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terlipressin in preterm neonates: a
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Abdulrahman Salim Alsaadi

ABSTRACT

Background The use of vasoactive agents like arginine
vasopressin (AVP) and terlipressin to treat hypotension or
persistent pulmonary hypertension in critically ill preterm
neonates is increasing. Therefore, a systematic review of
the available data on dosing, efficacy and safety of AVP and
terlipressin in this patient population appears beneficial.
Methods We will conduct a systematic review of the
available evidence on the use of AVP and terlipressin for
the treatment of hypotension or persistent pulmonary
hypertension in preterm neonates. We will search Ovid
MEDLINE, EMBASE, the Cochrane Central Register of
Controlled Trials, Web of Science and Google Scholar from
inception to March 2021. Two reviewers will independently
screen titles and abstracts, review the full text of eligible
studies, extract data, assess the risk of bias and judge the
certainty of the evidence. Our primary outcome will be an
(1) improvement of end-organ perfusion after initiation of
AVP or terlipressin and (2) mortality prior to discharge. Our
secondary outcomes will include (1) major neurosensory
abnormality and (2) the occurrence of adverse events.
Discussion The currently available evidence on the
efficacy and safety of AVP and terlipressin in preterm
neonates is limited. Yet, evidence on the pharmacology

of these drugs and the pathophysiology of vasoplegic
shock support the biological plausibility for their clinical
effectiveness in this population. Therefore, we aim to
address this gap concerning the use of vasopressin and
terlipressin among critically ill preterm neonates.

Trial registration This protocol has been submitted for
registration to the international database of prospectively
registered systematic reviews (PROSPERO, awaiting
registration number).

INTRODUCTION

Arginine vasopressin (AVP) is a potent endog-
enous peptide hormone that regulates extra-
cellular volume and renal water excretion via
vasopressin receptor 2 (V2R)." At supraphys-
iologic concentrations, AVP exerts moderate
vasoconstrictor  effects via  vasopressin
receptor 1 (VIR).? The contradictory actions
of vasopressin, however, appear to be mainly
related to the distribution pattern and func-
tion of receptors (vasoconstriction via VIR in
vascular smooth muscle and vasodilation via
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What is already known on this topic?

» Arginine vasopressin (AVP) and terlipressin are
potent systemic vasoconstrictors and pulmonary
vasodilators.

» The efficacy of AVP and terlipressin to treat septic
shock and haemodynamic instability in adult and
paediatric patients is well established.

» There is a lack of data on how to treat refractory
shock, a leading cause of morbidity and mortality, in
preterm neonates.

What this study hopes to add?
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» Data on the efficacy of AVP and terlipressin for the
treatment of hypotension and persistent pulmonary
hypertension in critically ill preterm neonates.

» Data on the safety of AVP and terlipressin for the
treatment of hypotension and persistent pulmonary
hypertension in critically ill preterm neonates.

» Data on important evidence gaps in need of future
research for optimal use of AVP and terlipressin
in critically ill neonates with hypotension and per-
sistent pulmonary hypertension.

V2R expressed in endothelium by NO forma-
tion).>®

The use of AVP to restore vascular tone
in vasoplegic shock was described for the
first time in 1997.7 Since then, a number
of studies have illustrated the efficacy of
AVP in catecholamine-resistant shock in
adults and children, with limited data avail-
able for the use of AVP to treat neonatal
catecholamine-resistant septic, cardiogenic
shock and refractory persistent pulmo-
nary hypertension.*"’ In 2006, Meyer et al
reported the first use of AVP in six extremely
low birthweight infants with catecholamine-
refractory shock and acute renal injury.'’
Following the administration of AVP, inves-
tigators observed a substantial increase in
arterial blood pressure and urine output
among three infants with septic shock and a
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mortality rate of one out of three. However, among the
infants with non-septic shock, blood pressure and urine
output only improved briefly, and the mortality rate was
three out of three."

Similar to AVP, terlipressin, a synthetic long-acting
analogue of vasopressin, has potent vasoconstrictor
properties. Terlipressin, however, selectively binds to
VIR and has a longer halflife and duration of action.
Currently available data demonstrate that vasopressin
has an elimination halflife of <10min with onset of its
pressor effect within 15min that fades within 20 min after
stopping the infusion. For terlipressin, the estimated
half-life is up to 3hours with time to peak plasma concen-
tration of approximately 2hours and duration of action
of 4-6hours."” Among adults and children with septic
shock, terlipressin improves haemodynamic parameters
and reduces the use of catecholamines. However, reports
have also highlighted the controversial effects of terlip-
ressin on survival, and also described tissue ischaemia as
a possible adverse event.'*™"

In premature neonates treated in neonatal intensive
care units (NICUs), fluid-refractory catecholamine-
resistant shock remains a leading cause of morbidity and
mortality."® Hence, there is an immediate need for phar-
macotherapeutic options that can target the intractable
vasoplegia via alternative pathways. Evidence suggests
that AVP and terlipressin have favourable haemodynamic
profiles as theylead to aminimal decline in cardiac output,
induce limited vasoconstriction in the pulmonary circu-
lation and cause selective constriction of renal efferent
over afferent arterioles.'”™" This data, along with reports
of low levels of circulating AVP in patients with refrac-
tory shock, provide a biologic plausibility and support
the use of these drugs by NICU clinicians.”” This has
resulted in a considerable increase in the use of AVP and
its analogues in preterm neonates.”' ** Despite the prom-
ising outlook, the evidence on the efficacy and safety of
AVP and its analogues remains controversial, particularly
regarding the short-term and long-term adverse effects in
preterm neonates.” *° Reports of serious adverse events
such as decreased cardiac index, peripheral cyanosis and
digital ischaemia are among complications that require
further investigation.26 A recent systematic review and
meta-analysis that examined the role of vasopressin and
terlipressin in refractory shock in paediatric patients,
reported improvements in haemodynamic indices but
lack of benefit on mortality or length of hospital stay with
a trend towards a higher risk for tissue ischaemia.** In
critically ill preterm neonate with complex and poorly
understood hormonal dysfunction, the risk of such
undesired short-term and long-term adverse effects is of
serious concern.” ** In view of the increasing use of AVP
and terlipressin in neonates of NICUs and high risk of
serious adverse events, the need for enhancement of data
on efficacy and safety of these drugs in this vulnerable
population becomes clear.

Objective

We aim to conduct a systematic review of the available
evidence on the dosing, efficacy, and safety of AVP and
terlipressin in preterm neonates with hypotension or
persistent pulmonary hypertension (box 1).

METHODS

Protocol registration

The protocol for this systematic review has been
submitted to the international database of prospectively
registered systematic reviews (PROSPERO, awaiting
registration number). The development and reporting
of the protocol followed the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocol (PRIS-
MA-P) guidelines.27 The final review will also be reported
according to the PRISMA guidelines.

Data sources and search strategy

We developed a search strategy in consultation with a
professional librarian to comprehensively search Ovid
MEDLINE (1964 to February 2021), EMBASE (1974
to March 2021), Web of Science (1900 to March 2021)
and the Cochrane Central Register of Controlled Trials
(CENTRAL) (online supplemental appendix A). This
search strategy, containing database-specific subject
headings and text word terms for concepts, was first
developed in MEDLINE (Ovid interface) and was trans-
lated as appropriate for the other databases. We also
plan to search the bibliographies of any relevant studies
for additional references. Using Google Scholar, we will
also seek out relevant studies that are not commercially
published, such as conference abstracts, dissertations,

Box1 PICO framework
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Population: Preterm neonates born at less than 37 weeks’ gestation
with hypotension (defined as mean blood pressure less than
gestational age or hypotension requiring fluid or vasoactive therapy) or
persistent pulmonary hypertension.

Intervention: Arginine vasopressin or terlipressin administered
intravenously, initiated at any time and for any duration as a primary
or rescue treatment for hypotension or persistent pulmonary
hypertension.

Comparator: Standard treatment, placebo or any other vasoactive
agent.

Outcomes: (1) Improvement in end-organ perfusion defined as an
increase in mean, diastolic or systolic blood pressure within 1 hour of
the start of treatment, or an increase in urine output, a decrease in the
need for inotropes, or a reduction in serum lactate within 12 hours of
treatment initiation as identified in the primary studies, (2) mortality
prior to discharge. Our secondary outcomes (1) major neurosensory
disability defined as moderate to severe motor or cognitive
impairment or severe visual or hearing impairment as identified in
the primary study; and (2) the occurrence of adverse events defined
as reports of peripheral tissue ischaemia, gastrointestinal events
(occurrence of perforation, necrotising enterocolitis or gastrointestinal
bleed), hepatic events, renal events or hyponatraemia as identified in
the primary studies. (table 2).
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Table 1 Data extraction form for primary studies

Study ID

Title

Author

Country of study conduct USA
UK
Canada
Australia
Other

Study characteristics

Aim

Design Randomised controlled trial
Non-randomised experimental
study
Cohort study
Cross-sectional study
Case-control study
Case series
Case report
Other

Start date

End date

Funding source

Conflict of interest

Participant characteristics

Population description

Inclusion criteria

Exclusion criteria

Sample size (n)

Birth weight (grams)

Gestational age (weeks)

Postnatal age (weeks)

Underlying condition

Comorbidities

Concurrent medications

Intervention/exposure details

AVP or terlipressin dosing (mg/

kg/dose)

AVP or terlipressin treatment

duration (days)

AVP or terlipressin route of

administration

Control details

Pharmacotherapy Dopamine
Dobutamine
Epinephrine
Norepinephrine
Placebo
Other

Outcomes

Primary outcomes

Improvement in end organ > SBP

perfusion details » DBP
» MBP
» Urine output
» Inotropic support
» Serum lactate

Mortality » Death before discharge

Continued

Table 1 Continued
Study ID

Secondary outcomes*

Major neurosensory disability Neurosensory disability

» Moderate to severe motor or
cognitive impairment

P Severe visual or hearing
impairment

Adverse events

Peripheral tissue ischaemia

Gastrointestinal events

Renal events

Hepatic events

Hyponatraemia

Occurrence of adverse events

VVVYVYY

*The secondary outcomes will be defined as reported in the primary studies.
AVP, arginine vasopressin; DBP, diastolic blood pressure; MBP, mean blood
pressure; SBP, systolic blood pressure.

policy documents and book chapters. We will not apply
any language or study design limitations. Animal studies
and duplicate studies will be excluded. A peer-review of
our strategy using the Peer Review for Electronic Search
Strategies guideline was completed by a professional
librarian®® (online supplemental appendix B).

Eligibility criteria

All interventional and observational original research
studies, including randomised controlled trials (RCTs),
quasi RCTs, prospective and retrospective cohort studies,
descriptive studies, case series and case reports and
conference abstracts describing the use of AVP or terli-
pressin as primary or rescue treatment for hypotension
or persistent pulmonary hypotension in hospitalised
preterm neonates born at less than 37 weeks’ gestation
will be eligible for inclusion. We will include studies
with mixed populations (term and preterm neonates) as
long as separate data for preterm neonates are available.
Studies will be included irrespective of the dose, admin-
istration frequency and duration of AVP or terlipressin
treatment. In studies with a control group, the provided
intervention(s), placebo or standard practice will be the
comparator. In studies with no comparator group, the
observational report of the dosing, efficacy and safety
of AVP or terlipressin during the study will be recorded.
Studies reporting the use of AVP or terlipressin for indi-
cations other than hypotension or persistent pulmonary
hypotension will be excluded.

Study selection and data extraction

We will use Covidence as the primary screening and data
extraction tool. The titles and abstracts of retrieved studies
will be screened by two independent reviewers (ASA and
KS) to assess their eligibility. The eligible studies will then
be reviewed in duplicate at the full-text level by the same
reviewers. A PRISMA flow diagram will be created to
illustrate the study selection process. Two reviewers (ASA
and KS) will independently conduct data extraction from
the full-text studies meeting the inclusion criteria using
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a standardised data extraction form developed in Covi-
dence (table 1). Any disagreements throughout the study
selection and data extraction process will be resolved
through discussion with a third reviewer (SS-Z).

Assessment of risk of bias and certainty of evidence

Two independent reviewers (ASA and KS) will conduct a
duplicate qualitative assessment of studies using a stand-
ardised risk of bias assessment tool appropriate for each
study design. The Cochrane risk-of-bias assessment tool
for randomised trials (RoB 2), the Newcastle-Ottawa
Quality Assessment Scale for cohort and case—control
studies and the modified Newcastle-Ottawa scale for
cross-sectional studies will be used as appropriate.”’* The
quality of descriptive studies and case reports will be eval-
uated using the Checklist for Analytical Cross-Sectional
Studies and Case Reports by the Joanna Briggs Institute.”’
The same independent reviewers will judge the certainty
of the evidence using the Cochrane Grading of Recom-
mendations Assessment, Development, and Evaluation
approach.™ Any disagreement will be solved through
discussion with a third reviewer (SS-Z).

Patient and public involvement

Patients are not directly involved in the design or conduct
of this study. We will plan for public involvement mostly
concerned with the dissemination of the results of the
review and knowledge translation on the completion of
our review, to contribute to wider dissemination of the
review to patients and public. We will plan to provide
clear explanation of the concept and develop a glossary of
research terms specific to our review. We will also provide
detailed explanation of the purpose of patient and public
involvement and the expectations of their roles.”

Outcomes and variables

Our primary outcomes are (1) improvement in end-
organ perfusion defined as an increase in mean, diastolic
or systolic blood pressure within 1hour of the start of
treatment, or an increase in urine output, a decrease in
the need for inotropes or a reduction in serum lactate
within 12 hours of treatment initiation, as defined by the
authors in the primary studies, and (2) mortality prior to
discharge. Our secondary outcomes are (1) major neuro-
sensory disability defined as moderate to severe motor
or cognitive impairment or severe visual or hearing
impairment as identified in the primary study; and (2)
the occurrence of adverse events defined as peripheral
tissue ischaemia, gastrointestinal events (occurrence of
perforation, necrotising enterocolitis or gastrointestinal
bleed), hepatic events, renal events or hyponatraemia as
identified in the primary studies (table 2).

DISCUSSION

The increased use of AVP and terlipressin in preterm
neonates illustrates the need for alternative pharma-
cotherapeutic options for critically ill neonates. The
currently available evidence on the pharmacology of

Table 2 Primary and secondary outcome variables

Primary outcomes

Primary outcomes Primary outcome variables

SBP
DBP
MBP

Improvement in end organ >
>
>
» Urine output
>
>
>

perfusion

Inotropic support
Serum lactate

Mortality

Secondary outcomes

Death before discharge
Secondary outcome variables

Major neurosensory disability Neurosensory disability

» Moderate to severe motor or
cognitive impairment

» Severe visual or hearing
impairment

Adverse events

» Peripheral tissue ischaemia

» Gastrointestinal events

» Renal events

» Hepatic events

» Hyponatraemia

Occurrence of adverse events

The secondary outcomes will be defined as reported in the primary
studies.

DBP, diastolic blood pressure; MBP, mean blood pressure; SBP,
systolic blood pressure.

these drugs and the pathophysiology of vasoplegic shock
support the biological plausibility for their clinical effec-
tiveness in critically ill preterm neonates. Nevertheless,
the available data on the efficacy and safety of AVP and
terlipressin in preterm neonates remain limited and in
need for a comprehensive review. A systematic review
using explicit and reproducible methods helps to
produce rigorous and high-quality evidence synthesis and
identify evidence gaps that could be the subject of future
research. The difficulty in performing clinical trials in
preterm neonates limits their evidence-based pharma-
cological treatment. We aim to complete a high-quality
synthesis of the entirety of available data concerning the
use of vasopressin and terlipressin among this vulner-
able population in order to further the evidence on this
important topic.
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