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Oxytocin

• Adverse effects 

• Receptor desensitisation 

• Down regulation



Oxytocin - adverse effects

• Cardiovascular 
• Hypotension 
• Arrhythmias 
• Myocardial ischemia 
• Increased pulmonary artery pressure 

• Nausea & vomiting 

• Headache 

• Flushing
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A RELATIONSHIP BETWEEN ADRENALINE AND THE MODE
OF ACTION OF OXYTOCIN AND OESTROGEN

ON VASCULAR SMOOTH MUSCLE

BY A. L. HAIGH, SYBIL LLOYD AND MARY PICKFORD
From the Departments of Veterinary Physiology, and of

Physiology, The University, Edinburgh

(Received 30 October 1964)

Papers already published report that in the normal mammals so far
examined (man, dog and rat, both sexes) oxytocin dilates a number of
vascular beds (Lloyd, 1959a, b; Lloyd & Pickford, 1961; see Haigh,
Kitchin & Pickford, 1963). This dilator effect is converted to a constrictor
one following chemical blockage of ganglia or peripheral sympathetic
nerves, after surgical sympathectomy of the part, and after administra-
tion of reserpine. The same change is also induced by subcutaneous or
intravenous administration of oestrogens, or when the animal (rat) is in
natural oestrus. As a first step towards elucidating the mechanism of the
identical change in the response to oxytocin induced by procedures as
diverse as oestrogen administration and interference with the sympathetic
nervous system, it was decided to attempt restoration of the dilator effect
of oxytocin after having caused the appearance of the constrictor one.
This paper is chiefly concerned with experiments made to this end on a
number of dogs and on two monkeys. Brief reference to some of these
results has already been made (Haigh, Lloyd & Pickford, 1964; Pickford,
1964).

METHODS
The observations were made on a number of dogs of both sexes and on two female

monkeys. All but two of the experiments were acute ones in which the animals were
anaesthetized with pentobarbitone, 26 5 mg/kg body weight, given intravenously; the
animals also received heparin, 5 mg/kg body weight intravenously. Mean blood pressure
was recorded by mercury manometer from the carotid artery. Blood flow through the hind
limb was measured by means of a Pavlov (1887) stromuhr inserted between the cut ends
of the femoral vein. When preparations were complete a period of 25-40 min was allowed
before observations were begun.

Chronic observations were made in one female and one male dog and, in these, leg flow
was measured by means of venous occlusion plethysmography. The diaphragm of the
plethysmograph was specially designed with an irregular ovoid opening shaped like the
cross-section of a dog's leg. The leg was inserted through this into a thin rubber bag made of
two breadths of 2 in. diameter colostomy tubing sealed together; in the usual way the rubber
bag was attached to the rim of the diaphragm across the opening of the plethysmograph.
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Objective To investigate whether there is a difference
in occurrence of electrocardiogram changes suggestive
of myocardial ischaemia between two different doses of
oxytocin.

Design Double-blind randomised controlled trial

Setting University hospital in Sweden.

Population A total of 103 healthy women undergoing elective
caesarean section under spinal anaesthesia.

Methods The participants were randomised to 5 or 10 units of
oxytocin, given as an intravenous bolus. A Holter monitor was
used to record electrocardiograms and non invasive blood
pressure and heart rate (HR) was monitored. A blood sample was
obtained 12-hour postoperatively.

Main outcome measures Depression of the ST segment.
Secondary outcomes: symptoms, Troponon I levels, mean arterial
pressure (MAP), HR and blood loss.

Results There was a significant difference in occurrence of ST
depressions associated with oxytocin administration, 4 (7.7%)
with 5 and 11 (21.6%) with 10 units, P < 0.05. The absolute risk
reduction was 13.9% (95% confidence interval, 0.5–27.3).
Decrease of mean MAP from baseline to 2 minutes differed, being
9 mmHg in the 5 unit group and 17 mmHg in the 10 unit group
(P < 0.01). The increase in mean HR did not differ. Troponin I
levels were increased in four subjects (3.9%). There were no
differences in occurrence of symptoms, Troponin I levels, or
estimated blood loss.

Conclusion ST depressions were associated with oxytocin
administration significantly more often in subjects receiving
10 units compared with 5 units. Interventions to prevent
hypotension during caesarean section may reduce the occurrence
of ST depressions on electrocardiograms.

Keywords Caesarean section, electrocardiography, heart,
hypotension, ischaemia, oxytocin, regional anaesthesia.

Please cite this paper as: Jonsson M, Hanson U, Lidell C, Nordén-Lindeberg S. ST depression at caesarean section and the relation to oxytocin dose.

A randomised controlled trial. BJOG 2010;117:76–83.

Introduction

Electrocardiogram (ECG) changes, suggestive of myocardial
ischaemia, have been observed in healthy women during
elective caesarean section under regional anaesthesia and
the incidence reported varies from 25% to 60%.1–4 An
association with oxytocin administration has recently been
described in a randomised trial using 10 units of oxytocin.5

Oxytocin, given as an intravenous bolus, causes transient
hypotension, a reflex tachycardia and an increase in cardiac
output, in healthy women undergoing caesarean section
under spinal anaesthesia.6–8 The magnitude of these effects
is dose-related.6,9 Coronary vaso-constriction has also been

described following oxytocin administration.10 Systemic
haemodynamic changes and/or coronary vasospasm may
impair the myocardial oxygen supply sufficiently to induce
ischaemia, which could be an explanation for the ECG
changes.5,11

The value of routine oxytocics in the third stage of caesar-
ean delivery to prevent excessive bleeding has been well estab-
lished and routine oxytocics are also recommended in
patients with cardiac disease.12–14 Doses of oxytocin, as well
as route of administration, vary widely in clinical practice and
many clinicians are not aware of all the adverse effects of oxy-
tocin.15,16 Oxytocin could be detrimental to women who are
hypovolemic and to women with cardiac disease.11,15,17–19
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Haemodynamic effects of oxytocin given as i.v. bolus or
infusion on women undergoing Caesarean section

J. S. Thomas,*, S. H. Koh and G. M. Cooper
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Background. The cardiovascular effects of oxytocin in animal models and women undergoing
Caesarean section include tachycardia, hypotension and decrease in cardiac output. These can be
sufficient to cause significant compromise in high-risk patients. We aimed to find a simple way to
decrease these risks whilst retaining the benefits of oxytocin in decreasing bleeding after delivery.

Method. We recruited 30 women undergoing elective Caesarean section. They were randomly
allocated to receive 5 u of oxytocin either as a bolus injection (bolus group) or an infusion over
5 min (infusion group). These women had their heart rate and intra-arterial blood pressure
recorded every 5 s throughout the procedure. The haemodynamic data, along with the estimated
blood loss, were compared between the groups.

Results.Marked cardiovascular changes occurred in the bolus group; the heart rate increased by
17 (10.7) beats min!1 [mean (SD)] compared with 10 (9.7) beats min!1 in the infusion group. The
mean arterial pressure decreased by 27 (7.6) mmHg in the bolus group compared with 8 (8.7) mm
Hg in the infusion group. There were no differences in the estimated blood loss between the
two groups.

Conclusion. We recommend that bolus doses should be used with caution, and further studies
should ascertain if oxytocin is equally effective in reducing blood loss when given at a slower rate.

Br J Anaesth 2007; 98: 116–19

Keywords: anaesthesia, obstetric anaesthesia; anaesthetic techniques, regional, spinal;
complications, cardiovascular; oxytocin

Accepted for publication: August 23, 2006

Oxytocin is given to women during Caesarean section to
decrease blood loss. When given as a rapid i.v. bolus, it
causes hypotension and tachycardia.1 Whilst its cardiovas-
cular side-effects are widely known there is little agreement
as to the mechanism by which they occur.2–5 Some studies
suggest that the preservative, chlorobutanol, is the cause of
these haemodynamic changes.6 The magnitude of these
effects is dose-related.7 However, these effects are not
widely appreciated by clinicians as highlighted in the Con-
fidential Enquiry into Maternal Deaths (CEMD) published
in 2001.8 The significant haemodynamic changes from
administering 10 u of oxytocin could have contributed to
the deaths of two women who were already cardiovascularly
unstable. More recently, Pinder and colleagues9 studied the
haemodynamic effects of i.v. boluses of oxytocin, 5 and
10 u, in women having Caesarean section under spinal
anaesthesia. The dose-related effects of oxytocin were
again confirmed.

Weis and colleagues7 showed that patients receiving an
infusion were more haemodynamically stable; these work-
ers used 10 u of oxytocin. We compared the effects of the
recommended dose (i.e. 5 u) of oxytocin10 when given as an
i.v. bolus or as an infusion over 5 min.

Methods
After approval and informed consent from the local Ethics
Committee was obtained, we recruited women undergoing
elective Caesarean section. They were randomly allocated to
receive oxytocin either as an i.v. bolus or infusion. Women
were excluded if they were known to have placenta praevia,
hypertension, diabetes mellitus or pre-eclampsia as these
could lead to cardiovascular instability during Caesarean
section. Also women were excluded if there was cardio-
vascular instability or technical problems in the time leading
up to the administration of oxytocin.

! The Board of Management and Trustees of the British Journal of Anaesthesia 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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5 IU over 5 minutes
5 IU in 5ml as quickly as possible
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Pulse rate changes with oxytocin
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Fig 1 Heart rate before and after oxytocin administration (time 0). The data points shown are the mean (2 SEM).

MAP changes with oxytocin
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Fig 2 Mean arterial pressure recordings before and after oxytocin administration (time 0). The data points are mean (2 SEM).

Thomas et al.

118

 at U
niversity of Basel / U

niversity Library on O
ctober 30, 2012

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

Br J Anaesth. 2006;98(1):116–9. 



The monitoring and anaesthetic techniques were the same
for all the women. They received ranitidine 150 mg and
sodium citrate 0.3 M (30 ml) on the morning of surgery.
On arrival at the theatre ECG and pulse oximetry monitoring
were commenced, and a radial arterial cannula and a large
bore i.v. cannula were sited under local anaesthesia.
Hartmann’s solution 500 ml was infused, and thereafter,
spinal anaesthesia was established in the sitting position
at L3/4 using 24G pencil point needles. Hyperbaric bupi-
vacaine 0.5% (2.4 ml) with fentanyl 25 mg were injected
intrathecally. Block height was measured by temperature
and fine touch bilaterally. Surgery was commenced once
the block reached T4 or above to cold sensation, and to
T6 to fine touch. Hypotension was treated with ephedrine
3 mg boluses aiming to restore mean arterial pressure
(MAP) to within 20% of preoperative values.

Oxytocin was administered at delivery either as an i.v.
bolus of 5 u diluted to 5 ml with normal saline given as
quickly as possible (approximately over 1 s), or 5 u diluted
to 15 ml with normal saline given over 5 min using a
Graseby infusion pump.

A laptop computer was used to retrieve and record the
data from a Datex anaesthetic monitor. MAP and heart rate
(HR) were recorded every 5 s. The study period started 15 s
before giving oxytocin, and it continued for a further 5 min.
The first 15 s were taken to provide baseline data. The next
5 min allowed us to compare the haemodynamic changes
between the two methods of administration of oxytocin. The
study period of 5 min was set after a small pilot study.

The estimated blood loss during Caesarean section was
recorded by the investigators. A difference in MAP of
10 mm Hg or above between the two groups was considered
clinically significant. For the study to have 90% power at
P<0.05, a sample of 13 patients per group was required.
Data were analysed using SPSS 12.0.1. for unpaired t-test
and generalized model for repeated measures test.

Results
Thirty women were successfully recruited. Two were
excluded from analysis; one developed bigeminy during
surgery before administration of oxytocin, and the other
required vasopressors in addition to the study protocol for
maintaining MAP after the onset of spinal anaesthesia.

The patient characteristics are shown in Table 1. A small
(3.6 yr) but statistically significant difference was seen in the
women’s ages in the two groups. Use of ephedrine, postop-
erative infusion of oxytocin (40 u over 4 h), and estimated
blood loss were similar in both groups. No ephedrine was
used during the study period.

Baseline MAP and HR were similar in both groups; mean
MAP bolus group 89 mmHg (SD 9.3), infusion group 87 mm
Hg (8.7), mean HR bolus group 102 beats min!1 (18.6),
infusion group 93 beats min!1 (13.4). A rapid increase in
HR of [mean (SD) 17 (10.7)] beats min!1 was seen at 35 s in
the bolus group, with an apparent rebound bradycardia

(<10 beats min!1) at 120 s (Fig. 1). In contrast, the HR
increased by 10 (9.7) beats min!1 in the infusion group,
a change which occurred slowly over the duration of the
infusion. The MAP changes are shown in Figure 2. A
decrease in MAP of up to 27 (7.6) mm Hg occurred at
35 s in the bolus group, with recovery to baseline at
110 s. The infusion group, in contrast, had a decrease in
MAP of up to 8 (8.7) mm Hg during the study period. These
cardiovascular changes in the two groups were statistically
significant with P<0.01.

Discussion
Our study shows that slower injection of oxytocin can
effectively minimize the cardiovascular side-effects of a
bolus dose without compromising the therapeutic benefits.

The cardiovascular effects of oxytocin have been
described previously but the extent of physiological com-
promise had not been described using intra-arterial measure-
ments. Our study demonstrated an average decrease in MAP
of 27 (7.6) mm Hg in healthy women having an elective
Caesarean section who received 5 u of oxytocin as a rapid
bolus. Two women had decreases in MAP of 45 mm Hg.
The women in our study took more than 90 s for their
MAP to return to baseline after the bolus injection. Whilst
this magnitude of decrease in MAP may be well tolerated
normally, it may not be desirable if there is concomitant
severe blood loss or when there is unsuspected myocardial
disease. It is interesting to note that during this reduction in
MAP there were no complaints of nausea or faintness. We
have no explanation for this other than the short period of
time that these women experienced the maximal reduction
in MAP.

The changes in HR were significantly different in the two
groups. The increase in the bolus group at 30 s could be
expected. It was interesting that it decreased to below
baseline at recovery of MAP. However, the gentler increase
of HR in the infusion group is preferable clinically. It is
reassuring to the anaesthetist who prefers to maintain car-
diovascular equipoise that this physiological insult can be
avoided simply by giving the oxytocin over 5 min. The
decrease in MAP of 8 (8.7) mm Hg and the small increase
in HR are certainly clinically preferable.

Table 1 The patient characteristics in the two groups. Data are given as mean
(SD) or numbers. *P<0.05

Bolus (n=14) Infusion (n=14)

Age (yr) 30.4 (4.6) 34.0 (4.5)
Indication for Caesarean section (CS)
Previous CS (n) 6 8
Breech (n) 2 4
Others (n) 6 2

Parity (median) 1 1
Ephedrine used (mg) 11.7 (12.1) 12.6 (0.9)
Estimated blood loss (ml) 680 (437) 600 (397)
Post-op oxytocin infusion (n) 7 8

I.V. oxyticin bolus vs infusion
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Hemodynamic Changes Associated with Spinal Anesthesia
for Cesarean Delivery in Severe Preeclampsia
Robert A. Dyer, F.C.A. (S.A.),* Jenna L. Piercy, F.C.A. (S.A.),† Anthony R. Reed, F.R.C.A.,† Carl J. Lombard, Ph.D.,‡
Leann K. Schoeman, F.C.O.G. (S.A.),§ Michael F. James, Ph.D."

Background: Hemodynamic responses to spinal anesthesia
(SA) for cesarean delivery in patients with severe preeclampsia are
poorly understood. This study used a beat-by-beat monitor of cardiac
output (CO) to characterize the response to SA. The hypothesis was
that CO would decrease from baseline values by less than 20%.

Methods: Fifteen patients with severe preeclampsia con-
sented to an observational study. The monitor employed used
pulse wave form analysis to estimate nominal stroke volume.
Calibration was by lithium dilution. CO and systemic vascular
resistance were derived from the measured stroke volume,
heart rate, and mean arterial pressure. In addition, the hemo-
dynamic effects of phenylephrine, the response to delivery and
oxytocin, and hemodynamics during recovery from SA were
recorded. Hemodynamic values were averaged for defined time
intervals before, during, and after SA.

Results: Cardiac output remained stable from induction of SA
until the time of request for analgesia. Mean arterial pressure
and systemic vascular resistance decreased significantly from
the time of adoption of the supine position until the end of
surgery. After oxytocin administration, systemic vascular resis-
tance decreased and heart rate and CO increased. Phenyleph-
rine, 50 !g, increased mean arterial pressure to above target
values and did not significantly change CO. At the time of
recovery from SA, there were no clinically relevant changes
from baseline hemodynamic values.

Conclusions: Spinal anesthesia in severe preeclampsia was
associated with clinically insignificant changes in CO. Phenyl-
ephrine restored mean arterial pressure but did not increase
maternal CO. Oxytocin caused transient marked hypotension,
tachycardia, and increases in CO.

ONLY since 1995, when the first randomized trial on the
use of regional versus general anesthesia for cesarean

delivery in severe preeclampsia was published,1 has spi-
nal anesthesia (SA) been considered an option in this
high-risk group of patients. As recently as 1998, an edi-
torial recommended that epidural anesthesia is prefera-
ble to SA for cesarean delivery,2 even if the patient has
not received epidural anesthesia in labor. Many recent
studies suggest that SA is safe in the absence of contra-
indications to regional anesthesia.3–6 Some studies have
shown less hypotension and lower vasopressor require-
ments than during SA in healthy parturients. One inves-
tigation found less hypotension during SA in severe pre-
eclamptics than in preterm women in whom fetal
weights were similar.4 This eliminated the possibility
that the more minor degree of hypotension was due to a
lesser degree of aortocaval compression in preeclamptic
patients. Nevertheless, hypotension and placental under-
perfusion remain a risk,7 and SA may be associated with
more neonatal acidosis than general anesthesia.8

Most studies have used heart rate (HR) and blood
pressure measurements as surrogate markers of maternal
cardiac output (CO). Although pulse and blood pressure
measurements are of value in assessing the safety of an
anesthetic technique, the true goal of SA for cesarean
delivery is to maintain maternal CO and uteroplacental
blood flow. In healthy patients, the maximum change in
CO has been shown to correlate better with uteropla-
cental blood flow than upper arm blood pressure.9 Fur-
thermore, in severe preeclampsia, an increased systemic
vascular resistance (SVR) could render blood pressure a
poor indicator of CO, but the information available on
such patients during SA is scanty. It was therefore de-
cided to investigate CO changes during SA for cesarean
delivery in severe preeclampsia. Our hypothesis was that
SA would result in a clinically insignificant change in CO
in these patients, other than at the time of oxytocin
administration. Also studied were the hemodynamic re-
sponses to vasopressors and to delivery and oxytocin. In
addition, an assessment was made of the hemodynamics
of recovery from SA.

Ultimately, a better understanding of the perioperative
hemodynamic changes could contribute to a reduction
in perioperative pulmonary edema, renal dysfunction,
eclampsia, and neonatal morbidity.

Materials and Methods

Fifteen patients were recruited to this prospective ob-
servational study of the hemodynamics of SA for cesar-

This article is accompanied by the following two Editorial
Views: Langesæter E: Is it more informative to focus on car-
diac output than blood pressure during spinal anesthesia for
cesarean delivery in women with severe preeclampsia? ANES-
THESIOLOGY 2008; 108:771–2; Pauca AL: Pressure wave analysis
is useful to understand the pathophysiology of preeclampsia,
but perhaps not the rapid changes during cesarean delivery.
ANESTHESIOLOGY 2008; 108:773–4.
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delivery at a rate that maintains baseline MAP.12 How-
ever, this technique was associated with a 47% incidence
of hypertension. In the current study, when target values
of MAP for vasopressor administration (a 20% decrease

in blood pressure) were reached, CO had not decreased
significantly, and in many cases had increased (table 4).
This suggests that maintaining blood pressure at the
baseline level in this patient population during SA may

Fig. 3. Ensemble of hemodynamic changes after the administration of oxytocin. (A) Heart rate (HR). At peak effect, HR increased
from 84.7 (12.6) to 101.5 (15.9)* beats/min. (B) Mean arterial pressure (MAP). At peak effect, MAP decreased from 114.3 (15.0) to 80.6
(15.3)* mmHg. (C) Stroke volume (SV). At peak effect, SV increased from 82.9 (15.9) to 89.1 (17.3) (not significant). (D) Cardiac output
(CO). At peak effect, CO increased from 7.0 (1.5) to 9.1 (2.3)* l/min. (E) Systemic vascular resistance (SVR). At peak effect, SVR
decreased from 1,295 (252) to 718 (282)* dyn ! s ! cm!5. * Value significantly different from baseline and postdelivery; P < 0.01.
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decreased from 1,295 (252) to 718 (282)* dyn ! s ! cm!5. * Value significantly different from baseline and postdelivery; P < 0.01.
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Oxytocin Requirements at Elective Cesarean Delivery:
A Dose-Finding Study

José C. A. Carvalho, MD, PhD, Mrinalini Balki, MD, John Kingdom, MD, and Rory Windrim, MD

OBJECTIVE: Oxytocin is frequently used by intravenous
bolus and infusion to minimize blood loss and prevent
postpartumhemorrhage at cesarean delivery. Current dos-
ing regimens are arbitrary whereas large doses may pose a
serious risk to the mother. The purpose of this study was to
estimate the minimum effective intravenous bolus dose of
oxytocin (ED90) required for adequate uterine contraction
at elective cesarean in nonlaboring women.
METHODS: A randomized, single-blinded study was under-
taken in 40 healthy term pregnant women presenting for
elective cesarean under spinal anesthesia. Oxytocin was
administered by bolus according to a biased coin up-and-
down sequential allocation scheme with increments or dec-
rements of 0.5 IU. Uterine contraction was assessed by the
obstetrician, who was blinded to the dose of oxytocin, as
either satisfactory or unsatisfactory. After achieving sus-
tained uterine contraction, an infusion of 40 mU/min of
oxytocin was started. Oxytocin-induced adverse effects and
intraoperative complications were recorded and blood loss
was estimated. Data were interpreted by parametric anal-
ysis based on logistic regression model and nonparametric
analyses at 95% confidence intervals (CIs).
RESULTS: The ED90 of oxytocin as determined by logistic
regression model fitted to the data was estimated to be 0.35
IU (95%CI 0.18–0.52 IU), with nonparametric estimates of
97.1% (95% CI 84.9–99.8%) response rate at 0.5 IU, and
100% (95% CI 92.2–100%) at 1.0 IU. The estimated blood
loss was 693 ! 487 mL (mean ! standard deviation).
CONCLUSION: The bolus dose of oxytocin used at elective
cesarean deliveries in nonlaboring women can be signifi-
cantly reduced while maintaining effective uterine contrac-
tion. Alteration in practice will likely reduce the potential
adverse effects of this drug when given in large bolus doses,
butmay requiremodification of the techniques to remove the
placenta. (Obstet Gynecol 2004;104:1005–10. © 2004 by
The American College of Obstetricians and Gynecologists.)

In many institutions, oxytocin is routinely administered
by intravenous bolus and infusion at cesarean delivery
after delivery of the fetus. Oxytocin promotes uterine
contraction, thereby reducing blood loss from the pla-

cental site. However, when given in large doses and as a
rapid bolus, oxytocin is associated with various adverse
effects, including hypotension, nausea, vomiting, chest
pain, headache, flushing, and myocardial ischemia.1,2

For these reasons, the manufacturer’s instructions do not
recommend bolus administration.
A variety of regimens for administration of oxytocin

have been described previously but appear to be empir-
ical.3–6 Furthermore, the minimum effective dose of
oxytocin at cesarean delivery has not yet been estab-
lished. The purpose of our study was therefore to esti-
mate the minimum effective dose (ED90) of oxytocin
required to produce adequate uterine contraction at elec-
tive cesarean delivery in nonlaboring women.

MATERIALS AND METHODS
After obtaining approval from the Research Ethics
Board at Mount Sinai Hospital, a randomized, single-
blinded study was performed with 40 healthy term preg-
nant women scheduled for elective cesarean delivery.
Patients were recruited between October 1, 2003, and
January 21, 2004, and 20 surgeons were involved in the
study. All patients with conditions that predispose to
uterine atony and postpartum hemorrhage such as pla-
centa previa, multiple gestation, preeclampsia, macroso-
mia, hydramnios, uterine fibroids, history of uterine
atony and postpartum bleeding, or bleeding diathesis
were excluded from the study. A written informed con-
sent was obtained from the patients before enrollment in
the study. All patients received 30 mL of 0.3 mol/L
sodium citrate orally, 30 minutes before the institution of
spinal anesthesia. Baseline blood pressure (BP) and heart
rate were calculated as the mean of 3 readings, 2 minutes
apart, recorded in the admitting unit using an automated
noninvasive BP device. An 18G peripheral intravenous
line was inserted and 10 mL/kg of lactated Ringer’s
solution was given as preload.
After skin disinfection and local infiltration, a sub-

arachnoid puncture was performed in the sitting position
at L2–3 or L3–4 interspace using a 27G Whitacre needle.
Anesthetic blockade of up to a T4 dermatomal level was
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mated with a standard error of less than 0.21 IU, if a
sample of 30 patients was used. With 40 patients, the
standard error of ED90 would be less than 0.18 IU, 80%
of the time. The simulation used 10,000 replications.

RESULTS
Forty term pregnant women (age 35.2 ! 4.1 years;
weight 79.3 ! 17.1 kg; height 162.8 ! 9.1 cm; mean !
standard deviation) were studied. Three patients re-
ceived no initial oxytocin bolus, 31 patients received 0.5
IU, and 6 patients received 1 IU of initial bolus of
oxytocin (Table 1). Based on the logistic regression
model fitted to the data, it was estimated that the dose at
which 90% of the women would respond (ED90) was
0.35 IU (standard error 0.09 IU). The 95% CI for ED90
is 0.18–0.52 IU. Figure 1 presents the fitted response

curve with the corresponding 95% CI. The likelihood
ratio test comparing the logistic model (2 degrees of
freedom) with the saturated model (3 degrees of free-
dom) produced a !2 statistic of 0.035 (1 degree of free-
dom) with a P value of .85. Therefore, there was no
evidence of lack-of-fit in the logistic model.
There was strong evidence of a trend in decreasing
response time with initial increasing dose (P " .005
based on the Jonckheere-Terpstra test) (Table 1). If the
actual response time is treated as censored for the 3
patients who did not respond to the initial dose (because
their response time would presumably have been longer,
had the additional bolus not been given), the evidence in
favor of a trend is even stronger (P " .001). However,
this result is mainly due to the slow response at the zero
dose, and there is no evidence that the 0.5 IU and 1.0 IU
doses differ from each other with respect to response
time (P " .19). Most patients (33 out of 37) developed
adequate uterine contraction within 3 minutes at 0.5 IU
and 1 IU of initial oxytocin dose, whereas patients who
received no oxytocin either required more than 3 min-
utes or did not respond.
The proportion of patients responding at each dose
level (or a lower dose) is a nonparametric alternative to
the logistic model, and is plotted in Figure 1. Table 2
gives the empirical estimate at each dose, with 95% CIs.
This nonparametric approach is basically in agreement
with the logistic model, with ED90 expected to be less
than 0.5 IU, although the more conservative conclusion,
based on the lower range of the 95% CI, is that it may lie

Table 1. Frequency of Patients by Response Time and
Initial Dose

Minutes for
response

Initial oxytocin dose

0.0 IU 0.5 IU 1.0 IU

1 0 5 2
2 0 12 3
3 0 10 1
4 2* 2 0
5 0 1 0
6 1* 0 0
7 0 1* 0
Total 3 31 6

* Indicates the 3 patients who did not respond to the initial dose.

Fig. 1. Logistic response curve
(solid curve) with 95% confi-
dence bands (dashed curves).
Horizontal reference line at 90%
response identifies oxytocin
(ED90) at 0.35 IU (95% CI 0.18–
0.52 IU). Estimates of the re-
sponse rate at each dose level
(solid dot) with 95% confidence
intervals (vertical bars) indicate
an adequate fit of the logistic
model.
Carvalho. Oxytocin After Cesarean
Delivery. Obstet Gynecol 2004.
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Minimum Oxytocin Dose Requirement After
Cesarean Delivery for Labor Arrest
Mrinalini Balki, MD, Michael Ronayne, MD, Sharon Davies, MD, Shafagh Fallah, PhD,
John Kingdom, MD, Rory Windrim, MD, and José C. A. Carvalho, MD, PhD

OBJECTIVE: To estimate the minimum effective intrave-
nous dose of oxytocin required for adequate uterine
contraction after cesarean delivery for labor arrest.

METHODS: A randomized single-blinded study was un-
dertaken in 30 parturients undergoing cesarean deliveries
under epidural anesthesia for labor arrest despite intra-
venous oxytocin augmentation. Oxytocin was adminis-
tered as a slow intravenous bolus immediately after
delivery of the infant, according to a biased coin up-
down sequential allocation scheme. After assisted spon-
taneous delivery of the placenta, the obstetrician,
blinded to the oxytocin dose, assessed uterine contrac-
tion as either satisfactory or unsatisfactory. Additional
boluses of oxytocin were administered as required, fol-
lowed by a maintenance infusion. Data were interpreted
and analyzed by a logistic regression model at 95%
confidence intervals.

RESULTS: All patients received oxytocin infusions at a
mean ! standard deviation of 9.8 ! 6.3 hours before
cesarean delivery (maximum infusion dose 10.3 ! 8.2
mU/min). The minimum effective dose of oxytocin re-
quired to produce adequate uterine response in 90% of
women (ED90) was estimated to be 2.99 IU (95% confi-
dence interval 2.32–3.67). The estimated blood loss was
1,178 ! 716 mL.
CONCLUSION: Women requiring cesarean delivery for
labor arrest after oxytocin augmentation require approx-
imately 3 IU rapid intravenous infusion of oxytocin to
achieve effective uterine contraction after delivery. This

dose is 9 times more than previously reported after elective
cesarean delivery in nonlaboring women at term, suggest-
ing oxytocin receptor desensitization from exogenous oxy-
tocin administration during labor. Therefore, alternative
uterotonic agents, rather than additional oxytocin, may
achieve superior uterine contraction and control of blood
loss during cesarean delivery for labor arrest.
(Obstet Gynecol 2006;107:45–50)

LEVEL OF EVIDENCE: I

Oxytocin is the drug of choice both for induction
and augmentation of labor, as well as for achiev-

ing uterine contraction after delivery, whether spon-
taneous or operative. Prophylactic oxytocin is com-
monly administered after delivery of the infant or
placenta and has been shown to reduce the incidence
of postpartum hemorrhage by up to 40 %.1,2

Several empirical regimens have been proposed
for oxytocin administration during cesarean delivery,
and this has led to many different practices in its
administration worldwide.3–8 These protocols usually
recommend a fixed dose of oxytocin, irrespective of
the indication for cesarean delivery. In a previous
study we estimated the minimum effective dose
(ED90) of oxytocin required to produce adequate
uterine contraction after elective cesarean delivery in
nonlaboring women, noting that such women re-
quired much lower doses than those commonly ad-
ministered in many centers.9

Laboring women requiring cesarean delivery
constitute a subset of patients that may exhibit an
unpredictable response to oxytocin, because either
prolonged labor or use of intravenous oxytocin to
augment labor may desensitize the uterus and render
it less responsive to the same drug during cesarean
delivery. Therefore, the purpose of this study was to
estimate the minimum effective dose (ED90) of oxyto-
cin to produce adequate uterine contraction after
cesarean delivery for labor arrest in women who had
received oxytocin during labor.
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loss and oxytocin-related side effects. For the purpose
of this study, the minimum effective dose of oxytocin
was defined to be that at which adequate response
would occur in 90% of patients, ie, ED90.

Sample size was calculated by computer simula-
tion using 10,000 replications. Based on clinical ex-
perience, it was expected that 50% of patients would
respond to an initial oxytocin dose of 2.5 IU and 90%
to 5 IU. Assuming that the actual response was
described by a 2-parameter logistic curve with these
properties, a simulation of the proposed sequential
allocation scheme determined that 80% of the time
the minimum effective dose (ED90) could be estimated
with a standard error of less than 1.27 IU if a sample
of 30 patients was used.

A logistic regression model was used to estimate
the ED90. Evidence of an association between the
initial oxytocin dose and response time was assessed
using the Jonckheere-Terpstra test, which is a non-
parametric test for ordered differences between class-
es.11 It tests the null hypothesis of no difference
between classes. Patients who did not respond to the
initial oxytocin bolus were treated as being interval-
censored between the first and second dose. Exact
2-tailed P values were used. The linear association
between continuous variables was measured using the
parametric Pearson correlation coefficient and the
nonparametric Spearman correlation coefficient, as
appropriate. The Shapiro-Wilk test was used to test
for normality.12 All of the analyses were done in Splus
6.1 and SAS 8.2 (SAS Institute Inc., Cary, NC).

Blood loss was estimated by the difference in
hematocrit values assessed before and at 48 hours
after cesarean delivery according to the following
formula: estimated blood volume (preoperative he-
matocrit – postoperative hematocrit)/preoperative he-
matocrit, where estimated blood volume in milliliters
is measured as the patient’s weight in kilograms x 85
(Shook PR, Schultz JR, Reynolds JD, Spahn TE,
DeBalli P. Estimating blood loss for cesarean section:
how accurate are we? Anesthesiology 2003; 98 supp:
A1). Any adverse effects occurring before and after
delivery, such as hypotension, dysrhythmias, nausea,
vomiting, chest pain, shortness of breath, headache,
flushing, and shivering were recorded.

RESULTS
Thirty pregnant women at 37 to 41 weeks gestation of
mixed parity, requiring primary or repeat cesarean
deliveries for arrest of labor, were studied (Table 1).
All patients received oxytocin for either induction or
augmentation of labor. Arrest of cervical dilation was
recognized in 26 patients and arrest of descent in 4

patients. Five patients had a temperature 38.0°C or
more. For cesarean delivery, all patients received
epidural 2% CO2 lidocaine with 1:200,000 epineph-
rine (mean 17.1 ! 3.1 mL standard deviation) and
attained a median dermatomal block height of T4.

Based on the logistic regression model fitted to
the data, it was estimated that the dose at which 90%
of the women would respond with adequate uterine
contraction (ED90) was 2.99 IU (standard error 0.34
IU). The 95% confidence interval for ED90 was 2.32–
3.67 IU. Figure 1 represents the fitted response curve
with the corresponding 95% confidence interval. Ta-

Table 1. Demographics and Labor Details
Measure Value

Number of patients 30
Age (y) 32.7 ! 4.4
Weight (kg) 79.2 ! 16.5
Height (cm) 161.4 ! 6.8
Gestational age (wk) 39.9 ! 1.1
Primigravida 20
Multigravida 10
Duration of first stage (h) 15.7 ! 6.3
Oxytocin infusion duration during labor (h) 9.8 ! 6.3
Maximum oxytocin dose during labor (mU/min) 10.3 ! 8.2
Cervical dilation at the time of diagnosis (cm) 6.3 ! 2.5
Arrest of cervical dilation 26
Arrest of descent 4
Maximum temperature during labor (°C) 37.4 ! 0.61
Primary cesarean delivery 28
Repeat cesarean delivery 2
Estimated blood loss (mL) 1,178.2 ! 716.7

Values are n or mean ! standard deviation.

Fig. 1. Dose–response curve for oxytocin: logistic response
curve (solid curve) with predicted probabilities and 95%
confidence bands (dashed curves) for probability of the
response as a function of the initial oxytocin dose. Hori-
zontal reference line at 0.9 probability identifies ED90 of
oxytocin at 2.99 IU (standard error 0.34 IU,95% confidence
interval 2.32–3.67 IU).
Balki. Labor Arrest, Cesarean Delivery, and Oxytocin. Obstet
Gynecol 2006.
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EDITORIAL

Oxytocin protocols during cesarean delivery: time to
acknowledge the risk/benefit ratio?

A hormone discovered and synthesized over 50 years
ago, oxytocin is currently used in the majority of births
in developed countries and a growing number of births
in the developing world.1 Commonly employed to
induce or augment the process of labor to effect vaginal
delivery, oxytocin is also used as the first line drug to
restore uterine tone and minimize postpartum blood loss
following cesarean delivery. The purpose of this edito-
rial, which is echoed in the review article by Dyer and
colleagues in this issue of IJOA,2 is to illuminate the
risks associated with large intravenous (i.v.) bolus doses
of oxytocin administered during cesarean delivery and
to advocate an evidenced-based, infusion approach to
dosing.

The administration of oxytocin is associated with sig-
nificant maternal, fetal, and neonatal adverse events.
Maternal arrhythmias, hypotension, uterine hyperstimu-
lation and hyponatremia,3,4 fetal decreases in oxygen sat-
uration (SaO2) related to contraction frequency,5,6 and
neonatal seizures, hyperbilirubinemia, or retinal hemor-
rhage7,8 have been reported following oxytocin use. Dur-
ing cesarean delivery, with oxytocin administered
following delivery, maternal morbidity and mortality
are the most relevant concerns. The 1997–99 triennial
audit of the Confidential Enquiries intoMaternal Deaths
in the United Kingdom (UK), reported the deaths of two
women from cardiovascular instability following an i.v.
bolus of oxytocin 10 IU.9 Awareness of these deaths re-
sulted in a dose reduction in the UK to an i.v. bolus of
5 IU;2 however, even this dose, and the method of
administration, may cause hypotension, tachycardia, de-
creased free water clearance, peripheral flushing, nausea,
emesis and signs of myocardial ischemia.10–13

Although practitioners may be aware of these risks,
the associated professional liability is the proverbial
mountain hidden in plain sight: oxytocin remains the
drug most commonly associated with preventable
adverse events during childbirth, and the drug impli-
cated in nearly half of all paid obstetric litigation
claims.14 Moreover, the United States Food and Drug
Administration (FDA) has placed a black box warning
restricting oxytocin use (during labor) to medical indi-
cations.15 Furthermore, the Institute for Safe Medica-
tion Practices (ISMP), an independent, nonprofit
organization whose recommendations are utilized by

groups including the Joint Commission in evaluating
medication safety, recently added oxytocin to the list
of high-alert medications.16 This distinction, which
identifies drugs ‘‘bearing a heightened risk of harm
when used in error’’ that may ‘‘require special safe-
guards to reduce the risk of error’’, has been applied
to only 11 other specific drugs.16

In an effort to improve patient safety, the cause célè-
bre of the contemporary medical community, practitio-
ners have questioned the high-dose, non-standardized
oxytocin practices currently in use.17–19 The re-evalua-
tion of oxytocin acknowledges the unpredictable thera-
peutic index (in which a given dose can result in either
hypertonic contractions or no discernable effect), use
of excessive starting doses, lack of a predetermined,
lock-step protocol that predicates increasing doses on
determination of insufficient lower doses, and practices
that contribute to normalization of deviance (degrada-
tion of professional or technical standards based on
individual experience).17–19 Interestingly, this call to
action stops abruptly at the door of the operating room,
despite literature demonstrating that common clinical
practices result in unnecessary, excessive oxytocin doses.
In non-laboring women undergoing cesarean delivery, a
‘ceiling effect’ of oxytocin 5 IU is witnessed, beyond
which no further improvement in uterine tone and blood
loss is observed;20 in laboring women, high doses of oxy-
tocin did not obviate the need for additional uterotonic
agents.12 Interestingly, a small loading dose of oxytocin
(ED 90 = 0.35 IU) has been determined to be sufficient
in producing adequate uterine contractions during elec-
tive cesarean deliveries in non-laboring women;22 a sim-
ilarly low loading dose (ED 90 = 2.99 IU) is required in
laboring women.23 Women who have received oxytocin
augmentation for labor have greater blood loss despite
higher oxytocin doses; this appears to originate from
signal attenuation and desensitization of the oxytocin
receptors, in a time and concentration dependent man-
ner.24–27 Similarly, continued high-dose oxytocin expo-
sure in the postpartum period may also lead to acute
receptor desensitization and render the myometrium less
responsive to additional oxytocin.27

The current guidelines for the administration of oxy-
tocin during cesarean delivery are diverse, empiric, and
vague. The most recent editions of major obstetric
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3 3 U loading dose (slow !)
3 minutes assessment
3 U rescue dose
3 total doses (1 loading, 2 rescue)
3 U/L @ 100 ml/h maintenance
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ABSTRACT

Background: Little is known about maternal hemodynam-
ics after Cesarean delivery. Uterine contractions may increase 
cardiac output. Oxytocin is the first-line treatment for uter-
ine atony, although the effects of the long-acting oxytocin 
analogue carbetocin are comparable with that of oxytocin. 
The authors analyzed the effects of i.v. oxytocin 5 U, carbe-
tocin 100 µg, and placebo on hemodynamics, uterine tone, 
adverse events, and blood loss after Cesarean delivery.
Methods: This was a randomized, double-blinded, placebo-
controlled, parallel-group comparison of carbetocin and 
oxytocin after elective Cesarean delivery of singletons under 
spinal anesthesia (n = 76). Continuously measured invasive 
systolic arterial pressure was the primary outcome measure.
Results: The mean systolic arterial pressure decrease was 
28 mmHg (95% CI, 22–34) after oxytocin and 26 mmHg (95% CI, 20–31) after carbetocin. The decrease was great-

est after 80 (95% CI, 71–89) and 63 s (95% CI, 55–72), 
respectively (P = 0.006). The differences were nearly unde-
tectable after 2.5 min, although the effect of carbetocin was 
slightly greater than placebo (P < 0.001). The group differ-
ences in systolic arterial pressure decreased over 5 min and 
were gone at 1 h. Heart rate and cardiac output increased in 
all three groups. Stroke volume increased after oxytocin and 
carbetocin but was unchanged after placebo.
Conclusions: The hemodynamic side effects of oxytocin 
5 U and carbetocin 100 µg were comparable. The lack of an 
increase in stroke volume in the placebo group challenges 
the theory that uterine contraction causes autotransfusion of 
uterine blood, leading to an increase in preload.

POSTPARTUM hemorrhage remains a major health-
care problem and is a leading cause of maternal mor-

tality and morbidity in developing countries.1 The leading 
cause of postpartum hemorrhage is uterine atony. Surpris-
ingly, the incidence of severe bleeding caused by uterine 
atony has increased in recent years even in some developed 
countries.2 Administration of medications that increase 
uterine tone is important for preventing postpartum hem-
orrhage, but the usual first-line treatment, oxytocin, may 
put the woman in labor at risk for hypotension due to its 
prominent vasodilation effect.3–5 Slow administration of 
reduced dosages of oxytocin is recommended for healthy 
women, and caution is needed for women in labor who 
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Discussion
Previous studies have shown that oxytocin and carbetocin 
have hemodynamic side effects of comparable magnitude 
and duration, whereas the uterotonic effect of carbetocin is 

documented to be significantly longer than that of oxyto-
cin.21 In this study, we found that the HR elevation after car-
betocin lasted slightly longer than after oxytocin (fig. 2D), 
which may be of clinical interest for pregnant women with 
increased risk of cardiac events. Apart from this, none of our 
observed differences between carbetocin and oxytocin, even 
those that were statistically significant, have obvious clinical 
impact or relevance in healthy pregnant women.

The hemodynamic side effects of carbetocin and oxytocin 
were compared previously in a randomized study.13 That study 
measured noninvasive blood pressure, HR, and hemodynamic 
variables estimated by impedance cardiography. Due to 
technical problems with the monitoring device, the drop-
out rate was substantial, and only 56 of 84 included patients 
were analyzed. There was an increase in HR of 18 and 14 
beats/min after 10-s injections of oxytocin 5 U or carbetocin 
100 µg, respectively. The HR declined below baseline 200 s 
after injection in their oxytocin group, and to a lesser extent, 
270 s after injection in the carbetocin group. Systolic blood 
pressure decreased by 27 and 23 mmHg, respectively, with 
no statistically significant differences in the hemodynamic 
variables. Overall, their results were comparable with ours. 
The strengths of our trial are that we measured blood pressure 
and hemodynamic variables invasively and continuously, we 
analyzed all included patients, and the statistical power was 
greater. In addition, we included a placebo group.

Compared with placebo, the differences in the hemody-
namic effects of carbetocin and oxytocin were both statisti-
cally and clinically significant (fig. 3). The women that were 
randomized to placebo were hemodynamically more stable, 
and the observed increase in blood pressure and HR may 
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Fig. 3. Estimated cardiac output (A), stroke volume (B), 
and systemic vascular resistance (C) in the three treatment 
groups the minute before and 8 min after intervention (inter-
vention = time 0) presented as the percentage change from 
baseline representing measurements from the last 30 s before 
 uterotomy.
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Fig. 4. Corrected estimated blood loss (ml) in the three treat-
ment groups presented as boxplots.

Table 4. Median Numeric Rating Scale Scores of Uterus 
Contraction (Interquartile Range)

Placebo Oxytocin Carbetocin

Time, min
 1 6 (2) 7 (2) 7 (2)
 2.5 6 (2) 8 (1.25) 7 (2)
 5 6 (1) 8 (1) 7 (2)

Table 5. Side Effects

Placebo Oxytocin Carbetocin

No side effect 23 (of 25) 17 (of 26) 16 (of 25)
Feeling of warmth 1 2 2
Chest pain 0 2 2
Shortness of breath 0 0 1
Palpitations 0 3 0
Flushing 1 2 0
Headache 0 3 2
Nasal congestion 0 1 1
Xerostomia 0 0 1
Metallic taste 0 1 0
Total 2 14 9
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Abstract
Purpose The primary objective of our study was to
determine the minimum intravenous dose of carbetocin
required to produce adequate uterine contraction in 95%
of women (effective dose [ED]95) undergoing elective
Cesarean delivery (CD).
Methods Eighty term pregnant women with low risk for
postpartum hemorrhage (PPH) undergoing elective CD
under spinal anesthesia were randomly allocated to receive
carbetocin intravenously in doses of 80 lg, 90 lg, 100 lg,
110 lg, or 120 lg upon delivery. The consultant obstetri-
cian evaluated the efficacy of the patient’s uterine tone as
satisfactory or unsatisfactory. In case of unsatisfactory
uterine tone, additional uterotonics were administered as
per routine institutional practice. Side effects were moni-
tored during the study period. The main outcome measure
was satisfactory uterine tone at two minutes after car-
betocin administration.
Results Satisfactory uterine tone was obtained in 70
subjects (87%) within the dose range of 80-120 lg of

carbetocin. It was not possible to calculate the ED95 of
carbetocin due to the even distribution of women with
satisfactory uterine tone across all dose groups
(P = 0.99). Similarly, the side effects were similar across
all dose groups. There was a high overall incidence of
hypotension (55%) following the administration of
carbetocin.
Conclusions In women at low risk for PPH undergoing
elective CD, carbetocin doses of 80-120 lg are similarly
effective. There is a high incidence of hypotension asso-
ciated with carbetocin in these doses, and further studies
with doses lower than 80 lg are warranted to assess the
balance of efficacy and side effects. This trial was regis-
tered at www.clinicaltrials.gov (NCT01262742).

Résumé
Objectif L’objectif principal de notre étude était de
déterminer la dose intraveineuse minimum de carbétocine
nécessaire pour obtenir une contraction utérine appropriée
chez 95 % des femmes (dose efficace [DE]95) subissant une
césarienne programmée.
Méthodes Quatre-vingts femmes enceintes à terme ayant
un faible risque d’hémorragie du postpartum subissant une
césarienne programmée sous rachianesthésie ont été
randomisées pour recevoir des doses intraveineuses de
80 lg, 90 lg, 100 lg, 110 lg ou 120 lg de carbétocine au
moment de l’accouchement. L’obstétricien a évalué
l’efficacité du tonus utérin de la patiente comme satisfaisant
ou non satisfaisant. En cas de tonus utérin non satisfaisant,
des médicaments utérotoniques supplémentaires ont été
administrés conformément aux pratiques habituelles de
l’établissement. Les effets indésirables ont été surveillés
pendant la durée de l’étude. Le critère de jugement principal
a été un tonus utérin satisfaisant deux minutes après
l’administration de carbétocine.
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The minimum effective dose of oxytocin required to

provide adequate uterine contractility at CD has been
shown to be less than that traditionally used.14,15 Small

intravenous loading doses as low as 0.5 IU provided ade-

quate uterine contractility at elective CD in a population
similar to our study.14 Considering that carbetocin is an

oxytocin analogue, it is reasonable to assume that 100 lg

of carbetocin, which is equivalent to 5 IU of oxytocin
according to animal data,4 may also be considerably more

than the minimum necessary. This is especially true if the
suggestions are accurate that the human uterus is more

sensitive to carbetocin than the rat myometrium.1,4

The search for the minimum effective dose of carbetocin
is well justified, similar to what has occurred for oxytocin, as

carbetocin is thought to have a side effect profile similar to

that of oxytocin.6-8,16 The reported side effects of carbetocin
during CD include hypotension, headache, nausea, vomiting,

tremor, shortness of breath, abdominal pain, back pain, and

flushing.6,7,17 Overall, the incidence of these side effects in
our study was comparable with previous data.8 In our study,

however, there was a high incidence of hypotension.

Although the hemodynamic effects of oxytocin and
carbetocin have been described as similar,7,18 the infor-

mation on the incidence of hypotension following

carbetocin administration is not easily found in the litera-
ture. Slow boluses or infusions of oxytocin have shown to

reduce the cardiovascular effects of this drug.19 Similarly,

current recommendations suggest a slow intravenous bolus
of carbetocin over one minute.9, A It is not clear how this

one-minute time frame was determined. It appears to be an

extrapolation from current clinical practice with oxytocin.
Our study was unable to show a significant difference in

the incidence of side effects within the dose-range of

80-120 lg. Given the lack of data in the literature, it is
difficult to compare the incidence of hypotension found in

our study with other carbetocin studies. Borruto et al.17

reported a 21.1% incidence of hypotension after adminis-
tration of carbetocin 100 lg iv during CD, but the authors

failed to provide their definition of hypotension. On the

other hand, comparing our data with the findings of a
similar population that received small doses of oxytocin,14

the current study revealed 55% of hypotension, whereas the

oxytocin study showed a 30% incidence. Both studies took
place in the same institution, followed nearly identical CD

protocols, had a similar patient population, and had the

same definition for hypotension. Considering that the doses
of oxytocin used in the aforementioned study were small,

the apparently higher incidence of hypotension in this

study could be partially explained by the fact that the doses
used were in fact relatively high and/or by the fact that

carbetocin was administered as a bolus, even if a slow one.

One could argue that our protocol was too strict in the
definition and recording of hypotensive episodes. Even a

single BP reading below 20% of the baseline was consid-

ered a hypotensive episode regardless of its transient nature,
immediate treatment, or absence of other symptoms. This

could explain why the incidence of nausea and vomiting is

comparable with previous data8 in spite of the high inci-
dence of hypotension. In addition, all vital signs were

computer-captured and recorded. Therefore, it was not left

to the discretion of the attending anesthesiologist to report
the hypotensive episode. It is worthy of mention that the

side effects were secondary outcomes, and the study was
not powered to determine the difference in the incidence

between groups. In addition, the etiology of complications

reported in the context of CD (with the possible exception
of flushing) is multifactorial; therefore, the degree of car-

betocin’s contribution is difficult to estimate.

Regarding the estimation of blood loss, the comparison
of our study with other studies in the literature is prob-

lematic for many reasons, including the difference in

techniques to estimate blood loss. Boucher et al.6 used a
complex technique based on hemoglobin extraction to

quantify blood loss during CD. Unfortunately, a compari-

son with their results is not appropriate as their
quantification of blood loss began only after carbetocin

administration (mean blood loss of only 159 mL). Borruto

et al.17 included both elective and emergency CD in their
study and showed a mean blood loss of 600 mL, but the

methodology they used was visual estimation. Hematocrit

variation calculation used in our study may not be as
accurate as hemoglobin extraction techniques, but it pro-

vides an assessment free of the subjective bias of visual

estimation. Other sophisticated methods for estimation of
blood loss can be laborious and expensive.20

Carbetocin at the recommended dose of 100 lg has now

been used in thousands of women and has shown to provide
adequate uterine contraction with an acceptable safety pro-

file. Nevertheless, it is possible that doses lower than the

currently recommended 100 lg may prove advantageous
given the theoretical possibility of reducing side effects with

the use of lower doses of carbetocin and based on our findings

of similar efficacy within the dose range of 80-120 lg.
Further studies with doses lower than 80 lg are warranted to

assess the balance of efficacy and side effects, namely,

hypotension. However, our data may not be extrapolated to
other populations, such as women with increased risk for

PPH, including those undergoing CD while in labour.
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Abstract
Purpose The aim of this study was to determine the
intravenous dose of carbetocin required to produce

effective uterine contraction in 95% of women (ED95)

undergoing elective Cesarean delivery under spinal
anesthesia.

Methods One hundred and twenty term pregnant women

at low risk for postpartum hemorrhage (PPH) undergoing
elective Cesarean delivery under spinal anesthesia were

randomly allocated to receive carbetocin in doses of 20,

40, 60, 80, or 100 lg iv upon delivery of the fetus. The
obstetrician evaluated the efficacy of uterine tone as

satisfactory or unsatisfactory, and in case of unsatisfactory

tone, additional uterotonics were administered as per

routine institutional practice. The primary outcome
measure was satisfactory uterine tone at two minutes

after carbetocin administration, and the secondary

outcomes were the estimated blood loss, need for
additional uterotonic agents within 24 hr, and side effects.

Results Overall satisfactory uterine tone at two minutes

was observed in 94.2% (113/120) of the women, and there
was no difference across the different study groups. It was

not possible to calculate the ED95 of carbetocin due to the

even distribution of women with unsatisfactory uterine tone
at two minutes across all dose groups (P = 0.60).

Additional uterotonics within 24 hr were required in 13%

(16/120) of the women. Side effects were similar across all
dose groups, with an overall 42.5% incidence of

hypotension following the administration of carbetocin.

Conclusions In women at low risk for PPH undergoing
elective Cesarean delivery under spinal anesthesia,

carbetocin is similarly effective in doses of 20-100 lg.

There is a high incidence of hypotension associated with
carbetocin in these doses. Further dose-finding studies are

warranted, including doses lower than 20 lg. This trial

was registered at www.clinicaltrials.gov (NCT01428817).

Résumé
Objectif L’objectif de cette étude était de déterminer la
dose intraveineuse de carbétocine nécessaire à produire

une contraction utérine efficace chez 95 % des femmes

(DE95) subissant un accouchement par césarienne
programmé sous rachianesthésie.

Méthode Cent vingt femmes enceintes à terme et

présentant un faible risque d’hémorragie postpartum
(HPP) subissant un accouchement programmé par

This article is accompanied by an editorial. Please see Can J Anesth
2013; 60: this issue.
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need for additional uterotonics and the estimated blood loss

as surrogates for the efficacy of carbetocin. Our results are
in keeping with those of Cordovani et al.8 whereby the

need for additional uterotonics and the overall blood loss

are similar and did not vary across the study groups. Such
results further reinforce that carbetocin doses in the range

of 20-120 lg are similarly effective in this patient

population.
Carbetocin binds to oxytocin receptors in the

myometrium in a manner similar to oxytocin. It is
therefore acceptable to assume that it will bind to

oxytocin receptors located in the cardiovascular system in

a similar fashion and determine cardiovascular effects
similar to those of oxytocin. Oxytocin, even in small doses,

has been shown to promote dose-dependent cardiovascular

effects, notably hypotension.17 It is therefore important to
use the minimum effective dose. The incidence of

hypotension in this study (42.5%) was high and similar

to that observed by Cordovani et al. (55%).8 The amount of
phenylephrine used as well as the incidence of nausea and

vomiting did not vary across the studied groups, suggesting

that the hemodynamic consequences of carbetocin are
similar in this dose range. It is unclear whether reducing

the administered dose of carbetocin may further reduce the

incidence of this unwanted effect; therefore, further studies
are warranted. Furthermore, although it is well established

that oxytocin given by infusion produces fewer

hemodynamic effects than when given by bolus,18 less is
known about the method of administration of carbetocin. It

remains unclear why the manufacturer has recommended

administration of carbetocin as an intravenous bolus over
one minute. Further studies are needed to investigate

whether a slow infusion of carbetocin provides more

cardiovascular stability, as is the case with oxytocin,
though this clearly detracts from the convenience of its

current method of administration.

Our study has some limitations. The assessment of
uterine tone by the obstetrician, our primary outcome, is

subjective. Nevertheless, a similar method is frequently

used in the literature, as it reflects how uterotonics are used
in real clinical practice. Our study did not include a placebo

group in which no uterotonic was used. Although the

inclusion of a placebo group would have been ideal, we did
not consider it ethically acceptable, as the administration of

uterotonics as part of active management of the third stage

is considered a standard of practice. Assessment of the
estimated blood loss according to the change in hematocrit

lacks validation against a more robust method and is

subject to criticism.
In summary, carbetocin doses of 20-100 lg are similarly

effective in women at low risk for PPH undergoing elective

Cesarean deliveries. The incidence of side effects
associated with these doses, notably hypotension, remains

high and similar across all doses. Further dose-finding

studies, including doses lower than 20 lg, are warranted to
determine efficacy and side effects.
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need for additional uterotonics and the estimated blood loss

as surrogates for the efficacy of carbetocin. Our results are
in keeping with those of Cordovani et al.8 whereby the

need for additional uterotonics and the overall blood loss

are similar and did not vary across the study groups. Such
results further reinforce that carbetocin doses in the range

of 20-120 lg are similarly effective in this patient

population.
Carbetocin binds to oxytocin receptors in the

myometrium in a manner similar to oxytocin. It is
therefore acceptable to assume that it will bind to

oxytocin receptors located in the cardiovascular system in

a similar fashion and determine cardiovascular effects
similar to those of oxytocin. Oxytocin, even in small doses,

has been shown to promote dose-dependent cardiovascular

effects, notably hypotension.17 It is therefore important to
use the minimum effective dose. The incidence of

hypotension in this study (42.5%) was high and similar

to that observed by Cordovani et al. (55%).8 The amount of
phenylephrine used as well as the incidence of nausea and

vomiting did not vary across the studied groups, suggesting

that the hemodynamic consequences of carbetocin are
similar in this dose range. It is unclear whether reducing

the administered dose of carbetocin may further reduce the

incidence of this unwanted effect; therefore, further studies
are warranted. Furthermore, although it is well established

that oxytocin given by infusion produces fewer

hemodynamic effects than when given by bolus,18 less is
known about the method of administration of carbetocin. It

remains unclear why the manufacturer has recommended

administration of carbetocin as an intravenous bolus over
one minute. Further studies are needed to investigate

whether a slow infusion of carbetocin provides more

cardiovascular stability, as is the case with oxytocin,
though this clearly detracts from the convenience of its

current method of administration.

Our study has some limitations. The assessment of
uterine tone by the obstetrician, our primary outcome, is

subjective. Nevertheless, a similar method is frequently

used in the literature, as it reflects how uterotonics are used
in real clinical practice. Our study did not include a placebo

group in which no uterotonic was used. Although the

inclusion of a placebo group would have been ideal, we did
not consider it ethically acceptable, as the administration of

uterotonics as part of active management of the third stage

is considered a standard of practice. Assessment of the
estimated blood loss according to the change in hematocrit

lacks validation against a more robust method and is

subject to criticism.
In summary, carbetocin doses of 20-100 lg are similarly

effective in women at low risk for PPH undergoing elective

Cesarean deliveries. The incidence of side effects
associated with these doses, notably hypotension, remains

high and similar across all doses. Further dose-finding

studies, including doses lower than 20 lg, are warranted to
determine efficacy and side effects.
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Abstract
Purpose The purpose of this study was to determine the

intravenous dose of carbetocin required to produce
effective uterine contraction in 90% of females (ED90)

undergoing elective Cesarean delivery (CD) under spinal

anesthesia.
Methods We conducted a double-blind dose-finding

study of carbetocin. Forty females undergoing elective

CD received carbetocin intravenously upon delivery of the
fetus. The dose of carbetocin for each patient was

determined according to a biased-coin up-and-down

sequential allocation scheme designed to cluster doses
close to ED90. The initial dose was 10 lg, with increments/

decrements of 5 lg. The anesthesiologist, obstetrician, and

patient were blinded to the dose. The obstetrician assessed
the uterine tone at one-minute intervals for five minutes

after carbetocin administration. In case of unsatisfactory

tone, additional uterotonics were administered. The

primary outcome was requirement for additional

intraoperative uterotonics. Secondary outcomes were

postoperative requirement for additional uterotonics
within 24 hr of delivery, estimated blood loss and side

effects.

Results The ED90 of carbetocin was 14.8 lg (95%
confidence interval 13.7 to 15.8). Thirty-seven patients

(92.5%) had adequate uterine tone with no requirement of

additional intraoperative uterotonics. Two patients (5%)
required postoperative uterotonics within 24 hr. The

overall mean (SD) estimated blood loss was 786 (403)

mL and the overall incidence of hypotension (decrease in
systolic blood pressure C 20% baseline) was 37.5%.

Conclusion Based on our study, the ED90 of carbetocin

at elective CD is less than one-fifth the currently
recommended dose of 100 lg. This study was registered

at clinicaltrials.gov (NCT-01651130).

Résumé
Objectif L’objectif de cette étude était de déterminer la

dose intraveineuse de carbétocine nécessaire à produire
une contraction utérine efficace chez 90 % des femmes

(DE90) subissant un accouchement par césarienne

programmé sous rachianesthésie.
Méthode Nous avons réalisé une étude à double insu de

détermination de dose de carbétocine. Quarante femmes

subissant un accouchement par césarienne programmé ont
reçu de la carbétocine par voie intraveineuse lors de

l’accouchement du fœtus. Pour chaque patiente, la dose de
carbétocine a été déterminée en fonction d’un schéma

d’attribution séquentielle de doses croissantes ou

décroissantes avec tirage biaisé conçu de façon à
regrouper des doses près de la DE90. La dose initiale

était de 10 lg, avec des augmentations ou réductions de

Author’s contributions Mubeen Khan, Mrinalini Balki, Dan
Farine, Gareth Seaward, and Jose C.A. Carvalho participated in the
research design. Mubeen Khan, Mrinalini Balki, Iram Ahmed, and
Jose C.A. Carvalho participated in data collection. Mubeen Khan,
Mrinalini Balki, Dan Farine, and Jose C.A. Carvalho participated in
data interpretation. Mubeen Khan, Mrinalini Balki, and Jose C.A.
Carvalho participated in manuscript writing.

M. Khan, MD ! M. Balki, MD ! I. Ahmed, MD !
J. C. A. Carvalho, MD, PhD (&)
Department of Anesthesia and Pain Management, Mount Sinai
Hospital, University of Toronto, 600 University Avenue,
Room 781, Toronto, ON M5G 1X5, Canada
e-mail: jose.carvalho@uhn.ca

D. Farine, MD ! G. Seaward, MD ! J. C. A. Carvalho, MD, PhD
Department of Obstetrics and Gynecology, Mount Sinai
Hospital, University of Toronto, Toronto, ON, Canada

123

Can J Anesth/J Can Anesth (2014) 61:242–248

DOI 10.1007/s12630-013-0082-9



in Table 3. The overall rates of hypotension and

hypertension were 37.5% and 12.5%, respectively, while

nausea occurred in 27.5% of patients.

Discussion

For routine elective CD, we found that the ED90 for
carbetocin is 14.8 lg (95% CI 13.7 to 15.8). This dose is

less than one-fifth of the recommended dose of 100 lg

according to the current SOGC guidelines.15

These results further refine two previous dose-finding

studies of carbetocin at elective CD conducted at our

institution.16,17 Cordovani et al.16 compared carbetocin in
doses of 80, 90, 100, 110, and 120 lg and observed similar

efficacy in uterine contraction across all groups.

Subsequently, Anandakrishnan et al.17 compared carbetocin

in doses of 20, 40, 60, 80, and 100 lg and again found

similar efficacy for uterine contraction across all treatment
groups. The overall success rates of the carbetocin treatments

in those studies were 87% and 94.5%, respectively.16,17

Given the monotonic distribution of results in both studies, it
was not possible to calculate the ED90; however, those

findings involving a total of 200 females suggested that the

ED90 could be equal to or lower than 20 lg. That assumption
has now been confirmed with the current study.

The effective dose obtained in the current study
contrasts with the doses of carbetocin commonly reported

and recommended in the literature. In a recent systematic

review, Su et al.14 concluded that the risk of PPH in
females undergoing CD was lower in the group receiving

carbetocin compared with those receiving oxytocin (RR

0.55; 95% CI 0.31 to 0.95). It is noteworthy that all trials
included in this systematic review studied carbetocin

100 lg, while the dosage of the oxytocin intravenous

bolus varied from 5-32.5 IU over 16 hr.
The fact that we found an ED90 for carbetocin to be

considerably lower than the recommended dose may not be

all that surprising. Our group has described similar findings
for oxytocin. Carvalho et al.18 determined the ED90 of

oxytocin at elective CD to be 0.35 IU (95% CI 0.18 to

0.52), almost ten times lower than a routinely
recommended 5 IU bolus dose. Butwick et al. have

subsequently confirmed these results.23

Our findings may be explained in different ways. The
initial recommendation for a 100 lg bolus dose of

carbetocin may have originated from animal studies

suggesting carbetocin 100 lg is equivalent to oxytocin
5 IU.24 Animal data may not be readily transferable to

humans, particularly in the case of carbetocin, as it has

been suggested that the human myometrium is much more
sensitive to carbetocin than the rat myometrium.24,25

Fig. 2 Patient allocation sequence and response vs dose of carbetocin

Table 2 Outcome measures

Carbetocin dose

10 lg 15 lg 20 lg

Number of patients 10 (25) 22 (55) 8 (20)

Additional
uterotonic, early

2 (20.0) 1 (4.6) 0 (0.0)

Additional
uterotonic, late

0 (0.0) 2 (9.1) 0 (0.0)

Estimated blood
loss (mL)

637
(373-1,263)

784
(160-1,791)

826
(175-1,652)

Values are expressed as n (%) or median (range)

Table 3 Overall incidence of side effects after carbetocin
administration

Side Effect n = 40

Hypotension 15 (37.5)

Hypertension 5 (12.5)

Bradycardia 1 (2.5)

Tachycardia 12 (30.0)

Nausea 11 (27.5)

Vomiting 3 (7.5)

Chest pain 2 (5.0)

Shortness of breath 0 (0.0)

Headache 1 (2.5)

Flushing 4 (10.0)

Values are expressed as n (%)

246 M. Khan et al.
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Prostaglandins (PGs) are necessary for normal female reproduction. PGs act via their respective receptors and 
execute various functions in their target tissues depending on which type of receptor being activated. PG 
receptors are G-protein coupled receptors mediating various vital processes in the uterus throughout the 
reproductive cycle and pregnancy. They are essential for the normal functioning of uterine endometrium, 
myometrium and cervix. In this mini review, we explore the expression, functions and regulations of EP1-4 and 
FP in uterus. Recent reports show that PG receptors are regulated spatio-temporally in endometrium throughout 
the reproductive cycle. In myometrium, EPs and FP are differentially expressed and have prominent roles in the 
contraction and relaxation of the smooth muscle. In the cervix, PG receptors are essential for normal cervical 
ripening. PG receptors are important in several reproductive functions including reproductive cyclicity, embryo 
implantation, embryo spacing, uterine contraction or relaxation, and cervical ripening. Flawed regulation or 
signaling by PG receptors lead to many pathological conditions of the female reproductive tract such as 
dysmenorrhea, menorrhagia, endometriosis, cancer and pre-term or post-term pregnancies. Although several 
studies have shown the expression of PG receptors in different cell types of the uterus, we still do not fully 
understand their functions in different cell types, how they are regulated and their implications in normal health 
and diseases. Better understanding of the PG receptor signaling mechanism would offer valuable insight that 
could be used for diagnosis and therapy. 

Keywords:  Prostaglandin receptors; uterus; endometrium; myometrium; cervix 
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Introduction 

Prostaglandins (PGs) are found ubiquitously and are 
locally produced in most nucleated cells. They are small 
hormone-like lipids with autocrine and paracrine 
functions and they maintain local homeostasis in the 
body [1]. PGs are synthesized from arachidonic acid by 
cyclooxygenases and prostanoid synthases (Figure 1). 
There are four major bioactive PGs produced in vivo: 
prostaglandin E2 (PGE2), prostacyclin (PGI2), 

prostaglandin D2 (PGD2) and prostaglandin F2α (PGF2α) 
[1]. They exert their effects by binding to specific G 
protein-coupled receptors thereby activating intracellular 
signaling and gene transcription [2]. The prostanoid 
receptor subfamily consists of eight members: E 
prostanoid receptor (EP) 1, EP2, EP3 and EP4 subtypes 
of the PGE receptor; PGF receptor (FP); PGD receptor 
(DP1); PGI receptor (IP); and thromboxane receptor (TP) 
[1].  These receptors have distinct biochemical properties, 
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Figure 1. Synthesis of prostaglandins PGE2 and PGF2α and 
their respective receptors. Arachidonic acid is processed by the 
cyclooxygenase (COX) enzymes (COX-1 and COX-2) to form an 
intermediary precursor, prostaglandin G2 (PGG2). It is then 
converted to prostaglandin H2 (PGH2) by the peroxidase enzyme. 
PGE2 and PGF2α are derived from PGH2 by the action of their 
specific isomerases. PGE2 binds to its receptors EP1, EP2, EP3 
and EP4 whereas PGF2α binds to the FP receptor.  

 

localization and differential affinity to ligands [3].  The 
signaling mechanisms of PGs are different when 
transduced via different receptors. EP1 signaling is 
coupled to Ca2+ mobilization [4]. EP2 and EP4 trigger the 
stimulation of adenylyl cyclase, whereas activation of 
EP3 inhibits adenylyl cyclase [5]. The FP receptor triggers 
stimulation of phospholipase C-inositol triphosphate as 
well as Ca2+ mobilization [5,6]. In this review we will 
focus on the roles of EP1-4 (also denoted PTGER1-4) 
and FP (PTGFR) in the uterus. 

PGs are key molecules in reproductive biology, 
regulating various reproductive processes including 
ovulation, endometrial regulation, menstruation and 
parturition. The uterus is fundamental for the survival of 
the species of viviparous animals. Implantation of 
fertilized eggs in the endometrium is a critical event in 
these species. The endometrium undergoes well defined 
cycles, anticipating the embryo, in preparation for 
implantation. These cycles of proliferation, 
differentiation, degradation and menstruation are finely 
tuned by the endocrine and paracrine environment 
involving PGs [7-9]. Recent studies show that PGs are 
essential during implantation and PG receptors facilitate 
embryo adhesion [10]. PGE2 and PGF2α acts in a temporal 
and cell-specific manner via its different receptors around 
the time of implantation and are important for blastocyst 
spacing, implantation and decidualization in mouse 
endometrium [6]. During parturition the myometrium is 
active in expelling the fetus and PGs are important for 
proper labor and ripening of the cervix to occur [8,11,12]. 

The important role of PGs in uterine function was 
initially discovered over half a century ago [13-16]. 
Numerous studies have been performed ever since to 
show their various functions and signaling mechanisms in 
different uterine cell types. As early as 1976, Schillinger 
and Prior published evidence for the presence of specific 
binding sites for PGE2 and PGF2α by doing saturation 
analyses in human uterine tissues [17]. Several studies 
were performed in the 1980s to show binding sites for 
PGE2 and PGF2α in different uterine cell types and how 
they changed throughout the menstrual cycle [18,19]. After 
the cloning and characterizations of PG receptors in the 
1990s plenty of work has been done on their structure, 
function and gene regulations [4,20,21]. Although PGs are 
widely used to induce cervical ripening, for labor 
induction and for termination of pregnancy [22,23], the cell 
specific expressions of different PG receptors in the 
uterus was not known until recently. The objective of this 
review is to compile data on the expression and roles of 
EP1-4 and FP receptors in endometrium, myometrium 
and cervix. 

Prostaglandin receptors in endometrium 

The endometrium consists of luminal and glandular 
epithelium, stromal tissue and blood vessels. It undergoes 
constant remodeling throughout the reproductive cycle in 
the non-pregnant uterus preparing itself for embryo 
implantation. Upon implantation, the endometrium 
proliferates and supports the fetus, but in the absence of 
implantation endometrial lining is shed and a new cycle 
begins. This cycle is regulated by the sex steroid 
hormones estradiol (E2) and progesterone (P4) and these 
hormones modulate the expression of PG receptors like 
EPs and FP. The receptors, when activated by their 
specific ligands, are essential for many vital functions in 
the endometrium. 

EPs and FP are expressed in a cell-specific and 
temporal fashion during the peri-implantation period and 
decidualization in mice [24-27]. Progesterone has been 
shown to upregulate the expression of EP2 and E2 further 
enhances EP2 expression; while E2 alone suppresses the 
expression [26]. EP2 mRNA expression is increased 
during pregnancy in the rat and the level decreases during 
labor and after delivery, suggesting the likely 
contribution of P4 in the regulation of EP2. Furthermore, 
P4 has been found to upregulate EP2 mRNA in the uterus 
of the ovariectomized rat [28]. Recently we showed the 
expression of EP1-4 and FP in different cell types of the 
rat uterus and how the expression differed  between 
various types of cells and treatments [29]. The mRNA 
expression of EPs and FP was decreased by E2 treatment 
and the estrogen receptor (ER)α selective agonist PPT, 
but by the ERβ selective agonist DPN only expression of 
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different cell types [87]. Our data showed that EP2 and 
EP4 mRNA levels are at their lowest in the TP group. 
Thus, expressions of both the smooth muscle relaxing 
EPs are at their lowest levels in pregnancy, before the 
final ripening has started. The relaxatory action by 
smooth muscle cells, together with the timed action of 
tissue remodeling enzymes, could lead to cervical 
ripening. The absence of regulation of the contraction 
inducing PG receptors mRNA and protein levels in most 
of the cell types, suggest that they may not play any 
active role in the cervical ripening process. Similar 
observations and conclusions have been made in rats [83]. 

Although PGE2 is widely used to induce cervical 
ripening, in a subset of women with post-term 
pregnancies PGE2 fails to induce cervical ripening and 
labor, leading to delivery by caesarean section [95]. In 
order to identify the reasons for such different responses, 
we undertook a series of studies to identify the factors 
that are differentially expressed between the two groups. 
We demonstrated that in TP women, PGE2 induced 
cervical ripening showed higher collagen concentration 
in the cervix when compared to women undergoing 
spontaneous cervical ripening, showing that the PG 
induced ripening process is not identical to the 
spontaneous process [96]. Further, glutaredoxin, a member 
of the thioredoxin superfamily, was 3-fold more 
expressed in cervix from PGE2-treated women when 
compared with women undergoing spontaneous cervical 
ripening and delivery [97]. These results indicate that 
glutaredoxin could have a role in the regulation of 
cervical ripening in humans and that it is regulated by PG 
treatment [97]. In another study we found that a post-term 
group responding to PGE2 priming displays lower total 
progesterone receptor (PR) and androgen receptor (AR) 
levels compared with non-responders of PGE2 treatment, 
and decreased PR-B and AR protein levels when 
compared with controls, i.e. women who underwent 
spontaneous cervical ripening. Also the PR mRNA level 
is decreased in responders when compared with non-
responders [98]. When examining COX-1 and COX-2 
proteins levels by immunohistochemical analyses in the 
cervix of post term women, responding or not responding 
to PG priming for labor induction, we found no 
differences between the groups [98]. This could be due to 
oxytocin treatment, since oxytocin can initiate COX-2 
gene transcription in human myometrial cells in vitro [99]. 
In addition, mechanical stretch also induces COX-2 
activity. We also found that the influx of leukocytes is 
strongest in the responders to PG treatment, followed by 
the controls with spontaneous parturition at term and the 
influx was significantly lower in the non-responders [95]. 
We concluded that in responders, PGE2 priming is 
followed by a functional progesterone and androgen 

withdrawal at the receptor level and an influx of 
leukocytes. Impaired leukocyte influx in post term 
women not responding to PGE2 treatment could be one 
explanation of the failed cervical ripening.   

In order to increase knowledge of the function of PG 
receptors in cervical ripening we recently investigated the 
expression and localization of PG receptors in post-term 
human cervix, after failed or successful induction of labor 
with PGE2. We found that expression of EP4 mRNA was 
downregulated simultaneously with an upregulation of 
EP3 mRNA levels in the cervix from non-responders 
when compared with responders. In stroma, EP4 
immunoreactivity was higher in non-responders when 
compared with responders [100]. We concluded that lack 
of cervical ripening, after local treatment of PGs for labor 
induction, could be due to the higher expression of EP3 
simultaneously with decreased EP4 expression. 

Conclusion 

PG receptors play many vital roles in the 
endometrium, myometrium and cervix. Their differential 
roles in the reproductive cycle and pregnancy are still not 
clearly understood. Only a handful of studies have been 
performed showing their spatio-temporal expression in 
the human uterus. We still do not know their functions in 
different cell types, how they are regulated and their full 
implications in normal health and disease. Although 
plenty of studies have been done on PG synthesis, 
secretion and the role of various enzymes in their 
conversions, we have not yet fully understood the role of 
PG receptors, their regulation and molecular 
mechanisms. 
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Prostaglandins - side effects

• Nausea & vomitus 

• Shivering 

• Fever 

• Diarrhoea



Prostaglandins

• PGE1: misoprostol 

• PGE2: dinoprostone, prostin, sulprostone 

• PGF2𝛼: dinoprost 

• 15-Methyl PGF2𝛼: carboprost, hemabate



PGE1: misoprostol

• Cheap 

• No cooling needed 

• Dose: 400 - 600 (-800) µg 

• Route: vaginal, rectal oral



CORRESPONDENCE

Unexpected tracheal tube blockage
from a semi-dissolved misoprostol
tablet

In obstetric patients, difficulty with tracheal intubation
has an incidence of approximately 1 in 30.1 We report
a case where a sublingual misoprostol tablet inadver-
tently blocked the lumen of a tracheal tube during intu-
bation in a pregnant patient with an unexpected difficult
airway.

A 29-year-old, 65 kg, nulliparous woman at term pre-
sented for an urgent caesarean section for fetal distress
following non-progressive labour. The patient was extre-
mely distressed and airway assessment by the anaesthe-
sia resident revealed adequate mouth opening and a
Mallampati class III airway. The patient refused neurax-
ial anaesthesia, so general anaesthesia with a rapid-
sequence induction was performed using thiopental, suc-
cinylcholine and cricoid pressure. The first attempt at
intubation failed because of an anteriorly-placed larynx
(Cormack and Lehane grade 3). After another attempt
using a stylet, the trachea was successfully intubated
with a 7.0 mm internal diameter tracheal tube (Portex,
Smiths Medical, Hythe, UK) with moderate difficulty.
With cricoid pressure maintained, there was unusual
resistance to bag ventilation associated with high peak
airway pressures of 45–50 cmH2O. Breath sounds and
capnographic trace were absent. A check of the breath-
ing circuit revealed no malfunction. A 12 French suction
catheter was passed through the lumen of the tube and
resistance was encountered at around 30 cm. The tube
was removed immediately with cricoid pressure main-
tained. When the tube was examined, a semi-dissolved
tablet was occluding the lumen above the Murphy eye
(Fig. 1). The patient started to desaturate (SpO2

<90%), so a size 4 ProSeal laryngeal mask airway
(PLMA) was inserted with transient release of cricoid
pressure. After optimizing ventilation and oxygenation,
gastric drainage was performed using a suction catheter
through the PLMA. Anaesthesia was maintained with
nitrous oxide and isoflurane in 50% oxygen and surgery
commenced. The baby was delivered within 5 min, after
which intravenous fentanyl and atracurium were given.
Umbilical cord blood gases and Apgar scores were sat-
isfactory. A paediatric 3.5 mm fibreoptic bronchoscope
was passed through the PLMA and showed the airway
was clear of foreign bodies. Maternal perioperative
blood gases were satisfactory. After completion of sur-
gery, residual neuromuscular block was reversed and
the PLMA was removed after awakening the patient.
She was monitored closely for signs of aspiration for
the next 24 h and was discharged uneventfully on the
fourth postoperative day. Subsequent review of the pa-
tient’s treatment chart showed that she had received a
sublingual tablet of misoprostol 30 min before anaesthe-
sia induction. The patient in her distressed state had not
disclosed its presence.

Two previous reports have implicated oral medica-
tions in tracheal tube obstruction.2,3 Misoprostol is a
synthetic prostaglandin E1 analogue used for cervical
ripening. Although it can be administered vaginally
and orally, the sublingual route avoids vaginal examina-
tion, the need for fluid intake and results in higher bio-
availability by avoiding hepatic first pass metabolism.4

Being water soluble, it usually dissolves under the ton-
gue in about 15–20 min.4 In our patient, we believe that
the stress of labour resulted in a dry oral cavity, prevent-
ing the tablet from dissolving and then sticking to the
underside of the tongue. It was therefore missed during
airway examination. We postulate that tongue deflection
during laryngoscopy led to its displacement into the
pharynx and during attempts at intubation it lodged in-
side the lumen of the tracheal tube, obstructing ventila-
tion. We recommend specific enquiry about intake of
oral or sublingual drugs and their presence in the oral
cavity before induction of anaesthesia and would
emphasize the importance of meticulous examination
of the airway.

R. Haldera, S. Samantab, H. Bhagatc

a Department of Anaesthesiology, Sanjay Gandhi Post
Graduate Institute of Medical Sciences,

Lucknow, India
b Department of Critical Care Medicine, Sanjay Gandhi

Post Graduate Institute of Medical Sciences,
Lucknow, IndiaFig. 1 Distal end of the tracheal tube blocked by a

misoprostol tablet
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Prostaglandins

• PGE1: misoprostol 

• PGE2: dinoprostone, prostin, sulprostone 

• PGF2𝛼: dinoprost 

• 15-Methyl PGF2𝛼: carboprost, hemabate



PGE2: prostin, sulprostone (Nalador®)

• France, Netherlands, Belgium, D-A-CH… 

• Intravenous 

• 500 µg in 1st hour (controlled!), then 500 µg / 8h 

• Hypotension 

• Bronchoconstriction 

• Nausea, Shivering, Fever

Asthma !



Prostaglandin E2 Analogue Sulprostone for
Treatment of Atonic Postpartum Hemorrhage
Thomas Schmitz, MD, PhD, Karim Tararbit, MD, MPH, Corinne Dupont, PhD,
René-Charles Rudigoz, MD, Marie-Hélène Bouvier-Colle, PhD,
and Catherine Deneux-Tharaux, MD, PhD, for the Pithagore6 group*

OBJECTIVES: Use of prostaglandins, including sulpros-
tone (an E2 analog), is recommended for second-line
uterotonic treatment of atonic postpartum hemorrhage
and might be considered as an indicator of quality of care
in severe atonic postpartum hemorrhage management.
Our objective was to estimate whether sulprostone was
appropriately used and how it was tolerated in women
with atonic postpartum hemorrhage.

METHODS: This large population-based study (146,781
deliveries) included 4,038 women with clinically assessed
atonic postpartum hemorrhage in 106 French hospitals
during 1 year. Severe postpartum hemorrhage was de-
fined as one of the following: hemoglobin decline of 4
g/dL or more, transfusion, arterial embolization, surgical
procedures, transfer to intensive care unit, or death.
Sulprostone use in severe atonic postpartum hemorrhage
was analyzed according to the mode of delivery and the
characteristics of the maternity units.

RESULTS: Rates of sulprostone use were only 33.9%
(n!1,370) and 53.5% (n!657) among women with atonic
(n!4,038) and severe atonic (n!1,227) postpartum hem-
orrhage, respectively. In the latter population, sulpros-
tone administration was less frequent after vaginal deliv-
ery than after cesarean delivery (45.6% compared with

86.5%, P<.01) in units performing fewer than 1,500
annual deliveries in public nonuniversity hospitals and in
units where the obstetrician or anesthesiologist was not
present 24 hours per day, 7 days per week. Fifty-one of
the 1,370 women with sulprostone-treated atonic post-
partum hemorrhage (3.7%, 95% confidence interval [CI]
2.7–4.7) experienced side effects, including seven (0.5%,
95% CI 0.2–1.0) with severe cardiovascular or respiratory
symptoms that resolved when the hypovolemic shock
was corrected and drug administration was stopped.

CONCLUSION: Sulprostone is underused for treating
severe atonic postpartum hemorrhage after vaginal de-
livery, despite low rates of severe side effects in this
population-based study.
(Obstet Gynecol 2011;118:257–65)
DOI: 10.1097/AOG.0b013e3182255335

LEVEL OF EVIDENCE: III

Postpartum hemorrhage is responsible for several
maternal deaths and severe maternal morbid events

in western countries.1–4 Uterine atony is the cause of the
majority of cases. The management of atonic postpar-
tum hemorrhage, besides monitoring, resuscitation,
and transfusion procedures, generally follows a step-
wise protocol in international5 and national guide-
lines.6–11 The first step consists of the administration of
oxytocin or ergometrine, or both;5–11 if bleeding per-
sists after these first-line oxytocic drugs, then prosta-
glandins are usually recommended;5–11 bleeding resis-
tant to pharmacological treatments defines intractable
postpartum hemorrhage and calls for invasive proce-
dures,5–11 such as embolization or surgery.12–17 Al-
though the first step of this strategy is widely ac-
cepted,18 few publications deal with prostaglandins as
second-line treatment for postpartum hemorrhage
aimed at avoiding these nonpharmacological third-
line treatments.

Prostaglandins of three different classes have
been proposed. Small retrospective studies first de-

*For a list of Pithagore6 group members who contributed to this study, see the
Appendix online at http://links.lww.com/AOG/A247.
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• The cause of bleeding should be investigated without delay (agreement among 
professionals). The most common causes are uterine atony, retention of the placenta, 
and cervical or vaginal lacerations. 

 
• Minimum basic care should include: 

- checking that a working venous access is in place; 
- starting  monitoring: ECG monitor, non-invasive blood pressure, pulse oximetry; 
- providing volume expansion, initially with crystalloids. 

 
• Anaesthesia appropriate for obstetric procedures should be given as soon as possible 

under the best safety conditions (agreement among professionals). An irregular 
antibody screen should be performed if this has not been done within the last 3 days, 
and the transfusion services should be informed (agreement among professionals). 

 
• If delivery of the placenta has not taken place, manual extraction under anaesthesia 

should be performed to ensure that the uterus is empty (agreement among 
professionals). If delivery of the placenta has already taken place, uterine exploration 
should be performed, even if delivery appears to be complete (agreement among 
professionals). 

 
• The bladder should be empty and the uterus should be massaged if hypotonic 

(agreement among professionals). 
 

• Examination of the lower genital tract is recommended if there is any suspicion of 
cervical or vaginal lacerations, or routinely if general anaesthesia is given for 
intrauterine procedures (agreement among professionals).  

 
• Uterotonic agents should be given routinely (grade C). Oxytocin is recommended as 

first-line treatment at a dose of 5-10 IU by slow intravenous injection (grade C). This 
should be followed by maintenance therapy by infusion at a rate of 5-10 IU/hour for two 
hours. Prostaglandins are not recommended as first-line treatment for PPH (agreement 
among professionals). 

 
• Any intrauterine procedures should be covered by broad-spectrum antibiotic 

prophylaxis (grade C).  
 
 
 
VIII.  Management of worsening PPH  
 
• This section provides guidelines for treating bleeding that persists for more than 15-30 

minutes (agreement among professionals). The time before taking further action 
depends on the amount of bleeding, its haemodynamic impact, and on the measures 
taken to maintain haemodynamic status (see Fig. 1). 

 
• As for initial care, the best management is by a multidisciplinary team working closely 

together. Time is yet again crucial to the prognosis (agreement among professionals). 
 
• The obstetrics team should re-investigate any obstetric cause for the bleeding by 

inspecting the cervix and vagina (if this has not already been done) and by exploring 
the uterine cavity, if necessary. However, these procedures should not delay the next 
stage of management. 

 
• Sulprostone should be given by intravenous infusion with a syringe pump within 15-30 

min of onset of bleeding (grade C). The intramuscular and intramyometrial routes are 
contraindicated (grade C). The starting dose should be 100-500 µg/hour. This dose 
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one or more of the following: blood transfusion,
arterial embolization, arterial ligation, other conserva-
tive uterine surgery, hysterectomy, transfer to inten-
sive care unit, peripartum Hb decline of 4 g/dL or
more (considered equivalent to the loss of 1,000 mL
or more of blood), or maternal death. This group
included 1,227 women. Figure 1 shows the selection
process for these study groups. The Pithagore6 case
report form was used to collect data from the chart of
every delivery with confirmed postpartum hemor-
rhage, including the woman’s characteristics and pre-
existing conditions, those of labor and delivery, and
detailed procedures for postpartum hemorrhage man-
agement. These procedures were considered to have
been performed only if they were specifically men-
tioned in the patient’s chart. The time at which
procedures were performed was collected as recorded
in the medical files. A section of the data collection
form focused on the use of sulprostone. In women
who received this treatment, collected data included
the dose and time of administration and the occur-
rence of symptoms potentially related to sulprostone
side effects. The French guidelines recommend the
use of continuous intravenous infusion of sulprostone

not later than 30 minutes after postpartum hemor-
rhage diagnosis if bleeding persists despite oxytocin
administration, and a dose that should not exceed 500
micrograms during the first hour and 1,500 micro-
grams in total.11 In women who did not receive
sulprostone, the data collection form included ques-
tions regarding the reasons for nonuse, with one
specific item regarding existing contraindications.

We first described the maternal characteristics of
the 4,038 women with clinically assessed postpartum
hemorrhage, ie, age, parity, number of fetuses, previ-
ous postpartum hemorrhage, onset of labor, mode
and term of delivery, and administration of oxytocin
to prevent postpartum hemorrhage. In this popula-
tion, the frequency and the details of sulprostone
administration were described, including the time
between the postpartum hemorrhage diagnosis and
the start of infusion (in minutes), the dose received
during the first hour of treatment, and the total dose
administered (in micrograms); these modalities of
treatment were compared with the content of the
French guidelines.11 Differences in these modalities
according to mode of delivery were tested.

In women with atonic postpartum hemorrhage
treated with sulprostone, other components of care
were described, such as examination of uterine cavity,
instrumental examination of the genital tract, admin-
istration of oxytocin, arterial embolization, conserva-
tive surgery, hysterectomy, and transfusion, with all
studied as binary variables. Each postpartum hemor-
rhage was also characterized by the decrease in Hb (in
g/dL) and the presence of a disseminated intravascu-
lar coagulation.

We analyzed the frequency of sulprostone use as
an indicator of quality of care in women with severe
atonic postpartum hemorrhage in which such treat-
ment is expected. The prevalence of sulprostone
treatment was described globally and then according
to the route of delivery, ie, vaginal or cesarean; the
characteristics of the status of the units, which were
classified as university public, other public, and pri-
vate; number of annual deliveries, categorized into
less than 1,500, 1,500–2,499, or 2,500 or more; and
24-hour on-site presence of an obstetrician and an
anesthesiologist. The same analyses were performed
in the 788 women with severe atonic postpartum
hemorrhage that lasted 30 minutes or more (duration
of postpartum hemorrhage known in 899 [73.3%] of
the 1,227 women with severe atonic postpartum
hemorrhage).

Differences were tested with random-intercept
multilevel regression models to take into account the
clustering of the data; in addition, the intervention

Deliveries
N=146,781; 100%

Women with 
postpartum hemorrhage

n=9,365; 6.4%

Women with clinically assessed
postpartum hemorrhage

n=6,660; 4.5%

Women with atonic
postpartum hemorrhage

n=4,038; 2.8%
Received sulprostone

n=1,370; 33.9% (of 4,038)

Women with atonic 
postpartum hemorrhage 

after vaginal delivery
n=3,570; 88.4% (of 4,038) 

Received sulprostone
n=995; 27.9% (of 3,570)

Women with atonic 
postpartum hemorrhage 
after cesarean delivery

n=468; 11.6% (of 4,038)
Received sulprostone
n=375; 80.1% (of 468)

Women with severe atonic 
postpartum hemorrhage 

after vaginal delivery
n=983; 24.3% (of 4,038)

Received sulprostone
n=448; 45.6% (of 983)

Women with severe atonic 
postpartum hemorrhage 
after cesarean delivery
n=244; 6.0% (of 4,038)
Received sulprostone
n=211; 86.5% (of 244)

Women with postpartum 
hemorrhage assessed only 

by hemoglobin measurement
n=2,705; 1.8%

Women with postpartum 
hemorrhage not caused 

by uterine atony
n=2,622; 1.8%

Fig. 1. Study population.
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stopped. Another had atypical chest pain, with nor-
mal cardiac markers and a normal electrocardiogram;
the pain disappeared when plasma volume was ex-
panded and drug administration was stopped. The
other three women had signs of myocardial ischemia
with elevated cardiac markers and abnormal electro-
cardiograms, all during severe postpartum hemor-
rhage with hypovolemic shock and the need for
surgery (two hysterectomies and one arterial ligation).
Two had twin deliveries. The coronary angiograms
performed in two of these three women were normal.
In these three women, symptoms resolved with symp-
tomatic treatment of the hypovolemic shock and drug
cessation. Finally, one women aged 40 or older
experienced acute high blood pressure more than
200/110 mm Hg and one woman with asthma had
acute cyanosis. These latter two cases were classified
as severe side effects and also resolved when drug
administration stopped.

DISCUSSION
Our study documents how sulprostone, a prostaglan-
din E2 analog recommended as a second-line utero-
tonic in postpartum hemorrhage,9–11 is actually used
and tolerated in current clinical practice. Our results
suggest that despite low rates of severe side effects,
sulprostone is underused in atonic postpartum hem-
orrhage. Mode of delivery and organizational charac-
teristics of maternity units were the main determi-
nants of the adequacy of sulprostone use.

In this population-based study, two thirds of the
women with atonic postpartum hemorrhage and al-
most half of those with severe atonic postpartum hem-

orrhage did not receive sulprostone. In accordance with
our results, in the Scottish confidential audit of severe
maternal morbidity, only two thirds of the patients with
major postpartum hemorrhage (defined as an estimated
blood loss of at least 2,500 mL, a transfusion of 5 or
more units, or any treatment for coagulopathy) attribut-
able to uterine atony did receive the prostaglandin
analog carboprost,33 suggesting common French and
Scottish difficulties in translating national guidelines into
clinical practice. The use of prostaglandins is currently
recommended in several sets of guidelines from high-
resource countries.6–11 The stepwise management pro-
tocols that these guidelines recommend suggest that
prostaglandin use in severe atonic postpartum hemor-
rhage can be considered as a marker of quality of care
and can be used to assess the translation of postpartum
hemorrhage-related guidelines into clinical practice.
Our findings suggest that this management step can be
improved. In most cases, the charts recorded no specific
reason for the absence of treatment with prostaglandins
and, thus, demonstrated a real gap between practice and
guidelines.

Sulprostone was underused mainly in women
who delivered vaginally, perhaps because postpartum
hemorrhage and its severity are both more difficult to
diagnose after vaginal delivery than after cesarean
delivery. This hypothesis is supported, in our cohort,
by both significantly longer times between diagnosis
and initiation of sulprostone treatment and lower total
sulprostone dose in women who delivered vaginally
compared with those who had cesarean deliveries. An
alternative and possibly complementary explanation
is that within the group with severe postpartum
hemorrhage, bleeding is actually more severe after
cesarean delivery than after vaginal delivery, and
therefore is more easily diagnosed as such, so that
second-line uterotonics can be used more appropri-
ately. This is suggested by the higher rates of transfu-
sion, embolization, and surgical procedures in the
cesarean delivery group. Conversely, management of
severe atonic postpartum hemorrhage might be in-
trinsically more aggressive after cesarean delivery
than after vaginal delivery because of the surgical
context and sulprostone therefore might be pre-
scribed more often. This hypothesis would explain
the more frequent use of third-line procedures after
cesarean deliveries compared with vaginal deliveries,
even though postpartum hemorrhage severity, esti-
mated by mean Hb decline or Hb decline of 4 g/dL or
more, did not differ by mode of delivery.

The maternity unit’s organizational characteris-
tics also affected the adequacy of sulprostone use in
women with severe atonic postpartum hemorrhage.

Table 4. Side Effects Among the 1,370 Women
Treated With Sulprostone

n*

% (95% Confidence
Interval) of the

Women Treated
With Sulprostone

At least one side effect 51 3.7 (2.7–4.7)
Digestive 34 2.5 (1.7–3.5)
Hyperthermia, chills 7 0.5 (.2–1.0)
Cardiac 5 0.4 (.1–0.8)
High blood pressure 2 0.1 (.02–0.5)
Respiratory 2 0.1 (.02–0.5)
Dizziness 2 0.1 (.02–0.5)
Severe cardiovascular or

respiratory symptoms†
7 0.5 (.2–1.0)

* One woman experienced two side effects.
† Classified as severe—the five cases of cardiac side effects, one

case of acute high blood pressure more than 200/110 mm
Hg, and one case of acute cyanosis in a woman with asthma.
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Prostaglandins

• PGE1: misoprostol 

• PGE2: dinoprostone, prostin, sulprostone 

• PGF2𝛼: dinoprost 

• 15-Methyl PGF2𝛼: carboprost, hemabate



15-Methyl PGF2𝛼: carboprost, hemabate

• 200 µg im, repeatable @15 min max 8 doses (1.6 mg) 

• 250 µg intramyometrically (off-label) 

• Bronchospasm 

• Systemic and pulmonary hypertension 

• Do not administer intravenously

Int J Obstet Anesth (2010) 19:313–319. 

Asthma !

Preeclampsia !



Which ?

• Oxytocin 

• Prostaglandins 

• Ergot alkaloids



Ergot alkaloids: Methergine

http://www.herbmuseum.ca/content/upjohn-fluid-extract-ergot



Ergot alkaloids - side effects

• Nausea & vomitus 

• Mean arterial pressure +11% 

• Pulmonary artery pressure +30% 

• Coronary artery spasm

Preeclampsia !



Ergot alkaloids - dosage

• RCOG: 0.5 mg slowly iv 

• WHO: 0.2 mg iv or im 
• repeatable @15 minutes up to 1 mg



Uterotonic agents for caesarean section 

• Why ? 

• Which ? 

• How ? 

• When ?



When ?

• First line 

• Second line 

• Third line



When ?

• First line 

• Oxytocin, Carbetocin, (Misoprostol) 

• Second line 

• Third line



Treatments for secondary postpartum haemorrhage (Review)

Alexander J, Thomas PW, Sanghera J

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2002, Issue 1

http://www.thecochranelibrary.com

Treatments for secondary postpartum haemorrhage (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



[Intervention Review]

Treatments for secondary postpartum haemorrhage

Jo Alexander1, Peter W Thomas2, Jill Sanghera3

1School of Health and Social Care, Bournemouth University, Bournemouth, UK. 2Dorset Research and Development Support Unit,
Poole Hospital NHS Trust, Poole, UK. 3Institute of Health and Community Studies, Bournemouth University, Bournemouth, UK

Contact address: Jo Alexander, School of Health and Social Care, Bournemouth University, Christchurch Road, Bournemouth, Dorset,
BH1 3LG, UK. jalexand@bournemouth.ac.uk.

Editorial group: Cochrane Pregnancy and Childbirth Group.
Publication status and date: New search for studies and content updated (no change to conclusions), published in Issue 2, 2008.
Review content assessed as up-to-date: 30 January 2008.

Citation: Alexander J, Thomas PW, Sanghera J. Treatments for secondary postpartum haemorrhage. Cochrane Database of Systematic
Reviews 2002, Issue 1. Art. No.: CD002867. DOI: 10.1002/14651858.CD002867.

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Secondary postpartum haemorrhage is any abnormal or excessive bleeding from the birth canal occurring between 24 hours and 12
weeks postnatally. In developed countries, 2% of postnatal women are admitted to hospital with this condition, half of them undergoing
uterine surgical evacuation. Data are not available from developing countries.

Objectives

To evaluate the relative effectiveness and safety of the treatments used for secondary postpartum haemorrhage.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register (31 January 2008), the reference lists of trial reports and
reviews and sought further sources from the first named authors of the papers identified.

Selection criteria

All randomised or quasi-randomised comparisons between drug therapies, surgical therapies and placebo or no treatment for the
management of secondary postpartum haemorrhage occurring between 24 hours and three months following a pregnancy of at least
24 weeks’ gestation.

Data collection and analysis

Two authors scrutinised reports of possibly eligible studies. The third author acted as an advisor or arbitrator.

Main results

Of the 47 papers (36 studies) identified, none met the inclusion criteria.

Authors’ conclusions

No information is available from randomised controlled trials to inform the management of women with secondary postpartum
haemorrhage. This topic may have received little attention because it is perceived as being associated with maternal morbidity rather than
mortality in developed countries; it is only recently that the extent and importance of postnatal maternal morbidity has been recognised.
A well-designed randomised controlled trial comparing the various therapies for women with secondary postpartum haemorrhage
against each other and against placebo or no treatment groups is needed.
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REVIEW ARTICLE

The use of uterotonic drugs during caesarean section

R.A. Dyer, D. van Dyk, A. Dresner
Department of Anaesthesia, University of Cape Town, South Africa

ABSTRACT
The administration of oxytocic drugs during caesarean section is an important intervention to prevent uterine atony or treat estab-
lished postpartum haemorrhage. Considerable past and current research has shown that these agents have a narrow therapeutic
range. A detailed knowledge by anaesthetists of optimal doses and side effects is therefore required. Oxytocin remains the first line
agent. In view of receptor desensitisation, second line agents may be required, namely ergot alkaloids and prostaglandins. This
review examines the adverse haemodynamic and side effects, and methods for their limitation. An approach to dosing and choices
of agent for the limitation of postpartum haemorrhage is suggested.

!c 2010 Elsevier Ltd. All rights reserved.

‘‘It did not take her very long to die’’
Ernest Hemingway, A Farewell to Arms, 1929*

Introduction

Every year 166 000 women die of obstetric haemor-
rhage, and more than 50% of these deaths occur in
sub-Saharan Africa.1 Uterine atony is the commonest
cause of severe postpartum haemorrhage (PPH), as trag-
ically described by Hemingway.* Consequently the
administration of uterotonic drugs during caesarean sec-
tion (CS) has become essential to diminish the risk of
PPH and improve maternal safety. These agents have
a narrow therapeutic range in terms of maternal mor-
bidity. The exact dose, route and rate of administration
are therefore important, as well as a detailed knowledge
of their pharmacology.

Central to the mechanism of the contraction of uter-
ine smooth muscle during labour, which is enhanced by
the action of oxytocin, is the enzyme myosin light chain
kinase (MLCK). Intracellular calcium, the levels of
which are controlled by voltage and receptor operated
channels and by release from the sarcoplasmic reticu-
lum, is bound to calmodulin and stimulates conversion
of MLCK-P to MLCK, which in turn phosphorylates
myosin and initiates smooth muscle contraction.2

Oxytocin

The nonapeptide oxytocin was discovered by Sir Henry
Dale and was the first polypeptide hormone synthesised,
by Du Vigneaud, in 1953. The peptide binds to a G-pro-
tein on the surface of the uterine myocyte, resulting in
the generation of diacylglycerol (DAG) and inositol
tri-phosphate (IP3) via the action of phospholipase C
on phosphatidyl-inositol bisphosphate (Fig. 1). DAG
stimulates prostaglandin synthesis, and IP3 stimulates
the release of calcium from the sarcoplasmic reticulum.
Oxytocin also activates COX-2 via a further G-protein
interaction, and in so doing stimulates prostaglandin
synthesis.2 The concentration of myometrial receptors
and myometrial gap junctions increase as gestation ad-
vances, increasing sensitivity to oxytocin.3

Oxytocin has numerous physiological effects. Most
importantly, it causes contraction, followed by relaxa-
tion of the uterus, and at pharmacological doses can
cause an increased frequency and incomplete relaxation
of uterine musculature. It also has a role in cardiovascu-
lar regulation, in sexual and maternal behaviour, and in
memory and the regulation of food and drink intake. It
is the first choice of uterotonic during CS.

Major maternal adverse effects are cardiovascular
(hypotension, myocardial ischaemia and arrhythmias),
nausea, vomiting, headache and flushing. Cardiovascu-
lar effects are complex. Hypotension is predominantly
caused by transient relaxation of vascular smooth mus-
cle cells, probably via calcium-dependent stimulation of
the nitric oxide pathway. Oxytocin also causes release of
atrial and brain natriuretic peptide.4,5 In animal studies,
it may have negative inotropic effects,6 but in human tis-
sue, this effect appears to be restricted to the influence of
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C/S: A protocol (Dyer)

• ≤ 3 U oxytocin iv over 3-5 min. 

• PPH: 
• Repeat 3 U oxytocin after 3-5 min 
• Beware: cardiac disease, 

preeclampsia, pulmonary 
hypertension
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D-A-CH
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• 100 µg carbetocin slow iv



Maintain uterine tone

• Oxytocin 40 U in 500 ml  
=> 125 ml/h 

• Beware: hemodynamically 
unstable patients !
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D-A-CH

Curr Opin Anaesthesiol (2014) 27:267 

• Oxytocin 40 U in 30 min.  
or 
100 µg carbetocin slow iv 

Down-regulation of oxytocin-receptors:

1. Ergometrin 0.2-0.5 mg slowly iv 
or im 
Beware: contraindications! 

2. PGF2𝛼 250-500 µg 
intramyometrically (off label)

• PGE2: 500 µg / 1h 
followed by 500 µg/8h 
(max 1500 µg/24h)
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