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Abstract
Purpose To compare the effectiveness of intravenous carbetocin to that of intravenous oxytocin for prevention of atonic 
postpartum hemorrhage (PPH) after vaginal delivery in high-risk singleton pregnancies.
Methods This triple-blind randomized controlled trial included singleton pregnant women who delivered at Siriraj Hospital 
between August 2016 and January 2017 and who were 20 years or older, had a gestational age of at least 34 weeks, had 
a vaginal delivery, and had at least one risk factor for atonic postpartum hemorrhage. Immediately after vaginal delivery, 
participants were randomly assigned to receive either 5 U of oxytocin or 100 mcg of carbetocin intravenously. Postpartum 
blood loss was measured objectively in mL using a postpartum drape with a calibrated bag.
Results A total of 174 and 176 participants constituted the oxytocin and carbetocin groups, respectively. The baseline 
characteristics were comparable between the groups. The carbetocin group had less postpartum blood loss (146.7 ± 90.4 
vs. 195.1 ± 146.2 mL; p < 0.01), a lower incidence of atonic PPH (0 vs. 6.3%; p < 0.01), less usage of additional uterotonic 
drugs (9.1 vs. 27.6%; p < 0.01), and a lower incidence of postpartum anemia (Hb ≤ 10 g/dL) (9.1 vs. 18.4%; p < 0.05) than 
the oxytocin group. No significant differences regarding side effects were evident between the groups.
Conclusions Intravenous carbetocin is more effective than intravenous oxytocin for the prevention of atonic PPH among 
singleton pregnancies with at least one risk factor for PPH.
Clinical trial registration TCTR20160715004.
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Introduction

Postpartum hemorrhage (PPH) is responsible for one-fourth 
of maternal deaths worldwide [1]. PPH is defined as postpar-
tum blood loss ≥ 500 mL after vaginal delivery and blood 
loss > 1000 mL after cesarean delivery [2]. Uterine atony is 
the most common cause of PPH [2]. Active management of 
the third stage of labor (AMTSL) is recommended for pre-
vention of PPH [2]. Administration of uterotonic agents is an 

essential component of AMTSL, as this prophylactic strat-
egy has decreased the incidence of PPH by nearly half [3]. 
Oxytocin is the drug of choice for prevention of PPH [4]. 
Oxytocin stimulates uterine contraction by binding directly 
to oxytocin receptors and increasing the intracellular cal-
cium concentration within uterine smooth muscle [3]. Given 
that oxytocin has a short half-life (4–10 min) and duration of 
action, continuous intravenous infusion of oxytocin is rec-
ommended in routine postpartum practice. Common side 
effects of oxytocin include decreased blood pressure, nau-
sea, vomiting, cardiac arrhythmia, pulmonary edema, water 
intoxication, and seizure [3, 5]. To minimize these effects, 
slow intravenous injection or infusion is recommended, as 
opposed to rapid bolus intravenous injection [3, 5].
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Carbetocin (1-deamino-1-carba-2-tyrosine(O-methyl)-
oxytocin) is a long-acting synthetic oxytocin agonist. The 
half-life of carbetocin is 40 min, which is 4- to 10-fold 
longer than the half-life of oxytocin. The onset of action 
occurs within 2 min, and the duration of action is 1 and 2 h 
after intravenous and intramuscular injection, respectively 
[3, 5]. A dose of 100 mcg of carbetocin is generally consid-
ered to be equivalent to 5 U of oxytocin [3]. The side effects 
of carbetocin include flushing, decreased blood pressure, 
transient tachycardia, headache, abdominal pain, and bitter 
tongue [5, 6]. Although some case reports have described 
adverse cardiovascular effects (e.g., a prolonged QT inter-
val and acute coronary syndrome), most of these studies 
reported no serious adverse events after carbetocin admin-
istration while reporting side effects that were comparable to 
those caused by oxytocin [5, 7, 8]. To avoid side effects, the 
recommendation is for carbetocin to be administered as an 
intramuscular or intravascular injection over a 1-min period 
after fetal or placental delivery [3].

Recent clinical studies of carbetocin for PPH prevention 
have focused mainly on cesarean delivery, with the value 
of carbetocin in routine obstetric practice being widely 
acknowledged. A recent Cochrane review has reported that 
carbetocin is more effective than oxytocin for reducing the 
need for additional uterotonic drugs following cesarean 
delivery and the need for uterine massage following both 
cesarean and vaginal delivery [9]. The Society of Obste-
tricians and Gynaecologists of Canada (SOGC; 2009) rec-
ommends carbetocin as a first-line drug for the prevention 
of PPH after elective cesarean delivery and after normal 
vaginal delivery in pregnant woman with one risk factor for 
PPH [10]. Carbetocin studies that focus on vaginal deliv-
ery, especially studies of carbetocin administration via the 
intravenous route, remain limited. Accordingly, the aim of 
this study was to compare the effectiveness of intravenous 
carbetocin with that of intravenous oxytocin for prevention 
of atonic PPH after vaginal delivery in high-risk singleton 
pregnancies.

Methods

This triple-blind randomized controlled trial included sin-
gleton pregnant women who delivered vaginally at Siriraj 
Hospital, Thailand’s largest, university-based national ter-
tiary referral center, which has around 5000 vaginal births 
per year, from August 2016 to January 2017 and who were 
20 years or older, had a gestational age of at least 34 weeks, 
had a vaginal delivery, and had at least one risk factor for 
atonic PPH. The study participants, healthcare providers 
who administered uterotonic agents, and statistician who 
analyzed the final data were blinded to the agent admin-
istered and to the group allocation. All participants were 

counseled after admission regarding the study proto-
col and objectives, after which written informed consent 
was obtained authorizing their participation in the study. 
Informed consent was obtained from all individual partici-
pants included in the study. The protocol of this triple-blind 
randomized controlled trial was approved by the Siriraj Insti-
tutional Review Board, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand (EC241/2559). This 
study was conducted after being registered and approved 
by the Thai Clinical Trials Registry (TCTR20160715004).

Risk factors of atonic PPH of which only one was needed 
for inclusion in this study were as follows: (1) a previous his-
tory of PPH; (2) induction or augmentation of labor > 4 h; 
(3) exposure to tocolytic agents within 4 h prior to delivery; 
(4) a prolonged active phase of labor > 12 h; (5) precipitated 
labor; (6) grand multipara (parity > 4); (7) polyhydramnios; 
and (8) presence of uterine leiomyoma. Patients with one 
or more of following were excluded: (1) active labor upon 
admission; (2) underlying medical disease, including bleed-
ing disorders, thrombocytopenia, cardiovascular diseases, 
liver and renal diseases, asthma, epilepsy, and migraine; (3) 
history of oxytocin or carbetocin allergy; and (4) obstetric 
complications, such as preeclampsia and abnormal placenta-
tion. Patients who required emergency cesarean delivery or 
had non-atonic PPH were withdrawn from the study.

After enrollment into the study, 2 mL of blood was col-
lected for a complete blood count. After exclusion or with-
drawal of women with abnormal blood tests or who required 
emergency cesarean delivery, participants were randomized 
and allocated into either the control group (oxytocin) or the 
study group (carbetocin) (Fig. 1). Patient randomization in 
this study was performed by our center’s central computer 
system. Patients in the control group received 5 U of oxy-
tocin via slow intravenous injection over a 1-min period. 
Patients in the study group received 100 mcg of carbetocin 
via slow intravenous injection over a 1-min period. Because 
both drugs required storage at 2–8 °C, each drug was pre-
prepared in an unlabeled syringe before injection by our 
research assistant. After preparation, both drugs were vis-
ibly identical and colorless. During the intrapartum period, 
all patients were cared for according to the standard institu-
tional protocol of our center. Immediately after childbirth but 
before placental delivery, a pre-prepared unlabeled syringe 
of oxytocin or carbetocin, according to the randomization, 
was transferred to both the patient and another healthcare 
provider who performed the intravenous injection and who 
was blinded to which patient received which preparation.

The hemodynamic status, pulse rate, and blood pres-
sure were monitored before administration of the assigned 
drug, every 5 min during the first 30 min postpartum, 
every 30 min until 1 h postpartum, and at 2 h postpartum. 
Postpartum blood loss was objectively measured in mL 
using a postpartum drape with a calibrated bag (Fig. 2). 
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Uterine atony was evaluated by manual palpation. Deci-
sions relating to administration of additional uterotonic 
agents depended on the decision of the doctor on duty, and 
PPH management was performed according to the stand-
ard institutional protocol of our center. At 24 h after deliv-
ery, 2 mL of blood was collected for repeated complete 
blood counts. The patient baseline characteristics, preg-
nancy outcomes, hemodynamic changes, additional utero-
tonic agent usage, side effects, and pre- and post-delivery 
hemoglobin and hematocrit were recorded and analyzed. 
This study was carefully monitored by our Institutional 
Data Safety Monitoring Board and included an interim 
analysis when data from half of the minimum number of 
participants became available.

Sample size calculation and statistical analysis

The sample size for this study was based on data reported 
from a 2016 study by Maged et al. [11]. The authors reported 
a fourfold decrease in the incidence of PPH when using car-
betocin, compared to the incidence of PPH when using oxy-
tocin (4 vs. 16%, respectively). A sample size of at least 163 
women per group was calculated based on a power of 80%, 
a significance level of 0.05, and an expected 10% prevalence 
of PPH.

PASW Statistics version 18.0 for Windows (SPSS, Inc., 
Chicago, IL, USA) was used for data analysis. Descriptive 
data are presented as the number and percentage or the 
mean ± standard deviation. Comparisons between the groups 

Fig. 1  Flow diagram of the study protocol
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were performed using independent t test for continuous data, 
and the Chi-square test or Fisher’s exact test for categori-
cal data. A p value < 0.05 was considered to be statistically 
significant.

Results

Of the 476 pregnant women enrolled in this study during 
the study period from August 2016 to January 2017, 116 
were withdrawn due to a need for emergency cesarean deliv-
ery, and 1 were excluded because of thrombocytopenia that 
was discovered from the complete blood count analysis. 
The remaining 359 participants were randomized and allo-
cated into one or the other of the two study groups. Of these 
patients, six from the oxytocin group and three from the 
carbetocin group were withdrawn from the study because 
they had non-atonic PPH. As a result, 350 participants were 
included in the final analysis, with 174 and 176 participants 
in oxytocin and carbetocin groups, respectively.

Demographic characteristics, clinical characteristics, 
and pregnancy outcomes were comparable between the 
groups (Table 1). The hemodynamic changes before and 
after drug administration between the groups are shown 
in Table 2. The diastolic blood pressure at 60 and 90 min 
postpartum was significantly higher in the carbetocin 
group than that in the oxytocin group (p < 0.05). The pulse 
rate at 90 and 120 min postpartum was also significantly 

lower in the carbetocin group than that in the oxytocin 
group (p < 0.05). No patients in either group developed 
clinical hypotension.

The pregnancy outcomes related to PPH are presented 
in Table 3. The carbetocin group had less postpartum blood 
loss (146.7 ± 90.4 vs. 195.1 ± 146.2 mL; p < 0.01), a lower 
incidence of atonic PPH (0 vs. 6.3%; p < 0.01) and less usage 
of additional uterotonic drugs (9.1 vs. 27.6%; p < 0.01) than 
the oxytocin group. Compared to the predelivery period, the 
24-h postpartum levels of hemoglobin and hematocrit were 
significantly higher in the carbetocin group than those in 
the oxytocin group (11.6 ± 1.3 vs. 11.2 ± 1.4 g/dL; p < 0.01 
and 35.7 ± 3.8 vs. 34.6 ± 4.0%; p < 0.01, respectively). The 
incidence of postpartum anemia (Hb ≤ 10 g/dL) was lower 
in the carbetocin group than that in the oxytocin group (9.1 
vs. 18.4%; p < 0.05). The proportion of patients with anemia 
increased by approximately threefold in both groups (13–38 
patients in the oxytocin group vs. 6–17 patients in the car-
betocin group). Although no significant difference regard-
ing severe anemia (Hb ≤ 8 g/dL) was apparent between the 
groups (0.6 vs. 3.4%; p > 0.05), the number of patients with 
severe anemia remained stable in the carbetocin group, 
whereas the number of patients with severe anemia in the 
oxytocin group showed a sixfold increase (from 1 to 6 
patients). Regarding side effects, no significant differences 
were evident between the groups. No patient in either group 
had a massive hemorrhage (EBL > 1000 mL), received a 
blood transfusion or underwent peripartum hysterectomy.

Fig. 2  The three images show the method of postpartum blood collection at Siriraj Hospital used in this study. A postpartum drape with a cali-
brated bag was used to collect postpartum blood and measure blood loss immediately after vaginal delivery and before placental delivery
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Discussion

Use of a uterotonic agent is key to preventing PPH, mak-
ing the agent the most important component of AMTSL 
[2, 12]. Given the short duration of action of oxytocin, 
carbetocin, a long-acting oxytocin agonist, was developed 
in the 1970s [5]. The pharmacodynamic activity of oxy-
tocin and carbetocin is similar in that they both bind to 
oxytocin receptors within the myometrium and effectuate 
rhythmic uterine contractions. Carbetocin also increases 
the amplitude of uterine tone and the frequency of existing 
uterine contractions [13, 14]. Carbetocin was determined 
to be safe for breast feeding because only a small amount 
of carbetocin passes into the breast milk after a single 
intravenous injection and because the carbetocin injection 
does not provoke adverse effects or clinical changes in the 
baby [15]. In the present study, we found that intravenous 
carbetocin had a higher efficacy than oxytocin regarding 
postpartum blood loss, the need for uterotonic agents, and 
postpartum anemia after vaginal delivery among high-
risk patients. Although we observed some changes in 
the postpartum hemodynamic status between the groups 
at 60, 90, and 120 min, the changes had no clinical sig-
nificance because no patient in either group demonstrated 
hemodynamic instability during the 2-h postpartum period 
that we evaluated. Rosselland et al. reported changes in 
hemodynamic status during cesarean delivery among car-
betocin-, oxytocin-, and placebo-treated patients [16]. The 
authors reported similar hypotensive effects between the 
carbetocin injection and oxytocin injection, and the effects 
occurred less than 2.5 min after administration, with no 
resulting hemodynamic instability and with similarly 
minor side effects between the agents.

Very few studies have focused on the use of carbetocin 
after vaginal delivery, and the data are inconclusive. Most 
previous studies have compared carbetocin to either oxytocin 
or syntometrine (a combination of 500 mcg of ergometrine 
maleate and 5 IU of oxytocin), and most of these studies 
reported a preference for the intramuscular route of admin-
istration. In 2004, Boucher et al. compared the effectiveness 
of 100 mcg of intramuscular carbetocin to 2 h of 10 U of 
intravenous oxytocin infusion among 320 high-risk pregnan-
cies after vaginal delivery [17]. The authors reported that 
the benefit of carbetocin was the need for significantly less 
uterine massage than oxytocin, with no significant differ-
ence between the agents regarding the need for additional 
uterotonic drugs. In 2011, Askar et al. compared the effect 
of 100 mcg of intramuscular carbetocin to syntometrine fol-
lowing vaginal delivery among 240 term low-risk pregnant 
women in a double-blind randomized controlled trial [18]. 
The authors concluded that intramuscular carbetocin was 
superior to syntometrine, as carbetocin caused less blood 
loss, less postpartum anemia, and fewer side effects than 
syntometrine; however, the authors found the two agents to 
be comparable in terms of the need for additional uterotonic 
drugs. In 2016, Maged et al. compared the effectiveness of 
100 mcg of intramuscular carbetocin to that of 5 U of intra-
muscular oxytocin for prevention of PPH among 200 term 
pregnant women who had at least 2 risk factors for PPH [11]. 
The authors found that the two agents to be similar regarding 
hemodynamic effects and safety but carbetocin was superior 
to oxytocin regarding postpartum blood loss, the need of 
additional uterotonic drugs, the need for uterine massage, 
and the change in hemoglobin level. A recent meta-anal-
ysis in 2016 by Jin et al. concluded that only fewer risk 
of adverse effects were present after the use of carbetocin 

Table 1  Demographic 
characteristics, clinical 
characteristics, and pregnancy 
outcomes of the study 
population (N = 350)

a Data are reported as the number and percentage or the mean ± standard deviation

Reported  valuesa

Oxytocin (n = 174) Carbetocin (n = 176)

Age ≥ 35 years 19 (10.9%) 26 (14.8%)
Nulliparity 68 (39.1%) 59 (33.5%)
Gestational age (weeks) 38.4 ± 1.2 38.5 ± 1.3
Antepartum hematocrit (%) 37.7 (3.7) 37.8 (3.6)
Antepartum hemoglobin (g/dL) 12.3 ± 1.4 12.3 ± 1.3
 ≤ 10 g/dL 12 (6.9%) 5 (2.8%)
 ≤ 8 g/dL 1 (0.6%) 1 (0.6%)

Antepartum anemia (hemoglobin < 11 g/dL) 26 (14.9%) 23 (13.1%)
Third stage of labor (min) 8.0 ± 5.3 8.4 ± 8.8
Mode of delivery
 Normal vaginal delivery 163 (93.7%) 171 (97.2%)
 Instrumental vaginal delivery 11 (6.3%) 5 (2.8%)

Infant birth weight (g) 3055.3 ± 397.1 3054.9 ± 412.3
Perinatal asphyxia (1-min Apgar score < 7) 3 (1.7%) 6 (3.4%)



 Archives of Gynecology and Obstetrics

1 3

post-vaginal delivery, but no statistical significance was 
evident for postpartum hemorrhage, massive postpartum 
hemorrhage and the need for additional uterotonic agents 
[19]. As the data of carbetocin showed its tendency to be 
effective, the World Health Organization (WHO) recently 
developed a study protocol for a randomized controlled trial 

to evaluate the effectiveness of room-temperature-stable car-
betocin for the prevention of PPH and severe PPH among 
30,000 women delivering vaginally in 10 countries, and the 
process is ongoing [20].

The present study has more inherent strengths than pre-
vious studies, and these strengths enhance the value of our 

Table 2  Hemodynamic changes 
between the oxytocin and 
carbetocin groups (N = 350)

*p value < 0.05 indicates statistical significance

Time Mean ± SD p value

Oxytocin (n = 174) Carbetocin (n = 176)

Before administration
 Pulse rate (per min) 89.5 ± 13.7 89.6 ± 12.2 0.92
 SBP (mmHg) 117.9 ± 11.8 118.2 ± 11.8 0.82
 DBP (mmHg) 66.6 ± 10.8 68.4 ± 11.7 0.13

After administration
 5 min
  Pulse rate (per min) 90.0 ± 14.6 90.4 ± 13.4 0.78
  SBP (mmHg) 115.8 ± 12.8 116.4 ± 12.4 0.66
  DBP (mmHg) 65.0 ± 10.9 65.9 ± 10.7 0.45

 10 min
  Pulse rate (per min) 88.1 ± 13.8 88.4 ± 12.0 0.83
  SBP (mmHg) 117.0 ± 11.1 116.8 ± 11.5 0.83
  DBP (mmHg) 68.4 ± 10.4 67.1 ± 10.3 0.24

 15 min
  Pulse rate (per min) 86.2 ± 13.0 86.6 ± 11.5 0.79
  SBP (mmHg) 116.3 ± 12.0 117.7 ± 10.4 0.24
  DBP (mmHg) 68.3 ± 10.2 68.8 ± 9.3 0.65

 20 min
  Pulse rate (per min) 86.0 ± 12.6 85.7 ± 10.3 0.81
  SBP (mmHg) 116.5 ± 10.1 117.2 ± 10.1 0.55
  DBP (mmHg) 68.8 ± 9.5 68.8 ± 8.8 0.99

 25 min
  Pulse rate (per min) 86.0 ± 12.4 84.6 ± 10.5 0.27
  SBP (mmHg) 116.0 ± 10.6 117.3 ± 9.6 0.25
  DBP (mmHg) 68.0 ± 9.7 69.4 ± 8.9 0.17

 30 min
  Pulse rate (per min) 85.6 ± 12.9 84.4 ± 10.9 0.31
  SBP (mmHg) 115.3 ± 9.7 117.0 ± 9.9 0.11
  DBP (mmHg) 68.1 ± 9.2 69.6 ± 8.6 0.11

 60 min
  Pulse rate (per min) 85.3 ± 11.7 83.5 ± 11.5 0.14
  SBP (mmHg) 114.8 ± 11.0 115.7 ± 10.6 0.43
  DBP (mmHg) 67.8 ± 9.3 70.2 ± 8.5 0.01*

 90 min
  Pulse rate (per min) 84.7 ± 12.2 82.2 ± 11.2 0.04*
  SBP (mmHg) 113.9 ± 10.0 115.3 ± 11.0 0.23
  DBP (mmHg) 67.8 ± 9.8 70.2 ± 9.1 0.02*

 120 min
  Pulse rate (per min) 84.7 ± 12.1 82.2 ± 10.6 0.04*
  SBP (mmHg) 114.6 ± 10.2 115.7 ± 10.5 0.30
  DBP (mmHg) 69.5 ± 8.1 70.7 ± 8.5 0.19
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results. Although the accuracy of the postpartum blood 
loss measurement has been a weakness for most studies, 
our study measured postpartum blood loss in mL using a 
postpartum drape with a calibrated bag. This method was 
recommended as being acceptable for measurements of 
blood loss after childbirth [21, 22]. A 2009 double-blind 
randomized controlled trial by Su et al. reported compa-
rable efficacy between intramuscular carbetocin and syn-
tometrine among 370 low-risk pregnancies that were over 
34 weeks gestation [23]. However, given that the authors 
used visual estimations to measure postpartum blood loss, 
the 1.6% incidence of PPH that they reported may be an 
underestimation. Similarly, a 2016 retrospective study from 
Taiwan reported no significant difference in the incidence 
of PPH between the carbetocin and non-carbetocin groups, 
with the limitation that the study involved visual estimation 
of blood loss [24]. Our 2016 study demonstrated that visual 
estimation was underestimation as it missed 65.4% of PPH 
and had low correspondence of blood loss measurement 
(27.6%) when compare with a blood collection bag. We rec-
ommended that the use of a blood collection bag was easier 
and more reliable than visually estimating blood loss [25]. 
As a result, the reported outcomes from our study regarding 
PPH are highly reliable. Moreover, the triple-blind design 
of our study, which included the blinding of study partici-
pants, healthcare providers, and our statistician, reduced the 
likelihood of study bias, which increased the accuracy and 
reliability of our results.

This study had some notable limitations. First, given 
that we did not interrupt or change our institutional stand-
ards and protocols for postpartum care, the decision of 

whether to prescribe additional uterotonic agents would 
likely have varied depending on the doctors on duty. 
Therefore, given our high-risk study population, the 
possibility exists that patients were overtreated in some 
instances. However, because the difference in the use of 
additional uterotonic agents between the carbetocin and 
oxytocin groups in this study was high (9.1 vs. 27.6%; 
p < 0.01), the argument that carbetocin was superior to 
oxytocin for reducing the need for additional uterotonic 
agents is strong. Due to the relatively small size of our 
study population, we were not able to determine the effi-
cacy of carbetocin regarding a reduction in massive hem-
orrhage, postpartum blood loss > 1000 mL, major mor-
bidity, a need for a massive blood transfusion, peripartum 
hysterectomy, ICU admission, or maternal mortality. This 
study needs to be repeated with a much larger study popu-
lation or in a multicenter setting to identify the impact of 
carbetocin on the aforementioned factors and to confirm 
the findings of this study. Lastly, the cost effectiveness 
of carbetocin for prevention of PPH has not been conclu-
sively established. Although there were studies approved 
that carbetocin had cost effectiveness in term of PPH pre-
vention [26, 27], given the differences in healthcare and 
economic systems between countries and the fact that most 
previous studies have focused on cesarean deliveries, the 
overall cost effectiveness of carbetocin in Thailand and 
other developing countries remains unknown. Thus, fur-
ther study of the cost effectiveness of carbetocin in Thai-
land is needed.

In conclusion, intravenous carbetocin is more effective 
than intravenous oxytocin for reducing postpartum blood 

Table 3  Pregnancy outcomes 
related to postpartum 
hemorrhage (PPH) (N = 350)

a Data are reported as the number and percentage or the mean ± standard deviation
*p value < 0.05 indicates statistical significance

Reported  valuesa p value

Oxytocin (n = 174) Carbetocin (n = 176)

Estimated blood loss (mL) 195.1 ± 146.2 146.7 ± 90.4 < 0.01*
 ≥ 500 mL 11 (6.3%) 0 (0%) < 0.01*

Postpartum hematocrit (%) 34.6 ± 4.0 35.7 ± 3.8 0.01*
24-h postpartum hemoglobin (g/dL) 11.2 ± 1.4 11.6 ± 1.3 < 0.01*
 ≤ 10 g/dL 32 (18.4%) 16 (9.1%) 0.01*
 ≤ 8 g/dL 6 (3.4%) 1 (0.6%) 0.07

Additional uterotonic agents 48 (27.6%) 16 (9.1%) < 0.01*
Side effects 9 (5.2%) 12 (6.8%) 0.52
 Dizziness 3/9 6/12
 Headache 2/9 0/12
 Flushing 1/9 4/12
 Abdominal cramping 1/9 1/12
 Palpitation 1/9 3/12
 Nausea/vomiting 1/9 1/12
 Fainting 0/9 1/12
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loss, postpartum anemia, the incidence of atonic PPH, and 
the use of additional uterotonic agents in high-risk preg-
nancy with at least one risk factor for PPH.
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