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Abstract 

Caesarean births are one of the most common major surgeries performed on women 

worldwide. It is therefore noteworthy that postpartum haemorrhage (PPH) is a leading global 

cause of avoidable maternal mortality with uterine atony the single greatest risk factor. For 

these reasons the prophylactic administration of an uterotonic is a key step in clinical practice 

to ensure that adequate uterine tone is maintained to prevent significant bleeding. However, 

there may be significant variation in uterotonic usage practices which may impact on 

maternal outcomes. The overall aims of this research were to determine the uterotonic usage 

practices and the effectiveness of prophylactic low-dose oxytocin protocols at scheduled 

caesarean birth on PPH outcomes; and to compare the effectiveness of carbetocin with 

oxytocin on PPH at caesarean birth.  

In study 1 (Chapter 2) uterotonic usage practices and beliefs (at scheduled caesarean birth) 

were determined by surveying anaesthetists of Australia and New Zealand (n=900). There 

was significant variation in oxytocin usage practices among respondents and this variation 

may be underpinned by a perceived lack of strong evidence to guide practice. This 

emphasises the need for high quality trials in this clinically important area. 

In study 2 (Chapter 3) a systematic review was performed comparing the effectiveness of 

prophylactic low dose oxytocin protocols (less than 5 IU) with 5 IU (delivered as a bolus 

alone, or bolus plus continuous infusion, or continuous infusion alone) on volume of 

postpartum blood loss in women undergoing elective caesarean birth. Remarkably, despite an 

exhaustive search, there were no trials that had investigated the oxytocin regimes under 

investigation; specifically the effectiveness of prophylactically administering less than 5 IU 

doses in comparison to British guideline recommended 5 IU on postpartum blood loss. 

Overall, there was a paucity of evidence for the effectiveness of prophylactic low-dose 

oxytocin protocols (<5 IU) compared with 5 IU on postpartum blood loss in women 

undergoing elective caesarean birth. 

Study 3 (Chapter 4) sought to determine whether low dose oxytocin at 3IU was non-inferior 

to the British guideline recommended 5IU dosage with respect to 24 hour postpartum blood 

loss in women undergoing elective caesarean birth. This study found that administration of 

3IU oxytocin was non-inferior to British guideline recommended 5IU with respect to blood 
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loss in women undergoing elective caesarean birth. These findings suggest that lowering the 

oxytocin dose to 3IU may be considered effective for routine clinical use. 

Study 4 (Chapter 5) examined whether carbetocin is associated with a lower risk of 

postpartum haemorrhage (blood loss ≥1000 ml) in comparison to oxytocin for the third stage 

of labour in a large cohort of women who underwent caesarean births at one of Australia’s 

largest tertiary maternity centres, the Mater Mothers’ Hospital, Queensland. The risk of 

postpartum haemorrhage associated with carbetocin was lower than that associated with 

oxytocin in women undergoing caesarean birth. There is a need for further high quality trials 

to confirm these results. 

In summary, this thesis revealed extensive variation in uterotonic usage practices 

underpinned by a paucity of evidence from randomised controlled trials, particularly for low-

dose oxytocin protocols at scheduled caesarean birth. However, some evidence for the routine 

usage of low-dose oxytocin protocol at scheduled caesarean birth were provided, albeit from 

an observational study design. Finally, carbetocin was found to be more effective in lowering 

the risk of major postpartum haemorrhage at caesarean birth. Altogether, these studies 

substantially advance the understanding of the effectiveness of uterotonics at caesarean birth 

and highlights that there is a lack of evidence from large, multicentre trials. In the absence of 

large trials, the signal from a large observational study indicates that carbetocin may be the 

first-line uterotonic of choice in women undergoing caesarean births. 
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Preface 

Caesarean birth is one of the most commonly performed procedures in women worldwide.1 In 

2015 more than 29 million women underwent a caesarean birth.1 Given that postpartum 

haemorrhage (PPH) rates are on the rise in women, significantly contributing to avoidable 

maternal mortality, it should be noted that uterine atony is a leading cause.2, 3 The active 

management of the third stage of labour, particularly the administration of an uterotonic, in 

most cases oxytocin, is therefore a key strategy in the maintenance of adequate uterine tone, 

preventing uterine atony and consequently significant PPH.3 This practice has been borrowed 

and applied to caesarean birth.4  

However, guidelines differ in their recommendations of which uterotonic to administer, what 

dose, and such things as whether to follow up the initial bolus dose with an infusion.4, 5 This 

may reflect a lack of confidence in the current evidence base and lead to significant variation 

in practice.6, 7 The first aim of this thesis was dedicated to resolving the questions around the 

variation in uterotonic usage practices amongst anaesthetists in Australia and New Zealand 

and the beliefs of anaesthetists in the current evidence base that inform their practice. 

Guideline recommendations for oxytocin bolus dose differ for scheduled caesarean birth. The 

British guidelines recommend the administration of 5 IU oxytocin as a ‘slow’ bolus at 

caesarean birth whereas more recent consensus guidelines recommend doses as low as 1 IU 

oxytocin.4, 5 Indeed the evidence from a dose finding study by Carvalho et al. has 

demonstrated that a dose as low as 0.35 IU is effective in contracting uterine smooth muscle 

at scheduled caesarean birth.8 However, we do not know whether this practice of low dose 

oxytocin protocols are based on efficacy (dose finding studies), that is mostly conducted on 

low risk patients under ideal conditions, or whether it is underpinned by a broad foundation 

of effectiveness RCT’s that is performed under a broader range of patients (including high-

risk patients) and conditions. The second aim of the thesis examined the evidence from 

randomised controlled trials underpinning low dose oxytocin regimes (<5 IU) in comparison 

to British guidelines (5 IU) recommendations. The third aim of the thesis builds on the 

second aim by examining whether a low dose oxytocin protocol of 3 IU oxytocin is non-

inferior to British guideline recommended 5 IU with regards to postpartum blood loss and 

whether it can be recommended for routine use. 

Not only do international guidelines recommend the administration of different dosages of 

oxytocin at caesarean section, different guidelines also recommend the administration of 
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different uterotonics e.g. oxytocin and carbetocin.4, 5 It should be noted that the current 

evidence base is inconclusive whether carbetocin or oxytocin is more effective particular in 

preventing significant bleeds such as PPH ≥1000ml at caesarean birth.9-11 Therefore, the most 

effective drug strategy to maintain uterine tone at caesarean birth is not known. The fourth 

aim of the thesis was to examine the effectiveness of prophylactic carbetocin in comparison 

to oxytocin for preventing postpartum haemorrhage defined as blood loss ≥1000ml in a 

large cohort of women undergoing caesarean birth. 
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Thesis aims 

To determine the uterotonic usage practices and beliefs of anaesthetists in Australia and New 

Zealand at scheduled caesarean births. 

To determine the evidence from randomised controlled trials underpinning low dose oxytocin 

regimes (<5 IU) in comparison to British guideline (5 IU) recommendations in scheduled 

caesarean birth. 

To determine whether 3 IU oxytocin is non-inferior to British guideline recommended 5 IU 

with regards to postpartum blood loss in women undergoing scheduled caesarean birth. 

To determine whether carbetocin is more effective in comparison to oxytocin with regards to 

reducing the risk of  PPH defined as blood loss ≥1000ml in a large cohort of women 

undergoing caesarean birth. 
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Chapter 1 Literature review 

1.1 Overview 

Caesarean births are a very commonly performed procedure with more than 29.7 million 

(21.1%, 95% uncertainty interval 19.9 to 22.4) babies born worldwide in 2015 via caesarean 

birth.1 This represents a near doubling of the number of births via this method since 2000.1 

The main drivers for this increase in caesarean births have been an increase in the procedure 

being undertaken in private health facilities; although there were also some discrepancies 

between certain regions noted e.g. very high rates of caesarean birth in South America 

(44·3%) and low rates in Africa (4.1%).1 As such health systems worldwide should provide 

safe standardised bundles of care to ensure good maternal and fetal outcomes. One of the 

most significant risks to mortality and serious morbidity of women undergoing caesarean 

birth are postpartum haemorrhage with the prophylactic administration of an uterotonic at the 

third stage of labour playing a key role to prevent uterine atony and therefore reduces the risk 

of significant postpartum bleeding.2, 3 Whilst anaesthetists are aiming for exact physiological 

control by administering lower doses of oxytocin at caesarean birth, the effectiveness of 

administering these low doses are not known. Furthermore, the most effective drug strategy 

to maintain uterine tone at caesarean delivery is not known. The following review aims to 

summarise the pertinent literature on these issues and highlight areas that require further 

research. 

1.2 The disease burden of PPH 

Primary PPH occur within 24 hours of delivery while secondary PPH occurs after 24 hours 

and up until 12 weeks after delivery.12 Traditionally PPH has been defined as blood loss 

during caesarean birth of more than 500 ml. However, more recently, PPH has been defined 

as blood loss ≥1000ml at caesarean birth.12 This may present a more important endpoint 

particular in caesarean birth since an iatrogenic injury to the uterus is produced compounding 

the bleeding from an atonic uterus overall leading to a more pronounced bleeding source in 

comparison to vaginal delivery.12 However, the extent of the issue in caesarean is unknown 

and therefore presents an area of research need. In chapter 5, the incidence of PPH ≥1000 ml 

was estimated as the primary endpoint in a large cohort of women from the Mater Mothers’ 

Hospital, Brisbane, Australia to determine whether carbetocin or oxytocin is more effective in 

reducing the occurrence of this endpoint which is a marker of significant maternal morbidity 

at caesarean births. 
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PPH defined as blood loss ≥500 ml occurs frequently in approximately 3 to 6% of births. 13-15 

This is significant as it is estimated that a quarter of all preventable deaths worldwide  

amongst pregnant women (>100 000 annually) are due to haemorrhage.2 It has been noted 

that PPH rates are increasing in high resource countries, therefore this is not a burden of 

disease confined to low resource countries.3 This increase in PPH rates is worrying as 

increasing rates of severe adverse outcomes are attributed to PPH and this is significant 

considering that a substantial proportion of women undergo caesarean birth. Although there 

are many causes of PPH, an increase in atonic PPH rates are playing an important role in this 

overall increase in PPH rates, particularly in high income countries.3 However, the extent of 

this issue in caesarean birth is unknown and therefore present an area of research need. 

1.2.1 The main causes of PPH 

The four most common causes of PPH can be remembered using the Four T’s mnemonic.16 

This includes ‘Tone’ for uterine atony which is the failure of the myometrial fibres to 

effectively contract. ‘Trauma’ to the uterus and genital tract, including laceration, hematoma, 

uterine inversion and uterine rupture. ‘Tissue’ for retained tissue such as retained placenta of 

an invasive placenta.16 Finally, ‘Thrombin’ for coagulopathy.16 Of these, uterine atony occurs 

in 70% to 80% of cases and is therefore the most common cause of PPH.17 The most common 

independent risk factors for PPH from uterine atony include caesarean delivery, hypertensive 

disease, chorioamnionitis, multiple gestation, retained placenta, and antepartum 

haemorrhage.17 However, it has been shown that even in PPH (requiring a blood transfusion) 

uterine atony may occur in the absence of any risk factors in up to 60% of deliveries.17 The 

extent of this problem, where uterine atony occurs in the absence of any risk factors 

specifically in caesarean birth, is unknown and therefore presents an area of research need. 

1.2.2 The importance of accurate blood loss measurement 

Standardised bundles of care for women with PPH such as the United States National 

Partnership for Maternal Safety Consensus Bundle for Obstetric Hemorrhage provides a 

structured approach that can be replicated across different settings.18 When this bundle of 

care was put into place in 99 Californian hospitals it resulted in a greater than 20% reduction 

in severe maternal morbidity in those hospitals in comparison to 1.2% reduction in those 

hospitals who did not implement it.19 The accurate measurement of blood loss as part of a 

protocolised approach is advised by these standardised bundles of care. 
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Spectrophotometric measurement of blood loss is the gold standard technique.20 However, 

this is largely an experimental piece of equipment that is used in the research setting, but has 

not found a place in real life clinical practice.20 The issue in clinical obstetric practice is that 

commonly used blood loss estimation techniques in particular visual estimation (qualitative 

bloodloss measurement technique) of obstetric blood loss has been found to be inaccurate and 

invariably underestimates blood loss from PPH both at vaginal and abdominal delivery.21 

Visual estimation techniques may underestimate blood loss by as much as 30% in 

comparison to gravimetric measurements techniques.22 However, there is some evidence that 

using reconstructed blood loss scenarios for training medical staff across a wide spectrum of 

obstetric specialities may encourage early diagnosis and ready management of postpartum 

haemorrhage when using visual blood loss estimation techniques.23  

In comparison, quantitative blood loss measurement techniques such as gravimetric and 

volumetric measurement techniques have been found to be significantly more accurate 

compared to visual estimation techniques, particularly when using calibrated bags at vaginal 

delivery.12, 24 A validation study by Lilley et al. showed that the mean percentage error was 

4.0 ± 2.7% for gravimetrically measured blood volume in comparison to visually estimated 

blood volume that had a mean percentage error of 34.7 ± 32.1%.24 Nonetheless, gravimetric 

measurement techniques are also prone to error, particularly overestimation of blood loss due 

to contamination with amniotic and irrigation fluid.  

More recently, a calometric measurement technique which analyses the images of blood 

soaked sponges and also blood filled canisters has been shown to be more accurate than the 

abovementioned techniques.25 An example of an accurate system that combines both 

colometric and gravimetric measurement is the Triton system (Gauss Surgical, Inc. Menlo 

Park, CA).26 Using this system Katz et al. showed improved recognition of PPH.27 For 

vaginal deliveries they showed a reduction in the number of blood transfusions, higher usage 

of uterotonics and the occurrence of blood transfusions were associated with greater blood 

loss.27 Furthermore, for caesarean births there was also a reduction in blood transfusions.27  

Despite the pitfalls, it should be noted that visual estimation techniques are commonly used 

in caesarean birth and emphasises the need for using validated blood loss techniques such as 

gravimetric and calometric measurement methods when conducting research. In chapter 4 we 

conducted a study to compare gravimetrically measured 24-hour postpartum blood loss in 

women who received either a low dose oxytocin protocol of 3 IU oxytocin, with a British 
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guideline recommended 5 IU, in women undergoing scheduled caesarean birth. This 

gravimetric blood loss measurement technique was used to improve the accuracy of the blood 

loss measurement and using this method improves the internal validity of the study results. 

1.3 What are uterotonics and what is its importance in the third stage of caesarean 

birth? 

Uterotonics are drugs that induce uterine contraction. Active management of the third stage 

of labour using uterotonics in particular oxytocin has long been regarded as the standard of 

care at vaginal birth as this practice has been shown to reduce haemorrhage.4 This practice 

has largely been borrowed at caesarean birth based on the assumption that the benefits seen in 

vaginal delivery will also apply to caesarean delivery.5 Many international guidelines 

therefore recommend the routine administration of an uterotonic for the active management 

of the third stage of delivery.4, 5  

1.3.1 International guideline recommendations 

There are wide variations in recommendations amongst international guidelines for first-line 

uterotonic usage in the management of PPH, which include differences in the definition of 

PPH, the type of uterotonic recommended and how the uterotonic should be administered.4 

For example, British guidelines recommend the administration of 5 IU oxytocin as a ‘slow 

bolus’, whereas Canadian guidelines recommend the administration of 100µg carbetocin.4 On 

the other hand a recent consensus guideline on the use of uterotonic agents during caesarean 

birth recommend the administration of either oxytocin or carbetocin immediately following 

the delivery of the fetus at caesarean birth, therefore providing a choice of uterotonic.5 This 

guideline also recommends the administration of oxytocin at a significantly lower dose (i.e. 1 

IU) at scheduled caesarean birth in comparison to other guidelines that have traditionally 

recommended a 5 IU bolus dose.4, 5 Given the large variation that exist between different 

international guideline recommendations, this may contribute to significant differences in 

usage practices among anaesthetists. The extent of this issue in Australasia is unknown and is 

therefore an area of research need. In chapter 2 a survey of uterotonic usage practices of 

anaesthetists in Australia and New Zealand was conducted at scheduled caesarean birth to 

address this knowledge deficit. 
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1.4 Description of different first-line uterotonics and the evidence for their dosage at 

caesarean delivery 

1.4.1 Clinical pharmacology of oxytocin 

The majority of guidelines recommend oxytocin as the first-line uterotonic at delivery.4 This 

is one of the oldest applications of oxytocin, a nonapeptide that was first discovered by Sir 

Henry H. Dale in 1909.28 Dale found that the extract from the human posterior pituitary 

initiated the uterine contraction of a pregnant cat.28 The stimulation of uterine contraction is 

one of the many critical functions of oxytocin during labour.28 Importantly, the basal levels of 

oxytocin increase significantly during pregnancy with a maximal 3- to 4-fold increase in the 

third stage of labour resulting in placental expulsion.29 These physiological changes at 

delivery underpin the rationale for prophylactic administration of oxytocin in the active 

management of the third stage of labour at vaginal delivery.30 Importantly it has been shown 

to decrease the rates of PPH by 40%.31 Although it’s anticipated that the advantages 

attributed to oxytocin at vaginal delivery similarly relate to caesarean birth, these advantages 

are less certain.9, 32 Furthermore, although oxytocin has a rapid onset of action, its duration of 

action is fairly short (5 to 10 minutes).31 This could lead to relaxation of the uterus with 

additional bleeding and consequently increase the need for more uterotonics.  

1.4.2 Evidence for guidelines recommended 5 IU oxytocin with or without an additional 

infusion of oxytocin 

It is noteworthy that British guidelines recommend the administration of 5 IU oxytocin given 

as a ‘slow’ bolus. However, the guidelines do not advise the routine administration of an 

oxytocin infusion at caesarean birth after the initial 5 IU oxytocin bolus dose, whereas the 

more recent international consensus guideline recommends this practice.4, 5 The British 

guidelines recommendation is supported by evidence from a large trial in 2069 women 

booked for elective caesarean birth.33 This multicentre, double blind, placebo controlled, 

randomised trial confirms that the addition of a high rate oxytocin infusion (10 IU/h) versus 

no oxytocin infusion, following an initial 5 IU oxytocin bolus dose, does not reduce the 

occurrence of PPH defined as blood loss ≥1000mls. However, the addition of an oxytocin 

infusion resulted in a reduction in the need for additional uterotonics; an important secondary 

aim for some anaesthetists when managing caesarean births.33 

On the other hand, the recently published consensus guide for scheduled caesarean birth 

recommends the routine administration of a low dose (2.5 to 7.5 IU.h-1) oxytocin infusion 
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following the initial bolus.5 This recommendation is supported by a recently reported 

randomised controlled trial (n=51) which showed similar efficacy in terms of uterine tone, 

PPH rates and the occurrence of adverse events between high rate oxytocin infusion (15 IU/h) 

versus low rate (2.5 IU/h) at scheduled caesarean delivery.5 Overall, this dichotomy of 

practice (the administration of an additional oxytocin infusion or not) may be consistent with 

the lack of confidence in the current evidence base. The extent of this issue is unknown and is 

an area of research need. In chapter two we conducted a survey to examine uterotonic usage 

practices and the beliefs of anaesthetists in Australia and New Zealand around the strength of 

the evidence base that underpin their uterotonic usage.  

1.4.3 Evidence for low dose ( <5 IU ) oxytocin guideline recommendation 

British guideline recommended dose of 5IU might be significantly higher than required for 

maintenance of optimal uterine tone as there are several lines of evidence to suggest that the 

uterus is highly sensitised to oxytocin during caesarean delivery. Firstly, uterine myometrial 

oxytocin receptor concentration increases considerably during pregnancy until term when 

there are 12-fold more receptors present.34 Secondly, it has been shown that oxytocin 

receptors are maximally sensitised at term due to receptor protein augmentation and increased 

expression of receptor RNA.35 This data could explain why oxytocin doses as low as 0.35 IU 

are effective for adequate uterine contraction in non-labouring women undergoing elective 

caesarean birth.8 Thus, when decisions are based on the British guidelines for oxytocin 

administration at scheduled caesarean birth there may be a risk of overtreatment, whereas 

reducing the oxytocin dose may lower the risk for adverse effects and also lower the need for 

vasopressor intervention to treat hypotension.  

Indeed, a recent consensus guideline recommended an oxytocin dose as low as 1 IU at 

caesarean delivery.5 However, the evidence base from randomised controlled trials on the 

effectiveness of lowering the dose of oxytocin at caesarean delivery below 5 IU is unknown. 

To bridge the evidence gap, in chapter 3 we performed a systematic review of low dose 

protocols defined as an oxytocin dose <5 IU versus British guideline recommended 5 IU with 

postpartum blood loss as the primary outcome in women undergoing scheduled caesarean 

birth. This was followed in chapter 4 with a study to determine whether a low dose protocol 

of 3 IU oxytocin is non-inferior to the British guideline recommended 5 IU with regards to 24 

hour gravimetrically measured blood loss.  
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1.4.4 Clinical pharmacology of carbetocin 

Carbetocin, also known as 1-deamino-1-carba-2-tyrosine(O-methyl)-oxytocin, is a longer 

acting synthetic oxytocin analogue in which the following substitutions have been made: the 

hydrogen on the phenolic hydroxy group is substituted by methyl, the amino group on the 

cysteine residue is substituted by hydrogen, and the sulfur of the cysteine residue is replaced 

by a methylene group.36 Carbetocin binds to the oxytocin receptors in the uterine smooth 

muscle which then contracts minimising PPH.36 Importantly, carbetocin has a similar rapid 

onset of action (1 to 2 minutes), but a longer duration of action (approximately 1 hour) in 

comparison to oxytocin.31 

1.4.5 Evidence for guideline recommended 100µg carbetocin  

Guidelines recommend the administration of 100µg carbetocin at caesarean birth, but the 

effectiveness of this dose in preventing PPH (bloodloss ≥500ml) and also PPH ≥1000ml is 

not known.4, 5 A recent network meta-analysis that included 140 randomised trials with data 

from 88,947 women including all combinations of uterotonics and were inclusive of vaginal 

and caesarean births, showed that a combination of oxytocin and ergometrine, or a 

combination of oxytocin and misoprostil, or carbetocin on its own, was more effective than 

oxytocin in preventing PPH ≥500 ml.9 However, this meta-analysis was inconclusive in terms 

of PPH rates (blood loss ≥1000ml), particularly with regards to the administration of 

prophylactic carbetocin in comparison to oxytocin.9 Despite the negative result it should be 

noted that the point estimate of the measure of occurrence was in favour of carbetocin (direct 

evidence RR 0.73, 95% CI 0.45 to 1.19).  

A limitation of this meta-analysis was that it did not include data from the CHAMPION trial, 

a double blind multicentre non-inferiority trial in women undergoing vaginal birth that 

compared intramuscular injections of heat-stable carbetocin (at a dose of 100μg) with 

oxytocin (10 IU) amongst 29,645 women who underwent vaginal birth.10 This study showed 

no difference in the occurrence of severe blood loss ≥1000ml between carbetocin and 

oxytocin (relative risk, 1.04; 95% CI, 0.87 to 1.25), with the confidence interval crossing the 

margin of noninferiority.10 It should be noted that this study only included women who 

underwent vaginal birth, not caesarean birth.10  

On the other hand, another Cochrane systematic review authored by Su et al. and most 

recently updated in 2012, included 11 studies (2635 women) to examine the effectiveness of 
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carbetocin in comparison to oxytocin.11 Four of the 6 studies comparing oxytocin with 

carbetocin were conducted in women undergoing caesarean birth.11 This review provided 

evidence that favoured carbetocin at caesarean birth; showing a possible reduction in PPH 

rates (RR 0.66, 95% CI 0.42 to 1.06) and a reduction in the need for additional uterotonics 

with carbetocin administered as a 100µg intravenous dosage across the trials (RR 0.62, 95% 

CI 0.44 to 0.88).11 However, the impact on PPH (blood loss ≥1000ml) was not assessed. 

Overall, these conflicting findings demonstrates an evidence gap that requires further 

research. In chapter 5, a propensity score analysis was performed on a large cohort of women 

undergoing caesarean birth who received either carbetocin or oxytocin, with PPH defined as 

blood loss >1000ml as the primary endpoint. This study was performed to address this 

knowledge deficit. 

1.4.6 Evidence for carbetocin doses <100µg 

The consensus guideline by Heesen et al. also proposes that smaller carbetocin doses (as low 

as 20µg) may be adequate.5 This recommendation is concordant with several dose finding 

(efficacy) studies that have suggested that a carbetocin dose as low as 14.8 µg is effective in 

producing adequate uterine contraction in 90% (ED90) of low risk non-labouring women 

undergoing scheduled caesarean birth.37-39 However, there are a lack of larger, multicentre 

trials confirming the effectiveness and safety of carbetocin doses as low as 20µg and 

therefore presents an area of research need. 

1.5 What is the variation in health care relating to uterotonic usage 

International surveys of uterotonic practices at caesarean birth have shown significant 

variation in uterotonic usage.4-7 It is therefore important to further explore and understand the 

impact of clinical variation on outcomes in health care.This approach is an important first 

step in improving patient health outcomes through applying appropriate evidence based 

care.40 

Clinical variation in healthcare refer to variances in healthcare practice, processes or 

outcomes. Such variation is not necessarily a bad thing and can be warranted in response to 

patient need or preference for care.41 However, unwarranted variation raises alarms about 

fairness and suitability of care.41 Unwarranted variation is of significant importance 

internationally as this could lead to variation in healthcare outcomes in similar populations 

which may lead to harm, such as serious maternal morbidity.40, 42  
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The presence of defined standards about best practice permits absolute assessments of care 

and helps quantify the levels of unwarranted variation.43 Assessment is significantly more 

challenging when there is uncertainty or clinical equipoise —that is, when there are several 

similarly valid approaches to satisfy patients requirements, and the best options are dependent 

on the perceived risk-benefit ratio of a specific treatment.43 The choice between oxytocin and 

carbetocin as first-line uterotonic represents an example of such equipoise. 

On the contrary, unwarranted clinical variation can be divided into six key categories.43 This 

includes, unjustified deviation from the clinical base, lack of adoption of evidence-based 

guidance, discrimination or lack of engagement, provider’s needs and preferences which may 

be biased, allocative decisions and a lack of technical acumen.43 It is not clear from previous 

surveys and other studies whether the clinical variation detected amongst anaesthetists 

regarding uterotonic usage at scheduled caesarean birth meet any of the criteria of warranted 

or unwarranted clinical variation. Further high quality studies are urgently needed to explore 

the impact of the different first-line uterotonic usage practices (different dosages, 

administration rates and different agents) at scheduled and intrapartum caesarean birth on 

patient centred outcomes. 

1.6 Summary 

This review discusses key issues related to current guideline recommended administration of 

firstline uterotonics. Previous international surveys have uncovered wide variations in 

uterotonic usage practices signalling that perhaps clinicians do not have confidence in the 

current evidence base on which guidelines are founded. However, it is unknown whether this 

applies to the usage practices and beliefs amongst anaesthetists in Australia and New 

Zealand. Furthermore, there is a need to examine the evidence base in particular for low dose 

oxytocin protocols at scheduled caesarean birth to determine if low doses are adequate to 

maintain adequate uterine tone while preventing significant haemorrhage. Overall, the most 

effective uterotonic at caesarean birth is not known, with the literature inconclusive at this 

point in time, and there is a need to resolve this issue. These gaps in the evidence base are 

addressed in the ensuing chapters of this thesis. 
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Chapter 2 Variation in uterotonic usage practices for scheduled caesarean 

section in Australia and New Zealand 
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2.1 Abstract 

Prophylactic administration of uterotonics ensures adequate uterine contraction at scheduled 

caesarean section to prevent substantial haemorrhage. British guidelines advise 

administration of oxytocin at 5 IU as a ‘slow bolus’ but there are variations in clinical 

practice. This study aimed to determine uterotonic usage practices and beliefs (at scheduled 

caesarean section) by surveying anaesthetists of the Australian and New Zealand College of 

Anaesthetists Obstetric Anaesthesia Special Interest Group. Questionnaires were emailed to 

anaesthetists and the response rate was 33%, with analysis of 279 completed reports. 

Oxytocin was the most commonly used first-line uterotonic, but extensive variation in 

oxytocin bolus use was identified. Only 38% of anaesthetists routinely administered guideline 

recommended 5IU, whereas 38% favoured low dose (<5 IU) and 10% high dose (≥10 IU) 

oxytocin. 13 % preferred carbetocin (100 micrograms). More than 50% felt the evidence was 

weak for guideline recommended 5 IU. Wide variation in the duration of oxytocin 

administration was also identified. Additionally, 58% of anaesthetists routinely gave follow-

up oxytocin infusions, most commonly at 40 IU over 4 hours, but there was significant 

variation in the dosage (10 IU to 40 IU) and administration duration (1 hour to ≥ 6 hours). In 

conclusion, there is significant variation in oxytocin usage practices at scheduled caesarean 

section among Australian and New Zealand anaesthetists. This variation may be underpinned 

by a lack of strong evidence to guide practice. This emphasises the need for high quality trials 

in this clinically important area. 
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2.2 Introduction 

Postpartum haemorrhage (PPH) rates, a major source of maternal mortality, are on the 

increase worldwide.3, 44 Uterine atony is consistently recognised as the most common cause 

of PPH.45, 46 Failure of the uterine smooth muscle to contract around the spiral blood vessels 

which feeds into the site where the placenta was attached promotes bleeding and can lead to 

rapid blood loss.47 British guidelines therefore recommend the prophylactic ‘slow’ 

administration of 5 IU oxytocin to ensure adequate uterine contraction at scheduled caesarean 

section to prevent substantial haemorrhage.4 48 

Conversely, there are wide variations in recommendations amongst international guidelines 

for first-line uterotonic usage in the management of PPH.4 For example the Society of 

Obstetricians and Gynaecologists of Canada (SOGC) recommends that carbetocin, a long 

acting oxytocin analogue, should be used as the uterotonic agent of choice to prevent PPH at 

scheduled caesarean delivery.49 On the other hand a recent consensus guideline on the use of 

uterotonic agents during caesarean section recommend the administration of either oxytocin 

or carbetocin immediately following the delivery of the fetus at caesarean section.5 This 

guideline also recommends the administration of oxytocin at a significantly lower dose (i.e. 1 

IU) at scheduled caesarean section in comparison to other guidelines that have traditionally 

recommended a 5 IU bolus dose.4, 5 This variation in guideline recommendations may be 

explained by a lack of adequately powered trials to assess the impact of first-line uterotonic 

agents at scheduled caesarean section on important maternal outcome measures such as 

serious maternal morbidity including hysterectomy.50, 51 

Taken altogether, when decisions aimed at the administration of first-line uterotonics at 

scheduled caesarean section are based on weak evidence and a diverse range of guidelines 

rather than using a unified, evidence based approach, there may be a risk of considerable 

variation in clinical practice amongst obstetric anaesthetists.7, 51 This variation in clinical 

practice may impact on maternal outcomes. There has never been a survey to determine the 

uterotonic usage practices and beliefs of anaesthetists practicing in the setting of scheduled 

caesarean section. To address this knowledge deficit we conducted a survey of 900 

anaesthetists in the region of Australia and New Zealand.  

2.3 Material and methods 

Our survey was developed by modifying a previously published questionnaire of oxytocin 

usage at scheduled caesarean section amongst obstetric specialists (Appendix).6 The survey 
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explored uterotonic usage practices at scheduled caesarean section amongst anaesthetists that 

were members of the Australian and New Zealand College of Anaesthetist Obstetric 

Anaesthesia Special Interest Group. This group was chosen because the anaesthetists who 

belong to this group have a strong interest in obstetric anaesthesia. Anaesthetists who join the 

special interest group can study, report and develop educational events such as continuing 

medical education meetings on obstetric anaesthesia. Furthermore the special interest group 

(SIG) are jointly managed by the following professional anaesthesia bodies: The Australian 

and New Zealand College of Anaesthetists, the Australian Society of Anaesthetists, and the 

New Zealand Society of Anaesthetists. This survey was approved by the executive committee 

of the Australian and New Zealand College of Anaesthetist Obstetric Anaesthesia Special 

Interest Group and The Tasmanian Health and Medical Research Ethics Committee 

(H0014821).  

The survey was developed in electronic format through the University of Tasmania and 

administered via the Limesurvey software platform and an email was sent containing a link to 

the electronic survey. An email reminder to complete the survey was sent on 9 June 2015. 

The survey was initially piloted amongst anaesthetists with an interest in obstetric anaesthesia 

at the Royal Hobart Hospital, Tasmania, Australia. Questions surveyed the administration of 

uterotonics for the third stage at scheduled caesarean section. The questions specifically 

addressed: the use of oxytocin bolus, perceived strength of evidence for boluses, perceived 

frequency of side effects of boluses, and the use of an additional infusion of oxytocin 

(Syntocinon®). An opportunity for free-text responses was provided.  

Anaesthetists were asked about the dosages of oxytocin boluses and infusions and also the 

rates of administration. For oxytocin bolus, 5 IU was regarded as the reference standard 

according to British guidelines.48 An oxytocin bolus dose less than 5 IU was regarded as a 

low dose and a dose greater or equal to 10 IU was regarded a high oxytocin dose.  

Statistical analysis. Data was analysed using descriptive methods. All data were analysed in 

R Core Team (2013). R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/  

2.4 Results 

A total of 900 surveys were sent to members of the Australia and New Zealand College of 

Anaesthetist Obstetric Anaesthesia Special Interest Group, of which 301 responded for a 

response rate of 33% (figure 2.1). Of these, 18 were excluded (6 because they contained no 

http://www.r-project.org/
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data and 12 because they were completed by anaesthetists who did not practice obstetric 

anaesthesia). A further 4 surveys were excluded because only demographic data was 

provided, thus leaving 279 surveys for analysis. 

The respondent characteristics are detailed in table 2.1. Of the 283 surveys with demographic 

data, the majority of members were more than 40 years of age, practiced in a metropolitan 

city, had more than 10 years’ anaesthesia experience and regularly practiced obstetric 

anaesthesia.  
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Figure 2.1. Study flow chart. 
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Table 2.1. Baseline demographic and characteristics of survey anaesthetists  

Variable Australia and New 

Zealand n=283 

Age (years)  

              ≤ 40 

              41 to 50 

              51 to 60  

              > 60 

40 (14%) 

106 (37% ) 

100 (35%) 

37 (13%) 

Sex (% female) 101 (36%) 

Anaesthesia practice location  

   Capital city or metropolitan centre  

(>100 000) 

241 (85%) 

     Rural or remote (<100 0000) 42 (15%) 

Public practice mainly (>2 days per 

week) 

156 (55%) 

Duration anaesthesia practice (years)  

          0 to 10  45 (16%) 

          11 to 20  113 (40%) 

           > 20  125 (44%) 

Obstetric anaesthesia practice  

          Obstetric anaesthesia 

occasionally 

87 (31%) 

          Obstetric anaesthesia regularly 180 (64%) 

          Obstetric anaesthesia only 16 (6%) 

Data are numbers (%). 
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Use of oxytocin as a bolus dose at scheduled caesarean section. 38% of anaesthetists 

routinely administered guideline recommended 5IU, 38% favoured low dose (<5 IU), 10% 

high dose (≥10 IU) oxytocin, and 13 % preferred carbetocin (100 micrograms) (Table 2.2). 

Wide variation in the speed of oxytocin administration was observed, with the majority of 

anaesthetists reporting they administered oxytocin quickly in less than 10 seconds (63%). Of 

the 278 anaesthetists administering oxytocin or its synthetic derivative carbetocin, only 17% 

would administer it over a period of at least 60 seconds. 

Anaesthetist’s perception of oxytocin bolus usage at scheduled caesarean section. There 

was wide variation in the lowest oxytocin dose that anaesthetists would consider 

administering at scheduled caesarean section (Table 2.3). Doses of 5 IU (24%), 3 IU (29%) 

and 2 IU (23%) were most frequently reported. Only 9% reported that the strength of the 

evidence for 5 IU oxytocin usage was strong or very strong, with the majority (54%) 

reporting that the evidence was weak or very weak. Two broad themes emerged from the free 

text discussion on the strength of the evidence base for the bolus dose of oxytocin at 

scheduled caesarean section. First, a high number of anaesthetists (39%) expressed 

significant uncertainty regarding the evidence base for the oxytocin bolus dose at scheduled 

caesarean section. Conversely, a number of participants felt that there was at least some 

evidence to support the efficacy of lower than guideline recommended 5 IU oxytocin and that 

this practice would reduce the frequency of adverse events. Regarding the evidence for lower 

oxytocin doses, a small group of participants felt that there was sufficient evidence to support 

the usage of 2 IU to 3 IU to induce adequate uterine contraction. Amongst another small 

group of participants, the general consensus was that dose finding studies showed that the 

effective dose for oxytocin was less than 1 IU and could be as low as 0.35 IU. 

Use of oxytocin as an additional infusion after initial bolus administration at scheduled 

caesarean section. With regards to the use of oxytocin as an additional infusion, 58% of 

anaesthetists reported that they administered it routinely and 38% selectively (Table 2.4). It 

was most commonly administered over a 4 hour duration (78%).  

Perceptions on the frequency of side effects after the administration of an oxytocin 

bolus 

There was wide variation in the perceived frequency of side-effects reported by anaesthetists 

following bolus administration of oxytocin. (Table 2.5) Of all the individual side-effects 

surveyed, only flushing (15%) and tachycardia (29%) reportedly occurred frequently in more 
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than 10% of women undergoing scheduled caesarean section when they received an oxytocin 

bolus. 
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Table 2.2.Use of oxytocin as a bolus dose at scheduled caesarean section. 

Variable Australia and 

New Zealand 

(n=279) 

Active management of the third stage  

          High dose oxytocin (≥ 10 IU) 29 (10%) 

          Guideline recommended oxytocin (5 IU) 106 (38%) 

          Low dose oxytocin (<5 IU) 106 (38%) 

          Carbetocin 38 (13%) 

         Ergometrine  1(0) 

Most commonly used bolus dose of uterotonics  

          0 IU oxytocin 1 (0) 

          1 IU oxytocin 8 (3%) 

          2 IU oxytocin 

          3 IU oxytocin 

          4 IU oxytocin 

          5 IU oxytocin 

37 (13%) 

57 (20%) 

3 (1%) 

106 (38%) 

          ≥10 IU oxytocin 29 (10%) 

          Carbetocin 100 mcg 37 (13%) 

         Ergometrine (dose not reported) 1(0) 

Speed of oxytocin administration   

         <5 seconds 102 (37%) 

         5 to 10 seconds 128 (44%) 

          ≥60 seconds 48 (17%) 
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Table 2.3. Anaesthetist’s perception of oxytocin bolus usage at scheduled caesarean 

section 

Variable Australia and 

New Zealand 

(n=279) 

Lowest oxytocin dose that anaesthetists will 

consider administering  

 

         0 IU 12 (4%) 

       0.5 IU 19 (7%) 

         1 IU 36 (13%) 

        2 IU 64 (23%) 

        3 IU 80 (29%) 

        5 IU 66 (24%) 

Strength of the evidence for guideline 

recommended 5 IU 

 

        Weak or very weak 151 (54%) 

        Moderate 104 (37%) 

        Strong or very strong 24 (9%) 

Data are numbers (%). 
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Table 2.4. Use of oxytocin as an additional infusion after initial bolus administration at 

scheduled caesarean section.  

Variable Australia and 

New Zealand 

(n=279) 

Oxytocin infusion management practices 

          Routinely 162 (58%) 

          Selectively 107 (38%) 

          Never 10 (4%) 

Most commonly used oxytocin infusion dose * 

          10 IU 8 (3%) 

          20 IU 24 (9%) 

          30 IU 60 (22%) 

          40 IU 177 (66%) 

Most commonly used oxytocin infusion 

duration 

         1 hour 4 (1%) 

         2 hours 7 (3%) 

         3 hours 6 (2%) 

         4 hours 210 (78%) 

         ≥6 hours 42 (16%) 

Data are numbers (%). *This represents an oxytocin infusion dose over time (hours). 
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Table 2.5. Anaesthetist’s perceptions of the frequency of side effects after the 

administration of an oxytocin bolus. Data are numbers (%). 

Variable Australia and 

New Zealand 

(n=279) 

Nausea  

          Never 45 (16%) 

          Rarely 149 (53%) 

          Occasionally 81 (29%) 

          Frequently 4 (1%) 

Hypotension  

         Never 27 (10%) 

        Rarely 118 (42%) 

        Occasionally  119 (43%) 

        Frequently 15 (5%) 

Tachycardia  

         Never 15 (5%) 

         Rarely 69 (25%) 

        Occasionally  115 (41%) 

         Frequently 80 (29%) 

Headache  

          Never 58 (21%) 

          Rarely 146 (52%) 

          Occasionally 68 (24%) 

          Frequently 7 (3%) 



52 

Flushing 

        Never 43 (15%) 

        Rarely 115 (41%) 

        Occasionally 80 (29%) 

        Frequently 41 (15%) 

Data are numbers (%). 

2.5 Discussion 

This is the first survey to determine uterotonic usage practices at scheduled caesarean section 

amongst anaesthetists from Australia and New Zealand. This study found significant 

variation in uterotonic usage amongst anaesthetists from this region. Overall, these findings 

are concordant with results of international surveys that revealed extensive variation in 

uterotonic usage practices at caesarean section.6, 7, 52, 53 The majority of anaesthetists indicated 

that they believed that the evidence at scheduled caesarean section was limited for British 

guideline recommended 5 IU oxytocin. Therefore this study also revealed the highly 

prevalent view that there is lack of strong evidence to guide practice, and this may be a 

contributory factor towards the observed variation in practice.51 

Oxytocin. Bolus. Founded on the principles of the active management of the third stage of 

labour, British guidelines recommend a slow intravenous bolus dose of 5 IU of oxytocin after 

delivery of the infant at caesarean section.4 The vast majority of survey participants 

administer oxytocin as their preferred first-line uterotonic at scheduled caesarean section.32 9 

However, extensive variation in oxytocin bolus use was identified amongst survey 

participants in comparison to British guideline recommendations. Approximately 40% 

administer guideline recommended 5 IU, whereas 40 % routinely administered low dose (<5 

IU) and 10% a high dose (≥10 IU) oxytocin. Furthermore, the majority of anaesthetists 

reported that they administer oxytocin relatively quickly in less than 10 seconds despite 

British guideline recommending the administration of a “slow bolus’.4 Despite this wide 

variation in clinical dose and administration rate, most participants reported a low frequency 

of side effects. The survey also showed wide variation in the lowest oxytocin dose that 

anaesthetist would consider administering at scheduled caesarean section, ranging between 5 
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IU and incrementally lower doses, including no oxytocin by one respondent. The responses in 

this survey may reflect that there is no real consensus on what the best approach should be 

and this is underpinned by a lack of effectiveness data especially for lower oxytocin doses.51 

Infusion. A preponderance of survey participants (58%) routinely administered an oxytocin 

infusion after the initial bolus dose, but there was significant variation in the dosage (10 IU to 

40 IU) and administration duration (1 hour to ≥ 6 hours). It is noteworthy that British 

guidelines do not advise the routine administration of an oxytocin infusion at caesarean 

section.4 The guideline recommendation is supported by evidence from a large trial in 2069 

women booked for scheduled caesarean section.33 This multicentre, randomised, double 

blind, placebo controlled trial confirms that the addition of a high rate oxytocin infusion (10 

IU/h) versus no oxytocin infusion, following an initial 5 IU oxytocin bolus dose, does not 

reduce the occurrence of major obstetric haemorrhage, defined as blood loss ≥ 1000 ml. 

However, the addition of an oxytocin infusion resulted in a reduction in the need for 

additional uterotonics.33  

In comparison, a recently published consensus guide for scheduled caesarean section 

recommend the routine administration of a low dose (2.5 to 7.5 IU.h-1) oxytocin infusion 

following the initial bolus.5 This recommendation is supported by a recently reported 

randomised controlled trial (n=51) which showed similar efficacy in terms of uterine tone, 

PPH rates and the occurrence of adverse events between high rate oxytocin infusion (15 IU/h) 

versus low rate (2.5 IU/h) at scheduled caesarean delivery. Overall, this dichotomy of 

practice (the administration of an additional oxytocin infusion or not) revealed by this survey 

is therefore consistent with the lack of confidence in the current evidence base. This 

uncertainty may be further confounded by a lack of consistency amongst international 

guidelines that may result in wide variations in clinical practice.4 

Carbetocin. A trend towards the administration of a longer acting synthetic oxytocin 

analogue among some anaesthetists emerged. Carbetocin was the first-line uterotonic of 

choice amongst one in eight survey participants at a dose of 100µg. Two guidelines support 

the use of carbetocin as first-line uterotonic in scheduled caesarean section.4, 5 Both 

guidelines recommend the administration of 100µg carbetocin as a slow bolus. However, the 

consensus guideline by Heesen et al. goes a step further and proposes that smaller doses (as 

low as 20µg) may be adequate.5 This recommendation is concordant with several dose 

finding studies that have suggested that a carbetocin dose of as low 14.8µg is effective in 
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producing adequate uterine contraction in 90% (ED90) of low risk non-labouring women 

undergoing scheduled caesarean section.37-39 The augmented length of action of carbetocin 

compared with oxytocin reduces the necessity for an oxytocin infusion after the primary 

dose.5  

It should be noted that the PPH outcome data supporting the effectiveness of carbetocin at 

caesarean section is not concordant. A Cochrane review by Su et al. updated in 2012 reported 

reductions in PPH rates and the requirement for further uterotonics with carbetocin 

administered as a 100µg intravenous dosage across all the trials.11 In contrast, a recent 

Cochrane network meta-analysis, which comprised of 140 randomised trials with information 

from 88,947 women, which reflected all combinations of prophylactic uterotonic drugs, after 

both vaginal and caesarean births, found no evidence to support a reduction in major 

postpartum haemorrhage, defined as blood loss ≥ 1000 ml, between any combination of 

uterotonic including carbetocin and oxytocin alone.9 Conversely, the absence of directly 

similar studies makes it challenging to make definitive inferences. The limitations of meta-

analyses are increasing, suggesting that large definitive trials of first-line uterotonics are now 

warranted.54  

Given the variation in uterotonic usage at scheduled caesarean section revealed by this 

survey, it is important to further explore and understand the impact of clinical variation on 

outcomes in health care. This approach is an important first step in improving patient health 

outcomes through applying appropriate evidence based care.40  

Limitations. This survey has a number of limitations which need to be considered. The 

response rate was low, but not markedly different with other ANZCA-endorsed surveys of bi-

national practice.55, 56 The inferences made may therefore not generalise to all obstetric 

practices in Australia and New Zealand. It is possible that anaesthetists with strong opinions 

on the safety or efficacy of the uterotonics may have been more likely to respond, and may 

therefore differ from anaesthetists who did not respond. When comparing the demographics 

of this survey with the wider anaesthetist population there are a similar ratio of males to 

females present, but our survey population had more years’ experience at giving anaesthesia 

and were more inclined to work in public practice.55  

Strengths. This study provides a very comprehensive and detailed survey of first-line 

uterotonic usage practices at scheduled caesarean section. A further strength of this survey 

was the focus on anaesthetists as they tend to determine the uterotonic dose and regimen 
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either on their own or in consultation with the obstetrician that is performing the caesarean 

section before administering the drug. We can therefore be confident in the results pertaining 

to uterotonic dosing regimens.6  

Conclusions. This study found substantial variation in uterotonic usage practices at 

scheduled caesarean section amongst anaesthetists from Australia and New Zealand. More 

than three quarters of anaesthetists use oxytocin as their first-line uterotonic; however, there 

were substantial variation in the dose and rate of administration of both boluses and 

infusions. This variation in practice is supported by a lack of evidence and absence of 

standardisation amongst international guidelines. Large pragmatic multicentre clinical trials 

are now required to address the effectiveness and safety of first-line uterotonics at scheduled 

caesarean section. 

2.6 Contribution of chapter 2 to the thesis aims 

Guidelines differ in their recommendations of which uterotonic to administer, what dose, and 

whether to follow up the initial bolus dose with an infusion.4, 5 This may reflect a lack of 

strong evidence for guideline recommendations. Amid such diversity in guideline 

recommendations clinicians may find it difficult to standardise their practice. In chapter 2 we 

found that significant variation in uterotonic usage practices exist amongst anaesthetists in 

Australia and New Zealand at scheduled caesarean birth and this variation may be 

underpinned by a perceived lack of strong evidence to guide their practice. In the next chapter 

we sought to determine the evidence from randomised controlled trials for the effectiveness 

of low dose oxytocin protocols at doses less than 5 IU at scheduled caesarean birth.  
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Chapter 3 Paucity of evidence for the effectiveness of prophylactic low dose 

oxytocin protocols (less than 5 IU) compared with 5 IU in women 

undergoing elective caesarean section: A systematic review of randomised 

controlled trials 

 

This thesis chapter is formatted according to the guidelines of the European Journal of 

Anaesthesiology. It was published as a research letter, however, it was originally submitted as 

a full systematic review. The journal editors requested that the paper be truncated due to the 

overall conclusions on the lack of eligible trials. Here, the complete systematic review is 

presented and the research letter is attached as Appendix 1.  

Terblanche NCS, Picone DS, Otahal P, Sharman JE. Paucity of evidence for the 

effectiveness of prophylactic low-dose oxytocin protocols (<5 IU) compared with 5 IU in 

women undergoing elective caesarean section: A systematic review of randomised controlled 

trials. Eur J Anaesthesiol. 2018 Dec;35(12):987-989 

Link to the online article: 

https://journals.lww.com/ejanaesthesiology/Fulltext/2018/12000/Paucity_of_evidence_for_th

e_effectiveness_of.17.aspx 

doi: 10.1097/EJA.0000000000000853 

  

https://journals.lww.com/ejanaesthesiology/Fulltext/2018/12000/Paucity_of_evidence_for_the_effectiveness_of.17.aspx
https://journals.lww.com/ejanaesthesiology/Fulltext/2018/12000/Paucity_of_evidence_for_the_effectiveness_of.17.aspx


57 
 

3.1 Abstract 

Background: Active management of the third stage following delivery is an effective 

strategy for the prevention of postpartum blood loss, the major cause of avoidable maternal 

mortality. Although British practice guidelines for caesarean section recommend the routine 

administration of 5 IU oxytocin, anesthetists are administering lower doses to optimise 

physiological control.  

Objective: This study sought to review the evidence of effectiveness of lower oxytocin doses 

compared with 5 IU at elective caesarean section on volume of postpartum blood loss. 

Secondary outcomes included the occurrence of major obstetric blood loss, use of therapeutic 

uterotonics, hypotension, nausea, vomiting, and the adequacy of uterine tone. 

Design: A systematic review of randomised controlled trials from 1946 until March 2017 

was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-

analyses.  

Data sources: Two independent reviewers performed a systematic search in PubMed, 

EMBASE, CENTRAL, CINAHL and Web of Science.  

Eligibility criteria: Randomised controlled trials were accepted for systematic review for 

participants undergoing elective caesarean section, contrasted 5 IU oxytocin with less than 5 

IU oxytocin prophylaxis at the third stage of delivery (whether delivered as a bolus dose, a 

bolus and continuous infusion or a continuous infusion alone), and reported postpartum blood 

loss. 

Results: Remarkably, no trials were eligible. There were no data on effectiveness trials 

comparing 5 IU oxytocin with a lower oxytocin dose.  

Conclusions: Thus, there is insufficient evidence for or against the effectiveness of low dose 

oxytocin to draw conclusions whether to endorse this approach in real-world clinical practice. 

High quality pragmatic trials are needed to address the lack of evidence in this clinically 

important area.  
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3.2 Introduction 

Caesarean sections are one of the most common major surgeries performed on women 

worldwide and as such, health systems should provide safe standardised bundles of care for 

this procedure.57, 58 Evidence from a meta-analysis of 7 randomised controlled trials including 

8247 women suggest that the active management of the third stage following delivery is an 

effective strategy for the prevention of postpartum blood loss, the major cause of avoidable 

maternal mortaliy.18, 59-61 Recent studies have identified that the administration of oxytocin is 

a key element relating to active management of the third stage.62, 63  

It is noteworthy that there is a lack of consensus amongst obstetric societies regarding the 

dosing regimens for oxytocin prophylaxis with only the British Guidelines making a dose 

recommendation.4 British practice guidelines for caesarean section advocate for the routine 

administration of 5 IU oxytocin.64 Although a European survey of obstetric anaesthesia 

suggest that the majority of respondents use 5 IU oxytocin, anaesthetists are increasingly 

aiming for exact physiological control by administering lower doses.6, 52, 65, 66 The practice of 

administering low oxytocin doses in women undergoing elective caesarean section could be 

related to dose finding studies, also termed efficacy studies, that propose that low oxytocin 

bolus doses, as low as 0.35 IU, can initiate effective uterine contraction under ideal 

circumstances.8, 67  

An issue is whether the administration of lower oxytocin doses has a beneficial effect in real 

world clinical anaesthesia practice in women undergoing elective caesarean section since 

efficacy trials may overestimate an intervention’s effect.8, 68 The administration of a too low a 

dose may result in uterine atony, which can deteriorate into a major obstetric hemorrhage, 

risking severe maternal morbidity.17, 69 On the other hand, when clinicians base their 

decisions on current guidelines for oxytocin dose there may be a risk of overtreatment.70-73 

Reducing the oxytocin dose may lower the risk of adverse events such as hypotension, while 

maintaining clinical effectiveness.67  

We sought to undertake a systematic review and meta-analysis of data from randomised 

controlled trials; to examine the effectiveness of prophylactic low dose oxytocin protocols 

(less than 5 IU) compared with 5 IU (delivered as a bolus alone, or bolus plus continuous 

infusion, or continuous infusion alone) on volume of blood loss in women undergoing 

elective caesarean section.  
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3.3 Methods 

This work adhered to the reporting guidelines set by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses statement.74 The review was conducted according to 

an a priori designed protocol. 

Eligibility criteria. Studies were accepted for the systematic review if they met the following 

criteria. (1) Participants were parturients undergoing elective caesarean section. (2) The study 

contrasted two interventions for oxytocin prophylaxis at the third stage of delivery: 5 IU 

oxytocin with <5 IU, whether delivered as a bolus dose, a bolus and continuous infusion or a 

continuous infusion alone. For the standard dose group the total oxytocin dose administered 

to participants should not exceed 5 IU. For the low dose group, the total oxytocin dose should 

be less than 5 IU. (3) Postpartum blood loss was reported. (4) Full-length publications. (5) 

Randomised controlled study design.  

Primary outcome (continuous variable). Mean volume of estimated postpartum blood loss 

that was measured or clinically estimated.  

Secondary outcomes. (1) Major obstetric blood loss. This was defined as a blood loss of 

more than 1000ml (Yes/No) that was measured or clinically estimated. (2) The use of any 

additional therapeutic uterotonics to supplement the oxytocin intervention (Yes/No). 

Maternal adverse effects reported individually including the following potentially commonly 

occurring events, including (3) hypotension (defined as a decrease in mean arterial pressure 

of at least 10% or 10 mmHg), (4) vomiting (defined as the ejection of stomach content or dry 

retching) and (5) nausea (assessed by directly questioning the patient) (Any/None). (6) 

Adequate uterine tone (defined as uterine tone assess as adequate by the attending 

obstetrician). 

Information sources and search strategy. Two reviewers (N.T., D.P.) independently 

searched five electronic databases (PubMed, EMBASE, CENTRAL, CINAHL, and Web of 

Science) including all studies from 1946 through to 2 March 2017. A librarian from the 

University of Tasmania assisted with constructing the search strategy. The search strategy 

combined all synonyms regarding the intervention ‘oxytocin’ and the domain, ‘caesarean 

section’ (Appendix 1.2). There were no limitations applied to the search. Reference lists from 

identified studies and journals, which appeared to be associated with the most retrieved 

citations, were then hand-searched to increase the sensitivity of the search. Finally, a search 

of trial registries including the Australian New Zealand Clinical Trials Registry, Clinical 
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Trials.gov and the International Clinical Trials Platform were conducted according to the 

intervention and domain terms to reduce the risk of publication bias from unpublished 

studies. 

Study selection. Two independent reviewers (N.T., D.P.) screened the title and abstract of all 

articles obtained from the database search. Studies were excluded if the population was non-

human participants, participants were not undergoing caesarean section and the intervention 

investigated was not oxytocin. The remaining studies were reviewed in full. There were no 

restrictions on the language of the publication or follow up duration. 

Risk of bias of individual studies. The risk of bias for each study was individually assessed 

by two independent reviewers using the criteria as described by the Cochrane Handbook for 

Systematic Reviews of Interventions.75 Randomised controlled trials with risk of bias in more 

than one key domain were not excluded. 

Quality of the evidence. The systematic review employed the Grades of Recommendation, 

Assessment, Development and Evaluation approach to appraising the quality of the evidence 

of studies.76 

Data extraction. The outcomes including mean and standard deviation of postpartum blood 

loss, number and proportion of patients with major obstetric haemorrhage, number and type 

of adverse events, adequacy of uterine tone and additional uterotonic use were extracted for 

the systematic review.  

Statistical analysis. A statistical analysis plan was specified a priori for meta-analysing the 

data according to recommended protocols, but was not enacted due to lack of eligible studies 

and, therefore, is not detailed here (Appendix 1.2).  

3.4 Results 

Search results. As shown in Figure 3.1, the literature search returned 10383 studies. The 

primary review based on title or abstract excluded 7681 studies resulting in 12 studies for 

full-text review. After full text review, all 12 were excluded. Table 3.1 lists the reasons why 

the trials were excluded. Searching the reference lists of review and original articles did not 

identify any additional studies.77, 78 No full-length publication was eligible for inclusion in the 

systematic review and furthermore, meta-analysis was futile. 
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Figure 3.1. Flowchart of the studies excluded in the systematic review  
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Table 3.1. Characteristics of excluded studies. 

Study Comparison Reason for exclusion 

Bhattacharya 

2013 79

The RCT compared 3 IU oxytocin 

over 15 seconds (n=40) with 3 IU 

over 5 minutes (n=40) in women 

undergoing elective caesarean 

section. 

The RCT compared 3 IU oxytocin over 15 

seconds (n=40) with 3 IU over 5 minutes 

(n=40) in women undergoing elective 

caesarean section. No standard 5 IU 

oxytocin comparison group.  

Carvalho 2004 8 The randomised design included a 

biased coin up-and down sequential 

allocation with increments or 

decrements of 0.5 IU oxytocin in 40 

women undergoing elective 

caesarean section. 

No standard 5 IU oxytocin comparison 

group. The aim of the study was to 

determine the minimum effective bolus 

does of oxytocin, i.e. efficacy not 

effectiveness. 

Gungorduk 2010 

80

The RCT compared 5 IU oxytocin 

and 30 IU infusion (n=360) with 5 

IU and placebo infusion (n=360) in 

elective caesarean section. 

No lower dose oxytocin (less than 5 IU) 

comparison group and total oxytocin dose 

administered more than 5 IU. 

Kiran 2013 81 The RCT compared 0.5 IU oxytocin 

(n=30), 1 IU oxytocin (n=30) or 2 

IU oxytocin (n=30), followed by 10 

IU infusion in elective caesarean 

section. 

No standard 5 IU oxytocin comparison 

group and total oxytocin dose 

administered more than 5 IU. 

King 2010 82 The RCT compared 5 IU oxytocin 

followed by 40 IU infusion (n=75) 

with a placebo oxytocin bolus and 

40 IU infusion (n=75). 

Study included emergency caesarean 

sections. No lower dose oxytocin (less 

than 5IU) comparison group and total 

oxytocin dose administered more than 5 

IU. 

Kim 2011 83 Randomised design comparing 0.5 

IU oxytocin infusion (n=20) with 2 

IU oxytocin (n=20) or 5 IU oxytocin 

(n=20) bolus followed by 0.25 

IU/min (20 IU over 40 minutes) in 

Total dose of oxytocin administered more 

than 5 IU. 
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women undergoing elective 

caesarean section. 

Kovacheva 2015 

84 

The RCT compared 3 IU oxytocin 

and 30 IU infusion (n=30) with 3 IU 

oxytocin and placebo infusion 

(n=30) in elective caesarean section. 

No standard 5 IU oxytocin comparison 

group. Total dose of oxytocin 

administered more than 5 IU.  

Langesæter 2006 

85 

Non-randomised controlled design 

in 10 women undergoing caesarean 

section receiving 5 IU oxytocin. 

Did not specify whether elective or 

emergency. Single arm prospective 

observational study that did not include a 

lower than 5 IU comparison group. Not 

randomised controlled trial design. 

Sheehan 2011 86 The RCT compared 5 IU oxytocin 

bolus over 1 min and a 40 IU 

infusion (n=1037) with 5 IU 

oxytocin bolus over 1 min and 

placebo infusion (n=1032). 

No lower dose oxytocin (less than 5 IU) 

comparison group. Total dose of oxytocin 

administered more than 5 IU. 

Munn 2001 32 The RCT compared 10 IU oxytocin 

infusion over 30 minutes (n=158) 

with an 80 IU oxytocin infusion 

over 30 minutes (n=163) in 

labouring women undergoing 

caesarean section. 

The study only included emergency 

caesarean sections. No standard 5 IU 

oxytocin comparison group. Total 

oxytocin dose exceeded 5 IU. 

Butwick 2010 16 Prospective, double-blind placebo 

controlled randomised controlled 

trial in 75 women undergoing 

elective caesarean section. 

Participants were allocated to 

receive one of the following 

oxytocin doses: 0.5 IU, 1 IU, 3 IU, 5 

IU or a placebo. All patients 

received an intravenous 

maintenance infusion of oxytocin 10 

The aim of the study was to determine the 

minimum effective dose of oxytocin in 

elective caesarean section, i.e. dose 

finding or efficacy study. Total dose of 

oxytocin administered more than 5 IU. 
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IU (0.16 units min -1) after the 10 

minute study period. 

Sartain 2008 21 Prospective, double-blind 

randomised controlled trial in 80 

women undergoing elective 

caesarean section. Compared 2 IU 

oxytocin (n=40) with 5 IU oxytocin 

(n=40) and was immediately 

followed with an oxytocin infusion 

at a rate of 10 IU/hr over 4 hours. 

Total dose of oxytocin administered more 

than 5 IU. 

 

3.5 Discussion 

To our knowledge, this is the first systematic review of randomised controlled trials to 

determine the effectiveness of lowering the oxytocin dose on postpartum blood loss in 

women undergoing elective caesarean section. Remarkably, despite an exhaustive search, 

there were no trials identified on the effectiveness of administering lower oxytocin doses in 

comparison to guideline recommended 5IU on postpartum blood loss. Overall, there was 

insufficient evidence for or against to make conclusions with respect to the effectiveness of 

lowering the oxytocin dose on postpartum blood loss from current guideline 

recommendations. Therefore, anesthetists and policymakers should be cautious when making 

recommendations for the use of low oxytocin doses for elective caesarean section. This work 

highlights the need for further pragmatic trials to evaluate the effectiveness and safety of 

lowering the oxytocin doses in women undergoing elective caesarean section.  

Evidence for justifying low bolus dose of oxytocin are based on dose-finding or efficacy 

studies as opposed to studies of drug effectiveness. Efficacy studies from different 

institutions that aimed to assess the effective dose in 90% of the population (ED90) of a 

bolus8, 67, 87 and an infusion88, 89 all found that a low dose of oxytocin is sufficient to initiate 

adequate uterine tone for healthy non-labouring women (including those scheduled for 

elective caesarean section) and labouring women undergoing emergency caesarean section. 

This in itself is sufficient evidence to question the use of a 5IU bolus for initiating adequate 

uterine tone (efficacy). However, effectiveness studies are required that examine the use of 

low dose oxytocin under the usual clinical conditions that it will be applied.68 
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Several practice surveys suggest that there is a lack of consensus amongst anesthetists 

regarding the optimal infusion dose or rate.6, 66 One survey identified 68 different infusion 

regimens amongst the 683 obstetric respondents who selectively or routinely used an 

oxytocin infusion.6 This potentially implies a lack of confidence in the evidence supporting 

optimal oxytocin dosing in day-to-day practice. Overall, in the midst of such diversity, 

clinicians are left with a difficult task when deciding which oxytocin dose and administration 

method to implement in clinical practice.  

A report from the United Kingdom Confidential Enquiries into Maternal Deaths may be the 

main impetus behind the 5 IU oxytocin dose recommendation at caesarean section by British 

guidelines.90 Their report highlighted the dangers of administering 10 IU oxytocin rapidly, 

due to its potential deleterious effect on cardiovascular haemodynamics, which in patients 

with haemodynamic shock, can result in death.91 However, the 5 IU dose recommendation for 

oxytocin administration at caesarean section is founded on limited evidence.64  

Our findings exemplify this issue of a lack of certainty in the field as there is insufficient data 

with which to base clinical decisions around optimal oxytocin dosing beyond ideal 

conditions. Future trials to address the uncertainty about the effects of lowering oxytocin dose 

below 5 IU on outcomes such as blood loss, third stage complications and severe maternal 

morbidity reflecting end organ injury, need to be high quality and pragmatic to inform 

clinical practice.  

Strengths and limitations. A major strength of this work is that two reviewers independently 

searched multiple overlapping databases and reference lists, and the exhaustive searches were 

sufficiently detailed, identifying relevant studies making it unlikely that any randomised 

controlled trials were missed. Additionally, a search was executed at the end of the review to 

ensure that no new randomised controlled trials were overlooked. A potential limitation was 

the focus on oxytocin dose, specifically the effectiveness of 5 IU in accordance with British 

guidelines. This stringent inclusion criteria may have contributed to the resulting empty 

review. However, practice surveys from the United Kingdom, Germany and Australasia 

indicate that a significant proportion of clinicians administer 5 IU oxytocin or lower (ranging 

between 32% and 95%) and only selectively administer an oxytocin infusions after the initial 

oxytocin bolus dose (ranging between 11% and 54%), thus validating our approach to the 

oxytocin dosing criteria of this systematic review.6, 52, 53, 66 Given the differences in 

international postpartum blood loss guidelines and the diversity in international practice 
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around the administration of oxytocin, this systematic review could not capture all aspects of 

international practice in this clinically important area.4, 6  

Conclusions. This systematic review found that despite the theoretical benefit of 

administering lower oxytocin doses (lower than 5 IU) to improve maternal outcomes during 

elective caesarean section, currently there is insufficient evidence for or against its 

effectiveness to draw conclusions whether to support this approach. Further high quality 

effectiveness trials are needed to address the lack of evidence in this clinically important area. 

3.6 Contribution of chapter 3 to the thesis 

British guideline recommended 5 IU oxytocin may represent a dose that is much higher than 

is required to adequately manage the third stage of labour at caesarean birth.4 Dose finding 

studies that examined the efficacy of oxytocin under very precise conditions in low risk 

patients suggest that much lower doses may suffice.8, 67 Recent consensus guidelines are now 

recommending a bolus dose as low as 1 IU oxytocin, but recommend that the initial bolus 

dose should be followed by an oxytocin infusion, which does not represent standard clinical 

practice in a significant proportion of anaesthetists who administer a standalone bolus dose of 

oxytocin unless the patient has additional risk factors for bleeding.5 Therefore, what is not 

known is the impact of the administration of very low oxytocin doses on PPH or bleeding risk 

in other words the effectiveness of low dose oxytocin protocols under real world conditions, 

including in women with varied risk of uterine atony and bleeding.  

This thesis provides the strongest evidence to date that there is a lack of effectiveness studies 

of low dose oxytocin protocols. In the next chapter we aimed to address some of this deficit 

by comparing the effectiveness of a low dose oxytocin protocol at 3 IU with British guideline 

recommended 5 IU on postpartum blood loss. We aimed to establish if low dose oxytocin 

protocols can be recommended for routine use.  
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Chapter 4 An observational cohort study of 3 units versus 5 units slow 

intravenous bolus oxytocin in women undergoing elective caesarean 

delivery  

This thesis chapter has been published and is formatted according to the guidelines of Journal 

of Physiology and Pharmacology. We recognise that the ideal study design would have been 

a randomised controlled trial, and this was our original intent. However, as the first study of 

this nature on pregnant women, a high risk group in my hospital, there was a strong feeling 

amongst the obstetric anaesthetists of our group that an observational design would be most 

ethically appropriate in the first instance. Thus, we conceded to this request. 

Terblanche N, Otahal P, Messmer A, Wright P, Patel S, Nathan K, Sharman JE. An 

observational cohort study of 3 units versus 5 units slow intravenous bolus oxytocin in 

women undergoing elective caesarean delivery. J Physiol Pharmacol. 2017 Aug; 68(4):547-

553. 

Link to online 

article:http://www.jpp.krakow.pl/journal/archive/08_17/pdf/547_08_17_article.pdf 

 PMID: 29151071 

Presentations: 

 ANZCA annual scientific meeting poster presentation, Adelaide, Australia, May

2015.

 ANZCA Trials Group Strategic Research Workshop,4th Annual Meeting, Palm Cove

Queensland, Australia, August 10-12 2012.

This article has been removed for copyright or 
proprietary reasons.
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Chapter 5 Uterine atony prophylaxis with carbetocin versus oxytocin and 

the risk of major haemorrhage during caesarean birth 

This thesis chapter has been submitted for publication and formatted according to the 

guidelines of the Anaesthesia and Intensive Care. 

Terblanche NCS, Sharman. JE, Gregory K, Sturgess D. Uterine atony prophylaxis with 

carbetocin versus oxytocin and the risk of major hemorrhage during cesarean section: A 

retrospective cohort study. Anaesthesia and Intensive Care 2020.  

 

Presentations: Oral presentation at the ANZCA Clinical Trials Network Workshop, Coogee, 

Sydney, Australia 2016. 
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5.1 Abstract 

Background. Carbetocin and oxytocin are commonly recommended agents for active 

management of the third stage of labour. Evidence is inconclusive whether either one more 

effectively reduces the occurrence of important postpartum haemorrhage outcomes at 

caesarean birth. We examined whether carbetocin is associated with a lower risk of 

postpartum haemorrhage (blood loss ≥1000 ml) in comparison to oxytocin for the third stage 

of labour in women undergoing caesarean births. 

Methods. This was a retrospective cohort study among women undergoing scheduled or 

intrapartum caesarean birth between 1 January 2010 and 2 July 2015 who received carbetocin 

or oxytocin for the third stage of labour. The primary outcome was postpartum haemorrhage. 

Secondary outcomes included blood transfusion, interventions, third stage complications and 

estimated blood loss. Outcomes were examined overall and by timing of birth (scheduled 

versus intrapartum) using propensity score-matched analysis. 

Results. Among 21,027 eligible participants, 10,564 women who received carbetocin and 

3,836 women who received oxytocin at caesarean birth were included in the analysis. 

Carbetocin was associated with a lower risk of postpartum haemorrhage overall (2.1% vs 

3.3%; OR, 0.62; 95% CI, 0.48 to 0.79; P<0.001). This reduction was apparent irrespective of 

timing of birth. Secondary outcomes also favoured carbetocin over oxytocin.  

Conclusions.  In this retrospective cohort study, the risk of postpartum haemorrhage 

associated with carbetocin was lower than that associated with oxytocin in women 

undergoing caesarean birth. Randomised clinical trials are needed to confirm these results.  
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5.2 Introduction 

Caesarean births are one of the most common major surgeries performed on women 

worldwide and as such, health systems should provide safe standardised bundles of care for 

this procedure.57, 58 Postpartum haemorrhage (PPH) rates, a major cause of maternal 

mortality, are on the rise internationally, with uterine atony consistently identified as the most 

common cause of PPH.3, 44-46 Nonetheless, it is noteworthy that there is significant discord 

amongst published guidelines regarding the prophylactic administration of uterotonics to 

prevent postpartum haemorrhage at caesarean birth.4  

British guidelines recommend the administration of oxytocin.4 In contrast, Canadian 

guidelines recommend that carbetocin, a long acting oxytocin analogue, should be the 

preferred uterotonic agent to prevent PPH at scheduled caesarean birth.4 Conversely, a more 

recent consensus guideline on the use of uterotonic agents during caesarean birth 

recommended the administration of either oxytocin or carbetocin immediately following the 

delivery of the fetus at caesarean birth.5 These guideline disparities may be explained by a 

lack of level 1 evidence to assess the impact of first-line uterotonics at caesarean birth on 

important maternal outcome measures such as serious maternal morbidity. Moreover, the 

evidence base is inconclusive whether carbetocin or oxytocin is more effective at caesarean 

birth for preventing PPH.9, 110 

The aim of this study was to examine the effectiveness of prophylactic carbetocin in 

comparison to oxytocin for preventing postpartum haemorrhage defined as blood loss 

≥1000ml. This endpoint is a precursor of significant maternal morbidity and mortality, in 

women undergoing either elective or intrapartum caesarean births.  

5.3 Methods 

Study design, setting and study population. This was a retrospective cohort analysis from 

one of Australia’s largest tertiary maternity centres, the Mater Mothers’ Hospital, 

Queensland. This work adhered to the reporting guidelines set by the STROBE statement and 

the Ethical Principles for Medical Research Involving Human Subjects outlined in the 

Declaration of Helsinki.111 The study was conducted according to an a priori designed 

protocol and was approved with waiver of consent by the Mater Health Services Human 

Research Ethics Committee (HREC/13/MHS/115). 

Inclusion criteria were adult participants who underwent scheduled (i.e. before labour) or 

intrapartum (after a trial of labour or induction) caesarean birth between 1 January 2010 and 
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2 July 2015, and received either carbetocin or oxytocin uterotonic therapy at the third stage of 

delivery. Exclusion criteria were: age less than 16 years or; patients who received both 

carbetocin and oxytocin, as it was not possible to determine which drug was administered 

first.  

Participants were identified through the Hospital Clinical Information System (MATRiX®) 

electronic database. This is a repository for antenatal information entered into the study 

institution's electronic maternity record system (Meridian Health Informatics, Surry Hills, 

New South Wales, Australia) and included comprehensive individual level data on 

demographics, obstetric history, family history, medical and surgical history, allergies, 

standard observations, routine laboratory and ultrasound results, antenatal admissions and 

visit data.112
 
,113 For the present study, deidentified data was electronically extracted by the 

Hospital Clinical Information System (MATRiX®) database manager based on the study 

inclusion and exclusion criteria.  

Exposure variable. The uterotonic was administered according to obstetrician preference (a 

decision that was not part of a research protocol) at the third stage of birth immediately after 

the birth of the infant and was recorded as oxytocin or carbetocin. Information was not 

available on the dose of carbetocin or oxytocin that was administered, nor whether the initial 

uterotonic was immediately followed by an oxytocin infusion.  

Outcomes. The primary outcome was the incidence of postpartum haemorrhage defined as 

blood loss ≥1000ml during the postpartum period. This outcome was clinically estimated by 

midwives after agreement between the anaesthetic, surgical and midwifery teams. This 

method ensured high data entry rates. Various secondary outcomes related to postpartum 

haemorrhage were also assessed: (1) Total estimated blood loss using the method described 

above. (2) The composite endpoint that comprised all events recorded as “postpartum 

haemorrhage interventions,” which included (i) bimanual compression; (ii) blood transfusion; 

(iii) insertion of a compression suture; (iv) hysterectomy; (v) internal iliac ligation; (vi) 

administration of additional uterotonic drugs e.g. ergometrine; (vii) administration of 

additional prostaglandin agents e.g. carboprost or; (viii) insertion of a tamponade balloon. (3) 

Blood transfusion. (4) The composite endpoint of all events recorded as “third stage 

complications,” which included (i) atonic uterus defined as loss of tone in the uterine 

musculature not responsive to uterine massage; (ii) diffuse intravascular clotting; (iii) 

hypovolaemic shock; (iv) inverted uterus or; (v) cardiac arrest. (5) Timing of caesarean 

births: scheduled (pre-labour) vs. intrapartum (after a trial of labour or induction). 
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Statistical analysis. A sample size of 4,634 participants, with 2,317 per group, provided 90% 

power to detect a 1.5 % decrease in the rate of postpartum haemorrhage in the carbetocin 

group, at a two-sided alpha level of 0.05, on the assumption of a 3.3% occurrence of blood 

loss of least 1000ml in women who received oxytocin.114 This occurrence was based on a 

meta-analysis of major PPH rates in randomised trials of prophylactic interventions.114 

A post hoc decision was made to exclude all those women who received both carbetocin and 

oxytocin from the statistical analysis as we were unable to determine which treatment women 

received first when given both drugs.  

Descriptive statistics were calculated for all demographic and baseline levels of all clinical 

outcome variables or endpoints.115 A multivariable logistic-regression model was used to 

estimate the propensity score, with third stage carbetocin used as the dependent variable and 

the following baseline characteristics included as covariates: (i) age; (ii) gestation; (iii) body 

mass index; (iv) private health insurance; (v) ethnicity; (vi) financial class; (vii) parity; (vii) 

timing of caesarean births: scheduled (pre-labour) vs. intrapartum (after a trial of labour or 

induction); (viii) plurality; (ix) attendance at antenatal clinics; (x) method of anaesthesia for 

caesarean birth and; (xi) method of previous birth.  

For the primary analyses, propensity score matching with replacement was conducted. This 

method includes all carbetocin (treated) patients, and selects with replacement the oxytocin 

(control) patient, whose propensity score is closest to the propensity score for each treated 

patient. Standardised difference was estimated before and after matching to assess the 

imbalances of the baseline characteristics. The standardised difference provides a method to 

compare the means between treatment groups in the propensity score matched sample.115 

This was done by calculating the difference in means between treatment groups as part of the 

pooled standard deviation.115 This permits different variables that are measured in different 

units to be compared. Importantly, this calculation remains independent of the sample size.115 

A standardised difference less than 10% for a covariate indicates a small imbalance in the 

mean or prevalence of a covariate between the treatment groups.116 

Comparisons of dichotomous outcomes were conducted using weighted logistic regression 

with cluster robust standard errors to account for controls being potentially included multiple 

times after matching with replacement. Similarly, for blood loss we conducted a weighted 

comparison between matched groups and estimated cluster robust standard errors. 
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A subgroup analysis was conducted by the timing for caesarean birth, scheduled or 

intrapartum.117 A subgroup analysis for the type of anaesthesia was planned; however, due to 

the low number of patients who underwent general anaesthesia this analysis was not 

performed. 

The reported P-values are two-sided and P-values <0.05 were considered significant. All 

analysis was performed using SPSS, version 14.0 for Windows (SPSS Inc., Chicago, IL, 

USA), and SAS version 9.1 for Windows (SAS Institute, Cary, NC, USA).  

5.4 Results 

A total of 21,027 eligible participants were identified, of whom 10,696 received carbetocin 

and 10,331 received oxytocin for the active management of the third stage of labour (Figure 

1). Numerous baseline characteristics showed significant differences before propensity score 

matching (Table 5.1). Propensity score matching with replacement resulted in 10,564 

participants who received carbetocin that were matched with 3,836 participants who received 

oxytocin (Table 5.1). The standardised difference was less than 10% after matching for all 

baseline characteristics (Table 5.1, *).116 Table 5.2 shows the maternal outcome data after 

propensity score matching. 
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Figure 5.1. Flowchart of the women included in the retrospective cohort study  
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Table 5.1. Baseline maternal demographic and clinical characteristics of study participants in the unmatched and the matched samples. 

Results are presented as mean (SD) for continuous data or percent (number) for binary data.  

Characteristic  Before matching After matching* 

 Carbetocin 

(N=10696) 

Oxytocin 

(N=10331) 

Standardised 

 difference 

Carbetocin 

(N=10564) 

Oxytocin 

(N=10564)^ 

Standardised  

difference 

   %   % 

Age (years) 33.4 (4.9) 31.9 (5.4) 29 33.4 (4.8) 33.5 (8.1) -3 

Gestation (weeks) 37.8 (2.2) 37.5 (3.4) 11 37.8 (2.1) 37.7 (4.0) 4 

Body mass index (kg m-2) 24.9 (5.7) 25.1 (5.9) -3 24.9 (5.7) 25.0 (9.6) -2 

Private Insurance 67 (7202) 47 (5604) 41 67 (7124) 69 (7253) -3 

Ethnicity   20   3 

      Caucasian 78 (8322) 67 (6948)  78 (8251) 77 (8118)  

      Other 22 (2374) 33 (3359)  22 (2313) 23 (2446)  

Socio-Economic Indexes for 

Areas: quintile 

  15   0 
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      1 5 (567) 9 (928)  5 (555) 5 (577)  

      2 3 (330) 3 (330)  3 (320) 3 (322)  

      3 9 (916) 10 (1059)  9 (901) 9 (877)  

      4 28 (2987) 27 (2783)  28 (2954) 28 (2949)  

      5 55 (5885) 51 (5220)  55 (5834) 55 (5839)  

Parity   21   -1 

     0 (primigravidae) 36 (3892) 57 (5912)  36 (3845) 38 (3951)  

     1 to 4 63 (6691) 41 (4235)  63 (6619) 61 (6479)  

     ≥ 5 (grand multigravidae) 1 (104) 2 (173)  1 (100) 1 (134)  

Caesarean section       

     Intrapartum (%) 23 (2418) 73 (7531) -96 22 (2369) 22 (2360) 0 

Plurality   10   7 

     Singleton 92 (9816) 88 (9104)  92 (9701) 94 (9921)  

     Multiple pregnancy 8 (880) 12 (1227)  8 (863) 6 (643)  
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Antenatal visits   0   -3 

      ≥ 8 78 (8365) 78 (8087)  78 (8272) 80 (8400)  

      <8 22 (2330) 22 (2250)  22 (2292) 20 (2164)  

Anaesthesia   28   4 

      General anaesthesia 2 (230) 9 (954)  2 (220) 3 (320)  

      Neuraxial anaesthesia 98 (10466) 91 (9377)  98 (10344) 97 (10244)  

Method of delivery last birth       

      No previous births 36 (3892) 57 (5914)  36 (3845) 37 (3951)  

      Vaginal  11 (1171) 15 (1512)  11 (1153) 10 (1043)  

      Caesarean  53 (5624) 28 (2894)  53 (5566) 53 (5570)  

* Patients receiving both treatments were excluded prior to matching 

^ This is the weighted total based on 3836 matched Oxytocin patients 
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Table 5.2. Primary analysis: excluding women who received both treatments 

Maternal outcome data after propensity score matching. Oxytocin administration compared with carbetocin. Results presented are % (n/N) 

or mean (SD) where indicated. 

Variable Carbetocin Oxytocin OR (95% CI) P-value 

Postpartum (N=10564) (N=10564)*   

Severe haemorrhage (>1000 ml) 2.1 (218/10553) 3.3 (350/10559) 0.62 (0.48, 0.79)     <0.001 

Interventions 0.41 (43/10552) 0.74 (78/10557) 0.55 (0.32, 0.95)       0.033 

Blood transfusions 0.52 (55/10564) 0.99 (105/10564) 0.52  (0.32, 0.84)     <0.001 

Third stage complications 6.6 (698/10552) 8.2 (863/10554) 0.80 (0.69, 0.92)       0.002 

 Mean (SD) Mean (SD) Mean diff (95% CI)  

Post partum blood loss (ml) 448.7 (228.8) 471.8 (498.6) -21.5 (-34.0, -8.9)     <0.001 

*This is the weighted total based on 3836 matched Oxytocin patients 
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Primary outcome (matched cohort). Carbetocin was associated with a lower risk of 

postpartum haemorrhage (2.1% vs. 3.3% respectively; odds ratio, 0.62; 95% CI, 0.48 to 0.79 

P<0.001) compared to oxytocin for the active management of the third stage of labour. 

Secondary outcomes (matched cohort). Carbetocin was associated with a lower risk of 

postpartum interventions (0.41% vs. 0.74% respectively; odds ratio, 0.55; 95% CI, 0.32 to 

0.95; P=0.033) and a lower risk of blood transfusions (0.52% vs. 0.99% respectively; odds 

ratio, 0.52; 95% CI, 0.32 to 0.84; P<0.001). Blood loss was decreased in the carbetocin 

cohort with mean (SD) blood loss of 448.7 ml (228.8) versus 471.8 ml (498.6) in the oxytocin 

cohort, P<0.001. This corresponded to a mean difference in blood loss between the third 

stage oxytocic groups of -21.5 ml (95% CI, -34.0 to -8.9; P<0.001) favouring the 

administration of carbetocin. There was also a lower risk of ‘third stage complications’ after 

the administration of carbetocin compared to oxytocin (6.6% vs. 8.2% respectively; odds 

ratio, 0.80; 95% CI, 0.69 to 0.92; P=0.002).  

Subgroup analysis of primary outcome For scheduled caesarean births, carbetocin was 

associated with a lower risk of severe haemorrhage (1.5% vs. 2.5% respectively; odds ratio, 

0.59; 95% CI, 0.41 to 0.84) (Table 5.3). Similarly, for intrapartum caesarean births, 

carbetocin was associated with a lower risk of postpartum haemorrhage (4.2% vs. 6.7% 

respectively; odds ratio, 0.60; 95% CI, 0.43 to 0.84).  
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Table 5.3. Subgroup analysis of primary outcome by urgency of procedure: excluding women who received both treatments 

Maternal outcome data for scheduled and emergency caesarean delivery using propensity score matching. Results presented are % (n/N). 

 Scheduled caesarean birth Intrapartum caesarean birth 

Variable Carbetocin Oxytocin OR (95% CI)  Carbetocin Oxytocin OR (95% CI)  

Postpartum (N=8195) (N=8195)*   (N=2369) (N=2369)^   

Severe 

haemorrhage 

(>1000 ml) 

1.5 (120/8192) 2.5 (202/8184) 0.59 (0.41, 0.84)  4.2 (98/2361) 6.7 (159/2369) 0.60 (0.43, 0.84)  

*This is the weighted total based on 2101 matched Oxytocin patients 

^This is the weighted total based on 1630 matched Oxytocin patients 
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5.5 Discussion 

The principal finding of this study was that the incidence of postpartum haemorrhage was 

lower with carbetocin administration compared to oxytocin administration for the active 

management of the third stage of labour in caesarean births. Importantly, the subgroup 

analysis for the population of women undergoing scheduled or intrapartum caesarean birth 

did not differ materially and showed a consistent reduction in the risk of postpartum 

haemorrhage. Furthermore, secondary postpartum haemorrhage related outcomes also 

favoured carbetocin. These findings favour the use of carbetocin at caesarean births, but 

require confirmation by randomised controlled study design.  

The results of this study are noteworthy considering that previous postpartum haemorrhage 

outcome data on the efficacy of carbetocin at caesarean birth are inconclusive. A Cochrane 

systematic review by Su et al. most recently updated in 2012 included 11 studies (2635 

women). Four of the 6 studies comparing oxytocin with carbetocin were conducted in women 

undergoing caesarean birth. This review provided inconclusive evidence that favoured 

carbetocin at caesarean birth; showing a possible reduction in PPH rates (RR 0.66, 95% CI 

0.42 to 1.06) and a reduction in the need for additional uterotonics with carbetocin 

administered as a 100µg intravenous dosage across the trials (RR 0.62, 95% CI 0.44 to 

0.88).110 

A recent Cochrane network meta-analysis, which included 140 randomised trials with data 

from 88,947 women, and considered all amalgamations of prophylactic uterotonic drugs, 

after both vaginal and caesarean births, was inconclusive in terms of PPH rates (≥1000ml) 

with prophylactic carbetocin in comparison to oxytocin. However, the point estimate was in 

favour of carbetocin (direct evidence RR 0.73, 95% CI 0.45 to 1.19).9 The treatment effect 

estimated for postpartum haemorrhage in our study of OR 0.62 (95% CI 0.48 to 0.79) is 

consistent with estimates reported in the two Cochrane reviews based on point estimates and 

confidence intervals.  

For this present study, propensity score matching with replacement was conducted. This 

method means that oxytocin controls can be used as matches more than once. There was no 

calliper required as the closest control was matched. There were 10,564 cases and controls 

but some controls have been used more than once. Therefore, there are 3836 unique controls 

in total that have been matched. The clustering effect of controls being used multiple times 

has been accounted for in the statistical analysis. Overall, matching with replacement can 
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result in a reduction in bias by using similar controls to the treated individuals several 

times.118 

The average difference between treatment groups for blood loss in our study was modest, 

however variation was much larger for women receiving oxytocin, reflecting a higher 

incidence of severe bleeds. The resemblance in the means also proposes that there was also a 

higher incidence of smaller bleeds in the oxytocin group in comparison to the carbetocin 

group. This could represent a greater heterogeneity in response to oxytocin or an imbalance 

of unmeasured confounders. Conversely, the variation in blood loss was substansially less in 

the carbetocin group, indicating a lower incidence of severe bleeds and less heterogeneity in 

response to carbetocin. 

The impact of excluding women who received both carbetocin and oxytocin should be 

considered. A possible explanation why some women received both uterotonics is that the 

initial uterotonic inadequately contracted the uterus resulting in further bleeding from uterine 

atony and therefore required an additional uterotonic. This may have resulted in a higher 

incidence of PPH in these patients. Excluding these patients could have had a significant 

effect on the occurrence of bleeding risk with the direction of the systematic difference 

dependent on which uterotonic was administered first. 

Limitations. Due to the non-randomised, observational nature of the study, it is possible that 

selection bias by the attending obstetrician has influenced findings. The uterotonic was 

administered according to obstetrician preference rather than protocolised at the third stage of 

birth, and although this reflects real life clinical practice, causality cannot be inferred in the 

results. The absence of data on the exact dose of carbetocin and oxytocin makes it difficult to 

compare the true bleeding risk between the groups. Furthermore, it is possible that the 

apparent association between carbetocin and PPH was confounded by the indication e.g. there 

is a possibility that women at lower risk of PPH were more likely to receive carbetocin.117 

Conceivably the propensity score matching was unable to balance all unobserved 

confounders. A few risk factors for uterine atony for each participant could not be extracted, 

including polyhydramnios and prolonged labour. However, it is worth noting that significant 

PPH requiring a blood transfusion may occur in the absence of any risk factors in up to 60% 

of deliveries.17 Generalisability of findings may have been compromised by only including 

around 38% of eligible controls in the matched comparison, however matching with 

replacement matches the control with the closest propensity score to each “treated” patient, 

hence the unmatched controls are not necessarily that different from the matched controls. 
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Conclusions. This study found that in a large cohort of women undergoing caesarean births, 

carbetocin was associated with a lower risk of postpartum haemorrhage compared to 

oxytocin. Our data also suggest that carbetocin is associated with a lower risk of postpartum 

haemorrhage interventions, blood transfusion, and third stage complications; overall 

suggesting improved efficacy to oxytocin when administered for the active management of 

caesarean births. Large pragmatic randomised controlled trials are needed to confirm these 

results in order to determine whether carbetocin is superior to oxytocin. 

5.6 Contribution of chapter 5 to study aims 

There is ongoing uncertainty about which uterotonic is the most effective at caesarean birth. 

This uncertainty has evolved particularly because of questions around the effectiveness of 

carbetocin and oxytocin, with the evidence from different reviews rendered inconclusive.9, 11 

This question was addressed in chapter 5 which showed that carbetocin was more effective in 

reducing the risk of PPH in comparison to oxytocin. All secondary outcomes also favoured 

carbetocin. The average difference between treatment groups for blood loss was modest, 

however variation was much larger for women receiving oxytocin, suggesting greater 

heterogeneity in response to oxytocin or an imbalance of unmeasured confounders. In 

comparison the variation in blood loss was significantly reduced in the carbetocin group, 

indicating a lower incidence of major bleeds and less heterogeneity in response to carbetocin. 

Due to the retrospective nature of the study causality can not be assumed and therefore there 

is a need for a large, pragmatic randomised trial to confirm these results.  
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Chapter 6 Conclusions and future directions 
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This thesis provides novel evidence on uterotonic usage practices and beliefs among 

anaesthetists, evidence for carbetocin effectiveness and a lack of evidence for the 

effectiveness of low dose oxytocin protocols, all at caesarean birth. Chapter 2 provides the 

first comprehensive survey of firstline uterotonic usage practices and beliefs at scheduled 

caesarean birth among anaesthetists in Australia and New Zealand. This survey highlighted a 

significant variation in uterotonic usage practices amongst anaesthetists that is underpinned 

by a perceived lack of strong evidence to guide practice. Chapter 3 provides the first 

comprehensive review of effectiveness of prophylactic low dose oxytocin protocols (less than 

5 IU) compared with 5 IU (delivered as a bolus alone, or bolus plus continuous infusion, or 

continuous infusion alone) on volume of blood loss in women undergoing scheduled 

caesarean birth. Overall, there was a paucity of information for or against the effectiveness of 

5 IU oxytocin versus a lower dose on postpartum blood loss, identifying an important gap in 

the literature. In chapter 4 the effect of a low dose oxytocin protocol at 3 IU was compared to 

British guideline recommended 5 IU on postpartum blood loss.4 An accurate method of blood 

loss measurement, namely a gravimetric measurement technique was employed. Despite its 

observational design, the study showed that 3 IU oxytocin was non-inferior to 5 IU, providing 

some promising evidence for the effectiveness of low dose oxytocin protocols at caesarean 

birth. Finally, chapter 5 explored the effectiveness of carbetocin, a long acting oxytocin 

analogue, with oxytocin in the prevention of PPH in a very large cohort of women who 

underwent a caesarean birth at the Mater Mothers’ Hospital, Brisbane, Australia; one of 

Australia’s busiest maternity units. This study found that carbetocin was associated with a 

lower risk of PPH defined as blood loss ≥1000 ml in comparison to oxytocin. All secondary 

outcomes also favoured carbetocin overall providing evidence that carbetocin may be more 

effective than oxytocin at caesarean birth.  

The novel finding of chapter 2 is that significant variation in uterotonic usage practices exist 

amongst anaesthetists in Australia and New Zealand at scheduled caesarean birth and this 

variation may be underpinned by a perceived lack of strong evidence to guide their practice. 

This is significant as this will invariably lead to variation in clinical practice that may impact 

on maternal outcomes. The survey clearly identifies a need for further high quality, large, 

pragmatic randomised controlled trials in this clinically important area to strengthen the 

evidence base. Moreover, the conduct of further trials will have the additional benefit of 

providing an evidence base for guidance to guideline writers and clinicians alike. 
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Inaccuracy of blood loss measurement techniques at caesarean section may be one 

explanation why there were a lack of low dose oxytocin trials measuring this outcome. 

Further research is required that utilise accurate tests that measure blood loss in real time in 

clinical practice. For now, calometric blood loss measurement appears to be the best method 

currently accessible in clinical practice. Gravimetric measurement techniques may represent 

an alternative method, but needs a dedicated practitioner that pays close attention to blood 

loss measurement when used. However, this technique is not without pitfalls such as mixing 

between blood and amniotic fluid which may occur, rendering results less accurate.  

The results in chapter 3 further strengthen the case for the performance of high quality trials 

to determine the optimal oxytocin dosing regimen at scheduled caesarean birth. 

Notwithstanding a very comprehensive search strategy, a paucity of evidence from 

randomised controlled trials for low dose oxytocin regimens and its effect on postpartum 

blood loss were found. However, despite the lack of evidence, recent consensus guidelines 

are recommending the administration of an oxytocin bolus dose as low as 1 IU at scheduled 

caesarean birth.5 On the other hand the results from the systematic review suggest that the 

perfect oxytocin dose regimen is open for debate and this presents an area of research need. 

Indeed in chapter 4 we examined the effectiveness of a low oxytocin dose regimen at 3 IU 

with British guideline recommended 5 IU on postpartum blood loss.4 It should be noted that 

the accurate measurement of postpartum blood loss is difficult to achieve, and therefore we 

used a gravimetric measurement technique to increase the accuracy of the results. Ultimately 

the results provide some preliminary evidence that low dose oxytocin protocols can be 

considered for routine use. But due to the observational nature of the study, the results should 

be interpreted with caution and further high quality trials that examine the use of low dose 

oxytocin protocols with British guideline recommended 5 IU should be considered.  

Another interesting area for future research would be to compare guideline recommended low 

dose oxytocin protocols i.e.1. IU oxytocin with an additional oxytocin infusion i.e. 2.5 to 7.5 

IU.h-1 with 100µg carbetocin in a trial. Its effect on PPH defined as blood loss ≥1000ml 

should be considered. Importantly a fairly accurate measure of blood loss such as gravimetric 

or calometric measurement should be considered for use as previously explained. 

The key result in chapter 5 is that incidence of postpartum haemorrhage, defined as blood 

loss ≥1000, is lower with carbetocin administration compared to oxytocin administration for 

the active management of the third stage of labour in caesarean births. To our knowledge, this 
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is the largest study to show this result. Of note, subgroup analysis, for the population of 

women undergoing scheduled or intrapartum caesarean birth, did not differ materially and 

showed a consistent reduction in the risk of postpartum haemorrhage. Furthermore, 

secondary postpartum haemorrhage related outcomes also favoured carbetocin. The average 

difference between treatment groups for blood loss in our study was modest, however 

variation was much larger for women receiving oxytocin, suggesting greater heterogeneity in 

response to oxytocin or an imbalance of unmeasured confounders. Conversely, the variation 

in blood loss was substansially less in the carbetocin group, indicating a lower incidence of 

severe bleeds and less heterogeneity in response to carbetocin. 

Previous reviews have produced inconclusive evidence that carbetocin reduce the risk of PPH 

more than oxytocin at caesarean births, therefore this study has produced some of the 

strongest evidence to date favouring carbetocin.9, 119 However, due to the retrospective nature 

of the study association and not causation can be concluded. Therefore, a need for further 

research were identified. Large pragmatic, randomised controlled trials are needed to confirm 

these results. 

Other future research could aim to perform uterotonic effectiveness studies in high-risk cases 

and in complicated labour. Better knowledge of these high-risk populations could help 

improve the understanding of the effectiveness of different uterotonics on important PPH 

outcomes in women undergoing caesarean birth. A better understanding of these high-risk 

populations should lead to tangible improvements in the management of women undergoing 

caesarean birth and help to reduce some of the variability amongs anaesthetists when 

administering uterotonics. 
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Appendix 1 presents the published research letter that is a truncated form of the original 

complete systematic review that is presented in Chapter 3 and is titled Paucity of evidence for 

the effectiveness of prophylactic low dose oxytocin protocols (less than 5 IU) compared with 

5 IU in women undergoing elective caesarean section: A systematic review of randomised 

controlled trials 
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Editor, 

Active management of the third stage following delivery is an effective strategy to prevent 

postpartum blood loss, the major cause of avoidable maternal mortality. Importantly, there is 

a lack of consensus amongst obstetric societies regarding the dosing regimens for oxytocin 

prophylaxis, with only the British Guidelines making a dose recommendation; advising 

routine administration of 5 IU oxytocin.4 However, anaesthetists are increasingly aiming for 

exact physiological control by administering lower doses.65  

Efficacy studies that aimed to assess the minimum effective dose in 90% of the population 

(ED90) for oxytocin bolus8, 67, 87 and an infusion88, 89, all found that a low dose of oxytocin is 

sufficient to initiate adequate uterine tone for non-labouring and labouring women 

undergoing caesarean section. This evidence questions the use of a 5 IU bolus for initiating 

adequate uterine tone.  

However, effectiveness studies are required that examine the use of low dose oxytocin under 

real-world conditions since efficacy trials examining dose-responses may overestimate an 

intervention’s effect.8, 67, 87-89 Administering a too low dose may result in uterine atony, which 

can deteriorate into a major obstetric hemorrhage risking severe maternal morbidity. 

Moreover, a study that compared four national guidelines for the prevention and management 

of postpartum haemorrhage identified a need not only for stronger evidence, but also for also 

more consistent synthesis of the available evidence used to develop guidelines and 

recommendations, given that obstetric hemorrhage is the leading cause of maternal 

mortality.4  

To address the uncertainty on the effectiveness of low dose oxytocin we sought to undertake 

a systematic review and meta-analysis of data from randomised controlled trials (RCT’S). 

We examined the effectiveness of prophylactic low dose oxytocin protocols (less than 5 IU) 

compared with 5 IU (delivered as a bolus alone, or bolus plus continuous infusion, or 

continuous infusion alone) on volume of blood loss in women undergoing elective caesarean 

section.  

A systematic review of RCT’s from 1946 until March 2017 was conducted according to 

Preferred Reporting Items for Systematic Reviews and Meta-analyses and an a priori 

designed protocol. Two independent reviewers (NT, DP) performed a systematic search in 

PubMed, EMBASE, CENTRAL, CINAHL and Web of Science and screened the title and 

abstract of all articles obtained from the search. A research librarian assisted with 
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constructing the search strategy, which combined all synonyms regarding the intervention, 

‘oxytocin’ and the domain, ‘caesarean section’ (Appendix 1.2). No limitations were applied 

to the search. Reference lists from identified studies, associated with the most retrieved 

citations, were hand-searched to increase the sensitivity of the search. Finally, a search of 

trial registries including the Australian New Zealand Clinical Trials Registry, Clinical 

Trials.gov and the International Clinical Trials Platform were conducted. 

Full-length publications of RCT’s were accepted for systematic review for participants 

undergoing elective caesarean section, contrasted 5 IU oxytocin with less than 5 IU oxytocin 

prophylaxis at delivery (whether delivered as a bolus dose, a bolus and continuous infusion or 

a continuous infusion alone), and reported postpartum blood loss. For the standard dose 

group, the total oxytocin dose administered should not exceed 5 IU. For the low dose group, 

the total oxytocin dose should be less than 5 IU. Studies were excluded if the population was 

non-human participants, not undergoing caesarean section and oxytocin was not investigated. 

The remaining studies were reviewed in full. There were no restrictions on the language or 

follow up duration. 

The primary outcome was the mean volume of estimated postpartum blood loss (measured or 

estimated). Secondary outcomes included: (1) Major obstetric blood loss (measured or 

estimated blood loss of more than 1000 ml). (2) The use of additional therapeutic uterotonics 

to supplement the oxytocin intervention (Yes/No). Commonly reported maternal adverse 

effects including (3) hypotension (a decrease in mean arterial pressure of at least 10% or 10 

mmHg), (4) vomiting (the ejection of stomach content), and (5) nausea (assessed by directly 

questioning the patient) (Any/None). (6) Adequate uterine tone (uterine tone assessed as 

adequate by the attending obstetrician) (Yes/No). 

A risk of bias assessment and also a data extraction and statistical analysis plan was specified 

a priori for meta-analysing the data, but was not enacted due to lack of eligible studies and, 

therefore, is not detailed here (Appendix 1.2).  

The literature search returned 10383 studies (Appendix Figure 1.1). The review based on title 

or abstract excluded 7681 studies resulting in 12 studies for full-text review. After full text 

review, all 12 were excluded. Appendix Table 1.1 lists the reasons why the trials were 

excluded. Searching the reference lists of review and original articles did not identify any 

additional studies. No full-length publication was eligible for inclusion in the systematic 

review and furthermore, meta-analysis was futile. 
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Appendix figure 1.1 Study flow chart of excluded studies 
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Appendix Table 1.1 Characteristics of excluded studies. 

Study Comparison Reason for exclusion 

Bhattacharya 

2013 79 

The RCT compared 3 IU oxytocin over 

15 seconds (n=40) with 3 IU over 5 

minutes (n=40) in women undergoing 

elective caesarean section. 

The RCT compared 3 IU oxytocin over 15 

seconds (n=40) with 3 IU over 5 minutes 

(n=40) in women undergoing elective 

caesarean section. No standard 5 IU oxytocin 

comparison group.  

Carvalho 2004 8 The randomised design included a 

biased coin up-and down sequential 

allocation with increments or 

decrements of 0.5 IU oxytocin in 40 

women utndergoing elective caesarean 

section. 

No standard 5 IU oxytocin comparison group. 

The aim of the study was to determine the 

minimum effective bolus does of oxytocin, i.e. 

efficacy not effectiveness. 

Gungorduk 2010 

80 

The RCT compared 5 IU oxytocin and 

30 IU infusion (n=360) with 5 IU and 

placebo infusion (n=360) in elective 

caesarean section. 

No lower dose oxytocin (less than 5 IU) 

comparison group and total oxytocin dose 

administered more than 5 IU. 

Kiran 2013 81 The RCT compared 0.5 IU oxytocin 

(n=30), 1 IU oxytocin (n=30) or 2 IU 

oxytocin (n=30), followed by 10 IU 

infusion in elective caesarean section. 

No standard 5 IU oxytocin comparison group 

and total oxytocin dose administered more 

than 5 IU. 

King 2010 82 The RCT compared 5 IU oxytocin 

followed by 40 IU infusion (n=75) with 

a placebo oxytocin bolus and 40 IU 

infusion (n=75). 

Study included emergency caesarean sections. 

No lower dose oxytocin (less than 5IU) 

comparison group and total oxytocin dose 

administered more than 5 IU. 

Kim 2011 83 Randomised design comparing 0.5 IU 

oxytocin infusion (n=20) with 2 IU 

oxytocin (n=20) or 5 IU oxytocin 

(n=20) bolus followed by 0.25 IU/min 

(20 IU over 40 minutes) in women 

undergoing elective caesarean section. 

Total dose of oxytocin administered more than 

5 IU. 

Kovacheva 2015 84 The RCT compared 3 IU oxytocin and 

30 IU infusion (n=30) with 3 IU 

oxytocin and placebo infusion (n=30) in 

elective caesarean section. 

No standard 5 IU oxytocin comparison group.  
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Langesæter 2006 

85 

Non-randomised controlled design in 

10 women undergoing caesarean 

section receiving 5 IU oxytocin. 

Did not specify whether elective or 

emergency. Single arm prospective 

observational study that did not include a 

lower less than 5 IU comparison group. Not 

randomised controlled trial design. 

Sheehan 2011 86 The RCT compared 5 IU oxytocin 

bolus over 1 min and a 40 IU infusion 

(n=1037) with 5 IU oxytocin bolus over 

1 min and placebo infusion (n=1032). 

No lower dose oxytocin (less than 5 IU) 

comparison group. Total dose of oxytocin 

administered more than 5 IU. 

Munn 2001 32 The RCT compared 10 IU oxytocin 

infusion over 30 minutes (n=158) with 

an 80 IU oxytocin infusion over 30 

minutes (n=163) in labouring women 

undergoing caesarean section. 

The study only included emergency caesarean 

sections. No standard 5 IU oxytocin 

comparison group. Total oxytocin dose 

exceeded 5 IU. 

Butwick 2010 67 Prospective, double-blind placebo 

controlled randomised controlled trial 

in 75 women undergoing elective 

caesarean section. Participants were 

allocated to receive one of the 

following oxytocin doses: 0.5 IU, 1 IU, 

3 IU, 5 IU or a placebo. All patients 

received an intravenous maintenance 

infusion of oxytocin 10 IU (0.16 units 

min -1) after the 10 minute study 

period. 

The aim of the study was to determine the 

minimum effective dose of oxytocin in 

elective caesarean section, i.e. dose finding or 

efficacy study. Total dose of oxytocin 

administered more than 5 IU.  

Sartain 2008 71 Prospective, double-blind randomised 

controlled trial in 80 women 

undergoing elective caesarean section. 

Compared 2 IU oxytocin (n=40) with 5 

IU oxytocin (n=40) and was 

immediately followed with an oxytocin 

infusion at a rate of 10 IU/hr over 4 

hours. 

Total dose of oxytocin administered more than 

5 IU. 
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To our knowledge, this is the first systematic review of RCT’s that sought to determine the 

effectiveness of lowering the oxytocin dose on postpartum blood loss in women undergoing 

elective caesarean section. Remarkably, despite an exhaustive search, no trial investigated 

exactly the oxytocin regimes under investigation; specifically the effectiveness of 

prophylactically administering less than 5 IU doses in comparison to guideline recommended 

5 IU on postpartum blood loss. Overall, there was no information for or against the 

effectiveness of 5 IU oxytocin versus a lower dose on postpartum blood loss.  

Several practice surveys have identified significant variation in prophylactic oxytocin 

regimens (bolus and infusion) used at caesarean section. A national survey of oxytocin use 

showed that 52% of anaesthesia departments administered between 1 IU and 3 IU; 21% gave 

between 5 IU and 9 IU; 12% gave 10 IU and; 2% administered between 12 IU and 40 IU 

prophylactically at caesarean section.52 This suggests that there is a lack of consensus 

amongst anaesthetists regarding the optimal oxytocin dose regimen, and potentially implies a 

lack of confidence in the evidence supporting effective oxytocin dosing. Notably, many 

guideline recommendations for the prevention and management of postpartum haemorrhage 

(16/28; 57%), including the 5 IU dose recommendation, are backed up with weak evidence.4 

Altogether, this paucity of evidence suggests that the perfect oxytocin dose regimen is open 

for debate. 
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Appendix 1.2 Search terms, data extraction and statistical analysis plan  

Appendix 1.2 represent information from the Online-only supplemental content from this 

publication that is presented in appendix 1.1(Paucity of evidence for the effectiveness of 

prophylactic low dose oxytocin protocols (less than 5 IU) compared with 5 IU in women 

undergoing elective caesarean section: A systematic review of randomised controlled trials). 

The supplemental content was peer reviewed as part of the publication process. 

Appendix table 1.2 Search syntaxes 

 

Database  Search  Search Syntax 

Pubmed #1 Cesar*(Text Word/ All fields) OR caesar*an 

(Text Word/ All fields) OR abdominal delivery 

(Text Word/ All fields) 

#2 Oxytocin (Text Word/ All fields) OR 

Syntocinon (Text Word/ All fields) OR Ptocin 

(Text Word/ All fields) OR Oxytocic (Text 

Word/ All fields) OR Uterotonic (Text Word/ 

All fields) 

#3 #1 AND #2 

Embase  #1 Exp cesarean section/ OR C?esar*.mp. 

[mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword, 

floating subheading] OR abdominal 

deliver*.mp. [mp=title, abstract, heading word, 

drug trade name, original title, device 

manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading]  

#2 Oxytocin/ OR oxytocin.mp. [mp=title, abstract, 

heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device 

trade name, keyword, floating subheading] OR 

Syntocinon.mp. [mp=title, abstract, heading 
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word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading] OR 

Pitocin.mp. [mp=title, abstract, heading word, 

drug trade name, original title, device 

manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading] OR 

oxytocic.mp. [mp=title, abstract, heading word, 

drug trade name, original title, device 

manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading] OR 

uterotonic.mp. [mp=title, abstract, heading 

word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading] 

#3 #1 AND #2 

Central #1 MeSH descriptor: [Cesarean Section] explode 

all trees OR cesar*:ti,ab,kw OR caesar*:ti,ab,kw 

OR abdominal deliver*:ti,ab,kw 

#2 MeSH descriptor: [Oxytocin] explode all trees 

OR oxytocin:ti,ab,kw OR syntocinon:ti,ab,kw 

OR pitocin:ti,ab,kw OR oxytocic:ti,ab,kw OR 

uterotonic:ti,ab,kw 

#3 #1 AND #2 

 

Risk of bias assessment plan. We planned to assess the risk of bias for each study, 

individually by two independent reviewers, using the criteria from the Cochrane Handbook 

for Systematic Reviews of Interventions. The systematic review planned to employ the 

Grades of Recommendation, Assessment, Development and Evaluation approach to 

appraising the quality of the evidence of studies.  

Data extraction plan. We planned to extract the mean and standard deviation of postpartum 

blood loss, number and proportion of patients with major obstetric haemorrhage, number and 

type of adverse events, adequacy of uterine tone and additional uterotonic use. 
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Data analysis plan. Analysis 1.1 Comparison 1 Standard dose oxytocin (5 IU) versus lower 

dose oxytocin (less than 5 IU), Outcome 1 Mean blood loss (millilitres). Analysis 1.2 

Comparison 2 Standard dose oxytocin (5 IU) versus lower dose oxytocin (less than 5IU), 

Outcome 2 Major obstetric blood loss Analysis 1.3 Comparison 3 Standard dose oxytocin 

(5IU) versus lower dose oxytocin (less than 5 IU), Outcome 3 Use of additional uterotonic 

therapy. Analysis 1.4 Comparison 4 Standard dose oxytocin (5 IU) versus lower dose 

oxytocin (less than 5 IU), Outcome 4 Hypotension. Analysis 1.5 Comparison 5 Standard dose 

adoxytocin (5 IU) versus lower dose oxytocin (less than 5 IU), Outcome 5 Nausea. Analysis 

1.6 Comparison 6 Standard dose oxytocin (5 IU) versus lower dose oxytocin (less than 5 IU), 

Outcome 6 Vomiting. Analysis 1.7 Comparison 7 Standard dose oxytocin (5 IU) versus lower 

dose oxytocin (less than 5 IU), Outcome 7 Adequate uterine tone. 

Analysis 2.1 Comparison 1 Standard dose oxytocin bolus and infusion (5 IU) versus lower 

dose oxytocin bolus and infusion (total less than 5IU), Outcome 1 Mean blood loss 

(millilitres). Analysis 2.2 Comparison 2 Standard dose oxytocin bolus and infusion (total 5 

IU) versus lower dose oxytocin bolus and infusion (total less than 5IU), Outcome 2 Major 

obstetric blood loss. Analysis 2.3 Comparison 3 Standard dose oxytocin bolus and infusion 

(total 5 IU) versus lower dose oxytocin bolus and infusion (total less than 5IU), Outcome 3 

Use of additional uterotonic therapy. Analysis 2.4 Comparison 4, Standard dose oxytocin 

bolus and infusion (total 5 IU) versus lower dose oxytocin bolus and infusion (total less than 

5IU). Outcome 4 Hypotension. Analysis 2.5 Comparison 5 Standard dose oxytocin bolus and 

infusion (total 5 IU) versus lower dose oxytocin bolus and infusion (total less than 5IU), 

Outcome 5 Nausea. Analysis 2.6 Comparison 6 Standard dose oxytocin (5 IU) versus lower 

dose oxytocin (less than 5 IU), Outcome 6 Vomiting. Analysis 2.7 Comparison 7 Standard 

dose oxytocin (5 IU) versus lower dose oxytocin (less than 5 IU), Outcome 7 Adequate 

uterine tone. 

Analysis 3.1 Comparison 1 Standard dose oxytocin infusion (5 IU) versus lower infusion 

dose, Outcome 1 Mean blood loss over 48-hours (millilitres). Analysis 3.2 Comparison 2 

Standard dose oxytocin infusion (5 IU) versus lower infusion dose, Outcome 2 Major 

obstetric blood loss. Analysis 3.3 Comparison 3 Standard dose oxytocin infusion (5 IU) 

versus lower infusion dose, Outcome 3 Use of additional uterotonic therapy. Analysis 3.4 

Comparison 4 Standard dose oxytocin infusion (5 IU) versus lower infusion dose, Outcome 4 

Hypotension. Analysis 3.5 Comparison 5 Standard dose oxytocin (5 IU) versus lower dose 

oxytocin (less than 5 IU), Outcome 5 Nausea. Analysis 3.6 Comparison 6 Standard dose 
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oxytocin (5 IU) versus lower dose oxytocin (less than 5 IU), Outcome 6 Vomiting. Analysis 

3.7 Comparison 7 Standard dose oxytocin (5 IU) versus lower dose oxytocin (less than 5 IU), 

Outcome 7 Adequate uterine tone. 

Statistical analysis plan. For continuous data, we planned to use the mean difference (MD) 

for pooling postpartum blood loss for trials that were measured using the method suggested 

by the Cochrane Handbook for Systematic Reviews of Interventions that compared more than 

two interventions. For dichotomous outcomes, we planned to use pooled risk ratio’s (RR) 

with 95% confidence intervals (CI). For all relevant intervention groups who received a dose 

less than 5 IU oxytocin, we planned to combine them into a single group. Therefore, the 

number of events and per group participants would reflect this combined approach. For 

included studies, we planned to conduct a sensitivity analysis to determine the impact of 

including studies with high levels of missing data in the overall assessment of treatment 

effect. The denominator for each outcome in each trial was the number randomised minus 

any participants whose outcomes were known to be missing. A p-value <0.05 was considered 

to be significant.  

 




