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ABSTRACT

Objective: Assessment of the cost-effectiveness of strategies to scale up cesarean sections (CS)

Design: Cost-effectiveness analysis to evaluate three different strategies to scale up CS

Setting: Rural and urban areas of India with varying rates of CS and access to comprehensive
emergency obstetric care (CEmOC)

Population: Women of reproductive age in India

Methods: Three strategies with different access to CEmOC and CS rates were evaluated: (A)
India’s national average (50.2% access, 17.2% CS rate), (B) rural areas (47.2% access, 12.8%
CS rate) and (C) urban areas (55.7% access, 28.2% CS rate). We performed a first-order Monte
Carlo simulation using a 1-year cycle time and 35-year time horizon. All inputs were derived

from literature. A societal perspective was utilized with a willingness-to-pay threshold of $1,940.

Main outcome measures: Costs and quality-adjusted life years were used to calculate the

incremental cost-effectiveness ratio (ICER). Maternal and neonatal outcomes were calculated.

Results: Strategy C with the highest access to CEmOC despite the highest CS rate was cost-
effective, with an ICER of 354.90. Two-way sensitivity analysis demonstrated this was driven by
increased access to CEmOC. The highest CS rate strategy had the highest number of previa,
accreta and ICU admissions. The strategy with the lowest access to CEmOC had the highest

number of fistulae, uterine rupture, and stillbirths.

Conclusions: Morbidity and mortality result from lack of access to CEmOC and overuse of CS.
While interventions are needed to address both, increasing access to surgical obstetric care drives

cost-effectiveness and is paramount to optimize outcomes.

Keywords: cesarean section; global surgery; obstetric care; equity

Tweetable Abstract (110 characters): Increasing access to CEmOC is cost-effective and

decreases maternal and neonatal mortality and morbidity.
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INTRODUCTION

A cesarean section (CS) is a life-saving intervention, and has been noted as a cost-
effective intervention (1-4). However, CS, particularly those not medically indicated, can expose
women to adverse outcomes including hemorrhage, infection, thromboembolism, complications
from anesthesia, neonatal respiratory distress, and more (5,6). Additionally, with each additional
CS there is an increased risk of placenta previa, placenta accreta, and the consequent
hemorrhage, peripartum hysterectomy, ICU admission and death (7,8). Thus, both underuse and
overuse of CS can result in avertable morbidity and mortality.

Globally, CS rates continue to rise. In 2015, 21.1% of all live births were born by CS,
nearly double the rate from 2000 (9—13). However, significant variation in CS rates exists
between and within countries (12,14). In India there has been a large increase in institutional
deliveries and the national CS rate has almost doubled in the past decade from 9% in 2006 to 17
% 1in 2016 (15,16). Data from 2015-2016 shows that the urban CS rate (28.3%) is more than
double the rural rate (12.9%), and significantly above population-based rates where no mortality
benefit has been demonstrated(1,17). There is also significant variation in CS rates from 5.8% in
the state of Nagaland to 58% in Telangana (16,18). This raises the concern that some women in
India are unnecessarily exposed to the risks of a non-indicated surgical procedure, while others
in rural areas lack access to CS (16,18-20). This variability may be due to differences in access
to facilities that provide comprehensive emergency obstetric care (CEmOC), including CS, as
women in rural areas often have less access to CEmOC compared those in urban areas
(16,19,20).

Optimizing CS scale up thus requires a fine balance between ensuring access to CEmOC
facilities for all women while preventing overuse of CS without medical indication. Possible
strategies to optimize such scale up of CS include addressing inequities so that all women have
(A) the country’s average access to CEmOC and CS rates, (B) having adequate CS rates with
lower access to CEmOC facilities as seen in rural areas, and (C) increasing access to care while
having CS rates that are higher than recommended as seen in urban areas (Figure 1). Cost-
effectiveness analyses (CEA) compare the costs and outcomes of different strategies and could
be used to inform policies on how to scale up obstetric surgical care. The purpose of this study
was to assess the cost-effectiveness of the above strategies with different rates of access to

CEmOC facilities and CS rates.
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METHODS

Overview
We designed a state-transition microsimulation to simulate the natural history of

pregnancy and relevant comorbidities. The model incorporated data from urban and rural India
on access to skilled birth attendance, access to CEmOC, and CS rates. Model outcomes included
clinical events, maternal morbidity, maternal mortality, neonatal mortality, and economic costs.
We evaluated alternative approaches to CS in settings in India that differ in access to CEmOC
care and CS rates.

Model
A decision analysis model was built to simulate the natural history of pregnancy and

associated complications. We considered all women of reproductive age (14-49 years) in India.
The time horizon included a woman’s reproductive years (35 years). A Markov model was built
with four health states. During each year women transition from one health state to another
(pregnant, non-pregnant, history of hysterectomy, dead). We performed a first order Monte Carlo
Simulation using a one-year cycle, with 10,000 simulations run. On entry into the model and in
each cycle, women face a probability of becoming pregnant based on India’s fertility rate. Once
pregnant, women have a probability of having access to CEmOC (Figure S1). Depending on a
woman’s history of previous CS, she will have different probabilities of developing placenta
previa and placenta accreta (Table S1). Similarly, she will have different probabilities of having
a non-indicated ante-partum CS, a non-indicated intra-partum CS, a trial of labor after CS
(TOLAC) and vaginal birth after CS (VBAC). Women undergoing vaginal delivery and CS have
differing probabilities of complications of pregnancy (post-partum hemorrhage, peri-partum
hysterectomy, ICU admission). For women that do not have access to surgical care, a proportion
develop complications (obstructed labor, fistula, incontinence, stroke, hemorrhage). Trackers
were used to estimate the number of complications in each strategy. Mortality was conditional on
complication severity (e.g. complications requiring ICU admission translated to higher
probability of mortality) and underlying morbidity (e.g. patients with placenta previa had higher

post-partum hemorrhage rates than patients without it).

Strategies evaluated included different combinations of access to facilities that provide
CS and CS rates (Figure 1). Access to CEmOC was defined as the probability of accessing an
4
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institutional delivery times the probability of accessing a facility that provides CEmOC. Data on
access to institutional deliveries was obtained from national data on rural and urban areas while
data on access to CEmOC facilities was available only from the state of Gujarat. These three
strategies are: (A) The entire country has access to CEmOC and CS rates that reflect India’s
current national average access and rates (49.58% access to CEmOC and 17.2% CS rate). This
strategy would represent the elimination of current urban-rural inequalities in access and CS
rates. (B) A strategy in which the entire country’s access to CEmOC and CS rates reflects India’s
current access and rates in rural areas (47.19% access to CEmOC facilities and 12.8% CS rate).
This strategy would represent the decrease of India’s average CS rate, with a decrease in average
access to CEmOC. (C) A strategy in which the entire country’s access to CEmOC and CS rates
reflect India’s current access and rates in urban India (55.74% access to CEmOC facilities and
28.2% CS rate). We were limited to using strategies for which outcome data exists and therefore
did not simulate other scenarios with different CS rates or CEmOC access. This strategy would
represent an increase in access to CEmOC, with an increase in CS rates from the average. We
used Monte Carlo microsimulation to generate the number of events per woman such as
pregnancies, CS, live births, complications, etc. The model was created using Amua version

0.2.7 (21).

Data
Parameters and assumptions used in the model are presented in Table 1 and the

Appendix. Event probabilities, including pregnancy related complications, where derived from
the literature. Preference was given to literature from India, when this was not available, data
from low-and-middle income countries (LMIC), with a preference for South Asia were used. As
a last resort, data from HIC studies were utilized. Data on facility-based deliveries, rural and
urban population, and CS rates were obtained from India’s national surveys (16). Beta
distributions were used to model probabilities. Dirichlet distributions were generated for
probabilities that were standardized. Uniform distributions were used for health utility values.
Half cycle corrections for utilities were incorporated. Non-age weighted utility weights were
obtained from the 2015 Global Burden of Disease study (22). If these were not available, they
were obtained from existing literature. The willingness to pay (WTP) threshold was $1,939.61
USD, India’s GDP per capita in 2017 (23).

5
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Costs

Selected costs in USD are provided in Table 1. Costs for cesarean section and vaginal
delivery were calculated using the societal perspective. Direct health costs were obtained from
the literature and included the fixed salaries of healthcare providers, variable facility, and drug
charges for transfusion, antibiotics, cesarean section, hysterectomy, anesthesia, and ICU-level
care (24-28). Transportation to higher levels of care and to and from treatment facility were
included and indirect costs of the patient time in seeking care were included when available (24—
28). Where multiple cost figures were available in the literature, mean costs were used. Gamma
distributions were used for costs. We assessed the credibility of the costs obtained from the
literature by checking with Indian providers familiar with the costs of obstetric care. Based on
the literature, we established a range for sensitivity analysis. Half cycle corrections were
incorporated. All costs were standardized by adjusting for inflation by using the World Bank
GDP deflators (29). Costs were converted using the purchasing power parity conversion factor

for private consumption provided by the World Bank to obtain 2016 USD (30).

Analysis

We calculate an incremental cost-effectiveness ratio (ICER) for each of the three
strategies, defined as the additional cost of a specific strategy divided by its additional benefit in
quality-adjusted life-year (QALY), compared with the next least expensive strategy.
Interventions were considered to be cost-effective if the cost-effectiveness ratio was less than the
per capita gross domestic product (GDP) of US$1,939 in India in 2017. All parameters were
subject to probabilistic sensitivity analyses. Selected parameters were subject to one-way
sensitivity analysis to assess the impact of parameter uncertainty on the model. Access to
CEmOC facilities and CS rates were subject to two-way sensitivity analysis. Mean number of
complications per woman, maternal mortality per 100,000 live births, and neonatal mortality per
1,000 live births were calculated from the model output. The number of complications per
10,000 women were calculated and extrapolated to India’s 2018 female population of

reproductive age (31). The analysis was conducted using Amua version 0.2.7 (21).

Sensitivity analysis

6
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A one-way sensitivity analysis was conducted to test the following parameters: probability of
post-partum hemorrhage (PPH) from a vaginal delivery, placenta previa, placenta accreta and
from uterine rupture; probability of intrapartum CS after TOLAC, of uterine rupture, of ICU
admission and of hysterectomy; probability of mortality from PPH, from an indicated intra- and
ante-partum CS and from ICU admission; cost of ICU, of a CS delivery, and of a vaginal
delivery. Two-way sensitivity analyses of access to CEmOC facility and CS rates were

conducted.

Calibration

Data on probability of non-indicated intra-partum and ante-partum CS were not available in the
literature and therefore these were estimated from the model. The probability of non-indicated
CS for each of the strategies was varied at regular intervals while all other variables remained
constant until we obtained the known overall CS rate for each of the strategies, thereby allowing

us to estimate the rates of non-indicated CS.

RESULTS

Cost-Effectiveness of Strategies

Strategy C, which extends the access and rates of CS currently observed in urban India to the
entire population and has the greatest access to CEmOC facilities (55.74%) and highest CS rate
(28.2%), 1s a cost-effective strategy. The ICER is 354.90 and with a WTP threshold of
$1,939.61, this is a cost-effective strategy (Figure 2). Strategy B has a cost-effectiveness ratio of
5.20 while Strategy A (national average) is weakly dominated and not in the cost-effectiveness
frontier. Both strategies B (rural data) and C (urban data) are associated with increase and
decrease of particular number of complications (Table 2). Strategy C (urban data) had more
complications related to high CS rates such as higher numbers of placenta previa, placenta
accreta, and ICU admissions. However, in this strategy, it was calculated that there would be 860
fewer cases of fistula per year and that neonatal mortality would decrease by 11 neonatal deaths
per 1,000 live births compared with the national average strategy. In Strategy B (rural data),

despite a decrease in some complications including 2,868 fewer cases of placenta accreta per
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year and 2,772 fewer ICU admissions for PPH, the neonatal mortality increased by 3 deaths per
100,000 live births compared with Strategy A (national average).

Sensitivity Analysis

A one-way sensitivity analysis was conducted, and the model was not sensitive to any of the
parameters tested. A two-way sensitivity analysis of access to CEmOC facility and CS rates was
conducted which demonstrated that access to CEmOC drives the cost-effectiveness of the

strategy more than access to CS rates (Figure S2).

Discussion

Main Findings

Among the three strategies tested, strategy C (urban data) is cost-effective. Strategy B
(rural strategy) is on the cost-effectiveness frontier, but a greater benefit was obtained from
Strategy C. While in strategy C urban CS rates are the highest —and higher than current
recommendations—this strategy allowed for the highest access to CS. Two-way sensitivity
analysis demonstrated that higher access to CEmOC facilities, is driving the cost-effectiveness as
opposed to increases in the CS rate. We simulated the number of maternal and neonatal
complications with each of the three strategies. The simulation shows an increase in the number
of maternal comorbidities in strategy C (urban data). These complications, which are typically
associated with increasing CS rates included higher rates of placenta previa, placenta accreta,
PPH, and ICU admission. However, in this strategy, neonatal mortality and number of fistulas
are greatly decreased, likely due to the better access to surgical care in this strategy. In Strategy
B (rural data) higher rates of neonatal mortality and stillbirth occur. Interestingly, maternal
mortality was highest in Strategy C (urban data), despite this strategy having the highest access
to surgical care. We hypothesize this is because 55.7% of the population having access to
surgical care is still not enough to manage the complications in the next 34 years from rising CS
rates such as placenta accreta, peripartum hysterectomy, and ICU admission. Furthermore, it is
likely that women with more co-morbidities and complicated pregnancies get referred to urban
centers that as a result perform more CS and have a higher mortality due to their case mix. There
was little difference noted among rare complications such as stroke, which is likely due to their

low prevalence.
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Maternal mortality ratio (MMR) in India is estimated to be 145 maternal deaths per
100,000 live births, with only 46% of deaths occurring during labor, delivery, and 24 hours
postpartum (32,33). Furthermore, 34% of maternal deaths in India are due to infection,
hypertension, and abortion (34). Since the model only accounts for deaths in the labor, delivery
and immediate postpartum period with a focus on complications from hemorrhage and
obstructed labor, the MMR in the model is appropriately lower than India’s current value.
Neonatal mortality rate (NMR) in India is estimated to be 23 deaths per 1,000 live births with
40% of deaths occurring during labor, delivery and first 24 hours (32,35). Since the model only
accounts for deaths in the labor, delivery, and immediate postpartum periods, the NMR in the

model is expectedly lower than India’s current value.

Interpretation of Findings

Previous studies have looked at the cost-effectiveness of strategies to improve utilization
and provision of maternal and newborn care in LMICs, generating strong evidence for the use of
home-based newborn care with community health workers and traditional birth attendants, and
adding services to routine antenatal care (36). The present study is the first to look at the cost-
effectiveness of strategies that combine access to CEmOC and CS rates to provide insight on
strategies that could optimize the scale up of obstetric surgical care.

Significant attention has been given to achieving optimal CS rates, as the risk of maternal
morbidity and mortality increases progressively with the number of CS each woman undergoes
(7,37). However, most of these studies are from high-income countries and the morbidity and
mortality consequences of increased CS rates have not been well characterized in resource
limited settings. It is likely that the negative consequences of rising CS rates could be
exacerbated in LMICs, due to higher fertility rates, and weaker surgical capacity to manage the
increased rates of complications from abnormal placentation and repeat CS that result from
increasing CS rates.

While it is important to minimize non-indicated CS, ensuring access to CEmOC is of
paramount importance in efforts to decrease maternal and neonatal mortality and morbidity.
Rural areas in India have lower rates of access to CEmOC with notable consequences. In one
study, two thirds of maternal mortality occurred while women were seeking healthcare and three

quarters of maternal deaths cluster in rural areas of the poorer states, despite these regions only
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representing one half of the live births (34). Our results highlight the importance of access and
how the strategy with the highest access to CEmOC, despite having higher than recommended
CS rates, is cost-effective. A CEA comparing strategies for reducing maternal mortality in India
found a cost effective strategy that involved increasing midwifes, obstetricians, and family
planning and led to a prevention of 69% of mortality (38). In concurrence with this result, our
study demonstrates the importance of improving access to surgical care in CEmOC facilities.
While in India, the rate of institutional deliveries has greatly increased, these do not necessarily
include the surgical systems needed to perform CS. The increased complications from increased

CS rate underscores the vital importance of family planning in reducing morbidity.

Clinical and policy implications

This study demonstrates that efforts to improve the provision of obstetric care in India
must account for variation in access to CEmOC facilities and CS rates. Between these two
factors, access to CEmOC facilities appears to drive cost-effectiveness among the competing
strategies more than CS rate. Therefore, a focus on increasing access to obstetric surgical care in
all settings, and particularly in underserved areas, is warranted. Some strategies to increase
workforce are already being implemented. In 2014, India began implementation of a program
engaging surgeons to perform CS and manage obstetric complications to help address human
resource limitations (39). In concert with workforce, the scale up of CEmOC services must be
accompanied by high quality of care, including appropriate use of CS when indicated.

Areas with high CS rates, particularly urban areas or the private sector, may benefit from
interventions aimed at decreasing CS rates while preparing to deal with increasing co-morbidities
following the trend in rising CS rates from the last decade. VBAC has been decreasing from
74.46% to 34.42% from 2005 to 2015 (40). Increasing the number of women that have a TOLAC
is an effective approach to decrease CS rates. TOLAC and elective repeat CS have been shown
to be nearly equally cost-effective for the second delivery, and TOLAC becomes both less costly
and more effective with subsequent deliveries (41). Therefore, increasing TOLAC remains a

particularly important strategy in areas that are resource constrained and have high fertility rates.

Limitations

10
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Our model focused on the labor, delivery, and immediate post-partum periods as
timepoints when access to surgical care is most critical. As a result, we excluded outcomes that
could arise from abortions or the late postpartum period. Neonatal morbidity and other common
causes of maternal mortality such as sepsis were not included in the analysis. The data for access
to CEmOC facilities used in this model came from the Gujarat state, as no national level data is
available. Fertility rates differ across India and our model did not include this variation. Within
both urban and rural areas, there are variations in access to CS, and while CS may also be
dependent upon income, education and other socioeconomic factors, these were not included in
the analysis. However, our methodology and model are robust and our sensitivity analysis and
the findings on the outcomes of maternal and neonatal mortality are consistent with the current

data from India.

Conclusions

Preventable morbidity and mortality result from both lack of access to surgical obstetric
care and non-indicated CS. This analysis of scale up of obstetric surgical care demonstrates that
the strategy with the highest access to CEmOC, despite having the highest CS rate, was cost-
effective. The cost-effectiveness was driven by access to CEmOC rather than by CS rates. While
efforts to decrease CS rates in areas of overutilization remains important, increasing access to
CEmOC services is paramount to optimize outcomes. These findings could guide policymakers
in India and other countries towards supporting increased access to CS while maintaining an

appropriate CS rate and promoting equitable care for all women.
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Tables and Figures

Figure 1. Strategies to scale up CS care

Graphic representation of the three strategies: (A) is the baseline strategy with India’s national
average access to CEmOC and average CS rate; (B) is the strategy that reflects India’s current
access to CEmOC and CS rates in rural areas, which are poor and adequate, respectively; (C) is
the strategy that reflects India’s current CEmOC access and CS rates in urban areas, which have
better access to CEmOC than the average and a higher CS rate than the rest of India. The
facilities icon represent access to CEmOC, and the scalpels represents CS rate. The icons are a

visual representation and do not illustrate proportional changes between the strategies.

Figure 2. Cost and QALY for each of the strategies to scale up CS care
Plot of cost (USD) and utility (QALY) for the three strategies modelled and corresponding costs,
quality-adjusted life years (QALY), and incremental cost-effectiveness ratio (ICER)

Table 1. Input parameters and model assumptions
CS: Cesarean section; TOLAC: trial of labor after CS; PPH: post-partum hemorrhage; VBAC:

vaginal birth after cesarean section; ICU: intensive care unit. Cost of medical services in India are

presented in 2016 USD

Table 2. Events per 10,000 women during their reproductive lifetime and estimates for the

entire female population in India

Mean number of complications per woman during her reproductive lifetime are presented as number of
complications per 10,000 women and for the entire female population of reproductive age in India in 2018.
Absolute numbers are presented for the baseline strategy (national average access to CEmOC and CS rate) and
the difference between the baseline strategy and the rural and urban strategy are presented. A positive number

represents an increase in the number of events while a negative value is a decrease in the number of events.
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