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Lack of controlled studies investigating the
risk of postpartum haemorrhage in
cesarean delivery after prior use of
oxytocin: a scoping review
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Abstract

Background: Postpartum haemorrhage (PPH) is a major cause of maternal mortality and morbidity worldwide.
Experimental and clinical studies indicate that prolonged oxytocin exposure in the first or second stage of labour
may be associated with impaired uterine contractility and an increased risk of atonic PPH. Therefore, particularly
labouring women requiring cesarean delivery constitute a subset of patients that may exhibit an unpredictable
response to oxytocin. We mapped the evidence for comparative studies investigating the hypothesis whether the
risk for PPH is increased in women requiring cesarean section after induction or augmentation of labour.

Methods: We performed a systematic literature search for clinical trials in Medline, Embase, Web of Science, and
the Cochrane Library (May 2016). Additionally we searched for ongoing or unpublished trials in clinicaltrials.gov and
the WHO registry platform. We identified a total of 36 controlled trials investigating the exogenous use of oxytocin
in cesarean section. Data were extracted for study key characteristics and the current literature literature was
described narratively.

Results: Our evidence map shows that the majority of studies investigating the outcome PPH focused on
prophylactic oxytocin use compared to other uterotonic agents in the third stage of labour. Only 2 dose-response
studies investigated the required oxytocin dose to prevent uterine atony after cesarean delivery for labour arrest.
These studies support the hypotheses that labouring women exposed to exogenous oxytocin require a higher
oxytocin dose after delivery than non-labouring women to prevent uterine atony after cesarean section. However,
the study findings are flawed by limitations of the study design as well as the outcome selection. No clinical trial
was identified that directly compared exogenous oxytocin versus no oxytocin application before intrapartum
cesarean delivery.

Conclusion: Despite some evidence from dose-response studies that the use of oxytocin may increase the risk for
PPH in intrapartum cesarean delivery, current research has not investigated the prepartal application of oxytocin in
well controlled clinical trials. It was striking that most studies on exogenous oxytocin are focused on PPH
prophylaxis in the third stage of labour without differing between the indications of cesarean section and hence
the prepartal oxytocin status.
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Background
Postpartum haemorrhage (PPH) is a major cause of ma-
ternal mortality and morbidity worldwide [1–4]. Ap-
proximately 36% of all lower segment cesarean deliveries
and between 6 and 14% of spontaneous deliveries are
complicated by PPH, depending on the definition used
and the population studied [5–7]. Although global mor-
tality from PPH is falling, its incidence is increasing in
several high resource settings [8, 9]. In the United States,
between 1994 and 2006, the rate of atonic PPH in-
creased by 160% among women undergoing cesarean
section after induction of labour and 130% among
women undergoing non-induced cesarean section [10].
This increase may be explained by the increasing rates
of cesarean sections and associated complications caused
by general anesthesia, operative techniques or complica-
tions such as placental abruption leading to an emer-
gency cesarean section [8, 11–14], but also due to an
extensive use of uterotonics to induce or augment
labour [7, 14].
The most widely used uterotonic drug for augmenting

labour or to maintain uterine contractility during labour
is oxytocin [15, 16]. Oxytocin, which was first synthetic-
ally synthesized in 1953 is also the first choice in the
prevention and treatment of uterine atony [17]. When
given in low-dose, oxytocin induces rhythmic uterine
contractions which are indistinguishable in frequency,
duration and strength from contractions observed dur-
ing spontaneous labour [18, 19]. On the other hand,
oxytocin for inducing or augmenting labour may de-
sensitise the oxytocin receptors, thereby impairing
oxytocin’s post-delivery effects on uterine contractility
[18]. For example, Balki et al. showed in different in
vitro studies that pretreatment with oxytocin de-
creases oxytocin-induced myometrial contractions in
pregnant humans and animals [20–22]. In addition,
Grotegut et al. conducted a retrospective study on
women who experienced severe PPH and found that
these women received significantly greater amounts of
oxytocin during labour compared with women with-
out PPH, suggesting that prolonged pre- or intrapar-
tum exposure to oxytocin might lead to decreased
drug efficacy [23]. Similarly, Belghiti et al. investigated
in a population-based case-control study the associ-
ation between the level of oxytocin exposure during
labour and the risk of severe atonic PPH [24, 25].
The study showed that oxytocin exposure during
labour appears to be an independent risk factor for
severe PPH in woman with spontaneous labour who did
not receive prophylactic oxytocin after delivery (odds ratio
after adjustment for all potential confounders [adjusted
OR]: 1.8, 95% CI 1.3 to 2.6). Thereby, the strength of the
association increased with the amount of oxytocin infused
during labour [24, 25].

Considering that PPH rates are higher in cesarean sec-
tion compared to spontaneous labour [7], particularly
labouring women requiring cesarean delivery may consti-
tute a subset of patients that may exhibit a negative re-
sponse to exogenous oxytocin [14–16]. Therefore, we
mapped the current literature for controlled clinical stud-
ies investigating the risk of atonic PPH in labouring
women requiring cesarean delivery (intrapartum cesarean
section) after oxytocin use for labour induction or aug-
mentation in comparison to no exogenous oxytocin.

Methods
Sources
We adhered to the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) protocol for
identifying, screening and eligibility of studies to conduct
the present research work [see Additional file 1].
We searched for controlled clinical studies investigat-

ing exogenous oxytocin in cesarean delivery, irrespective
of delivery indication, age, comorbidity or woman’s par-
ity. Primary maternal outcomes, we were interested in,
included PPH rates, adverse effects or the need for add-
itional uterotonics. In addition we collated any neonatal
outcomes reported. A review protocol can be accessed
from the corresponding author (CS).
Published studies were identified from searches of

electronic databases. We searched Medline (OvidSP),
Embase, Web of Science, the Cochrane library from in-
ception until May 2016. The search strategy was based
on combinations of medical subject headings (MeSH)
and keywords and was not restricted to specific lan-
guages. The search strategy used in Medline (OvidSP) is
presented in an additional file [see Additional file 2].
Search strategies for other databases were modified to
meet the requirements of each database. The searches
were supplemented by screening the bibliographies of
relevant studies and systematic reviews. Potential on-
going studies were identified in the International Clinical
Trials Registry Platform WHO (http://www.who.int/
ictrp/en/) and the Register for Clinical Trials (http://
clinicaltrials.gov/).

Study selection
One author (KB) screened the titles and abstracts of all
reports identified by electronic searches. We obtained
full-text copies of all potentially relevant articles and 2
reviewers (KB, CS) assessed them for inclusion. These
authors also independently carried out data extraction
for key characteristics of the study, participant and
intervention.

Data analysis (mapping the evidence)
First, study characteristics such as country, study design,
details of the intervention and control intervention, time
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point of drug application, week of gestation, sample size,
age and indication for cesarean section were extracted
and tabulated. Second, we looked whether the given
PPH rates were stratified after the indication for
cesarean delivery and/or when only women with intra-
partum cesarean section were included whether the re-
sults were stratified after the use of oxytocin versus no
oxytocin before surgery. By considering key characteris-
tics of all studies investigating oxytocin in cesarean sec-
tion, evidence gaps for a subset of women could be
identified and a narrative description of the current lit-
erature provided.

Results
Published studies
We identified 7866 titles and abstracts; for 432 of these,
the full text was evaluated. Figure 1 outlines the screen-
ing and selection process of the articles. Table 1 presents
the key characteristics of the 36 controlled trials investi-
gating the risk of PPH after the use of exogenous oxyto-
cin in cesarean section: 23 randomized controlled trials
(RCTs) (including 4084 patients), 2 comparative dose-

response studies (including 100 patients) and 11 non-
RCTs (including 3896 patients).

Intrapartum cesarean delivery
From 36 studies identified, 8 studies (1705 patients) in-
cluded solely women requiring intrapartum cesarean de-
livery, mainly because of labour arrest [26–33]. However,
from these 8 studies, only 2 dose-response studies ad-
dressed the hypothesis whether parturients who receive
intrapartum exogenous ocytocin are prone to a higher
risk of PPH by evaluating uterine contraction after deliv-
ery [26, 27]: (i) Thereby, the dose-response study from
Lavoie et al. investigated whether women who receive
intrapartum exogenous oxytocin, and who subsequently
undergo cesarean delivery for labour dystocia, need a
higher estimated effective dose of oxytocin in 90% of
women (ED90) compared with non-labouring parturi-
ents [27]. Thirty-two women participated in the labour-
ing and 38 women in the non-labouring group. The
reported oxytocin ED90 was significantly greater for the
labouring group requiring cesarean delivery compared
with that for the non-labouring group (mean difference:

Full text articles assessed for eligibility

n=432 

Studies included in scoping review

n=36 (25 RCTs and 11 non-RCTs)

Excluded 

based on title and abstract

n=4,098

Records identified through database searching
(search date: 05/2016)

n=7,866

Records after duplicates removed

(screened on title and abstract)

n=4,530

Full text articles excluded

n=396
no population of interest n=168

no intervention of interest n=  86

no outcome of interest n=  35

no study design of interest n=  91

duplicates n= 16

Fig. 1 PRISMA flow diagram: Results of the bibliographic literature search in Medline, Embase, Web of Science, and the Cochrane Library in May
2016 (as published by Moher D et al. in BMJ 2009;339:b2535). RCT: randomized controlled trial
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28 Units/h [95% CI 26–29 Units/h, P < 0.001]). Further-
more, significantly more women in the labouring group
compared to the non-labouring group required add-
itional uterotonic agents (mean difference: 26% [95% CI
7–44%, P = 0.008]). (ii) The other dose-response study
from Balki et al. estimated the minimum effective intra-
venous dose of oxytocin required for adequate uterine
contraction after cesarean delivery for labour arrest,
however, without using an active control group [26]. In
this study, all 30 patients received oxytocin infusion at a
mean of 9.8 ± 6.3 h before cesarean delivery. After deliv-
ery, oxytocin was administered as a slow intravenous
bolus according to a coin up-down sequential allocation
scheme. The minimum oxytocin ED90 required to pro-
duce adequate uterine response was estimated to be
3.0 U (95% CI 2.3–3.7 U). The authors concluded that
women with intrapartum cesarean section for labour ar-
rest require an oxytocin dose that is 9 times higher than
previously reported after elective cesarean section in
non-labouring women at term. However, the results of
these dose-response studies are limited by comparing
different patient populations without controlling for po-
tential confounders such as women with increased risk
of uterine atony, age, anticoagulant medication, general
anaesthesia or multiple pregnancy. In addition, the au-
thors used ‘satisfactory uterine contraction’ assessed by
palpating the uterus as main outcome. Beside the fact
that this outcome is subjective and not validated to esti-
mate the effect of oxytocin on the uterus, it can not be
excluded that due to a lack of blinding of the obstetri-
cians, different thresholds for satisfactory uterine tone in
women with prior labour compared with non-labouring
women were used. Therefore, theses study results need
to be interpreted with caution. The remaining 6 studies
including women with intrapartum cesarean sections in-
vestigated different doses or application schedules of ex-
ogenous oxytocin or compared oxytocin to other
uteronotics after cesarean delivery for PPH prophylaxis
[28–32]. Whether the prepartal oxytocin status is a risk
factor for atonic PPH could not be derived from these
studies.

Intrapartum and prelabour cesarean delivery
Our mapping also revealed that the majority of studies
investigating PPH rates for different treatment groups
are focused on prophylactic uterogenics and included
women with different types of cesarean delivery (intra-
partum and prelabour cesarean section). However, the
PPH rates given in these studies were not stratified ac-
cording to the indications for cesarean section. In
addition, the prepartal oxytocin status was not consid-
ered as confounding factor by conducting subgroup
analyses [34–63].

Ongoing studies
The search for ongoing and unpublished studies identi-
fied 2 RCTs which may provide subgroup data estimat-
ing the blood loss and risk for PPH after cesarean
section for labour arrest (ClinicalTrials.gov Identifier:
NCT01869556 and NCT02794779). The estimated com-
pletion date for both studies is by the end of 2017. In
addition, we identified HOLDS, a multicentre, double-
blind randomised controlled trial to compare standard
and high dose regimens of oxytocin for women with
confirmed delay in the first stage of labour (http://
www.isrctn.com/ISRCTN99841044). This trial rando-
mises 1500 women and measure differences in rates and
complications associated with cesarean section. If this
study provides a subgroup analysis of PPH rates in those
women requiring cesarean sections, important insights
addressing the present research question will be given.

Discussion
Current clinical practice guidelines for third stage oxyto-
cin administration do not distinguish between women
with prior oxytocin exposure and those without [64, 65].
This practice is also reflected by the current research in
cesarean delivery, which showed that the majority of
studies investigating oxytocin focus on prophylactic ad-
ministration in the third stage of labour, without differ-
ing between the indications for cesarean section and,
hence the prepartal oxytocin status (particularly when
labour was induced or augmented). However, taking into
account that labouring women requiring cesarean deliv-
ery constitute a relevant subset of patients - for whom
originally spontaneous labour was anticipated - the lack
of studies solely investigating this patient population is
not surprising.
In total, our evidence map revealed that only 2 studies

investigated the required oxytocin dose to prevent uter-
ine atony after cesarean delivery for labour arrest. These
dose-response studies support the hypothesis that
labouring women exposed to exogenous oxytocin re-
quire a higher oxytocin dose after delivery than non-
labouring women to prevent uterine atony after cesarean
section. This finding is in accordance with the observa-
tions during spontaneous labour [24, 25]. However, the
studies investigating this hypothesis in intrapartum
cesarean delivery are all flawed by limitations of the
study design as well as the outcome selection. Thus, the
estimated oxytocin ED90 may be lower in labouring
women than actually reported.
A limitation of our research work is that data could

not be formally synthesized due to a lack of controlled
studies evaluating the impact of ante partum oxytocin
use on the risk of PPH in exogenous cesarean delivery.
Nevertheless, the current scoping review describes key
data of published studies investigating the routine use of
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oxytocin in caesarean delivery in their quantity, but also
reveals major research gaps in this important but under-
represented obstetric area. It is obvious that research on
this topic is mainly restricted to augmentation or induc-
tion of vaginal delivery [16, 66, 67] or the prophylactic
use in the third stage of labour to prevent PPH [15, 68].
But such data would have been only relevant to address
our research question, if they had allowed us to derive
PPH rates for those women who required intrapartum
cesarean delivery (e.g., data from subgroup analyses). A
Cochrane Review from 2013 investigated oxytocin aug-
mentation of labour in women with epidural analgesia
for reducing operative deliveries [69]. This review pro-
vides rates for cesarean sections after oxytocin exposure
in comparison to placebo, but whether there is a differ-
ence in PPH rates for women requiring cesarean section
were also not provided. Taking into account that the
current research does not provide us with rigorous con-
trolled data to address our research question, access to
individual and/or unpublished study data may be desir-
able [70]. Although overall progress has been made to
obtain such study data, there are still major issues re-
lated to unrestricted data access. For example, released
data may be incomplete, selective or not in compliance
with the results reported in the corresponding publica-
tions. Facing these issues, we did not undertake efforts
to include such data in our research work.
We believe that the current scoping review is import-

ant because it reveals that published research on oxyto-
cin is restricted to the use for inducing or augmenting
labour or for PPH prophylaxis, without considering
women requiring intrapartum cesarean section – not
even in subgroup analyses. Given the increasing rates in
cesarean sections and labour inductions in many devel-
oped countries [71], well controlled studies are needed
focusing on these parturient. Taking into account that
different studies suggest that induction of labour in-
creases the risk of postpartum hemorrhage and blood
transfusion [24, 71], caution is needed when intrapartum
cesarean section is performed, particularly when labour
is induced or augmented, as it may result in increased
maternal morbidity.

Conclusions
Considering that research on the risk of PPH after oxy-
tocin exposure is generally restricted to the use of PPH
prophylaxis and vaginal births, future controlled studies
should evaluate whether administration of oxytocin in
cesarean delivery is associated with a higher risk of PPH
taking into account that labouring and non-labouring
women may show a difference response to exogenous
oxytocin. In addition, these studies should control for
known confounding factors associated with a higher risk
of PPH such as multiple pregnancy, assisted

reproductive technologies, general anaesthesia, type of
uterine incision or advanced maternal age [6, 13, 14, 72].
As long as there is no evidence-based guideline available
for labouring women requiring cesarean delivery, obste-
tricans and anaesthesiologists should always be aware of
an increased risk of PPH due to prior oxytocin exposure
in this patient population.
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