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Summary

[tis routine to give a uterotonic drug following delivery of the neonate during caesarean section. However, there
is much heterogeneity in the relevant research, which has largely been performed in low-risk elective cases or
women with uncomplicated labour. This is reflected in considerable variation in clinical practice. There are
significant differences between dose requirements during elective and intrapartum caesarean section.
Standard recommended doses are higher than required, with the potential for acute cardiovascular adverse
effects. We recommend a small initial bolus dose of oxytocin, followed by a titrated infusion. The recommended
doses of oxytocin may have to be increased in women with risk factors for uterine atony. Carbetocin at
equipotent doses to oxytocin has similar actions, while avoiding the requirement for a continuous infusion after
the initial dose and reducing the need for additional uterotonics. As with oxytocin, carbetocin dose
requirements are higher for intrapartum caesarean sections. A second-line agent should be considered early if
oxytocin/carbetocin fails to produce good uterine tone. Women with cardiac disease may be very sensitive to
the adverse effects of oxytocin and other uterotonics, and their management needs to be individualised.
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What other guideline statements are
available on this topic?

There are currently no other guidelines or
recommendations that deal specifically with uterotonic
management at caesarean section. There are existing
guidelines that cover: management of caesarean section;
management of uterine tone at vaginal delivery; and

management of postpartum haemorrhage.

Why was this consensus statement
developed?

There is wide variation in the use of uterotonics at
caesarean section including: choice of drug (first-line and
second-line uterotonics); timing of administration; dose;
route; speed of administration; and maintenance regimen.
Practice is based largely on tradition, rather than robust
scientific data. There is evidence that adverse effects of
oxytocin may be reduced by alterations in dose and rate

of administration, without compromising effectiveness.

How does this consensus statement
differ from other available guidelines?
This statement recommends: doses of oxytocin for routine
elective caesarean section that are lower than in other
guidelines; higher oxytocin doses in women at increased
risk of postpartum haemorrhage; use of second-line
uterotonics; use of carbetocin as an alternative to oxytocin;
and a strategy for the use of uterotonics in resource-limited
environments.

Why does this statement differ from
existing guidelines?

This statement reviews the recent scientific literature to
provide evidence-based recommendations, and focuses on
the optimal dose, route and rate of administration of
uterotonics during caesarean section.

Recommendations for clinical practice
1 Oxytocin or carbetocin are recommended for routine
administration immediately after delivery of the fetus
during caesarean section to prevent postpartum
haemorrhage.
2 Oxytocin  and

intrapartum caesarean section are several times greater

carbetocin  dose requirements  for

than that for low-risk elective caesarean section, and

therefore a universal dose for all cases is not appropriate.

3

10

Oxytocin has significant adverse effects when given
as a rapid high-dose bolus. It should therefore be
given slowly to reduce these effects. A small initial
dose followed by a controlled infusion is the
optimum approach. Suggested doses are given in
Box 1.

Research is lacking on oxytocin dose requirements
for women having elective caesarean section who
are at high risk of uterine atony and haemorrhage.
In this situation, it may be appropriate to follow
the dose regimen for intrapartum caesarean
section.

Infusion regimens for oxytocin are highly variable,
but large total oxytocin doses should be avoided
to minimise the antidiuretic effect. Administration
of a concentrated solution using a syringe pump
may be required for women who require fluid
restriction.

Carbetocin is a longer-acting analogue of oxytocin,
with a similar mechanism of action and adverse effects
profile. The increased duration of action of carbetocin
compared with oxytocin eliminates the requirement for
an infusion after the initial dose. It may, therefore,
become the preferred first-line drug, rather than
oxytocin.

If oxytocin/carbetocin do not provide adequate uterine
tone, a second-line drug (ergot alkaloids or a
should  be

Administration of a second-line agent should be

prostaglandin) considered  early.
guided by the clinical context and presence of contra-
indications, and follow local hospital policies and
availability.

In resource-constrained settings, where controlled
intravenous (i.v.) infusions are not readily available, the
intramuscular (i.m.) route can be considered for
sustained duration of drug action.

Women with significant cardiac disease may be very
sensitive to the adverse effects of oxytocin and other
uterotonics, and their management needs to be
individualised.

As accidental administration of uterotonic drugs
before delivery of the fetus may result in a
catastrophic outcome, extreme care must be taken
to ensure that pre-prepared syringes or solutions
are not confused with other drugs that may be

given during this period.

©2019 Association of Anaesthetists
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Box 1 Suggested dose regimens for uterotonic administration at low-risk elective caesarean section, and caesarean section
in labouring women. N.B. take account of national drug license restrictions. See text for further information.

First-line drugs

Oxytocin
Elective caesarean section Intrapartum caesarean section
Bolus 1 IU oxytocin; start oxytocin infusion at 2.5-7.5 31U oxytocin over> 30 s; start oxytocin
IU.h™"(0.04-0.125 1U.min~"). infusionat 7.5-15 1U.h~"(0.125-0.25 [U.min™").

If required after 2 min, give a further dose of 3 1U over> 30 s.
Consider second-line agent early in the event of failure of this regimen to produce sustained uterine tone.

Review the patient’s clinical condition before discontinuing the infusion; this will usually be between 2 h and 4 h after
commencement.

Alternative — carbetocin

Elective caesarean section Intrapartum caesarean section
100 pgover> 30 s. 100 pgover> 30 s.
Smaller doses (as low as 20 pg) may be sufficient; in this case, Do notexceed 100 pg—if required move to second-line drug.

doses can be repeated if required, up to 100 pg.

Do notexceed 100 pg —if required move to second-line drug.

Second-line drugs

These drugs should be considered for both prophylaxis and treatment of postpartum haemorrhage.
Consider early use in the event of failure of first-line drugs to produce sustained uterine tone.
Depending on local availability, the following drugs can be used:

Consider early use of adjunctive medication to counter adverse effects, for example, antiemetics.
Further uterotonic administration (third-line drugs) should be considered within a multimodal postpartum haemorrhage
regimen (pharmacology/haematology and antifibrinolysis/surgery/interventional radiology).

Ergometrine (ergonovine) 200-500 pg/methylergometrine (methylergonovine) 200 pg: i.m., or slow i.v. in exceptional
circumstances; may be repeated after 2 h.

Misoprostol 400-600 pg: sublingual, rectal, vaginal, oral; repeat after 15 min if required, maximum

dose 800 pg.

Carboprost 250 pg: i.m. or intramyometrial (contraindicated i.v.); up to every 15 min if required, maximum eight doses.
Sulprostone 500 pg:i.v.at 100 ug.h~"; maximum dose 1500 ug.

©2019 Association of Anaesthetists 3
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Introduction

Management of uterine tone after delivery involves giving
a prophylactic uterotonic, and the use of controlled cord
traction to facilitate delivery of the placenta and minimise
blood loss. This is usually accomplished with a single
drug — however, supplementary drugs are sometimes
required.

Oxytocin, or its analogue carbetocin, is the first-line
drug. Oxytocin has its primary effect on oxytocin receptors
in the uterus; it also has adverse effects that are mediated by
oxytocin receptors as well as other receptors in the
cardiovascular system [1]. Adverse effects such as ST
segment depression, hypotension and tachycardia are well
recognised, and have been implicated as a contributory
cause of maternal death [2, 3]. Ergot derivatives and
prostaglandins, the second-line drugs, also have significant
cardiovascular and other adverse effects.

International guidelines on uterotonic use during
caesarean section are variable (Table 1) [4-13]. Most
guidelines make a single recommendation for uterotonic
use, and do not discuss the use of additional agents in the
presence of persistent uterine atony.

A number of surveys of uterotonic administration by
obstetricians and anaesthetists show huge variation in
practice, including mode of administration (bolus vs.
continuous infusion), frequency (routine vs. selective
use) and single vs. repeat bolus administration (Table 2)
[14-20].

It is clear that focused recommendations on uterotonic
use at caesarean section, including prophylaxis and
escalating treatments, are required [19].

Definitions

Drugs that induce uterine contraction as their primary
pharmacological action may be referred to as uterotonics,
and we will use this term hereafter. ‘Oxytocic’ is sometimes
used with the same meaning, but as some drugs that cause
uterine contraction are not derived from oxytocin, this could
lead to confusion and so is not used here. We use the
following terms:

First-line drug — a uterotonic drug used prophylactically
after delivery, as part of an active management strategy to
establish uterine tone and prevent primary postpartum
haemorrhage.

Second-line drug — a uterotonic drug used after the
first-line drug when: a woman is considered at higher
risk of postpartum haemorrhage; the obstetrician’s
subjective judgement is that uterine tone is inadequate

after the first-line agent or intra-operative blood loss is

greater than would be anticipated (potential postpartum
haemorrhage).

Postpartum haemorrhage is usually defined as blood
loss> 500 ml, with major/severe haemorrhage being blood
loss > 1000 ml; these thresholds have been recommended
as standard outcome measures for reporting postpartum
haemorrhage trials[21].

Oxytocin

Oxytocin exerts its effects through binding to G protein-
coupled receptors. Oxytocin receptors are widely
expressed throughout the body, including the myometrium
and endometrium, cardiovascular system and central
nervous system. Towards the end of pregnancy there is a
dramatic increase in oxytocin receptors in the uterus. The
uterotonic effects of oxytocin are mediated in two ways:
firstly, by stimulation of the receptor leading to a direct
contractile effect in the myometrium; and secondly, by
stimulating production of prostaglandin PGF2a in the
endometrium[22].

Similarly to other G protein-coupled receptors, oxytocin
receptors undergo rapid homologous desensitisation [22].
This phenomenon has been shown to occur both in vitro
and in vivo, and has significant clinical implications,
including the uterine response to subsequent administration
of oxytocin. It is, therefore, important to distinguish between
two clinical situations; elective or scheduled caesarean
section (oxytocin-naive) and intrapartum (emergency)
caesarean, where the woman was in labour and/or having
exogenous oxytocin infusion (oxytocin-exposed), as there
are major differences both in circulating hormone levels as
well as acute changes in receptor-sensitivity in these

circumstances.

Elective caesarean section
Most studies evaluating uterotonic use in elective caesarean
section have been conducted in uncomplicated low-risk

women as this aids consistent responses.

Bolus

Two studies have examined the optimal dose for elective
caesarean section in healthy uncomplicated pregnancies at
low risk for uterine atony. Carvalho et al. [23], using an up—
down sequential allocation design, showed that a dose of
0.35(95%Cl 0.2-0.5) IU was effective in obtaining adequate
uterine tone in 90% of women at 3 min after administration.
Once adequate uterine tone was achieved and the study
was completed, an infusion of 2.4 IU.h™" was started as a

maintenance regimen for 6 h.

©2019 Association of Anaesthetists
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Table 1 Recommendations for the use of uterotonic agents during caesarean section from official bodies.

Royal College of Obstetricians
and Gynaecologists, UK, 2016
(4]

American College of
Obstetricians and
Gynecologists Practice Bulletin
number 183 Postpartum
Hemorrhage, 2017 [5]

Royal Australian and New
Zealand College of
Obstetricians and
Gynaecologists, 2017 [6]

Society of Obstetrics and
Gynaecologists of Canada,
2009(7]

French College of Obstetricians
and Gynaecologistsin
collaboration with French
Society of Anaesthesiology and
Intensive Care, 2015[8]

Deutsche Gesellschaft fir
Gynakologie und Geburtshilfe,
2016[9]

World Health Organization
Recommendations for the
prevention and treatment of
postpartum haemorrhage,
2018[10]

First-line drug for PPH prophylaxis
Oxytocin 5 1U by slow i.v.

Prophylactic oxytocin by dilute i.v. infusion
(bolus dose of 10 IU) or intramuscular
injection (10 IU).

Active management of the third stage of
labour (use of prophylactic oxytocics and
assisting delivery of the placenta) should
be practised as this reduces the risk of
PPH and the need for blood transfusion.
No agent/dose recommended

Carbetocin 100 pg givenasani.v. bolus
over 1 min

Oxytocin 5-10 units i.v. except for women
with overt cardiovascular risks when the
injection must last at least 5 min to limit
its haemodynamic effects. Routine
maintenance 10 1U.h ™", review after 2 h.

The guideline states that carbetocin
reduces the risk of PPH butin the
absence of non-inferiority trial oxytocin
remains the drug of choice for
prophylaxis.

Oxytocin 3-5 U slowlyi.v.

The use of an effective uterotonic for the
prevention of PPH during the third stage
of labouris recommended for all births.
To effectively prevent PPH, only one of
the following uterotonics should be
used:

® oxytocin(10 IU,i.m./i.v.)

® carbetocin (100 png,i.m./i.v.)

® misoprostol (either 400 pg or 600 ng,

oral)

® ergometrine/methylergometrine

(200 pg,i.m./i.v.)

® oxytocin and ergometrine fixed-dose

combination (5 1U/500 pg,i.m.)

In settings where multiple uterotonic
options are available, oxytocin (10 1U,
i.m./i.v.)isthe recommended uterotonic
agentforthe prevention of PPH.

Second-line drug for PPH prophylaxis

Ergometrine—oxytocin may be used in the absence of
hypertension in women atincreased risk of
haemorrhage as it reduces the risk of minor PPH
(500-1000 ml).

Forwomen atincreased risk of haemorrhage, itis
possible that a combination of preventative
measures might be superior to oxytocin alone to
prevent PPH.

Not discussed.

Guidance moves to discussing management of
established haemorrhage recommending that
uterotonic agents are the first-line treatment for PPH
secondary to uterine atony but the specific agent
selected is atthe healthcare provider's discretion.

Not discussed.

Guidance moves to discussing management of
established haemorrhage recommending that
uterotonic agents are the first-line treatment for PPH
secondary to uterine atony.

Second line recommendation of oxytocin infusion or
ergonovine (ergometrine) would appear to apply to
vaginal delivery only. No specific second-line
recommendation for caesarean section

Not discussed

Guidance moves to discussing PPH management
algorithms for PPH following vaginal delivery,
occurring during caesarean section and delayed
PPH after caesarean section. An oxytocin infusion
and sulprostone are recommended.

Carbetocin 100 pg slowlyi.v.

Not discussed.

©2019 Association of Anaesthetists
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Table 1 (continued)

First-line drug for PPH prophylaxis

FIGO (International Federation
of Gynecology and Obstetrics)
Safe Motherhood and
Newborn Health Committee
Prevention and treatment of
postpartum hemorrhage in
low-resource settings [11]

women.

If oxytocin is not available, other
uterotonics can be used, such as:
ergometrine or methylergometrine
0.2 mgintramuscular; syntometrine (a
combination of oxytocin 5 IU and
ergometrine 0.5 mg perampoule
intramuscular [10]); or misoprostol

600 pg orally.

National Institute Of Health and
Care Excellence (NICE), UK[12]

Association of Women'’s Health,
Obstetricand Neonatal Nurses,

Within 1 min of delivery of the infant,
palpate the abdomento rule out the
presence of an additional infant(s) and
give oxytocin 10 U intramuscularly.
Oxytocin is preferred over other
uterotonic drugs because it s effective 2—
3 min after injection, has minimal
adverse effects, and can be used in all

Oxytocin 5 1U by slow i.v. injection

Administeri.v. oxytocin by providing a

Second-line drug for PPH prophylaxis

Not discussed. Guidance moves to discussing
management of established haemorrhage and
recommends that, for management of PPH, oxytocin
should be preferred over ergometrine or
methylergometrine alone, a fixed dose combination
of ergometrine and oxytocin, carbetocin, and/or
prostaglandins such as misoprostol. If oxytocin is
notavailable, orifthe bleeding does not respond to
oxytocin or ergometrine, an oxytocin—ergometrine
fixed dose combination, carbetocin, or misoprostol
should be offered as second-line treatment. If these
second-line treatments are not available, orifthe
bleeding does not respond to the second-line
treatment, a prostaglandin such as carboprost
tromethamine should be offered, if available.

Not discussed

Not discussed

USA[13]

bolus dose followed by a total minimum
infusion time of 4 h after birth. For
women who have had caesarean births,
continuation beyond 4 his
recommended. Rate and duration

should be titrated according to uterine

tone and bleeding.

PPH, postpartum haemorrhage; i.m., intramuscular.

Butwick et al. [24] performed a dose-response
study of oxytocin doses between 01U and 5 IU. They
found a ceiling effect, with limited benefit for doses
> 0.51U to obtain adequate uterine tone after 2 min.
Interestingly, adequate uterine tone, without need for
additional oxytocin, was obtained in 73% of women in
the 0 IU group. There were no differences in adverse
effects between 051U and 11U; however, adverse

effects increased with doses > 1 IU.

Infusion

It is common practice in North America to administer
oxytocin by a rapid, often unregulated infusion, for example,
30 IU oxytocin in 500 ml crystalloid solution, rather than by
a bolus [25]. These high-rate infusions, designed to initiate
uterine tone, must therefore be distinguished from lower
rate infusions for maintenance of tone.

Two dose-finding studies have determined the optimal
calibrated oxytocin infusion rates to initiate adequate uterine
tone. George et al. found that the EDgy (95%Cl) of an
oxytocin infusion to obtain satisfactory uterine tone, at an
initial assessment 4 min after delivery, was 0.29 (0.15-0.43)

IU.min~" (17.4 (9.0-25.8) IU.h™") [26]. Lavoie et al., using
comparable methodology, found a very similar EDgq of 0.27
(0.21-0.32) IU.min~" (16.2 (13.1-19.3) IU.h7") [27]. Given
that the end-point of adequate uterine tone was assessed at
4 min, the total dose administered at this point was
approximately 11U, consistent with the studies using a
single bolus dose. Both of these studies switched to a
standard fixed oxytocin infusion rate, one at the end of
surgery and the other after 1 h.

A study that investigated change in haemoglobin after
delivery found that oxytocin 40 IU.h™" in 500 ml, infused
over 30 min, was as effective as 60 or 80 IU.h™" over the
same infusion time [28].

Oxytocin has only weak antidiuretic activity when the
infusion rate is < 2.7 IU.h™" [29], suggesting that the
infusion rate should be restricted, if possible, to minimise
the effects of oxytocin on renal haemodynamics and water

and electrolyte excretion.
Bolus plus infusion

Duffield et al. compared infusions of 2.5 IU.h~" and 15 IU.h ™"
after an initial 1 1U oxytocin bolus. They found no evidence of

©2019 Association of Anaesthetists
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Table 2 Surveys of clinical practice of uterotonic use at caesarean section (CS).

First dose of oxytocin

R, d /

Second-line

P

Name, Country Population responserate 5 IU
Bolton, UK[14]  Lead obstetric 179(75%) 10% (5% rapid,
anaesthetists 5% slow)
Bolton, UK[14]  Lead obstetric 198(77%) 82% (20% rapid,
anaesthetists 62% slow)
Wedisinghe, Lead 365 (84%) 90% slow
UK[15] obstetricians
and lead obstetric
anaesthetists
Marcus, Chairs of 346 (48%) 1-3 1U 5-9 U
Germany[16] anaesthetic 529% 21%
departments
Mockler, Obstetric fellows 700 (45%) 32%
Australia and (members of
New Zealand Royal Australian
[17] and New Zealand
College of
Obstetricians and
Gynaecologists)
Sheehan, UK Lead obstetricians 391(82%) UK-12%
and and lead Ireland —9.0%
Ireland [18] anaesthetists
West, UK[19] Lead obstetric 150(73%) <51U 51U
anaesthetists Elective 54%  95%
(OAA members)
Emergency 4.7% 95%
Orbach-Zinger,  Obstetricians and 390(90%) 11U 51U
Israel [20] anaesthetists; six
university hospitals;
ellgmales FirstCS 43%  31%
Repeat CS 41%  27%

CS, caesarean section.

improved tone or reduced blood loss, despite a six-fold
difference in infusion rate, suggesting that very low doses are
required by infusion after an initial bolus. Furthermore, this
study corroborates the efficacy of a low-dose bolus of 1 1U to
initiate appropriate uterine contraction [30].

Kovacheva et al. [25] found that a 3 IU oxytocin bolus
over 15 s, repeated twice if necessary and followed by a

maintenance infusion of 3 IU per hour, was as effective as

©2019 Association of Anaesthetists

10 IV Infusion protocol after initial bolus protocol
87%(50% rapid, Not discussed Not discussed
50% slow)
15%(23% rapid, Not discussed Not discussed
77% slow)
12.1% slow Routine —20% Oxytocin 5 1U
Selective—80% bolus—17%
30 lUoverd h—43%
40 lUover4 h-53%
101U 12-401U 3-91U-17%
2% 18% 10 =207
12-20 IU-15%
23-40 IU-6.4%
67% 68 differentinfusion Ergometrine —26%
regimens; Syntometrine
most common is 40 (oxytocin5 U +
IUin1 lover4 h ergometrine
500 pg)-20%
Oxytocin bolus
-19%
Commencement
of oxytocin
infusion-21%
(no details about
routes of
administration or
dosage)
UK-89% Routine: Notdiscussed
Ireland —85% UK-19%
Ireland —36%
Selective:
UK-80%
Ireland - 67%
30 IUover4 h:
UK-43%
Ireland - 3.0%
40 IUover4 h:
UK-40%
Ireland —43%
>51U Routine - 24% Identical
0% Selective—76% oxytocin
7-10 1U.h™" bolus
0% over4 h—86% repeated -90%
Smallerrepeat
oxytocin
bolus-8.7%
Largerrepeat
oxytocin bolus—
0.7%

10 U 10 1Uin11  201Uin1  Secondline—
Ringer’s | Ringer’s usually increased
lactate lactate bolus of oxytocin

1% First CS 32% 21% orincrease rate

Third-line-
17% RepeatCS  30% 21% methylergometrine

their standard regimen of a ‘wide open’ (full flow rate,
uncalibrated) infusion of 30 IU in 500 ml. There were no
differences in uterine tone, haemodynamic changes or
other adverse effects, or the requirement for alternative
uterotonic agents.

The reported benefits of oxytocin infusion after bolus
compared with bolus only include: reduced estimated
blood loss; less postpartum haemorrhage; fewer blood
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transfusions; and a lower requirement for additional
uterotonics[31, 32].

The optimal duration of oxytocin infusion after initiation
of tone is unknown. A convenient time to review this is at the
point of discharge from the postoperative recovery area.

Intrapartum caesarean section

Bolus

The EDg for adequate uterine tone in women undergoing
caesarean section for failure to progress (arrested labour)
was found to be 2.99 (95%Cl 2.3-3.7) IU [33], nine times the
dose found at elective caesarean section using similar
methodology [23]. This is likely to result from oxytocin
receptor desensitisation, as the women received oxytocin
infusion during labour for a mean (SD) of 9.8 (6.3) h before
caesarean section. As with this group’s earlier study, a
maintenance infusion of 2.4 IU.h~" was used for 6 h after
achieving adequate uterine contraction and completion of
the study [23].

Infusion

Lavoie etal. [27] studied labouring women having
caesarean section, using identical methods to those in
women having elective caesarean section. They determined
the EDgg (95%Cl) for oxytocin infusion to obtain satisfactory
tone at 4 min after delivery, in women who had had an
oxytocin infusion during labour, as 0.74 (0.56-0.93)
IU.min""(44.2(33.8-55.6) IU.h~ "), almost three times higher
than women not in labour. The oxytocin dose at the 4-min
assessment mark was approximately 3 IU. Additionally, 34%
of women having caesarean section during labour required
supplementary uterotonic agents, compared with 8%
women having elective caesarean section[27].

Munn et al. [34] found that additional uterotonics were
required in 39% vs. 19% (RR 2.1), when using 10 IU given
over 30 min compared with 80 1U oxytocin, respectively.

A retrospective chart review found that women who
had a caesarean section after receiving oxytocin during
labour required a higher postpartum oxytocin infusion rate
than those who did not, with an adjusted OR of 1.94 (95% ClI
1.19-3.15; p = 0.008]) [35]. The former group was also

more likely to require additional uterotonic agents.

Bolus plus infusion

A trial in a mixed study population of elective and
intrapartum caesarean section in women with > 1 risk
factors for uterine atony (overdistended uterus; oxytocin
infusion during labour; chorioamnionitis; clinical history;

placenta praevia; high parity) showed no significant

differences in the need for additional uterotonic drugs
in the first 24 h when comparing 51U oxytocin
administered over 30 s, with a placebo bolus followed
by an infusion of 40 IU oxytocin in 500 ml over 30 min.
There were small differences in uterine tone
immediately after delivery of the placenta, which was
no longer apparent 5 min later [36].

Adbverse effects

Haemodynamic effects

The haemodynamic effects of oxytocin are related to the
following: the dose administered; rate of administration;
the presence of comorbidities, such as pre-eclampsia or
cardiac disease; the volume status of the patient; and
whether repeated doses are administered. Recent studies
of oxytocin administration during caesarean section under
regional anaesthesia, using non- or minimally invasive
monitors employing beat-by-beat pulse wave form or
transthoracic bioimpedance technology, have shown
peripheral vasodilatation, hypotension, and increased
cardiac output, mediated by an increase in heart rate and
stroke volume after oxytocin administration [37].

The effects of oxytocin on the pulmonary and systemic
circulation have been measured in a study using pulmonary
artery catheterisation. A 10 IU bolus of oxytocin was
followed by a 40% decrease in femoral artery pressure, and
a 59% and 40% decrease in systemic and pulmonary
vascular resistance, respectively, after 30 s. Heart rate
increased by 31% and stroke volume by 17%, and cardiac
output increased by 54%. At 150 s after injection,
pulmonary artery and pulmonary wedge pressure had
increased by 33% and 35%, respectively. However, all
women in this study had undergone general anaesthesia,
which limits comparability with women having regional
anaesthesia[38].

Slow administration of oxytocin results in less
cardiovascular effects. A 51U dose administered as an
infusion over 5 min was associated with a 5 mmHg
reduction in mean arterial pressure and a 10 beats.min~"
increase in heart rate, compared with a 27 mmHg decrease

and a 17 beats.min™"

increase seen after the same 5 U
dose given as a bolus [39]. Repeated doses of oxytocin are
associated with an attenuated cardiovascular effect,
possibly from receptor desensitisation [37].
Co-administration of 80 pg phenylephrine with 2.5 1U
oxytocin, given over 30 s, has been shown to obtund but not
prevent the decrease in systemic vascular resistance and
increase in heart rate and cardiac output [40]. In another

study, administration of 50 pg phenylephrine before a 3 1U
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oxytocin dose given over 15 s did not prevent hypotension
and tachycardia[41].

In women with pre-eclampsia, similar transient
haemodynamic effects were seen after a 2.5 IU oxytocin
bolus when compared with healthy women [42], although in
another study the response to a 51U bolus was less
consistent, with five out of 18 women experiencing a
decrease in cardiac output due to inability to increase stroke
volume [43].

A further observational study of 0.1-0.5 IU oxytocin
doses in women with various cardiac conditions, including
aortic stenosis, peripartum cardiomyopathy and congenital
heart disease, showed considerable, although transient,
decreases in blood pressure and increases in cardiac output
[44].

A negative inotropic effect of oxytocin has been found
in the atrium of dogs [45]. In human atrial myocytes,
this effect has been attributed to the preservative
chlorobutanol rather than to oxytocin itself[46].

The significance of ST depression at caesarean section,
and its relationship with myocardial injury, has been
debated. ST segment changes at caesarean section occur in
up to 25-47% of women [47, 48]. Chest pain in association
with ST depression has an incidence of 5-33% [47-49].
Suggested precipitating factors include hypotension,
tachycardia, venous air embolism and ephedrine-induced
tachycardia; although there are conflicting opinions and no
definitive evidence on causation, oxytocin is likely to play a
contributory role [47-50].

One study found that 11 out of 26 women developed
intra-operative ST segment changes. Only two women had
an increase in cardiac troponin |, indicating myocardial
ischaemia, and these women showed ST segment changes
only in the postoperative period [50]. Although the
mechanism is unclear, the evidence for myocardial injury in
a minority of women at caesarean section is likely to be
significant, as troponin | is not elevated after vaginal delivery
[51]

Oxytocin use can cause ST depression independent of
anaesthesia. A bolus dose of 10 IU oxytocin produced
transient ST depression in approximately 50% of women
undergoing caesarean section with spinal anaesthesia, but
this effect was also seen in a similar percentage of non-
pregnant and non-anaesthetised women given the same
dose [52]. This adverse cardiovascular effect of oxytocin is
dose-dependent. A randomised trial found that ST
depression occurred in 8% of women after a 5 IU oxytocin
bolus vs. 22% after 10 IU (53). This was related to more
severe hypotension in the latter group. However, troponin

elevation occurred with a similar incidence of 4% after both
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doses, showing that there is no tight linkage between ST
depression and myocardial injury. Interestingly, one third of
episodes of ST depression were either before or after more
than 3 min following oxytocin administration, furthering the
suggestion that oxytocin is only one of several factors
producing ST depression [53].

The haemodynamic effects of oxytocin are also
dependent on the mode of administration. ST depression
occurred in three out of 40 women when 3 IU oxytocin
was given over 15 s, but in none when it was infused over
five min [54].

Several reports, during both caesarean section and
vaginal delivery, indicate that rapid administration of bolus
oxytocin to women who are hypovolaemic may cause
extreme haemodynamic instability or collapse. A 10 IU
bolus of oxytocin was the precipitating cause of death in two
women, one of whom had a high spinal block and was also
hypovolaemic, and the other who had pulmonary
hypertension [2]. An oxytocin bolus was thought to have
contributed to five maternal deaths in the South African
Confidential Enquiries into Maternal Deaths between 2005
and 201013].

Other adverse effects

Oxytocin can cause water retention and subsequent
hyponatraemia, as the drug has a structural analogy with
antidiuretic hormone (ADH; vasopressin), and therefore
activates the ADH receptor [55, 56]. Oxytocin can cause
nausea and vomiting; vomiting occurred in 15% of women
after a 5 IU bolus followed by a 10 IU infusion over 24 h
[57]. This adverse effect is dose related, as nausea occurred
in 5% vs. 33%, and vomiting in 2.5% vs. 15% of women after
2 IU or 5 1U oxytocin, respectively [58]. Butwick et al. did not
find a relationship with nausea using doses up to 5 IU,
although the study was not powered to study this outcome
[24]. Other adverse effects observed with oxytocin include:
feelings of warmth; palpitations; flushing; nasal congestion;
xerostomia; metallic taste; headache [59]; shivering; and
pruritus [60].

Breastfeeding

The use of oxytocin during labour has been implicated in
reduced rates of breastfeeding. Potential mechanisms by
which exogenous oxytocin might affect breastfeeding
include down-regulation of oxytocin receptors in the
mother [61], as well as transplacental passage [62]. There
are no relevant data on the effect of oxytocin vs. other
uterotonics on breastfeeding following caesarean section;
however, reassuring data come from a prospective
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randomised controlled trial evaluating active management
of the third stage of labour including oxytocin vs.
physiological management, which found no differences in
breastfeeding rates at hospital discharge [63].

Carbetocin

Carbetocin is a synthetic oxytocin analogue, with a
chemical structure of 1-de-amino-1-carba-2-tyrosine (O-
methyl) oxytocin. This makes it less susceptible to
metabolism by deamination and disulphidase cleavage
[64]. It has a plasma half-life of approximately 40 min
following i.v. injection, 4-10 times longer than that of
oxytocin. In addition, carbetocin has a higher lipophilicity
than oxytocin, which alters its tissue distribution and is
responsible for an increased half-life in the receptor
compartment [65].

Carbetocin has a similar affinity for the oxytocin
receptor as oxytocin. Despite a similar affinity, its potency in
animal models is about one-tenth that of oxytocin on a mole
per mole basis [65]; the decreased potency of carbetocin
compared with oxytocin has been confirmed in in-vitro
studies using human myometrial strips [66]. Oxytocin pre-
treatment of term pregnant human myometrium attenuated
contractions produced by carbetocin [66], which was
similar to the effects shown with further administration of
oxytocin [66].

The recommended dose of carbetocin is 100 pg,
which is equivalent to 10 pg (5 IU) of oxytocin. Several
dose-finding studies have suggested that the EDgy of
carbetocin at elective caesarean section in low-risk women
is as low as 14.8 ng [67-69], less than one-fifth the
currently recommended dose. A recent non-inferiority
randomised study compared a dose of carbetocin of
20 png with 100 pg. The study did not demonstrate that
20 pg was non-inferior to 100 pg for the primary outcome
of intensity of uterine tone at 2 min (i.e. the lower dose
might be inferior). However, all the secondary outcomes of
uterine tone at 5 min, use of additional uterotonics in the
first 24 h and blood loss were similar in the two groups
[70]. There is some indication, therefore, that a lower than
standard dose of carbetocin is acceptable during elective
caesarean section, but these results need to be confirmed
in future studies.

As has been observed with oxytocin, the EDgg of
carbetocin for intrapartum caesarean section is higher than
for elective caesarean section at 121 pg, which is likely to
be from oxytocin receptor desensitisation [71]. The
intrapartum-to-elective dose ratio is similar to that for
oxytocin. This may have implications for clinical practice, as
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some women having intrapartum caesarean section may
not respond to the standard ampoule dose of 100 pg.
However, doses higher than 100 pg have been associated
with cardiovascular complications such as tachycardia and
intra-operative arrhythmias, and cannot currently be
recommended [71]. As for oxytocin, it is expected that
women having intrapartum caesarean section will require
more frequent uterotonic supplementation with a second-
line uterotonic after carbetocin than at elective caesarean
section.

A Cochrane review published in 2012 included 11
studies on 2635 women comparing a 100-pg bolus dose of
carbetocin, by various routes of administration, with other
uterotonic agents, following either vaginal delivery or
caesarean section [72]. Where oxytocin was the comparator,
the dose used varied considerably between studies. Pooled
data from the review showed that for women who
underwent caesarean section, carbetocin resulted in a lower
risk of severe postpartum haemorrhage (measured or
clinically estimated blood loss 1000 ml or more; risk ratio
(RR) 0.55, 95%CI 0.31-0.95), additional therapeutic
uterotonics (RR 0.62, 95%Cl 0.44-0.88) and need for uterine
massage following delivery (RR 0.54, 95%Cl 0.37-0.79),
compared with oxytocin [72].

Despite exhibiting a more favourable adverse effect
profile than oxytocin, carbetocin is associated with
cardiovascular adverse effects. It can cause hypotension,
nausea, vomiting, ST depression, arrhythmias, flushing and
abdominal pain, as observed with oxytocin [71, 73, 74].
Studies comparing the cardiovascular effects of standard
100 pg doses of carbetocin and 5 IU oxytocin during
caesarean section under spinal anaesthesia have shown
essentially indistinguishable hemodynamic effects for the
two drugs[59, 75].

Although pre-eclampsia and eclampsia are included as
contra-indications in the manufacturer’s license, one
randomised controlled trial found that the use of carbetocin
in patients with severe pre-eclampsia had no major adverse
haemodynamic effect[76].

Only very small amounts of carbetocin cross from
plasma to breast milk [77]. This is not of clinical concern, as
carbetocin is rapidly degraded in the infant's gastro-
intestinal tract.

In a simulated model of 1500 caesarean sections over a
12-month period, using clinical data from a meta-analysis
and pricing data from the UK, carbetocin was found to have
a 91.5% probability of being associated with a lower
incidence of postpartum haemorrhage (reducing cases with
blood loss > 500 ml from 88% to 58%) and savings of
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> £27,000 compared with oxytocin [78]. A similar study from
Malaysia found an even higher clinical impact of carbetocin,
with a prevention of 54 cases of postpartum haemorrhage
and 52 transfusions per 1500 caesarean sections annually,
when compared with oxytocin [79].

There are concerns about a loss in potency of oxytocin
during storage at high temperatures [80], which were not
corroborated by other authors [81]. The manufacturer states
that carbetocin can be kept for T month at temperatures up
to 60 °C, 3 months at 50 °C, 6 months at 40 °C and 3 years
at30 °C[82].

Other uterotonic agents
Second-line uterotonics include ergot alkaloids and
prostaglandins.

Ergometrine (ergonovine) and methylergometrine
(methylergonovine) are ergot alkaloids that increase the
uterine muscle tone by sustained uterine contraction via
nonspecific activation of adrenergic, dopaminergic and
5-HT receptors. They have a plasma half-life of 30-
120 min. The most frequent adverse effects include
hypertension, nausea and vomiting [83, 84]. Ergot
alkaloids may produce peripheral vasoconstriction that
leads to elevated systemic arterial pressure and central
venous pressure. It is relatively contra-indicated in
women with pre-eclampsia and hypertension as
exaggerated hypertensive effects may be seen. They
have been associated with coronary artery spasm,
causing chest pain and palpitations. Besides nausea and
vomiting, other side-effects include diarrhoea, headache,
abdominal pain and dyspnoea.

The UK license for ergometrine is for doses up to
500 ng; however, in a number of countries lower doses of
200-250 pg are recommended.

Prostaglandins are bio-active lipids derived from
arachidonic acid, which act as paracrine or autocrine agents
that bind to different G protein-coupled receptors. Some
prostaglandins  stimulate myometrial contraction via
activation of FP, EP1, EP3 and TP receptors. Misoprostol is a
prostaglandin-E1 analogue, which is licensed for the
prevention and treatment of gastric ulcers. Itis in unlicensed
use worldwide as a uterotonic agent [85]. It is absorbed 9-
15 min after sublingual, oral, vaginal or rectal use. The half-
life is 20-40 min. The most prominent side-effect of
misoprostol is hyperpyrexia [86].

Carboprost, a synthetic PGF2a analogue, and
sulprostone, a synthetic PGE2 analogue, are also used
during treatment of postpartum haemorrhage, but are not
used for prophylactic treatment during caesarean section

due to significant adverse effects. Carboprost can cause
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significant bronchospasm, even in patients without
asthma [87]. Other effects include hypertension,
diarrhoea, nausea, vomiting, flushing, hyperpyrexia and
myalgia [88]. Sulprostone may cause fever, diarrhoea and
painful uterine contraction [89]. There are reports of
cardiac or respiratory side-effects, including cardiac
arrest, when sulprostone was administered during
haemorrhagic shock, combined with dinoprost, or off-
license as a continuous i.v. infusion [90].

A recent Cochrane network meta-analysis, including
196 clinical trials with 135,559 women, studied all
combinations of prophylactic uterotonic drugs, after both
vaginal and caesarean deliveries. There were no trials that
investigated ergot alkaloids or prostaglandins, alone or in
combination with oxytocin, vs. placebo as a first-line
prophylactic treatment at caesarean section. Prophylactic
use of carbetocin alone during caesarean section did not
decrease the rate of postpartum haemorrhage compared
with placebo [83]. In a sub-group analysis evaluating the risk
of blood loss > 500 ml at caesarean section, only the
combination of an infusion of 20 1U oxytocin plus sublingual
misoprostol 400 pug was superior to oxytocin alone (RR 0.69,
95%Cl 0.51-0.92; pairwise analysis). For major postpartum
haemorrhage (blood loss > 1000 ml), there was no
evidence for differences between any agent and oxytocin
alone [83]. The lack of directly comparable studies makes it
difficult to draw definite conclusions.

A propensity score-matched secondary analysis of
registry data investigated the effect of second-line
uterotonics given for persistent uterine atony after failed
oxytocin prophylaxis [?1]. They analysed a registry with
1335 women who had undergone caesarean section and
who had received carboprost or methylergometrine. The
risk of haemorrhage-related morbidity (red blood cell
transfusion; need for additional surgical interventions to
control bleeding) was significantly increased in the
carboprost group, even after correction for confounders
(relative risk 1.7; 95%Cl 1.2-2.6).

There is some evidence that an escalating strategy for
the management of increased bleeding after vaginal
delivery can reduce postpartum haemorrhage rates [92],
and this may also be applicable at caesarean section [93].

Resource-limited settings

Drugs that are reserved as second-line agents in high-
resource settings may be appropriate as first-line agents
when oxytocin is not available. Potential resource problems
include lack of the following: drug; reliable refrigeration
facilities for non-thermostable formulations; infusion

pumps; and disposables.
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The limitations of resource-poor environments place
even greater emphasis on careful risk-benefit decisions
regarding the use of uterotonic agents. The adverse
haemodynamic effects of oxytocin are likely to be more
pronounced in hypovolaemic women, and therefore slow
and judicious administration of the drug is even more
importantthan in routine cases.

The i.v. route is preferable to i.m. administration for the
initial bolus of oxytocin [94]. However, if a postoperative
infusion of oxytocin is desired, but cannot be administered
reliably due to problems with staffing or equipment, i.m.
administration is an alternative. A suggested protocol is
syntometrine (5 1U oxytocin with 500 pug ergometrine; or if
contra-indicated 10 1U oxytocin) repeated after4 h[3].

Safety considerations

Uterotonic agents given accidentally before delivery can
have catastrophic consequences for the neonate. A UK
survey of drug errors in obstetric anaesthesia reported that
three of 70 involved administration of oxytocin before
delivery [95]. Epidural administration of oxytocin has also
been described, which, although undesirable, did not lead
to uterine tonic contraction [96].

Strategies that have been described to minimise the
risk of drug errors include: carefully reading the ampoule
label; coloured labels for the syringe; separate trays in the
workspace; pre-filled syringes; and only drawing up
oxytocin when it is required [97, 98]. Other strategies used
by the consensus authors to reduce error with uterotonics
include: and drawing up into 1-ml tuberculin syringes; and
drawing up oxytocininto 100 ml bags of saline.

Limitations of the recommendations
from the consensus group
The consensus group has attempted to provide evidence-
based recommendations wherever possible. However, the
literature is heterogeneous and does not encompass all
clinical situations. In clinical practice, the practitioner may
alter doses depending on the perceived complexity of the
case. In particular, there are a growing number of elective
caesarean sections with multiple risk factors for poor
uterine contractility. Furthermore, with a trend to
performing elective caesarean sections at a later gestation
in order to allow fetal lung maturation, women are more
commonly presenting with uterine contractions or with
ruptured membranes, and do not fit clearly into the
labouring ‘intrapartum’ category.

Details of licensing of uterotonic drugs vary from one
country to another. We have provided common dosage
schedules. The practitioner will have to take account of local
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regulations  when incorporating these consensus
recommendations into their practice.

Besides licensing, there are differences in availability,
and pharmacological formulation, of uterotonic drugs in
different countries. This applies especially to the second-
line agents, and therefore we have not provided didactic
recommendations for administration of different agents,
but merely the most common dosing schedules.

Future directions

Standardised protocols to study the effectiveness of

uterotonic drugs at caesarean section should be developed.
Large studies with clinically important end-points, such

as accurately measured blood loss [99], are required [21].
With an increasing prevalence of women at high risk of

uterine atony having caesarean section, information to

guide optimal administration of oxytocin and other

uterotonics in this group of patients is highly desirable.

Acknowledgements
SK is an editor of Anaesthesia, and the manuscript has
undergone external review. No external funding or

competing interests declared.

References

1. Gutkowska J, Jankowski M. Oxytocin revisited: its role in
cardiovascular regulation. Journal of Neuroendocrinology
2012; 24:599-608.

2. Lewis G, ed. Why mothers die 1997-99. The confidential
enquiry into maternal deaths in the United Kingdom. London,
UK: RCOG Press, 2001.

3. Farina Z, Fawcus S. Oxytocin—ensuring appropriate use and
balancing efficacy with safety. South African Medical Journal
2015;105:271-4.

4. Mavrides E, Allard S, Chandraharan E, et al. on behalf of the
Royal College of Obstetricians and Gynaecologists. Prevention
and management of postpartum haemorrhage. British Journal
of Obstetrics and Gynaecology 2016; 124: e106-49.

5. Practice Bulletin No. 183: Postpartum Hemorrhage. Obstetrics
and Gynecology 2017;130: e168-86.

6. The Royal Australian and New Zealand College of Obstetricians
and Gynaecologists. Management of Postpartum Haemor-
rhage (PPH). 2017. https://www.ranzcog.edu.au/RANZCOG_
SITE/media/RANZCOG-MEDIA/Women%27s%20Health/State
ment%20and%20guidelines/Clinical-Obstetrics/Management-
of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?
ext = .pdf(accessed 25/06/2019).

7. Leduc D, Senikas V, Lalonde AB. No 235- Active management
of the third stage of labour: prevention and treatment of
postpartum  hemorrhage. Journal of Obstetrics and
Gynaecology Canada 2018; 40: e841-55.

8. Sentilhes L, Vayssiére C, Deneux-Tharaux C, et al. Postpartum
hemorrhage: guidelines for clinical practice from the French
College of Gynaecologists and Obstetricians (CNGOF): in
collaboration with the French Society of Anesthesiology and
Intensive Care (SFAR). European Journal of Obstetrics and
Gynecology and Reproductive Biology 2016; 198: 12-21.

©2019 Association of Anaesthetists


https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf
https://www.ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/Management-of-Postpartum-Haemorrhage-(C-Obs-43)-Review-July-2017.pdf?ext&thinsp;=&thinsp;.pdf

Heesen et al. | Consensus statement on uterotonic agents during caesarean section

Anaesthesia 2019

9.

20.

21.

22.

23.

24.

25.

26.

. Lalonde A. Prevention and

Schlembach D, Helmer H, Henrich W, etal. Peripartum
haemorrhage, diagnosis and therapy. Guideline of the DGGG,
OEGGG and SGGG (S2k Level, AWMF Registry No. 015/063,
March 2016). Geburtshilfe und Frauenheilkunde 2018; 78:
382-99.

. WHO Recommendations: Uterotonics For The Prevention Of

Postpartum Haemorrhage. Geneva: World Health Organi-
zation; 2018. https://apps.who.int/iris/bitstream/handle/10665/
277276/9789241550420-eng.pdf?ua=1&ua=1 (accessed 25/06/
2019).

treatment of postpartum
hemorrhage in low-resource settings. International Journal of
Gynaecology and Obstetrics 2012;117: 108-18.

. National Institute for Health and Care Excellence. Intrapartum

care for healthy women and babies. NICE Clinical Guideline
190. London, UK: National Institute for Health and Care
Excellence; 2014.

. Guidelines for oxytocin administration after birth. AWHONN

practice brief number 2. Journal of Obstetrics, Gynecology and
Neonatal Nursing 2015; 44:161-3.

. Bolton TJ, Randall K, Yentis SM. Effect of the confidential

enquiries into maternal deaths on the use of syntocinon at
caesarean section inthe UK. Anaesthesia 2003; 58: 277-9.

. Wedisinghe L, Macleod M, Murphy DJ. Use of oxytocin to

prevent haemorrhage at caesarean section-a survey of
practice in the United Kingdom. European Journal of
Obstetrics and Gynecology and Reproductive Biology 2008;
137: 27-30.

. Marcus HE, Fabian A, Lier H, et al. Survey on the use of oxytocin

for Cesarean section. Minerva Anestesiologica 2010; 76:
890-5.

. Mockler JC, Murphy DJ, Wallace EM. An Australian and New

Zealand survey of practice of the use of oxytocin at elective
caesarean section. Australian and New Zealand Journal of
Obstetrics and Gynaecology 2010; 50: 30-5.

. Sheehan SR, Wedisinghe L, Macleod M, Murphy DJ.

Implementation of guidelines on oxytocin use caesarean
section: a survey of practice in Great Britain and Ireland. The
European Journal of Obstetrics and Gynecology and
Reproductive Biology 2010; 148: 121-4.

. West R, West S, Simons R, McGlennan A. Impact of dose-

finding studies on administration of oxytocin during caesarean
section inthe UK. Anaesthesia 2013; 68: 1021-5.
Orbach-Zinger S, Einav S, Yona A, et al. A survey of physicians’
attitudes toward uterotonic administration in parturients
undergoing Cesarean section. Journal of Maternal-Fetal and
Neonatal Medicine 2018; 31: 3183-90.

Meher S, Cuthbert A, Kirkham JJ, et al. Core outcome sets for
prevention and treatment of post-partum haemorrhage: an
international Delphi consensus study. British Journal of
Obstetrics and Gynaecology 2019; 126: 83-93.

Gimpl G, Fahrenholz F. The oxytocin receptor system: structure,
function, and regulation. Physiological Reviews 2001; 81:
629-83.

Carvalho JC, Balki M, Kingdom J, Windrim R. Oxytocin
requirements at elective Cesarean delivery: a dose-finding
study. Obstetrics and Gynecology 2004; 104: 1005-10.
Butwick AJ, Coleman L, Cohen SE, Riley ET, Carvalho B.
Minimum effective bolus dose of oxytocin during elective
Caesarean delivery. British Journal of Anaesthesia 2010; 104:
338-43.

Kovacheva VP, Soens MA, Tsen LC. A randomized, double-
blinded trial of a “rule of threes” algorithm versus continuous
infusion of oxytocin during elective Cesarean delivery.
Anesthesiology 2015; 123: 92-100.

George RB, McKeen D, Chaplin AC, McLeod L. Up-down
determination of the ED(90) of oxytocin infusions for the
prevention of postpartum uterine atony in parturients

©2019 Association of Anaesthetists

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

undergoing Cesarean delivery. Canadian Journal of Anesthesia
2010;57:578-82.

Lavoie A, McCarthy RJ, Wong CA. The EDY0 of prophylactic
oxytocin infusion after delivery of the placenta during Cesarean
delivery in laboring compared with nonlaboring women: an up-
down sequential allocation dose-response study. Anesthesia
and Analgesia 2015; 121: 159-64.

Ghulmiyyah LM, Usta IM, Ghazeeri G, et al. Intravenous
oxytocin use to decrease blood loss during scheduled
Cesarean delivery: a randomized double-blinded controlled
trial (OXYTRIAL). American Journal of Perinatology 2017; 34:
379-87.

Abdul-Karim R, Assali NS. Renal function in human pregnancy.
V. Effects of oxytocin on renal hemodynamics and water and
electrolyte excretion. Journal of Laboratory and Clinical
Medicine 1961;57:522-32.

Duffield A, McKenzie C, Carvalho B, et al. Effect of a high-rate
versus a low-rate oxytocin infusion for maintaining uterine
contractility during elective Cesarean delivery: a prospective
randomized clinical trial. Anesthesia and Analgesia 2017; 124:
857-62.

Gungérduk K, Asicioglu O, Celikkol O, Olgac Y, Ark C. Use of
additional oxytocin to reduce blood loss at elective caesarean
section: a randomised control trial. Australian and New Zealand
Journal of Obstetrics and Gynaecology 2010; 50: 36-9.
Sheehan SR, Montgomery AA, Carey M, et al. ECSSIT Study
Group. Oxytocin bolus versus oxytocin bolus and infusion for
control of blood loss at elective caesarean section: double
blind, placebo controlled, randomised trial. British Medical
Journal 2011; 343: d4661.

Balki M, Ronayne M, Davies S, et al. Minimum oxytocin dose
requirement after Cesarean delivery for labor arrest. Obstetrics
and Gynecology 2006; 107: 45-50.

Munn MB, Owen J, Vincent R, Wakefield M, Chestnut DH, Hauth
JC. Comparison of two oxytocin regimens to prevent uterine
atony at Cesarean delivery: a randomized controlled trial.
Obstetrics and Gynecology 2001; 98: 386-90.

Foley A, Gunter A, Nunes KJ, Shahul S, Scavone BM. Patients
undergoing Cesarean delivery after exposure to oxytocin
during labor require higher postpartum oxytocin doses.
Anesthesia and Analgesia 2018; 126: 920-4.

King KJ, Douglas MJ, Unger W, Wong A, King RA. Five unit
bolus oxytocin at Cesarean delivery in women at risk of atony: a
randomized, double-blind, controlled trial. Anesthesia and
Analgesia 2010; 111: 1460-6.

Langesaeter E, Rosseland LA, Stubhaug A. Haemodynamic
effects of repeated doses of oxytocin during Caesarean
delivery in healthy parturients. British Journal of Anaesthesia
2009; 103:260-2.

Secher NJ, Arnsbo P, Wallin L. Haemodynamic effects of
oxytocin (syntocinon) and methyl ergometrine (methergin) on
the systemic and pulmonary circulations of pregnant
anaesthetized women. Acta Obstetrica Gynecologica
Scandinavica 1978; 57:97-103.

Thomas JS, Koh SH, Cooper GM. Haemodynamic effects of
oxytocin given as i.v. bolus or infusion on women undergoing
Caesarean section. British Journal of Anaesthesia 2007; 98:
116-19.

Dyer RA, Reed AR, van Dyk D, et al. Hemodynamic effects of
ephedrine, phenylephrine, and the coadministration of
phenylephrine with oxytocin during spinal anesthesia for
elective Cesarean delivery. Anesthesiology 2009; 111: 753-65.
Rumboll CK, Dyer RA, Lombard CJ. The use of phenylephrine
to obtund oxytocin-induced hypotension and tachycardia
during caesarean section. International Journal of Obstetric
Anesthesia 2015; 24: 297-302.

Dyer RA, Piercy JL, Reed AR, Lombard CJ, Schoeman LK, James
MF. Hemodynamic changes associated with spinal anesthesia

13


https://apps.who.int/iris/bitstream/handle/10665/277276/9789241550420-eng.pdf?ua=1&ua=1
https://apps.who.int/iris/bitstream/handle/10665/277276/9789241550420-eng.pdf?ua=1&ua=1

Anaesthesia 2019

Heesen et al. | Consensus statement on uterotonic agents during caesarean section

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

14

for Cesarean delivery in severe preeclampsia. Anesthesiology
2008;108:802-11.

Langesaeter E, Rosseland LA, Stubhaug A. Haemodynamic
effects of oxytocin in women with severe preeclampsia.
International Journal of Obstetric Anesthesia 2011; 20: 26-9.
Langesaeter E, Dragsund M, Rosseland LA. Regional
anaesthesia for a Caesarean section in women with cardiac
disease: a prospective study. Acta Anaesthesiologica
Scandinavica 2010; 54: 46-54.

Mukaddam-Daher S, Yin YL, Roy J, Gutkowska J, Cardinal R.
Negative inotropic and chronotropic effects of oxytocin.
Hypertension 2001; 38: 292-6.

Rosaeg OP, Cicutti NJ, Labow RS. The effect of oxytocin on the
contractile force of human atrial trabeculae. Anesthesia and
Analgesia 1998; 86: 40-4.

Mathew JP, Fleisher LA, Rinehouse JA, et al. ST segment
depression during labor and delivery. Anesthesiology 1992;
77:635-41.

Palmer CM, Norris MC, Giudici MC, Leighton BL, DeSimone
CA. Incidence of electrocardiographic changes during
caesarean delivery under regional anaesthesia. Anesthesia
and Analgesia 1990; 70: 36-43.

Zakowski  MI, Ramanathen S, Baratta JB, etal.
Electrocardiographic changes during caesarean section: a
cause for concern? Anesthesia and Analgesia 1993; 76: 162-7.
Moran C, Ni Bhuinneain M, Geary M, Cunningham S, McKenna
P, Gardiner J. Myocardial ischaemia in normal patients
undergoing elective Caesarean section: a peripartum
assessment. Anaesthesia 2001; 56: 1051-8.

Shivvers SA, Wians FH Jr, Keffer JH, Ramin SM. Maternal cardiac
troponin | levels during normal labor and delivery. American
Journal of Obstetrics and Gynecology 1999; 180: 122.
Svanstrom MC, Biber B, Hanes M, Johansson G, Naslund U,
Balfors EM. Signs of myocardial ischaemia after injection of
oxytocin: a randomized double-blind comparison of oxytocin
and methylergometrine during Caesarean section. British
Journal of Anaesthesia 2008; 100: 683-9.

Jonsson M, Hanson U, Lidell C, Norden-Lindeberg S. ST
depression at caesarean section and the relation to oxytocin
dose. A randomised controlled trial. British Journal of
Obstetrics and Gynaecology 2010; 117:76-83.

Bhattacharya S, Ghosh S, Ray D, Mallik S, Laha A. Oxytocin
administration during Cesarean delivery: Randomized
controlled trial to compare intravenous bolus with intravenous
infusion regimen. Journal of Anaesthesiology Clinical
Pharmacology 2013; 29: 32-5.

Whalley PJ, Pritchard JA. Oxytocin and water intoxication.
Journal of the American Medical Association 1963; 186: 601-3.
Feeney JG. Water intoxication and oxytocin. British Medical
Journal 1982; 285: 243.

Mannaerts D, Van der Veeken L, Coppejans H, Jacquemyn Y.
Adverse effects of carbetocin versus oxytocin in the prevention
of postpartum haemorrhage after caesarean section: a
randomized controlled trial. Journal of Pregnancy 2018; 2018:
1374150.

Sartain JB, Barry JJ, Howat PW, McCormack DI, Bryant M.
Intravenous oxytocin bolus of 2 units is superior to 5 units
during elective Caesarean section. British Journal of
Anaesthesia 2008; 101: 822—6.

Rosseland LA, Hauge TH, Grindheim G, Stubhaug A,
Langesaeter E. Changes in blood pressure and cardiac output
during Cesarean delivery: the effects of oxytocin and
carbetocin compared with placebo. Anesthesiology 2013;
119:541-51.

Elbohoty AE, Mohammed WE, Sweed M, Bahaa Eldin AM,
Nabhan A, Abd-El-Maeboud KH. Randomized controlled trial
comparing carbetocin, misoprostol, and oxytocin for the
prevention of postpartum hemorrhage following an elective

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Cesarean delivery. International Journal of Gynaecology and
Obstetrics 2016; 134:324-8.

Plested PC, Bernal AL. Desensitisation of the oxytocin receptor
and other G-protein coupled receptors in the human
myometrium. Experimental Physiology 2001; 86: 303-12.
Malek A, Blann E, Mattison DR. Human placental transport
of oxytocin. Journal of Maternal-Fetal Medicine 1996; 5:
245-55.

Prendiville WJ, Harding JE, Elbourne DR, Stirrat GM. The Bristol
third stage trial: active versus physiological management
of third stage of labour. British Medical Journal 1988; 297:
1295-300.

Sweeney G, Holbrook AM, Levine M, et al. Pharmacokinetics of
carbetocin, a long-acting oxytocin analogue, in nonpregnant
women. Current Therapeutic Research 1990; 47: 528-40.
Hunter DJ, Schulz P, Wassenaar W. Effect of carbetocin, a long-
acting oxytocin analog on the postpartum uterus. Clinical
Pharmacology and Therapeutics 1992; 52: 60-7.

Cole NM, Carvalho JC, Erik-Soussi M, Ramachandran N, Balki
M. In vitro comparative effect of carbetocin and oxytocin in
pregnant human myometrium with and without oxytocin
pretreatment. Anesthesiology 2016; 124: 378-86.

Cordovani D, Balki M, Farine D, Seaward G, Carvalho JCA.
Carbetocin at elective Cesarean delivery: a randomized
controlled trial to determine the effective dose. Canadian
Journal of Anesthesia 2012;59:751-7.

Anandakrishnan S, Balki M, Farine D, Seaward G, Carvalho JC.
Carbetocin at elective Cesarean delivery: a randomized
controlled trial to determine the effective dose, part 2.
Canadian Journal of Anesthesia 2013; 60: 1054-60.

Khan M, Balki M, Ahmed |, Farine D, Seaward G, Carvalho JC.
Canadian Journal of Anesthesia 2014; 61: 242-8.

Tabl S, Balki M, Downey K, et al. Uterotonics in elective
caesarean delivery: a randomised non-inferiority study
comparing carbetocin 20 pg and 100 pg. Anaesthesia 2019;
74:190-6.

Nguyen-Lu N, Carvalho JC, Farine D, Seaward G, Ye XY, Balki
M. Carbetocin at Cesarean delivery for labour arrest: a
sequential allocation trial to determine the effective dose.
Canadian Journal of Anesthesia 2015; 62: 866-74.

Su LL, Chong YS, Samuel M. Carbetocin for preventing
postpartum haemorrhage. Cochrane Database of Systematic
Reviews 2012; 2: CD005457.

Dansereau J, Joshi AK, Helewa ME, et al. Double-blind
comparison of carbetocin versus oxytocin in prevention of
uterine atony after caesarean section. American Journal of
Obstetrics and Gynaecology 1999; 180: 670-6.

Boucher M, Nimrod CA, Tawagi GF, Meeker TA, Rennicks
White RE, Varin J. Comparison of carbetocin and oxytocin for
the prevention of postpartum haemorrhage following vaginal
delivery: a double-blind randomized trial. Journal of Obstetrics
and Gynaecology Canada 2004; 26: 481-8.

Moertl MG, Friedrich S, Kraschl J, Wadsack C, Lang U,
Schlembach D. Haemodynamic effects of carbetocin and
oxytocin given as intravenous bolus on women undergoing
caesarean delivery: a randomised trial. British Journal of
Obstetrics and Gynaecology 2011; 118: 1349-56.

Reyes OA, Gonzalez GM. Carbetocin versus oxytocin for
prevention of postpartum hemorrhage in patients with severe
preeclampsia: a double-blind randomized controlled trial.
Journal of Obstetrics and Gynaecology Canada 2011; 33:
1099-104.

Silcox J, Schulz P, Horbay GL, Wassenaar W. Transfer of
carbetocin into human breast milk. Obstetrics and Gynecology
1993; 82:456-9.

van der Nelson HA, Draycott T, Siassakos D, Yau CWH,
Hatswell AJ. Carbetocin versus oxytocin for prevention of
post-partum haemorrhage at caesarean section in the United

©2019 Association of Anaesthetists



Heesen et al. | Consensus statement on uterotonic agents during caesarean section

Anaesthesia 2019

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Kingdom: an economic impact analysis. European Journal of
Obstetrics, Gynecology, and Reproductive Biology. 2017;
210: 286-91.

Voon HY, Shafie AA, Bujang MA, Suharjono HN. Cost
effectiveness analysis of carbetocin during cesarean section in
a high volume maternity unit. Journal of Obstetrics And
Gynaecology Research 2018; 44: 109-16.

Lambert P, Nguyen TH, McEvoy C, et al. Quality of oxytocin
ampoules available in health care facilities in the Democratic
Republic of Congo: an exploratory study in five provinces.
Journal of Global Health 2018; 8:020415.

Kartoglu U, Widmer M, Gulmezoglu M. Stability of oxytocin
along the supply chain: A WHO observational study.
Biologicals 2017;50: 117-24.

Malm M, Madsen |, Kjellstrém J. Development and stability of a
heat-stable formulation of carbetocin for the prevention of
postpartum haemorrhage for use in low and middle-income
countries. Journal of Peptide Science 2018; 24: e3082.

Gallos ID, Williams HM, Price MJ, et al. Uterotonic agents
for preventing postpartum haemorrhage: a network meta-
analysis. Cochrane Database of Systematic Reviews 2018;
4: CD011689.

Liabsuetrakul T, Choobun T, Peeyananjarassri K, Islam QM.
Prophylactic use of ergot alkaloids in the third stage of labour.
Cochrane Database of Systematic Reviews 2018; 6: CD005456.
Tuncalp O, Hofmeyr GJ, Giilmezoglu AM. Prostaglandins for
preventing postpartum haemorrhage. Cochrane Database of
Systematic Reviews 2012; 8: CD000494.

Hofmeyr GJ, Walraven G, Gulmezoglu AM, Maholwana B,
Alfirevic Z, Villar J. Misoprostol to treat postpartum
haemorrhage: a systematic review. British Journal of Obstetrics
and Gynaecology 2005; 112: 547-53.

Harber CR, Levy DM, Chidambaram S, Macpherson MB. Life-
threatening bronchospasm after intramuscular carboprost for
postpartum haemorrhage. British Journal of Obstetrics and
Gynaecology 2007; 114: 366-8.

Sunil Kumar KS, Shyam S, Batakurki P. Carboprost versus
oxytocin for active management of third stage of labor: a
prospective randomized control study. Journal of Obstetrics
and Gynecology of India 2016; 66: 229-34.

©2019 Association of Anaesthetists

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Schmitz T, Tararbit K, Dupont C, et al. Prostaglandin E2
analogue sulprostone for treatment of atonic postpartum
hemorrhage. Obstetrics and Gynecology 2011; 118: 257-65.
Lampati L, Colantonio LB, Calderini E. Cardiac arrest during
sulprostone administration-a case report. Acta
Anaesthesiologica Scandinavica 2013; 57: 395-7.

Butwick AJ, Carvalho B, Blumenfeld YJ, El-Sayed YY, Nelson
LM, Bateman BT. Second-line uterotonics and the risk of
hemorrhage-related morbidity. American Journal of Obstetrics
and Gynecology 2015; 212: e1-7.

Collins PW, Bell SF, de Lloyd L, Collis RE. Management of
postpartum haemorrhage: from research into practice, a
narrative review of the literature and the Cardiff
experience. International Journal of Obstetric Anesthesia
2019; 37: 106-17.

Shields LE, Smalarz K, Reffigee L, Mugg S, Burdumy TJ, Propst
M. Comprehensive maternal hemorrhage protocols improve
patient safety and reduce utilization of blood products.
American Journal of Obstetrics and Gynecology 2011; 205:
el1-8.

Adnan N, Conlan-Trant R, McCormick C, Boland F, Murphy DJ.
Intramuscular  versus intravenous oxytocin to prevent
postpartum haemorrhage at vaginal delivery: randomised
controlled trial. British Medical Journal 2018; 362: k3546.
Yentis SM, Randall K. Drug errors in obstetric anaesthesia: a
national survey. International Journal of Obstetric Anesthesia
2003;12:246-9.

Ross MJ, Wise A. Accidental epidural administration of
Syntocinon. International Journal of Obstetric Anesthesia 2012;
21:203-4.

Jensen LS, Merry AF, Webster CS, Weller J, Larsson L.
Evidence-based strategies for preventing drug
administration errors during anaesthesia. Anaesthesia 2004;
59: 493-504.

Marshall SD, Chrimes N. Medication handling: towards a
practical, human-centred approach. Anaesthesia 2019; 74:
280-4.

Lilley G, Burkett-St-Laurent D, Precious E, et al. Measurement of
blood loss during postpartum haemorrhage. International
Journal of Obstetric Anesthesia 2015; 24: 8-14.

15



