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Introduction
Universal health coverage and maternal health
In 2015, nations worldwide committed to achieve both 
the 2030 Agenda for Sustainable Development (SDG) 
and Universal Health Coverage (UHC), representing a 
promise of quality health services while limiting finan-
cial burden [1]. These were bold commitments for low- 
and middle-income countries (LMICs), where increasing 
burden of disease and expanding populations are rapidly 
growing demand for health services, while health budg-
ets remain underfunded [2]. Perhaps there is no greater 
example of country commitment to SDG and UHC than 
in maternal health as stated in SDG 3.1 – to reduce the 
Maternal Mortality Ratio (MMR) to less than 70 per 
100,000 births [3]. Despite these commitments, with-
out strengthened interventions, particularly in poorer 
states, reaching the country’s SDG 3.1 will remain diffi-
cult to achieve [3]. This challenge is seen in India, where 
despite impressive reductions in India’s MMR from 370 
per 100,000 live births in 2000 to 113 in 2018, equitable 
access to quality maternal care remains elusive for many 
women during their pregnancy journey [4, 5].

Postpartum hemorrhage and prophylactic uterotonics
Although largely preventable, postpartum hemor-
rhage (PPH) is the leading cause of maternal mortal-
ity, particularly in LMICs [6], with uterine atony the 
most frequent cause of PPH [7]. Globally, PPH affects 
14 million mothers annually, and almost half a mil-
lion mothers died of PPH between 2003—2009 [8]. A 
recent global randomized clinical trial in PPH preven-
tion found that 9% of women who gave birth vaginally 
experienced PPH [9], imposing significant burden in 
LMICs. In India, for example, PPH accounts for 26.1% 
of maternal deaths [8].

The use of an effective uterotonic is universally rec-
ognized as the most important medical intervention to 
prevent PPH. When compared with physiological man-
agement, prophylactic drugs reduce the risk of PPH 
by 66% [10]. Based on this evidence, the World Health 
Organization (WHO) recommends use of an effective 
uterotonic to prevent PPH during the third stage of labor 
for all births [11]. In 2018, a Cochrane Review was con-
ducted to identify the most effective uterotonic agent(s) 
to prevent PPH with the most limited adverse events [12]. 
Although oxytocin is the most widely used agent globally, 
the network meta-analysis (U-NMA) showed that other 
therapies – oxytocin plus misoprostol and oxytocin/

ergometrine combinations and carbetocin (stand-alone) 
– are associated with higher efficacy. However, the two 
combination regimens were associated with increased 
side effects, whereas carbetocin had no increase in side 
effects  as compared with oxytocin. As for misoprostol 
alone, the U-NMA suggests that it is both less effective 
in preventing PPH compared to the above alternatives, 
including oxytocin, and has undesirable side-effects [12]. 
Despite this new network meta-analysis, oxytocin and 
misoprostol remain the two most widely used uteroton-
ics to prevent PPH.

In practice, the quality of these two most widely 
administered uterotonics in LMICs may be poor due 
to manufacturing or degradation during transport and 
storage or exposure to climactic conditions, thereby 
compromising their effectiveness in preventing PPH. 
Because oxytocin requires constant refrigeration [13], 
suboptimal storage conditions in LMICs have led to 
widespread reports of deterioration of the quality 
[14–16]. The quality of misoprostol is also adversely 
impacted by high humidity in LMICs and poor packag-
ing. In 2020, a systematic review across 40 LMICs fur-
ther confirmed that oxytocin and misoprostol are often 
of poor quality with nearly 40% of each failing quality 
tests [17].

The updated 2018 WHO recommendations recognized 
alternative uterotonics when oxytocin quality was cir-
cumspect [11]. Among the alternatives, heat-stable carbe-
tocin was included for the first time based on its efficacy, 
safety, and heat-stability characteristics. With a shelf-life of 
48 months at 30 °C, the heat-stable formulation of carbe-
tocin can withstand extended exposure to higher tempera-
tures [18]. Unlike oxytocin [19] and misoprostol [12, 19], 
heat-stable carbetocin does not require refrigeration nor is 
it susceptible to humidity, and therefore seems an appro-
priate alternative for use, to mitigate aforementioned con-
cerns, particularly in LMICs [13].

Health technology assessment
Access to an effective and high-quality uterotonic to 
prevent PPH is a key component to achieving mater-
nal health and UHC goals. Country prioritization of 
maternal health typically takes form through programs 
that provide free or subsidized access to maternal ser-
vices, including medicines. Because LMIC govern-
ments are generally fully responsible for procurement 
and provision of these commodities, LMIC govern-
ments, such as India, are increasingly demanding 
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health technology assessments (HTAs) – including 
cost-effectiveness and budget impact analyses – to 
assist programmatic and procurement decision-mak-
ers in evidence-based priority-setting of interven-
tions [20, 21]. Health Technology Assessment in India 
(HTAIn) is one example of growing LMIC demand 
for evidence-based healthcare decision-making [22]. 
HTAs can also help challenge programming and pur-
chasing behaviors that prioritize the up-front price of 
an intervention by showcasing the holistic efficiency 
and implications of current versus alternative inter-
ventions. For these reasons, HTA can be an invaluable 
tool to support SDG and UHC achievement.

As India and other LMICs seek to further address 
PPH as part of their SDG 3.1 and UHC commit-
ments, assessing the updated WHO recommenda-
tion on uterotonics for the prevention of PPH as part 
of a formal HTA is, perhaps, warranted in support of 
prioritization-based decision-making. To this end, a 
health-economic model was developed to assess the 
cost-effectiveness and budget impact of prophylactic 
uterotonics. In this paper, the model is used to assess 
the potential role of heat-stable carbetocin as a new 
prophylactic uterotonic in India – at its public sec-
tor, subsidized price – compared to oxytocin and mis-
oprostol, the two most widely used uterotonics for the 
prevention of PPH [23].

Methods
Cost‑effectiveness model structure
A decision tree model was developed based on the choice 
of uterotonic for the prevention of PPH, aligned with the 
WHO 2018 recommendations, to evaluate the cost-effec-
tiveness of heat-stable carbetocin to prevent PPH compared 
to oxytocin and misoprostol, the two most widely used pro-
phylactic uterotonics, from India’s public healthcare system 
perspective. Figure  1 shows the possible paths for women 
through the decision tree. Women receive a prophylactic 
uterotonic immediately after vaginal or caesarean section 
delivery (C-section), with some women requiring retreat-
ment with additional uterotonics to treat uterine atony. 
Despite the use of a prophylactic uterotonic, some women 
may experience a PPH event that is classified as either mild/
moderate PPH (500–1000  mL blood loss) or severe PPH 
(≥ 1000 mL blood loss). The risk of suffering either a mild/
moderate or severe PPH differs by method of delivery, with 
C-section delivery of higher risk. Women with severe PPH 
are at greatest risk of death and often require transfer to a 
higher-level health care facility. Because the risk of PPH, 
death due to PPH, and costs differ by healthcare setting 
(primary, secondary, or tertiary facility), the decision tree is 
replicated for each setting in the model. Results from each 
tree are then weighted based on the proportion of deliver-
ies occurring in each healthcare setting to obtain the overall 
results for the prophylactic uterotonic.

Fig. 1  Decision tree representing possible events in women receiving prophylactic heat-stable carbetocin versus comparator (oxytocin, 
misoprostol) per healthcare setting
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Model inputs
Inputs for the model were sought from published liter-
ature, with local data utilized when available. When no 
referenceable source was identified, inputs were based on 
expert opinion from Indian clinical experts.

Population and delivery characteristics
We considered a cohort of 100,000 women giving birth 
in India across primary (PHC; includes both primary 
health centers and community health centers), second-
ary (SHC; includes District and sub-District hospitals) 
or tertiary (THC; includes Regional/Central-level insti-
tutions and Super specialty hospitals) public healthcare 
facilities, with characteristics provided in Table  1. Of 
these deliveries, 14.3% are performed via C-section [24], 
with the remaining 85.7% vaginal deliveries. The age dis-
tribution of women giving birth at a healthcare center 
was taken from the Indian state of Karnataka, assumed to 
be representative of the broader Indian population [25]. 
The percentage of pregnant women with anemia (hemo-
globin ≤ 110 g/L) was obtained from key opinion leaders. 
Estimates differed by healthcare setting, with the highest 
(70%) and lowest (30%) percentage with anemia found 
in primary and tertiary healthcare centers, respectively. 
These estimates were consistent with an overall estimate 
of 50% based on data from The World Bank Group [26] 
and with the 2019–2021 Indian National Family Health 
Survey—5. The percentage of women in India with severe 
anemia (hemoglobin ≤ 90 g/L) was derived by healthcare 
setting based on an estimate that 9.4% of women with 
anemia experience severe anemia [27].

Efficacy of Prophylactic Uterotonics
The efficacy of prophylactic uterotonics was based on 
results from a 2018 Cochrane Review of uterotonic 
agents for preventing postpartum hemorrhage: a net-
work meta-analysis (U-NMA) [12]. Data were taken from 
135,559 women in the third stage of labor from 196 tri-
als across 53 high-, middle- and low-income countries. 
Women undergoing both vaginal and caesarean births 
were included. Most trials were carried out in hospital 
settings with women undergoing vaginal births. Primary 
outcomes were the relative effects and rankings of each 
uterotonic for prevention of mild/moderate PPH and of 
severe PPH.

Based on a study by Nyfløt et al., pregnant women with 
severe anemia (hemoglobin ≤ 90 g/L) are at elevated risk 
of severe PPH, with an odds ratio of 4.27 (95% confi-
dence interval: 2.79, 6.54) [27]. Because the risk of severe 
anemia in India differs by type of healthcare facility, an 
adjustment was made to the efficacy estimates from the 
U-NMA to account for this difference. We first estimated 
the risk of PPH with and without severe anemia based on 
the estimated percentage of women in the U-NMA with 
severe anemia (2.82%, or 9.4% of the 30% with anemia are 
severe). Next, these estimates were weighted based on 
the percentage of women with and without severe ane-
mia by healthcare center in India (from Table 1). Because 
the risk of severe anemia is the same for the U-NMA 
and tertiary healthcare centers in India (2.82%), the PPH 
risks in a tertiary healthcare center are taken directly 
from the U-NMA, while the risks in a primary and sec-
ondary healthcare center are higher due to the higher 

Table 1  Model inputs for delivery and women characteristics

Input Parameter Estimate (%) Source

Healthcare Setting Primary 44% Guttmacher Institute (2016) [28]

Secondary 32%

Tertiary 24%

Type of Delivery C-section 14.3% IIPS (2021) [24]

Vaginal 85.7%

Age of women (years) 15–19 2.2% eJanMa (2015) [25]

20–24 54.8%

25–29 31.6%

30–34 8.8%

35–39 2.1%

40–44 0.4%

45 and above 0.1%

Women with anemia (Hgb ≤ 110 g/L) by 
healthcare center

Primary 70% Indian clinical experts

Secondary 50%

Tertiary 30%

Women with severe anemia (Hgb ≤ 90 g/L) 
by healthcare center

Primary 6.6% Nyfløt et al. (2017) [27]

Secondary 4.7%

Tertiary 2.8%
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for heat-stable carbetocin versus each prophylactic utero-
tonic. Heat-stable carbetocin out-performs both oxytocin 
(Fig. 2A) and misoprostol (Fig. 2B); nearly all (98.0% and 
98.9%, respectively) of the PSA replicates indicate heat-
stable carbetocin lowers costs and averts more DALYs 
than either alternative prophylactic uterotonic.

Scenario analysis
Across the scenario analyses, heat-stable carbetocin con-
tinued to out-perform both oxytocin and misoprostol 
(see Supplementary materials 3, Table S5). Heat-stable 

carbetocin, as a prophylactic alternative, continued to 
produce the lowest costs compared to oxytocin and mis-
oprostol, despite scenario changes:

•	 excluding cold-chain costs for oxytocin lowered 
the savings versus oxytocin from $1.72 to $1.50 per 
birth and versus misoprostol from $2.30 to $2.29 per 
birth.

•	 use of an alternative source for cost-chain costs 
resulted in savings per woman ranging from $1.67 to 
$2.49 per birth and $2.30 to $2.36 per birth compared 

Fig. 2  Probabilistic sensitivity analysis results for incremental costs and DALYs averted. A Heat-stable carbetocin versus oxytocin and (B) Heat-stable 
carbetocin versus misoprostol
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and is largely preventable. Optimizing PPH prevention 
efforts should be paramount and would accelerate pro-
gress toward achieving SDG 3.1. WHO’s 2018 Recom-
mendations on Uterotonics for the Prevention of PPH 
provide a new alternative, heat-stable carbetocin, for 
countries to consider in helping to accelerate progress. 
Based on our evaluation, adoption of heat-stable carbe-
tocin in India is expected to reduce PPH events, lead-
ing to a reduction in health care resource utilization and 
material cost-savings to India’s public healthcare system 
– key supportive tenets of country achievement of SDG 
3.1 and Universal Health Coverage objectives.

Health care policy makers are increasingly looking 
to health technology assessments to support informed 
programmatic and procurement decisions, including 
the ones related to new innovations such as heat-stable 
carbetocin [22]. Applying WHO’s 2018 Recommenda-
tions, and considering India’s public health system, the 
results of our assessments provide compelling rationale 
for country adoption of heat-stable carbetocin as a new 
alternative to help optimize PPH prevention efforts.

Reducing PPH events has, as a consequence, addi-
tional clinical, institutional and societal benefits. The 
most straight-forward are a lower number of PPH-related 
near-misses, post-partum complications and deaths, and 
a reduction in DALYs. Fewer PPH events also has the fur-
ther benefit of alleviating over-burdened public health 
facilities, primarily by reducing the number of affected 
women requiring additional hospital stay, the duration 
of that hospital stay and the related healthcare personnel 
time and cost to manage their care.

The considerable savings to the Indian public health 
system suggested by the budget impact analysis following 
the uptake of heat-stable carbetocin for PPH prophylaxis 
would provide the opportunity to shift limited resources 
to complementary or other areas of health.

Use of heat-stable carbetocin also brings advantages 
with respect to country implementation. As refrigera-
tion is not required and humidity has no negative con-
sequence, it mitigates against potential weakness in 
cold-chain integrity – from manufacturer to in-country 
transport and storage or consistency in facility access to 
electricity – and climactic conditions, and thus can be 
conveniently used in any setting while maintaining its 
quality. Consequently, consistency in quality can lead to 
better real-world outcomes and, importantly, enhanced 
trust between provider and patient that she is getting 
good quality medicine.

While the heat-stability of carbetocin may be perceived 
as a key advantage in more remote, primary healthcare 
facilities where cold-chain and electricity challenges are 
most prevalent, this study demonstrated benefits are 
achieved across all levels of the public healthcare system 

(PHC, SHC, THC), even when conservatively assum-
ing quality is equalized across prophylactic uterotonics. 
While reductions in mortality are greater in the PHC and 
cost savings are higher in the THC, heat-stable carbe-
tocin lowered DALYs and costs over both oxytocin and 
misoprostol regardless of the setting.

Importantly, the cost-effectiveness model also shows 
that overall costs savings held true despite a higher 
acquisition cost of heat-stable carbetocin compared to 
oxytocin or misoprostol, and the up-front cost of any pro-
phylactic uterotonic – heat-stable carbetocin, oxytocin or 
misoprostol – was not a key driver of the overall cost to 
address PPH. Our analysis highlights that programmatic 
and procurement decisions based solely on the up-front 
uterotonic acquisition cost would lead to a suboptimal 
budget decision and would be misaligned with the goal to 
achieve both SDG 3.1 and UHC agendas.

It should be noted that while the assessment presented 
in this paper was applied to India, the model can easily be 
adapted using country-specific inputs to assist decision 
makers in any LMIC.

Limitations
While providing insights into alternative programmatic 
and procurement decisions, our heath economic evalu-
ation is not without limitations. Due to the lack of local 
sources for several aspects of uterotonic use and the 
influence of factors such as anemia on rates of PPH and 
death rates from PPH, some data inputs and assump-
tions may lack peer-reviewed validation. In these cases, 
we relied heavily on insights from Indian clinical experts. 
The impact of these data limitations is difficult to quan-
tify, but sensitivity analyses suggest overall results (cost 
saving and improved health outcomes) are robust to 
uncertainty in model parameters. These data limitations 
also reinforce the need to improve data collection around 
maternal health care, and specifically around PPH as the 
leading direct cause of death.

The greater efficacy of heat-stable carbetocin to pre-
vent PPH events compared to oxytocin and misoprostol 
was supported by the 2018 Cochrane Review U-NMA 
[12]. While the methodology is designed to minimize 
the risk, results are subject to potential bias due to differ-
ences in the included studies. When we utilized the alter-
native CHAMPION trial for the efficacy of heat-stable 
carbetocin and oxytocin, [39] the benefit of heat-stable 
carbetocin was reduced, but more PPH events were still 
avoided and total costs remained lower with heat-stable 
carbetocin. Regardless of the study used, the effective-
ness of uterotonics on PPH is likely to differ in practice 
due to manufacturing, transport, storage, or climactic 
issues that can impact quality. For example, poor-qual-
ity misoprostol was not factored into the model despite 
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documented evidence of consistently poor quality. For 
oxytocin, while the prophylactic recommended dos-
age was increased to compensate for poor-quality based 
on behavioral practice (and thus the costs increased), 
we did not decrease its effectiveness. Thus, the model 
is likely underestimating the risk of PPH and associated 
costs compared with the real-world prophylactic admin-
istration of oxytocin and misoprostol. Further, studies 
have shown that cold-chain is not always maintained 
in LMICs, and thus the true costs of cold-chain are 
unknown and may be under-estimated.

While we indicate maternal age is an important fac-
tor in the risk of death from PPH based on Tort et  al. 
(2015), with risk increasing by age group (< 20, 20 to 
35, > 35), results are not provided separately by age. We 
chose not to investigate this given the high percentage 
of women in the 20 to 35 age group (over 95%) and the 
lack of data on other factors that might differ by age (i.e., 
rate of c-sections). If age-based decisions regarding use of 
prophylaxis is to be investigated, further efforts would be 
needed to collect these inputs.

Finally, the costs of certain PPH management inter-
ventions (e.g., laboratory tests and invasive procedures) 
were excluded from the model to allow for the greatest 
applicability across healthcare settings, thus likely under-
estimating the total medical costs to manage PPH. And, 
as the model only focused on direct PPH-related medical 
care costs to the healthcare system, additional start-up 
costs to the system, such as healthcare provider training 
on new alternatives, or out-of-pocket costs to the indi-
vidual/family, were not included.

Conclusions
The cost-effectiveness and budget impact models can be 
used by decision makers in LMICs to assess the utility of 
heat-stable carbetocin as a first line alternative to pre-
vent PPH. Despite the limitations, this model projects a 
favorable impact – health outcomes and economic sav-
ings – of introducing heat-stable carbetocin in India’s 
public sector. Across all levels of the healthcare sys-
tem, heat-stable carbetocin was projected to reduce 
the number of PPH events at a lower cost to the pub-
lic healthcare system. While our findings are consistent 
with recent studies [40–42], to our knowledge this is the 
first time this has been shown in a LMIC setting using 
public health sector pricing for all uterotonics, includ-
ing heat-stable carbetocin. Consequently, these results, 
based on Health Technology Assessment methodology, 
suggest heat-stable carbetocin could be a valuable new 
prophylactic uterotonic in India’s efforts to prevent PPH 
and advance its efforts toward achievement of its SDG 
3.1 and Universal Health Coverage goals.
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