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Abstract

Introduction: This study compared four established methods of evaluating facility-level emergency obstetric capacity and evaluated the extent to which these measures were
associated with volume of deliveries.

Methods: Using health facility assessment data from the 2013-2016 Service Provision and Assessment surveys conducted in Malawi, Haiti, Tanzania, Nepal, Bangladesh and
Senegal, facilities were classified into three levels of obstetric capacity (comprehensive, basic and less than basic) using four different emergency obstetric care (EmOC) assessment
methods. These methods included

1) Performance of signal function in the past 3 months based on facility self-report;

2) Interviewer-observed availability of the facility’s structural capacity to perform signal functions;

3) Recent or previous performance of signal functions, and

4) A composite index of obstetric care. Poisson regression models were used to examine the performance of each EmOC method in predicting facility volume of deliveries.

Results: There is a huge unmet need for EnOC regardless of the method used. The composite index emerged as the optimal EnOC method for characterizing facility obstetric
capacity based on its consistency in classifying obstetric facilities across countries, association with delivery volume in four out of six countries, coverage of multiple domains of
obstetric care, and the association of those domains with facility volume of deliveries in all six countries examined. Findings showed heterogeneity across EnNOC methods and countries,
suggesting that these methods work differently in predicting delivery volume across settings.

Conclusion: The variations in facility readiness to provide comprehensive care depending on the EnOC method used highlights the importance of the lens through which obstetric
capacity is evaluated. This heterogeneity in performance of the EmOC methods across countries suggests that there may not be a one-size fits all approach to evaluate obstetric
capacity but rather multiple methods are encouraged to guide stakeholders on what closely reflects the true obstetric capacity in any setting.

INTRODUCTION Tanzania and Senegal, maternal mortality ranges between 214 to
556 deaths per 100,000 live births. Hence, mitigating maternal
mortality constitutes one of the key Sustainable Development
Goals, (2) and comprehensive emergency obstetric care (EmOC)
plays a critical role in this process. Comprehensive EmOC has
been identified as the most critical intervention for preventing
maternal deaths resulting from pregnancy complications.(3,4)
Comprehensive EmOC comprises nine (9) signal functions

More than 90% of maternal deaths occur in low-and-
middle-income countries (LMICs), and are largely attributed
to preventable pregnancy-related causes.(1) Despite the global
decline in maternal mortality rates (MMR) from 385 to 216
deaths/100,000 live births between 1990 and 2015, maternal
mortality disproportionately affects LMICs.(2) Among the LMICs
included in this study including Malawi, Nepal, Bangladesh, Haiti,
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including: administration of parenteral antibiotics, parenteral
anticonvulsants, parenteral uterotonics, removal of retained
products, assisted vaginal delivery, manual removal of the
placenta, resuscitation of the newborn, cesarean section and
blood transfusion.(4) The provision of these signal functions
across health facilities are routinely assessed by researchers and
program personnel, and they serve as a benchmark for evaluating
facility readiness to prevent maternal deaths due to pregnancy
complications.(4)

The common methods of measuring EmOC include: 1)
performance of signal functions in the past 3 months based on
facility-report (4); 2) interviewer-observed availability of the
facility’s structural capacity to perform signal functions (5); and
3) recent or previous performance of signal functions based
on facility report (6,8) and 4) composite index comprising 53
obstetric care indicators.(9) However, most of these methods
may not adequately capture important characteristics that reflect
the capacities of health facilities in varied settings to provide
comprehensive emergency obstetric care. For instance, the
first and third methods listed restrict the assessment of facility
obstetric capacity to the performance of the nine signal functions.
However, these methods fail to account for the array of structural
measures that are indicative of EmOC capacity (e.g. availability
of clinical guidelines, staff training and supervision, and 24/7
availability of providers, among others) (Appendix 1 and 2).
(9,10) Although the second method considers specific structural
measures in addition to performance of signal functions
(Appendix 1), it lacks comprehensiveness and contextual
relevance. In particular, the availability and performance of
EmOC in diverse settings is mostly driven by disparities in
contextual and facility characteristics, which are not accounted
for by most of the existing methods.(11,12,13,14) Some of these
disparities include health provider absenteeism, availability of
authorized health providers, volume of deliveries, and resource
limitations.(4,5,10,15) The fourth method—a composite index
of obstetric care—is considered a comprehensive approach
since it aggregates a variety of structural and process measures.
(9) Yet, the variation in number and type of indicators included
across composite indices, alongside the different methods for
aggregating these indicators introduce inconsistencies in its
definition. The resulting public health and policy implications
are that some of these methods misrepresent the real situation of
women'’s access to emergency obstetric care within their facility
service environment. For example, the use of performance
of signal functions alone as an indicator of EmOC capacity
(method 1 above) has been shown to significantly overestimate
health facility readiness to manage obstetric complications,(5)
with one study across 44 facilities in Kenya showing this
approach overestimated facility readiness to manage pregnancy
complications by 54.5%.(5)

Providing an accurate picture of facility obstetric capacity is
key to informing policies, especially in LMICs where maternal
mortality rates are high. We therefore compare the four
different methods of measuring EmOC facility readiness across
six countries and identify how each of these methods performs
in terms of predicting facility volume of deliveries. Given that
delivery volume is associated with indicators of obstetric
care,(15) the average facility delivery volume provides a suitable

outcome measure for discriminating among the various EmOC
assessment methods.

METHODS

Data sources

This cross-sectional study utilized the most recent Service
Provision Assessment (SPA) surveys conducted by the
Demographic Health Survey program (DHS) across six countries:
Malawi, Haiti, Nepal, Bangladesh, Tanzania and Senegal.(16) The
SPA surveys provide a comprehensive overview of a country’s
health service delivery.@ The SPA utilizes four data collection
tools including facility inventory questionnaires, health worker
interviews, client interviews and protocol observations for
antenatal, family planning and sick child visits. @This study only
included data from the facility inventory and health worker
interviews. The facility inventory provided data on the structural
and process measures of obstetric care available at the facility
level, while the health worker interviews provided data on the
provision of obstetric services by health providers. The obstetric
services comprise signal functions and their associated structural
measures. The availability of obstetric infrastructure and routine
performance of signal functions were most commonly assessed
at the facility level, while provider-specific performance of
signal functions and training requirements were assessed at
the provider-level. The providers were linked to their facilities
using a unique facility identifier. @The SPA surveys chosen for
the present study included: Malawi (#2013-2014), Haiti (2017-
2018), Bangladesh (2014), Nepal (2015), Tanzania (2014-2015),
and Senegal (2016). We selected these countries because their
SPA surveys were the most recently conducted across low-and-
middle income countries. In addition, these countries have very
high maternal mortality rates among countries with available
SPA data.(17) The study populations consisted of facilities that
provide delivery services and report having providers who offer
delivery/newborn services—and had received training in these
services in the past 24 months. The sample sizes included Malawi
(n=459 out 0f 977), Haiti (n=300 out of 1033), Bangladesh (n=449
out of 1548), Nepal (n=507 out of 992), Tanzania (n=790 out of
1188) and Senegal (n=306 out of 484). (Table 1). We excluded
facilities that were not offering delivery or newborn services
since they are not required to provide obstetric services.

Measures

Independent variables: We utilized four previously
established EmOC assessment methods in classifying facilities
according to their levels of obstetric capacity. The methods
includMethod 1- Facility-reported performance of signal
functions: This method classifies facilities as comprehensive
or basic EmOC based on the reported performance of all
nine signal functions in the past three months.(5) This is the
standard method of EmOC evaluation specified by stakeholders
including the United Nations and Columbia University’s Averting
Maternal Death and Disability group.(4)Method 2- Validation of
facility-reported signal functions using the facility’s structural
capacity: This method classifies facilities based on the reported
performance of only the signal functions corresponding with the
observed availability of the structural measures associated with
them. This method validates the reported performance of signal
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Table 1: Distribution of selected characteristics among facilities offering delivery services in Malawi, Haiti, Bangladesh, Nepal, Tanzania and Senegal,

2014-2018 SPA:

Malawi Haiti Bangladesh Nepal Tanzania Senegal

SPA survey year 2013-2014 2017-2018 2014 2015 2014-2015 2016
Characteristics, % (SE)
All Facilities 977 1033 1548 992 1188 484
Facilities offering 540 361 586 623 951 362
delivery services
Proportion of facilities
offering delivery services 53.9 (0.9) 35.8 (1.29) 18.1 (1.26) 47.6 (2.16) 76.1 (1.91) 75.8 (2.34)
Geographic location
Urban 14.8 (1.19) 38.8 (1.98) 29.3 (1.57) - 14.6 (1.49) 32.7 (2.22)
Rural 85.2 (1.19) 61.2 (1.98) 70.7 (1.57) - 85.4 (1.49) 67.3(2.22)
Facility type
Hospital 17.9 (0.03) 30.1 (0.03) 14.1 (0.78) 14.2 (0.79) 2.6 (0.28) 3.5(0.20)
Health/Welfare center 77.6 (0.14) 50.7 (0.04) 35.2 (1.85) 9.1 (0.36) 2.2 (0.03) 6.3 (0.26)
Dispensary - 19.2- (0.02) 4.2 (0.63) - - -
Clinic 3.5(0.02) - 34.5 (2.23) - 0.6 (0.05) 69.5 (1.37)
Health post - - - 76.5 (0.89) 82.4 (0.42) 20.7 (1.52)

Maternity 0.9 (0.18) - - - 12.1 (0.28) -
Stand alone - - - 0.24 (0.02) - -
Health complex - - 11.9 (0.69) - - -
Managing authority -
Public 65.7 (1.82) 43.2 (2.49) 79.8 (1.09) 90.0 (0.78) 83.6 (1.66) 83.5 (1.81)
Private 34.3(1.82) 38.9 (2.39) 20.2 (1.09) 9.9 (0.78) 16.4 (1.66) 16.5(1.81)
Mixed - 17.9 (1.99) - - - -
24-hour coverage of health
providers* 53.8 (2.05) 49.3 (2.38) 30.6 (2.29) 20.8 (1.74) 283 (1.79) 8.5 (1.01)
TOTAL PROVIDERS 2735 4680 4504 4340 7015 1741
Providers offering delivery 1519 1972 3093 2356 4172 791
or newborn services
Proportion of providers
offering delivery services 44.6 (1.28) 44.1 (1.38) 84.7 (2.81) 82.6 (2.19) 60.9 (1.60) 58.4 (2.83)
Providers per facility
offering delivery or 2.0 (1.0-3.0)
newborn services 2.0 (1.0-3.0) 1.0 (1.0-3.0) 2.0 (1.0-3.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0) T
Median (interquartile
range)
Number of deliveries per
provider in the past 6 12.0 (4.0-30.0)
months 30.0 (10.0-110.0) 6.0 (2.0-20.0) 20.0 (8.0-50.0) 10.0 (3.0-30.0) 25.0 (10.0-50.0)
(Median, interquartile
range)
Number of deliveries
per facility (Median, 80.0 (39.0-153.0) = 10.0 (4.0-30.0) 25.0 (11.3-53.0) 17.0 (7.0-35.0) 20.0 (10.0-36.5) = 30.0 (14.0-51.0)
interquartile range)

functions using the structural capacities to perform them, thereby
preventing the lack of correspondence between the facility-
reported obstetric performance and structural capacity. (5,18)
For instance, if a facility reports the administration of antibiotics,
a signal function, then they should have the required medical
supplies including ampicillin, amoxycillin, and gentamycin
(Appendix 1)Method 3- Recent and prior performance of signal

functions: This method classifies facilities based on either the
reported performance of signal functions in the past three
months or at a prior time. This method is premised on the finding
that the lack of recent performance of some signal functions (in
the prior three months to facility assessment) in a facility may
be largely attributed to an absence of recent demand for those
functions. (13, 6,19Method 4- Composite indices of structural
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and process measures: This method involved aggregating a total
of 53 structural and process measures of obstetric care to reflect
obstetric capacity. The resulting index included measures of both
emergency obstetric care (signal functions) as well as routine
obstetric care such as the use of partographs for the “Active
Management of the Third Stage of Labor,” presence of infection
control equipment, and more. (20) Consistent with a recent
report on effective coverage of facility deliveries, the composite
index was developed using a weighted additive approach across
six domains of the SPA in which each indicator was weighted
proportional to the total number of indicators in each domain.
Facilities were assigned an aggregated score (out of 100). (9)
Details on the development of the composite index have been
published in a prior DHS study.(9) The domains and their
description are available in Appendix 2.

Based on EmOC methods 1, 2 and 3, facilities in each of the
countries were classified into three categories: comprehensive,
basic, or less than basic EmOC. These levels of obstetric capacity
have been established in the existing literature.* Notably,
comprehensive EmOC facilities are those that report providing all
nine signal functions in the past 3 months, basic EmOC facilities
are those capable of providing seven signal functions (or less)
out of the nine signal functions excluding blood transfusion and
cesarean section, while ‘less than basic EmOC facilities’ provide
less than seven signal functions (excluding blood transfusion and
cesarean section).(4,9,20) To facilitate comparisons between
the composite index (a continuous score based on 53 obstetric
indicators) and the first three EmOC methods, cut points
were selected to mirror the proportion of facilities providing
comprehensive, basic, and less than basic EmOC capacity. They
included 1) the 90" percentile (high capacity); 2) 75" to less
than 90™ percentile (medium capacity); and 3) less than 75%
percentile (low capacity).

Outcome variable

The outcome variable, facility volume of delivery, was
a continuous measure that specified at the provider-level.
Specifically, eight providers on average were interviewed in
each facility. The providers were asked for the total number of
deliveries they conducted in the past six months. We aggregated
the average number of deliveries across the providers to the
facility level. The rationale for selecting facility volume of
deliveries as an outcome to investigate the predictive capacities
of the four EmOC assessment methods was consistent with prior
studies showing that delivery volume is significantly associated
with structural and process indicators of obstetric care.(15,21)
The regression models were set to predict volume of deliveries
among facilities with high and medium obstetric capacities
(reference=low obstetric facilities), since the existing literature
has established that higher obstetric capacity tends to drive
facility volume of deliveries and individual choice of delivery
care.(15,22)

Covariates

Consistent with previous studies,(15,23) several facility
characteristicswere considered to describe contextual differences
across the countries, and were controlled for in the analysis.
They included: geographic location (urban, rural), facility type

(hospital, health/welfare center, dispensary, clinic, health post,
maternity, stand alone, health complex), and managing authority
(public, private).

Statistical analysis

Descriptive statistics were computed to characterize the
distribution of facilities and providers as well as the nine
signal functions for each EmOC assessment method across
the six countries. Kappa statistics were estimated to examine
the agreement between the sub-levels of obstetric capacity.
Specifically, we assessed the agreement of methods 1, 2, and 3
with method 4, as the latter was qualitatively different from
the first three methods. Poisson regression models were fitted
to examine the associations between each EmOC assessment
method and the average volume of deliveries across the facilities.
Models were also fitted to examine the association between the
domains of the composite index (EmOC method 4) with facility
volume of deliveries. An interaction term between country and
each method was included in the model to determine whether
the association between EmOC method and average volume of
deliveries varied significantly by country. SAS survey procedures
were employed in computing weighted percentages and
standard errors. SAS Proc GENMOD was used for the regression
analysis. Sample sizes presented in the tables are unweighted
while proportions, standard errors, Kappa, prevalence ratios and
95% confidence intervals are weighted. All the analyses were
performed using SAS v. 9.4.

RESULTS

Study population characteristics

Across the six countries, Senegal and Tanzania had the
highest proportions of facilities providing delivery services
(75.8% and 76.1% respectively), and Bangladesh had the
lowest (18.1%) (Table 1). More than half of the facilities in all
six countries were situated in rural areas. The majority of these
facilities were health/welfare centers, clinics, dispensaries,
and health posts. Haiti had the largest proportion of hospitals
(30.1%). Delivery services were predominantly managed by
public authorities across all countries. In particular, at least two-
thirds of health facilities providing delivery services in Malawi,
Bangladesh, Nepal, Tanzania, and Senegal were managed by
public authorities; while in Haiti, it was less than half. About
half of the facilities in Malawi (53.8%) and Haiti (49.3%) had
24-hour coverage of health providers compared to around one-
third of facilities in Bangladesh and Tanzania, and only 8.5% of
facilities in Senegal (Table 1). The median deliveries conducted
by the health providers in the last six months varied across the
countries, ranging from 10 deliveries per provider in Haiti and
Nepal to 30 deliveries per provider in Malawi. Senegal had the
second highest number of deliveries (Median: 25, IQR: 10-50).

Emergency obstetric care provision based on
performance of signal functions alone (Method 1)

Regardless of countries, the most common signal functions
available included administration of parenteral oxytocic drugs,
assisted vaginal delivery, parental antibiotics, and neonatal
resuscitation (Table 2). However, there were variations across
countries. For instance, administration of oxytocic drugs was
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Table 2: Distribution of facility-reported performance of signal functions in past 3 months (Method 1), in Malawi, Haiti, Bangladesh, Nepal, Tanzania
and Senegal: 2014-2018 SPA:

Signal Function, % (SE) Malawi Haiti Bangladesh | Nepal Tanzania Senegal

N=459 N=300 N=449 N=507 N=790 N=306

Administered parental oxytocic drugs 98.2 (0.61) 91.0(1.60) |53.4(4.41) 88.3(2.45) 87.3(1.84) |87.2(1.71)
Administered parental anti-convulsant for hypertension 51.6 (2.23) | 44.6(2.59) 1 29.6(3.78) 10.4 (1.66) |15.7 (1.54) | 31.6(2.77)
Performed manual placental removal 445 (2.25) 63.7 (2.65) | 44.4 (3.96) 41.4(3.19) | 35.5(2.49) |36.5(2.92)
Administered parenteral antibiotics 83.2(1.73)  81.7(2.06) 45.7(3.81) 43.4 (3.25) |36.9(2.46) 69.3(2.69)
Performed assisted vaginal delivery 52.8(2.22) 90.0(1.66) 51.8(4.43) 16.4 (2.12) 1 69.4(2.53) | 94.0(1.49)
Performed removal of retained products after delivery 41.0(2.19) 56.9(2.78) 33.1(2.85) 349 (291) 35.5(247) 66.2(2.82)
Performed neonatal resuscitation 88.7 (1.51) | 61.4(2.58) 47.0(4.37) 40.0(3.09) 559(2.34) 58.2(2.94)
Performed blood transfusion 15.1(0.91) 21.3(1.99) 11.1(1.33) 6.4 (0.65) 6.0 (0.29) 2.9 (0.69)
Performed caesarean sections 13.2(0.91) 29.3(1.81) 18.0(1.57) 7.3 (0.67) 6.9 (0.32) 4.5 (0.67)

reported for almost all facilities in Malawi (98.2%) but only by
53.4% of facilities in Bangladesh. Assisted vaginal delivery was
the second most common signal function performed by at least
50% of the facilities across the countries. However, in Nepal only
16.4% of facilities assisted vaginal deliveries. Similarly, neonatal
resuscitation was performed in 87.9% of facilities in Malawi but
onlyin40.0% of Nepal facilities. The signal functionsleastavailable
across countries were administration of parental anticonvulsant
for hypertension, blood transfusion and c-sections. The lowest
availability for these functions were reported in Nepal (10.4%)
and Tanzania (15.7%) for anticonvulsants; and Tanzania (6.0%
and 6.9%) and Senegal (2.9% and 4.5%) for blood transfusion
and cesarean sections, respectively.

Emergency obstetric care provision based on signal
functions validated by structural measures (Method 2)

There were considerable reductions in the proportion of
health facilities providing signal functions when comparing
their self-reported provision in the past three months (method
1), (Table 2) with the availability of the required structural
measures to perform them (method 2), (Table 3) across the
six countries. The greatest percentage decline was observed in
the proportion of facilities providing assisted vaginal delivery,
ranging from 9% in Nepal to 91% in Senegal. In almost all the
countries, the smallest decline was observed in the proportion of
facilities providing parenteral oxytocic drugs (2% or less) except
for Bangladesh, which showed a 20% decline in capacity (Method
1vs 2:53.4% vs 31.7%).

Emergency obstetric care provision based on either
recent or prior performance of signal functions
(Method 3)

There were considerable increases in the proportion of
facilities providing signal functions when comparing their recent
self-reported provision in the past three months (method 1),
(Table 2) with either a recent or prior provision (method 3),
(Table 4). The greatest increase was observed in the proportion
of facilities providing manual removal of placenta, ranging from
10.0% in Bangladesh to 29.0% in Malawi. The smallest increase
was observed in the proportions of facilities providing blood
transfusion (0.9% in Tanzania to 1.6% in Malawi) and cesarean
section (0.4% in Tanzania to 1.1% in Malawi).

Emergency obstetric care provision based on a
composite index of obstetric capacity (Method 4)

The overall domain scores for the composite index were very
similar across the six countries. Malawi had the highest average
score (Mean=65.9), followed by Haiti (Mean=63.9), Tanzania
(Mean=63.4), Senegal (Mean=60.6), Nepal (Mean=58.5) and
Bangladesh (Mean=56.9) (Table 5). The domains with the
highest scores across countries included 1) newborn signal
functions and immediate care, 2) equipment, and 3) medicines
and commodities, although the domain scores varied across
countries. For instance, Malawi had the highest domain score
(Mean=16.1) while Haiti had the lowest (Mean=13.5) for
newborn signal functions and immediate care. The domains
with the lowest scores across countries included 1) general
requirements, 2) comprehensive emergency obstetric care, and
3) guidelines, staff training and supervision. The countries with
the lowest scores included Bangladesh (Mean=8.2) and Senegal
(Mean=6.2) for general requirements; Malawi (Mean=8.3) and
Nepal (Mean=7.1) for comprehensive emergency obstetric care;
and Tanzania (Mean=7.7) and Nepal (Mean=5.2) for guidelines,
staff training and supervision.

Levels of emergency obstetric capacity across the four
EmOC assessment methods

Table 6 shows that regardless of the method used, facilities
across the six countries were mostly classified as having less than
basic EmOC capacity (Methods 1-3) or as low capacity (Method
4). There is a huge unmet need for even basic EmOC across the
countries. The four methods differed in their classification of
comprehensive EmOC or high capacity facilities. Methods 1 and
4, however, were similar in their classification of comprehensive
EmOC facilities, as indicated by the proportions in each
comprehensive EmOC category. Method 3 yielded a slightly
higher proportion of comprehensive EmOC facilities compared
with the other methods. Method 2 differed considerably from
methods 1, 3 and 4 in its classification of comprehensive EmOC
facilities. In particular, none of the facilities across the countries
qualified as comprehensive EmOC facilities using method 2,
except for 0.2% of facilities in Bangladesh. Method 3 seemed
to discriminate better across countries in relation to the three
categories of classification. In particular, there seemed to be a
larger proportion of comprehensive and basic EmOC facilities
compared with the other three methods.
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Table 3: Distribution of facility-reported performance of signal functions in past 3 months validated by interviewer observation of structural

measures (Method 2), in Malawi, Haiti, Bangladesh, Nepal, Tanzania and Senegal: 2014-2018 SPA:

Signal Function, % (SE)

Malawi

Haiti

Bangladesh

Nepal

Tanzania

Senegal

N=459

N=300

N=449

N=507

N=790

N=306

Administered parental oxytocic drugs and has
injectable oxytocin or misoprostol

96.9 (0.80)

86.3 (1.91)

31.7 (3.05)

83.6 (2.68)

76.8 (2.33)

85.3 (1.73)

Administered parental anti-convulsant for
hypertension and has magnesium sulphate
injection

46.9 (2.19)

31.9 (2.49)

6.2 (1.07)

8.5 (1.61)

12.3 (1.33)

26.9 (2.63)

Performed manual placental removal and has
latex gloves in delivery area

43.8 (2.24)

59.0 (2.74)

32.6 (2.87)

39.8 (3.19)

31.2 (2.38)

34.2 (2.89)

Administered parenteral antibiotics and has
ampicillin or gentamycin injection

77.3 (1.93)

73.0 (2.34)

17.9 (1.79)

36.2 (3.09)

16.4 (1.52)

66.5 (2.77)

Performed assisted vaginal delivery and has
vacuum extractor with large and medium sized
forceps in delivery area

25.4 (1.92)

1.7 (0.73)

20.7 (3.24)

7.7 (1.22)

4.9 (0.65)

3.2(0.73)

Performed removal of retained products after
delivery and has vacuum aspirator with dilation
and curettage kit

15.4 (1.62)

20.7 (2.29)

17.1 (1.83)

10.1 (0.98)

4.9 (0.54)

38.1 (2.95)

Performed neonatal resuscitation and has infant
resuscitation bag/mask

81.9 (1.81)

44.0 (2.59)

30.5 (3.16)

39.8 (3.05)

51.6 (2.69)

48.2 (3.00)

Performed blood transfusion and has reagents
for blood typing, cross matching, functional
refrigerator for blood bank, microscope, blood
tests for Hepatitis B, C, HIV, and syphilis

0.9 (0.57)

0.7 (0.32)

0.2 (0.10)

0.24 (0.08)

Performed caesarean sections and has anesthetic
vaporizers, operating bed, adjustable light,
oxygen cylinders with manometer, flowmeter

0.2 (0.23)

0.7 (0.47)

1.9 (0.49)

1.2 (0.47)

0.38 (0.09)

1.5 (0.45)

Table 4: Distribution of facility-reported performance of signal functions at least once or in past 3 (Method 3), in Malawi, Haiti, Bangladesh, Nepal,

Tanzania and Senegal: 2014-2018 SPA:

. . Malawi Haiti Bangladesh | Nepal Tanzania Senegal
Signal Function, % (SE)
N=459 N=300 N=449 N=507 N=790 N=306
Administered parental oxytocic drugs or has
. . . 98.9 (0.48) | 96.0 (1.13) 55.5 (4.42) 90.2 (2.36) 94.6 (1.21) 90.1 (1.19)
injectable oxytocin or misoprostol
Administered parental anti-convulsant for
hypertension or has magnesium sulphate 80.4 (1.83) | 60.3(2.44) 34.5 (3.89) 28.3 (2.65) 33.6 (2.31) 53.8(2.98)
injection
Performed manual placental removal or has
. . 73.2 (2.04) | 82.3(2.08) 55.4 (4.53) 66.8 (3.34) 61.4 (2.67) 60.1 (2.92)
latex gloves in delivery area
Administered parenteral antibiotics or has
. L 91.1(1.33) 1 90.3(1.63) 48.4 (3.82) 55.6 (3.36) 58.3 (2.68) 81.1 (2.11)
ampicillin or gentamycin injection
Performed assisted vaginal delivery or has
vacuum extractor with large and medium sized 65.6 (2.13) |95.3(1.20) 58.3 (4.51) 27.2 (2.55) 74.9 (2.39) 98.4 (0.77)
forceps in delivery area
Performed removal of retained products after
delivery or has vacuum aspirator with dilation 52.3(2.27) |75.9(2.42) 39.3(3.09) 55.1(3.31) 53.6 (2.70) 72.7 (2.61)
and curettage kit
Performed neonatal resuscitation or has infant
o 954 (1.02)  78.0 (2.29) 54.7 (4.62) 71.9 (3.17) 82.8 (2.15) 77.2 (2.40)
resuscitation bag/mask
Performed blood transfusion or has reagents
for blood typing, cross matching, functional
. . 16.7 (0.87) | 21.3 (1.99) 11.1 (1.33) 6.4 (0.65) 6.9 (0.32) 2.9 (0.69)
refrigerator for blood bank, microscope, blood
tests for Hepatitis B, C, HIV, and syphilis
Performed caesarean sections or has anesthetic
vaporizers, operating bed, adjustable light, 14.3(0.88) | 29.3(1.81) 18.0 (1.57) 7.3 (0.67) 7.3 (0.33) 4.5 (0.65)

oxygen cylinders with manometer, flowmeter
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Table 5: Distribution of domain characteristics used in the composite index (Method 4), in Malawi, Haiti, Bangladesh, Nepal, Tanzania and Senegal:
2014-2018 SPA:

Domain/Indicator name Malawi Haiti Bangladesh Nepal Tanzania Senegal
Facilities having providers trained in

delivery or newborn care, of all facilities | N=459 N=300 N=449 N=507 N=790 N=306
offering delivery services

Characteristics, % (SE)

Domain A: Comprehensive emergency obstetric care

Administered parental oxytocic drugs 98.2 (0.61) 91.0 (1.60) 53.4 (4.41) 88.3 (2.45) 87.3 (1.84) 87.2 (1.71)
Administered parental anti-convulsant | o) o) 53 44.6 (2.59) 29.6 (3.78) 10.4 (1.66) 15.7 (1.54) 31.6 (2.77)
for hypertension

Performed manual placental removal 44.5 (2.25) 63.7 (2.65) 44.4 (3.96) 41.4 (3.19) 35.5(2.49) 36.5(2.92)
Administered parenteral antibiotics 83.2 (1.73) 81.7 (2.06) 45.7 (3.81) 43.4(3.25) 36.9 (2.46) 69.3 (2.69)
Performed assisted vaginal delivery 52.8 (2.22) 90.0 (1.66) 51.8 (4.43) 16.4 (2.12) 69.4 (2.53) 94.0 (1.49)
apfetzfr";r;iefeism""al of retained products | o 5 19 56.9 (2.78) 33.1(2.85) 34.9 (2.91) 35.5 (2.47) 66.2 (2.82)
Performed blood transfusion 15.1 (0.91) 21.3(1.99) 11.1 (1.33) 6.4 (0.65) 6.0 (0.29) 2.9 (0.69)
Performed caesarean sections 13.2 (0.91) 29.3(1.81) 18.0 (1.57) 7.3 (0.67) 6.9 (0.32) 4.5 (0.67)
Domain Score 8.3 (4.06) 9.9 (4.45) 9.2 (5.29) 7.1 (4.62) 8.9 (4.93) 8.4 (3.83)
Domain B: Newborn signal functions and immediate care

Neonatal resuscitation 88.4 (1.67) 61.4 (2.58) 47.0 (4.37) 40.9 (3.09) 57.9 (2.57) 58.2 (2.94)
Skin to skin 98.5 (0.57) 92.7 (1.49) 69.2 (4.59) 93.2 (1.78) 96.0 (0.98) 98.7 (0.77)
Breastfeeding in first hour 98.8 (0.49) 99.7 (0.34) 96.9 (0.92) 99.2 (0.68) 99.1 (0.41) 100 (0)
Drying and wrapping newborns 99.8 (0.19) 70.2 (2.63) 94.2 (2.10) 97.8 (1.19) 98.5 (0.64) 100 (0)
Domain Score 16.1 (1.67) 13.5 (3.11) 13.8 (3.96) 14.5 (2.50) 15.2 (2.24) 14.9 (2.08)
Domain C: General requirements

Electricity 70.0 (2.16) 95.9 (1.09) 54.9 (3.97) 75.4 (3.12) 68.2 (2.52) 56.2 (3.05)
Improved water source 94.9 (1.06) 58.3 (2.86) 40.6 (4.16) 67.0 (4.52) 66.7 (2.53) 7.1 (1.41)
Improved sanitation 28.3 (2.07) 69.4 (2.47) 74.2 (4.64) 90.5 (2.03) 35.1(2.32) 93.5 (1.51)
24/7 skilled birth attendance 56.3 (2.26) 53.3(2.63) 33.3(2.96) 21.5 (2.06) 36.1(2.03) 12.6 (1.46)
Emergency transport 80.0 (2.56) 16.9 (2.16) 10.6 (3.41) - 28.9 (1.72) 24.9 (2.78)
Domain Score 9.3 (3.86) 9.3 (3.32) 8.2 (2.94) 8.3(2.81) 10.8 (4.84) 6.2 (2.66)
Domain D: Equipment

Sterilization equipment 96.5 (0.82) 25.3(2.52) 40.3 (4.56) 45.7 (3.29) 98.6 (0.67) 8.2 (1.66)
Delivery bed 98.6 (0.54) 97.0 (0.98) 74.2 (4.29) 98.1 (0.97) 99.0 (0.49) 100 (0)
Examination light 34.4 (2.16) 55.0 (2.86) 67.6 (4.33) 60.1 (3.28) 17.9 (1.73) 54.7 (3.02)
Delivery pack 93.8 (1.09) 100 (0) 100 (0) 100 (0) 90.9 (1.53) 99.9 (0.05)
Suction apparatus 71.3 (2.32) 39.3(2.68) 49.2 (4.36) 63.3 (3.25) 75.3 (2.22) 46.9 (2.98)
Manual vacuum extractor 46.9 (2.26) 16.3 (2.08) 26.3 (3.43) 21.8 (2.04) 9.2 (0.86) 3.4 (0.75)
‘Cliﬁzt“tz:gzslgitrator or bilation and 284 (2.17) 29.7 (2.59) 28.3 (3.42) 19.5 (1.86) 11.1 (1.04) 57.2 (2.92)
Partograph 88.6 (1.59) 58.3 (2.77) 29.0 (4.17) 85.1 (2.39) 65.5 (2.52) 88.0 (1.47)
Disposable latex gloves 98.3 (0.57) 92.9 (1.47) 73.8 (4.65) 92.9 (1.71) 87.8 (1.74) 94.4 (1.33)
Newborn bag and mask 90.9 (1.44) 63.7 (2.52) 46.9 (4.19) 89.7 (2.23) 83.4 (1.96) 73.7 (2.51)
Infant scale 95.5 (1.15) 88.7 (1.79) 58.5 (4.67) 92.2 (1.99) 82.5 (2.08) 95.4 (1.36)
gilgi‘i:g’ressure apparatus (manual/ 48.0 (2.47) 90.3 (1.69) 3.0 (0.79) 0.89 (0.46) 66.4 (2.42) 73.1 (2.50)
:sggﬁfggft soap and running water or - g ¢ (4 59 95.1(1.29)  888(3.86) 969 (1.13) 88.9 (1.65) 99.4 (0.46)
Domain Score 12.5 (2.05) 10.8 (2.74) 10.6 (3.49) 12.1 (2.34) 12.2 (2.52) 11.3 (2.84)

Domain E: Medicines and Commodities
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Injectable antibiotic 58.3 (2.34) 51.9 (2.78) 34.1(3.79) 43.2 (3.27) 31.7 (2.34) 64.0 (2.76)
Hydrocortisone available at the facility 15.6 (1.52) 35.6 (2.79) 18.7 (1.81) 14.6 (1.74) 37.4(2.32) 56.7 (2.97)
Injectable uterotonic 95.3 (0.97) 73.7 (2.53) 34.5 (3.63) 89.8 (2.04) 81.7 (2.07) 70.0 (2.58)
Skin disinfectant 58.0 (2.42) 80.0 (2.25) 29.8 (2.68) 93.0 (1.88) 61.2 (2.53) 95.8 (1.13)
Magnesium sulphate 86.5 (1.62) 52.7 (2.63) 13.6 (2.02) 72.8 (3.07) 45.4 (2.45) 63.5 (2.85)
IV solution with infusion set 66.6 (2.33) 51.0 (2.87) 37.7 (3.95) 92.8 (1.64) 51.0 (2.54) 59.4 (2.89)
Chlorhexidine for cord cleaning 40.0 (2.45) 33.0 (2.74) 36.3 (4.53) 61.2 (3.32) 12.9 (1.69) 35.7 (2.91)
Antibiotic eye ointment for newborn 96.7 (0.84) 65.3 (2.75) 27.8 (4.39) 39.8 (3.35) 25.8(2.22) 8.2 (1.74)
Domain Score 10.6 (3.05) 9.2 (4.13) 6.9 (5.18) 11.3 (2.99) 8.9 (3.99) 9.2 (3.50)
Domain F: Guidelines, staff training and supervision
Guidelines: Integrated Management
‘G’ii;:ﬁgzgcy and Childbirth (IMPAC) 58.9 (2.38) 53.7 (2.83) 45.1 (4.65) 11.7 (2.17) - 66.9 (2.91)
Comprehensive EmOC Guidelines 40.7 (2.40) 43.0 (2.79) 43.1 (4.62) 30.8 (3.02) 12.1 (1.53) 49.1 (3.01)
Guidelines: Guidelines for management of
pre-term labor 60.1 (2.34) 21.3 (2.33) 35.4 (3.78) - 15.1 (1.73) 11.2 (1.87)
Guidelines for standard precautions 71.3 (2.09) 30.0 (2.67) 44.3 (4.73) 10.2 (2.18) 31.6 (2.33) 56.0 (3.07)
Training in neonatal resuscitation 73.9 (2.13) 55.0 (2.76) 29.5(3.39) 37.9 (3.29) 73.6 (2.29) 65.6 (2.91)
E;::;it‘f‘egeid“is;“y and exclusive 583 (2.38) 514 (2.84)  298(415) 389 (3.28) 65.2 (2.47) 63.7 (3.02)
Training in newborn infection
;‘;i‘i‘;i‘i?;e)nt (including injectable 485 (2.42) 437(278)  148(238) 247 (2.83) 50.9 (2.58) 503 (3.05)
Training in thermal care 65.4 (2.24) 49.7 (2.82) 19.5(2.91) 33.7(3.21) 64.6 (2.49) 65.4 (2.99)
Training in cord care 65.8 (2.28) 52.7 (2.79) 25.2(3.11) 35.5(3.23) 65.6 (2.47) 65.1 (2.00)
Training in IMPAC 29.2 (2.26) 56.4 (2.73) 13.0 (1.94) 34.8 (3.16) 22.8(2.09) 35.8(2.92)
Training in routine care during labor and
delivery 46.8 (2.39) 57.4 (2.71) 16.5 (2.05) 33.2(3.10) 28.6 (2.19) 43.9 (3.05)
Training in comprehensive EmOC 29.1(2.24) 49.4 (2.81) 10.2 (1.71) 15.6 (2.21) 21.8 (1.94) 36.2 (2.92)
Training in Active Management of Third
Stage of Labor (AMTSL) 48.1 (2.41) 54.7 (2.74) 16.0 (2.19) 35.1(3.18) 29.4 (2.20) 45.1(3.02)
Training in Kangaroo Mother Care 49.4 (2.45) 454 (2.81) 23.0 (3.73) 35.7 (3.22) 54.3 (2.58) 58.0 (3.02)
Supervision 89.3 (1.53) 81.7 (2.22) 92.9 (1.64) 73.8 (2.98) 94.5 (1.23) 95.3 (1.26)
Domain Score 9.0 (4.29) 10.6 (4.94) 8.3(3.73) 5.2 (4.14) 7.7 (4.03) 10.6 (4.76)
Average Domain Score (Mean, SD) 65.9 (12.42) 63.9 (14.5) 56.9 (16.9) 58.5(11.59) 63.4 (15.95) 60.6 (13.63)
Median (IQR) 63.9 (56.7-74.5) ?izé)(s 34 ;g:z)(%'o' 57.9 (50.2-66.4) | 63.4 (50.4-77.2) 2;:2)(55'2'

Based on EmOC methods 1, 3, and 4, Haiti, Malawi and
Bangladesh emerged as the top performing countries in terms
of having higher proportions of facilities that provide providing
comprehensive EmOC or a high obstetric capacity. Based on EmOC
method 2, only Bangladesh had at least one facility providing
comprehensive EmOC, while none of the other countries had any
comprehensive EmOC capacity. Results of the kappa agreement
statistics showed an overall moderate agreement between the
levels of EmOC method 4 and the other three methods, across all
the countries (Kappa range: 0.41-0.60; Appendix 3).

Association between the EmOC methods with
facility volume of deliveries

The four EmOC methods were significantly associated with
facility volume of deliveries in at least one of the six countries,
with variations across countries (Table 7 and 8). In adjusted

models, EmOC methods 1 and 3 were significantly associated
with higher volume of deliveries in three countries (Haiti,
Tanzania, and Senegal). EmOC method 2 was associated with
higher volume of deliveries in Nepal only. EmOC method 4 was
associated with higher volume of deliveries in four countries
(Haiti, Tanzania, Senegal, and Bangladesh).

Using EmOC method 1, comprehensive EmOC was associated
with higher volume of deliveries in Haiti (Adjusted Prevalence
Ratio APR: 2.16, 95% CI 1.36,2.44), Tanzania (APR: 2.23, 95%
CI 1.56, 3.49) and Senegal (APR: 2.34, 95% CI 1.63, 3.36) (Table
8). However, basic EmOC was only significantly associated with
volume of deliveries in Haiti (APR: 2.06, 95% CI 1.18, 3.59) and
Senegal (APR: 1.53, 95% CI 1.16, 2.01). As for method 4 (the
composite index), facilities providing high obstetric capacity
were significantly associated with volume of deliveries in Haiti
(APR: 2.10, 95% CI 1.27, 3.47) and Tanzania (APR: 1.73, 95%
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Table 6: Distribution of facilities according to their levels of emergency obstetric capacity using methods,1,2, 3, and 4 in Malawi, Haiti, Bangladesh,
Nepal, Tanzania, and Senegal: 2014-2018 SPA:

EmOC Method 1 EmOC Method 2 EmOC Method 3 EmOC Method 4

Ecr(:;l: CEmOC  BEmOC ]E;eES;ghCan CEmOC  BEmOC 'é‘;;g?“ CEmOC BEmOC ;‘;ig’can High Medium | Low
% (SE)

Malawi 7.3 (0.89) 8.0 (1.26) ?f_':l) - 5.2 (0.99) ?éfg) 10.8(0.99)  23.0 (1.90) ?536) ?i?m) 212.'413) 33'422)
BB e P e meew B, N ML
gzg}’fla' 6.9 (1.41) 8.3 (1.61) ?;'192) 0.2 (0.11) 3.5 (1.15) (()16.;}5) 6.9 (1.33) | 8.6(1.52) ?;':1) L(lfoz) 6.9 (1.08) ?3432)
Nepal  2.9(0.39) 1.5(0.72) ((35_}362) - 1.5 (0.30) ?3'350) 45(0.49) 5.9 (1.05) ?f.fs) ?(';_’36) 7.5 (1.29) ?3'351)
Tanzania 2.9 (0.23) 3.0 (0.86) ‘(303.'2;98) - 1.1(0.19) ?g'fg) 5.0(0.29)  12.4 (1.64) ?557) ?6(.)21) 3.8(0.34) ((9;'326)
Senegal | 1.9 (0.44) %3576) ?17 ‘:9) - 0.3 (0.20) ?3'270) 2.4(049)  36.7(2.92) ?20};) 9 ?fm) %23.'022) ?;‘36)

Table 7: Prevalence ratio estimates of facility volume of deliveries by EmOC method: in Malawi, Haiti, Bangladesh, Nepal, Tanzania, and Senegal:
2014-2018 SPA.

Method (PR, 95%CI) Malawi Haiti Bangladesh Nepal Tanzania Senegal

EmOC 1
CEmOC 1.24 (0.84,1.83) 3.25(2.23,5.35) 1.68 (1.04,2.71) 3.79 (2.43,5.89) 3.32(2.39,4.59) 2.09 (1.51,2.89)
BEmOC 0.99 (0.69, 1.41) 2.13(1.21,3.75) 1.90 (1.04,3.49) 2.12(0.91,4.94) 1.48 (0.90,2.41) 1.69 (1.28,2.23)
EmOC 2
CEmOC - - 0.54 (0.21,1.37) - - -
BEmOC 1.06 (0.58,1.94) = 3.85(1.22,12.17) 2.10 (1.26,3.51) 3.79 (2.42,5.91) 1.30 (0.84,2.03) 1.67 (1.33,2.11)
EmOC 3
CEmOC 0.93 (0.64,1.36) | 3.58 (2.34,5.47) 1.58 (0.98,2.53) = 3.46 (2.33,5.14) 2.69 (2.04,3.55) | 2.01(1.45,2.79)
BEmOC 1.03 (0.82, 1.30) 1.72 (1.07,2.77) 1.70 (0.95,3.07) 1.60 (1.10,2.33) 1.16 (0.87,1.55) 1.34 (1.06,1.68)
EmOC 4

High 0.99 (0.73,1.37) 3.25(2.04,5.19) 1.99 (1.34,2.97) 2.89(1.77,4.71) 2.46 (1.84,3.29) 1.42 (0.98,2.05)
Medium 0.76 (0.58,1.02) 1.82 (1.14,2.92) 2.98 (1.65,5.39) 1.64 (1.16,2.32) 1.69 (1.06,2.70) 1.51(1.20,1.90)

Table 8: Adjusted prevalence ratio estimates of facility volume of deliveries by EmOC method in Malawi, Haiti, Bangladesh, Nepal, Tanzania, and

Senegal: 2014-2018 SPA:

Method (PR, 95%CI) Malawi Haiti Bangladesh Nepal Tanzania Senegal

EmOC 1
CEmOC 1.49 (0.89,2.49)  2.16(1.36,2.44) 1.01 (0.66,1.56) 1.59 (0.98,2.58) | 2.23(1.56,3.19) | 2.34(1.63,3.36)
BEmOC 0.97 (0.69,1.38) | 2.06 (1.18,3.59) 1.46 (0.78,2.71) 1.92 (0.86,4.29) | 1.40(0.86,2.29) | 1.53(1.16,2.01)
EmOC 2
CEmOC 0.32(0.22,0.48)
BEmOC 0.96 (0.53,1.73)  2.23(0.48,10.33) 1.61 (0.99,2.59) 1.64 (1.03.2.61)  0.79(0.42,1.49) | 1.30(0.87,1.94)
EmOC 3
CEmOC 1.05 (0.64,1.68) | 2.14 (1.32,2.47) 0.94 (0.62,1.43) 1.47 (0.87,2.46) | 2.12(1.51,297) | 2.07 (1.44,2.97)
BEmOC 1.00 (0.79,1.26) | 1.51(0.94,2.42) 1.23 (0.66,2.29) 1.32 (0.86,2.00) | 1.12(0.84,1.50) | 1.17(0.94,1.47)
EmOC 4

High 1.23(0.71,2.16) | 2.10 (1.27,3.47) 156 (1.00,2.42)  1.72(0.79,3.77) | 1.73(1.19,2.52) | 1.17(0.80,1.70)

Medium 0.86 (0.63,1.18) | 1.49 (0.87,2.55) 1.96 (1.15,3.35) | 1.09 (0.74,1.60) | 1.39 (0.86,2.27) | 1.34 (1.07,1.68)
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CI 1.19, 2.52). However, facilities providing medium obstetric
capacity were significantly associated with volume of deliveries
in Bangladesh (APR:1.96, 95% CI 1.15, 3.35), and Senegal
(APR:1.34, 95% CI 1.07, 1.68). A test of interaction between
each EmOC assessment method and the countries confirmed
the observed heterogeneity of the association between the
EmOC methods and facility volume of delivery: EmOC method
1*country (P=0.0002); EmOC method 2*country (P=0.06);
EmOC method 3*country (P=<0.0001); EmOC method 4*country
(P=<0.0001; Appendix 4).All of the six domains of obstetric care
were significantly associated with facility volume of deliveries in
at least one country (Appendix 5 and 6). Four of the six domains
(comprehensive obstetric care; newborn signal functions and
immediate care; general requirements; and medicines and
commodities) were significantly associated with higher volume
of deliveries in at least one of the countries. Two domains,
medicines and commodities; and guidelines, staff training and
supervision, were significantly associated with lower volume of
deliveries in just one of the countries.

DISCUSSION

Using nationally representative data from health facility
surveys in six LMICs, we found considerable variations in signal
function performance within and between countries depending
on the EmOC assessment method employed. Our findings showed
that there is a huge unmet need for even basic EmOC across the
countries, regardless of how it is measured. However, there were
variations depending on the approach to measurement that was
utilized. The four EmOC methods differed in their classification
of comprehensive EmOC or high capacity obstetric facilities.
Methods 1 and 4, however, were similar in their classification
of comprehensive EmOC facilities. Method 3 yielded a slightly
higher proportion of comprehensive EmOC facilities. Method 2
differed considerably from methods 1, 3 and 4 in its classification
of comprehensive EmOC facilities. In particular, only Bangladesh
had at least one facility providing comprehensive EmOC, while
none of the other countries qualified as having comprehensive
EmOC facilities. This study also showed that all four EmOC
methods were significantly associated with facility volume of
deliveries in at least one of the six countries, with variations
across countries. The composite index emerged as the optimal
EmOC method for characterizing facility obstetric capacity
based on its consistency in characterizing obstetric facilities
across countries, association with delivery volume in 4 out of 6
countries, coverage of multiple domains of obstetric care, and the
association of those domains with facility volume of deliveries in
all six countries examined.

The similarity in comprehensive EmOC facility categories
using methods 1 and 4 could be as a result of both methods
incorporating the self-reported performance of signal functions.
Method 3 yielded a slightly higher proportion of comprehensive
EmOC facilities and its distribution seemed to discriminate better
across countries in terms of the three categories of classification.
This could be attributed to the greater flexibility of this method,
since this method captures facilities that performed the signal
functions in the past three months in addition to those that
had ever performed them. Prior studies have not compared
the performance of methods 1 and 3, however, advocates of

method 3 have suggested that this method accounts for the
reality that a lack of recent performance of signal functions in a
facility does not reflect the lack of capacity to do so but rather,
performance of signal functions largely depends on their demand
in terms of referrals or visits from women who need such care.
(6) Method 2 varied considerably from the rest of the methods.
Specifically, none of the facilities across the countries qualified as
comprehensive EmOC facilities using method 2, except for 0.2% of
facilities in Bangladesh. The striking differences observed when
comparing method 2 to other methods could be reflective of the
extent of self-report bias. For instance, method 2 validates the
self-reported signal function performance across other methods
by evaluating correspondence between self-report and actual
capacity to perform signal functions. This will ultimately yield a
much lower proportion of facilities. In particular, all the countries,
except for Bangladesh, had no facilities that qualified as being
comprehensive. Prior studies have compared the performance of
signal functions using methods 1 and 2.(5) Our study showed a 2 to
20 percentage-point reduction in the capacities of health facilities
to perform signal functions, when the reported performance of
signal functions alone (method 1) was compared to the observed
structural capacity to perform them (method 2). This finding
was consistent with prior studies showing that signal functions
alone (method 1) overestimate the provision of emergency
obstetric care.(5) In particular, a prior study showed that based
on signal functions alone (EmOC method 1), 86% of facilities in
Kakamega county, Kenya reported that they had administered
parenteral anticonvulsants in the past 3 months. However, when
the availability of structural measures required to administer
anticonvulsants were assessed, only 6% of those facilities could
have performed that signal function.(5) In the present study, we
had similar findings. For instance, in Bangladesh, around 30%
of facilities reported a recent administration of anticonvulsants,
however, less than 10% of facilities actually had the structural
capacity to administer anticonvulsants.

When classifying facilities using a composite index (EmOC
method 4), the average obstetric capacity scores obtained for
some of the countries were somewhat consistent with prior
literature [9]. A similar study using DHS data employed a
weighted additive index and obtained average obstetric scores
that were similar to the present study for Nepal (57.7 vs 57.9)
and Senegal (60.0 vs 62.5) [9]. However, the prior study differed
from the present one for other countries including Malawi (67.4
vs. 63.9), Haiti (52.7 vs 65.1), Bangladesh (46.5 vs 58.9), and
Tanzania (52.7 vs. 63.4). These differences could be attributed
to variations in the development of the composite index. For
instance, in calculating index scores across facilities, provider
data were collapsed to the facility level. The present study
achieved this summarization of provider data by restricting the
data to only providers who had received training in delivery or
newborn services in the past 24 months. Hence, depending on the
variable chosen for collapsing to the facility level, the resulting
facility sample will likely differ, which will influence the results
obtained. In terms of comparability between the EmOC categories
of method 4 with the other three methods, our findings showed a
moderate agreement in general. To the best of our knowledge, no
study has compared concordance between the composite indices
of obstetric care and existing assessment methods.
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Our findings regarding the association of the EmOC methods
with higher volume of deliveries were consistent with prior
studies showing that delivery volume is associated with facility
obstetric capacity, using signal functions alone.(15,21) However,
our study showed that the composite index of obstetric care
was associated with volume of deliveries in four out of the six
countries studied, compared with the other methods. Methods
1 and 3 were significantly associated with facility volume of
deliveries in three countries, while method 2 had a significant
association in just one country. This is consistent with prior
studies showing that composite indices are better predictors
of various facility and individual outcomes. One study that
utilized principal component analysis in developing an index of
obstetric care found that the index scores were better predictors
(in comparison with signal functions alone) of the number of
deliveries (Variance explained, R* =0-61 vs R? =0-31), number
of low birthweight babies (0-68 vs 0-26), maternal deaths
(0-81 vs 0-34) and neonatal deaths (0-79 vs 0-36).(21) Another
related study showed that a composite index of reproductive
and childhood care was strongly correlated with mortality
and childhood malnutrition compared with a single count of
interventions.(24)

The present study also has several limitations. The composite
measure of EmOC capacity used in the present study included
variables from only one facility assessment tool (SPA). This tool
does not capture the array of measures covered across various
EmOC tools that could potentially be included in the index. Also,
the composite index was restricted to providers who offered
delivery or newborn services and had received training in these
services in the last 24 months. This led to a smaller sample size of
facilities compared to the sample of facilities providing delivery
care. Also, the EmOC measures included in the various methods
only account for the process of patient service delivery, or the
extent to which providers adhere to stated standards. However
observing delivery process is pertinent since the availability
of obstetric capacity does not guarantee performance—such
metrics were not captured by the SPA.(9). Also, the outcome
measure, volume of delivery, was assessed at the provider-
level rather than the facility level. Since providers may often
conduct deliveries/work at different facilities, the volume of
delivery measure is not unique to a given facility leading to
double counting of deliveries. Prior literature has shown that
providers frequently work/conduct deliveries across multiple
facilities, and this phenomenon is common across LMICs.
(25,26) Another limitation of the present study is missing data
(although negligible) across some of the SPA indicators. A key
challenge of the weighted additive index (which was utilized
in creating the composite index) is that it assumes that all the
included indicators are of equal importance in the provision of
adequate obstetric care. Other approaches to creating composite
indices such as principal component analysis, and expert panel
ratings suggest that some of the indicators may be of greater
importance than others.(9,27) Other limitations of this study
include the self-reported nature of the SPA data and the lack of
standardization across settings and providers. The latter may
have underestimated our results.

Despite these limitations, the present study has several
strengths. To the best of our knowledge, this is the first study

to compare obstetric care performance across countries using
four established assessment methods. These methods have
been used in conducting EmOC assessments across various
countries.(5,6,15,28) In addition, this is the first study to examine
concordance between method 4 (composite index) with other
assessment methods. This study also utilized the SPA surveys
which provides comprehensive data on various obstetric care
indicators, and this allowed for proper specification of each of
the EmOC methods. Comparisons between the different EmOC
assessment methods were done across six LMICs which further
strengthens the study by accounting for contextual differences
in obstetric capacities across various settings. The use of
multiple countries in different contexts including Africa and Asia
contributes to the generalizability of the study findings.

The discrepancies in comprehensive EmOC capacities
across facilities based on the EmOC methods raise considerable
concern and highlights the importance of the lenses through
which obstetric capacity is evaluated across countries. Our
findings showing heterogeneity across EmOC measurement
methods suggest the need to standardize and validate how best
to measure facility readiness to provide EmOC to ensure policy
makers and other stakeholders are making resource allocation
decisions based on the best available data. The heterogeneity in
performance of the EmOC methods across countries suggests
that the need for consensus in measuring EmOC across settings
although there may need to be some context-specific tailoring.
Hence, using one type of EmOC assessment method may not
fully capture the true performance of facilities. Although EmOC
method 4 emerged as the optimal assessment method, it is
suggested that subsequent EmOC assessments should employ
additional methods as a sensitivity approach to provide a more
accurate picture of obstetric capacity. Prior research has largely
supported the use of composite measures of obstetric care which
allow for greater flexibility in assessing care, thus accounting
for facilities characteristics and performance measures in their
entirety. The present study further supports this notion showing
that composite measures are more predictive of facility service
outcomes in multiple settings. Further studies in a similar
direction are encouraged to employ EmOC assessment tools
(other than the SPA) which capture a wider array of indicators
of emergency obstetric care. Taken together, such efforts could
largely improve facility obstetric assessments while informing
policy making and resource allocation, especially in LMICs with
very low EmOC capacity. Findings from such research could
potentially inform stakeholder decisions as they rapidly work
towards developing new measures of capacity for EmOC with the
ultimate goal of reducing maternal and infant mortality.
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