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Abstract

IMPORTANCE To address major causes of perinatal and maternal mortality, the World Health
Organization developed the Safe Childbirth Checklist (SCC), which to our knowledge has been
rigorously evaluated only in combination with high-intensity coaching.

OBJECTIVE To evaluate the effect of the SCC with medium-intensity coaching on health care
workers’ performance of essential birth practices.

DESIGN, SETTING, AND PARTICIPANTS This cluster randomized clinical trial without blinding
included 32 hospitals and community health centers in the province of Aceh, Indonesia (a medium-
resource setting) that met the criterion of providing at least basic emergency obstetric and newborn
care. Baseline data were collected from August to October 2016, and outcomes were measured from
March to April 2017. Data were analyzed from January 2020 to October 2021.

INTERVENTIONS After applying an optimization method, facilities were randomly assigned to the
treatment or control group (16 facilities each). The SCC with 11 coaching visits was implemented
during a 6-month period.

MAIN OUTCOMES AND MEASURES For the primary outcome, clinical observers documented
whether 36 essential birth practices were applied at treatment and control facilities at 1 or more of 4
pause points during the birthing process (admission to the hospital, just before pushing or cesarean
delivery, soon after birth, and before hospital discharge). Probability models for binary outcome
measures were estimated using ordinary least-squares regressions, complemented by Firth logit and
complier average causal effect estimations.

RESULTS Among the 32 facilities that participated in the trial, a significant increase of up to 41
percentage points was observed in the application of 5 of 36 essential birth practices in the 16
treatment facilities compared with the 16 control facilities, including communication of danger signs
at admission (treatment: 136 of 155 births [88%]; control: 79 of 107 births [74%]), measurement of
neonatal temperature (treatment: 9 of 31 births [29%]; control: 1 of 20 births [5%]), newborn
feeding checks (treatment: 22 of 34 births [65%]; control: 5 of 21 births [24%]), and the rate of
communication of danger signs to mothers and birth companions verbally (treatment: 30 of 36
births [83%]; control: 14 of 22 births [64%]) and in a written format (treatment: 3 of 24 births [13%];
control: 0 of 16 births [0%]).

CONCLUSIONS AND RELEVANCE In this cluster randomized clinical trial, health facilities that
implemented the SCC with medium-intensity coaching had an increased rate of application for 5 of
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Abstract (continued)

36 essential birth practices compared with the control facilities. Medium-intensity coaching may not
be sufficient to increase uptake of the SCC to a satisfying extent, but it may be worthwhile to assess
a redesigned coaching approach prompting long-term behavioral change and, therefore,
effectiveness.

TRIAL REGISTRATION isrctn.org Identifier: ISRCTN11041580
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Introduction

Every year, there are approximately 600 000 intrapartum-related stillbirths worldwide, and
approximately 300 000 mothers die during pregnancy or labor.1,2 Up to 90% of deaths among
neonates occur within the first 48 hours of life.3,4 With regard to maternal deaths, more than 40%
occur in the intrapartum period and 45% within 24 hours after the neonate is born.5 Most of the
deaths could be preventable, and instead of access to medical care, quality of care and correct
administration of treatment are the major constraints.6

The World Health Organization has introduced a Safe Childbirth Checklist (SCC), which targets
necessary improvements to quality of care.7 The SCC builds on positive achievements of similar
checklists in other areas of medicine, such as the Safe Surgery Checklist.8,9 Specifically for childbirth,
the SCC consists of 4 pages and includes 4 pause points: on admission to the hospital, just before
pushing or cesarean delivery, soon after birth, and before hospital discharge. At each pause point, the
checklist reminds the health care staff about the essential practices and gives a brief explanation.
Users follow the list point by point. The SCC was developed through a combination of expert
consultation and field evaluations in 9 countries in Africa, Asia, and the Middle East.7,10

In an attempt to assess the SCC’s effectiveness, the World Health Organization invited
practitioners and academics to evaluate the checklist in different contexts. Overall, a recent
systematic review of the literature reported an association between increased application of
essential birth practices and the reduction of stillbirths.11

Facility-based evaluations that compared outcomes before vs after use of the SCC have
indicated a range of potential benefits associated with use of the checklist. Studies from India,
Bangladesh, Namibia, Sri Lanka, and Mexico showed increases in the application of essential birth
practices associated with checklist use,12-15 contributing to a reduction of perinatal mortality,15

improved team-level communication, quality of care under a high workload,16 and a satisfactory
experience of birthing assistance among mothers.17

These studies, however, could not discern whether other confounding factors affected the
results. Experimental studies aim to fill this gap with the provision of causal evidence. When
assessing the effectiveness of the SCC, it is relevant to consider that implementation approaches
with varying coaching intensity are compared. Low intensity includes monitoring only, whereas high
intensity includes more regular (weekly or biweekly) and lengthy coaching visits as well as provision
of supplies and equipment.

An evaluation of high-intensity coaching in Uttar Pradesh, India, found significant increases in
the use of essential practices; however, these practices diminished after the SCC coaching ceased,
and overall, significant effects on perinatal death, maternal death, or severe complications were not
found.18-20 Other studies examining high-intensity coaching showed an 11% reduction in perinatal
mortality in Rajasthan, India,21 and reduced stillbirths and perinatal mortality in Kenya and Uganda.22

With regard to medium-intensity interventions, another trial in Rajasthan showed a significant
increase in the use of essential practices, from 6.5 of 28 practices in the control group to 17.9 in the
intervention group.23 A trial examining low-intensity coaching in Pakistan revealed limited effects on
the use of essential practices.24 The trials varied in size from 16 to 200 facilities.
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The differential results show that the success of the SCC may depend on an adequate level of
accompanying coaching, although the most cost-effective extent of coaching that also takes specific
skill and resource levels into account has not been identified to our knowledge.15 The current trial
took the suggested need for complementary training with checklist introduction into account but
aimed to find a middle ground of sufficient training, allowing effective checklist use at the lowest
possible implementation costs. In addition, moderate coaching costs are crucial to allow sustainable
maintenance beyond the study period because effects seem to diminish once the coaching intensity
decreases.20,25 We evaluated the effect of the SCC with medium-intensity coaching on health care
workers’ performance of essential birth practices.

Methods

This cluster randomized clinical trial was supported by facility leadership and the provincial and
district health offices in Aceh, Indonesia, and written informed consent was collected before
randomization took place. Before observations, enumerators introduced participating midwives and
mothers to the study, described benefits and risks, and provided contact details of the researchers
in case participants had questions or wished to withdraw their consent later. In addition, midwives
and mothers read and signed individual informed consent forms. The study protocol was screened
and approved by the ethics committees of Syiah Kuala University, Banda Aceh, Indonesia, and Georg-
August University of Göttingen, Germany, before patient enrollment. After data collection and before
data analysis, the study was registered retrospectively (ISRCTN11041580 and AEARCTR-0003548).
The trial protocol is given in Supplement 1. The study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Trial Design, Randomization, and Masking
According to an optimization approach, the research team matched facilities in 2 groups and
assigned treatment randomly.26 The matching approach minimizes the mean squared error on
covariates and potential outcomes between 2 groups before treatment. In contrast to pairwise
matching approaches, groupwise matching offers an advantage because attrition of 1 unit would not
demand dropping the matched observation. After estimating the optimal groups, we assigned
treatment randomly and introduced the SCC in 16 (50%) of the 32 total health care facilities at the
facility level. Owing to the comprehensiveness of the intervention, no blinding of study participants
was applicable.

Trial Setup and Participants
An international research team from Syiah Kuala University, Georg-August University of Göttingen,
and Ruprecht-Karls-Universität Heidelberg conducted the trial. With a neonatal mortality rate of 34
deaths per 1000 live births, Aceh had the nineteenth highest mortality rate among the 34 provinces
in Indonesia.27 Qualitative research complementing the data analyzed in this article with
perspectives from health care workers and mothers underlines the limited quality of care.28 Despite
those deficiencies, because of the large health system investments after the tsunami in 2005,
existing quality management practices, and relatively high levels of equipment and supplies, Aceh
was considered a promising setting for SCC introduction.28-30 Starting in October 2016, the SCC was
implemented in the districts of Aceh Besar, Banda Aceh, and Bireuen. Facilities were eligible if they
offered at least basic emergency obstetric and newborn care services. Of 40 eligible facilities, 8 did
not participate in the study because they did not have any births during the previous month or they
asked for financial compensation, which we could not provide (Figure 1). The sampled facilities
included hospitals, community health centers (puskesmas), and midwifery clinics, with a total yearly
birth volume of approximately 11 000 births.
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Intervention
In collaboration with local midwives, obstetricians, and policy makers, we adapted the SCC to the
Acehnese setting in terms of language and local practices as described in eFigure 2 and the Checklist
Adjustment section in the eAppendix in Supplement 2. The SCC was translated to Bahasa Indonesia,
including backward translation to English for quality checks (the English version is provided in
eFigure 2 in Supplement 2). Following the Engage–Launch–Support model of the accompanying
BetterBirth Trial in India,20 we introduced the SCC in October 2016. Coaches provided motivation
and information on correct checklist use during a 2-hour launch event. During the launch event, a
responsible lead person (checklist quality coordinator) was chosen at all facilities to supervise use of
the SCC. During the 6 months of observation, trained coaches visited each health care facility 11 times
to provide new SCC copies, collect completed SCCs, and provide feedback. Coaching was supported
by 2 meetings with the checklist quality coordinators to exchange best practices (the trial protocol in
Supplement 1 and eTable 8 in Supplement 2 provide more details about the trial). Although no other
intervention took place in the selected facilities at the same time, the SCC treatment added to
existing recording and quality-management practices.

Data Collection and Outcomes
Between August and October 2016, the research team collected baseline data, including location of
the facility, accreditation status, private or public ownership, insurance coverage, and facility type.
Outcomes were measured from March to April 2017. Treatment assignment balanced these variables
across the treatment and control groups, and none of the differences were statistically significant.
At the final data collection in April 2017, 1 control facility was lost to follow-up because it closed after
trial initiation and 1 treatment facility was excluded because it did not report any births during the
observation period. As primary outcomes, we collected the SCC use at each of the 4 pause points
during the birthing process and the application of essential birth practices (measured separately by
item). We trained a group of nurses and midwives intensively to ensure a coherent recording for
observations. To reduce bias from increased efforts to prove the SCC’s effectiveness or
ineffectiveness, we introduced the observations to health care workers as a general screening of
birth practices and did not highlight the evaluation of SCC use. To reduce observation bias,
observation teams were present for long-term observations (usually 24 hours a day for 7 days). We
deployed observers in a subset of 9 treatment and 8 control facilities with sufficient case numbers,
resulting in a random sample of 353 births observed (137 in control facilities and 216 in treatment
facilities). The number of observed births per pause point was lower because changes in observation
team shifts and referrals prevented us from observing the full birthing process for all births. As
secondary outcomes, we collected facility-level mortality and numbers of complications from the
facility registries.

Figure 1. Flow Diagram for Randomization and Data Collection

40 Facilities identified as eligible

8 Excluded owing to not providing
consent for participation

32 Matched groupwise and randomized

15 Had aggregate delivery
indicators collected

16 Treatment facilities
1483 Total deliveries
216 Observed

15 Had aggregate delivery
indicators collected

16 Control facilities
3599 Total deliveries
137 Observed
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Sample Size
Assuming an SCC use rate of 50% in treatment facilities and a doubling of the use of essential birth
practices as suggested in previous trials,12,23 the study was designed and powered for analyses of the
essential birth practices (eTable 1 in Supplement 2). The study was not powered to detect effects on
morbidity and mortality (eTable 2 in Supplement 2).

Statistical Analysis
Data were analyzed from January 2020 to October 2021. As a primary outcome measure, we
examined the application of essential practices.20,23 The basic intention-to-treat (ITT) estimates used
an approach of a binary outcome of essential practices on a binary indicator of treatment assignment
via ordinary least-squares regressions, and thus, they represent linear probability models for binary
outcome measures. For a second set of regressions, we considered a vector of covariates at the
facility level (facility type, urban or rural location, provision of comprehensive emergency obstetric
and newborn care services, and district as indicated by a binary variable). Owing to the random
treatment assignment, covariates were not strictly required, and we reported results with and
without those variables. The ITT estimates in the main results considered the initial random
treatment assignment at the facility level irrespective of health care workers’ use of the checklist.
Because the results indicated a lower rate of checklist use than expected, we decided post hoc to
conduct an analysis of adherence. This analysis aimed to estimate the complier average causal effect
(CACE) on the individuals who adhered to the intervention (ie, the CACE).31 A checklist was
considered to be adhered to when the observers noted that the attending staff had filled out the SCC
or were observed referring to the SCC during the birth process. The complier average causal effect
estimator builds on a 2-step approach.32 Adherence to the treatment was predicted in the first stage.
In the second stage, essential birth practices (birth level) and health outcomes (facility level) were
regressed on the predicted adherence.

Despite the aforementioned caveat regarding statistical power, we also estimated treatment
effects for morbidity and mortality outcomes. We used equations 1 to 3 in the eAppendix in
Supplement 2 and accounted for the rare events nature of mortality via a penalized maximum
likelihood logistic (Firth logit) regression.33 If applicable, clustered SEs accounted for intracluster
correlation at the facility level. Given the multiple hypotheses tested, we also analyzed whether
effects were significant at the 10% level when adjusting for the false discovery rate using the
Benjamini-Hochberg method.25,34 Analyses were performed using Stata, version 16.0 (StataCorp
LLC). Significance was set at 2-tailed P < .10.

For a qualitative analysis, F.D. and S.S.S. conducted 2 complementary focus group discussions
with midwives at treatment facilities concerning their experience with the SCC. Questions focused on
the coaching process and the perceived quality of care.

Results

Facility Characteristics
A total of 32 facilities (16 treatment and 16 control) participated in the trial. Baseline demographic
data on health outcomes and facility characteristics are presented in Table 1. The main variables of
interest were annual birth volume (mean [SD], 348.75 [677.04] births), maternal mortality (mean
[SD], 1.26 [3.96] deaths per 100 000 individuals), neonatal mortality (mean [SD], 0.02 [0.01] deaths
per 1000 individuals), and stillbirth rates (mean [SD], 0.01 [0.02] stillbirths per 1000 deliveries).
When considering hospitals and primary health care facilities, variables had large SDs. However,
given our matching approach, variables were balanced. Facility-specific numbers are provided in
eTable 7 in Supplement 2.
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Adherence to Checklist Use
The staff in treatment facilities filled out 1036 SCCs for 1483 births for an adherence rate of 70%.
During observations, practitioners used the SCC in 72 of 277 births (26%), which suggests that SCCs
were partly filled out after birth. Observed checklist use during birth might be a more relevant uptake
indicator.

Adherence to Essential Birth Practices
We observed 277 birth practices at the time of admission to the hospital, 210 just before pushing (or
before cesarean delivery), and 207 soon after birth. Observations before hospital discharge were
more challenging to conduct because many facilities in Aceh provided postnatal care in a unit distinct
from the birthing unit. We collected data for 58 mothers in total. Regression results in Table 2 and
Table 3 are based on individual birth observations but can be interpreted as the proportion of births
in which the different essential practices were conducted. Results for the ITT analysis are provided
in Table 2 and for the CACE analysis in Table 3. Results are shown both with and without covariates.

After correction for false-discovery rates, significantly positive effects were revealed for 5 of 36
essential practices, including communication of danger signs at admission (treatment: 136 of 155
births [88%]; control: 79 of 107 births [74%]), measurement of neonatal temperature (treatment: 9
of 31 births [29%]; control: 1 of 20 births [5%]), newborn feeding checks (treatment: 22 of 34 births
[65%]; control: 5 of 21 births [24%]), and the rate of communication of danger signs to mothers and
birth companions verbally (treatment: 30 of 36 births [83%]; control: 14 of 22 births [64%]) and in
a written format (treatment: 3 of 24 births [12%]; control: 0 of 16 births [0%]) (Table 2). Specifically,
there was a statistically significant positive effect on the degree to which mothers or their
companions were informed at hospital admission about the identification of danger signs (coefficient
without covariates: 0.35 [95% CI, 0.35 to 0.35]; coefficient with covariates: 0.31 [95% CI, −0.05 to
0.67]). Whereas this information was provided in 79 of 107 births (74%) in control facilities, the
proportion was 136 of 155 births (88%) in treatment facilities.

No effect was observed at the pause point just before pushing (or before cesarean delivery) or
soon after birth (within 1 hour) when adjusting for multiple hypotheses testing. Adherence rates were
4% (9 of 210 births) for the pause point just before pushing (or before cesarean delivery) and 17%
(35 of 207 births) for the pause point soon after birth (within 1 hour).

At the final pause point (before hospital discharge), we identified positive treatment effects on
newborns’ quality of care: newborns’ temperatures were taken in 1 of 20 births (5%) in the control

Table 1. Balance of Facility Characteristics

Variable

Facilitiesa Difference
between
treatment
and control P value

All
(N = 32)

Treatment
(n = 16)

Control
(n = 16)

Binary variables and valuesb

Hospital (1) and primary
health care (0)

0.38 (0.49) 0.44 (0.51) 0.33 (0.49) 0.10 .57

Bireuen (1) and Aceh Besar
and Banda Aceh (0)

0.41 (0.50) 0.38 (0.50) 0.47 (0.52) −0.09 .62

Urban (1) and rural (0) 0.41 (0.50) 0.38 (0.50) 0.47 (0.52) −0.09 .62

Public (1) and private (0) 0.66 (0.48) 0.56 (0.51) 0.80 (0.41) −0.24 .17

CEmONC 24 h (1)c 0.25 (0.44) 0.19 (0.40) 0.33 (0.49) −0.15 .37

Insurance (Badan
Penyelenggara Jaminan
Sosial) coverage

0.91 (0.30) 0.88 (0.34) 1.00 (0.00) −0.13 .17

Annual births 348.75 (677.04) 258.88 (404.53) 467.67 (898.19) −208.79 .41

Maternal mortality, deaths
per 100 000 individuals

1.26 (3.96) 0.78 (2.60) 1.89 (5.25) −1.12 .46

Stillbirth, deaths per
1000 individuals

0.01 (0.02) 0.01 (0.02) 0.01 (0.03) 0.00 .80

Neonatal mortality, deaths
per 1000 individuals

0.02 (0.01) 0.00 (0.01) 0.00 (0.01) 0.00 .75

Abbreviation: CEmONC, comprehensive emergency
obstetric and newborn care.
a Data are presented as mean (SD) number of facilities

unless otherwise indicated. The original treatment
assignment also included complication and
morbidity rates, which are not reported for brevity.
Given the balancing approach, there were no
statistically significant differences with respect to
those variables.

b The 0 and 1 indicate binary and categorical variables
with 1 and 0 as a value. For example, if the variable
equals 1, the observation is a hospital; if the variable
equals 0, the observation is a primary health care
facility.

c The CEmONC covers safe blood transfusion and
performance of cesarean sections in addition to basic
emergency obstetric and newborn care.
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facilities compared with 9 of 31 births (29%) in the treatment facilities, and the frequency of newborn
feeding checks was 41 percentage points higher in treatment facilities (22 of 34 newborns [65%])
than in control facilities (5 of 21 newborns [24%]). Improvements were measured both for the
treatment group in general and among only facilities that adhered to the checklist. The SCC
adherence rate was lowest (21% [12 of 58 births]) at the hospital discharge pause point. Consistent

Table 2. Main Regression Results for Performance of Specific Essential Practices From the ITT Analysis

Essential birth practice

Proportion of births observed, No. (%) ITT regression coefficient (95% CI) Benjamini-
Hochberg
significanceControl Treatment Without covariates With covariates

At hospital admission

Soap and water used 58/112 (52) 79/165 (48) −0.04 (−0.22 to 0.15) −0.02 (−0.16 to 0.13) No

Gloves worn 100/105 (96) 133/138 (97) 0.01 (−0.06 to 0.08) 0.02 (−0.04 to 0.08) No

Referral checked 99/112 (88) 142/156 (91) 0.03 (−0.18 to 0.23) −0.08 (−0.20 to 0.03) No

Partograph started 21/92 (23) 16/108 (15) −0.08 (−0.19 to 0.03) −0.03 (−0.15 to 0.09) No

Maternal temperature taken 25/109 (23) 30/145 (21) −0.02 (−0.24 to 0.20) 0.05 (−0.06 to 0.15) No

Maternal blood pressure taken 102/108 (94) 125/151 (83) −0.12 (−0.26 to 0.03) 0.01 (−0.08 to 0.10) No

Birth companion encouraged 103/107 (96) 151/157 (96) −0.00 (−0.03 to 0.03) −0.01 (−0.06 to 0.04) No

Danger signs informed 79/107 (74) 136/155 (88) 0.14 (0.14 to 0.14)a 0.11 (−0.02 to 0.24)b Yes

Just before pushing (or cesarean delivery)

Soap and water used 45/71 (63) 36/71 (51) −0.13 (−0.57 to 0.31) −0.05 (−0.54 to 0.43) No

Gloves worn 67/71 (94) 68/72 (94) 0.00 (−0.05 to 0.05) −0.02 (−0.13 to 0.08) No

Maternal temperature taken 12/71 (17) 3/68 (4) −0.13 (−0.42 to 0.17) −0.01 (−0.18 to 0.16) No

Maternal blood pressure taken 30/69 (43) 24/68 (35) −0.08 (−0.39 to 0.23) 0.04 (−0.58 to 0.67) No

Assistant ready 69/69 (100) 67/71 (94) −0.06 (NA) −0.12 (−0.31 to 0.08) No

Practitioner checked for multiple birth after
birth of firstborn

62/69 (90) 59/65 (91) 0.01 (−0.14 to 0.16) −0.01 (−0.20 to 0.18) No

Oxytocin administered 67/70 (96) 61/64 (95) −0.00 (−0.08 to 0.07) −0.06 (−0.27 to 0.15) No

Newborn dried 72/72 (100) 68/70 (97) −0.03 (NA) −0.07 (−0.22 to 0.09) No

Reaction to neonatal danger signs 49/72 (68) 32/70 (46) −0.22 (−0.52 to 0.08) −0.02 (−0.19 to 0.15) No

All supplies available 10/137 (7) 6/73 (8) 0.02 (−0.11 to 0.14) 0.01 (−0.12 to 0.15) No

Soon after birth (within 1 h)

Mother checked for bleeding 66/70 (94) 105/110 (95) 0.00 (−0.06 to 0.06) −0.00 (−0.24 to 0.24) No

Maternal temperature taken 10/66 (15) 15/106 (14) −0.01 (−0.17 to 0.15) 0.09 (−0.24 to 0.42) No

Maternal blood pressure taken 34/68 (50) 60/108 (56) 0.07 (−0.43 to 0.56) 0.05 (−1.13 to 1.24) No

Newborn weight taken 67/69 (97) 136/137 (99) 0.02 (−0.06 to 0.11) 0.01 (−0.10 to 0.12) No

Newborn temperature taken 6/65 (9) 39/133 (29) 0.20 (−0.01 to 0.41)b 0.14 (−0.09 to 0.37) No

Newborn respiratory rate taken 21/70 (30) 79/137 (58) 0.28 (0.07 to 0.50)c 0.09 (−0.22 to 0.41) No

Skin-to-skin care

Initiated 46/66 (70) 58/106 (55) −0.15 (−0.45 to 0.15) −0.20 (−0.45 to 0.05) No

Maintained for 1 h 29/63 (46) 36/111 (32) −0.15 (−0.34 to 0.05) −0.17 (−0.41 to 0.07) No

Breastfeeding initiated 35/66 (53) 51/110 (46) −0.07 (−0.27 to 0.14) −0.13 (−0.31 to 0.05) No

Before discharge

Maternal temperature taken 2/20 (10) 2/27 (7) −0.03 (−0.27 to 0.22) −0.02 (−0.48 to 0.43) No

Maternal blood pressure taken 11/21 (52) 14/27 (52) −0.01 (−0.15 to 0.14) −0.05 (−0.31 to 0.22) No

Mother checked for bleeding 15/21 (71) 26/29 (90) 0.18 (−0.10 to 0.46) 0.08 (−0.16 to 0.33) No

Newborn temperature taken 1/20 (5) 9/31 (29) 0.24 (0.01 to 0.47)c 0.38 (0.38 to 0.38)a Yes

Newborn feeding checked 5/21 (24) 22/34 (65) 0.41 (0.06 to 0.76)c 0.17 (−0.00 to 0.35)b Yes

Family planning discussed 4/22 (18) 11/26 (42) 0.24 (−0.12 to 0.61) 0.09 (−0.18 to 0.35) No

Follow-up arranged 12/20 (60) 22/28 (79) 0.19 (−0.12 to 0.49) 0.03 (−0.51 to 0.58) No

Danger signs

Verbal 14/22 (64) 30/36 (83) 0.20 (−0.24 to 0.63) 0.24 (0.03 to 0.44)c Yes

Written 0/16 (0) 3/24 (12) 0.13 (NA) 0.14 (0.00 to 0.28)c Yes

Abbreviations: ITT, intention to treat; NA, not applicable.
a P < .01.

b P < .10.
c P < .05.
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with the findings from the first pause point, increases in treatment facilities were found in the rates
of verbal (from 14 of 22 births [64%] in the control group to 30 of 36 births [83%] in the treatment
group) and written (from 0 of 16 births in the control group to 3 of 24 births [13%] in the treatment
group) communication of danger signs at the fourth pause point.

Consistent with the quantitative findings, the qualitative research findings indicated the role of
the SCC as a reminder, particularly with regard to the measurement of vital signs. During focus group

Table 3. Main Regression Results for Performance of Specific Essential Practices From the CACE Analysis

Essential birth practice

Proportion of births observed, No. (%) CACE regression coefficient (95% CI) Benjamini-
Hochberg
significanceControl Treatment Without covariates With covariates

At hospital admission

Soap and water used 58/112 (52) 79/165 (48) −0.10 (−0.56 to 0.37) −0.05 (−0.47 to 0.37) No

Gloves worn 101/105 (96) 134/138 (97) 0.02 (−0.16 to 0.21) 0.05 (−0.12 to 0.22) No

Referral checked 99/112 (88) 142/156 (91) 0.07 (−0.46 to 0.59) −0.25 (−0.60 to 0.10) No

Partograph started 21/92 (23) 16/108 (15) −0.20 (−0.47 to 0.08) −0.10 (−0.46 to 0.26) No

Maternal temperature taken 25/109 (23) 30/145 (21) −0.04 (−0.58 to 0.50) 0.13 (−0.16 to 0.43) No

Maternal blood pressure taken 102/108 (94) 125/151 (83) −0.30 (−0.68 to 0.08) 0.03 (−0.24 to 0.30) No

Birth companion encouraged 103/107 (96) 151/157 (96) −0.00 (−0.08 to 0.08) −0.03 (−0.18 to 0.11) No

Danger signs informed 79/107 (74) 136/155 (88) 0.35 (0.35 to 0.35)a 0.31 (−0.05 to 0.67)b Yes

Just before pushing (or cesarean delivery)

Soap and water used 45/71 (63) 36/71 (51) −0.47 (−2.11 to 1.17) −0.31 (−3.21 to 2.58) No

Gloves worn 67/71 (94) 68/72 (94) 0.00 (−0.18 to 0.19) −0.14 (−0.79 to 0.51) No

Maternal temperature taken 12/71 (17) 3/68 (4) −0.47 (−1.60 to 0.66) −0.08 (−1.13 to 0.97) No

Maternal blood pressure taken 30/69 (43) 24/68 (35) −0.30 (−1.43 to 0.83) 0.28 (−3.71 to 4.26) No

Assistant ready 69/69 (100) 67/71 (94) −0.21 (−0.61 to 0.19) −0.70 (−1.87 to 0.47) No

Second newborn checked 62/69 (90) 59/65 (91) 0.04 (−0.62 to 0.69) −0.06 (−1.24 to 1.12) No

Oxytocin administered 67/70 (96) 61/64 (95) −0.02 (−0.33 to 0.30) −0.37 (−1.62 to 0.89) No

Newborn dried 72/72 (100) 68/70 (97) −0.13 (−0.44 to 0.19) −0.42 (−1.38 to 0.54) No

Reaction to neonatal danger signs 49/72 (68) 32/70 (46) −0.98 (−2.29 to 0.33) −0.15 (−1.24 to 0.95) No

All supplies available 10/137 (7) 6/73 (8) 0.06 (−0.41 to 0.53) 0.07 (−0.80 to 0.94) No

Soon after birth (within 1 h)

Mother checked for bleeding 66/70 (94) 105/110 (95) 0.01 (−0.22 to 0.24) −0.00 (−0.95 to 0.95) No

Maternal temperature taken 10/66 (15) 15/106 (14) −0.04 (−0.67 to 0.59) 0.40 (−1.00 to 1.80) No

Maternal blood pressure taken 34/68 (50) 60/108 (56) 0.24 (−1.58 to 2.06) 0.21 (−4.46 to 4.89) No

Newborn weight taken 67/69 (97) 136/137 (99) 0.08 (−0.24 to 0.40) 0.02 (−0.41 to 0.46) No

Newborn temperature taken 6/65 (9) 39/133 (29) 0.77 (−0.05 to 1.59)b 0.63 (−0.43 to 1.69) No

Newborn respiratory rate taken 21/70 (30) 79/137 (58) 1.11 (0.27 to 1.95)c 0.37 (−0.91 to 1.65) No

Skin-to-skin care

Initiated 46/66 (70) 58/106 (55) −0.60 (−1.79 to 0.59) −0.83 (−1.87 to 0.20) No

Maintained for 1 h 29/63 (46) 36/111 (32) −0.58 (−1.37 to 0.21) −0.77 (−1.83 to 0.29) No

Breastfeeding initiated 35/66 (53) 51/110 (46) −0.27 (−1.07 to 0.54) −0.54 (−1.30 to 0.23) No

Before discharge

Maternal temperature taken 2/20 (10) 2/27 (7) −0.07 (−0.68 to 0.55) −0.09 (−1.82 to 1.64) No

Maternal blood pressure taken 11/21 (52) 14/27 (52) −0.01 (−0.37 to 0.34) −0.13 (−0.84 to 0.58) No

Mother checked for bleeding 15/21 (71) 26/29 (90) 0.53 (−0.29 to 1.35) 0.26 (−0.51 to 1.03) No

Newborn temperature taken 1/20 (5) 9/31 (29) 0.70 (0.02 to 1.38)c 1.31 (1.31 to 1.31)a Yes

Newborn feeding checked 5/21 (24) 22/34 (65) 1.23 (0.18 to 2.27)c 0.58 (−0.01 to 1.17)b Yes

Family planning discussed 4/22 (18) 11/26 (42) 0.62 (−0.32 to 1.56) 0.34 (−0.66 to 1.34) No

Follow-up arranged 12/20 (60) 22/28 (79) 0.50 (−0.33 to 1.32) 0.10 (−1.48 to 1.68) No

Danger signs

Verbal 14/22 (64) 30/36 (83) 0.55 (−0.67 to 1.77) 0.73 (0.08 to 1.37)c Yes

Written 0/16 (0) 3/24 (13) 0.44 (−0.28 to 1.15) 0.57 (0.02 to 1.12)c Yes

Abbreviation: CACE, complier average causal effect.
a P < .01.

b P < .10.
c P < .05.
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discussions, midwives reported that easy-to-communicate danger signs were a major job aid.
However, in line with low observed adherence rates, the qualitative research results suggested that
a perceived overload in paperwork constrained uptake of the SCC.

Mortality and Morbidity
Results for the secondary outcomes of maternal and perinatal mortality for 5778 births for the
corresponding estimators are shown in Figure 2. Only 1 maternal death was recorded in all facilities
during the 6-month intervention period; thus, the point estimate was not statistically significant.

In contrast, the point estimates for neonatal mortality and stillbirths were consistently negative.
Whereas the ITT estimate was not significant, coefficients were significant after we accounted for
covariates, considered the rare events nature of mortality via a Firth logit estimator, or used the CACE
estimator. Coefficients ranged from a reduction in the rate of stillbirths from –0.012 (95% CI, –0.018
to –0.006) with Firth logit to –0.025 (95% CI, –0.038 to –0.011) with the CACE approach. For
neonatal mortality rates, those estimates ranged from –0.013 (95% CI, –0.018 to –0.009) with Firth
logit to –0.028 (95% CI, –0.039 to –0.017) with for the CACE approach (eTables 3 and 6 in
Supplement 2). This outcome suggests that the SCC may reduce neonatal mortality and stillbirths,
particularly because point estimates were largest once we considered facilities that adhered to the
checklist (Figure 2).

We also calculated estimates at the facility level (eTable 4 in Supplement 2), which allowed us to
consider complication rates (a list of considered complications is provided in eTable 9 in
Supplement 2). Although facility-level results were generally consistent with the main results, the
individual-level regressions were more comparable with the data from the primary outcome
analyses. For robustness, eFigure 1 and eTable 5 in Supplement 2 show the results of constraining the
secondary outcome regressions to the reduced sample of the primary outcome analyses, which were
generally consistent with the previous findings.

Discussion

Responding to the need for improvements in the quality of care during childbirth, particularly in
resource-constrained settings, the World Health Organization designed the SCC as a low-cost
intervention to improve safety in the birth process.6 In a medium-resource setting, this study found
limited effects of the SCC with medium-intensity coaching on the application of essential birth

Figure 2. Main Regression Results for Health Outcomes

–0.05 –0.02 0.010–0.03 –0.01
Regression coefficient

–0.04

Source
ITT—OLS without covariates

Regression coefficient (95% CI)

Maternal mortality 0.0005 (–0.0004 to 0.0013)
Neonatal mortality –0.0133 (–0.0352 to 0.0085)
Stillbirths –0.0118 (–0.0272 to 0.0036)

ITT—OLS with covariates
Maternal mortality 0.0000 (–0.0002 to 0.0001)
Neonatal mortality –0.0263 (–0.0530 to 0.0003)a

Stillbirths –0.0224 (–0.0318 to –0.0130)b

ITT—Firhlogit
Maternal mortality 0.0005 (–0.0006 to 0.0017)
Neonatal mortality –0.0133 (–0.0176 to –0.0090)b

Stillbirths –0.0117 (–0.0175 to –0.0060)b

CACE
Maternal mortality 0.0010 (–0.0005 to 0.0024)
Neonatal mortality –0.0281 (–0.0391 to –0.0172)b

Stillbirths –0.0249 (–0.0384 to –0.0114)b

Squares indicate coefficient estimates, and whiskers
indicate 90% CIs. CACE, complier average causal
effect; ITT, intention to treat; and OLS, ordinary
least squares.
a P < .10.
b P < .01.
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practices. Adherence increased for 5 of 36 birth practices, specifically regarding newborn care and
communication of danger signs. This result is specifically interesting because several mothers
indicated during the qualitative research at baseline (ie, before treatment introduction) that they felt
insufficiently informed about danger signs.28 Although effects on complications and maternal
mortality were not significant in the ITT analysis, we found a statistically significant reduction in
neonatal mortality among facilities that adhered to the checklist. Adherence with the SCC was 39%,
comparable with the rate found in other evaluations with limited coaching intensity16 but lower than
that in a trial with more intensive training and coaching, which reported adherence of 86%.23

Similarly, studies22 with substantially more intensive and frequent SCC coaching (eg, the BetterBirth
Trial in Uttar Pradesh, India20) also found greater increases in application of essential practices.
However, it seems important to consider observation bias because the assessed application of SCC
items substantially differs when observations are made by coaches vs independent observers,20,35 as
was found in this trial. Accompanying qualitative research suggested that a perceived overload in
paperwork constrained uptake of the SCC.36

Limitations
This study has limitations. Because the trial was well powered for adherence to essential practices
but not for mortality outcomes, the mortality results should be interpreted with caution. Moreover,
we measured effects of the intervention for 6 months, whereas long-term effects might increase or
decrease over time owing to learning curves or the phasing out of coaching.20

Conclusions

In this cluster randomized clinical trial, health facilities that implemented the SCC with medium-
intensity coaching had an increased rate of application for 5 of 36 essential birth practices compared
with the control facilities. Based on the findings, medium-intensity coaching may not be sufficient
to increase uptake of the SCC to a satisfying extent. The significant health effects among patients at
the facilities that adhered to the checklist, however, suggest that a redesigned coaching approach
capable of prompting long-term behavioral change may be worthwhile.20 In addition to a
strengthened coaching approach, our qualitative research findings suggest aligning the SCC with
existing quality management and recording tools (eg, attaching it to the patient file) to improve ease
of checklist use and prevent an overload of paperwork.36
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