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Abstract

Objectives: To analyze the effectiveness and safety of a
multifaceted intervention to reduce cesarean section
(CS) rates.
Methods: This interrupted time series study involved six
public hospitals with pre-intervention CS rates>35 %. We
collectedmonthly data on overall and Robson group CS rates
of 37,031 women who gave birth at the six hospitals during
30 months in the pre-intervention (12 months, n=14,836
women), intervention (6 months, n=6,431 women), and post-
intervention (12 months, n=15,764 women) study periods.
The intervention bundle included six components: audit and
feedback using the Robson classification, goal setting for
overall CS rate, distribution of evidence-based guidelines,

informative meetings with hospital coordinators, newslet-
ters, and inter-hospital mentoring.
Results: There were no significant changes in mean overall
CS rates between the three periods. However, five of the six
hospitals had a significant decrease in CS rates in at least
one Robson group during the study period: groups 1 and 5a
(2 hospitals), group 2a (1 hospital), groups 4 and 4a (1 hospital),
and group 5b (1 hospital). There were no significant increases
in adverse events (maternal and perinatalmortality, neonatal
asphyxia) in any of the hospitals with reductions in CS rates.
Conclusions: The multifaceted intervention did not signifi-
cantly reduce the overall CS rate in the participating hospi-
tals. However, five of the six hospitals had significant
reductions in CS rates in at least one Robson group, without
increasing adverse maternal or perinatal outcomes.

Keywords: cesarean section; Robson classification; clinical
audit; maternal mortality; perinatal mortality; Health
Services Administration

Introduction

Births by cesarean section (CS) have increased worldwide
over the last decades, and Brazil stands out as one of the
top five countries with the CS highest rates [1]. Several
non-clinical factors contribute to rising CS rates, including
convenience, fear of litigation, financial incentives, and
popular misconceptions about the safety of CS and the risks
of vaginal deliveries [2–5]. A considerable proportion of
contemporary women have “unnecessary” CS, defined as
cesareans performed without any medical indication [6].
However, a cesarean, as any major surgery, exposes women
to short- and long-term risks, as well as complications in
future pregnancies [7–9]. Children delivered by CS may also
be at risk for immediate and long-term complications
[10–12].

The worldwide increase in CS rates and its associated
risks, especially in low resource settings [13, 14], has
triggered efforts to reduce unnecessary cesareans, thus
reducing overall CS rates. However, “overall” CS rate
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provides limited information because they may be
influenced by several factors, including differences in
population characteristics and obstetric practice. The
Robson classification (Supplementary Table S1) addresses
the issue of obstetric population characteristics by catego-
rizing all pregnant women admitted for delivery into one of
10 unique groups based on their parity, gestational age,
fetal presentation, number of fetuses, and onset of labor
[15]. Since 2015, the World Health Organization (WHO)
recommends the use of the Robson classification tomonitor
and compare CS rates over time and between different in-
stitutions, cities, or countries [15]. Many clinical and non-
clinical interventions to reduce CS rates have been
described and tested, with variable results [16–18]. How-
ever, relatively few studies describe the use of the Robson
classification as an audit and feedback tool in interventions
to reduce CS rates [19–22].

The aim of this study was to analyze the effectiveness
and safety of a multifaceted intervention, which included
audit and feedback using the Robson classification, to reduce
CS rates in six public hospitals in a large Brazilian city.

Subjects and methods

This longitudinal interrupted time series intervention
study involving six public hospitals was conducted over a
30- month period (July 2015–December 2017) divided into
three periods: pre-intervention (12 months), intervention
(6 months), and post-intervention (12 months). The study
was approved by the Ethics Committee of Federal
University of São Paulo (1.814.4.257). Informed consent was
waived because all data were at population level.

Participants

To select the hospitals, we analyzed official birth statistics of
the 37 hospitals managed by the municipal health depart-
ment in 2014 and ranked the hospitals according to their
overall CS rates. The first six hospitals with the highest CS
rates were selected to participate in the study. All had CS
rates >35 % in 2014, and were not planning to start any in-
terventions to reduce CS rates.

Intervention

The intervention bundle included six components imple-
mented at the same time in all hospitals (Table 1). The
components were selected based on the literature available

at the time, personal experience of the investigators, feasi-
bility, and availability of human resources.

Outcomes

The primary outcomes were changes in a) overall CS rates,
b) Robson groups 1, 2, 3, 4, and 5 CS rates, and c) 5-min Apgar
scores <7, in each of the six hospitals between the study
periods. The secondary outcomes were changes in maternal
mortality ratio (in-hospital), and perinatal mortality rates
(stillbirths ≥500 g and in-hospital neonatal death up to 7 days
of life). All data were collected from the municipal live birth
information system (SINASC/CEInfo/SMS-SP) which extracts
information from the birth certificates, the municipal
maternal mortality committee, and the city mortality infor-
mation system (SIM).

Statistical analysis

We analyzed each hospital´s monthly overall CS rates, CS
rates in each of the Robson groups, and rates of 5-min
Apgar <7. Data were collected for 30 time points, divided into
three periods: pre-intervention (12 points), intervention
(6 points), and post-intervention (12 points). The interrupted
time series method was used to assess changes in the trends
and levels between the three periods for monthly CS rates.
The Pearson Chi-squared (χ2) test was used to compare
changes in overall rates of asphyxia,maternalmortality, and
perinatal mortality between the three periods. Results were
considered significant at p<0.05. The R programwas used for
all analyses.

Results

Hospital characteristics

Three institutions (H1, H2, and H6) were tertiary referral
hospitals for high-risk pregnancies, three had an obstetrics-
gynecology residency program (H2, H5 and H6), two had
training programs for nursing students (H2 and H5), and one
had a training program for medical students (H6) (Table 2).

Changes in cesarean section rates

We collected monthly data on overall and Robson group
CS rates for 37,031 women who gave birth at the six hos-
pitals in the pre-intervention (12-months, n=14,836women),
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intervention (6-months, n=6,431), and post-intervention
(12-months, n=15,764) periods. There were no statistically
significant changes in mean overall CS rates or trends be-
tween the three periods in any hospital (Table 2, Supple-
mentary Figure S1). During the intervention and post-
intervention periods, one of the six hospitals (H4) reached
the <35 % overall CS rate goal, but this decrease was not
statistically significant (Table 2, Supplementary Figure S1).
There were changes in the CS rates of Robson groups 1 to 5
in several hospitals during the study period (Table 3, Sup-
plementary Tables S2–S7). In the linear multiple regression
analyses, five of the six hospitals (H1, H3, H4, H5 and H6)
had significant decreases in CS trends and or rates in at
least one of the five Robson groups (Table 3, Supplementary
Figure S2, Supplementary Tables S2–S7). In H1, there was a
significant decrease in CS trends and rates in Robson group
1 (26.6 vs. 24.2 %, pre-intervention vs. post-intervention),
and in CS trends and rates in group 5a (68.3 vs. 59.6 %, pre-
intervention vs. intervention) (Supplementary Figure S2A–B,
Supplementary Table S2). In H2, there were no significant
changes in CS rates between the three periods in any
Robson group (Supplementary Table S3). Hospital H3 had a
significant decrease in CS trends and rates in group 1
(22.5 vs. 20.6 %, pre-intervention vs. post-intervention)
(Supplementary Figure S2C, Supplementary Table S4).

Table : Multifaceted intervention components.

Component Target Details

Audit and feedback
using the Robson
classification

Hospital directors &
obstetric coordinatorsa

During the intervention period, hospitals received monthly emails with progress report tables con-
taining data on their CS rates (overall and per Robson group), and -min Apgar scores < for thatmonth,
and changes compared to previous months

Goal setting Obstetric coordinators The main goal was to reduce the overall hospital CS rate to <%without increasing perinatal asphyxia
Evidence-based
practice guidelines

Obstetric coordinators
& healthcare providers

At the first presential meeting, obstetric unit coordinators received printed practice guidelines on
evidence-based obstetric care, prepared by one of the model hospitals. The guidelines had recom-
mendations on management of spontaneous labor, partograph use/interpretation, intrapartum car-
diotocography, labor induction, and vaginal delivery after CS. Coordinators were advised to make these
guidelines available in the labor ward and to discuss and encourage their use by their obstetric teams

Informative meetings Obstetric coordinators Obstetric coordinators participated in four presential -min meetings at the municipal health
department (once every two months). At the first meeting ( week before implementation of the
intervention), the investigators presented the Robson classification, each hospital´s data on CS and
asphyxia rates in , the project objectives, and the intervention bundle. In the first part of each
subsequent meeting, the investigators presented the latest data on CS and asphyxia rates for each
hospital, and the same data for the three “model” hospitals. In the second part of the meeting,
participants had small group discussions to share experiences, successes, and difficulties to reduce CS
rates in their hospitals over the last two months

Newsletters Obstetric coordinators Every twomonths, hospitals received an electronic newsletter with comments on the progress of the six
hospitals and information on safe reduction of CS rates. Obstetric coordinators were encouraged to
share the newsletter with the labor and delivery ward teams

Mentoring between
hospitals

Obstetric coordinators Three public municipal hospitals with CS rates <% and good maternal and perinatal outcomes in
– were selected by the health department to serve as “models” for the six hospitals with
higher CS rates. The obstetric coordinators of the model hospitals were asked to act as mentors for the
six hospitals with higher CS rates. Each model hospital was matched to two study hospitals. Mentors
participated in all informative meetings to support the six study hospitals and share their experience

CS, cesarean section. aObstetric coordinators: head obstetrician and head obstetric nurse of the labor and delivery ward.

Table : Main characteristics and overall CS rates of the six study
hospitals.

Hospital
characteristics

H H H H H H

Geographical location West South Southeast North East North
Tertiary referral hospital Yes Yes No No No Yes
Public health units
referring patients, n

     

OB-GYN residency
program

No Yes No No Yes Yes

Training program for
nursing students

No Yes No No Yes No

Training program for
medical students

No No No No No Yes

Pre-intervention period ( months)
Deliveries, n , , , , , ,
CS, n , ,   , 

Overall CS rate, % . . . . . .
Intervention period ( months)
Deliveries, n , ,   , ,
CS, n      

Overall CS rate, % . . . . . .
Post-intervention period ( months)
Deliveries, n , , , , , ,
CS, n  ,   , ,
Overall CS rate, % . . . . . .

CS, cesarean section; n, number; OB-GYN, obstetrics and gynecology.

Guimarães et al.: Robson classification - public hospitals of Brazil 777



Hospital H4 had significant decreases in CS rate trends
between the pre-intervention and post intervention pe-
riods in groups 4, 4a and 5a, and in CS rates in group 5a
(Supplementary Figure S2D–F, Supplementary Table S5).
Hospital H5 had a significant decrease in CS rates in group
2a (48.9 vs. 44.4 %, intervention vs. post-intervention)
(Supplementary Figure S2G, Supplementary Table S6), and
hospital H6 a significant decrease in CS trends and rates
in group 5b (97.2 vs. 94.8 %, pre-intervention vs. inter-
vention) (Supplementary Figure S2H, Supplementary
Table S7).

Two hospitals had significant increases in CS rates in
some Robson groups. In H1, there was a significant increase
in CS rates in Group 2 (intervention vs. post-intervention),
and a significant increase in CS trends and rates in groups 4
and 4a (pre-intervention vs. post-intervention) (Table 3,
Supplementary Table S2). Hospital H4 had a significant in-
crease in CS trends in group 5b (pre-intervention vs. post-
intervention) (Table 3, Supplementary Table S5). Hospitals
H3 and H5 had transient increases in CS trends and rates
between the pre-intervention and intervention periods,
followed by decreases in CS trends and rates between the
intervention and post-intervention periods. In H3, this
occurred in Robson groups 2 and 2a (Supplementary Ta-
ble S4); in H5, this occurred in group 4a (Supplementary
Table S6).

Change in neonatal asphyxia, maternal
mortality, and perinatal mortality

There were no significant changes in the rates of asphyxia
between the three study periods in five of the six hospitals
(Table 4). Hospital H2 had a significant increase in the rate
of asphyxia between the pre-intervention and post-
intervention periods (2.1 vs. 2.9 %, p=0.015), however, this
was the only hospital that did not have significant reduction in
CS rates in any of the Robson groups analyzed (Table 5). There
were no significant changes inmaternalmortality ratioduring
the study period in any of the hospitals. Perinatal mortality
remained similar in five of the six hospitals and decreased
significantly inonehospital (H6) between the intervention and
post-intervention periods (Table 4). The summary of the
changes in CS rates and adverse maternal and perinatal out-
comes in each of the six hospitals is presented in Table 5.

Discussion

Although the intervention did not reduce overall CS rates in
any hospital, in five hospitals it was associated with signifi-
cant reductions in CS rates in at least one of the Robson
groups, without significant increases in adverse maternal
and perinatal outcomes.

Similar studies that used the Robson classification as an
audit and feedback tool to reduce CS rates also reported the
safety of this intervention on perinatal outcomes [21–27]. We
did not identify any similar study that assessed maternal
mortality. Several studies that implemented interventions to
reduce CS rates using audit and feedback with the Robson
classification reported significant reductions in overall CS
rates and/or in CS rates in specific Robson groups. However,

Table : Rates of cesarean sections in Robson groups  to  in the six
hospitals in the pre-intervention, intervention, and post-intervention
periods.

Robson group Hospital

H H H H H H

Pre-intervention period ( months)
Group  .a,b . .a,b . . .
Group  . . . . . .
Group a . . . . . .
Group  . . . . . .
Group  .a,b . . .f . .
Group a .a,b . . .f . .
Group  . . . . . .
Group a .d,e . . .a,b . .
Group b . . . .g . .

Intervention period ( months)
Group  . . . . . .
Group  .c . . . . .
Group a . . . . .h .
Group  . . . . . .
Group  . . . . . .
Group a . . . . . .
Group  . . . . . .
Group a . d,e

. . . . .
Group b . . . . . .

Post-intervention period ( months)
Group  .a,b . .a,b . . .
Group  .c . . . . .
Group a . . . . .h .
Group  . . . . . .
Group  .a,b . . .f . .
Group a .a,b . . .f . .
Group  . . . . . .
Group a . . . .a,b . .
Group b . . . .g . .

All numbers represent percentages. aStatistically significant change in
mean CS rate between periods. bStatistically significant change in CS rate
trend between periods. cStatistically significant change in mean CS rate
between periods. dStatistically significant change in mean CS rate between
periods. eStatistically significant change in CS rate trend between periods.
fStatistically significant change in CS rate trend between periods.
gStatistically significant change in CS rate trend between periods.
hStatistically significant change in mean CS rate between periods.
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Table : Changes in asphyxia, maternal mortality and perinatal mortality in the six hospitals during the study period.

Phase All hospitals H H H H H H

Asphyxia rate

n/Na % n/N % n/N % n/N % n/N % n/N % n/N %
Pre-intervention /, . /, . /, .e /, . /, . /, . /, .
Intervention /, . /, . / . / . / . /, . /, .
Post-intervention /, . /, . /, .e /, . /, . /, . /, .
p-valued . . . . . . .

Maternal mortality rate

n/Nb ‰oo n/N ‰oo n/N ‰oo n/N ‰oo n/N ‰oo n/N ‰oo n/N ‰oo
Pre-intervention /, . /, – /, . /, . /, . /, . /, .
Intervention /, . /, – / . / – / – /, – /, –

Post-intervention /, . /, – /, . /, – /, – /, . /, .
p-valued . N/A – . . . . .

Perinatal mortality rate

n/Nc ‰ n/N ‰ n/N ‰ n/N ‰ n/N ‰ n/N ‰ n/N ‰

Pre-intervention /, . /, . /, . /, . /, . /, . /, .
Intervention /, . /, . / . / . / . /, . /, .f

Post-intervention /, . /, . /, . /, . /, . /, . /, . f

p-valued . . . . . . .

Asphyxia rate: % of liveborn infants with -min Apgar score <. Maternal mortality rate: (number of direct and indirect maternal deaths/number of live
births) × ,. ‰Perinatal Mortality Rate (number of fetal deaths + number of early neonatal deaths)/(number of live births + stillbirths) × ,.
an=number of newborns with -min Apgar score<, N=total number of live births. bn=number of maternal deaths. N=number of live births. cn=number of
perinatal deaths. N=total number of births (live births + stillbirths). dPearson’s Chi-square test evaluating differences between periods (pre-intervention,
intervention, post-intervention) in the same hospital. ePre-intervention vs. post-intervention: p=.. fIntervention vs. post-intervention: p=..

Table : Summary of the effectiveness and safety of an intervention to reduce cesarean sections rates in six public hospitals.

Hospital outcome Ha Ha H H H Ha

Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate
.% .% .% .% .% .%

Change in overall CS rateb NS NS NS NS NS NS
Changes in overall CS rate
tendency

NS NS NS NS NS NS

Changes in Robson  CS rate Decrease pre vs.
postc,d

NS Decrease pre vs.
postc,d

NS NS NS

Changes in Robson  CS rate Increase interv vs.
postc

Increase pre vs.
intervc,d

NS NS NS

Decrease interv vs.
postc,d

Changes in Robson a CS
rate

NS NS Increase pre vs.
intervc,d

NS Decrease interv vs.
postc

NS

Decrease interv vs.
postc,d

Changes in Robson  CS rate NS NS NS NS NS NS
Changes in Robson  CS rate Increase pre vs.

postc,d
Decrease pre vs.
postd

Changes in Robson a CS
rate

Increase pre vs.
postc,d

NS NS Decrease pre vs.
postd

Increase pre vs.
intervc,d

NS

Decrease interv vs.
postc,d
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it is difficult to compare our results with these studies
because of differences in the number of hospitals involved,
level of care provided by these institutions, duration and
number of components of the interventions, and the Robson
groups targeted by the researchers.

While our study included six (three tertiary and three non-
tertiary) hospitals, most similar studies included only one
hospital and several did not provide information about its level
of care [20–24, 26–28]. In theory, concentrating efforts to reduce
CS rates in only onehospital couldbemore effective. Piffer et al.
[25] described the use of the Robson classification for audit and
feedback in seven Italian maternity hospitals, but did not
provide information on the type of population managed in
these institutions. This information is important because the
hospital’s level of care is one of the factors that influence CS
rates inRobsongroups 1 and3, andcould explain thevariability
in overall CS rates between different hospitals [29]. Indeed, in
the pre-intervention period, our three tertiary hospitals (H1,
H2, H6) had the highest CS rates in Robson groups 1 and 3, and
two of these hospitals (H1, H6) also had the highest overall CS
rates in this period. Although several studies used the Robson
classification for audit and feedback to reduce CS rates [23–28],
the interventions differed substantially. Differently from our
study, most similar studies created bundles mainly targeted at
doctors and midwives directly involved in intrapartum care
[20–28]. While our study tested an intervention with six com-
ponents, one of which was audit and feedback using the Rob-
sons classification, some studies includedonly theRobsonaudit
and feedback component [24, 27], several studies included two
to five components [20–22, 28], and three studies included
seven or more components [23, 25, 26]. The duration of our
intervention (six months) was shorter than most similar

studies [21, 22, 24–28]. We monitored the effects of the inter-
vention on overall CS rates and on CS rates in Robson groups 1,
2, 3, 4, and 5, as these five groups represent over 70% of the
obstetric population managed in all maternity hospitals [30].
Several studies [21, 22, 24, 25, 28] evaluated the effects of their
interventions on overall CS rates, while others monitored only
Robson groups 1 and/or 2 [20, 26, 27], and one study (23)
monitored Robson groups 1, 2, 3 and 4 combined.

Several factors could explainwhy overall CS rates did not
decrease significantly in our six hospitals. First, the selection
of the participating hospitals, design of the intervention, and
decision to implement it were made by the investigators and
municipal health department authorities, without the
involvement of the hospital directors and obstetric co-
ordinators. Moreover, we did not conduct prior formative
research in each hospital. Formative research before
designing interventions to reduce CS rates allows local
adaptation/modification of the components of the interven-
tion according to the unique characteristics and workplace
culture of each hospital [6]. It is well known that health pro-
fessionals may not understand the value of proposed in-
terventions, and be reluctant to change obstetric practices [6].
Lack of training, skills, or experience are themain barriers to
changing health professionals’ behavior to reduce CS rates
[31]. The selection of intervention components may also have
contributed to its limited success. Finally, it is probable that
the relatively short duration of the intervention (six months)
may also have contributed to the study results. The duration
of interventions in studies reporting significant reductions in
CS overall rates ranged fromninemonths [24] to 10 years [26].

This was the first study involving several public hospitals
in a large Brazilian city to test the Robson classification as an

Table : (continued)

Hospital outcome Ha Ha H H H Ha

Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate Baseline CS rate
.% .% .% .% .% .%

Changes in Robson  CS rate NS NS NS NS NS
Changes in Robson a CS
rate

Decrease pre vs.
intervc,d

NS NS Decrease pre vs.
postc,d

NS NS

Changes in Robson b CS
rate

NS NS NS Increase pre vs.
postd

NS Decrease pre vs.
intervc,d

Changes in rate of -min
Apgar score <

NS Increase pre vs.
poste

NS NS NS NS

Change in maternal
mortality ratio

NS NS NS NS NS NS

Changes in perinatal
mortality

NS NS NS NS NS Decrease interv vs.
poste

CS, cesarean section; Interv, intervention; NS, non-significant. aTertiary referral hospital. bOverall CS rate: total number of CS/total number of deliveries.
cStatistically significant change in mean CS rate between periods. dStatistically significant change in CS rate trend between periods. eStatistically significant
change.
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audit and feedback tool in an intervention to reduce CS rates.
A strength of the study was the use methodology recom-
mended for interrupted time series, including analyses of CS
rates at 30 time points. This type of analysis is appropriate for
evaluating the effect of interventions in non-experimental
longitudinal studies [32]. It is being increasingly used in
evaluating public health studies because it is adequate to
assess interventions used for clearly defined periods of time
that assess health outcomes at the population level [33].

The main study limitations were the lack of formative
research, short duration of the intervention, lack of patient
level data (such as CS indications), and lack of monitoring
of the adherence of hospitals to the clinical guidelines
provided, and to thementoring process. Additionally, since
all components of the multifaceted intervention were
implemented simultaneously, we could not assess the
impact of each component on the outcomes. Finally,
despite acknowledging the importance of this information
[34], we did not use the Robson classification to identify the
groups that contributed the most to the overall CS rate in
each hospital and create interventions targeting these
specific groups. This decision was taken because of the lack
resources to create and implement different intervention
bundles for each of the hospitals.

Future studies should address the aforementioned limi-
tations and consider the possibility of including specific clin-
ical interventions to improve the management of labor and
safely reduce CS rates such as the use of intrapartum ultra-
sound [35], and training healthcare providers on the physio-
logical interpretation of intrapartum cardiotocography [36].

Conclusions

A multifaceted intervention including the Robson classifi-
cation as an audit and feedback tool did not significantly
reduce overall CS rates in six public hospitals. However, five
of the six hospitals had significant reductions in CS rates in at
least one of the Robson groups without increasing adverse
maternal or perinatal outcomes.
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