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Misoprostol as an adjunct to oxytocin can
reduce postpartum-haemorrhage: a
propensity score–matched retrospective
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Abstract

Background: There is some evidence that suggests misoprostol may supplement the action of oxytocin in preventing
post-partum haemorrhage (PPH). The primary objective of this study was to determine the effect of the administration
of 600 μg misoprostol in addition to oxytocin versus oxytocin alone, on the risk of PPH among pregnant women after
delivery. The secondary objectives were to determine the effects of the above combination on maternal death and
blood transfusion among pregnant women after delivery; and to determine the incidence of PPH, its case fatality, and
the maternal mortality ratio in our hospital.

Methods: Design and setting: Retrospective chart review of 1736 women delivering at the Regional Hospital
Bamenda Cameroon, between 2015 and 2016. This was a pre versus post study following a policy change
in the prevention of PPH.
Exposure groups: One group received oxytocin-misoprostol (January–April 2016: period after policy change), and the
second group received oxytocin-only (January–April 2015: period before policy change) after delivery.
Outcomes: The primary outcome was PPH, and the secondary outcomes were maternal death and blood transfusion.
Statistical analysis: A 1:1 matching with replacement was done with the propensity score (PS). The groups were
compared using PS matching with conditional logistic regression on the matched pairs as the main analysis.
A sensitivity analysis was done using other PS adjustment methods and multiple regression.
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Results: Of the 1736 women included in this study, 1238 were matched and compared. Women who
received oxytocin-misoprostol were less likely to have PPH as compared to those receiving oxytocin-only
(odds ratio [OR] 0.22, 95% confidence interval [CI] 0.08, 0.59, p = 0.003). This reduced odds of PPH was upheld
in the different sensitivity analyses. There were no significant differences in the odds of maternal death and
the use of blood transfusions between the two groups: OR 3.91, 95% CI [0.44, 35.08], p = 0.22, and OR 0.89,
95% CI [0.14–5.63], p = 0.91, respectively. Sensitivity analyses showed similar results. The incidence of PPH was
2.9% (before adding misoprostol the incidence was 4.4% and after adding misoprostol it was 1.5%), the case
fatality rate of PPH was 1.96%, and the overall maternal mortality ratio in the hospital was 293 maternal
deaths/100000 life births.

Conclusion: Our evidence suggests that using 600 μg misoprostol as an add-on to oxytocin in the prevention
of post-partum haemorrhage significantly reduces the odds of PPH without affecting other maternal
outcomes.
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Background
Post-partum haemorrhage (PPH) refers to bleeding
from the genital tract greater than or equal to 500 cc
following vaginal delivery, or greater than or equal
to 1000 cc following a caesarean section [1]. PPH is
responsible for one maternal death every 4 min in
low-income countries [2]. Most of these maternal
deaths occur within the first 24 h following delivery,
but can largely be prevented by the use of prophy-
lactic uterotonics after delivery [3]. This is because
PPH is primarily due to uterine atony [4].
Active management of the third stage of labour

(AMTSL) is an evidence-based intervention which is
recommended for all deliveries to prevent PPH [3].
The administration of a prophylactic uterotonic
agent is a key component of AMTSL, and the World
Health Organisation (WHO) recommends the use of
oxytocin (10 IU, intra venous/intra-muscular) as the
uterotonic drug of choice [3]. Despite the widespread
use of oxytocin in AMTSL, the high rates of PPH
observed in low-income countries is indicative of the
fact that this strategy may be lacking in certain as-
pects, thus justifying the need for add-ons to supple-
ment the uterotonic properties of oxytocin.
One of such potential add-ons is misoprostol which is a

prostaglandin E1 analogue with strong uterotonic properties
[5]. Given its established safety profile in obstetrics, miso-
prostol is recommended by WHO as an alternative to oxy-
tocin for the prevention of PPH in settings where the latter
is unavailable [3]. Given their independent pathways of ac-
tion, one could expect a synergistic effect of both drugs
when used in combination to prevent PPH [6]. There is
strong biological evidence suggesting that misoprostol can
augment the effectiveness of injectable uterotonic agents
such as oxytocin used in AMTSL [7].
Since October 2015, following a drug donation of

misoprostol from the Life for African Mothers Non-

Governmental Organisation, there was a policy
change in the preventive management of PPH in the
Regional Hospital Bamenda (RHB) Cameroon, from
the use of oxytocin-only, to the use of an oxytocin-
misoprostol combination. Consequently 600 μg
misoprostol was routinely given in the immediate
post-partum period, either orally or rectally, as an
add-on to oxytocin in AMTSL, to all women who de-
livered in the maternity of the Regional Hospital
Bamenda, to help in the prevention of PPH. This pol-
icy change was based more on biological plausibility
than evidence. No study has been done to evaluate
the effect of this combination on the prevention of
PPH, and consequently the reduction of maternal
mortality. It is important to note that the drug dona-
tion continues till date, and there are plans for the
hospital administration to ensure the continuity of
the supply once the donation comes to an end.
The primary objective of this study was therefore to

determine whether the routine administering of 600-
μg misoprostol to pregnant women after placental de-
livery in addition to routine AMTSL using oxytocin,
was associated with reduced risk of PPH after adjust-
ing for potential confounders.
Our secondary objectives were to determine whether

this routine administration of 600-μg misoprostol was as-
sociated with reduced risk of maternal death and blood
transfusion after adjusting for potential confounders. In
addition, we sought to determine the incidence of PPH at
the Regional Hospital Bamenda as well as its case fatality
rate; and to determine the causes of PPH at the Regional
Hospital Bamenda. We equally sought to estimate the ma-
ternal mortality ratio at the Regional Hospital Bamenda,
and to describe the associated causes of maternal death.
Our research hypothesis was that the use of 600 μg

misoprostol as an add-on to standard care with oxy-
tocin for AMTSL is protective against PPH, maternal
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mortality and use of blood transfusions among
women after delivery.

Methods
Study type
This was a retrospective chart review study.

Setting
This was a hospital-based study conducted at the ma-
ternity of the Regional Hospital Bamenda (RHB) in
the North West Region of Cameroon. Cameroon is a
sub-Saharan West African country. It has an esti-
mated population of about 24 million inhabitants [8].
The Regional Hospital Bamenda is the lone referral
hospital in Bamenda the capital of the North West
Region of Cameroon, and serves a population of
about 337,036 inhabitants [9]. In this hospital, about
3,360 women give birth annually [9].

Inclusion and exclusion criteria
We included in our study pregnant women who deliv-
ered at the maternity of the Regional Hospital Bamenda
at a gestational age of 20 weeks or more, and who had
complete case records on the evolution of labour from
the moment of admission until discharge from the
hospital.
We excluded women with incomplete case records

during the study period, those with medical records
which had been physically damaged, women who deliv-
ered before arrival to the hospital. We equally excluded
women who had delivered elsewhere and developed
PPH, and were then referred for the management of
PPH to the Regional Hospital Bamenda.

Study period
Data for this study was collected between November
2017 to March 2018. Given that the gift of misopros-
tol was received in October 2015, we could not have
a concurrent comparison group, as the drug was rou-
tinely administered to all women thereafter. Our
comparison group was therefore drawn from a histor-
ical cohort of women delivering in the same hospital
within a similar time frame (see Fig. 1). We used a 4-
month period within each time frame, that is, from
January to April 2015 (period of no misoprostol use),
and from January to April 2016 (period of routine
misoprostol use). These time frames were chosen to
minimise any biases due to differential staffing be-
cause during these periods the maternity staff was the
same (same 4 Obstetrician Gynaecologists, same mid-
wives in the labour room and postnatal wards, same
staff in the theatre). To the best of our knowledge,
the quality of care received by the pregnant women
during these periods was about the same, and only

differed in terms of the routine administration of mi-
soprostol. There were no other changes to clinical
practice for PPH over this period.

Study variables
The intervention was the use of misoprostol in addition
to standard care for AMTSL. During the period when it
was available, 600 μg misoprostol was given either orally
or rectally to all women who delivered in the maternity
of the Regional Hospital Bamenda, irrespective of the
mode of delivery. The study group receiving this inter-
vention was referred to as the oxytocin-misoprostol
group.
The comparator was standard active management of

the third stage of labour using oxytocin-only as the
uterotonic drug. The study group receiving this was re-
ferred to as the oxytocin-only group.

Study outcomes
The primary outcome measure was PPH defined as vagi-
nal blood loss ≥500 cc within the first 24 h following va-
ginal delivery or blood loss ≥1000 cc following a
caesarean section [1]. However rigorous measurement of
blood loss was not routinely done in our maternity. For
the purpose of this study, we identified potential cases of
PPH from diagnoses recorded in the hospital charts.
These diagnoses of PPH were based solely on the clinical
judgment of the team on duty who made the diagnosis.
The records of these potential PPH cases were reviewed
by an adjudication team of two obstetrician gynaecolo-
gists involved in the routine care of women within the
facility. This team used information noted in the records
such as reports of PPH, estimates of blood loss after de-
livery, occurrence of hemodynamic shock after delivery,
laboratory results of haemoglobin level before and after
deliver as well as the use of blood transfusion after
deliver, in order to adjudicate whether the primary out-
come (PPH) had occurred. The adjudication team was
blinded to the treatment option used in each case. PPH
was recorded as a dichotomous variable.

Secondary outcome measures included maternal
death defined as “the death of a woman whilst preg-
nant or within 42 days of delivery or termination of
pregnancy, from any cause related to, or aggravated
by pregnancy or its management, but excluding
deaths from incidental or accidental causes” [10];
blood transfusions following delivery; the incidence
and causes of PPH; the maternal mortality ratio and
causes of maternal death. In addition, we tried to
collect information on side effects of misoprostol
(such as shivering; fever > 38 °C; diarrhoea, nausea,
vomiting), but these were not routinely noted in the
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files and thus these outcomes could not be
evaluated.

Confounders
Based on a literature review, greater maternal age,
higher gravidity, higher parity, a maternal history of
postpartum haemorrhage, induced labour, multiple
pregnancy, foetal macrosomia, polyhydramnios, in-
creased duration of labour, and delivery by caesarean
section are a selection of potential confounders of
the relationship between the method used for the
prevention of PPH and the occurrence of PPH, and
may be associated with increased risk of PPH [11,
12]. Data was collected on these confounders when
possible, and adjustments made for them by match-
ing or during analysis.

Data collection
Baseline demographic data as well as outcome re-
lated data was collected on a standardized pretested
data abstraction form. The form had no personal
identifier other than the numbers assigned during
data abstraction. Data was collected from the files of
the women, and supplemented where necessary with
hospital records from the labour room, wards and
theatre registers. The need for individual patient
consent for data collection was waived by Bamenda
Regional Hospital Institutional Review Board.
The collected data was transferred into a Microsoft

Excel version 13 spread sheet on an independent
and secure computer where it was checked for ac-
curacy and completeness. These data were eventually
transferred to the Statistical Package for Social
Sciences (SPSS) software version 20.0 [13] for

Fig. 1 Flow chart of study participants. Summarises the flow of study participants within the study
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analysis. Propensity score matching was done using
the R software (version 3.51) [14].

Statistical methods
Creating the propensity score model
It has been noted that in observational studies, there is a
tendency for the existence of systematic differences in
baseline characteristics between treated and untreated
subjects, and it is important to account for such differ-
ences when estimating treatment effects [15]. In recent
times, the propensity score is increasingly being used as
a balancing score to minimise such differences [15]. The
propensity score represents the estimated conditional
probability of being assigned to either of the treatment
groups given the patients’ pre-treatment characteristics
[16]. We therefore opted to use it in our analysis to bal-
ance differences in baseline characteristics between the
oxytocin-misoprostol group and the oxytocin-only
group.
Our propensity score matching model was created

using the Coarsened Exact Matching method with re-
placement [17]. This method was chosen because
amongst the multiple methods of matching which we
tried out, it resulted in the lowest standardised mean dif-
ferences between treatment groups for the different
matched variables. We did a one-to-one matching with
replacement given that it is appropriate in cases where
the treatment group is bigger than the control group
[18]. Furthermore, it provides more unbiased treatment
effect estimates relative to a matching without replace-
ment [18]. For the matching, we did an automated
coarsening, and this provided us with a sufficiently large
matched sample.
For the matching, the grouping variable was the use of

misoprostol or not, while the covariates matched for
were age in years, gravidity, parity, history of delivery of
a macrosomic baby in the previous pregnancy, whether
or not the woman was referred from a different facility,
whether or not labour was induced, the mode of delivery
and the birth weight of the child. These variables were
selected among available baseline covariates based on
known associations between these and PPH [11, 12].

Comparison of the baseline characteristics
The characteristics of the study participants in the two
study groups, was described using descriptive statistics re-
ported as count (percentage) for categorical variables, and
mean (standard deviation [SD]) or median (first quartile,
third quartile) for continuous variables depending on the
distribution. We directly compared the baseline character-
istics between our two treatment groups before and after
matching. For each variable compared, we used an abso-
lute standardized mean difference threshold of less than
10% as proof of balance between the groups [15].

Analysis of primary outcome
We conducted a propensity score (PS) matched data
analysis using conditional logistic regression based on 1:
1 matched samples. The use of conditional logistic re-
gression in analysing matched case-control data is in-
creasingly being used as a standard procedure [19],
hence the reason we choose it as our primary analysis
method.
We conducted sensitivity analyses with the other

PS-adjustment methods, multivariable logistic regres-
sion analysis and analysis on the unmatched data.
Our rationale for using the other PS-methods was
that there are several ways of using the PS to adjust
for confounding [15], each of them worthy of explor-
ation. These methods are stratification on the propen-
sity score, inverse probability of treatment weighting
(IPTW) using the propensity score, and covariate
adjustment using the propensity score [15]. The ra-
tionale for the multivariable analysis comparison was
because of the fundamental differences between PS-
methods and multivariable regression approaches,
with propensity score analysis modelling the relation-
ship between the covariate and the putative cause,
while regression adjustment models the relationship
between the covariate and the outcome [20]. How-
ever, research evidence suggests that the use of
multivariable analysis leads to similar results when
compared to propensity-score adjusted approaches
[21]. Our hypothesis therefore was that the results
would remain robust under all these methods.

Analysis of secondary outcomes
We conducted a PS matched data analysis using condi-
tional logistic regression based on 1:1 matched samples
as the main analysis. A sensitivity analysis was done
using the same approaches as with the primary outcome,
and for the same reasons.
We presented the results as odds ratio (OR), corre-

sponding 95% confidence interval (CI) and associated p-
values for each outcome. All of our statistical analyses
were performed using a 2 tailed test, and the level of
statistical significance was set at 0.05.

Results
Baseline characteristics and assessment of the matching
A total of 1736 women were included in this study. Of
these 1736 women, 1238 were matched. Table 1 summa-
rises the characteristics of study participants in the
unmatched and matched study populations for the two
treatment groups (oxytocin-only vs oxytocin-misoprostol).
Comparison of the standardised mean differences be-

tween the variables in the unmatched and matched data
samples shown in Table 1 indicate an overall lower stan-
dardised mean difference in the matched data. The
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balance was successful for all the covariates except for
the birth weight of the babies, for which we did not
achieve balance.

Post-partum haemorrhage
In the unmatched data, PPH was recorded in 1.5%
(13/879) of women in the oxytocin-misoprostol
group, and in 4.4% (38/857) of women in the
oxytocin-only group. In the matched data, PPH was
recorded in 0.8% (5/632) of women in the oxytocin-
misoprostol group, and in 4.3% (26/606) women in
the oxytocin-only group. Figure 2 summarises the
odds of PPH between the two treatment groups
using different methods of analysis. Women who re-
ceived oxytocin-misoprostol were less likely to have
PPH as compared to those receiving oxytocin-only
(main analysis, OR 0.22, 95% CI 0.08, 0.59, p =
0.003). This reduced odds of PPH was upheld in the
different sensitivity analyses (Fig. 2).

Maternal deaths
In the unmatched data, there were 4 (0.45%) maternal
deaths among the 879 women in the oxytocin-
misoprostol group, and 1 (0.12%) among the 857
women in the oxytocin-only group. Table 2 summa-
rises the risk of maternal death between the two
treatment groups. There was no significant difference
in the odds of maternal death between the two treat-
ment groups (OR 3.91, 95% CI [0.44, 35.08]). This
result is presented for the unmatched data only as
none of the cases of maternal death were matched,
hence a propensity score analysis was not possible
with this variable (Table 2).

Blood transfusion
In the unmatched data, 7 of the 879 women (0.79%) in
the oxytocin-misoprostol group, and 4 of the 857
women (0.46%) in the oxytocin-only group received a
blood transfusion. In the matched data, 2 of the 632
women (0.32%) in the oxytocin-misoprostol group, and
3 of the 606 (0.49%) women in the oxytocin-only group
received a blood transfusion. Figure 3 summarises the
odds of blood transfusion between the two treatment
groups. There was no significant difference in the odds
of blood transfusion between the two treatment groups
in both the main and sensitivity analysis (main analysis,
OR 0.89, 95% CI [0.14–5.63]) (Fig. 3).

Incidence and causes of PPH
Amongst the 1736 women included in the study, there
were 51 cases of PPH, giving an overall incidence of
PPH of 2.9%. The incidence before the intervention was
4.4% (38/819) and the incidence after the intervention
was 1.5% (13/866). Table 3 summarises the causes of
PPH in the two study groups. The most common cause
of PPH identified in both groups was uterine atony (50%
of identified causes).

Maternal mortality ratio and causes of maternal death
Amongst the 1736 women included in the study, there
were a total of 1704 life births, with 5 maternal deaths,
giving a maternal mortality ratio of 293 maternal deaths/
100000 life births. There was one maternal death in the
oxytocin only group, and this was due to myocardiac
infarction. The 4 maternal deaths in the oxytocin-
misoprostol group were due to HELLP syndrome (1 case),
pulmonary embolism (1 case), PPH (1 case), and 1
unknown cause. Given the 51 women with PPH in the
sample, the case fatality rate of PPH was 1.96%.

Table 1 Characteristics of study participants in the unmatched and matched study populations for oxytocin-only vs oxytocin-
misoprostol (Coarsened exact method matching)

Unmatched population (n = 1736) Matched Population (n = 1238)

Oxytocin-only
(n = 857)

Oxytocin-
misoprostol (n =
879)

Standard
difference,%

Oxytocin-only
(n = 606)

Oxytocin-
misoprostol (n =
632)

Standard
difference,%

Age in years, Mean (SD) 26.31 (5.17) 26.25 (5.08) 1.1 25.23 (4.44) 25.19 (4.27) 0.9

Gravidity, Mean (SD) 2.58 (1.51) 2.57 (1.55) 0.9 2.25 (1.19) 2.20 (1.21) 3.6

Parity, Mean (SD) 1.29 (1.32) 1.29 (1.37) 0.3 1.09 (1.09) 1.07 (1.23) 2.1

History of macrosomic baby n (%) 94 (11.0) 62 (7.10) 13.7 47 (7.8) 37 (5.9) 7.6

Patient referred n (%) 27 (3.20) 20 (2.30) 5.4 3 (0.5) 3 (0.5) 0.3

Induction of labour in indexed pregnancy n
(%)

30 (3.50) 45 (5.10) 8.0 3 (0.5) 5 (0.8) 3.7

Mode of delivery caesarian section n (%) 125 (14.6) 83 (9.4) 15.9 46 (7.6) 36 (5.7) 7.6

Birth weight of babies in the indexed
pregnancy in grams, Mean (SD)

3393.9 (516.7) 3182.6 (481.1) 42.3 3362.42
(419.83)

3230.66 (412.77) 31.7

SD Standard Deviation
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Discussion
Women who received oxytocin-misoprostol were less
likely to have PPH as compared to those receiving
oxytocin-only (OR 0.22, 95% CI 0.08, 0.59, p = 0.003).
There were however no significant differences in the odds
of maternal death and the use of blood transfusions be-
tween the two groups: OR 3.91, 95% CI [0.44, 35.08], p =
0.22, and OR 0.89, 95% CI [0.14–5.63], p = 0.91 respect-
ively. Sensitivity analyses showed similar results. The inci-
dence of PPH in the Regional Hospital Bamenda was 2.9%
(before adding misoprostol the incidence was 4.4% and
after adding misoprostol it was 1.5%), the case fatality rate
was 1.96%, and the overall maternal mortality ratio in the
hospital was 293 maternal deaths/100000 life births.

Our results contrast with findings from trials con-
ducted in Africa evaluating the use of misoprostol as
an add-on to routine uterotonics in the prevention of
PPH. Both Fawole et al. [22] and Hofmeyr et al. [7]
did not find any significant reduction in the risk of
PPH when misoprostol was used as an add-on to rou-
tine uterotonics for the prevention of PPH (relative
risk [RR] 0.96, 95% CI 0.63–1.45 and RR 0.64; 95%
CI, 0.38–1.07 respectively). It is however not uncom-
mon for the results of propensity score adjusted stud-
ies to differ from that of randomised controlled trials
[23, 24]. Despite the higher strength of evidence from
the trials of Hofmeyr et al. [7] and Fawole et al. [22],
both evaluated the use of 400 μg of misoprostol,

Table 2 Association between maternal death and the type of drug used for PPH prevention

Main Analysis Odds ratio (95% CI) p-value

Unmatched analysis (n = 1238) 3.91 (0.44–35.08) 0.223

Analysis with multivariable logistic regression on the unmatched data (n = 1238) a 5.32 (0.095–298.58) 0.416

Analysis with the matched data was not conducted as there were no cases of maternal death in the matched data
aAnalysis adjusted for age, gravidity, parity, referral status, induction of labour, history of a macrosomic baby, mode of delivery, birth weight

Fig. 2 Comparing the odds of post-partum haemorrhage between oxytocin-misoprostol vs oxytocin only using different methods of analysis
(Main analysis and sensitivity analysis)
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contrary to this study which evaluated the effect of a
600 μg dose of misoprostol as an add-on to routine
oxytocin. Our results therefore suggests that the dose
of misoprostol used may be a determinant factor on
its efficacy in reducing PPH when it is used as an
add-on to oxytocin.
In Pakistan, which is a low-income country like

Cameroon, Zuberi et al. [25] found 600 μg misoprostol
given as an adjunct treatment for PPH to be “promising”
in reducing PPH, even though they could not measure
statistical significance due to a much lower than expected
PPH rate. They therefore recommended its continued

exploration in women with PPH [25]. Our findings sup-
port their claim, and substantiate the need for a trial
evaluating the use of a 600 μg misoprostol dose for pre-
vention of PPH.
The incidence of PPH before the intervention was

4.4%, and we believe this represents the incidence of
PPH in our hospital before the start of the study.
The reported overall incidence of PPH of 2.9% in
this study was much lower than regional estimates
of PPH of 25.7% in Africa [26]. It was also slightly
lower than the 4.1% incidence of PPH found in the
Yaounde University Teaching Hospital in Cameroon

Fig. 3 Comparing the odds of blood transfusion between oxytocin-misoprostol vs. oxytocin only using different methods of analysis (Main
analysis and sensitivity analysis)

Table 3 Causes of Postpartum haemorrhage in the two treatment groups

Oxytocin-only group (N = 20):
n (%)

Oxytocin-Misoprostol group (N = 10):
n (%)

Totala (N = 30): n (%)

Uterine atony 9 (45.0) 6 (60.0) 15 (50.0)

Retained placental tissue 6 (30.0) 1 (10.0) 7 (23.3)

Genital laceration 5 (25.0) 2 (20.0) 7 (23.3)

Coagulopathy 0 (0.0) 1 (10.0) 1 (3.3)
amissing cases = 21
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[27] which is a similar tertiary hospital like the
Regional Hospital Bamenda. These differences may
be due to differences in study settings (community
vs. facility based), differences in labour care, but also
the role of misoprostol in reducing PPH in our hos-
pital. The use of an adjudication committee to make
the final diagnosis of PPH from the files may equally
have limited the number of cases of PPH in this
study, hence the low incidence of PPH seen in this
study needs to be interpreted with caution.
Given the high case fatality rate of PPH in this study

(1.96%) which was higher than the < 1% case fatality rate
recommended by the United Nations for women with
direct obstetric complications [28], the potentially addi-
tive effect of misoprostol to curb PPH is worth
considering.
The maternal mortality ratio in this study is com-

parable to the 287.5 per 100 000 live births reported
by Tebeu et al. in a tertiary hospital in Yaounde
Cameroon [29]. It is also comparable to the maternal
mortality rate of 239 per 100,000 live births in low-
income countries, a value which is 20 times greater
than that in high-income countries [30]. Mindful of
the fact that the overarching aim to curb PPH is to
reduce maternal mortality, it is uncertain whether the
decrease in odds of PPH with the addition of miso-
prostol in this study suffices to reduce the risk of ma-
ternal death. We failed to show any effect of our
intervention on maternal mortality probably because
due to the small numbers of maternal death, the
study was underpowered to assess the effect of the
intervention on this outcome. However, the observed
tendency for an increased maternal mortality in the
treatment group was unlikely to be due to the inter-
vention given that the causes of these deaths were
well defined, and were unlikely to be linked to the
intervention.
Similarly, we failed to show any effect of our interven-

tion on the risk of blood transfusion probably because
due to the small numbers of blood transfusion especially
after matching, the study was underpowered to assess
the effect of the intervention on this outcome as well.
This study is limited by its design. The retrospective

assessment of a natural experiment may be subject to
bias, including confounding. One potential source of
bias which may have played a role in the reduction of
PPH in the oxytocin-misoprostol group may have
been an increased awareness of the treating staff on
PPH following the policy change. We had little con-
trol over this potential bias, but believe its effect
would have been minimal given that the treating
staffs were also not aware that a study will eventually
be conducted to compare the outcome before and
after the policy change.

Still in terms of bias, assessment of the outcome
depended solely on hospital records which may not
have been very accurate. However information from
medical records for PPH and other maternal out-
comes have been used as the gold standard to assess
the validity of hospital discharge data [31]. We tried
to minimise any potential inaccuracies in the diagno-
sis of PPH by the use of a blinded adjudication team
of two obstetrician gynaecologists involved in the rou-
tine care of women within the said facility to assert
the diagnosis based on the records.
Eight women were excluded from the study because of

incomplete records. They were of similar ages as the rest
of the sample, and it is unlikely that they would have dif-
fered substantially from the rest of the population in
terms of other characteristics or the outcome. We there-
fore suspect that the effect of their exclusion would have
been minimal to cause any form of selection bias.
The propensity score matching creates a new often

smaller but more balanced data set in which exposed
and unexposed participants have a similar distribution of
covariates. It was intended as the primary analytical ap-
proach in this study. Loss of some data is a limitation of
all matching techniques, but the benefits of confounding
control outweigh this limitation.
Despite the propensity score matching we used to

minimise any potential confounding, this method can
only adjust for known confounders which have been
measured [32]. However, information on other
potential confounders such as a maternal history of
postpartum haemorrhage, polyhydramnios, and the
duration of labour were not available in the records,
and were therefore not included in the propensity
score model. These may constitute sources of residual
confounding, and limit the strength of the causal rela-
tionship between the intervention and the outcome in
the study. Another potential source of residual con-
founding was the birth weight of the babies for which
we did not achieve balance in the propensity score
model (standardised difference 31.7%). This variable
was included in the multivariable regression analysis
and found non-significant (result not shown).
A further limitation of this study is the fact that we

were not able to assess side effects of misoprostol.
Consequently, any potential benefits of misoprostol
seen in the study must be taken cautiously given that
side-effects such as severe hyperthermia may be life-
threatening [2]. The study is equally limited by the
fact that maternal deaths occurring after hospital dis-
charge till 42 days post-delivery were unlikely to be
found in the records and therefore not included in
the study.
The strengths of our study include the unique ability

to evaluate a natural experiment where oxytocin-
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misoprostol was routinely introduced, and the ability to
compare within a short time frame. Other study
strengths include the large sample size and the rigor in
statistical analysis. Our findings were robust to extensive
sensitivity analysis regarding the methods for propensity
score matching analysis associated with a multivariable
logistic regression analysis.
The implication of our findings is that there is a po-

tentially beneficial effect in the use of 600 μg misoprostol
as an adjunct to oxytocin to reduce PPH. While our
findings may not be immediately generalizable given the
potential for unknown confounding, our study provides
a rationale to explore a 600 μg dose of misoprostol as an
add-on to routine uterotonics for the prevention of PPH
in this setting, preferably using a randomised controlled
trial. If this hypothesis is backed by future research, it
could lay the foundation for generalizability and advo-
cacy for an evidenced-based policy change in the man-
agement of PPH especially in low-income settings.

Conclusions
Our evidence suggests that using 600 μg misoprostol as
an add-on to oxytocin in the prevention of post-partum
haemorrhage significantly reduces the odds of PPH. This
conclusion should be interpreted cautiously given the
overall limitations of the study design. Further research
is necessary to evaluate the net benefit of this combin-
ation in preventing PPH and consequently maternal
death.
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