pressure, cardiac preload, and afterload
(via increasing systemic vascular resistance). Regular
albumin administration increases oncotic pressure,
preventing fluid from escaping extravascular, and further
increasing hydrostatic pressure. If oliguria has developed
in the context of advanced HRS-AKI, the kidneys cannot
effectively excrete excess volume, and respiratory failure
may ensue. In contrast, patients with early HRS-AKI or
AVB are able to increase urine output to compensate for
the change in volume status. 6"

Several factors contributed to the high rates of
respiratory failure observed in the CONFIRM trial.
Participants had advanced type 1 HRS with baseline
severe renal dysfunction (mean sCr: bolus terlipressin
3.5 mg/dL +1.0 mg/dL, placebo 3.5 mg/dL + 1.1 mg/dL).
Albumin administration was strongly recommended at a
dose of 1 g/kg/body weight up to 100 g on day 1 and
20-40 g/day thereafter. High doses of albumin were
administered both prior to randomization and during
treatment (mean total albumin dose: terlipressin
534.4 g, placebo 610.2 g), likely causing circulatory
overload in the context of oliguric renal failure.®% While
the amount of albumin administered before treatment
was not a predictor of respiratory failure,l’ the total
amount of albumin given prior to randomization and
during treatment is important to consider, as the
cumulative dose likely contributed to the development

of respiratory failure. It is unsurprising that respiratory
failure occurred more frequently in patients with grade 3
ACLF, who have a high baseline risk for systemic
inflammatory response syndrome and non-hydrostatic
pulmonary edema, which can be further exacerbated by
circulatory overload from excess albumin.["®

The risk of respiratory failure is mitigated by initiating
terlipressin early in HRS-AKI before oliguria develops.
The requirement for 48 hours of albumin prior to
treatment is no longer recommended, particularly in
patients who are euvolemic or have signs of circulatory
overload.[®! This approach can delay diagnosis and
treatment initiation, and may also increase the risk of
respiratory failure.!®! Although current guidelines recom-
mend the coadministration of terlipressin and 20—40 g of
albumin per day, this has not been demonstrated to
improve HRS reversal rates compared to terlipressin
alone.l’l Thus, regular fluid balance assessments should
accompany careful, individualized titration of albumin
and diuretics, rather than a protocolized approach.
Diuretic administration and a temporary pause in albumin
in patients with circulatory overload may avoid the
complete discontinuation of terlipressin therapy.®!

Hyponatremia

The overall incidence of terlipressin-induced hyponatre-
mia is ~9%.I71 Despite its selectivity for V1a receptors,
terlipressin also activates renal V2 receptors that mobilize
aquaporin-2 channels into the collecting ducts, resulting in
water retention and dilutional hyponatremia.l'4!
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Multiple retrospective analyses have identified risk
factors for hyponatremia in patients with AVB treated
with terlipressin. Baseline serum sodium consistently
emerges as an independent risk factor, with higher levels
associated with increased hyponatremia risk.[8'-871 Other
predictors include a low baseline sCr and low MELD or
Child-Pugh scores.!838587 |n patients with relatively
preserved liver and renal function, serum sodium levels
are higher, and there is less occupation of renal V2
receptors by endogenous vasopressin.[8284.8587] Con-
versely, terlipressin-induced hyponatremia is uncommon
in HRS-AKI, as renal V2 receptors are saturated by
endogenous vasopressin in response to reduced renal
perfusion in advanced portal hypertension.[8284.8587]
Indeed, increased or stable serum sodium has been
observed in terlipressin-treated patients with HRS-AKI
or diuretic-refractory ascites, reflecting improvements
in circulatory function and downregulation of neuro-
hormonal pathways.[9:43.7588.89

Hyponatremia typically develops within 2—-3 days of
terlipressin commencement.[2871 The risk can be miti-
gated with early monitoring of serum sodium, particularly
in patients with AVB and relatively preserved liver and
kidney function. Larger doses of bolus terlipressin may
increase the risk of hyponatremia in patients with AVB;€%!
therefore, CTI is recommended. CTl achieves greater
efficacy and safety in AVB with a lower mean total dose
compared to bolus terlipressin.2439 Patients with HRS-
AKIl should also be monitored with active diuretic titration,
as urinary sodium excretion and diuretic responsiveness
improve with restoration of renal perfusion during
terlipressin therapy.®#9 Terlipressin-induced hyponatre-
mia resolves quickly following treatment interruption,
especially if identified early.[82:83.8587]

Organ ischemia

Organ ischemia secondary to terlipressin is rare and,
similar to hyponatremia, typically occurs within
2-3 days of treatment initiation.3%77! |schemic AEs
are usually mitigated by terlipressin cessation, reduc-
ing the dose, or changing from bolus administration to
CT|.[8’25’90]

Terlipressin-induced coronary ischemia occurs due
to coronary artery vasoconstriction, vasospasm, and
increased procoagulant activity through platelet
aggregation.['591 This may rarely result in chest pain,
arrhythmia, and myocardial infarction in up to 2% of
patients.l’”] Cases of terlipressin-induced coronary
ischemia have occurred in both the presence and
absence of underlying coronary artery disease.[44.91-9]
Nevertheless, terlipressin should be avoided in high-
risk patients with severe preexisting coronary artery
disease.

Terlipressin-induced peripheral ischemia occurs in 2%
of cases.””] An analysis of published case reports of

terlipressin-induced skin ischemia found that most cases
occurred within 3 days of treatment commencement.[°!
Common sites of involvement were the legs and
abdomen.®9 Risk factors for skin ischemia include
hypovolaemia, vasopressor use, comorbid peripheral
vascular disease, venous insufficiency, and obesity.[?
Risk minimization strategies include ensuring euvolemia
prior to terlipressin commencement and monitoring for
early signs of skin ischemia (eg, cyanosis, livedo
reticularis). Terlipressin should be avoided in patients
with severe peripheral vascular disease or venous
insufficiency.

Limited literature exists on terlipressin-induced mes-
enteric ischemia due to its low incidence of 1%.[77:94-96]
However, risk mitigation strategies for mesenteric
ischemia are perceived to be similar to those for other
end-organ ischemia.

EMERGING INDICATIONS FOR
TERLIPRESSIN USE

Diuretic-refractory ascites

There is an emerging literature on the role of terlipressin
in managing diuretic-refractory ascites. Terlipressin
induces diuresis and natriuresis by restoring renal
perfusion and decreasing neurohormonal pathway
activity.[97.98]

Several proof-of-concept studies have demonstrated
improved ascites control with terlipressin. In 26 patients
with diuretic-refractory ascites, 3 weeks of bolus
terlipressin (1 mg/6 h) and albumin therapy reduced
ascites volume in two-thirds of patients.[®! A study of 5
patients receiving CTIl (3.4 mg/24 h) for 4 weeks
observed significant natriuresis, reduced ascites vol-
ume, and paracentesis frequency in all patients.[89
Another CTI study similarly reported a marked reduction
in the number and volume of paracenteses after 28 days
of CTI (up to 4 mg/24 h), sustained for an additional
28 days of follow-up.I""l No serious AEs were reported
in these studies.

Our center recently published a randomized cross-
over study evaluating home CTI in 30 patients with
diuretic-refractory ascites and sarcopenia.l¥! Patients
were randomized to 12 weeks of home CTI (3.4 mg/
24 h) or observation before crossing over to the
alternate treatment arm. The co-primary outcomes were
changes in paracentesis volume and handgrip strength.
Paracentesis volume decreased significantly by a mean
adjusted difference of 11.39 L (95% CI: 2.99-19.85 L,
p<0.001) with 1.75 (95% CI: 0.925-2.59, p<0.001)
fewer paracenteses required on CTI compared to
observation.[®! Handgrip strength improved significantly
by a mean adjusted difference of 3.09 kg (95% CI:
1.11-5.08 kg, p=0.006), and quality of life improved
across all domains of the Chronic Liver Disease
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Questionnaire.! There were no treatment-related seri-
ous AEs or treatment withdrawal due to AEs. There was
no significant change in serum sodium levels and,
importantly, no ischemic events or pulmonary edema.
We have reported similar real-world data from a cohort
of over 100 patients, encompassing over 13,000 patient
days of CTl over a 10-year period.[’5! This larger cohort,
with a similar median treatment duration to our cross-
over study, also demonstrated a significant reduction in
paracentesis requirements.[”%]

Long-term home continuous terlipressin
infusion

The hepatorenal syndrome can recur in 20% of patients
despite an initial response to terlipressin, particularly if
there is no treatment for the underlying liver disease
etiology.["5%1  While re-treatment is often effective,
continuous recurrence can lead to a cohort of terlipres-
sin-dependent patients requiring long-term hospitaliza-
tion. It was for this cohort of patients that our center
developed a Hospital-in-the-Home program that pro-
vides CTI in the ambulatory setting for terlipressin-
dependent LT candidates. Originally established for the
treatment of recurrent HRS-AKI, the program has
expanded to include select patients with diuretic-
refractory ascites or hydrothorax.

Long-term home CTl is initiated in the hospital for all
patients. A peripherally inserted central catheter is
placed, and as for the inpatient management of HRS-
AKI, long-term home CTl is initiated with a 0.85 mg i.v.
bolus (terlipressin acetate 1 mg equivalent) immediately
followed by a 3.4 mg/day infusion (terlipressin acetate
4 mg/day equivalent). Ambulatory infusion pumps are
used to deliver long-term home CTI (Table 4). As most
terlipressin-related AEs occur within 48-72 hours of
treatment initiation,3% patients who tolerate CTI during
this observation period can be safely discharged home
for ongoing long-term CTI. Patients on long-term home

CTI are jointly monitored by the treating hepatologist
and Hospital-in-the-Home medical and nursing staff.
Hospital-in-the-Home nursing staff performs daily 1-
hour home visits to facilitate medication change, central
venous access device management (eg, dressing
change), blood collection, and measurement of vital
signs and weight. Patients and nursing staff are
educated on reportable terlipressin-related AEs. Face-
to-face hepatology clinic reviews occur every 4 weeks;
however, laboratory testing is conducted twice a week
for the first 4 weeks and then weekly thereafter,
provided the patient’s electrolytes remain stable.

Our center has provided long-term home CTI for over
10 years, publishing extensively on its efficacy and
safety.[10.135489.1001011  OQyr |argest real-world data
includes 105 patients and 13,246 patient days of home
CTI, with a median treatment duration of 83 days (range:
15-899 d).I"9 Recurrent HRS-AKI was the most common
indication for CTI (52%), followed by diuretic-refractory
ascites (41%) and hydrothorax (7%). Patients with HRS-
AKI had significant improvements in sCr, decreasing
from 174 pmol/L (1.97 mg/dL) to 106 umol/L (1.2 mg/dL).
751 The early initiation of CTI optimized treatment
response rates, reducing the need for simultaneous
liver—kidney transplantation. Of 60 patients bridged
to LT, only one required a simultaneous liver—kidney
transplant. Patients with diuretic-refractory ascites or
hydrothorax had a 58% reduction in paracentesis and
thoracocentesis frequency (p=0.001).I°! Similar to our
randomized crossover CTIl study, serum sodium
remained unchanged, with no reported ischemic or
pulmonary AEs.

Long-term CTI also confers additional benefits on
malnutrition and sarcopenia in patients with decompen-
sated cirrhosis, where progressive functional decline is
associated with increased waitlist mortality.['92 Nutritional
and functional muscle parameters were first assessed
in a prospective study of 19 LT candidates with
recurrent HRS or diuretic-refractory ascites receiving CTI
(3.4 mg/24 h) for a median of 51 days (IQR 29-222 d)."3!

TABLE 4 Ambulatory infusion pumps used to deliver long-term home continuous terlipressin infusion

Surefuser+100 mL pump

e Elastomeric pump
e Single use (changed every 24 h)

Pump logistics

o Medication made up by nursing staff in the home

everyday
e Pump carried in a waist bag

e Pump and central venous access site covered in

plastic when showering

Benefits e Lightweight, durable
e No batteries required
e Easy for nursing staff to set up
Drawbacks o No alert if the infusion is interrupted (eg, line blocked)

o Higher cost

Continuous Ambulatory Drug Delivery (CADD) pump

o Rechargeable battery

e Medication made up by nursing staff in the home everyday

e Pump carried in a waist bag

e Pump and central venous access site covered in plastic
when showering

e Provides alert if the infusion is interrupted
e Lower cost

o Heavier, less durable

e Potential technical or battery issues

e Maintenance of pump required

e More training on pump setup and usage for nursing staff
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Terlipressin significantly improved protein and energy
intake (p < 0.001), with most patients approaching recom-
mended nutritional requirements.['¥ Handgrip strength
increased from 25.36 kg+8.13 kg to 28.49 kg+7.63 kg
(p=0.001).1"3 The reduction in ascites volume (p=0.001)
may have contributed to these improvements in dietary
intake and handgrip strength, as maintaining ascites at
body temperature requires considerable energy.['3.103]
However, portal hypertension contributes to sarcopenia
through multiple mechanisms, including systemic inflam-
mation, anorexia, and portal hypertensive enteropathy.['04
Therefore, terlipressin’s ability to reduce portal pressure
likely has a multifaceted impact on nutritional status.
Importantly, our randomized crossover CTI study con-
firmed the positive effect on handgrip strength,’®) which
again aligns with our real-world data from a larger cohort
of long-term CTI patients.[75]

There is a strong rationale for implementing long-
term home CTI for select LT candidates with portal
hypertensive complications, particularly in centers with
prolonged waiting times. We recommend home CTI for
all candidates with recurrent or refractory HRS-AKI. The
implementation of CTI for patients with diuretic-refrac-
tory ascites or hydrothorax requires a nuanced discus-
sion with the patient regarding potential benefits but is
particularly considered in those with significant sarco-
penia. The impact of CTI on cardiac reserve may also
prevent HRS-AKI in patients with refractory ascites and
hydrothorax,'?! thus a low cardiac reserve can inform
decision-making when echocardiographic data are
available. In those without this information, low mean
arterial pressure may be a reasonable surrogate to
incorporate into decision-making discussions.!105.106]

While terlipressin can lower the MELD score,
patients on long-term CTI are not disadvantaged in
our center, as we take terlipressin into account in
waitlist prioritization.'”! However, in countries like the
United States, MELD-exemption points or a MELD
score “lock” may be necessary if long-term CTI is
adopted to ensure patients can access treatment
without compromising their waitlist status.[107]

Despite promising results for long-term home CTI at
our institution, adequately powered multicenter studies
are required to validate these findings elsewhere and
determine whether these benefits translate to important
clinical outcomes, including peri-LT hospitalization,
morbidity, and mortality. What also remains lacking is
cost—benefit analyses in various jurisdictions that will
dictate access to this therapy and identify appropriate
indications for widespread implementation.

Cardiac dysfunction in decompensated
cirrhosis

The understanding of cardiac dysfunction in the
pathogenesis of HRS-AKI has evolved in recent years.

Most patients with decompensated cirrhosis have an
elevated resting cardiac output, reflecting cardiac
compensation in the context of expanded total blood
volume due to splanchnic vasodilation. However, some
of these patients are unable to augment their cardiac
compensation in response to stress, leading to reduced
renal perfusion and a cascade of hemodynamic events
that leads to HRS-AKLI'08-1101 | fact, patients with
decompensated cirrhosis and impaired cardiac reserve
have a 4-fold risk of developing HRS-AKI.[08]

We recently demonstrated that CTl may be the first
therapy to improve subclinical cardiac dysfunction in
decompensated cirrhosis. Twenty-two patients from our
randomized crossover CTl study underwent dobutamine
stress echocardiography to assess cardiac function
before and 12 weeks after CT1.1%'2 A significant increase
in cardiac output in response to low-dose dobutamine
was observed post-CTI compared to baseline
(p=0.0001), driven by improved contractility.'? The
proportion of patients with impaired cardiac reserve
(<25% increase in cardiac output after low-dose dobut-
amine) decreased from 81.8% to 40.9% after CTI
(p=0.02).'4 By targeting both cardiac dysfunction and
the hyperdynamic circulatory state, it is plausible that
early intervention with terlipressin may reduce the risk of
HRS-AKI in patients with diuretic-refractory ascites.

The beneficial effects of terlipressin on cardiac
function may be limited in patients with cirrhotic
cardiomyopathy and systolic dysfunction. An Indian
study of 140 patients with HRS-AKI treated with
72 hours of CTI found a reduction in heart rate, mean
arterial pressure, and cardiac index in patients with
systolic dysfunction compared to those without
(p <0.05), along with an increased risk of nonresponse
to CTl (47% vs. 21%, p<0.001).'"""1 This may be
because an impaired left ventricle is unable to adapt to
the increased venous return induced by splanchnic
vasoconstriction. Indeed, patients with systolic dys-
function were excluded from our CTI trial for this reason.

CONCLUSIONS

Terlipressin is a cornerstone in the management of
portal hypertensive complications of decompensated
cirrhosis. Key strategies for optimizing the safety and
efficacy of terlipressin include using CTI over bolus
terlipressin and initiating therapy early with judicious
albumin use in HRS-AKI. Long-term home CTI may
expand therapeutic indications to include recurrent
HRS-AKI, diuretic-refractory ascites, and hydrothorax.
The increasing positive data for long-term home CTI
require further validation in adequately powered multi-
center cohorts to determine if a longer duration of
therapy can reduce clinical decompensation events,
reduce waitlist mortality, and optimize peri-transplant
outcomes.



THE CURRENT APPLICATIONS AND FUTURE DIRECTIONS OF TERLIPRESSIN

13

ACKNOWLEDGMENTS
Figures 1 and 3 were created in BioRender.

CONFLICTS OF INTEREST

Marie Sinclair received grants from Mallinckrodt Phar-
maceuticals. The remaining authors have no conflicts to
report.

ORCID

Doro

thy Liu @ https://orcid.org/0000—-0002—-7802—2803

Adam Testro (©https://orcid.org/0000—-0001-6776-3115

Avik
4327

Marie Sinclair

3048

REF
1.

10.

Majumdar @ https://orcid.org/0000—-0003—2975—

https://orcid.org/0000—0003-0657—

ERENCES

Angeli P, Bernardi M, Villanueva C, Francoz C, Mookerjee RP,
Trebicka J, et al. EASL Clinical Practice Guidelines for the
management of patients with decompensated cirrhosis.
J Hepatol. 2018;69:406—60.

Narahara Y, Kanazawa H, Taki Y, Kimura Y, Atsukawa M,
Katakura T, et al. Effects of terlipressin on systemic, hepatic and
renal hemodynamics in patients with cirrhosis. J Gastroenterol
Hepatol. 2009;24:1791-7.

Saner FH, Canbay A, Gerken G, Broelsch CE. Pharmacology,
clinical efficacy and safety of terlipressin in esophageal varices
bleeding, septic shock and hepatorenal syndrome. Expert Rev
Gastroenterol Hepatol. 2007;1:207-17.

Hassan M, Merza N, Nawras Y, Bahbah El, Al-Hillan A, Ahmed
Z, et al. Continuous vs. intermittent terlipressin infusion for
portal hypertension: A systematic review and meta-analysis.
Ann Med Surg (Lond). 2023;85:5001-10.

Reddy KR, Weinberg EM, Gonzalez SA, lzzy MJ, Simonetto
DA, Frederick RT, et al. Safety and efficacy of continuous
terlipressin infusion in HRS-AKI in a transplant population. Liver
Transpl. 2024;30:1026-38.

Cavallin M, Piano S, Romano A, Fasolato S, Frigo AC, Benetti
G, et al. Terlipressin given by continuous intravenous infusion
versus intravenous boluses in the treatment of hepatorenal
syndrome: A randomized controlled study. Hepatology. 2016;
63:983-92.

Izzy M, Wong F, Reddy KR, Simonetto DA, Weinberg E, Moore
K, et al. Utility of concurrent administration of albumin with
terlipressin for the treatment of hepatorenal syndrome-acute
kidney injury: A pooled analysis of two randomized controlled
trials. Presented at the American Association for the Study of
Liver Diseases (AASLD) Annual Meeting, November 10-14,
2023:51371-S1373.

Nadim MK, Kellum JA, Forni L, Francoz C, Asrani SK,
Ostermann M, et al. Acute kidney injury in patients with
cirrhosis: Acute Disease Quality Initiative (ADQI) and Interna-
tional Club of Ascites (ICA) joint multidisciplinary consensus
meeting. J Hepatol. 2024;81:163-83.

Terbah R, Testro AG, Hoermann R, Majumdar A, Chapman B,
Gow PJ, et al. Continuous home terlipressin infusion increases
handgrip strength and reduces ascites—A prospective random-
ized crossover study. Hepatology. 2024;80:605—-20.

Gow PJ, Sinclair M, Thwaites PA, Angus PW, Chapman B,
Terbah R, et al. Safety and efficacy of outpatient continuous
terlipressin infusion for the treatment of portal hypertensive
complications in cirrhosis. Eur J Gastroenterol Hepatol. 2022;
34:206—12.

1.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bajaj JS, Yeramian P, Fischer J, Gavis EA, Fagan A, Angeli P,
et al. Safety, tolerability, pharmacokinetics, and efficacy of
terlipressin delivered by continuous intravenous infusion in
patients with cirrhosis and refractory ascites: A phase 2a open-
label trial. GastroHep. 2022;2022:5065478.

Terbah R, Koshy AN, Majumdar A, Vaz K, Testro A, Sinclair M.
Long-term continuous terlipressin infusion improves cardiac
reserve in patients with decompensated cirrhosis. Clin Gastro-
enterol Hepatol. 2024. https://doi.org/10.1016/j.cgh.2024.08.
010. In Press.

Chapman B, Gow P, Sinclair M, Hanrahan T, Angus P, McClure
T, et al. Continuous terlipressin infusion is associated with
improved diet intake and muscle strength in patients awaiting
liver transplant. JHEP Rep. 2019;1:107-13.

Pesaturo AB, Jennings HR, Voils SA. Terlipressin: Vasopressin
analog and novel drug for septic shock. Ann Pharmacother.
2006;40:2170-7.

Kam PCA, Williams S, Yoong FFY. Vasopressin and terlipres-
sin: Pharmacology and its clinical relevance. Anaesthesia.
2004;59:993-1001.

Mgller S, Hansen EF, Becker U, Brinch K, Henriksen JH,
Bendtsen F. Central and systemic haemodynamic effects of
terlipressin in portal hypertensive patients. Liver. 2000;20:51-9.
Kalambokis G, Economou M, Paraskevi K, Konstantinos P,
Pappas C, Katsaraki A, et al. Effects of somatostatin,
terlipressin and somatostatin plus terlipressin on portal and
systemic hemodynamics and renal sodium excretion in patients
with cirrhosis. J Gastroenterol Hepatol. 2005;20:1075-81.
Nilsson G, Lindblom P, Ohlin M, Berling R, Vernersson E.
Pharmacokinetics of terlipressin after single i.v. doses to
healthy volunteers. Drugs Exp Clin Res. 1990;16:307-14.
Forsling ML, Aziz LA, Miller M, Davies R, Donovan B.
Conversion of triglycylvasopressin to lysine-vasopressin in
man. J Endocrinol. 1980;85:237—44.

Nilsson G, Lindblom P, Palmer B, Vernersson E, Aberg M. The
effect of triglycyl-lysine-vasopressin (terlipressin INN, Glypres-
sin) on skin blood flow, measured with laser Doppler flowmetry,
thermography and plethysmography. A dose-response study.
Scand J Plast Reconstr Surg Hand Surg. 1987;21:149-57.
Bui TNN, Sandar S, Luna G, Beaman J, Sunderland B,
Czarniak P. An investigation of reconstituted terlipressin
infusion stability for use in hepatorenal syndrome. Sci Rep.
2020;10:21037.

Ding C, Wu X, Fan X, He C, Li J. Hemodynamic effects of
continuous versus bolus infusion of terlipressin for portal
hypertension: A randomized comparison. J Gastroenterol
Hepatol. 2013;28:1242-6.

Escorsell A, Bandi JC, Moitinho E, Feu F, Garcia-Pagan JC,
Bosch J, et al. Time profile of the haemodynamic effects
of terlipressin in portal hypertension. J Hepatol. 1997;26:
621-7.

Arora V, Choudhary SP, Maiwall R, Vijayaraghavan R, Jindal A,
Kumar G, et al. Low-dose continuous terlipressin infusion is
effective and safer than intravenous bolus injections in reducing
portal pressure and control of acute variceal bleeding. Hepatol
Int. 2023;17:131-8.

Gerbes AL, Huber E, Giilberg V. Terlipressin for hepatorenal
syndrome: Continuous infusion as an alternative to i.v. bolus
administration. Gastroenterology. 2009;137:1179; author reply
1179-81.

loannou GN, Doust J, Rockey DC. Terlipressin for acute
esophageal variceal hemorrhage. Cochrane Database Syst
Rev. 2003;CD002147. doi:10.1002/14651858.Cd002147
Rehman H, Rehman ST, Zulfigar S, Awan S, Abid S. Real-world
comparison of terlipressin vs. octreotide as an adjuvant
treatment in the management of variceal bleeding. Sci Rep.
2024;14:6692.


https://orcid.org/0000-0002-7802-2803
https://orcid.org/0000-0002-7802-2803
https://orcid.org/0000-0002-7802-2803
https://orcid.org/0000-0001-6776-3115
https://orcid.org/0000-0001-6776-3115
https://orcid.org/0000-0001-6776-3115
https://orcid.org/0000-0003-2975-4327
https://orcid.org/0000-0003-2975-4327
https://orcid.org/0000-0003-2975-4327
https://orcid.org/0000-0003-2975-4327
https://orcid.org/0000-0003-0657-3048
https://orcid.org/0000-0003-0657-3048
https://orcid.org/0000-0003-0657-3048
https://orcid.org/0000-0003-0657-3048
https://doi.org/10.1016/j.cgh.2024.08.010
https://doi.org/10.1016/j.cgh.2024.08.010

14

HEPATOLOGY COMMUNICATIONS

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Baik SK, Jeong PH, Ji SW, Yoo BS, Kim HS, Lee DK, et al.
Acute hemodynamic effects of octreotide and terlipressin in
patients with cirrhosis: A randomized comparison. Am J
Gastroenterol. 2005;100:631-5.

Li B, Chen J, Zhang CQ, Wang GC, Hu JH, Luo JJ, et al. The
pharmacodynamic effect of terlipressin versus high-dose
octreotide in reducing hepatic venous pressure gradient: A
randomized controlled trial. Ann Transl Med. 2021;9:793.
Villanueva C, Planella M, Aracil C, Lépez-Balaguer JM,
Gonzalez B, Mifana J, et al. Hemodynamic effects of
terlipressin and high somatostatin dose during acute variceal
bleeding in nonresponders to the usual somatostatin dose. Am
J Gastroenterol. 2005;100:624-30.

Escorsell A, Bandi JC, Andreu V, Moitinho E, Garci-Pagan JC,
Bosch J, et al. Desensitization to the effects of intravenous
octreotide in cirrhotic patients with portal hypertension. Gastro-
enterology. 2001;120:161-9.

Abid S, Jafri W, Hamid S, Salih M, Azam Z, Mumtaz K, et al.
Terlipressin vs. octreotide in bleeding esophageal varices as an
adjuvant therapy with endoscopic band ligation: A randomized
double-blind placebo-controlled trial. Am J Gastroenterol. 2009;
104:617-23.

Seo YS, Park SY, Kim MY, Kim JH, Park JY, Yim HJ, et al. Lack
of difference among terlipressin, somatostatin, and octreotide in
the control of acute gastroesophageal variceal hemorrhage.
Hepatology. 2014;60:954-63.

Wells M, Chande N, Adams P, Beaton M, Levstik M, Boyce E,
et al. Meta-analysis: Vasoactive medications for the manage-
ment of acute variceal bleeds. Aliment Pharmacol Ther. 2012;
35:1267-78.

Zhou X, Tripathi D, Song T, Shao L, Han B, Zhu J, et al.
Terlipressin for the treatment of acute variceal bleeding: A
systematic review and meta-analysis of randomized controlled
trials. Medicine (Baltimore). 2018;97:e13437.

ZouZ,Yan X, LuH, Qi X, GuY, Li X, et al. Comparison of drugs
facilitating endoscopy for patients with acute variceal bleeding:
A systematic review and network meta-analysis. Ann Transl
Med. 2019;7:717.

Huaringa-Marcelo J, Huaman MR, Brafiez-Condorena A,
Villacorta-Landeo P, Pinto-Ruiz DF, Urday-lpanaqué D, et al.
Vasoactive agents for the management of acute variceal
bleeding: A systematic review and meta-analysis. J Gastro-
intestin Liver Dis. 2021;30:110-21.

Kaplan DE, Ripoll C, Thiele M, Fortune BE, Simonetto DA,
Garcia-Tsao G, et al. AASLD Practice Guidance on risk
stratification and management of portal hypertension and
varices in cirrhosis. Hepatology. 2024;79:1180-211.

Jha SK, Mishra M, Jha A, Dayal VM. Comparison of continuous
versus intermittent infusions of terlipressin for the control of
acute variceal bleeding in patients with portal hypertension: An
open-label randomized controlled trial. Indian J Gastroenterol.
2018;37:313-20.

Palnati V, Kotla RGT, Kanungo M, Narayan J, Pati GK.
Determining the efficacy of continous vs intermittent adminstra-
tion of terlipressin for control of acute esophageal variceal bleed
in portal hypertension. J Clin Exp Hepatol. 2022;12:522-3.
Chang T-T, Lee F-Y, Tsai Y-T, LAl KH, Chao Y, Hsia HC, et al.
A randomized controlled study of low-dose and high-dose
terlipressin in the control of acute oesophageal variceal
haemorrhage. J Gastroenterol Hepatol. 1991;6:481—4.

Solanki P, Chawla A, Garg R, Gupta R, Jain M, Sarin SK.
Beneficial effects of terlipressin in hepatorenal syndrome: A
prospective, randomized placebo-controlled clinical trial. J
Gastroenterol Hepatol. 2003;18:152-6.

Neri S, Pulvirenti D, Malaguarnera M, Cosimo BM, Bertino G,
Ignaccolo L, et al. Terlipressin and albumin in patients with
cirrhosis and type | hepatorenal syndrome. Dig Dis Sci. 2008;
53:830-5.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sanyal AJ, Boyer T, Garcia—Tsao G, Regenstein F, Rossaro L,
Appenrodt B, et al. A randomized, prospective, double-blind,
placebo-controlled trial of terlipressin for type 1 hepatorenal
syndrome. Gastroenterology. 2008;134:1360-8.

Martin—Llahi M, Pépin MN, Guevara M, Diaz F, Torre A,
Monescillo A, et al. Terlipressin and albumin vs albumin in
patients with cirrhosis and hepatorenal syndrome: A random-
ized study. Gastroenterology. 2008;134:1352-9.

Boyer TD, Sanyal AJ, Wong F, Frederick RT, Lake JR, O’Leary
JG, et al. Terlipressin plus albumin is more effective than
albumin alone in improving renal function in patients with
cirrhosis and hepatorenal syndrome type 1. Gastroenterology.
2016;150:1579-589.e2.

Wong F, Pappas SC, Curry MP, Reddy KR, Rubin RA, Porayko
MK, et al. Terlipressin plus albumin for the treatment of type 1
hepatorenal syndrome. N Engl J Med. 2021;384:818-28.
Cavallin M, Kamath PS, Merli M, Fasolato S, Toniutto P,
Salerno F, et al. Terlipressin plus albumin versus midodrine and
octreotide plus albumin in the treatment of hepatorenal
syndrome: A randomized trial. Hepatology. 2015;62:567—-74.
Arora V, Maiwall R, Rajan V, Jindal A, Muralikrishna Shasthry
S, Kumar G, et al. Terlipressin is superior to noradrenaline in
the management of acute kidney injury in acute on chronic liver
failure. Hepatology. 2020;71:600-10.

Piano S, Schmidt HH, Ariza X, Amoros A, Romano A, Hising-
Kabar A, et al. Association between grade of acute on chronic
liver failure and response to terlipressin and albumin in patients
with hepatorenal syndrome. Clin Gastroenterol Hepatol. 2018;
16:1792—-1800.€3.

Boyer TD, Sanyal AJ, Garcia-Tsao G, Blei A, Carl D, Bexon AS,
et al. Predictors of response to terlipressin plus albumin in
hepatorenal syndrome (HRS) type 1: Relationship of serum
creatinine to hemodynamics. J Hepatol. 2011;55:315-21.
Curry MP, Vargas HE, Befeler AS, Pyrsopoulos NT, Patward-
han VR, Jamil K. Early treatment with terlipressin in patients
with hepatorenal syndrome yields improved clinical outcomes in
North American studies. Hepatol Commun. 2023;7:e1307.
Angeli P, Garcia-Tsao G, Nadim MK, Parikh CR. News in
pathophysiology, definition and classification of hepatorenal
syndrome: A step beyond the International Club of Ascites (ICA)
consensus document. J Hepatol. 2019;71:811-22.

Vasudevan A, Ardalan Z, Gow P, Angus P, Testro A. Efficacy of
outpatient continuous terlipressin infusions for hepatorenal
syndrome. Hepatology. 2016;64:316-8.

Facciorusso A, Chandar AK, Murad MH, Prokop LJ, Muscatiello
N, Kamath PS, et al. Comparative efficacy of pharmacological
strategies for management of type 1 hepatorenal syndrome: A
systematic review and network meta-analysis. Lancet Gastro-
enterol Hepatol. 2017;2:94-102.

Allegretti AS, Israelsen M, Krag A, Jovani M, Goldin AH,
Schulman AR, et al. Terlipressin versus placebo or no
intervention for people with cirrhosis and hepatorenal syn-
drome. Cochrane Database Syst Rev. 2017;2017:CD005162.
Wang H, Liu A, Bo W, Feng X, Hu Y. Terlipressin in the
treatment of hepatorenal syndrome: A systematic review and
meta-analysis. Medicine (Baltimore). 2018;97:€0431.
Sridharan K, Sivaramakrishnan G. Vasoactive agents for
hepatorenal syndrome: A mixed treatment comparison network
meta-analysis and trial sequential analysis of randomized
clinical trials. J Gen Intern Med. 2018;33:97—-102.

Best LM, Freeman SC, Sutton AJ, Cooper NJ, Tng EL, Csenar
M, et al. Treatment for hepatorenal syndrome in people with
decompensated liver cirrhosis: A network meta-analysis.
Cochrane Database Syst Rev. 2019;2019:CD013103.
Weinberg EM, Wong F, Vargas HE, Curry MP, Jamil K, Pappas
SC, et al. Decreased need for RRT in liver transplant recipients
after pretransplant treatment of hepatorenal syndrome-type 1
with terlipressin. Liver Transpl. 2024;30:347-55.



THE CURRENT APPLICATIONS AND FUTURE DIRECTIONS OF TERLIPRESSIN

15

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Piano S, Gambino C, Vettore E, Calvino V, Tonon M, Boccagni
P, et al. Response to terlipressin and albumin is associated with
improved liver transplant outcomes in patients with hepatorenal
syndrome. Hepatology. 2021;73:1909-19.

Pomier-Layrargues G, Paquin SC, Hassoun Z, Lafortune M,
Tran A. Octreotide in hepatorenal syndrome: A randomized,
double-blind, placebo-controlled, crossover study. Hepatology.
2003;38:238-43.

Kalambokis GN, Baltayiannis G, Christodoulou D, Christou L.
Terlipressin is superior to midodrine/octreotide for hepatorenal
syndrome type 1. Eur J Gastroenterol Hepatol. 2017;29:
1428-9.

Gonzalez SA, Chirikov VV, Wang W-J, Huang X, Jamil K,
Simonetto DA. Terlipressin vs midodrine plus octreotide for
hepatorenal syndrome-acute kidney injury: A propensity score—
matched comparison. Clin Transl Gastroenterol. 2023;14:
e00627.

Alessandria C, Ottobrelli A, Debernardi-Venon W, Todros L,
Cerenzia MT, Martini S, et al. Noradrenalin vs terlipressin
in patients with hepatorenal syndrome: A prospective,
randomized, unblinded, pilot study. J Hepatol. 2007;47:
499-505.

Sharma P, Kumar A, Shrama BC, Sarin SK. An open label,
pilot, randomized controlled trial of noradrenaline versus
terlipressin in the treatment of type 1 hepatorenal syndrome
and predictors of response. Am J Gastroenterol. 2008;103:
1689-97.

Singh V, Ghosh S, Singh B, Kumar P, Sharma N, Bhalla A,
et al. Noradrenaline vs. terlipressin in the treatment of
hepatorenal syndrome: A randomized study. J Hepatol. 2012;
56:1293-8.

Ghosh S, Choudhary NS, Sharma AK, Singh B, Kumar P,
Agarwal R, et al. Noradrenaline vs terlipressin in the treatment
of type 2 hepatorenal syndrome: A randomized pilot study. Liver
Int. 2013;33:1187-93.

Saif RU, Dar HA, Sofi SM, Andrabi MS, Javid G, Zargar SA.
Noradrenaline versus terlipressin in the management of type 1
hepatorenal syndrome: A randomized controlled study. Indian J
Gastroenterol. 2018;37:424-9.

Goyal O, Sidhu SS, Sehgal N, Puri S. Noradrenaline is as
effective as terlipressin in hepatorenal syndrome type 1: A
prospective, randomized trial. J Assoc Physicians India. 2016;
64:30-5.

Olson JC, Subramanian RM. Comparative efficacy of terlipres-
sin and norepinephrine for treatment of hepatorenal syndrome-
acute kidney injury: A systematic review and meta-analysis.
PLoS One. 2024;19:e0296690.

Malik A, Malik MI, Qureshi S, Nadir A. Efficacy and safety of
terlipressin and albumin vs. noradrenaline and albumin in adult
patients with hepatorenal syndrome: A systematic review and
meta-analysis. Ann Hepatol. 2024;29:101495.

Moore K, Jamil K, Verleger K, Luo L, Kebede N, Heisen M, et al.
Real-world treatment patterns and outcomes using terlipressin
in 203 patients with the hepatorenal syndrome. Aliment
Pharmacol Ther. 2020;52:351-8.

Garcia-Tsao G, Abraldes JG, Rich NE, Wong VW-S. AGA
clinical practice update on the use of vasoactive drugs and
intravenous albumin in cirrhosis: Expert review. Gastroenterol-
ogy. 2024;166:202-10.

Chapman B, Yu C, Widdop J, Collins K, Sinclair M, Majumdar A,
et al. Long-term safety and efficacy of continuous terlipressin
infusion for portal hypertensive complications. J Gastroenterol
Hepatol. 2023;38:48.

Ginés P, Guevara M, Arroyo V, Rodés J. Hepatorenal
syndrome. Lancet. 2003;362:1819-27.

Shang Y, Wang C, Lu H, Chai L, Xu W, Bernardi M, et al.
Incidence and type of adverse events in patients with cirrhosis

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

receiving terlipressin: A systematic review and meta-analysis.
Hepatol Commun. 2024;8:e0526.

Israelsen M, Krag A, Allegretti AS, Jovani M, Goldin AH, Winter
RW, et al. Terlipressin versus other vasoactive drugs for
hepatorenal syndrome. Cochrane Database Syst Rev. 2017;
2017:CD011532.

Wong F, Pappas SC, Reddy KR, Vargas H, Curry MP, Sanyal
A, et al. Terlipressin use and respiratory failure in patients with
hepatorenal syndrome type 1 and severe acute-on-chronic liver
failure. Aliment Pharmacol Ther. 2022;56:1284-93.

Allegretti AS, Subramanian RM, Francoz C, Olson JC,
Cardenas A. Respiratory events with terlipressin and albumin
in hepatorenal syndrome: A review and clinical guidance. Liver
Int. 2022;42:2124-30.

Han X, Li J, Yang JM, Gao M, Wang L. A retrospective analysis
of hyponatremia during terlipressin treatment in patients with
esophageal or gastric variceal bleeding due to portal hyper-
tension. JGH Open. 2020;4:368-70.

Kang YJ, Bae EJ, Hwang K, Jeon DH, Jang HN, Cho HS, et al.
Initial serum sodium concentration determines the decrease in
sodium level after terlipressin administration in patients with
liver cirrhosis. Springerplus. 2013;2:519.

Kim SE, Jung DM, Park JW, Ju Y, Lee B, Kim HS, et al.
Baseline renal function predicts hyponatremia in liver cirrhosis
patients treated with terlipressin for variceal bleeding. Gastro-
enterol Res Pract. 2017;2017:7610374.

Pan X, Zhou Z, Jin X, Shi D. Clinical characteristics and risk
factors of severe hyponatremia in cirrhotic patients treated with
terlipressin. J Clin Pharm Ther. 2020;45:191-8.

Sola E, Lens S, Guevara M, Martin-Llahi M, Fagundes C,
Pereira G, et al. Hyponatremia in patients treated with
terlipressin for severe gastrointestinal bleeding due to portal
hypertension. Hepatology. 2010;52:1783-90.

Xu X, Lin S, Yang Y, Chen Y, Liu B, Li B, et al. Development of
hyponatremia after terlipressin in cirrhotic patients with acute
gastrointestinal bleeding: A retrospective multicenter observa-
tional study. Expert Opin Drug Saf. 2020;19:641-7.

Yim SY, Seo YS, Jung CH, Kim TH, Kim ES, Keum B, et al.
Risk factors for developing hyponatremia during terlipressin
treatment: A retrospective analyses in variceal bleeding. J Clin
Gastroenterol. 2015;49:607-12.

Ortega R, Ginés P, Uriz J, Cardenas A, Calahorra B, De Las
Heras D, et al. Terlipressin therapy with and without albumin for
patients with hepatorenal syndrome: Results of a prospective,
nonrandomized study. Hepatology. 2002;36:941-8.

Gow PJ, Ardalan ZS, Vasudevan A, Testro AG, Ye B, Angus
PW. Outpatient terlipressin infusion for the treatment of
refractory ascites. Am J Gastroenterol. 2016;111:1041-2.
Zhou Y, Zeng J, Song L, Wang C. Clinical characteristics and
treatment of terlipressin-induced ischemic skin necrosis: A
synthesis of 35 literature reported cases. J Clin Pharm Ther.
2022;47:1270-5.

Carmo LS, Baima DC, Blefari V, Zonta V, Troncon LE, Rossi
MA. Involvement of the microvasculature in the pathogenesis of
terlipressin-related myocardial infarction. Eur Heart J Acute
Cardiovasc Care. 2016;5:505-11.

Elzouki A-N, El-Menyar A, Ahmed E, Elbadri ME, Imam YZ,
Gurbanna BA. Terlipressin-induced severe left and right
ventricular dysfunction in patient presented with upper gastro-
intestinal bleeding: Case report and literature review. Am J
Emerg Med. 2010;28:540.e1-6.

Lee MY, Chu CS, Lee KT, Lee HC, Su HM, Cheng KH, et al.
Terlipressin-related acute myocardial infarction: A case report
and literature review. Kaohsiung J Med Sci. 2004;20:604-8.
Hansen M, Bjerg J, Gilsaa T. Reversibel tarmiskaemi hos en
terlipressinbehandlet patient [Terlipressin and reversible intes-
tinal ischaemia]. Ugeskr Laeger. 2007;169:1802-3.



16

HEPATOLOGY COMMUNICATIONS

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

KimHR, Lee YS, Yim HJ, Lee HJ, Ryu JY, Lee HJ, et al. Severe
ischemic bowel necrosis caused by terlipressin during treat-
ment of hepatorenal syndrome. Clin Mol Hepatol. 2013;19:
417-20.

Schmitt W, Wagner-Thiessen E, Lux G. Ischaemic colitis in a
patient treated with glypressin for bleeding oesophageal
varices. Hepatogastroenterology. 1987;34:134-6.

Kalambokis GN, Pappas K, Baltayiannis G, Katsanou A,
Tsianos EV. Effects of terlipressin on water excretion after
oral water load test in nonazotemic cirrhotic patients with
ascites without hyponatremia. Scand J Gastroenterol. 2010;45:
1509-15.

Krag A, Mgller S, Henriksen JH, Holstein-Rathlou N-H, Larsen
FS, Bendtsen F. Terlipressin improves renal function in patients
with cirrhosis and ascites without hepatorenal syndrome.
Hepatology. 2007;46:1863—71.

Fimiani B, Guardia DD, Puoti C, Adamo GD, Cioffi O, Pagano
A, et al. The use of terlipressin in cirrhotic patients with
refractory ascites and normal renal function: A multicentric
study. Eur J Intern Med. 2011;22:587-90.

McClure T, Chapman B, Hey P, Testro A, Gow P. Long-term
continuous terlipressin infusion in cirrhotic patients with
hepatorenal syndrome or refractory ascites awaiting liver
transplantation is associated with an increase in plasma
sodium. United European Gastroenterol J. 2019;7:1271-3.
Robertson M, Majumdar A, Garrett K, Rumler G, Gow P, Testro
A. Continuous outpatient terlipressin infusion for hepatorenal
syndrome as a bridge to successful liver transplantation.
Hepatology. 2014;60:2125-6.

Lai JC, Dodge JL, Sen S, Covinsky K, Feng S. Functional
decline in patients with cirrhosis awaiting liver transplantation:
Results from the functional assessment in liver transplantation
(FrAILT) study. Hepatology. 2016;63:574-80.

Dolz C, Raurich JM, lbanez J, Obrador A, Marse P, Gaya J.
Ascites increases the resting energy expenditure in liver
cirrhosis. Gastroenterology. 1991;100:738—44.

Terbah R, Testro A, Gow P, Majumdar A, Sinclair M. Portal
hypertension in malnutrition and sarcopenia in decompensated

105.

106.

107.

108.

109.

110.

111.

cirrhosis-pathogenesis, implications and therapeutic opportuni-
ties. Nutrients. 2023;16:35.

Cullaro G, Chiou SH, Fenton C, Ge J, McCulloch CE, Rubin J,
et al. Outpatient mean arterial pressure: A potentially modifiable
risk for acute kidney injury and death among patients with
cirrhosis. Liver Transpl. 2024;30:679-88.

Cullaro G, Allegretti AS, Fenton C, Ge J, Patidar KR, Rubin J,
et al. The association between mean arterial pressure and
acute kidney injury reversal among patients with decompen-
sated cirrhosis. Hepatology. 2025;81:126-35.

Angeli P, Gines P. Hepatorenal syndrome, MELD score and
liver transplantation: An evolving issue with relevant implica-
tions for clinical practice. J Hepatol. 2012;57:1135—40.

Koshy AN, Farouque O, Cailes B, Testro A, Ramchand J,
Sajeev JK, et al. Impaired cardiac reserve on dobutamine
stress echocardiography predicts the development of hepa-
torenal syndrome. Am J Gastroenterol. 2020;115:388-97.
Danielsen KV, Wiese S, Busk T, Nabilou P, Kronborg TM,
Petersen CL, et al. Cardiovascular mapping in cirrhosis from
the compensated stage to hepatorenal syndrome: A magnetic
resonance study. Am J Gastroenterol. 2022;117:1269-78.
Yotti R, Ripoll C, Benito Y, Catalina MV, Elizaga J, Rincén D,
et al. Left ventricular systolic function is associated with
sympathetic nervous activity and markers of inflammation in
cirrhosis. Hepatology. 2017;65:2019-30.

Premkumar M, Kajal K, Reddy KR, Izzy M, Kulkarni AV, Duseja
AK, et al. Evaluation of terlipressin-related patient outcomes in
hepatorenal syndrome-acute kidney injury using point-of-care
echocardiography. Hepatology. 2024;79:1048-64.

How to cite this article: Liu D, Testro A,
Majumdar A, Sinclair M. The current applications

and future directions of terlipressin. Hepatol
Commun. 2025;9:e0685. https://doi.org/10.1097/

HC9.0000000000000685


https://doi.org/10.1097/HC9.0000000000000685
https://doi.org/10.1097/HC9.0000000000000685

