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ABSTRACT
Objectives: To compare the efficacy of three regimes of uterotonic agents on PPH in women undergoing cesarean 
section in our RCT.

Material and methods: This study was a randomized controlled study (NCT05083910) performed at the Bezmialem 
Vakif University between July 2021 and January 2022. All women were randomly allocated into three groups: Group I  
(n = 52) — oxytocin only; Group II (n = 52) — the combination of oxytocin plus intrauterine misoprostol; Group III (n = 52) 
— carbetocin only. The primary outcome measures were: PPH to evaluate with the change between the concentrations 
of preoperative and postoperative hemoglobin, hematocrit and intraoperative blood loss.

Results: The blood loss characteristics, including the change in hemoglobin and the change in hematocrit concentration, 
intraoperative blood loss, intraoperative additional hemostatic uterine sutures and the need for additional uterotonics, were 
lowest in group III, although all groups were comparable in terms of blood loss parameters. Group III had the highest blood 
loss ratio, exceeding 1000 mL. For the combination of oxytocin and intrauterine misoprostol, the ARR was 3.8% (95% CI  
20.02–12.33), with a RR of 1.18 (95% CI 0.58–2.39) and a NNT of 26 (95% CI 8.1–4.9); for carbetocin, the ARR was 5.8% 
(95% CI 22.15–10.61), with a RR of 1.27 (95% CI 0.63–2.53) and a NNT of 17 (95% CI 9.41–4.51).

Conclusions: Our results demonstrate that carbetocin shows no superiority in the prevention of PPH in women undergo-
ing cesarean section. Oxytocin still seems to be a highly effective alternative to prevent PPH.
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INTRODUCTION
Postpartum hemorrhage (PPH) is a serious but rare 

condition when a woman has heavy bleeding after giving 

birth. This is a prominent factor contributing to maternal 

morbidity and mortality on a global scale [1] .
Various modern technological (e.g., intrauterine balloon 

tamponade, interventional radiological procedures) and 

pharmacological (e.g., anti-fibrinolytic agents, recombinant 

factor VIIa) advancements have been made in the manage-

ment of postpartum hemorrhage (PPH). Nevertheless, the 

primary focus remains on preventing PPH through active 

management of the third stage of labor. This involves rou-

tinely administering uterotonic agents to enhance uterine 

contractions, reducing maternal morbidity and mortality 

[2–4] .
Indeed, recent guidelines suggested the routine preven-

tive administration of uterotonic agents during the third 

stage of labour for all births, regardless of the route of de-

livery, to reduce the incidence of PPH: the Royal College of 

Obstetricians and Gynaecologists guidelines recommend  
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5 IU of slow intravenous oxytocin injection; the World Health 

Organization recommend 10 IU of oxytocin injection (IU, IV/ 

/IM); French guidelines recommend 5 or 10 IU of oxytocin 

(IV or IM) [5–7] .
 In the past few decades, many studies have focused on 

improving the preventive regimes of uterotonic agents for 

PPH. Oxytocin (produced in the hypothalamus), misoprostol 

(a prostaglandin E1 analogue) and carbetocin (a synthetic 

long-acting oxytocin analogue) are the most popular utero-

tonic agents to have been evaluated in studies, in terms of 

their effectiveness in preventing PPH.

As the first-line prophylactic drug, oxytocin is still rec-

ommended to prevent PPH; however, there is currently no 

consensus in the literature for the optimal dose and infu-

sion rate of oxytocin. A single 100 μg dose of intravenous 

carbetocin can provide a prolonged uterine contraction of 

up to an hour, while carbetocin has a longer half-life than 

oxytocin (41 min), which gives it an advantage [8, 9].
The efficacy of vaginal or rectal misoprostol has also 

been demonstrated in the prevention of PPH [10] .
 	 Moreover, it can be administrated by the sub-

lingual route after rectal or vaginal administration. Some 

studies have assessed the effectiveness of intrauterine mis-

oprostol in preventing postpartum hemorrhage (PPH) in 

women undergoing cesarean section (CS) [11, 12].
Our randomized controlled trial aimed to assess wheth-

er there were any distinctions among the three regimens 

of uterotonic agents concerning the primary outcome of 

postpartum hemorrhage occurring in women who have 

undergone a cesarean section.

MATERIAL AND METHODS
Participants

This study was a randomized controlled study 

(NCT05083910) performed at the Department of Obstet-

rics and Gynaecology of Medical Faculty of Bezmialem Vakif 

University between July 2021 and January 2022. The study 

received approval from the Ethical Committee of the Medical 

Faculty at Bezmialem Vakif University. (Ethic No: 20.05.2021-

E.16677). All patients provided written informed consent for 

participation in the study. The inclusion criteria consisted of 

(1) women between 18–40 years old, (2) a caesarean section 

under spinal anaesthesia, (3) term single pregnancy, and 

(4) an American Society of Anesthesiology physical status 

of I or II. A total of 156 women were included in our study. 

The study was designed and reported in accordance with 

the Consolidated Standards of Reporting Trials (CONSORT) 

guidelines (Fig. 1).

The exclusion criteria consisted of emergency surgeries 

due to placental pathologies, including previa or abruptia, 

multiple pregnancies, women with a previous history of 

several medical problems, such as moderate to severe hy-

pertension, preeclampsia diabetes mellitus, and any blood 

or thrombophilia disorders, a history of previous major ab-

dominal surgeries and anticoagulation therapy. Data were 

collected relating to age, body mass index (BMI), gravida, 

parity, indication of CS, gestational age at birth, Apgar scores 

at 1 and 5 min, birth weight, neonatal intensive care unit 

(NICU) admission, blood loss parameters, including intraop-

erative blood loss as described in our previous study [13]. 
Intraoperative measurement of blood loss during cesarean 

section was done by combining the volume of the suction 

bottle containing blood-soaked sponges. During the pro-

cedure, two suctions were employed. The second suction 

was explicitly employed to collect the amniotic fluid at the 

incision of the amniotic sac. To calculate the blood loss ac-

curately, the amniotic fluid volume in the second suction 

bottle was excluded from each case.

The same surgeons evaluated uterine tone in all cases, 

by palpating the uterine fundus (Pınar Özcan and Çağlar 

Çetin). Postpartum hemorrhage was diagnosed when the 

total blood loss reached 1000 mL or more or when there was 

evidence of blood loss accompanied by signs or symptoms 

of hypovolemia within 24 hours after delivery, including 

any intrapartum loss. The primary outcome measures were: 

PPH to evaluate with the change between the concentra-

tions of preoperative and postoperative hemoglobin and 

hematocrit and intraoperative blood loss. The secondary 

outcomes were additional number of intraoperative hemo-

static uterine sutures, operating time, the requirement for 

extra uterotonics, and the necessity for blood transfusion.

Interventions in groups
All participants were randomly assigned to one of three 

groups using a computer-based randomization number 

program (Fig. 1). Group I (n = 52) — oxytocin only (Synpitan 

forte®; Deva Pharma, Istanbul, Türkiye) (following the clamp-

ing of the umbilical cord, oxytocin was infused at a rate of 

125 mL/h as 20 IU dissolved in 500 mL of normal 0.9% NaCl); 

Group II (n = 52) — the combination of oxytocin plus intrau-

terine misoprostol (Cytotec®; ARIS , Istanbul, Türkiye) (the 

oxytocin infusion was infused as previously described, and 

a 400 mg misoprostol tablet was inserted into the uterine 

cavity, at the fundal surface, after delivery of the placenta); 

Group III (n = 52) — carbetocin only (Pabal; Ferring Pharma, 

Istanbul, Türkiye) (immediately after delivery of the baby, 

100 mg carbetocin was intravenously administered). Two 

surgeons (Pınar Özcan and Çağlar Çetin) performed all the 

surgeries.

Statistical analysis
When we take the difference in the variable “Reduc-

tion in hemoglobin” between the two groups as 0.74 (with 

a standard deviation of 1.39) with a 95% confidence level 
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and 80% test power, we should include a minimum of  

52 people in each group [12]. Variables were presented as 

mean ± standard deviation, number or percentage. The 

Pearson chi-square test and Fisher’s exact test were used 

to compare categorical variables. Distribution of variables 

were tested by the Shapiro–Wilk test and histogram. For 

normally distributed variables, the Student t test was used 

to compare two independent groups in terms of the means. 

For non-normally distributed variables, the Mann-Whitney 

U test was used to compare two independent groups in 

terms of the means. The relative risk (RR), the relative risk 

reduction (RRR), the absolute risk reduction (ARR) and the 

number needed to treat (NNT) were calculated. In all cases, 

p < 0.05 was considered significant. All data were analysed 

using SPSS version 26 (IBM Corp., Armonk, NY, USA). 

RESULTS
A total of 182 patients were initially enrolled in the study. 

However, 26 women were excluded from the study before 

randomization for various reasons: 16 did not meet the 

inclusion criteria, and 10 declined to participate. As a re-

sult, the analysis was performed on data from 156 women 

divided equally into three groups: 52 patients in Group I,  

52 in Group II, and 52 in Group III. No patients were excluded 

after randomization. The flowchart of our study and the 

patient requirements are presented in Figure 1. The baseline 

demographic and obstetric characteristics of the patients in 

all groups are presented in Table 1. No statistically significant 

differences were observed among the groups concerning 

BMI, age, gestational age at birth, gravida, parity, and the 

indication for cesarean section.

The comparison of primary outcomes; intra-operative, 

post-operative and hemorrhage characteristics between 

groups are presented in Table 2. The blood loss character-

istics, including the change in hemoglobin and the change 

in hematocrit concentration, intraoperative blood loss, 

intraoperative additional hemostatic uterine sutures and 

the requirement for additional uterotonics, were lowest in 

Enrollment

Analyzed (n = 52)
Lost in follow-up (n = 0)

Analyzed (n = 52)
Lost in follow-up (n = 0)

              Excluded (n = 26)
Patients didn’t meet inclusion criteria (n = 16)
Patients refused to paticipate (n = 10)

Assessed for eligibility
(n = 182)

Analyzed (n = 52)
Lost in follow-up (n = 0)

Analysis

Allocation

Follow-up

Randomized
(n = 156)

— The mean volume of blood loss during CS
— The use ofadditional uterotonics
— The use of additional hemostatic uterine sutures
— The mean decrease in hemoglobin and hematocrit
— The need for additional surgical procedures
— The need for blood transfusion

Group I Allocated
to oxytocin infusion
(n = 52)

Group III Allocated
to carbetocin
(n = 52)

Group II Allocated
to oxytocin plus intrauterine
misoprostol (n = 52)

Figure 1. Study flowchart; CS — cesarean section
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group III, although all groups were comparable in terms 

of blood loss parameters. According to these parameters,  

a trend towards decreased intraoperative hemorrhage was 

observed in group III. However, 21.1% (11) of Group I, 25% 

(13) of Group II and 26.9% (14) of Group III had blood loss 

> 1000 mL, while all groups were similar in terms of blood 

loss (p = 0.78). Group III exhibited the highest proportion 

of blood loss exceeding 1000 mL. In Group III, only one case 

necessitated additional surgical intervention, specifically 

uterine artery ligation, due to intraoperative bleeding. In 

contrast, only one case in Group II required a blood transfu-

sion. 13 (25%) in Group II and 14 (26,9%) in Group III have 

PPH while 11 (21.2%) in the control group have PPH (p = 0.6 

and p = 0.4, respectively). For the combination of Oxytocin 

and intrauterine misoprostol, The ARR was 3.8% (95% CI: 

20.02–12.33) with RR of 1.18 (95% CI: 0.58–2.39) and NNT 

26 (95% CI: 8.1–4.9) and for carbetocin, The ARR was 5.8% 

(95% CI: 22.15–10.61) with RR of 1.27 (95% CI: 0.63–2.53) 

and NNT 17 (95% CI: 9.41–4.51) (Tab. 4).

No drug adverse effects were observed in any of the 

groups, and there were no major postoperative compli-

cations in any of the groups. The neonatal outcomes of 

the groups are shown in Table 3. All three groups showed 

comparable Apgar scores at 1 and 5 minutes after birth, and 

there were no significant differences in neonatal intensive 

care unit (NICU) admissions among the groups.

DISCUSSION
Researchers have generally focused on determining 

the best choice of either pharmacological or non-phar-

macological interventions by achieving favourable uterine 

contractions during CS, because of the significance of PPH 

in terms of its mortality and morbidity. Every evaluation of 

the choices, in terms of efficacy, potential adverse events 

Table 1. Baseline obstetric and demographic characteristics of groups

Characteristics Group I (n = 52 ) Group II (n = 52) Group III (n = 52) p value

Age [years] 30.37 ± 4.87 31.94 ± 5.01 32.29 ± 5.78 0.15

Body mass index [kg/m2] 29.28 ± 4.24 31.24 ± 6.29 29.59 ± 4.56 0.24

Gravida 2.17 ± 1.26 2.04 ± 1.02 2.12 ± 1.33 0.9

Parity 0.75 ± 0.9 0.6 ± 0.77 0.79 ± 1.14 0.65

Gestational age at birth [day] 268.67 ± 7.83 269.13 ± 6.8 269.56 ± 7.65 0.83

Indication of CS

Previous CS 50% (26) 42.3% (22) 40.4% (21) 0.33

Fetal Distress 19.2% (10) 11.5% (6) 7.7% (4)

Malpresentation 9.6% (5) 9.6% (5) 19.2% (10)

Macrosomia 3.8% (2) 5.8% (3) 5.8% (3)

Failure to progress 0% (0) 9.6% (5) 5.8% (3)

Others 17.3% (9) 21.2% (11) 21.2% (11)

Values are reported as mean ± standard deviation; p < 0.05, statistically significant difference; CS — cesarean section

Table 2. Comparison of operative characteristics, hemorrhage and post-operative characteristics between groups

Characteristics Group I (n = 52) Group II (n = 52) Group III (n = 52) p value

The pre-operative hemoglobin concentration [g/dL] 11.81 ± 1.24 12.05 ± 1.29 11.9 ± 1.21 0.600

The pre-operative hematocrit concentration [%] 35.60 ± 3.63 36.25 ± 3.4 35.94 ± 3.3 0.630

The changing of the hemoglobin concentration [g/dL] 1.05 ± 0.93 1.08 ± 0.89 0.97 ± 0.88 0.640

The changing of the hematocrit concentration [%] 3.33 ± 3.41 3.13 ± 2.78 2.9 ± 2.89 0.590

Operating time [min] 49.65 ± 17.05 46.00 ± 12.14 44.13 ± 12.71 0.120

Intraoperative blood loss [mL] 721.96 ± 370.06 810.60 ± 556.18 755.52 ± 533.3 0.840

Intraoperative additional hemostatic uterine sutures 9.6% (5) 15.4% (8) 19.2% (10) 0.379

Need for additional uterotonics 21.2% (11) 28.8% (15) 11.5% (6) 0.090

Need for blood transfusion 0% (0) 1.9% (1) 0% (0) 1

Values are reported as mean ± standard deviation; p < 0.05, statistically significant difference
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and cost-effectiveness, should be beneficial for the man-

agement and prevention of PPH. Possible agents used for 

the prophylaxis of PPH include tranexamic acid, oxytocin, 

methyloergometrine, misoprostol and carbetocin. Oxytocin 

is the primary choice of uterotonic medication for prevent-

ing and treating uterine atony. Methylergonovine remains 

the secondary option for uterotonic treatment in preventing 

and managing PPH [14]. Methylergonovine is a synthetic 

alkaloid that induces powerful contractions of the myome-

trium. However, when administered parenterally, especially 

intravenously, it may lead to transient but significant eleva-

tion in blood pressure [15]. In our randomized controlled 

trial, we focused on the efficacy and potential adverse events 

of the three most used pharmacological uterotonics (oxy-

tocin, misoprostol, which is highly cost-effective, and car-

betocin, which is long acting and single dose) in women 

who underwent caesarean section, although oxytocin has 

routinely been suggested as the primary treatment option 

for the prevention of PPH, because of its efficacy and safety 

profile. 

Oxytocin and the combination of oxytocin plus mis-

oprostol are generally the two most used uterotonic agents 

in Türkiye. In the daily routine practice of our department, 

oxytocin is prophylactically used during CS to prevent PPH, 

as recommended. When an additional uterotonic is needed, 

we generally use misoprostol as the second agent. Carbe-

tocin seems to be more expensive in Türkiye, compared to 

oxytocin and misoprostol. Thus, we would like to especially 

focus on the efficacy of carbetocin, to establish whether it 

has any superiority over the other drugs for the prevention 

of PPH. Our results demonstrated that carbetocin has no 

overall advantage on other alternatives regarding preven-

tion of PPH. Contrary to the literature, we did not report 

any severe adverse effects related to misoprostol, because 

we used intrauterine misoprostol, whereas other studies 

generally used sublingual misoprostol tablets. According to 

our results, the combination of misoprostol and oxytocin is 

no more effective than oxytocin alone.

A double-blind randomized controlled study including 

263 women evaluated the efficacy and safety of oxytocin, 

misoprostol and carbetocin for the prevention of PPH. Their 

results demonstrated that carbetocin was similar to oxytocin 

(RR 0.41, 95% CI: 0.14–1.25) and superior to misoprostol  

(RR 0.21, 95% CI: 0.07–0.58) in terms of the prevention of uter-

ine atony during elective CS. Moreover, the requirement for 

extra uterotonics was found to be less in the carbetocin group 

when compared to the other groups. They also showed that 

the ratio of adverse effects, such as abdominal pain resulting 

from uterine contractions, were lower with carbetocin. In 

this study, the misoprostol was used as a sublingual 400 μg  

misoprostol tablet following the caesarean delivery [16] .
The results from misoprostol may be due to the use of 

sublingual tablets, as well as the use of misoprostol alone, 

as another trial including 380 women concluded that the 

combination of misoprostol with oxytocin was as effective 

as IV carbetocin [17].
The latter trial evaluated the prevention of PPH using  

a combination of oxytocin infusion and sublingual mis-

oprostol versus IV carbetocin in high-risk women undergo-

ing caesarean delivery. Another randomized controlled trial 

Table 3. The neonatal outcomes of the study

Characteristics Group I (n = 52) Group II (n = 52) Group III (n = 52) p value

Birth weight [g] 3203.37 ± 606.56 3308.65 ± 405.44 3235.87 ± 522.45 0.341

Apgar score at 1 minute 7.9 ± 0.95 7.85 ± 1.22 8.06 ± 1.14 0.390

Apgar score at 5 minute 9.33 ± 0.61 9.35 ± 0.81 9.48 ± 0.72 0.290

NICU admission 11.5% (6) 71.9% (1) 3.8% (2) 0.084

Values are reported as mean ± standard deviation; p < 0.05, statistically significant difference; NICU — neonatal intensive care unit

Table 4. Incidence of postpartum hemorrhage

Variables Group II  
(n = 52)

Group III  
(n = 52)

Postpartum hemorrhage 13 14

Relative risk (RR) 1.18 (0.58–2.39) 1.27 (0.63–2.53)

Relative risk reduction (RRR) 18.2% (139.2–41.6%) 27.3% (153.7–36.19%) 

Absolute risk reduction (ARR) 3.8% (20.02–12.33%) 5.8% (22.15–10.61%) 

Number needed to treat (NNT) 26 (8.1–4.9) 17 (9.41–4.51)

p value 0.642 0.491
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including 300 women compared the use of the combination 

of oxytocin and intrauterine misoprostol versus oxytocin 

alone in terms of the incidence of PPH in women undergo-

ing elective CS. Their results indicated that the combination 

of 400 μg intrauterine misoprostol tablets with oxytocin is 

safe and effective for the prevention of PPH in elective CS 

delivery (ARR 5.3%, 95% CI: 0.8–10.6, with RR 0.20, 95% CI: 

0.05–0.90; 95% CI: 125–9, NNT 19) [12] .
There was a trend towards the use of intrauterine mis-

oprostol to prevent PPH after the publication by Quiroga 

Díaz et al. [11]. They reported good efficacy of intrauterine 

misoprostol (800 μg), with few adverse events in the preven-

tion of PPH. A systematic review and meta-analysis including 

17 studies (3174 women) assessed the efficacy and safety of 

use of prophylactic misoprostol to reduce blood loss dur-

ing either intraoperative or postoperative haemorrhage in 

women undergoing CS, concluding that the combination 

of misoprostol with oxytocin appears to be more effective 

than oxytocin alone, based on a few trials with methodologi-

cal limitations. It also reported a higher risk of pyrexia and 

shivering in women who receive misoprostol alone or the 

combination of misoprostol and oxytocin [18].
A double-blind, randomised, single-centre study includ-

ing 114 women who underwent non-elective CS under 

general anaesthetic compared the efficacy of carbetocin 

versus oxytocin [19].
Their results showed no significant differences regard-

ing the change of haemoglobin concentration, estimated 

blood loss, the rates of PPH and blood transfusions. Based 

on this, they concluded that the efficacy of oxytocin and 

carbetocin is similar for haemoglobin drop, estimated blood 

loss, additional uterotonics and blood transfusions. They 

also showed that there was a trend towards the need for 

additional uterotonics in the carbetocin group, although 

this was not statistically significant. Finally, they concluded 

that carbetocin showed no superiority to oxytocin. Further-

more, a double-blinded RCT, which included 180 obese 

nulliparous women undergoing emergency CS, evaluated 

the efficacy and safety of carbetocin versus oxytocin to 

prevent PPH. They showed that carbetocin is more effective 

than oxytocin, with a similar safety profile, in the prevention 

of PPH while maintaining adequate uterine contractility in 

obese nulliparous women undergoing emergency CS [20]. 
A meta-analysis including seven studies involving 2012 

women compared the efficacy of oxytocin and carbetocin 

to prevent PPH in CS [21]. According to the results of this 

meta-analysis, the use of carbetocin results in a significant 

reduction in PPH (p < 0.009, RR 0.79, 95% CI: 0.66–0.94), in 

the need for additional uterotonics (p < 0.001, RR 0.57, 95% 

CI: 0.49–0.65) and in the need for transfusion (p < 0.002,  

RR 0.31, 95% CI: 0.15–0.64) when compared to oxytocin. 

They concluded that carbetocin is effective in reducing PPH, 

the need for transfusion and the need for additional utero-

tonics during CS. Meanwhile, they suggested a locoregional 

cost-effectiveness analysis before adopting carbetocin in 

routine prophylaxis, because of the disparity between the 

cost of oxytocin and the cost of carbetocin. A multicentre, 

double-blind, RCT from Canada including 694 patients un-

dergoing elective CS assessed the efficacy of carbetocin 

with oxytocin to prevent uterine atony [22].
 They demonstrated that carbetocin appears to be more 

effective when compared to continuous IV oxytocin infusion 

and has a similar safety profile.

One limitation of the present study is that there is no 

group involving misoprostol alone. This is because we would 

not prophylactically use misoprostol alone to prevent PPH 

in our department. If we had used misoprostol alone, carbe-

tocin may have been superior, whereas the combination of 

both drugs (oxytocin and misoprostol) may have produced 

a comparable effect to the carbetocin. The strength of our 

study is that it is a RCT with power calculations. Additionally, 

there are no other current studies comparing carbetocin and 

intrauterine misoprostol.

CONCLUSIONS
In conclusion, our findings indicate that carbetocin does 

not exhibit superiority in preventing postpartum hemor-

rhage in women undergoing cesarean section. Furthermore, 

a notable difference exists in the cost between oxytocin 

and carbetocin. Considering its efficacy, affordability, and 

favorable safety profile, oxytocin remains a highly effective 

option for preventing postpartum hemorrhage. We recom-

mend maintaining the routine use of oxytocin in cesarean 

section procedures until substantial evidence of carbetocin’s 

superiority over oxytocin is established. Oxytocin should re-

main the preferred option until such proof is demonstrated 

conclusively.
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