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Carbetocin for the Management of
Postpartum Hemorrhage
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ABSTRACT

The heat-stable formulation of carbetocin is a new
synthetic analogue of oxytocin, with greater biological
effect and longer half-life. It has a four-fold longer
uterotonic activity, which eliminates the need for con-
tinuous intravenous infusion to achieve a sustained
uterine contraction. In addition, the heat stable for-
mulation of carbetocin does not require cold-chain
transportation and storage so it can be used in settings
where cold-chain facilities are not readily available or
reliable. The heat stable carbetocin has been recom-
mended for the prevention of primary postpartum
hemorrhage by the World Health Organization
(WHO), and other professional associations within
the Low- and Middle-Income countries (LMICs).
Although it is relatively more expensive compared to
oxytocin, the manufacturer has agreed to provide the
drug at an affordable price in public sector healthcare
facilities in low income settings. In this article we
explore the evidence for its use for prevention of
postpartum haemorrhage (PPH). Carbetocin is also
currently undergoing investigation for use as a PPH
treatment in WHO’s REACH trial.

INTRODUCTION

Postpartum hemorrhage (PPH) is defined by WHO as
the loss of 500 ml of blood from the female genital
tract after childbirth1. Other definitions are used
however, including the higher loss of 1000 ml for just
CS or for all births, blood loss sufficient to cause
hemodynamic instability or a 10% decrease in
hematocrit or requiring transfusion of blood prod-
ucts2. Primary PPH occurs within the first 24 hours of
delivery, whereas secondary PPH occurs between
24 hours and 12 weeks after delivery and is less
common.

Each year, about 14 million women experience
PPH and it accounts for 27% of maternal deaths
worldwide3,4. The majority of maternal deaths associ-
ated with PPH occur in low- and middle-income
countries (L/MICs)3,5, where cold chain is particularly
difficult to achieve. In many of these countries, the
decline in maternal mortality rates has stagnated, and
they may not achieve the Sustainable Development

Goal (SDG) 5 of 70 maternal deaths per 100,000 by
20303.

The four major causes of primary PPH (4Ts)
include lack of tone, trauma (including lacerations and
uterine rupture), retained tissue, and disorders of
thrombin (including inherited coagulopathy and dis-
seminated intravascular coagulation6. Uterine atony,
which is defined as failure of the uterus to contract
adequately following child birth is responsible for up
to 70% of maternal deaths due to primary postpartum
haemorrhage7. Active Management of the Third Stage
of Labour (AMTSL)8–10, is an evidence-based practice
known to reduce the incidence of primary postpartum
haemorrhage by up to 40%10–12. This low-cost inter-
vention for prevention of primary PPH due to uterine
atony is recommended for every mother after child-
birth. It involves three cardinal steps in a sequence,
namely: (1) administration of an oxytocic within in
1 minute of child birth; (2) controlled cord traction to
deliver the placenta after it has separated from the
uterine wall; and (3) ongoing uterine massage to keep
the uterus contracted8.

Oxytocin is the recommended first choice
uterotonic drug for use in AMTSL, but it requires
constant refrigeration8,13. However, in many low- and
middle-income countries where a sustained cold-
chain is not guaranteed, the efficacy of oxytocin is
often reduced because of heat degradation14–16. In
order to overcome this challenge, a heat-stable formu-
lation of carbetocin, an old medicine that has been
known since the 1970’s was developed in pursuit of
suitable alternatives17. This chapter will review the
pharmacology of heat stable carbetocin, its clinical
effectiveness as compared to other uterotonics, and
current guidance for its use. Table 1 for the compari-
son between Oxytocin and heat stable carbetocin.

PHARMACOLOGY OF CARBETOCIN

Chemical structure

Carbetocin [1-diamino-1-carba-2-tyrosine (o-methyl)-
oxytocin] is a synthetic analogue of oxytocin that
binds to same oxytocin receptors in the myo-
metrium23,24. By removing the amino group
(1-deamino), and replacing the sulfur atom at
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position 1 with a carba group (–CH2–), a prolonged
myometrial action was obtained25. The deamination
protects Carbetocin from aminopeptidase cleavage,
and replacement of the disulfide bond by CH2S pro-
tects the analogue from disulfidase cleavage (Figure 1).

Pharmacokinetic properties

Carbetocin has a rapid onset of action (within
1–2 min) and a prolonged duration of action
(approximately 1 h) because of sustained uterine
response with contractions of higher amplitude and
frequency26,27. It reaches peak plasma concentrations
in 30 minutes and its bioavailability is 80%. It has got a
half-life of approximately 40 minutes, which is 4–10
times longer than oxytocin22,26. The median terminal
elimination half-life is 33 minutes after intravenous
administration and 55 minutes after intramuscular

administration. After intramuscular administration,
peak concentrations are reached after 30 minutes and
the mean bioavailability is 77–80%28. Renal clearance
of the unchanged form is low, with <1% of the
injected dose excreted unchanged by the kidney26. A
small amount of Carbetocin crosses to the breast milk,
with a mean peak concentration that is 50 times lower
than in plasma. This is of no clinical concern because it
is readily degraded by peptidases in the infant’s gastro-
intestinal tract.

Pharmacodynamics

Following administration, carbetocin binds to same
oxytocin receptors within the myometrium with an
affinity similar to that of oxytocin. It then causes an
increase in the intracellular concentration of calcium
that promotes uterine contractility through the gener-
ation of inositol phosphate23. Uterine contractions last
for one hour after intravenous (IV) injection, and two
hours after intramuscular (IM) injection27,29. This pro-
tracted uterotonic activity is attributed to the alter-
ations in the structure of the molecule; and the higher
lipophilicity that can alter its intracellular tissue distri-
bution25,29. Carbetocin can be administered either by
the IV or IM route because the onset of action is not
affected by the route of administration30,31, with a firm
contraction being obtained within 2 minutes26. Kwon
et al.31 have demonstrated that the hypotensive effect
of carbetocin occurs whether it is administered as an
intravenous bolus or as an infusion over 5 minutes
(Figure 2).

Drug interactions

Specific interaction studies have not been undertaken
but, since carbetocin is closely related in structure to
oxytocin, the occurrence of interactions known to be
associated with oxytocin cannot be excluded. How-
ever, during clinical trials, carbetocin has been admin-
istered in association with several analgesics, and
spasmolytic agents used for epidural or spinal anaesthe-
sia, and no drug interactions have been identified.

INDICATIONS AND CONTRAINDICATIONS FOR
CARBETOCIN

In settings where the quality of oxytocin can’t be guar-
anteed, HSC is indicated for prevention of primary
PPH due to uterine atony. It should never be used at
any stage before childbirth, either for induction or
augmentation of labour because, like ergometrine, it
induces strong uterotonic activity that is long lasting.
For this reason, there haven’t been clinical studies
investigating its role for induction and augmentation
and as such it has not been utilized because this may be
dangerous for the unborn baby. For AMTSL, the rec-
ommended route for administration of Carbetocin is
intramuscular (IM) injection for the vaginal deliveries
and at Caesarean section, it can be given either intra-
venously (IV) or IM. It must be given as a single dose
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Heat stable carbetocin Oxytocin

Indication Prevention of PPH due
to uterine atony

Induction of labor
Augmentation of labor
Prevention of PPH due

to uterine atony
(AMSTL)

Treatment of PPH due
to uterine atony

Storage18,19 Below 30�C (room
temperature)

2–8°C (cold chain)

Posology and
methods of
administration

One-time dose
(100 micrograms)
IV or IM

10 IU IM or IV for
AMSTL

Can be repeated for PPH
treatment

Onset of contractions 1–2 minutes 1–2 minutes

Duration of
contractions

1 hour after IV injection
2 hours after IM

injection

No data for IV injection
30 minutes after IM

injection

Half-life20,21,22 40 minutes 3–17 minutes

AMTSL, active management of third stage of labor

Table 1 Heat stable Carbetocin vs. Oxytocin

Figure 1 Oxytocin molecule. The amino group and the disulfide
bond, which were altered in order to create carbetocin, are
indicated. The amino group was removed and the sulfur atom was
replaced by a carba group24



of 100 micrograms (1 ml undiluted), within 1 minute
of delivery of the baby. No further doses of carbetocin
should be administered. There are no data on addi-
tional doses of carbetocin or on the use of carbetocin
following persisting uterine atony after oxytocin.
Alternatively, carbetocin can be administered intrave-
nously (IV), in this case it should be given slowly over
at least 1 minute.

The contraindications for Carbetocin include32;

(1) During pregnancy and labour before delivery of
the infant.

(2) Carbetocin must not be used for the induction of
labour.

(3) Hypersensitivity to carbetocin, oxytocin or to any
of the excipients listed in Clinical research on
carbetocin section below;

(4) Hepatic or renal disease.

(5) Serious cardiovascular disorders.

(6) Epilepsy.

SIDE EFFECTS

It is not surprising that the side effects of carbetocin are
similar to those of oxytocin because one is a modified
version of the other33. A systematic review of 17
RCTs involving 32,702 women identified 24
side-effects associated with Carbetocin compared with
oxytocin, and only diarrhoea was found to be statisti-
cally different34. The CHAMPION trial, the largest
single study comparing intramuscular HSC and intra-
muscular oxytocin for PPH prevention, reported that
they had a similar side-effect profile35. Furthermore
hypotension, an important hemodynamic side-effect
described following IV administration, was the same
for iv boluses of both carbetocin and oxytocin – about

20% at peak of 40 seconds and lasting 90 seconds (Fig-
ure 3)36. An equivalent hypotensive effect is also seen
when carbetocin is given as an infusion over 5 minutes
(Figure 4).

HEAT STABILITY

Prior attempts to develop a heat-stable oxytocin for-
mulation for injection have been unsuccessful24,38.
Peptides in solution are generally prone to undergo
degradation via, e.g. deamidation, dimerization, and
oxidation, making refrigeration in some cases neces-
sary24,39. The heat-stable formulation of carbetocin
differs from the existing non–heat-stable formulation
only in its excipients24,38. It does not require
cold-chain transport and storage because it has been
shown to maintain stability over a period of 36 months
at 30�C and 75% relative humidity. Therefore, in
resource-challenged and warm-climate settings, where
cold chain transport and storage is often not available
and the quality of oxytocin and other injectable
uterotonics is compromised, this product can play a
critical role in reducing PPH related morbidity and
mortality40. Subsequently, in 2019, this product was
added by the WHO to the core list of essential medi-
cines for reproductive health40.

The stability of carbetocin was achieved through 3
structural modifications of oxytocin, highlighted by
dash line circles in Figure 524,38,39. Namely: the N� of
oxytocin is removed; Sulphur atom on Cys1 is
replaced by a methylene group, and Tyr2 is replaced
by Tyr(Me)39. The degradation of carbetocin by
the major pathway of dimerization is blocked by the
removal of the disulphide and N� groups from the
oxytocin molecular structure24,38. The presence of
these two groups increase the susceptibility of oxy-
tocin to degradation by isomerization and hydrolysis at
pH values � 4.
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Figure 2 The changes of mean arterial pressure (MAP) in two groups. Values are presented as mean � SD



4

POSTPARTUM HEMORRHAGE

Figure 3 Maternal systolic blood pressure (sBP) after the administration of the study medication36

Figure 5 Differences in the molecular structures of Carbetocin and Oxytocin24

Figure 4 Side effects of carbetocin compared to oxytocin37



CLINICAL RESEARCH ON CARBETOCIN

Prevention of postpartum haemorrhage at vaginal
birth using intramuscular carbetocin

The WHO CHAMPION trial published in 2018
compared heat stable carbetocin with oxytocin for
prevention of haemorrhage and the need for extra
uterotonic agents after vaginal birth. This was a large
multi-country study that randomised 29,645 women
across 23 sites in 10 countries in a double blind,
non-inferiority trial comparing IM injection of heat
stable Carbetocin (100 micrograms) with IM oxytocin
(10 IU) administered immediately after vaginal birth.
Heat stable carbetocin was non-inferior to oxytocin
for prevention of blood loss and use of additional
uterotonic agents after childbirth35. There were no
significant differences between the groups in any of
the primary or secondary outcomes. Details of the pri-
mary outcomes are indicated in the Table 2.

The IMox study published in 2020 was a UK
multicenter trial conducted to compare the effective-
ness, side effects and quality of life associated with
three commonly used oxytocic agents. A total of 5,929
women from six sites were randomised into three par-
allel arms in a double-blind controlled trial; oxytocin
(10 IU), syntometrine (5 IU oxytocin + 500 micro-
gram ergometrine), and 100 microgram carbetocin.
The three medications were found to have very simi-
lar efficacy (pooled prevalence of the need for subse-
quent additional uterotonic drugs) oxytocin 19.1%,
syntometrine 15.2% and carbetocin 11.5%. However,
syntometrine was associated with increased maternal
adverse effects and reduced ability of the mother to
bond with her baby41. Details from the other studies
are summarized in Table 3.

In summary, two large, randomised trials have
shown that intramuscular carbetocin offers no clinical
advantage over intramuscular oxytocin for the preven-
tion of PPH after vaginal birth in clinical trial settings.
However, the two are equivalent and so in settings
where the oxytocin is of poor quality or the cold chain
unreliable, there may be ‘real-life’ superior effective-
ness over oxytocin.

Prevention of postpartum haemorrhage at CS
using iv carbetocin

In 2018, Voon et al.42 published a systematic review of
trials to analyze the effectiveness of carbetocin com-
pared to oxytocin for the prevention of postpartum
hemorrhage in caesarean births. The review included
2012 women from seven countries, but only one was a
low-income country where the burden of PPH is

highest. The review found carbetocin to be more
effective than oxytocin when used during caesarean
deliveries, with reduced rates of postpartum hemor-
rhage (RR 0.79; 95% CI 0.66 to 0.94; p = 0.009), use
of additional uterotonics (RR 0.57; 95% CI 0.49 to
0.65; p < 0.001) and transfusion (RR 0.31; 95% CI
0.15 to 0.64; p = 0.002). Details from the other studies
are summarized in Table 3.

However, the data on PPH prevention is compli-
cated by the mixture of comparisons in the review.
Some of the original benefits of carbetocin at CS may
have been due to the fact that some studies compared
iv carbetocin and intramuscular oxytocin. However,
several trials have now shown the benefit of iv
oxytocin over IM oxytocin, leading to the 2021
WHO recommendation that in high risk births clini-
cians should be giving oxytocin as a slow intravenous
dose rather than intramuscularly43. Thus, the appro-
priate comparisons should be between iv carbetocin
and iv oxytocin, and systematic reviews should not
include IM oxytocin at CS.

The Cochrane network metanalysis (comparison
no 38)44, had only four relevant studies comparing IV
carbetocin and Oxytocin. Cumulatively, these had a
total of 472 patients undergoing CS. They are:

(1) Borruto 2009: Oxytocin 10 IU iv vs. carbetocin
100 mg iv at CS with at least one risk factor for
PPH (Italy, n = 104)45.

(2) El Behery 2015: Oxytocin 20 IU inf vs.
carbetocin 100 mg iv at emergency CS (Egypt,
n = 180)46.

(3) Roseland 2013: Oxytocin 5 IU iv vs. carbetocin
100 mg iv at elective CS (Norway, n = 76)47.

(4) Whigham 2016: Oxytocin 5 IU iv vs. carbetocin
100 mg IV at emergency CS (Australia,
n = 112)48.

Since then there have been three other studies of
carbetocin vs. oxytocin at CS, with a total of 640
patients. They are:

(1) Ibrahim 2020: Oxytocin 10 IU infusion over 8 h
vs. carbetocin 100 mg iv at CS among hyperten-
sive women (Egypt, n = 160) – estimated blood
loss and fall in Hb was reduced with carbetocin49.

(2) Al Zubaidi 2021: Oxytocin 10 IU iv vs.
carbetocin 100 mg iv at emergency CS (Iraq,
n = 300) – less additional uterotonics & transfu-
sion with carbetocin50.

(3) McDonagh 2022: Oxytocin 0.5 IU vs. oxytocin
5 IU vs. carbetocin 20 mg vs. carbetocin 100 mg
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Primary outcome Carbetocin (N = 14,771) Oxytocin (N = 14,768) Relative Risk (95% CI) Risk Difference (95% CI)

Blood loss �500 ml or use of
additional uterotonic agents

2135 (14.5) 2122 (14.4) 1.01 (0.95 to 1.06) 0.09 (�0.68 to 0.87)

Blood loss �1000 ml 223 (1.51) 214 (1.45) 1.04 (0.87 to 1.25) 0.06 (�0.21 to 0.33)

Table 2 Summary of the primary outcomes from the CHAMPION trial
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(all iv) in low risk patients undergoing CS
(Canada, n = 280) – no differences between the
4 groups51.

Broadly speaking, Borruto45, El Behery46, Ibrahim49

and Al Zubaidi50 show benefits in blood loss and mor-
bidity, whilst the higher quality studies of Roseland47,
Whigham48 and Mc Donagh51 show no difference.
But in total there are only 1,112 patients at CS in the
published RCTs, so it is difficult to be sure. In sum-
mary, there is some unconfirmed evidence that iv
carbetocin may offer advantages over iv oxytocin, but
the evidence is far from definitive.

Network meta-analysis on PPH prevention

In December, 2018, the Cochrane Library published
an updated network meta-analysis aimed at generating
a ranking according to their effectiveness in prevent-
ing PPH and side-effects profile. The review included
196 trials of seven uterotonic agents, conducted on
135,559 women across 53 countries. Three quarters of
the studies (72%) included in this review included
women that had a vaginal birth, so the uterotonic was
administered IM. The results were that the three
highest ranked uterotonic agents for prevention of
PPH � 500 ml were ergometrine plus oxytocin com-
bination, misoprostol plus oxytocin combination and
carbetocin. The two combination regimens, however,
were associated with significant side effects. The anal-
ysis concluded that carbetocin may be more effective
than oxytocin for some outcomes, with an equivalent
rate of side effects52.

Treatment of postpartum haemorrhage

There is currently no good evidence on the use of
carbetocin for the treatment of PPH, either for what
drug to use for treatment after failed prophylaxis.

Given the long half-life of carbetocin, it would be
expected that if a woman had a PPH shortly after
receiving carbetocin prophylaxis, there would be little
benefit in giving further oxytocin or carbetocin.
There is however no evidence on this, and guidelines
continue to recommend that women receive oxytocin
for atonic PPH treatment irrespective of the type of
prophylaxis given.

Carbetocin might be an effective drug for the treat-
ment of PPH, even after carbetocin prophylaxis.
WHO is currently running a large randomised trial
(the REACH Study) to evaluate whether carbetocin is
non-inferior to oxytocin for treatment of PPH in
women who receive carbetocin for PPH prophylaxis.
The trial will include 6,200 women delivering vagi-
nally and diagnosed with PPH.

PRESENCE OF HEAT STABLE CARBETOCIN IN
INTERNATIONAL GUIDELINES AND PRICE ISSUES

Available evidence shows that the effectiveness and
safety of carbetocin in the prevention of PPH is com-
parable to that of oxytocin. Details of its presence in
international guidelines is summerised in Table 4.
However, the disparity between the cost of carbetocin
and oxytocin especially in LMIC appears to be the
major stumbling block to it adoption in international
guidelines. Therefore, Ferring Pharmaceuticals, the
World Health Organization, and Merck Sharp &
Dohme (MSD) for Mothers have established a collab-
oration to develop this heat-stable formulation of
carbetocin for the prevention of post-partum hemor-
rhage in women after vaginal childbirth. The organisa-
tions are working together with the aim of making the
medicine available in the public sector of developing
countries that have a high burden of maternal mortal-
ity and where consistent refrigeration is burden-
some19. This low-cost product is referred to as Heat
Stable Carbetocin.
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Organisation Recommendation
Level of
evidence

WHO13 WHO also recommends the use of carbetocin (if cost-effective), ergot alkaloids (alone or
combined if there are no contraindications), or oral misoprostol in settings where oxytocin is
not available, or its quality cannot be guaranteed. Carbetocin has also been added to the 21st
edition of the WHO Model List of Essential Medicines

NA

National Institute for Health and Clinical
Excellence: Guidance. RCOG65

Carbetocin is licensed in the UK specifically for the indication of prevention of PPH in the
context of caesarean delivery. Recommends oxytocin 5 IU by slow intravenous injection for
prophylaxis in the context of caesarean delivery

NA

ACOG65 PPH practice Bulletin No.138, Uterotonic agents should be first-line treatment for postpartum
hemorrhage caused by uterine atony. The specific agent selected, outside of recognized
contraindications, is at the health care provider’s discretion

NA

The Society of Obstetricians and
Gynaecologists of Canada (SOCG)
https://doi.org/10.1016/j.jogc.2022.10.002

Carbetocin, 100 microg given as an IV bolus over 1 minute, should be used instead of
continuous oxytocin infusion in elective Caesarean section for the prevention of PPH and to
decrease the need for therapeutic uterotonics. SOGC mentions carbetocin as a uterotonic
available for treatment

(I-B) 7

FIGO40 In settings where oxytocin is unavailable (or its quality cannot be guaranteed), the use of other
uterotonics (carbetocin, ergometrine/methylergometrine, or misoprostol) is recommended

NA

Table 4 Presence in guidelines internationally (WHO, RCOG, ACOG, SOGC, FIGO)



CONCLUSION

Carbetocin combines the quick onset of oxytocin with
the long-acting effect of ergometrine. The side effect
profile is similar to that of oxytocin. However,
carbetocin can only be used for PPH prophylaxis,
whereas oxytocin has numerous uses in maternity care
including labour induction, PPH prevention and PPH
treatment.

The clinical data on carbetocin for PPH prophy-
laxis is complex given the possible differences in
efficacy between IM and IV routes, the differences
between vaginal birth and CS, the effect of heat insta-
bility on oxytocin effectiveness in clinical practice, and
the large variation in price of carbetocin. However,
considering all the above the situation can be summa-
rized as follows:

After vaginal births, intramuscular carbetocin
offers no advantage over intramuscular oxytocin in
settings where the quality of oxytocin can be assured.

In high-income settings, carbetocin is significantly
more expensive and so is not recommended after vagi-
nal births. In settings where heat stable carbetocin is
provided at low cost and where oxytocin is unavail-
able (or its quality cannot be guaranteed) owing to
deficiencies in the cold chain, carbetocin may offer a
clinical advantage.

After CS birth, there is some evidence that intrave-
nous carbetocin may have some advantages over intra-
venous oxytocin. However, the study results are far
from consistent. In high income settings where the
cold chain for oxytocin is assured, there seems little
benefit in selecting carbetocin over oxytocin. How-
ever, as with vaginal births, in situations where the
oxytocin is poor quality and the carbetocin is being
offered at low cost it may offer practical advantages.
However, given that oxytocin is also needed for PPH
treatment and induction of labour, and carbetocin is
not used for these indications, the priority in settings
offering CS should be to improve the cold chain so
that all the oxytocin is of high quality.
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