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Abstract

Background: Healthcare costs have substantially increased in recent years, threatening the population health.
Obstetric care is a significant contributor to this scenario since it represents 20% of healthcare. The rate of cesarean
sections (C-sections) has escalated worldwide. Evidence shows that cesarean delivery is not only more expensive,
but it is also linked to poorer maternal and neonatal outcomes. This study assesses which type of delivery is
associated with a higher healthcare value in low-risk pregnancies.

Results: A total of 9345 deliveries were analyzed. The C-section group had significantly worse rates of
breastfeeding in the first hour after delivery (92.57% vs 88.43%, p < 0.001), a higher rate of intensive unit care (ICU)
admission both for the mother and the newborn (0.8% vs 0.3%, p = 0.001; 6.7% vs 4.5%, p = 0.0078 respectively),
and a higher average cost of hospitalization (BRL14,342.04 vs BRL12,230.03 considering mothers and babies).

Conclusion: Cesarean deliveries in low-risk pregnancies were associated with a lower value delivery because in
addition to being more expensive, they had worse perinatal outcomes.

Keywords: Healthcare cost, Obstetrics, Delivery of healthcare, Quality of healthcare, Birth setting, Obstetric delivery,
Cesarean section

Introduction
Healthcare costs are a growing concern. They have
rapidly risen and constitute a threatening to health
access throughout the world. To discuss how to solve
this problem is essential by also reviewing the financing
model of the various fields of healthcare.
According to a report by the World Health

Organization (WHO), health expenditure is growing
more rapidly than the global economy and represents
10% of the global Gross Domestic Product (GDP) [1].
In Brazil, there is a private and a public healthcare

system, the latter is called the Unified Health System
(SUS). Between 2010 and 2017 the ratio of health spending

to GDP has grew from 8% to 9,2% [2]. The majority of this
value is paid by households in the private sector. While
government expenditure decreased from 5,3% of the GDP
in 2010 to 3,9% in 2017, household disbursement increased
from 4,3% to 5,3% for the same period [3]. This context
generated a transition of more than 3 million users of the
supplementary health system to the SUS between 2015 and
2017, according to data from the National Association of
Private Hospitals (ANHAP) [4].
The rise in health costs affects all spheres of care;

however, the maternal-perinatal represent a large share
of these expenditures. In Brazil, maternal and neonatal
hospitalizations represented almost 12% of all hospital
admissions in 2020, whereas in 2019 they accounted for
9,4% [5]. In the United States, according to the Agency
for Healthcare Research and Quality, maternal and neo-
natal hospitalizations represent more than 20% of all
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hospital admissions. They also represent the largest
isolated category of hospital expenses, reaching more
than a quarter of the amount transferred from health
insurance companies [6, 7]. Besides that, the costs
related to maternal and neonatal care grew about 90%
between 2003 and 2013, they reached more than 127
billion dollars annually in that country [8, 9].
Many of these results are due to the increase of C-

section, which seems to have poorer maternal and fetal
clinical outcomes and higher costs [10–13].
Cesarean deliveries are associated with a higher rate of

newborn admissions to neonatal intensive care units
(NICU), longer hospital stay, and greater use of human
resources for assistance [13]. Also, unnecessary C-sections
seem to increase the risk of parturient as their inadvertent
practice may increase in 3.7 times the chances of maternal
death, and approximately 5 times of those of amniotic
embolism, along with being related to a higher future
incidence of abnormal placental insertion [11].
For Medicaid, the average costs involved in cesarean

delivery including prenatal care, childbirth, and postnatal
care are US$13,590.00 per event. On the other hand, for
vaginal deliveries this cost is about 30% lower, i.e., US$9,
131.00 [14].
Despite all these issues mentioned, C-section rates

have risen in some countries. Although the ideal and
safe rate for cesareans should be around 15–18%, there
was an increase from just over 20% in 1996 to almost
33% in 2011 in the United States [7, 15]. In Brazil, the
situation is even more critical. Considering both the
public and private systems, there was an increase from
40% to nearly 55% in the same period, with the private
system accounting for values exceeding 80% [16].
This means that less value has been delivered since

poorer outcomes are associated with a higher cost.
To establish what led to the current scenario of indis-

criminate use of C-sections is complex, especially in Brazil,
but some factors have been listed, such as: judicialization of
health (not only due to the demand for access to new tech-
nologies, but also due to questioning of unexpected out-
comes such as childbirth anoxia), patient’s pain-related fear,
lack of training for health professionals in vaginal delivery.
Another contributor to the increase of C-section is the

physician-centered care models, which is common in
Brazil, mainly in the private sector. These models are as-
sociated with a remuneration system that pays equally
for vaginal and cesarean deliveries and inadequately
privilege dedication to the hours of labor, regardless of
the associated complications. Thereby, the prolonged
assistance needed in vaginal deliveries ends up making
the intervention a convenience one in order to end the
birth process without financial losses [17].
These factors explain the lower cesarean rates in the

public system, where medical and nursing pay is per

shift, compared to the private system, whose medical
payment usually occurs per event. Nevertheless, cesarean
rates in the public sector are also high due to the other
factors mentioned: judicialization of health, patient’s
pain-related fear and lack of training for health profes-
sionals in vaginal delivery.
In this context, the adoption of a value-based remuner-

ation model is advocated as one of the alternatives to shift
this scenario. The Brown’s team defined Value-Based
Medicine (VBM) as “the practice of medicine incorporat-
ing the highest level of evidence-based data with the
patient-perceived value conferred by healthcare interven-
tions for the resources expended” [18]. Consequently, it
encompasses three main components: evidence-based
decision, patient value-based data and cost-effectiveness in
selecting an intervention [19].
Therefore, value may be defined by the quality of the

care provided divided by its cost, that is, the clinical
result achieved by the amount spent [20]. Clinical result
is understood not as the quantity of services to which
the patient is submitted, but as the quality of these
services in terms of safety and efficiency [21, 22]. This
quality needs to be measured objectively, considering
processes, which must be based on scientific evidence,
or clinical outcomes [19]. This measurement allows a
better comparison of the assistance provided by services
and professionals.
In summary, VBM is considered to be the search for

health deliveries, or interventions, based on scientific
and economically sustainable evidence, in which patients
perceive benefit, either by greater satisfaction or by
reducing complications. This reduction is intrinsically
related to satisfaction [19].
Based on the above, the value in health would be

greater the better the results measured and the lower
the costs.
As value-based medicine clearly involves an economic

aspect, it is crucial to establish the ideal remuneration
model. To adopt one paying strategy that can encourage
the best practices while avoiding waste is advised, as well
as considering better outcomes and technically adequate
practice [23, 24].
A new question is raised at this point: what exactly

better results mean? Since they are related to the values
perceived by the patients, which need to be measured, in
the same way as costs. Therefore, several measurable
factors have been proposed: the percentage of C-section
rate; the percentage of births at full-term (over 39
weeks); NICU admission rate; breastfeeding rate; the rate
of newborns with an Apgar score less than 7 in the fifth
minute of life; maternal readmission rate, among many
others [25, 26].
There is still a debate as to whether vaginal deliveries

would be associated with higher value delivery in all
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settings. Consequently, this study proposes to assess
which mode of delivery is associated with a greater value
delivery in low-risk pregnancies considering clinical re-
sults and related costs in a private hospital in Brazil.

Methods
Outcomes
Primary outcome: To determine whether C-section or
vaginal birth is associated with a greater value delivery
in low-risk pregnancies considering clinical results and
related costs in a private hospital in Brazil.
Secondary outcome: To compare in both mode of

delivery the rate of breastfeeding in the first hour after
delivery, the rate of ICU admission both for the mother
and the newborn, the average cost of hospitalization,
and the hospital readmission up to 30 days after delivery.

Study design
This study was approved by the ethical committee and
conducted in a private hospital. A hospital database
(Excel) was used for the analysis, and the data was
extracted from the birth record book and validated with
information from the electronic medical record. A filter
was applied to select the low-risk pregnancies deliveries
from this basis, defined as singleton pregnancies at term
with cephalic presentation without previous C-section. A
retrospective analysis was made from 2016 to 2019.
The average costs per patient (fixed and variable) in-

volved in the overall hospital care of the maternal-fetal
binomial were calculated for vaginal and cesarean deliv-
eries considering the period of hospitalization related to
that delivery. Costs were calculated based on direct and
indirect expenses, which make up tables with extensive
items. Direct costs are given by the average value of all
items (drugs and materials) posted to the patients’ hos-
pital bill during the hospitalization period. The average
indirect costs, on the other hand, are based on the frac-
tion of use of human resources and the contribution to
the depreciation of equipment cared for by assistance,
according to the time of use and useful life of the equip-
ment. Besides that, the results related to the value deliv-
ery for this binomial were compared using the following
indicators:

� Breastfeeding rate in the first hour of life;
� NICU admission rate;
� Maternal ICU admission rate.
� Maternal hospital readmission rate within 30 days

from delivery;

Inclusion criteria:
� Deliveries at a selected hospital from 2016 to 2019;
� Single pregnancies;
� Term pregnancies;

� Cephalic presentation at the time of delivery;
� Absence of previous C-section.

Exclusion criteria:
� Pregnancies under 37 weeks;
� Multiple pregnancies;
� Abnormal fetal presentation at the time of delivery;
� Presence of previous cesarean section.

Statistical analysis
For statistical analysis, the Komogorov-Smirnov test was
applied to the database of the variables of interest both
for vaginal and for cesarean sections to verify whether
the values presented normal distribution, considering the
significance of 5% (p < 0.05).
For variables in which the values did not present a

normal distribution, a non-parametric test for independ-
ent samples (Mann-Whitney) was applied. For those with
normal distribution, a T-test was applied for independent
samples. In all analysis, the significance of 5% (p < 0.05)
was considered.

Results
A total of 9345 deliveries were analyzed. Of these 2377
occurred in 2016; 2456 in 2017; 2304 in 2018 and 2208
in 2019. Cesarean rates were 57.1% in 2016, 58.1% in
2017, 55.6% in 2018 and 51% in 2019, as shown in
Table 1.
The data shows that the groups submitted to C-

section and vaginal delivery were very similar in terms of
average maternal age, average fetal birth weight and
average gestational age at delivery (Table 2).
Only the variables “maternal ICU admission” and

“readmission up to 30 days from delivery” did not
present a normal distribution of values.
The analysis of breastfeeding rates in the first hour of

life shows that although subtly, this practice is more fre-
quent among women who had a vaginal delivery than
those who had a C-section (92.57% vs 88.43%, p < 0.001),
as shown in Fig. 1.
Regarding the NICU admission rate, it is noticed that

neonates born by C-section are more likely to need this

Table 1 Total number and percentage of C-sections and
vaginal birth per year, including number and percentage of
emergent delivery among C-sections

Year Total
deliveries

C-sections (%) Vaginal
Birth (%)Total Emergency

2016 2377 1357 (57.1) 58 (4.2%) 1020 (42.9)

2017 2456 1425 (58.1) 7 (4%) 1031 (41.9)

2018 2304 1281 (55.6) 62 (4.8%) 1023 (44.4)

2019 2208 1125 (51.0) 63 (5.6%) 1083 (49.0)
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type of support than those born by vaginal delivery
(6.7% vs 4.5%, p = 0.0078, as shown in Fig. 2).
The quantitative analysis of NICU admissions in C-

sections also reveals that in less than 5% of cases the
cesarean was due to an emergency related to intrapar-
tum fetal distress, so this condition seems not to
contribute to the final result.
As with their babies, low-risk parturient who under-

went C-sections had higher admission rates to the ICU

than those who underwent vaginal delivery (0,8% vs 0,
3%, p = 0.001), as shown in Fig. 3.
The rates of hospital readmission within 30 days from

delivery are also higher in those patients submitted to C-
sections than to vaginal delivery, although without
statistical significance (Fig. 4).
Finally, considering the average costs (calculated in

Brazilian Reais – R$) of hospital stay for mother-baby
binomial in low-risk pregnancies, it can be noted that
cesarean deliveries cost R$14,0342.04 while vaginal de-
liveries cost R$12,230.03 (Fig. 5).
When analyzing maternal and neonatal hospital costs

separately, we observed that C-sections present higher
expenses for both settings, as demonstrated in Figs. 6
and 7.

Discussion
Vaginal births have lower hospital costs than cesarean
sections in low-risk pregnancies. Although C-section has
been related to worse results [11], this study shows
which kind of results are better in vaginal delivery, and
includes only low risk pregnancies, in which C-sections
should be less frequent.
The mothers’ results are better in vaginal birth consid-

ering ICU admission rates. The neonatal results are also
more favorable in vaginal birth especially considering
NICU admission and breastfeeding in the first hour after
delivery. This study showed that vaginal births are asso-
ciated with better healthcare value delivery.
Despite the absence of statistical significance, the ma-

ternal rates of hospital readmission within 30 days from
delivery were higher in those patients undergoing C-

Table 2 Demographic characteristics of the study population
stratified by type of delivery and year of occurrence

C-sections Vaginal Birth

Year Mean Maternal Age (year)

2016 33.7 (CI95%, 33.5–33.9) 33.4 (CI95%, 33.2–33.6)

2017 34.0 (CI95%, 33.7–34.2) 33.6 (CI95%, 33.3–33.7)

2018 34.3 (CI95%, 34.0–34.5) 33.9 (CI95%, 33.7–34.1)

2019 34.2 (CI95%, 33.9–34.5) 33.7 (CI95%, 33.6–34.0)

Year Average Fetal Weight (grams)

2016 3264 (CI95%, 3242–3286) 3256 (CI95%, 3234–3278)

2017 3268 (CI95%, 3246–3290) 3250 (CI95%, 3227–3273)

2018 3273 (CI95%, 3250–3296) 3241 (CI95%, 3216–3266)

2019 3271 (CI95%, 3247–3295) 3236 (CI95%, 3214–3258)

Year Average Gestational Age (weeks)

2016 39.1 (CI95%, 39.0–39.1) 39.3 (CI95%, 39.1–39.3)

2017 39.1 (CI95%, 39.0–39.2) 39.3 (CI95%, 39.2–39.4)

2018 39.1 (CI95%, 39.0–39.2) 39.3 (CI95%, 39.2–39.4)

2019 39.2 (CI95%, 39.1–39.3) 39.3 (CI95%, 39.2–39.4)

Fig. 1 Breastfeeding rate in the first hour of life according to type of delivery and year of occurrence. CS = cesarean sections, VB = vaginal birth
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sections than vaginal deliveries. This finding does not
allow us to conclude that this is a worse clinical out-
come, but it is still contributing for the analysis of med-
ical expenses with C-sections.
Data analysis shows homogeneity between groups and

this allows more substantial conclusions. The first item
that draws attention is the comparison between the costs
of cesarean and vaginal deliveries. Considering the over-
all hospital costs per patient (mother-baby binomial),
cesarean deliveries are almost 15% more expensive than

vaginal deliveries in low-risk pregnancies (R$14,0342.04
versus R$12,230.03). As the results showed, the C-
sections higher costs must be related to the higher rate
of maternal and neonatal ICU admission. Besides that,
they may be related to the team needed to provide
assistance for a C-section and increased use of medica-
tions in this kind of delivery.
Considering a scenario where C-section rates would

represent 20% of cases for low risk pregnancies, and
therefore still exceeding the 15–18% described as ideal

Fig. 2 Neonatal ICU admission rate according to type of delivery and year of birth. CS = cesarean sections, VB = vaginal birth

Fig. 3 Maternal ICU admission rate according to type of delivery and year of occurrence. CS = C-sections, VB = vaginal birth
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and safe in the literature, the savings in the analyzed
period would reach almost R$7million [7].
To imagine that such a rate is unattainable shows

pessimism since the group studied was comprised exclu-
sively by singleton pregnancies of low risk, with cephalic
presentation and without previous C-section. In the
available literature, low and high-risk pregnancies appear
in the same universe of analysis. However, it is precisely

the elective C-sections in low-risk groups that seem to
promote the highest rate of preventable hospitalization
in the NICU. Considering low risk as singleton pregnan-
cies at term with cephalic presentation without previous
C-section (Robson groups 1 to 4), which represents
around 80% of births in the world, probably the action
on these groups should translate in value results: lower
costs and better outcomes [27].

Fig. 4 Hospital readmission rate up to 30 days from delivery according to type of delivery and year of occurrence. CS = C-sections, VB = vaginal birth

Fig. 5 Average of parturition costs (in real) of hospitalization of the parturient-newborn binomial according to type of delivery and year of
occurrence. CS = C-section, VB = Vaginal Birth
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There are already several attempts to reduce the
number of caesareans worldwide, especially in Brazil,
where these rates are incredibly high [28, 29].
The total cost of hospitalization for cesarean delivery

is more expensive due to higher maternal and neonatal
costs. Literature has shown that newborns of elective
cesareans are more likely to have respiratory distress

compared with those whose mothers went through labor
[30]. Considering that such discomfort is the main cause
of hospitalization in the NICU, greater use of this expen-
sive resource in babies born by C- section was already
expected [31]. Therefore, it is not surprising that there is
a difference of almost 30% between hospital costs related
to newborns undergoing cesarean delivery and those of

Fig. 6 Average costs (in real) of maternal hospitalization for delivery according to type of delivery and year of occurrence. CS = C-section,
VB = Vaginal birth

Fig. 7 Average costs (in real) of hospitalization of the newborn due to delivery according to type of delivery and year of occurrence. CS = C-
sections, VB = Vaginal birth
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vaginal delivery. Besides that, while only 4.5% of the
babies born by vaginal delivery were admitted to NICU
in this series, more than 6.7% of those born by C-section
had the same outcome, which means a difference of
approximately 160 admissions in this unit during the
analyzed period. It is important to point out that intra-
partum emergency C-sections only took place in excep-
tional conditions, such as fetal distress diagnosed by
intrapartum cardiotocography category III and placental
abruption.
From the maternal point of view, the results are also

unfavorable for C-sections. The analysis of hospital re-
admission rate in the first 30 days after birth is one of
the indicators proposed by the Health Care Payment
Learning & Action Network working group. It reveals
that it is more than 20% higher in cases of cesarean
delivery than in vaginal delivery for the studied groups,
although without statistical significance [26]. Maternal
ICU admission rate also denotes a disadvantage for
C-sections. Again, the causes are multifactorial but
obviously closely related to the complications of the
procedure. A retrospective study involving more than
14 thousand cases already exposed a higher rate of
hospital readmission. These are mainly related to
surgical wound infection in post-cesarean patients and
that corroborates the data found in this series [32].
As proposed by the CQMC (Core Quality Measures

Collaborative), breastfeeding in the first hour of life was
considered as a value delivery [25]. Once again, the
difference is in favor of vaginal delivery with an average
adherence of 92% of cases versus 88% in C-sections. Fac-
tors such as postpartum position, anesthetic condition
and surgical environment must have contributed to
these results [33, 34] .
The remaining question is related to the continuity of

a potentially harmful practice in relation to the other
whose value delivery is shown to be greater. The answer
to these questions is complex and involves several
factors that generated the preference for C-section. They
range from the model of remuneration for childbirth
care to the judicialization of health, patient’s apprehension
about a painful process, reduction of training in vaginal
deliveries, cultural issues (such as fear of a painful process),
and lack of active nursing support during labor [14].
Evidently, particularities about the assistance model of

each country must be taken into account. In countries
such as Brazil, where private assistance to labor is
personalized, the assistance by a team in a shift and
dichotomization between prenatal care and delivery may
be plausible solutions when requiring more predictable
availability from the assistance team. In other countries
where this practice is already in vogue, the payment of
bonus linked to outcomes could also bring benefits.
Furthermore, cultural issues in countries that perceive

C-section as the safer mode of delivery may also be
addressed in educational campaigns.
Based on the above, it becomes clear that changes in the

current form of obstetric care adapted to each economic
model are urgent. Adjustments in the remuneration
model may be important in countries with personalized
and doctor-centered obstetric care. It is difficult to estab-
lish the ideal model, especially considering the differences
between public and private systems.
However, ideas such as the use of the Global Budget

defined by the average diagnosis-related-groups (DRG)
of the target population and the payment of salaries to
doctors have been used to manage hospitals. In this case,
the hospital receives a fixed amount (monthly or yearly)
to offer its services, regardless of the volume of
resources it uses. With some nuances, as goals to be met
and additional compensation by special procedures or
accreditations, this model is used in some Social Health
Organizations (OSS) in Brazil, in which non-profit com-
panies manage government hospitals by fixed monthly
values [35]. Also, a better structure of a bonus policy for
professionals related to value delivery, besides the
payment of salaries, could also be considered.
Finally, it is also necessary to build a better health sys-

tem and medical teaching process to allow improvement
in vaginal delivery rate, and consequently achieve better
results and low costs regarding the delivery.

Strengths and limitations
The strengths of this study are the detailed analysis of
the causes for higher costs of cesarean sections and the
description of worse results related to it. One clear
advantage was the exclusion of high-risk cases that could
cause an interpretation bias.
This study included a specific population and consid-

ered only low-risk pregnancies from a Brazilian private
hospital. For that reason, it is essential to understand the
reality of other medical institutions, both in clinical and
cost-related terms. This is because vaginal delivery as-
sistance can vary substantially in quality.
Besides that, the allocation of fixed and variable costs

between different institutions may also differ. It is also
necessary to understand whether the data can be repli-
cated when the high-risk pregnancies are considered.
Finally, it could be stated that it is common to perform

elective cesarean sections due to the maternal desire in
the analyzed hospital, a reality that is not always present
in every service and that could affect our results.
Data from a national hospital-based cohort with 23,

940 postpartum women, held in 2011–2012, showed an
initial preference for cesarean delivery of 27.6%, ranging
from 15.4% (primiparous public sector) to 73.2% (mul-
tiparous women with previous cesarean private sector).
The main reason for the choice of vaginal delivery was
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the best recovery of this type of delivery (68.5%) and for
the choice of cesarean, the fear of pain (46.6%). Women
from private sector presented 87.5% caesarean, with in-
creased decision for cesarean birth in end of gestation,
independent of diagnosis of complications. In both
sectors, the proportion of caesarean section was much
higher than desired by women [36].

Conclusion
Cesarean deliveries in low-risk pregnancies were associated
with a lower value delivery because, in addition to being
more expensive, they had worse perinatal outcomes.
Reviewing the financing model as well as the practice itself
is essential to deliver more value-based healthcare in
obstetrics.
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