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Summary

Objectives: the aims of the present study were to compare

the haemodynamic effects of oxytocin and carbetocin and

to assess the efficacy of these two drugs in terms of blood

loss and the additional uterotonic needed in caesarean

section at high risk of primary post-partum haemorrhage.  

Methods: women in the carbetocin group (group A) re-

ceived a bolus of 100 µg IV; women in the control group

(group B) received 20 IU of oxytocin in 1000 ml of 0,9% Na-

Cl solution IV (150 mL/ hour). The main parameter evaluat-

ed was the haemodynamic effects of drugs and the need

for additional uterotonic agents. In addition we compared

the drop in haemoglobin level, the uterine tone, the uterine

fundal state and the diuresis.

Results: regarding the haemodynamic effects, both drugs

have a hypotensive effect, but we found a greater reduc-

tion in blood pressure within the oxytocin group. Signifi-

cantly more women needed additional uterotonic agents in

the oxytocin group (23,5% vs 0%, p<0.01),  though there

was no significant difference in estimated blood loss and

in the drop haemoglobin level (p>0.05). There was a signif-

icant difference in the diuresis, higher in carbetocin group

(1300 ml ± 450 ml vs 1100 ml  ± 250 ml, p=0.01). 

Conclusions: a single injection of carbetocin appears to

be more effective than a continuous infusion of oxytocin

to prevent the PPH, with a similar haemodynamic profile

and minor antidiuretic effect.

Key words: post-partum haemorrhage, uterotonic drugs, carbe-

tocin, oxytocin.

Introduction

Prevention of post-partum haemorrhage (PPH) is a major issue

due to its impact on maternal morbidity and mortality. The pri-

mary PPH is defined as blood loss more than 500 mL after

vaginal delivery and more than 1000 mL after caesarean sec-

tion, that occurs in the first 24 hours after delivery. Almost

500.000 women die for this potentially preventable cause each

year, and up to an estimated quarter of these deaths uses to

occur as a consequence of haemorrhage at time of delivery

(1). Non fatal PPH can result in further interventions, severe

anaemia, need of blood transfusion, Sheehan’s syndrome (pi-

tuitary infarction), coagulopathy and organ damage due to hy-

potension and shock.  PPH diagnosis is based on International

Classification of Disease (ICD) codes recorded in Perinatal

Database (ICD-9 and ICD-10). Subtypes of PPH identified with

ICD-9 and ICD-10 diagnostic codes included: 1) PPH due to re-

tained placenta, 2) PPH due to uterine atony (occurring within

24 hours following delivery), 3) delayed and secondary PPH

(occurring after the first 24 hours following delivery) and 4) PPH

due to a coagulation defects (2). The study conducted by the In-

ternational PPH Collaborative Group reports an increasing trend

in coded PPH between 1991 and 2006 not only in low income

countries, but also in Canada, New South Wales and the USA,

as a possible result of increased maternal age at childbirth, in-

creased rate of caesarean delivery, increased rate of induction

of labor and higher number of multiple pregnancies (2). 

The first cause of haemorrhage at the time of delivery is uter-

ine atony, therefore there is general agreement that active

management of the third stage of labour rather than expectant

management is recommended (2-4). The third stage of labor is

defined as the period that follows delivery and finishes with the

delivery of placenta.  

The practical guidelines on PPH of the Society of Obstetricians

and Gynaecologists of Canada (SOGC) (5) suggest that the ac-

tive management of the third stage of labour reduces the risk

of PPH compared with the expectant management and should

be offered and recommended to all women. The administration

of uterotonic drugs widely prevents the PPH, significantly de-

creases the incidence of PPH and therefore it is the main  point

of active management. Oxytocin (10 IU), administered intra-
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muscularly, is the preferred medication for the prevention of

PPH in low-risk vaginal and caesarean deliveries. Care

providers should administer this medication after delivery of the

anterior shoulder. Intravenous infusion of oxytocin (20 to 40 IU

in 1000 mL, 150 mL/ hour) is an acceptable alternative for the

active management. Ergonovine can be used but it may be

considered a second choice to oxytocin due to the greater risk

of maternal adverse effects. Carbetocin, given 100 µg as an IV

bolus over 1 minute, instead of continuous oxytocin infusion,

can be administered in elective caesarean section for the pre-

vention of PPH, in the attempt to decrease the need for thera-

peutic uterotonics. 

Although the oxytocin is the most widely accepted uterotonic

agent, however other drugs are available, but which agent is

ideal for prophylactic use is far to be clearly stated (5).

Carbetocin is a long-acting synthetic oxytocin analogue, 1-

deamino-1-monocarbo-(2-O-Methyltyrosine)-oxytocin, firstly

described in 1987. It has a half-life of 40 minutes (around 4-10

times longer than oxytocin) and uterine contractions occur in

less than two minutes after intravenous administration of opti-

mal dosage of 100 µg (6). A single dose of carbetocin has

been hypothysed to act as a 16 hours intravenous oxytocin in-

fusion regarding the increase in uterine tone and the reduction

of the risk of PPH in elective caesarean section (7). 

Several data of literature (8-10) suggest that prophylactic ad-

ministration of carbetocin may be a good alternative to oxytocin

to prevent post-partum haemorrhage, but which uterotonic

agent is ideal for prophylactic use is being debated. Nonethe-

less, primary prevention of a post-partum haemorrhage begins

with the assessment of identifiable risk factors.

The aims of the present study were:

- to compare the haemodynamic effects of oxytocin and car-

betocin (effects on blood pressure and diuresis)

- to assess the efficacy of these two drugs in terms of  intra-

operative blood loss and the additional uterotonic needed

in caesarean section at high risk of post-partum haemor-

rhage.  

Methods

This is a prospective, case-control study conducted from July

2011 and October 2011 within the Obstetric and Gynaecology

tertiary care unit of Fatebenefratelli Isola Tiberina, Rome.

One hundred two women undergoing elective caesarean sec-

tion were consecutively enrolled, with risk factors for primary

post-partum haemorrhage such as: multiple pregnancy, two or

more previous caesarean section, presence of uterine fibroids,

previous myomectomy, presence of placenta previa, past his-

tory of PPH, fetal macrosomia and fetal malformations associ-

ated with polyhydramnios.

A written informed consent was asked from eligible women on

admission. 

The exclusion criteria included the presence of hypertension,

preeclampsia, cardiac, renal or liver diseases, epilepsy  and gen-

eral anaesthesia, as well as women with history of hypersensi-

tivity to carbetocin according to the Br National Formulary (8).

Firstly we recruited fifty-one women who received carbetocin

(case group A), then we enrolled fifty-one women who received

oxytocin (control group B).

Women in the carbetocin group (group A) received a bolus of

100 µg IV at delivery of the anterior shoulder; women in the

control group (group B) received 20 IU of oxytocin in 1000 ml

of 0,9% NaCl solution IV (150 mL/ hour) at delivery of the ante-

rior shoulder.

The primary outcome of this study was the evaluation of the

early haemodynamic effects of carbetocin and oxytocin, in

terms of impact on the blood pressure (BP) suddenly after the

injection. All patients underwent the same combined spinal-

epidural (CSE) anaesthesia. 

After the application of this anaesthesia, subjects were posi-

tioned in recumbent position and for continuous blood pressure

measurement a limb cuff (Drager Infinity Delta®, Drager Med-

ical Australia pty ltd) was applied. To evaluate the haemody-

namic effects between carbetocin and oxytocin we considered

the drop in a blood pressure comparing the BP after combined

spinal-epidural (CSE) procedure, 1 minute, 3 minutes and 5

minutes after drug administration, at time of uterine repair and

at term of caesarean procedure, on left recumbent position.

We recorded the occurrence of nausea, vomiting, flushing,

haedache, dyspnea and tachycardia.

The latter important outcome of this study was the need for ad-

ditional uterotonic agents and the evaluation of the drop in

haemoglobin level by comparing the haemoglobin concentra-

tion on admission with the measure at 2 hours and 24 hours af-

ter delivery. Also the blood loss is checked immediately after

caesarean, defining as haemorrhage a blood loss in excess of

1000 ml or more (5). Blood loss was estimated by the surgeon

in the usual way (visual estimation, number of used swabs and

amount of aspirated blood) (8).  

Blood pressure (in mmHg), uterine tone (standardized as Very

good, Good, Sufficient, Atony), uterine position (with respect to

the umbilical point, UP) were monitored 2 hours, 12 hours and

24 hours after delivery by the same midwife.

All patients had the Foley catheter and urobag in situ for 24

hours after caesarean section and the amount of urine was

monitored 2 hours and 12 hours after delivery by the midwife.

This study had no external funding source. No author had any

potential relationships that may pose conflict of interest.

Statistical analysis

For a power analysis of 90%, the study needed of 50 patients

in each group.

Data were expressed as means ± SD or median, as appropriat-

ed. Data were tested for normal distribution. Statistical analysis

was performed by using Mann Withney non parametric test or

c
2 test and Fisher’s exact test for categorical data. P value of

less then 0,05 (P<0,05) was considered as statistically signifi-

cant. 

The STATA software version 12.0 was used for the statistical

calculations. 

Results

All relevant maternal subject characteristics in both study

groups were comparable, except for the significantly increased

use of anticoagulant drugs during pregnancy in carbetocin

group (19,6% vs 2%, p<0.05), as summarized in Table 1.

The main gestational age at caesarean was 38 weeks in the

carbetocin group and 37 in the control group.

Population profile and indication to elective caesarean section

were similar for each group, however in the group B the main

indication has been the twin pregnancy (21.6% vs 41,2%,

p=0.05) (Tab. 2).

Regarding the haemodynamic effects of carbetocin and oxy-

tocin, both drugs have a hypotensive effect. 

Particularly, systolic blood pressure was lower in the oxytocin

group at the 5th minute after administration, at uterine closure

time, at 12 hours postoperatively, as stated in Table 3. 
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In the meanwhile diastolic blood pressures were pairwise lower

in the control group with respect to the carbetocin group, at the

3rd, 5th minutes after administration, and both 12 and 24 hours

postoperatively, testifying a general greater reduction in blood

pressure within the oxytocin group (Tab. 3). 

There was no significant difference in the amount of estimated

blood loss and in the incidence of primary post-partum haem-

orrhage (>1000 ml) in both groups as shown in Table 4. 

Similarly, in both study groups haemoglobin levels before and

after 2 hours and 24 hours a part from  delivery were similar,

confirming no significant difference in the level of  blood loss

(Tab. 5), although we found a tendentially lower Hb decrease

at 12 hours from delivery in the carbetocin group (- 0.7 g/dl vs -

1.1 g/dl, p 0.074).

However, as regarding the secondary outcome, none from the

carbetocin group versus 23,5% from the control group, needed

additional oxytocics (oxytocin, methylergometrine, sulpros-

tone). Therefore, significantly more women required additional

uterotonic agents in the oxytocin group (p<0.01).

At the same, there was a significant difference in the uterine

tone and in the fundal height as shown in Figure 1 and 2. The

uterine contractility was better in the carbetocin group at 2, 12

and 24 hours after caesarean section, and the difference was

statistically significant at 24 hours (p<0.05). The fundus was

significantly below 2 cm from the umbilical point (-2UP) in pa-

tients of group A at 2 and 12 hours on the ward (p<0.05) with

respect to patients undergoing oxytocin administration. 

Patients treated with carbetocin were observed to have a high-

er diuresis than patients belonging to oxytocin group, especial-

ly 12 hours after caesarean section (Fig. 3), and the difference

was statistically significant (1300 ml ± 450 ml vs 1100 ml ± 250

ml, p=0.01).

There wasn’t any recorded  important adverse effects in both

study groups, instead nausea and vomiting was observed with

similar frequency in both study groups.

Discussion

This is one of the few studies, at the best of our knowledge,

comparing carbetocin with oxytocin in elective caesarean sec-

tions with risk factors for primary post-partum haemorrhage,

concerning both the haemodynamic effects of these drugs, and

the prevention of PPH.

Nonetheless up to date, which uterotonic agent is suitable  for

prophylactic use is being debated and literature lacks of clear

endpoints on this item. 

The primary outcome of the study is the evaluation of immedi-

ate haemodynamic effects of carbetocin administration. We

know that the haemodynamic effects of an oxytocin bolus con-

sist of systemic vasodilation, with important hypotension,

tachycardia and increase of cardiac output, resulting in dose-

dependent hypotension and tachycardia (11-13). These

haemodynamic side effects, especially in patients with hypo-

volaemia or cardiac diseases, may lead to myocardial ischemia

(14). A recent study of Moertl et al. shows that patients treated

with oxytocin has a more pronounced hypotension and haemo-

dynamic rebound than patients treated with carbetocin, with

comparable effects on the cardiovascular system (15).

In agreement, we report a good haemodynamic profile in car-

betocin group with substantially unmodified levels of systolic

and diastolic blood pressure with respect to the beginning of

the surgical procedure and moreover we describe lower BP

levels in the control group (group B) in almost all the study

times after drug administration, even if this scenario seems to

be tendential and not always statistically significative. This re-

sult suggests that carbetocin seems to have an acceptable

haemodynamic safety profile. Currently, pre-eclampsia,

eclampsia and general anaesthesia are contraindications to

the administration of carbetocin, but this data suggest a new

threshold in the attempt to enlarge the therapy indications.

On this item, Su et al. in the Cochrane of 2007 regarding “Oxy-

tocin agonists for preventing postpartum haemorrhage” and in

the Cochrane 2012 regarding “Carbetocin for preventing post-

partum haemorrhage”, conclude that the use of carbetocin is

more effective than oxytocin for preventing PPH in women un-

dergoing caesarean section, but the data and the evidences

were still insufficient (4-10, 16).  

Regarding the literature about carbetocin, Danzereau et al.

(17) firstly described a lower additional uterotonic need for

treatment of uterine atony in women who took carbetocin soon

after delivery. 

Table 1. Characteristics of the study population.

Carbetocin (A) (n=51) Oxytocin (B) (n=51) P value

Maternal Age (mean, SD) 37,1±5,7 36,1±4,1 0.33

Gestational age at delivery (median-range) 38(37-39) 37(36-38) 0.01

Weight increase in pregnancy (mean, SD) 12,2±4,4 13,5± 4,2 0.15

Previous Abdominal surgery (n,%) 32 (62,7%) 22 (43,1%) 0.05

Use of anticoagulant in pregnancy (n,%) 10 (19,6%) 1 (2%) 0.01

Table 2. Indications to Caesarean Section.

Carbetocin (A) Oxytocin (B)

(%, n) n=51 (%, n) n=51

Two or more CS 33,3% (17) 23,5% (12)

Fetal Macrosomia 11,8% (6) 2% (1)

Placenta praevia 11,8% (6) 11,8% (6)

Uterine fibroids 3,9% (2) 0

History of PPH 0 0

Twin pregnancy 21,6% (11) 41,2% (22)

Fetal polyhydramnios 0 5,9% (3)

Previous myomectomy 17,6%  (9) 15,7% (8)
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Table 3. Systolic and diastolic blood pressure during and after caesarean section. 

   Carbetocin (A) Oxytocin (B) P value 
Systolic (median,Interquartile range)      

 
 
Skin Incision 114 (108-127) 116 (102-125) 0.533 

 1'  after uterotonic administration 118 (110-126) 120 (113-125) 0.904 
 3'  after uterotonic administration 117 (110-126) 110 (106-122) 0.06 
 5'  after uterotonic administration 117 (106 -128) 106 (103 -116)  <0.01* 
 Uterine repair 116 (107-125) 111 (105-125) <0.01* 
 Suturing the skin 114 (109-126) 109 (104-114) 0.0986 

 

 
Post-operative 
2 h after CS 110 (100-120) 105 (95-110) 0.0714 

 12 h after CS 110 (100-120) 100 (100-115) 0.02* 
 24 h after CS 110 (100-120) 110 (100-110) 0.0941 
 
Diastolic (median,Interquartile range)      

 
 
Skin Incision   68 (60-73) 70 (60-75) 0.4208 

 1'  after uterotonic administration 65 (58-72) 70 (63-75) 0.1129 
 3'  after uterotonic administration 68 (61-74) 62 (59-70) <0.02* 
 5'  after uterotonic administration 64 (56-70) 59 (55-65)  0.02* 
 Uterine repair 66 (60-71) 62 (59-74) 0.3411 
 Suturing the skin   63 (55-70) 59 (54-64) 0.0714 

 

 
Post-operative 
2 h after CS  70 (60-80) 65 (60-70) 0.03* 

 12 h after CS 70 (60-70) 60 (60-70) 0.04* 
 24 h after CS 70 (60-70) 60 (60-70) <0.01* 

 
* statistically significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

Table 4. Maternal blood loss.

Carbetocin (A) Oxytocin (B) P value

During caesarean section n° % n° %

< 500 ml 39 76.5 35 68.6 0.18

500- 1000 ml 12 23.5 12 29.4

> 1000 ml 0 0.0 4 7.8

2h after caesarean section

< 500 ml 50 98.0 50 98.0 1.00

500- 1000 ml 1 2.0 1 2.0

1000 ml 0 0 0 0

12h after caesarean section

< 500 ml 51 100.0 51 100.0

500-1000 ml 0 0 0 0 1.00

>1000 ml 0 0 0 0

24h after caesarean section

<500 ml 51 100.0 51 100.0

500-1000 ml 0 0 0 0 1.00

>1000 ml 0 0 0 0
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Table 5. Haemoglobin, hematocrit and platelets levels before and after caesarean section.

Carbetocin (A) Oxytocin (B) P value

Pre-Operative Hb 

(median interquartile ranges)

Hb   (g/dl) 11.4 (10.7 - 12.1) 11.8 (10.9 - 12.3) 0.33

Ht    (%) 34.6 (32 - 36.2) 34 (30.9 - 36.8) 0.80

PLT 222 (180 - 266) 206 (162 - 236) 0.09

Post-Operative Hb Drop

(median interquartile ranges)

Hb 2 h after CS     (g/dl) -0.6 (-1.1 ; -0.1) -0.7 (-1.3 ; -0.3) 0.463

Hb 12 h after CS  (g/dl) -0.7 (-1.3 ; 0.0) -1.1 (-1.9 ; -0.2) 0.074

Ht 2 h after CS     (%) -1.4 (-2.8 ; -0.1) -1.8 (-4.0 ; 0.4) 0.25

Ht 12 h after CS   (%) -1.4 (-3.2 ; 0.2) -1.9 (-5.3 ; 0.2) 0.20

PLT 2 h after CS -20 (-52 ; 0) -7 (-28 ;  1 ) 0.171

PLT 12h after CS -18 (-46 ;  0) -12 (-29 ;  8) 0.194
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Figure 1. Uterine tone.
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Also Borruto et al. (9) described a lower rate of additional oxy-

tocic need in women undergoing carbetocin administration dur-

ing CS and we do reach the same conclusions as many other

researches (7, 8), but it is difficult to compare our study with

the mentioned ones cause the strict selection of our study pop-

ulation according to risk factors. For instance Attilakos et al., in

their interesting paper, excluded placenta previa and multiple

pregnancies from the study or pregnant women being under 37

weeks’ gestation (8).

We find a definitively lack of additional uterotonic need after

CS in the carbetocin receiving women at high risk for PPH. 

Also, our results suggest the effectiveness of carbetocin com-

pared to oxytocin regarding the uterine contraction and tonicity.

Indeed we have shown that the uterine contractility was better

in the carbetocin group at 2, 12 and 24 hours after caesarean

section, as well as the fundus was significantly below 2 cm

from the umbilical point (-2UP) in patients of group A after 2

and 12 hours.

In fact we did not demonstrate any difference in the amount of

blood loss after caesarean section and in the drop of haemo-

globin level within 2 hours and 24 hours, but we showed in the

oxytocin group a significant need (23,5%) of additional utero-

tonic agents. Previous studies have shown that carbetocin

could induce maternal tachycardia and facial flushing (18, 19),

but none in our carbetocin subgroup had this adverse events. 

Regarding the effects of carbetocin to the diuresis, this recog-

nition goes back to the early 1960s with clinical observations

showing that systemic infusion of the high-dosage oxytocin in

obstetric patients causes antidiuresis, indicating vasopressin-

like effects (20, 21).  

In fact these two hormones are synthesized in the hypothala-

mus of humans and transported through the neurohypophysial

tract to the posterior pituitary gland for storage or secretion,

and they display close similarities in chemical structure, (differ-

ing by only two aminoacids and exhibiting similar intron-exon

structures) (22).

In recent years the study of the molecular basis for antidiuretic

effect has shown a long- and short-term effects on renal ac-

quaporin (AQP) water channels in the cells of the collecting

duct, mediated by V2 receptors. The long-term effect leads to

increased expression of AQP, whereas the short-term effects

involve trafficking of AQP to the apical membrane of the princi-

pal cells (23, 24). Therefore, the oxytocin seems to act as an

antidiuretic hormone, mimicking the short-term action of vaso-

pressin on water permeability, albeit with somewhat lower po-

tency (25) and an administration of oxytocin for a longer period

may cause antidiuresis, resulting in water intoxication (20, 21).

In literature there is only one other study that compares the ef-

fects of carbetocin and oxytocin on the diuresis, which shows

that the carbetocin has a moderate antidiuretic effect without

statistically significant difference in urine output between

women treated with carbetocin or oxytocin (26).

In contrast with these results, in our study we report in the oxy-

tocin group (group B) an important diuresis contraction both 2

hours and 12 hours after caesarean section, whereas in carbe-

tocin group (group A) we observe a significant higher diuresis

than observed in the oxytocin group, especially 12 hours after

caesarean section.

Therefore, despite the carbetocin is a synthetic oxytocin ana-

logue, the small difference in the molecular structure could de-

termine not only the uterotonic stronger action, but also the dif-

ference in the biologic function as the absence of antidiuretic

effect, and this is an important result in the attempt to define a

more comprehensive carbetocin profile.  

We therefore conclude that a single injection of carbetocin ap-

pears to be more effective than a continuous infusion of oxy-

tocin to maintain adequate uterine tone, with a similar safety

profile and minor antidiuretic effect, in the third stage and in the

first 24 hours after delivery defined “four stage of labor” (9). 
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Figure 3. A) Diuresis  at 2 and B) 12 hours after caesarean section. 
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