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Abstract

Background

To end preventable maternal and newborn mortality and stillbirths, attention is shifting to improving
quality of care, both provision and experience. Health information systems can improve health
system performance when data are used for decision-making. High quality data are urgently needed
to assess progress and accelerate efforts towards the globally agreed 2030 Sustainable Development
Goals. Improving data for action is a focus of recent global movements to improve outcomes for
women and newborns and reduce stillbirths.

Most preventable deaths of newborns, stillbirths and women occur in settings with data gaps that
impede progress for coverage, equity, and quality of care. Routine health information systems
(RHIS) make use of data documented by health professionals as part of the treatment they offer in
health facilities. With the proportion of births occurring in health facilities rising, there is increasing
interest in using routine health facility data to track intrapartum care provided for women and
newborns, especially as this is the time during pregnancy that contributes most to women and
newborns surviving and thriving. The quality of data in routine labour and delivery registers,
including how accurately it captures the care provided, is currently understudied.

Methods

My thesis describes a completed body of work that explored the quality of routine labour and
delivery register data. Analyses used the ‘Every Newborn — Birth Indicators Research Tracking in
Hospitals’ (EN-BIRTH) dataset from five comprehensive Emergency Obstetric and Newborn Care
hospitals in Bangladesh, Nepal and Tanzania.

My focus is on the data at the foundations of the data-information pyramid, with a particular
emphasis on core indicator data elements collected in routine labour and delivery registers. These
core indicator data for RHIS tracking are explored for the maternal-newborn dyad, structured by two
sections:

Section A: Assessing labour and delivery routine register indicator data quality for hospital births.
Section B: Identifying opportunities to improve labour and delivery routine register data quality for
hospital births.

Results

Labour and delivery register data were available, legible, and complete however data quality was
very mixed, varying by indicator and hospital. Frontline health professionals in high-mortality
settings face the tension of dual demands: providing high quality of care for women and newborns,
while also documenting routine data on care and outcomes.

Opportunities to enable a virtuous cycle of data use and data quality from labour and delivery ward
registers were identified.

A novel ‘Quality of Care and Quality of Data conceptual framework’ is presented, linking delivery
register data quality to the WHO domains of quality of care. Central to this is a missing link
expressed as the ‘Data Quality Continuum’ — that the hospital routine data culture determines
quality of neonatal data used both for clinical care and to track outcomes.
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Conclusion

Improving the quality of care is impeded by a lack of high quality data that can be used both for
clinical decisions and by policy makers for planning and investment. RHIS strengthening needs to
overcome the tension for frontline health workers between care and data and create traction to
enable high quality data for use to improve quality of care.
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Glossary

Operational definitions for the characteristics of data quality

Dimension of data quality

Description and notes

Accessibility of data

Data are available to authorized person when and where needed.

Accuracy of data

‘Every Newborn-Birth Indicators Research Tracking in Hospitals” EN-
BIRTH protocol paper definition: Accuracy is the closeness of a
measured value to a standard value — in the context of this study the
standard was observation of practice/ intervention).?

Other definitions:
Data faithfully reflect the actual level of service delivery that was
conducted in the health facility.®

Accurate data are considered correct: the data measure what they
are intended to measure. Accurate data minimize errors to a point
of being negligible.

In the context of data quality, accuracy means that data transmitted
from one level of the health system to another match. For example,
data in client records at the facility level should match data in the
monthly health information system (HIS) summary report
transmitted to the district level.

Behavioural determinants of
RHIS performance

Factors affecting health information systems (HIS) performance that
are related to individual behaviour of health professionals and data
professionals such as motivation, attitude, empowerment, and
confidence.®

Bias

Any effect during the collection or interpretation of information that
leads to a systematic error in one direction.

Completeness of information
systems

(1) Completeness of geography,
services, facilities

(2) Completeness of data
collection process documents

In the context of data quality, completeness means the degree to
which HIS data:

(1) cover all geographical areas, services, and facilities

(2) are filled out in full in data collection process documents
including forms and registers.

The results are derived from a system that is appropriately inclusive:
it represents the complete list of eligible persons or units and not
just a fraction of the list.

(e.g., answers the question:

Are the data complete enough to determine whether the health
programme is effective and is achieving the desired results?)

A measure of the proportion of entries (data elements/ indicators) in
data collection process documents including forms and register that
had any data recorded for the specified data element/ indicators.®
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Confidence in RHIS tasks

How comfortable a person feels performing a certain RHIS task (e.g.,
data capture/ collection, data transmission, data process, data
analysis, data quality check) competently.

Coverage indicator

Number of individuals receiving an intervention or service
(numerator), from among the population in need of the intervention
or service (denominator).

For institutional births the population in need is defined as the
women/ babies in the health facility.

Culture of information

The promotion of a culture of information

is operationally defined as an organization having the capacity and
control to promote values and beliefs among its members to
promote collection, analysis and use of information to accomplish its
goals and mission.

For assessing whether health facilities promote a culture of
information, the construct is operationalized as having dimensions
that include the promotion of:

a) commitment and support for high quality data

b) commitment and support of information use

c) evidence-based decision-making culture

d) promotion of problem-solving culture

e) sharing information between level

f) sense of responsibility

g) empowerment and accountability

h) rewarding good performance®®

Data

An unprocessed set of values of qualitative or quantitative variables.
(Note: “information” and “data” tend to be used inter-changeably in
policy documents and | mirror this in my thesis by using the term
“data-information”).

Data demand and use model

This model for understanding health information systems (HIS)
performance examines the data use cycle, from demand for
information to data collection and availability, to the use of
information, and then to feedback, which in turn increases the
demand for information.°

Data-information

Term used in these to capture the concept of “information” and
“data” being used inter-changeably in policy documents.

Data-information Pyramid

A schematic way of looking at the number of data items to be
collected at each level of the health system allowing each level to
gather data of importance and relevance to their daily work while
avoiding excessive data where no action is taken.

The pyramid illustrates how most data are collected at the base of
the pyramid in the health facility, where most health service action
takes place. Data are processed, filtered and streamlined as data
sets are passed up the health system.!
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Data quality

Data element level:

Quantifies problems of data completeness, timeliness, consistency
and accuracy in order to ascertain the extent to which the health-
facility data are fit for purpose.?

Health Information systems level:
The degree to which health information systems (HIS) data are
accurate, timely, complete, and relevant.

Evaluation

An assessment of whether a program’s objectives have been
achieved.

Evidence-based (or evidence-
informed) decision making

An approach based on the use of reliable quantitative and
qualitative information to guide decisions about the efficient
targeting of resources.

External consistency of data

An assessment of the level of agreement between two sources of
data measuring the same health indicator is. The two sources of
data that are usually compared are data flowing through the HMIS
or the programme-specific information system and data from a
periodic population-based survey. The HMIS data can also be
compared to pharmacy records or other types of data to ensure that
the two sources fall within a similar range.®

Health Information system
(HIS)

A system that integrates data collection, processing, reporting, and
use of the information necessary for improving health service
effectiveness and efficiency through better management at all levels
of health services.*

Health Management
Information System

An information system specially designed to assist in the
management and planning of health programmes, as opposed to
delivery of care.!?

A system that ensures the production, analysis, dissemination, and
use of reliable and timely information on health determinants,
health system performance, and health status.™

Health system

All actors, institutions, and resources that undertake health actions
(i.e., actions whose primary purpose is to promote, restore, or
maintain health).

The World Health Organisation describes health systems in terms of
six core components or “building blocks”:

(i) service delivery, (ii) health workforce, (iii) health information
systemes, (iv) access to essential medicines, (v) financing, and

(vi) leadership/governance

Heaping of data

A measure of the proportion of values falling on specific values (e.g.,
Birthweight on 2000g or 2500g) or rounded (i.e., ending in “00” or
”50").

Impact indicator

A measure of the extent to which health status is being achieved
(e.g., maternal and newborn mortality); used for global tracking.
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Implausibility of data

A measure of whether individual data are outside pre-defined
ranges of biological credibility

Indicator Defined, measurable data indicating progress in the achievement of
one or more objectives.
Information Data that have been processed and interpreted so that they have

meaning and can be used for decision making.

(Note: “information” and “data” tend to be used inter-changeably in
policy documents and | mirror this in my thesis by using the term
“data-information”).

Information system

A collection of components that work together to the common
objective of providing information support to the decision-making
process at each level of an organisation.?

Information-generating process

A process by which health information systems (HIS) data are
transformed into information that is used for decision making. The
process includes the steps of defining information needs/indicators,
data collection, data transmission, data processing, data analysis,
and the management issues affecting this process (resources and
organizational rules).

Integrity of data

Data have integrity when the system used to generate them is
protected from deliberate bias or manipulation for political or
personal reasons.

Internal consistency of data

An assessment of the level of agreement between two variables in
the same source documents or document flow. Typically this
involves assessing reporting accuracy of selected indicators through
the review of source documents in health facilities and district
offices. This element of internal consistency is measured by a data
verification exercise.®

(e.g., Answers the question:

Is the observed relationship between the indicators, as reflected in
the reported data, that which we would expect?)

Legibility of data

Data are readable.

Meaning or usefulness of data/
information

Information is pertinent and beneficial.

Objective

A specific outcome to be accomplished to achieve a goal. It may be a
milestone along the way in the implementation of a strategy.

Organizational determinants of
RHIS performance

Factors affecting health information systems (HIS) performance
related to environmental or systemic issues, or the context in which
the HIS functions. They could include resources, health system
structure, roles and responsibilities of personnel, organizational
culture, and budget control.®

Precision of data elements

Agreement among repeated measurements of the same data
element.

Precision of health information
systems

Sufficient detail is captured. For example, an indicator requires the
number of individuals who received HIV counselling and testing and
received their test results by sex of the individual. An information
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system lacks precision if it is not designed to record the sex of the
individual who received counselling and testing.

PRISM Framework

Performance of Routine Information System Management (PRISM).
A model for understanding the technical, organizational, and
behavioural factors that drive health information systems (HIS)
performance. The framework helps HIS professionals with needs
assessment, strategy planning, and improvement processes.

Proxy indicator

Indicator used to describe a situation, phenomenon, or condition for
which no direct information is available.

Reliability of data

Consistency of the data when collected repeatedly using the same
procedures and under the same circumstances.?

Resource

The input needed to perform a task, such as funds, personnel,
infrastructure, or materials.

Routine health information
system (RHIS)

Systems that generate data collected at public and private health
facilities, institutions and community-level healthcare posts and
clinics, at regular intervals of a year at least. The data give a picture
of health status, health services, and health resources. Most of the
data are gathered by healthcare professionals as they go about their
work, by supervisors, and through routine health facility surveys.
The sources of those data are generally individual health records,
records of services delivered, and resource health records.*

RHIS performance

The effectiveness of a Routine Health Information Systems (RHIS),
defined in terms of data quality and use of information.

Stakeholder A person or organization affected in a significant way by the
outcome of a process who can in turn affect the outcome of that
process.

Strategy A method, set of activities, and/or process(es) required to achieve a
goal.

System A collection of components that work together to achieve a common
objective.

Target A specific, measurable figure to be achieved for a given indicator, as
part of a goal or objective (e.g., 90% on-time reporting rate).

Task A defined action that is required as part of the implementation of a

plan (also “activity”).

Technical determinants of RHIS

Factors affecting health information systems (HIS) performance that

performance are related to system components, such as indicators, personnel
training, technology, forms, data submission, and reporting.®
Tension State of being stretched or extended or in opposition between

tasks/ responsibilities (adapted from?®).

Timeliness of data

In the context of data quality, the degree to which reports are
submitted on time according to established deadlines.

Health information systems (HIS) data are timely when they are up-
to-date (current), and when the information (i.e. processing of data)
is available when required to make decisions about the health of the
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population and to target resources to improve health-system
coverage, efficiency and quality.®

(e.g., Answers the question:

Are the data sufficiently recent that achievement or gaps indicated
by the data actually reflect the current level of achievement of health
indicators?)

Traction The support or interest that is needed for something to make
progress or succeed.’®

Use of information When a decision maker is explicitly aware of a decision and
alternatives and considers relevant information in the process of
decision-making.

Utility The transformation of count data into indicators by using them as
numerators and denominators or cross-tabulation.

Validity of data element/ The extent to which a measurement or test accurately measures

indicator what is intended to be.

Validation EN-BIRTH protocol paper definition®: The process whereby the

ability of health indicators to measure what they are supposed to
measure is determined.

Criterion “validity testing” assessment compares measurement
against an objective gold standard to assess if indicators accurately

measure what they intend to.®

Glossary definitions from references 7%
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Operational definitions for the characteristics of quality of care

Dimension of quality of care

Description and notes

Safe

Delivering health care which minimises risks and harm to service
users,
including avoiding preventable injuries and reducing medical

errors.
Effective Providing services based on scientific knowledge and evidence-
based guidelines.
Timely Reducing delays in providing/receiving health care.
Efficient Delivering health care in a manner which maximises resource use
and avoids wastage.
Equitable Delivering health care which does not vary in quality because of

personal characteristics such as gender, race, ethnicity,
geographical location, or socioeconomic status.

People-centred

Providing care which considers the preferences and aspirations of
individual service users and the cultures of their communities.

Glossary definitions from Reference:

5,20,21
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Chapter 1 — Aims and Objectives of the PhD

Background

Most preventable deaths of newborns. stillbirths and women occur in settings with data gaps that
impede progress for coverage, equity, and quality of care. With rising facility births, there is
increasing interest regarding routine health facility data to track intrapartum care provided for
women and newborns, especially as this is the time during pregnancy contributing most to mortality.
Routine health information systems (RHIS) typically use aggregate data documented by health
professionals in health facility routine registers, the quality of data from routine labour and delivery
registers is currently understudied. Improving data for action is also a focus of recent global
movements for women, newborns, and stillbirths.

Aim
This PhD thesis aims to explore hospital labour and delivery routine register data quality and
opportunities to improve measurement of newborn indicators in high mortality settings.

Objectives
The overall aim of my PhD thesis will be addressed by six objectives covering two main sections:

Section A — Assessing existing labour and delivery routine register data quality for hospital births

e Objective 1 —To describe the protocol for the ‘Every Newborn-Birth Indicators Research
Tracking in Hospitals’ (EN-BIRTH) observational study for coverage and quality of maternal
and newborn health care in Bangladesh, Nepal, and Tanzania.

e Objective 2 — To assess labour and delivery ward baseline routine register data availability,
quality, and utility in five EN-BIRTH study hospitals.

e Objective 3 —To assess validity of coverage indicator measurement of newborn and
maternal health care coverage in EN-BIRTH study hospitals.

Section B — Identifying opportunities to improve labour and delivery routine register data quality
for hospital births

e Objective 4 — To explore barriers and enablers for health professionals to record high quality
data for newborn and maternal health indicator measurement from labour ward routine
registers in five EN-BIRTH study hospitals.

e Objective 5 —To assess routine birthweight in EN-BIRTH study hospitals: accuracy, gaps and
opportunities to measure coverage and quality of care.

e Objective 6 — To assess measurement opportunities for neonatal resuscitation: indicator
definitions and quality of care.
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Positionality Statement

This thesis has been written in my role as an academic researcher at the London School of Hygiene &
Tropical Medicine (LSHTM), UK and | include a positionality statement for this mixed-methods
research.??

| am a UK trained paediatrician and obstetrician and was privileged to live in rural south Asia for 15
years working as a clinician scientist across the mother-newborn-child-adolescent health and
nutrition continuum of care. In November 2017 | joined the LSHTM to manage the multi-country EN-
BIRTH study.

This PhD thesis has enabled me to apply a dual perspective as an insider/outsider to this topic, now
as a researcher and previously as a practitioner in the types of settings which are the focus on my
research.

My personal interest in maternal and neonatal hospital data availability in high-mortality settings
began in 2003 as a “a story of survival”. Transitioning from UK clinical practice in obstetrics/
paediatrics to rural south Asia, | found data were often not available for day-by-day clinical decisions
and quality improvement including clinical audit and regular maternal and perinatal death audit
meetings. Whether high quality data was available impacted a woman and baby’s survival as well as
contributing to health professional stress needing to make clinical decisions with insufficient
information. As a rural hospital we faced the typical limited personnel, time and funds and seemingly
unlimited monthly reporting requirements for hospital management, district/national RHIS systems
and individual programme requirements. In response, between 2004-2017, | co-created an

actionable hospital information system to enable data for clinical use, audit and research.?

From January 2020, | was the LSHTM principal investigator for Advancing Routine Health
Information Systems (RHIS) to Deliver for Every Newborn - EN-BIRTH 2 study which contributes
content in my PhD thesis introduction and general discussion chapters. | collaboratively designed the
EN-BIRTH 2 study, drafted the concept note, designed the conceptual framework, and co-led the
global protocol and LSHTM ethics submission. | conceptualised the current major output - Every
Newborn-Measurement Improvement for Newborn & Stillbirth Indicators (EN-MINI) Tools for
Routine Health Information Systems, co-designed the EN-MINI-PRISM Analysis Tool and drafted the
results report from Tanzania (Appendix 4).
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Outline of Work

My PhD thesis brings together my work completed as part of the ‘Every Newborn-Birth Indicators
Research Tracking in Hospitals’ (EN-BIRTH) study (Figure 1). The study was conducted in five
comprehensive Emergency Obstetric and Newborn hospitals in Bangladesh, Nepal, and Tanzania.
The principal investigators were Professor Joy Lawn (London School of Hygiene & Tropical Medicine
(LSHTM), Dr Shams El Arifeen (icddr,b Bangladesh), Dr Ashish KC (Golden Community, Nepal) and Dr
Honorati Masanja (Ifakara Health Institute, Tanzania). | joined the LSHTM in November 2017, mid-
way through EN-BIRTH data collection and thereafter managed the multi-country study.

Ethical approval for this research is shown in Appendix 1.

Figure 1: Panel Overview of EN-BIRTH study

‘Every Newborn-Birth Indicators Research Tracking in Hospitals’ (EN-BIRTH) study

The EN-BIRTH study aimed to assess validity of measurement of selected newborn and maternal
care health intervention indicators (coverage/ quality aspects and/or safety) in hospitals to
inform routine use in national HMIS and global tracking *.

The EN-BIRTH study had 4 objectives:

Objective 1 — Numerators: To determine validity (accuracy) of both routine hospital register and
women'’s report exit surveys, compared to direct observation for selected maternal and
newborn care interventions: uterotonics for post-partum haemorrhage (PPH) prevention, early
initiation of breastfeeding, neonatal bag-mask ventilation, Kangaroo Mother Care (KMC); and,
verification with individual case records, antibiotic treatment for neonatal infection.

Objective 2 — Denominators: To compare different denominator options including proxies, and
assess feasibility of their use in routine data platforms, including:

-Target population requiring intervention (clinical need) in the hospital (“true” denominator).
-Live births in the hospital.

-Total births (live births and stillbirths) in the hospital.

-Estimated population births (live or total): hospital births and home births.

Objective 3 — Content /quality of care: To evaluate different domains of coverage (e.g., timing,
completion rates, safety) for selected interventions.

Objective 4 — Barriers and enablers: To evaluate barriers and enablers to routine recording of
selected indicators, and to explore perceived utility of these data to improve decision-making,
healthcare coverage, and quality of care at all levels.

Table 1 outlines the six objectives of my PhD thesis and my specific contribution to each research
chapter: protocol paper (PhD objective 1), baseline register analysis (PhD objective 2), overall results
paper (PhD objective 3), barriers and enablers to routine register recording (PhD objective 4),
birthweight measurement (PhD objective 5), neonatal resuscitation measurement (PhD objective 6).

Details of the six publications included in my PhD thesis are listed in Appendix 2 and my additional
contributions to manuscripts in the EN-BIRTH supplement in Appendix 3.
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Table 1: Outline of work structured in two sections and six objectives, my contribution, status, outputs and progress

Objectives:

Status and outputs completed

Personal share in the investigation by candidate Louise Tina
Day

Section A - Existing labour and delivery

routine register data quality for hospital births

1. | To describe the protocol for the
‘Every Newborn-Birth Indicators
Research Tracking in Hospitals’
(EN-BIRTH) observational study for
coverage and quality of maternal
and newborn health care in
Bangladesh, Nepal and Tanzania.

Published co-first author paper:

Day LT, Ruysen H, et al.

“Every Newborn-BIRTH” protocol: observational
study validating indicators for coverage and
quality of maternal and newborn health care in
Bangladesh, Nepal and Tanzania.

Journal of Global Health 2019; 9(1).
https://doi.org/10.7189/jogh.09.010902 *

e | drafted the first full manuscript, designed data flow figure
(5), incorporated collaborative inputs from Pls, country
teams, national/global expert advisory groups.

e | submitted the manuscript on behalf of the authors and
corresponding PI, revised the manuscript in response to
peer-review, including co-ordination of collaborative inputs
from co-authors.

e | co-managed proofs with my joint first author.

2. | To assess labour and delivery ward
baseline routine register data
availability, quality, and utility in
five EN-BIRTH study hospitals.

Published co-first author paper:

Day LT, Gore-Langton GR, et al Labour and
delivery ward register data availability, quality,
and utility — Every Newborn — birth indicators
research tracking in hospitals (EN-BIRTH) study
baseline analysis in three countries.

BMC Health Serv Res 2020, 20(1):737.
https://doi.org/10.1186/s12913-020-5028-7 *

e |jointly designed the objectives with the Pl and co-first
author.

e | designed and refined matrices for routine labour ward
registers.

e | designed data cleaning and analysis plan, my co-first
author colleague ran the statistical analysis under my
leadership.

e | jointly drafted the manuscript with my co-first author. In
particular, | led on results, discussion and conclusion.

e | am the corresponding author and jointly revised the
manuscript in response to peer-review.
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Objectives:

Status and outputs completed

Personal share in the investigation by candidate Louise Tina
Day

3. | To assess validity of measurement
of newborn and maternal health-
care coverage in EN-BIRTH study
hospitals.

Published co-first author paper:

Day LT, Rahman Q§, et al.

Assessment of the validity of the measurement
of newborn and maternal health-care coverage
in hospitals (EN-BIRTH): an observational study.
The Lancet Global Health 2021; 9(3): E267-79.
https://doi.org/10.1016/52214-109X(20)30504-
0_25

I managed the collaborative multi-country/site study from
mid-way through data collection. Specific contributions
included designing the duplicate observation/ extraction
process and the variable renaming and collated the code
book.

| jointly designed the analysis plan with the PIs and co-
authors. | co-led the data cleaning process with my co-first
author. | designed the variable matrix for population-level
coverage comparison and individual-level validity testing.
The statistical analysis was run by my joint first author.

| conceptualised the additional research questions to
stratify by mode of birth (all sites) and the natural
experiment of original and revised registers for the
Bangladesh study hospitals.

| drafted the manuscript, conceptualised the validity ratios
and designed all figures.

| incorporated collaborative inputs from Pls, country teams,
national/global expert advisory groups.

| am the corresponding author, lead on the two rounds of
manuscript revision in response to peer-review, including
co-ordinating collaborative inputs from co-authors.

| managed proofs and presentation of results at
dissemination activities.

| presented results at dissemination activities including
preliminary results at MoNITOR, study results launch.
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Objectives:

Status and outputs completed

Personal share in the investigation by candidate Louise Tina

Day

Section B — Opportunities to improve labour and delivery routine register data quality for hospital births

4. | To investigate the barriers and Published co-first author paper: e | jointly co-ordinated multi-country technical working group
enablers for health professionals regular multi-site meetings.
to hospital routine register Shamba D, Day LT, Zaman SB, et al. e |jointly led collaborative design of data collection tools,
documentation of coverage of Barriers and enablers to routine register data thematic analyses and synthesis.
care indicators for women and collection for newborns and mothers: EN-BIRTH | o | ed the routine register design synthesis and the main
newborns in five EN-BIRTH study multi-country validation study. results figure 1.
hospitals. BMC Pregnancy Childbirth, 2021; 21(Suppl 1): e |jointly drafted the manuscript with my co-first author.
233. https://doi.org/10.1186/512884-020- e | am the corresponding author, led on the manuscript
03517-3.% revision in response to peer-review, including co-ordinating
collaborative inputs from co-authors.
e | managed proofs and co-presented results at
dissemination activities.
5. | To assess routine birthweight in Published co-first author paper: e | jointly designed the objectives with my co-first author.

EN-BIRTH study hospitals:
accuracy, gaps and opportunities
to measure coverage and quality
of care.

Kong S, Day LT, Zaman SB, et al.

Birthweight: EN-BIRTH multi-country validation
study.

BMC Pregnancy Childbirth 2021; 21(Suppl 1):
240.
https://doi.org/10.1186/s12884-020-03355-3.%

| co-designed data cleaning and analysis plan working with
my co-first author colleague who ran the statistical analysis
under my leadership.

| jointly drafted the manuscript whilst mentoring co-first
author. | led on results, discussion and conclusion.

| am the corresponding author, lead on the manuscript
revision in response to peer-review, including co-ordinating
collaborative inputs from co-authors.
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Objectives:

Status and outputs completed

Personal share in the investigation by candidate Louise Tina
Day

6 | To assess measurement
opportunities for neonatal
resuscitation: indicator definitions
and quality of care.

Published co-senior author paper:

Kc, A., Peven, K., Ameen, S., Msemo, G., Basnet,
0., Ruysen, H., Zaman, S. B., Mkony, M., Sunny,
A. K., Rahman, Q. S., Shabani, J., Bastola, R. C.,
Assenga, E., Kc, N. P, El Arifeen, S., Kija, E.,
Malla, H., Kong, S., Singhal, N., Niermeyer, S.,
Lincetto, O., Day, L. T., Lawn, J. E. and EN-BIRTH
Study Group.

Neonatal resuscitation: EN-BIRTH multi-country
validation study.

BMC Pregnancy Childbirth. Vol. 21, 2021/03/27
edn; 2021: 235.
https://doi.org/10.1186/s12884-020-03422-9.%

e | jointly designed the objectives with the co-first authors
and co-senior authors.

e | co-designed data cleaning and analysis plan linked to my
knowledge and experience of neonatal resuscitation
algorithms, working with my co-first author colleagues who
ran the statistical analysis.

e | made substantial contributions to the drafted manuscript
especially the background, results, discussion and
conclusion whilst mentoring my colleague one of the co-
first authors, Kimberly Peven.

e | made substantial contributions to the paper revisions in
response to peer-review.
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Chapter 2 — Background and development of conceptual framework

The wellbeing of the worlds’ smallest and most powerless human beings reflects our humanity for all
global citizens. Every newborn has the right to survive and thrive, yet each year an estimated 4.2
million die as newborns and stillbirths; nearly all (98%) are in low- and middle-income countries
(LMIC).23! The first global endorsement of national targets for newborns and stillbirths was outlined
in the Every Newborn Action Plan (ENAP) at the World Health Assembly in 2014.32 The Global
Strategy for Women's, Children's and Adolescents' Health (Global Strategy), 2016-2030 adopted
these targets but only the newborn target was included in the Sustainable Development Goals (SDG)
as Target 3.2.3%3 |n 2021, the global neonatal mortality rate (NMR) was estimated at 18/1000 live
births.3 In 2022, the global average stillbirth rate (SBR) was estimated at 14/ 1000 total births.®
Both NMR and SBR range widely between geographies and many countries are off track for the NMR
target of fewer than 12/1000 live births and the SBR target of fewer than 12/1000 total births.?’

Maternal deaths also continue at unacceptably high levels, most often in the same geographies
where stillbirth and neonatal mortality rates are high.3® Each year an estimated 0.29 million women
die and projections indicate nearly a ten-fold increase in annual rate of reduction is needed to meet
the global SDG target of 70/100,000 live births.3” The Ending Preventable Maternal Mortality
(EPMM) and ENAP movements have recently come together and published their first joint report:
Improving maternal and newborn health and survival and reduce stillbirth.3”

Timely accurate data are needed to track the progress of accelerating action to meet these
ambitious goals towards ending preventable stillbirths, newborn and maternal deaths.33* Yet the
settings with the highest burden of mortality have the least data on coverage and quality of care —
known as the “inverse data law”.3° Key global initiatives for women, newborns and stillbirths
acknowledge the importance of improving data availability, quality and use for action to achieve
universal health coverage (UHC).323%40 These data initiatives include:

e SDG 17 “Revitalize the global partnership for sustainable development” which states a
specific target to increase the availability of high quality, timely and reliable data;*

e ENAP fifth objective strategy to “Count Every Newborn”;3?

e Global Strategy stated focus includes producing disaggregated data age, sex, socioeconomic
status and other dimensions to ensure that no one is left behind, including in humanitarian

and other fragile settings.3

Settings with high mortality for the maternal-newborn dyad are also the settings with high
morbidity. Neonatal disorders remain the top cause and maternal disorders remain among the 30
leading causes of global disability adjusted life years (DALYS).*? Improving data for action is needed
to end preventable mortality and morbidity as articulated in the Survive and Thrive agenda.3*, When
"high mortality" is used throughout this thesis, it implies both high mortality and high morbidity.

The aspirations to improve maternal and newborn health measurement in global initiatives (e.g.,
ENAP, the SDGs and the Global Strategy) tend to use the terms “data” and “information”
interchangeably. Elsewhere data and information are distinguished: “data” as an unprocessed set of
values of qualitative or quantitative variables and “information” as data that have been processed
and interpreted so that they have meaning and can be used for decision making.**** For my PhD
thesis | mirror the pattern of using the terms interchangeably and often use a combined term “data-
information”.
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2.1 Indicators and the information-data pyramid

Health information systems (HIS) exist to produce relevant and quality information to support health
interventions.* Newborn HIS data sources include civil registration and vital statistics (CRVS),
census, population-based surveys, and routine data generated from health facilities and
administrative information systems (Figure 2).

Figure 2: Data sources for the maternal and newborn data-information pyramid

i

-9-0-@®

L

Surveys Count Optimize
Population- births, health
based deaths and service data

(e.g. causes of Including Routine
DHS, MICS) death Health
Information
In CRVS Systems (RHIS)

Key: DHS = The Demographic Health Survey?, MICS = Multiple Indicator Cluster Surveys®,
CRVS = Civil Registration and Vital Statistics, RHIS = Routine Health Information Systems.
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Among the six health system building blocks, the HIS is central to the other five: service delivery,
health workforce, essential medicines/technology, finance, and leadership/governance.*® Multiple
initiatives over recent decades have highlighted the urgency to strengthen the HIS, including for
surveillance and early warning of a potential global pandemic.*® The COVID-19 pandemic re-
emphasized the importance of timely, reliable and actionable HIS data, and further accelerated
efforts for standardisation of HIS for Reproductive Maternal Newborn Child and Adolescent Health.#

Indicators are standardized, quantitative measures that provide critical information to monitor
performance, measure achievement and determine accountability. Indicators require defined
components: title, definition, purpose, rationale, method of measurement, numerator,
denominator, data collection method (tool/ frequency), suggestions for data disaggregation, and
guidelines to interpret and use data.*® Indicator measurement is only valuable if the data are valid,
reliable and non-biased.*

Health indicators form an important part of the actionable information system and allow for
comparisons over time and across geographies. The data-information pyramid is a schematic way of
looking at the number of data items to be collected at each level of the health system allowing each
level to gather data of importance and relevance to their daily work, while avoiding excessive data
where no action is taken (Figure 3). The pyramid illustrates how most data are collected at the base
of the pyramid, in the health facility, where most health service action takes place. Data are
processed, filtered and streamlined as data sets are passed up the health system.!

Figure 3: Health System Data-Information pyramid
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Source: Figure 3 in “Every Newborn-BIRTH” protocol: observational study validating indicators for coverage and quality of maternal

and newborn health care in Bangladesh, Nepal, and Tanzania. 1
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Applying this data-information pyramid visualisation for women and newborn indicators emphasises
the importance of the right data reaching the appropriate level of the health system for use and
action. Many types of health data for each individual woman and newborn are generated at the
base of the pyramid (shown in Figure 3 as green, grey, blue, white circles) with a smaller subset of
relevant core data-information rising to the higher levels (shown in Figure 3 as yellow circles).

Typical maternal and newborn indicator users at different levels of the health system include health
care professionals, sub-national and national level programme managers, and policymakers. Less
frequently mentioned as data users are the parents, families, caregivers, and community
surrounding the woman and newborn.

At the point of service delivery, individual-level clinical information (or data) are used by health
professionals to inform clinical decisions e.g., newborn temperature, daily weight gain. At facility
level, aggregate data are collated to inform administrative and managerial decisions for maternal
and newborn planning, budgeting and procurement of equipment and drugs as well as local quality
improvement including survival/ mortality audit. Similarly, at subnational level, data are required for
planning including human resources for health, budgeting, and procurement. At the national and
global level, a few standardised measures or “core indicators” are tracked for accountability, shown
in yellow at the centre of the data-information pyramid.

These opening paragraphs of my PhD thesis have discussed routine measurement around the time
of birth for women, newborns, and stillbirths as these use similar processes in high mortality
settings. The word “newborn” in the Every Newborn Action Plan (ENAP) has a dual meaning — for live
births and stillbirths.3? The main focus of my PhD is newborn and stillbirth core and additional
indicators which was the topic of the EN-BIRTH study and maternal health indicators are included to
a lesser extent. Throughout this PhD | will mainly describe newborns and stillbirth indicators
measurement, but at times link to maternal indicators, to emphasise the centrality of the maternal-
fetal dyad.

2.2 Core and additional newborn and stillbirth indicators

WHO maintains a list of 100 core health indicators, prioritised to monitor health trends towards the
SDGs and UHC.* Among these, only five indicators are specific for newborns and stillbirths: neonatal
mortality rate, stillbirth rate, low birthweight rate, early initiation of breastfeeding and postnatal
care coverage - newborn. A wider list of core and additional newborn and stillbirth indicators were
prioritised by the ENAP (Figure 4).3%°051
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Figure 4: Every Newborn Action Plan (ENAP) Core and additional indicators
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Source: Figure 1 in “Every Newborn-BIRTH” protocol: observational study validating indicators for coverage and quality of

maternal and newborn health care in Bangladesh, Nepal and Tanzania

1

These ENAP indicators were categorised in the newborn measurement improvement roadmap into

three groups (highlighted in green, yellow and red in Figure 4) according to their “current

measurement status” in 2014.%* The EN-BIRTH study was designed to address the evidence gap

regarding validity of coverage indicator measurement in health facilities — highlighted in red in Figure

4.

The intention of the ENAP coverage indicators (numbered 7, 8, 9 and10 in Figure 4) is to track cost-

effective clinical interventions to reduce newborn mortality and morbidity. Evidence for the

potential impact of such interventions has been available for decades, yet global scale-up has

varied.>? Uptake of Kangaroo Mother Care (KMC) for low birthweight babies has been slow, including

in high-income settings. >*°° By contrast, dissemination of neonatal resuscitation has accelerated
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over the last decade with focused initiatives such as the ‘Helping Babies Breathe’ collaborative
partnership.>®>” However, the actual service coverage for neonatal interventions including KMC and
bag-mask ventilation in high mortality settings, remains uncertain due lack of high quality routine
data.®

My PhD thesis focuses on health facility data quality for a subset of these core and additional ENAP
coverage indicators, specifically those captured in the labour and delivery register. Labour and
delivery registers are typically found on childbirth ward, capturing data for stillborn babies, livebirths
and women which are aggregated for RHIS use. By contrast, postnatal and neonatal ward registers
availability and RHIS use are more variable. Therefore, | chose to focus this PhD thesis exploring
source RHIS data in the labour and delivery ward register because of potential for generalisability.

2.3 Maternal and Newborn data availability

Population-based household survey data, e.g., Demographic Health Survey (DHS) and Multiple
Indicator Cluster Surveys (MICS) have been the main source for tracking maternal and newborn
health indicators in LMIC since the Millennium Development Goals (MDGs) era.? The potential of
RHIS health-facility data is being realised during the current SDG era for the measurement of
prioritised newborn indicators for four reasons®>, First, the proportion of births occurring in health
facility birth rates have risen in recent decades to 2023 estimates of: 78% globally, south Asia 81%
and Africa 58-65%. Thus more newborn and maternal data are potentially available for use around
the time of birth.5! Second, inpatient hospital care for small and/or sick newborns is being expanded
in many settings again with implications of increased data availability for this subset of babies.®%53
Third, investments in RHIS through other disease areas that touched on maternal and newborn
health e.g., HIV/AIDS. Finally, open-source digital data platforms are increasing in higher mortality
settings e.g., District Health Information Software 2 (DHIS2) is now being used by more than 130
countries.® The synergy of increasing childbirth and newborn care in health facilities, coupled with
advancing RHIS and digital platforms could transform routine newborn data availability for use in
settings that currently have the largest data gaps.

Newborn indicator data availability presently lags behind other health indicators as illustrated in the
2020 global report of health data systems and capacity.” Among 133 countries measuring health
facility-based indicators, only 74% report neonatal low birthweight prevalence nationally, reducing
to 51% sub-nationally and only 25% disaggregated by sex. In comparison, for immunization
programmes which run vertically with funding allocated dependent on coverage rates, data for
childhood immunisation rates for Diphtheria, Tetanus, Pertussis, Hepatitis B and Hib vaccines
(DTP/Penta 3) are reported by 97% of these 133 countries nationally and 83% sub-nationally. ’

2.4 Newborn data quality and use

RHIS newborn data availability is necessary but not sufficient. For the data to be meaningful there
must be trust in its quality. Previous publications on newborn health indicators captured via facility
reporting have raised concerns regarding poor data quality for completeness, timeliness, and

accuracy.5%®

The Performance Information System Management (PRISM) framework elegantly depicts
determinants and causal pathways of RHIS performance that are relevant for newborn indicator data
(Figure 5).5 The PRISM framework shows the connection between RHIS inputs and RHIS outputs of
high quality data for use to improve health system performance and health outcomes. For RHIS
input determinants, this framework acknowledges three categories of determinants:
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e Technical determinants: Complexity of reporting forms & procedures, HIS design, computer
software, information technology complexity.

» Organizational determinants: Critical management functions & information needs: Governance,
planning, training, supervision, quality, finance, promotion of culture of information, availability of
resources. Information culture, structure, resources, roles, and responsibilities of key contributors
at each level of the health system.

* Behavioural determinants: level of knowledge of content of HIS forms, data quality checking skills,
problem solving for HIS tasks, competence in HIS tasks, confidence levels for HIS tasks, motivation,
demand.

Global and national investments to advance RHIS in high burden settings have mainly focused on
technical and organizational at national and sub-national levels (e.g., digital platforms) in recent
years.t”® The health facility source input data have received less attention, and specifically the
technical, and organizational and behavioural determinants that affect data quality, which is the
subject of my PhD thesis.
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Figure 5: The Performance of Routine Information System Management (PRISM) - Conceptual Model — adapted to show the data pyramid and the health system®
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2.5 Health Facility Routine Data Collection

Data from health facilities typically flow up the data-information pyramid though several steps: A)
routine register aggregation typically monthly using B) a tally sheet and/or C) Summary form for
entry into D) Electronic HIS (Figure 6).

Figure 6: Data aggregation steps for RHIS newborn data transmission up the data-information pyramid
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Health facility routine registers (step A) in Figure 6) in high mortality settings are typically paper-
based registers each situated in a clinical location e.g., the labour and delivery ward. Health
professionals document individual women or newborns in register rows and admission details in the
columns, including birth outcomes, clinical care practices and interventions. Routine registers form
a parallel system to individual patient case notes which are used by health professionals to
document clinical care and progress during admission including ward round notes. Frontline health
professionals have the responsibility: to provide high quality care, and to document that care in
registers and case notes. In many settings, health professionals also have the responsibility to
aggregate routine register data for monthly paper-based reporting.
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2.6 Routine register data availability and quality

Limited research has been conducted regarding the accuracy health facility routine register data for
newborns and stillbirths in high mortality settings.®®’! A review maternal and newborn registers in
24 countries found data elements were not consistently available, , labour ward registers were
missing and completeness varied.”? Standardisation is lacking between countries for routine
registers across the continuum of antenatal care (ANC), intrapartum care (IPC) and postnatal care
(PNC). ”® Improving availability of high quality routine health facility neonatal data is essential,
otherwise mistrust in data quality will hamper data use.

Assessments of RHIS data quality typically focus on comparing the summary form (step C) in Figure
6) with the electronic HIS (step D) in Figure 6) generated from the register aggregation (step A) in
Figure 6). These assessments measure the data quality dimensions of completeness, timeliness, and
internal consistency. In this context, completeness is defined as a measure of the proportion of
entries in the registers and summary form that had any data recorded for the specified data
element/ indicators.® Timeliness is defined as the degree to which reports are submitted on time
according to established deadlines. Internal consistency is defined as the level of agreement
between the registers as the source documents and the summary forms.

The PRISM conceptual framework can be used to interpret the results of RHIS data quality
assessments to plan actions to improve data quality for use.>”* Factors known to negatively impact
routine data quality in other health sectors include: RHIS outputs (poor use of data), RHIS processes
(lack of feedback) and RHIS input determinants: organisational (low management support);
behavioural (lack of health professional competence and confidence, low motivation, and low
perceived utility of routine recording tasks).®’>77 Less is known regarding the RHIS input
determinant of technical factors in health facilities in high mortality settings.”®

2.7 Assessing criterion validity of newborn indicator measurement

Criterion “validity testing” assessment compares measurement against an objective gold standard to
assess if indicators accurately measure what they intend to.'® Prior to the EN-BIRTH study, maternal
and newborn indicator measurement criterion validation research had primarily focused on
population-based surveys. These assessments had generally shown low accuracy for women’s
report of measures regarding interventions around the time of birth.”*%? Limited studies had
assessed criterion validity of routine labour ward register data for core/ additional maternal and
newborn indicators among which are very few observational studies.®*’* Thus the validity of
measurement for health facility coverage newborn indicators was a priority evidence gap identified
by the ENAP measurement improvement roadmap.>! Understanding routine register data quality
measurement for core newborn and maternal indicators could contribute to understanding the
existing usefulness of RHIS data, identify areas for improvement, and guide investment.

2.8 The relationship between routine data quality and quality of care

The collection of an abundance of data poorly aligned to specific goals and objectives and/or poorly
processed into information (e.g., indicators) has been described as the Data Rich Information Poor
(DRIP) syndrome.® This generates a high burden across the data-information pyramid (Figure 3) for
data collection, processing and reporting affecting data quality and use. DRIP syndrome is common
in high mortality settings with multiple programmes, donors, and indicators.®

The DRIP syndrome data burden on frontline health professionals will compete with their capacity to
provide high quality care to women and newborns. Improving quality of care for women and

LT Day, Thesis 37



newborns is a priority, in recognition that poor quality care makes a major contribution to
preventable maternal and newborn mortality and stillbirths.>48>

Quality care for pregnant women and newborns has been articulated by WHO as safe, effective,
timely, efficient, equitable and people-centred.>?° The linked WHO Quality of Care Framework uses
a Donabedian model of structure, process and outcomes (Figure 7).%¢

The structure is shown as the Health System, previously described with six building blocks: service
delivery, health workforce, information systems, access essential medicines, finance, leadership and
governance.*® Quality of care is conceptualised as the process with two dimensions PROVISION OF
CARE and EXPERIENCE OF CARE, captured by eight quality domains “1. Evidence-based practices for
routine care and management of complications”, “2. Actionable information systems”, “3. Functional
Referral Systems”, “4. Effective communication”, “5. Respect and preservation of dignity”, “6.
Emotional support”, “7. Competent motivated human resources”, “8. Essential physical resources
available”. The outcomes of the framework are individual and facility-level outcomes — coverage of

key practices and people-centred outcomes — for pregnant women and newborns.

Figure 7: WHO Quality of Care Framework for maternal and newborn health®
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Tuncalp O, Were W, MaclLennan G, et al. Quality of care for pregnant women and newborns—the WHO vision. Bjog 2015;
122(8): 1045-9.© 2015 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of
Obstetricians and Gynaecologists. Open access article distributed under the terms of the Creative Commons Attribution IGO
License which permits unrestricted use, distribution, and reproduction in any medium.
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This thesis seeks to explore hospital labour and delivery routine register data quality and
opportunities to improve measurement of newborn indicators in high mortality settings. These data
are used to track coverage of key care practices for the maternal-fetal dyad, shown as outcomes in
the WHO Quality of Care framework (Figure 7).

| conceptualise my exploration of data quality as a relationship between quality of data and quality
of care, shown in a novel adaptation of the WHO Quality of care framework, the ‘Quality of Care and
Quality of Data Conceptual Framework’ which evolved during the research for this thesis and now
acts as the organising framework (Figure 8).° This conceptual framework is introduced in this
chapter, and further explored in the integrated discussion of this PhD thesis in Chapter 9. Figure 8
shows the two sections and six research chapters in my PhD on the left of the framework:

Section A assesses existing labour and delivery routine register data quality for hospital births.
Section B identifies opportunities to improve labour and delivery routine register data quality.

The ‘Quality of Care and Quality of Data Conceptual Framework’ links quality of data with quality of
care. Specifically, the framework focuses on three of the eight quality domains, namely: evidence-
based practices for routine care and management of complications (domain 1), actionable
information systems (domain 2), and competent and motivated human resources (domain 7). The
relationship between quality of data and quality of care, and specifically the tension between them
or the traction that can be developed, is the framing for this thesis. This is grounded by identifying
opportunities to improve routine health facility data quality based on the assessment of existing
data quality in five hospitals in Bangladesh, Nepal, and Tanzania.

At the start of section A and section B in this thesis | use the ‘Quality of Care and Quality of Data
Conceptual Framework’ to show how the objectives connect within section A and B (Figure 8).
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Figure 8: PhD structure linking to the ‘Quality of Care and Quality of Data conceptual framework’ — full framework shown in Figure 24
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Note: My PhD structure links Quality of data to three of the eight domains of the WHO Quality of Care framework (Tuncgalp O, Were W, MacLennan C, et al. Quality of care for pregnant
women and newborns—the WHO vision. Bjog 2015; 122(8): 1045-9): Domain 1 - evidence based practices for routine care and management of complications, Domain 2 - actionable
information systems, Domain 7 - competent and motivated human resources.
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SECTION A: Assessing existing labour and delivery routine register data quality for hospital
births

Section A — explores objectives 1, 2, and 3 as highlighted in the red box in Figure 9:

e Objective 1 —To describe the protocol of the ‘Every Newborn-Birth Indicators Research
Tracking in Hospitals’ (EN-BIRTH) observational study for coverage and quality of maternal
and newborn health care in Bangladesh, Nepal and Tanzania.

e Objective 2 — To assess labour and delivery ward baseline routine register data availability,
quality, and utility in five EN-BIRTH study hospitals.

e Objective 3 — To assess validity of coverage indicator measurement of newborn and
maternal health care coverage in EN-BIRTH study hospitals.

Figure 9: ‘Quality of Care and Quality of Data conceptual framework’ — highlighting PhD Thesis Section A — Assessing existing labour and
delivery routine register data quality for hospital births.
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Chapter 3 - Objective 1: Indicator data

This chapter describes the protocol of the ‘Every Newborn-Birth Indicators Research Tracking in
Hospitals’ (EN-BIRTH) observational study for coverage and quality of maternal and newborn health
care in Bangladesh, Nepal, and Tanzania

The chapter was published in June 2019 in the Journal of Global Health. The manuscript was
published under a creative commons license (4.0 International (CC BY 4.0) and no further permission
are needed.

The published manuscript is included in full below and the supplementary material referenced in the
paper is available at http://jogha.org/documents/issue201901/jogh-09-010902-s001.pdf

3.1 List of Figures
Figure 1 — Every Newborn Action Plan core and additional indicators.

Figure 2 — Combined priority indicator table for relevant plans: Ending Preventable Maternal
Mortality and Every Newborn.

Figure 3 — Data collection and use by level of health system.

Figure 4 — EN-BIRTH study validation and analysis approach. Panel A. Validation “gold standard”
comparison to routine data (eg, HMIS/DHIS2) and to maternal recall survey data (eg, for household
surveys). Panel B. Analysis for validation of sensitivity and specificity.

Figure 5 — EN-BIRTH study — overview of data flow in study sites.

Figure 6 — EN-BIRTH study software data collection showing examples of the tablet application
screen shots.

3.2 List of Tables
Table 1 — EN-BIRTH study selected indicators to be assessed for validity.

Table 2 — EN-BIRTH study summary of research questions, data collection and analysis by objective

Table 3 — EN-BIRTH study — Examples of indicator quality of care research questions, particularly
regarding timing

Table 4 — EN-BIRTH study — national mortality rates, facility context and expected number of births
and cases per indicator.
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Day et al.

Background To achieve Sustainable Development Goals and Universal Health Coverage, program-
matic data are essential. The Every Newborn Action Plan, agreed by all United Nations member states
and >80 development partners, includes an ambitious Measurement Improvement Roadmap. Qual-
ity of care at birth is prioritised by both Every Newborn and Ending Preventable Maternal Mortality
strategies, hence metrics need to advance from health service contact alone, to content of care. As
facility births increase, monitoring using routine facility data in DHIS2 has potential, yet validation
research has mainly focussed on maternal recall surveys. The Every Newborn — Birth Indicators Re-
search Tracking in Hospitals (EN-BIRTH) study aims to validate selected newborn and maternal
indicators for routine tracking of coverage and quality of facility-based care for use at district, na-
tional and global levels.

Methods EN-BIRTH is an observational study including >20000 facility births in three countries
(Tanzania, Bangladesh and Nepal) to validate selected indicators. Direct clinical observation will be
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MATERNAL AND NEWBORN CARE INTERVENTIONS: AN

UNFINISHED AGENDA

compared with facility register data and a pre-discharge maternal recall survey for indicators in-
cluding: uterotonic administration, immediate newborn care, neonatal resuscitation and Kangaroo
mother care. Indicators including neonatal infection management and antenatal corticosteroid ad-
ministration, which cannot be easily observed, will be validated using inpatient records. Trained
clinical observers in Labour/Delivery ward, Operation theatre, and Kangaroo mother care ward/ar-
eas will collect data using a tablet-based customised data capturing application. Sensitivity will be
calculated for numerators of all indicators and specificity for those numerators with adequate in-
formation. Other objectives include comparison of denominator options (ie, true target population
or surrogates) and quality of care analyses, especially regarding intervention timing. Barriers and
enablers to routine recording and data usage will be assessed by data flow assessments, quantitative
and qualitative analyses.

Conclusions To our knowledge, this is the first large, multi-country study validating facility-based
routine data compared to direct observation for maternal and newborn care, designed to provide ev-
idence to inform selection of a core list of indicators recommended for inclusion in national DHIS2.
Availability and use of such data are fundamental to drive progress towards ending the annual 5.5
million preventable stillbirths, maternal and newborn deaths.

Valid data and measurement are central to achieving the Sustainable Development Goal (SDG) aspiration
of “no-one left behind” [1]. In the United Nation’s Global Strategy for Women’s Children’s and Adoles-
cent’s Health the ongoing imperative for the right to survive, is joined by a new focus on thriving, with
wider transformation [2]. Progress for survival has been slowest for the 5.5 million deaths of women and
babies around the time of birth each year, including an estimated 2.5 million newborns dying in the first
28 days of life, 2.6 million babies stillborn and 303 000 maternal deaths [3-5]. Most of these deaths hap-
pen to the poorest families in the poorest countries, and most are preventable [6]. Opportunity exists to
save an estimated 3 million lives per year by improving quality of care at birth and care of small and sick
newborns [7,8]. Based on this evidence, the Every Newborn Action Plan (ENAP) was launched in 2014
and endorsed by all member states in a World Health Assembly resolution [9]. The plan outlines 2030
country targets of 12 or fewer newborn deaths per 1000 live births and 12 or fewer stillbirths per 1000
total births. Every Newborn is closely aligned with the World Health Organization (WHO) Strategy for
Ending Preventable Maternal Mortality (EPMM) [10] since both include a priority for quality of care at
birth alongside the Quality, Equity, Dignity movement led by WHO, UNICEF and UNFPA in 11 coun-
tries, aiming to halve facility deaths by 2020 [11].

Accurate data are essential to drive progress towards these targets. However, at the dawn of the SDG era,
most deaths around the time of birth still occur in settings with the least data on coverage and quality of
care — the “inverse data law” [12]. One of five strategic objectives of Every Newborn is to transform mea-
surement and use of data to track coverage and quality of care [8,9,13]. A top priority has been to de-
velop and implement a time-limited plan to ensure required core indicators are validated and feasible to
measure at scale. In support, WHO and the London School of Hygiene & Tropical Medicine (LSHTM)
have coordinated an ambitious Measurement Improvement Roadmap which reviews specific measure-
ment gaps and provides a multi-year, multi-partner pathway to define specific indicators, test validity if
needed, develop tools, and promote use of data by 2020 [14-16].
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Validating indicators for coverage and quality of maternal and newborn health care

Ten core indicators were prioritised as part of the Every Newborn multi-country consultation process in-
cluding those for impact, coverage and input (Figure 1) [9,16,17]. This protocol relates to the coverage
indicators shown in the middle of Figure 1. Indicators of coverage of care for all women and newborns
are shaded amber, because whilst definitions are clear, content and quality of care data requires improve-
ment. The greatest metrics gap is core coverage indicators for specific, high impact interventions, shown
in red in Figure 1. The combination of core indicators for Every Newborn and EPMM is illustrated in Fig-
ure 2 and approximately half of these indicators are the same [10]. Validating the highest priority indi-
cators, highlighted in red in Figure 2, is the topic of this research: all women to receive uterotonics and
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Core Indicators Additional indicators
1. Maternal mortality ratio®

2.  stillbirth rate®

Current Status

Intrapartum stillbirth rate

Definitions clear — . B K
- 3. Neonatal mortality rate® Low birth weight rate
but quantity and :
b Impact Preterm birth rate
consistency of )
R — Small for gestational age
ne Neonatal morbidity rates
Disability after neonatal conditions
Contact point 4,  Skilled attendant at birth*® Antenatal Care*®
e Coverage:
definitions clear Care for All 5. Early postnatal care for mothers

but data on and babies™

Mothers and . .
content of care Newborns 6. Essential newborn care (tracer is
are lacking early breastfeeding) Exclusive breastfeeding up to 6 months™®
7. Neonatal resuscitation Caesarean section rate
Coverage: 8. Kangaroo mother care
Complications 9. Ti of serious |
and Extra Care infections
10. Antenatal cortic id use Chlorhexidine cord ch g

Input: Emergency Obstetric Care
Service Delivery  Care of Small and Sick Newborns
Packages for Every Mother Every Newborn Quality Initiative

Quality of Care with measurable norms and standards
Input: Counting  Birth Registration

Death registration, cause of death

Figure 1. Every Newborn Action Plan core and additional indicators. Shaded —not currently routinely tracked at
global level. Bold red —indicator requiring additional testing to inform consistent measurement. Asterisk — also
SDG core or complementary indicator. Indicators disaggregated by equity such as urban/rural, income, and educa-
tion. Adapted from references [9,16,17].

Ending Preventable Maternal Mortality
(Phase 1)

1.Maternal mortality ratio | 1.Maternal mortality ratio

Maternal cause of death with ICD-MM

IMPACT 2.5tillbirth rate + intrapartum stillbirth rate
3.Neonatal mortality rate

Every Newborn

4.Adolescent birth rate
5.Antenatal visits — four or more

COVERAGE
Care for all women
and newborns

6.5killed birth attendance
7.Institutional Delivery

8.Early postnatal care

9.Met need for family planning

6.5killed birth attendance

8.Early postnatal care

10.Uterctonic immediately after birth
1l.immediate newborn care (tracer immediate breastfeeding)

12.Caesarean section rate | 12.Caesarean section rate O O
13.Newborn resuscitation

COVERAGE

Care for all women
and newborns with
complications

14.Kangaroo mother care D
15.Treatment of serious newbaorn infection
Antenatal corticosteroid use

INPUTS Maternal death registration | Birth registration, death registration, cause of death
Counting
Availability of Availability of functional EmQNE facilities | EmONC + service readiness for newborns

(including small and sick newborns)
Respectful maternity care | Quality of Care- measurable norms and standards

services and care

Figure 2. Combined priority indicator table for relevant plans: Ending Preventable Maternal Mortality and Every New-
born [10]. Highlighted in red with box is the priority for measurement improvement and the focus of this research.
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newborns with complications to receive neonatal resuscitation, Kangaroo mother care (KMC), treatment
for possible serious infections and maternal antenatal corticosteroids (ACS)[16]. The assumed need for
these interventions, likely coverage and expected prevalence is shown in the Appendix S2, Table S1 in
Online Supplementary Document.

Coverage is defined as the number of individuals receiving an intervention or service (numerator), from
among the population in need of the intervention or service (denominator). To date the main source of
coverage and impact data in high-burden countries has been intermittent household surveys, including:
Demographic Health Survey (DHS) and Multiple Indicator Cluster Survey (MICS) [18,19]. Current-
ly monitored coverage indicators, including antenatal care, skilled birth attendance and postnatal care,

NEWBORN CARE INTERVENTIONS: AN

mainly measure contact points with health care services but additional indicators are required to capture
effective content of care [16,20,21]. Quality of care measurement requires definitions of characteristics
for both provision (eg, safety, effectiveness, timeliness, equity, completeness) and experience of care (eg,
client satisfaction) [22,23]. Household survey data accuracy depends first on the woman’s interpretation
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MATERNAL

of what took place at the time and second on recalling and reporting this understanding up to five years
after the event. Evidence suggests that household surveys do not always accurately capture either numer-
ator or denominator for some treatment interventions, such as pneumonia in young children [24] and
events during labour [25]. In addition, since measurement of newborns with complications occur only
for a subset of births (3%-15%, see Appendix S2, Table S1 in the Online Supplementary Document),
the sample size required is higher than possible in most national DHS. Consequently, not all desired ma-
ternal and newborn intervention coverage indicators specifically relating to content and quality of care,
can be captured through household surveys [16,26].

Globally more than 75% of babies are now born in facilities, and local count data from routine registers is
increasingly available [27]. Whilst health-facility data can be used to track coverage more frequently than
surveys, previous studies have demonstrated mixed data quality [28-30]. Health workers recording the
care they deliver face many barriers in documentation [31,32]. Capturing denominators through routine
data are also a major challenge. Firstly, for indicators regarding interventions for the whole population,
disaggregated by equity criteria, facility births are not the “true” population denominators. Given the lack
of specific and appropriate denominator data, a national health management information system (HMIS)
typically use census-based data for deriving forecasts and key population calculations [28]. Secondly, the
challenge is magnified if the “true” denominator for the intervention is based on clinical need, so target-
ed at a proportion of the total population eg, requiring treatment for possible serious bacterial infection.
Measurement of the “true” denominator requires consistent and objective measure of clinical need. Yet
clinical judgement and decision making, even using evidence based algorithms, is often still subjective
[33,34]. Live births are often used as a proxy denominator when it is challenging to define and measure
the “true” denominator. A benchmark “target coverage level” is required when proxy denominators are
used, because 100% coverage is only a target for a “true” denominator. For example, the “true” denom-
inator for Caesarean Section rate is “women in need for Caesarean section”. Because this is challenging
to define and measure, the proxy denominator per 100 live births is used, but benchmarking a “target
Caesarean Section rate” has proved complex [35-39]. Large inequity within countries and over- and un-
der-provision occurring in parallel [40] highlight the problem of constructing useful indicators to measure
and compare met need for complications. Therefore, an important focus of this study will be to compare
various denominator options and, if using a proxy denominator to consider benchmarking.

The hierarchy of data needs (Figure 3) illustrates scope and granularity of data use decreases at higher
levels of the health system [41]. At the point of service delivery, data are needed for individual clinical de-
cisions and to measure the client’s perspective of care received. At facility level, aggregate data are collated
to inform administrative and managerial decisions for planning and local quality improvement, mortal-
ity audit etc. At district level, data are required for planning (eg, human resources, equipment and drug
availability). At national and global level, it is not possible or useful to collate all these data used at lower
levels of the system. But it is crucial for accountability purposes to track a few core, standardised indica-
tors to monitor SDGs and Universal Health Coverage at all levels — these “core indicators” are shown in
the centre of the pyramid (Figure 3). WHO maintains a core list of 100 health indicators [42] and ENAP
has prioritised 10 core indicators [9,16,17].

Improvements in civil and vital registration systems are enabling a more rapid transition to more timely
denominator data on births and deaths. Data systems are transitioning to increasing use of HMIS to col-
lect, collate, analyse and report routine data from health facilities up to district and national level. This
has potential to be cost-efficient and generate more frequent coverage measurements [16,27]. Electronic
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International indicators (Core) to track SDGs and UHC
e.g. impact, coverage indicators

National

OO

National tracking data
e.g. impact, coverage, service readiness indicators, human resources,
equipment/drugs
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District District management
e.g. coverage, more detailed service readiness indicators,
equipment/drugs
Facility a
Facility management =
e.g. for quality improvement %
s
Individuallevel Individual client care data S5)
e.g. details for clinical decision,
client experience of care
Community

Figure 3. Data collection and use by level of health system. Adapted from [41].

HMIS platforms are increasingly being applied, offering great potential to harmonize traditionally frag-
mented information streams [43]. One such platform, the District Health Information System, version 2
(DHIS2) [44] is now being successfully implemented in >50 countries with high mortality burdens. In-
frastructure and software development advances are currently driving a transition from predominately
paper-based to mixed recording systems, even at clinical data level, ie, electronic patient records will in-
creasingly be the basis of HMIS data in low-middle income country (LMIC) contexts.

Testing indicator validity is critical to improve measurement and inform decision makers of the likely
accuracy of coverage collected by household survey and/or routine facility data [20]. Comparison of the
reported indicator to an external data source “gold standard” is recommended [45]. Previous validation
studies have mainly focused on population-based intervention coverage indicators for use in household
surveys [25,46-48]. Observational studies to determine accuracy of facility registers in high burden set-
tings have typically focused on outcome indicators [29]. The EN-BIRTH study seeks to address current
evidence gaps by testing validity of priority coverage indicators for newborn and maternal health, in fa-
cilities in three high burden country settings.

Aim

This paper is the protocol paper for the Every Newborn-Birth Indicators Research Tracking in Hospitals
(EN-BIRTH) Study, which aims to test validity of selected newborn and maternal care health intervention
indicators (coverage/ quality aspects and/or safety) in facilities (Table 1). This study, as part of the Every
Newborn Measurement Improvement Roadmap, and working closely with EPMM, aims to increase the

evidence base to inform selection and use of maternal and newborn indicators in national HMIS (partic-
ularly DHIS2), and global tracking.

Research objectives
The research questions per objective, methods and analysis are detailed in Table 2.

Objective 1 — Numerators: To determine validity (accuracy) of both routine facility register and mater-
nal recall surveys, compared to direct observation for selected maternal and newborn care interventions:
uterotonics for 3rd stage labour, immediate breastfeeding, neonatal resuscitation, KMC; and, verification
with patient case notes: neonatal infection management, and ACS administration (Table 1).

Objective 2 — Denominators: To compare different denominator options including proxies, and assess
feasibility of their use in routine data platforms (Table 1), including:

e Target population requiring intervention (clinical need) in the facility (“true” denominator)

* Live births in the facility

« Total births (live births and stillbirths) in the facility

* Estimated population births (live or total): facility births and home births
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Tahle 1. EN-BIRTH study selected indicators to be assessed for validity

PLACE OF CARE

Inpicator

Uterotonic use for 3%

stage of labour operating Theatre

Immediate newborn care

Newborn resuscitation

Labour/Delivery ward, or

Numeraror

Number of women who received a uterotonic
immediately after birth

DEnomINATOR OPTIONS

- Per 100 live births (currently used denom-
inator)
- Per 100 total births

Number of babies who breastfed immediately
after birth as possible surrogate for immediate
newborn care

Number of newborns who had chlorhexidine
applied to the cord stump after birth (Bangla-
desh and Nepal only)

Per 100 live births (currently used denom-
inator)

Number of newborns for whom resuscitation
actions (Bag and Mask Ventilation) were ini-
tiated

Kangaroo mother care KMC ward/ area

(KMCO)

Number of eligible (<2000g) newborns initi-
ated on facility-based KMC

Treatment of neonatal
infection

Newborn or postnatal
wards

Number of neonates (<28 days old) who re-
ceived at least one dose of antibiotic injection*

Antenatal corticosteroid

(ACS) use antenatal ward

Labour/delivery ward or

All women giving birth in a facility who are
24-34 weeks and received at least one dose
of ACSt

To be compared for all 4 denominators

options:

- Target population requiring the specific in-
tervention (eg, admitted to the facility with
presumed infection or at risk of preterm
birth as per WHO guideline)

- Live births in the facility

- Total births in the facility (including still-
births)

- Estimated births in the population (live or
total)

*Specific exclusions apply to exclude other primary diagnoses eg, congenital abnormalities, preterm births <32 weeks or <1500g and neonatal en-

cephalopathy.

TACS focus is to track safety, test methods to include gestational age and relevant safety outcomes.

Tahle 2. EN-BIRTH study summary of research questions, data collection and analysis by objective

RESEARCH QUESTIONS

Objective 1 — Numerators

- Do registers give a valid representation of observed
maternal and newborn interventions?

- Do maternal recall survey questions used in house-
hold surveys capture a valid representation of the
observed maternal and newborn interventions?

- What is the consistency between observers?

Objective 2 — Denominators

- How different are the coverage estimates when us-
ing alternative denominator options?

- Which denominator options are feasible for use in

each country HMIS?

Objective 3 — Content and quality of care

- What content of care are women and newborns
observed to receive for each intervention, with fo-
cus on timing?

- Which aspects of the content of care are already
accurately recorded in registers?

- Which aspects of the content of care are accurately
recalled by women?

Objective 4 — Barriers and enablers

- Are some indicators recorded more completely
than others?

- Has routine recording changed during the time of
the study?

- What are the barriers and enablers to measurement
of these indicators?

- What are the barriers and enablers to perceived use
of data regarding these indicators?

- How can facility recording and flow of informa-
tion into DHIS2 for these indicators be improved?

DaTA COLLECTION METHOD

- Observation of clinical practice (or verification
from inpatient records for neonatal infections and
ACS) plus video film for neonatal resuscitation

(Nepal only)

- Maternal recall survey (all six indicators)

- Extraction from routine data sources

DaTa ANALYSIS APPROACH

- Sensitivity, positive predictive value

- Specificity of numerator for those with all
birth denominator or clearly measurable
denominator

- Inter-rater reliability (Cohen’s Kappa)

Observation of clinical practice for measurement of - Descriptive statistics

“true” denominator

Collection of hospital documentation for the de-

nominator or alternative denominator options

Observation of clinical practice (or verification from
inpatient records for neonatal infections and ACS)
plus video film for neonatal resuscitation (Nepal

only)

Maternal recall survey (all six indicators)

Extraction from routine data sources

Quantitative — Register review for 12 months before

and during study
Qualitative FGD/IDI of study data collectors
Qualitative FGD/IDI of health workers

Qualitative FGD/IDI of other data users (policymak-

ers etc) regarding data utility

Process evaluation of data flow from patient lev-

el to DHIS2

- Quantitative analysis with inflation factor
for indicators with all-birth denominator

- Assessment of content/quality of care for
specific aspects related to each interven-
tion with emphasis on timing

- Quantitative comparison of registers ap-
plying data quality scores comparing be-
fore and after

- Qualitative data for data collectors, health
workers and data users

- Process evaluation of data flow to DHIS2

FGD — focus group discussion, IDI — in-depth interview, DHIS2 — District Health Information System 2
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Objective 3 — Content /quality of care: To evaluate different domains of coverage (eg, timing, comple-
tion rates, safety) for selected interventions (Table 3).

Objective 4 — Barriers and enablers: To evaluate barriers and enablers to routine recording of selected
indicators, and to explore perceived utility of these data to improve decision-making, coverage and qual-
ity of care at all levels.
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Tahle 3. EN-BIRTH study — Examples of indicator quality of care research questions, particularly regarding timing S
INTERVENTION RESEARCH QUESTION TO ANSWER USING OBSERVATION DATA i
Uterotonic Proportion of mothers who received oxytocin within recommended one minute after birth g
Immediate breastfeeding Proportion of babies whose breastfeeding was initiated within one hour of birth =
Resuscitation Proportion of non-breathing babies who had bag-and-mask initiated within one minute of birth %
Kangaroo mother care Proportion of babies receiving KMC, held in skin-to-skin position for 18 h or more, during the last 24 h %
Neonatal infection Proportion of cases with presumed sepsis, treated with antibiotics and for whom a blood culture result was available =
Antenatal corticosteroids Proportion of preterm labour cases who received antenatal corticosteroids according to WHO criteria for safety

METHODS
Study design

The EN-BIRTH study uses quantitative and qualitative methods across four objectives (Table 2). The
validity of coverage indicators of selected maternal and newborn interventions as measured by routine
facility registers and maternal recall surveys will be assessed by comparison with the “gold standard” of
direct observation (Figure 4, panel A). Observation will be undertaken in three clinical settings (labour/

A OBSERVATION

“Gold standard” for this study
(where not possible, verification using in-patient records)

7\

ROUTINE DATA  4.......  RECALL/SURVEY

Main platform is DHIS 2 Main platform is household surveys
Routine data from registers in Maternal recall survey
Labour & Delivery, KMC and neonatal wards. at time of discharge
B OBSERVED INTERVENTION (GOLD STANDARD)
Positive Negative
© True positive (TP) False positive (FP) Total recorded /reported* as
n E % Intervention occurred Intervention did not occur, receiving intervention
E E 2 and recorded /reported* but recorded /reported* =TP+FP
§ E o | False negative (FN) True negative (TN) Total recorded /reported* as
< B ?b Intervention occurred Intervention did not occur not receiving intervention
- 2 | but not recorded/reported * and not recorded/reported* ZFN+TN

Total receiving the intervention Total not receiving the intervention Total observed cases

TP+FN FP+TN TP+FN+FP+TN

Sensitivity =TP/ (TP+FN) Specificity =TN/ (FP +TN)

Those receiving the intervention who were Those who did not receive the intervention who

recorded /reported* as receiving the were recorded / reported* as having received the

intervention i.e. expressing the level of true intervention i.e. the chances of misreporting

positives recorded /reported* /recording an intervention that did not happen

TERMS DEFINITION
Accuracy Closeness of a measured value to a standard value

For EN-BIRTH study, closeness of register recorded or maternal recall survey
compared to direct clinical observation

Validation The process whereby the ability of health indicators to measure what they are
supposed to measure is determined compared to a standard

Positive Predictive Value (PPV) The probability that an intervention recorded/reported as received
had been observed as received = TP/ (TP + FP)

Negative predictive value (NPV) | The probability that an intervention not recorded/reported

had been observed as not received = TN/ (TN+FN)

Figure 4. EN-BIRTH study validation and analysis approach. Panel A. Validation “gold standard” comparison to
routine data (eg, HMIS/DHIS2) and to maternal recall survey data (eg, for household surveys). Panel B. Analysis
for validation of sensitivity and specificity. Asterisk — recorded in facility L&D or KMC register / reported in mater-
nal recall survey.
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delivery ward, operation theatre, and KMC ward/area) by trained clinical observers. Data will be extract-
ed from facility registers and verification of inpatient records carried out for newborns who received an-
tibiotics for presumed infection, and for women who received ACS. Interviews to capture maternal recall
will be conducted prior to discharge with all women whose births and/or their newborn’s care were ob-
served or case notes were verified. In addition, barriers and enablers to recording of selected indicators
in routine facility registers will be evaluated. Data flow into national HMIS platforms and perceived util-
ity of data will be documented.

Research questions were informed by consultation with many Every Newborn stakeholders [9,17] includ-
ing WHO-led Measurement Improvement Roadmap meeting [15] and EN-BIRTH Expert Advisory Group
(listed as author group). More than 60 participants in an EN-BIRTH study design workshop [49] pro-
vided representation from country partners, national stakeholders, UN agencies, leading academic and
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UNFINISHED AGENDA

professional experts in the field, governmental and non-governmental organisations, clinicians, program

managers, other key experts and donors (see Appendix S1 in Online Supplementary Document) and
contributed to development of the research protocol (Box 1).

Box 1. Authorship teams for EN-BIRTH study

EN-BIRTH LSHTM Team: Louise T Day, Harriet Ruysen, Vladimir S Gordeev, Georgia R Gore-Langton, Dor-
othy Boggs, Simon Cousens, Sarah G Moxon, Hannah Blencowe, Angela Baschieri.

EN-BIRTH Co-PI and country teams

Bangladesh: Ahmed Ehsanur Rahman, Tazeen Tahsina, Sojib Bin Zaman, Tanvir Hossain, Qazi Sadeqg-ur Rah-
man, Shafiqul Ameen, Shams El Arifeen.

Nepal: Ashish KC, Shree Krishna Shrestha, Naresh P KC, Dela Singh, Anjani Kumar Jha,

Bijay Jha, Nisha Rana, Omkar Basnet, Elisha Joshi, Asmita Paudel, Parashu Ram Shrestha, Deepak Jha, Ram
Chandra Bastola, Jagat Jeevan Ghimire, Rajendra Paudel.

Tanzania: Nahya Salim, Donat Shamba, Karim Manji, Josephine Shabani, Kizito Shirima, Namala Mkopi, Mwi-
fadhi Mrisho, Fatuma Manzi, Jennie Jaribu, Edward Kija, Evelyne Assenga, Rodrick Kisenge, Andrea Pembe,
Claudia Hanson, Godfrey Mbaruku, Honorati Masanja.

Senior author/corresponding: Joy E Lawn

With the EN-BIRTH Expert Advisory group

Agbessi Amouzou, Tariq Azim, Debra Jackson, Theopista John Kabuteni, Matthews Mathai, Jean-Pierre Monet, Al-
lisyn Moran, Pavani Ram, Barbara Rawlins, Johan Ivar Seebg, Florina Serbanescu, Lara Vaz, Nabila Zaka.

On behalf of the EN-BIRTH study research design Windsor Workshop Invitees (not already names in above
author groups

Al Ayede, Simon Azariah, Anne-Marie Bergh, Elahi Chowdhury, Olive Cocoman, Patricia Coffey, Jai Das, Ashok
Deorari, Mary Drake, Queen Dube, Suzanne Fournier, John Grove, Rima Jolivet, Amira Khan, Dyson Likom-
wa, James Litch, Goldy Mazia, Kate Milner, Indira Narayanan, Susan Niermeyer, Alfred Osoti, Sayed Rubayet,
Joanna Schellenberg, Wilfred Senyoni, Gaurav Sharma, Kavita Singh, Nalini Singhal, Cally Tann, Steve Wall.

Study settings

Tanzania, Bangladesh and Nepal were chosen as LMIC5 currently implementing the selected maternal and
newborn interventions within Sub-Saharan Africa and Asia [50]. Within these countries, research centres
of excellence with a strong track record in maternal and newborn health were selected: Ifakara Health
Institute (IHD) and Muhimbili University of Health and Allied Sciences (MUHAS) in Tanzania, Interna-
tional Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b); UNICEF-Nepal with Lifeline in Ne-
pal. Criteria for selection of facilities were: providing the selected interventions in line with current WHO
recommendations for improving quality of care; existing registers recording most interventions; and suffi-
cient number of births to ensure sample size (except for ACS discussed under sample size section below).

Study populations

Inclusion / exclusion criteria for consenting women according to data collection methods (Figure 5) are:

e Observation on labour and delivery, operating theatre: All admitted women in active labour
excluding those likely to deliver immediately. Women with a prior diagnosis of intrauterine death,
were also excluded to avoid further maternal distress.
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* Observation KMC ward/area: All in-born and out-born neonates admitted for KMC.,

* Verification from inpatient records for ACS administration: All women being observed and re-
ported to be <34 weeks’ gestation at admission from Expected Date of Delivery (EDD).

* Verification from inpatient records for neonatal infection cases: All babies < 28 days old with
a main diagnosis of infection (sepsis/meningitis) recorded in neonatal register or admission/dis-
charge book. Babies will be excluded for major congenital abnormality, neonatal encephalopathy/
severe asphyxia, <32 weeks’ gestation and/or admission weight <1500 grammes.

* Maternal recall survey: All women whose birth and/or their newborns KMC will be observed, or
case notes verified for ACS or neonatal infection.

* Routine register extraction: All women whose birth and/or their newborn’s KMC will be observed.
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Sample size

Sample size was based on planned analysis for validity in objective one, by assuming 50% sensitivity
+10% precision, 50% specificity +10% precision, with a.=0.05 and then applying the lowest previously
published rates for neonatal resuscitation [51] and for KMC initiation [52,53]. Since formative data sug-
gested >80% coverage for uterotonic administration, this indicator will be well-powered (see Appendix
S2, Tables S2-3 in Online Supplementary Document). Hence minimal sample size is 4850 observa-
tions in each country, increased to 5390 observations to allow for a non-consent rate of 10% (Table 4).
As expected prevalence of ACS is less than 0.5%, the resulting very large sample size was not feasible for
this study [54,55]. The 5390 observations will be collected from three countries. In Tanzania and Nepal,
each facility will observe this number of births, and in Bangladesh observations will take place in two fa-
cilities (Table 4) [4,5,56]. We anticipate a total >20000 observed births aiming to capture at least 106
observations per intervention per country, except for ACS (Table 4 and Appendix S2, Table S3 in Online
Supplementary Document).

Tool development

A formative research phase was undertaken from July — December 2016 including: health facility assess-
ments [57], register reviews, data flow assessments, and interviews/focus group discussions (FGDs) with
women, caregivers, health workers and senior facility-level staff. The results helped ensure study sites
could meet inclusion criteria, achieve required sample size and informed refinement of observer check-
lists and data collection processes. Maternal Recall survey tools were translated into local languages and
back-translated.

Table 4. EN-BIRTH study — national mortality rates, facility context and expected number of births and cases per indicator

ConText Faciumies SAMPLE SiZE
Country National mortality Name Hospital type  Annu- Expected Uteroton- Each for: resuscitation, Kan-
rates*® al total birthsin  icusef  garoo mother care, neonatal
births study infection managementt
Tanzania ~ MMR=398/100000 Muhimbili National Hos- National Refer- 9773 5390 >4310 >106
NMR=22/1000 pital, Dar es Salaam  ral & Universi-
SBR=22/1000 ty Teaching
Temeke Regional Hospi- Regional 14655 5390 >4310 >106
tal, Dar es Salaam Referral
Subtotal 10780 >8620 >212
Bangladesh ~ MMR=176/100000 Maternal and Child Tertiary 4488 2695 >2150 >53
NMR=21/1000 Health Training Institute
SBR=25/1000 (MCHTD), Dhaka
Kushtia District Hospital Secondary 2581 2695 >2,150 >53
Subtotal 5390 >4,310 >106
Nepal MMR=258 /100000 Pokhara Academy of Tertiary 9427 5390 >4310 >106
NMR=22/1000 Health Sciences
SBR=18/1000
TOTAL all 40924 21560 >17240 >424

*MMR — maternal mortality ratio per 100000 live births [5]; NMR — neonatal mortality rate per 1000 live births [54]; SBR — stillbirth rate per 1000
total births [4].
‘tPrevalence/incidence based on references [51-53,55,56]. More details in Appendix S2 of Online Supplementary Document.
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Data collection software application

The development of a customised tablet-based software application (Android-based) for data collection
and monitoring was undertaken by the icddr,b team supported by LSHTM (Figure 5 and Figure 6) [58].
The software application has different permissions for various data collector cadres (observation, veri-
fication, maternal recall survey, and data extraction) and translated into local languages where relevant.
Time-stamped data will be collected using this EN-BIRTH data collection software, stored locally on the
tablet, and synchronised regularly to the local central secure database server.

Training of data collectors and supervisors

Data collector cadres include: tracker (responsible for consent, registration and assigning for observa-
tion/record verification and subsequent tracking); observer (direct observational data for assigned wom-
en and babies); interviewer (maternal recall survey interviews); data verifier/extractor (data from facility
registers or case notes); and supervisor (responsible for all data collectors and quality assurance) (Figure
5). Observers with a clinical background (eg, nurses) will be recruited. Data collection staff will receive
two weeks of training using classroom-based sessions, group activities and mock data collection within
the health facility, detailed in the Data Collectors Training Handbook [58]. Observer training will include
guidance on response to specific events, including managing maternal distress and when to pause data
collection and assist in the care of the patient, if they perceive facility staff are responding inappropriately
to a life-threatening situation. A minimum individual post-training assessment score of =80% is required
before data collection can commence.
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Procedures according to data collection method
Observation (Objectives 1, 2, and 3)

Informed written consent will be obtained prior to study registration and basic demographic data collected
(Figure 5) by the tracker. Verbal consent will be obtained from the health workers. Observers working in
Labour/Delivery ward, Operating theatre and KMC ward/areas will collect direct clinical observation data.
These observers will not interact with participating pregnant women, her family members or attending
health workers during observation (except to respond to a life-threatening event [58]).

Observations on Labour/Delivery ward will focus on specific aspects of: 1, 2™ and 3" stage of labour,
postpartum haemorrhage, immediate newborn care and neonatal resuscitation. Multiple parameters will
be recorded to assess content/quality of care, particularly related to intervention timing. KMC observa-
tions will focus on domains of initiation, position, feeding and other treatment administered. Mother and
baby outcome at discharge from hospital will be documented [58].

database

double data
entry tablet
application

Double Data Entry]

for 5% Supervisor

=

L&D ward and
) Neonatal and KMC wards
Operating Theatre
Women in labour | |Babies admitted | |Babies admitted
DATA for KMC for sepsis DATA COLLECTOR
COLLECTION ROLES DATA SYSTEMS
B ACS
g C 1 2
S Re, is:r:iie:n Tracker iw BaCk-UD
= g hard-drive
] ——— - o o [
E Observation Observer T* 1;
[ih)
 |or g
& Verification __ Data Verifier EN-BIRTH
& e > tablet
[= [ ] . .
Maternal Recall . —
E aternal Recal Interviewer Tw application
= Survey|
i
5 ——— — e >
-g Data Extraction & / web-
5 o rei Data extractor iﬁ based
g |from war registers| EN-BIRTH
o >
£
M—
o
8

Figure 5. EN-BIRTH study — overview of data flow in study sites. Data Collection — “ward registers” on one line. Data col-
lector roles revised with “Data Verifier” added. Data Systems needed “web based database” (word database was missing).
ACS — antenatal corticosteroids.
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Figure 6. EN-BIRTH study software data collection showing examples of the tablet application screen shots.

Additionally in Nepal for neonatal resuscitation, observation video film recording and physiological as-
sessment will be undertaken. Information regarding these additional processes will be provided separately
to women and informed, signed consent taken [59]. Video cameras and pulse oximeters will be placed on
resuscitation tables within Labour/Delivery ward and Operating theatres and research staff trained in this
equipment operation and maintenance. A trained data collector will complete the observation checklist
for resuscitation using the recorded video within 24 hours of birth [60,61]. If consent is subsequently
withdrawn for video use, this data will be excluded, and the video deleted.

Verification using inpatient notes (Objectives 1, 2, and 3)

During the formative phase it was recognised that direct observation was not feasible for two of the se-
lected interventions (neonatal infection and antenatal corticosteroids). For these interventions, data ver-
ifiers will use patient charts/ case notes, drug charts, laboratory reports and other relevant routine docu-
mentation to verify intervention and quality of care measurements. Supervisors will review/search for any
missing or illegible documents before confirming data not readable/ not recorded [58].

Maternal Recall Survey (Objectives 1, 2, and 3)

Data collectors will interview mothers whose baby’s birth or treatment is observed and/or verified prior to
discharge from postnatal or KMC ward/areas The software programming of the structured questionnaires
will automatically skip certain questions to minimise any risk of further emotional trauma if the mother
has experienced a stillborn or neonatal death [58]. For multiple births the interview will be completed
only for first-born babies. Consent will be repeated before this interview in recognition that the moth-
er may have been in labour when she first consented to participation in this research. Consent will also
be taken for repeat maternal recall surveys at different intervals after discharge, if funded for follow-up.

Routine register data extraction (Objectives 1, 2 and 3)

Data extractors will use routine labour/delivery registers, KMC registers and neonatal ward registers to
extract participant data recorded by facility staff. If data are illegible or cannot be found, supervisors will
review/search for these documents, before documenting data not readable/not recorded [58].

Assess barriers and enablers (Objective 4)

Mixed methods will be used to identify barriers and enablers to routine data recording and use of select-
ed indicators (Table 1). Completeness and quality of existing documentation in routine registers (labour/
delivery, KMC and/or neonatal) for 12 months prior to the study will be evaluated. In Bangladesh and
Nepal, 100% of cases in these registers will be extracted. In the Tanzanian facilities, with a high number
of births, a 20% sample randomly selected will be used for labour/delivery cases with 100% for KMC
and neonatal infection cases.
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Qualitative data collection tools for FGD, in-depth and key informant interviews will be informed by
the MEASURE Evaluation Performance of Routine Information System Management (PRISM) conceptu-
al framework and tools [62], including constructs for Technical, Organizational and Behavioural factors.
Data will be collected from study data collectors and facility health workers. Data flow assessments will
provide information on movement of data from registers, into DHIS2 and up to national level. Addition-
ally, perceptions regarding indicators which are considered most valuable and most feasible to collect will
be explored through interviews with policy makers and technical managers of DHIS2.

Data quality monitoring

The EN-BIRTH data collection software includes skip rules, and consistency checks as well as pre-defined
value ranges for some variables. Progress will be monitored by an online data dashboard, providing re-
al-time summary tables per site, including data capture cascade for selected coverage indicators at each
step; registration, consent, observation/ verification, maternal recall survey and register data extraction. A
traffic light system will indicate overall progress for each indicator using pre-defined thresholds. Bi-week-
ly all-site calls will provide an opportunity for country teams to review and discuss progress using these
data dashboards, in addition to promoting collaborative quality improvement initiatives between coun-
tries and sites.
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As part of the quality assurance process, for approximately 5% of cases in each site, simultaneous super-
visor observation and duplicate data verification and extraction will also be conducted using EN-BIRTH
data collection software. The supervisor data will be regarded as the standard, stored in a separate data-
base, and variability between individual data collectors estimated by calculating inter-rater reliability us-
ing Cohen’s kappa (k) coefficient. Minimum agreement levels of >71% for observation and >91% for data
extraction/case verification will be used [63].

Data management

EN-BIRTH tablet data will be synchronised, and uploaded to an in-country central server, regularly
backed-up. Raw data will be encrypted, and access restricted to country data manager who will anony-
mise data before data sets are pooled. Server maintenance, data management, and cleaning will be co-
ordinated according to agreed protocols including logical and completeness checks. A unified variable
code book will contain description of variable names and answer options. Qualitative data will be dig-
itally recorded, transcribed, and translated into English. All data will be stored on password-protected
computers.

Analysis plan

Analyses will be coordinated, using a standard approach, both combining sites, and with site-specific and/
or country-specific analyses. An overview of research objectives, main research questions and data anal-
ysis approach are summarised in Table 2. Quantitative analyses will be undertaken with Stata 15 (Stata
Statistical Software: Release 15).

Objective 1 — Numerator

The “gold standard” used for comparison will be direct observation of selected interventions by research
observer, except for neonatal infection and ACS, where in-patient note verification will be used. Data ex-
tracted from facility routine register records and data collected during maternal recall survey will be com-
pared with this “gold standard” separately (Figure 4, panel A). Accuracy of each individual coverage indi-
cator will be assessed by constructing two-by-two tables to analyse the sensitivity and positive-predictive
value of routine data (Figure 4, panel B). Specificity of routine data will be assessed for those indicators
with true negatives and confidence intervals will be computed. “Area Under the Curve” previously used
for coverage indicators validation will be used for indicators with true negatives [25,46-48,64].

Objective 2 — Denominators

Various denominator options (Table 1) will be compared using descriptive statistics to assess variation in
estimated coverage and undertake analyses to guide benchmarking. Information on denominators will
come from the EN-BIRTH data set, facility total birth data collected from facility reports, and population
birth data from estimates based on census or survey and fertility rates, as used in DHIS2. For indicators
with a whole population denominator (ie, uterotonics, breastfeeding) or a clearly measurable “true” de-
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nominator regarding clinical need (eg, KMC — birth weight <2000g), the inflation factor will be used.
Inflation factor is the ratio of estimated routine recording-based prevalence to true (observed) popula-
tion-based prevalence. It represents the magnitude of over- or under-estimation in the study setting rel-
ative to true population-based prevalence.

Objective 3 — Content/quality of care

Multiple recorded parameters will be analysed to assess measurement related to content/quality of care, par-
ticularly regarding timing of interventions and in relation to WHO Guideline recommendations (Table 3).

Objective 4 — Barriers and enablers

To assess barriers and enablers to indicator data recording and use, mixed methods will be used based on
a framework adapted from PRISM [62] and considering other tools [65]. Quantitative analysis of routine
register data collected prior to and during the study will address two research questions: (1) Are some
indicators recorded more completely than others? (2) Has routine recording changed during the study
time? Qualitative data from FGDs, in-depth and key informant interviews will be analysed using QSR In-
ternational’s NVivo 12 qualitative software (NVivo qualitative data analysis Software; QSR International
Pty Ltd Version 12.1, 2018). Predetermined codes will be applied by two independent researchers, data
managed into units of information covering broad categories with grouping of relevant emerging themes
of importance.
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DISCUSSION

EN-BIRTH is the first large study to assess validity of newborn and maternal care indicators in routine
data systems, doing so at very large scale (>20 000 observed births) across three countries with a high-bur-
den of mortality. Previous maternal and newborn indicator validation studies have focused on testing
the validity of women’ self-report method, used in population-based household surveys [25,46-48,64].
Validation of facility registers have focussed on outcome measures [29]. The EN-BIRTH study seeks to
validate both routine registers and maternal recall at discharge for coverage indicators of high impact in-
terventions. The novel software developed for this research allows detailed and precise recording of events
around the time of birth, and particularly the timing of interventions. There are many studies examin-
ing quality of care at birth [66,67], and this research is not repeating that, but is focused on accuracy of
routine reporting of care.

This research responds to calls from country and programme leaders for guidance on indicators for ma-
ternal and newborn services, tracking progress towards meeting national targets and Universal Health
Coverage [9,17,68]. The high reporting load for many countries with multiple programmes, donors, and
indicators, may result in the so-called data rich, information poor (DRIP) syndrome [69]. In addition to
high reporting burden on the system, the individual midwives and doctors are responsible for recording
data in multiple registers and patient records, sometimes at the expense of providing respectful quality care
for women and babies. Hence a shorter list of evidence-based, indicators is required for national tracking,
taking in to account validity and utility in low-resource, high-burden settings. The results of this study
will inform recommendations for indicators appropriate for uptake within HMIS, and may also identify
some that are not appropriate for use at higher levels of the health system (Figure 3). This research will
also help inform improved capture and quality of data in HMIS, and especially DHIS2.

During the MDG-era, population-level surveys were the most common data source in high-burden coun-
tries, but studies consistently demonstrate challenges with maternal recall data, especially regarding de-
tails of clinical interventions [24,25,46,47,64]. For data that require medical knowledge and especially
events that women may not have closely witnessed (eg, neonatal resuscitation), we expect poor mater-
nal recall, which may reflect the lack of information given to families experiencing complications. Given
continued reliance on household surveys for demographic and health data in many remote or unstable
settings, we anticipate the main value of our maternal recall survey validation findings will be to contrib-
ute to the understanding of which indicators are not suitable for use in household surveys. We anticipate
that if the woman does not know about the intervention at discharge from hospital, then recall later will
not be useful.

A strength of this study design is the rigorous assessment of validity at scale, of facility routine data by
comparison with direct observation, defined here as the “gold standard”. Another strength is a specific fo-
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cus on the denominator challenge. In an era of Universal Health Coverage, with discussions surrounding
scale-up of more complex care for targeted populations, the science of denominator measurement, use
of proxies, and selection of benchmarks will be increasingly important. This challenge applies to denom-
inator measurement for maternal and newborn complications (as well as other large burden conditions,
notably non-communicable diseases). This study, however, is not designed to validate the denominator
based on subjective assessment of clinical need (eg, requiring neonatal resuscitation). Hence, we will only
be able to measure true negatives, calculate specificity, and undertake analysis of “area under the curve”
for interventions with a total population or clearly defined denominator [25,46-48,64].

This research also offers a unique opportunity to examine quality of care data from >20000 births and
assess to what extent we can accurately capture specific components including content and timing of se-
lected interventions. Although multiple specific aspects of care may be measured locally to drive quality
of care improvement at facility level, here we will focus on quality of care indicators that may be useful
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at district or national levels of the health system. Timing of interventions is a critical marker of quality
of care, since delays are a matter of life or death: a woman may die in hours, a baby in minutes. More-
over, the sequence of interventions is complex and even concurrent (eg, how often is the correct dose of
uterotonic given <1 minute after birth to prevent a woman bleeding from postpartum haemorrhage; How
soon is bag-and-mask ventilation initiated for a baby who is not breathing; How many hours each day is
a baby kept in KMC position). The time-stamped design of EN-BIRTH data collection software will per-
mit analysis of such sequences.

Whilst direct observation is considered the “gold standard”, data collectors might miss interventions,
with concurrent actions at birth, especially in an emergency. We will limit potential recording bias by us-
ing observers with health backgrounds who are familiar with the procedures under observation [70-72].
EN-BIRTH data will also be directly on the tablet software to allow fast data capture. The study also pres-
ents several ethical challenges including the dilemma of observing a life-threatening situation without
appropriate response from facility staff, and gaining informed consent during labour [58]. The clinically
trained observers will have underlying familiarity of hospital environments, experience to uphold study
protocols correctly [70] and experience in maintaining participant confidentiality. Training and processes
will be put in place to take account of professional and legal duty of care.

The “Hawthorne effect” describes the phenomenon when a research participant’s behavior is altered as
a consequence of being studied or observed, and can be a source of bias in observational research [73].
Within this study, it is possible that clinical observers’ presence will influence health workers to change
their approach to care and routine register data. However, there is some evidence to suggest that sus-
tained contact with participants (as with this study) may mitigate altered behaviors in health care set-
tings [74]. To assess this bias, we will analyze changes in register data completeness and quality before
and during the study.

Although the EN-BIRTH study is not powered to validate an ACS administration indicator, this will be
included. Current WHO guidelines provide strong recommendation for the provision of a single course
of ACS for any woman at risk of imminent preterm birth (24-34 weeks of gestation) provided the follow-
ing criteria are met: 1) accurate assessment of gestational age; 2) no evidence of maternal infection; 3)
preterm birth is considered imminent; 4) available adequate childbirth and newborn care services [75].
EN-BIRTH study sites were assessed in accordance with these WHO guidelines. The Antenatal Cortico-
steroid Trial (ACT) evaluated use of ACS at lower levels of the health system, with half of study births
in home settings and care often provided by traditional birth attendants [76]. ACT reported an adverse
outcome risk particularly in cases where ACS administration was after 34 weeks and outlines important
challenges for measurement of gestational age, and assessment of maternal infection. This demonstrated
need for robust data and further evidence in such settings, along with the imperative of ensuring safety
and effectiveness, make measurement of ACS coverage and outcomes essential. Therefore, the EN-BIRTH
study ACS analysis will focus on assessing relevant documentation to report the current ACS administra-
tion practice, compared with WHO safety criteria [75].

Given the importance of the neonatal period in terms of risk and prevention of long-term adverse child
development outcomes, we plan a five-year follow-up for EN-BIRTH study recruited children who re-
ceived basic neonatal interventions [77]. The Every Newborn — Simplified Measurement Integrating Lon-
gitudinal Neurodevelopment & Growth (EN-SMILING) aims to detect child development outcomes as
early as possible for referral to services, and to improve routine measurement of child development out-
comes in programme settings.
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The EN-BIRTH study is richer through active involvement of experts and policymakers from the EN-
BIRTH Expert Advisory Group, Every Newborn implementation community, EPMM, UN Agencies includ-
ing WHO, UNICEF and UNFPA as well as many partners and donors. In further support of this goal,
each of the three countries have National Advisory Committees who will actively participate in the re-
search process and support uptake of findings. Results will also be published in peer reviewed journals
and disseminated with all relevant audiences. Following EN-BIRTH study validity testing, an important
next step will be to evaluate feasibility of a short-list of indicators at different levels of the health system.

Most of the 5.5 million deaths around the time of birth [3] still occur in settings with the least data. House-
hold surveys remain a key data source in the poorest countries, and Every Newborn is also involved in a
multi-site study, EN-INDEPTH, to assess and improve these data [78]. Data improvement is fundamental
for monitoring more rapid progress towards meeting global and national mortality targets, and in achiev-
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ing Universal Health Coverage for all women and newborns [15]. With ongoing investment in electronic

data platforms (including DHIS2) and increasing country demand for evidence-based indicators, we an-
ticipate that these results will advance availability and use of data to change coverage, quality and equity,
to help end preventable maternal and newborn mortality, as well as stillbirths.
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Abstract

Background: Countries with the highest burden of maternal and newborn deaths and stillbirths often have little
information on these deaths. Since over 81% of births worldwide now occur in facilities, using routine facility data
could reduce this data gap. We assessed the availability, quality, and utility of routine labour and delivery ward
register data in five hospitals in Bangladesh, Nepal, and Tanzania. This paper forms the baseline register assessment
for the Every Newborn-Birth Indicators Research Tracking in Hospitals (EN-BIRTH) studly.

Methods: We extracted 21 data elements from routine hospital labour ward registers, useful to calculate selected
maternal and newborn health (MNH) indicators. The study sites were five public hospitals during a one-year period
(2016-17). We measured 1) availability: completeness of data elements by register design, 2) data quality:
implausibility, internal consistency, and heaping of birthweight and explored 3) utility by calculating selected MNH
indicators using the available data.
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Results: Data were extracted for 20,075 births. Register design was different between the five hospitals with 10-17
of the 21 selected MNH data elements available. More data were available for health outcomes than interventions.
Nearly all available data elements were > 95% complete in four of the five hospitals and implausible values were
rare. Data elements captured in specific columns were 85.2% highly complete compared to 25.0% captured in non-
specific columns. Birthweight data were less complete for stillbirths than live births at two hospitals, and significant
heaping was found in all sites, especially at 2500g and 3000g. All five hospitals recorded count data required to
calculate impact indicators including; stillbirth rate, low birthweight rate, Caesarean section rate, and mortality rates.

Conclusions: Data needed to calculate MNH indicators are mostly available and highly complete in EN-BIRTH study

Measurement, Indicators

hospital routine labour ward registers in Bangladesh, Nepal and Tanzania. Register designs need to include
interventions for coverage measurement. There is potential to improve data quality if Health Management
Information Systems utilization with feedback loops can be strengthened. Routine health facility data could
contribute to reduce the coverage and impact data gap around the time of birth.

Keywords: Maternal, Newborn, Stillbirth, Registers, Birth, Hospital, Routine Health Management Information Systems,

Background

Improving quality of care at birth could save an esti-
mated 3 million lives per year [1, 2]. To drive progress,
accurate data are essential, however, the majority of
deaths around the time of birth occur in settings with
the least information on these deaths, the “inverse data
law” [3]. Improving impact and coverage data for action
is central to the Sustainable Development Goal (SDG)
aspiration of “no-one left behind” [4], the United Na-
tion’s Global Strategy for Women’s Children’s and Ado-
lescents’ Health [5], and The Every Newborn Action Plan
(ENAP). One of five ENAP strategic objectives is to
transform metrics and use of data to improve outcomes
and track progress towards ending preventable maternal
and newborn deaths, including stillbirths [6].

Labour and Delivery (L&D) ward registers are routinely
completed by facility health workers and used to track ward
admissions and discharges in a parallel system to patient
case notes. Birth outcomes, care and interventions for
women and babies are also often documented in these reg-
isters. However, concerns of poor register data quality in
low- and middle- income counties (LMIC), have reduced
confidence in full utilization of this data source in Health
Management Information Systems (HMIS). As global facil-
ity births increase, currently >81%, [7], it is important to re-
assess the availability and quality of this routine data to
help address the current data gap around the time of birth.

Research assessing labour ward register data in LMICs
provides some explanation for the scepticism surrounding
programmatic use of this source. Maternal and newborn
health (MNH) data elements were not consistently available
in facility registers in 24 high burden countries [8]. In a
rural primary health care context in north eastern Nigeria
health workers documented in labour ward registers most
completely for birthweight (99%) and woman’s age at deliv-
ery (97%); documentation was less complete for the

composite indicator essential newborn care (82%) and
preterm birth (77%) [9]. In two rural Kenyan hospitals, en-
tire labour ward registers were missing for months, and
when present many data elements were less than 80%
complete; the proportion of data legible/correctly coded/ap-
propriate/recognized ranged from 29 to 100% [10]. In one
Ethiopian hospital, among the 20% of births missing from
the labour ward register, 91% had received a clinical inter-
vention, thus the register both underestimated total births
and interventions [11]. However, the picture is not wholly
negative and routine data can be improved. Data quality
improvement efforts across 20 L&D wards in South Africa,
including data collection training and monthly data reviews,
demonstrated increased completeness from 26 to 64%, and
accuracy from 37 to 65% [12]. In Rwanda, health system
strengthening measures including performance review feed-
back activities, mentoring, and enhanced supervision led to
increased value and ownership of data among health
workers [13]. In Zanzibar, quarterly data use workshops
with active engagement of data users, grew and improved
the HMIS, enhancing staff capacity for information use,
presentation and analysis for decision making [14].

The Every Newborn-Birth Indicators Research Track-
ing in Hospitals (EN-BIRTH) study aimed to assess
the validity of selected newborn and maternal health
care interventions indicators (coverage, content/quality,
and/or safety) in hospitals [6] (Fig. 1). Our assessment of
existing routine registers in EN-BIRTH study hospitals
formed the baseline against which to evaluate any
changes in documentation resulting from the presence
of researchers in the L&D ward [18].

Aim

This study aimed to assess the availability, quality, and
utility of routine data in labour ward registers in five
hospitals for 1 year before EN-BIRTH data collection.
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and Tanzania (Annex, Table 1).

Every Newborn-Birth Indicators Research Tracking in Hospitals (EN-BIRTH) study [6]

e The Every Newborn Measurement Improvement Roadmap aims to increase the evidence
base to inform selection and use of Maternal and Newborn Health indicators in national
Health Management Information Systems e.g. District Health Information System (DHIS2).

e Ten core ENAP indicators were prioritised for national and global tracking, including those
to measure impact, coverage, and input. Whilst the clarity of these indicator definitions
vary, the availability and quality of data is limited for all ENAP core indicators [15-17].

e The EN-BIRTH study aims to test validity of selected newborn and maternal health
intervention indicators (coverage/ quality aspects and/or safety) in hospitals.

e The study includes the direct clinical observation of >20,000 births in five Comprehensive
Emergency Obstetric and Neonatal Care (CEmONC) public hospitals in Bangladesh, Nepal

e Observation/ verification data as gold standards will be compared to women’s report at
exit survey and to routine hospital register data [6].

Fig. 1 Summary of the EN-BIRTH study [6, 15-17]
A\

Objectives

To evaluate routine hospital labour ward registers for 21
selected maternal and newborn data elements (Annex,
Table 2):

1. Data availability: measure completeness in relation
to register design.

2. Data quality: assess implausibility, internal
consistency, and birthweight heaping.

3. Data utility: cross-tabulate and transform
available count data to coverage/impact
indicators.

Methods

Study settings

The five EN-BIRTH study sites are public hospitals in
high burden Sub-Saharan African and South Asian
LMIC settings and implementing the selected MNH in-
terventions. Two hospitals in Bangladesh (BD) - Mater-
nal and Child Health Training Institute (MCHTI)
Azimpur, and Kushtia District Hospital; one in Nepal
(NP) - Pokhara Academy of Health Sciences; and two in
Tanzania (TZ) - Temeke Regional Hospital and Muhim-
bili National Hospital (Annex, Table 1) [6].

Data collection

Data elements/ count data required to calculate selected
priority global MNH indicators were identified (n =21)
(Annex, Table 2). The data elements were extracted
from routine hospital labour ward registers by trained
researchers. In Bangladesh, for Caesarean section births,
additional data from routine “Operation Registers” were
extracted and included in the dataset. All data were ex-
tracted at the end of the 12 month study period, prior to
EN-BIRTH observational data collection; in Tanzania
and Bangladesh, 1st January 2016 — 31st December
2016, and in Nepal 1st April 2016 - 31st March 2017.

Data were extracted for all births in Bangladesh and
Nepal, and a 20% simple random monthly sample in
Tanzania, due to the high case volume. Data were dir-
ectly entered into customized databases in Tanzania and
Nepal and into Microsoft Excel (Version 2007) from
register photographs in Bangladesh.

Data analysis
Data were analyzed in Stata 15 (StataCorp, 2017, College
Station, TX).

The following data analysis methods were applied for
each study objective (Table 1):

Objective 1: availability of labour ward register data
elements

Availability of data elements: mapped across the five
hospital registers by classifying the register design into
one of three categories:

Specific column allotted for data element e.g. Column
title: “Uterotonic for third stage of labour”,
documentation requires “Yes” or “No”.

Non-specific column allotted for data element e.g.
Column title: “Drugs given”. Uterotonic drugs are
documented alongside other drugs e.g. analgesics,
antibiotics etc.

No column allotted for the data element in the routine
register (but may be recorded elsewhere e.g. patient
case notes).

Completeness of data element recording: the percentage
of total births recorded in the register with data recorded
for the data element (Table 1). Whilst data completeness
is often considered a data quality dimension, for the pur-
pose of this study, we consider it separately [20].
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Table 1 Terms and definitions of data availability, quality and utility assessed by study objectives. EN-BIRTH Baseline Register Analysis

Study Objective Term Definition

Objective 1: Data Availability Availability

A measure of whether the specific data element is recorded in the register in relation to

register design [8, 19]

Completeness

A measure of the proportion of entries in the register that had any data recorded for the

specified data element for:

Numerator — women or babies for whom intervention received/not received or health
outcome of interest recorded

Denominator — mothers delivered or babies born [20].

Objective 2: Data Quality Implausibility

Heaping

A measure of whether individual data are outside pre-defined ranges of biological credibility.

A measure of the proportion of values falling on specific values (e.g. for birthweight on

2000g or 2500g) or rounded (i.e. ending in “00" or “50).

Internal consistency
expected [20, 21].

Objective 3: Data Utilization  Utility

A measure of whether the observed relationship between related data elements is as

The transformation of count data into indicators by using them as numerators and

denominators or cross-tabulation.

Coverage

Number of individuals receiving an intervention or service (numerator), from

among the hospital population in need of the intervention or service (denominator) [6].

Impact

A measure of the extent to which health status of the facility target population

is being achieved (e.g. maternal and newborn mortality); used for global tracking [22] .

Objective 2: quality of labour ward register data

Three facets of data quality were assessed for a subset
of data elements:

Implausibility: The proportion of extreme or unlikely
values were calculated for three data elements: birthweight
(< 350g or>6000g), gestational age (< 20 weeks or > 44
weeks), and women’s age (< 10 years or > 49 years).

Birthweight heaping and rounding were assessed in
three ways. First, the proportion of birthweights rounded to
100g (ending “00”) or 50g (ending “50”) was calculated.

Second, rounded weight values (e.g. 2500g) were cal-
culated as a proportion of all weights within the adja-
cent 250¢g brackets (e.g. 2250-2750g). Third, the heaping
ratio of the rounded weight value (e.g. 2500g) relative to
the number of weights within the adjacent 250g
brackets, excluding the rounded value (e.g. 2250-2499
plus 2501-2749g) was calculated.

Internal consistency of data elements with expected as-
sociations were examined by cross tabulation [23]: birth
outcome and breastfeeding and [1] baby outcome at dis-
charge [20, 24].

Objective 3: utility

To explore potential use of available MNH data ele-
ments, indicators (coverage, impact, and others of pro-
grammatic relevance) (Annex Table 3) were calculated
with 95% confidence intervals (95% CI) using the regis-
ter count data as numerators and denominators (Annex
Table 4). For indicators using live births as the denomin-
ator, our calculations include only recorded live births in
both numerator and denominator. Birth outcomes were
further disaggregated by birthweight [6]. The effect of

birthweight heaping on the Low Birth Weight (LBW)
rate was explored by reallocating 50% of the birthweights
recorded as exactly 2500g to the LBW (<2500g)
category.

Ethical approval

Institutional review boards in all sites, and at the London
School of Hygiene and Tropical Medicine granted eth-
ical approval and administrative data sharing agreements
were in place.

Results

Objective 1: availability of data

Data were extracted for 20,075 babies in total, 8544 in
Nepal, 7111 in Bangladesh, and 4420 in Tanzania (Table
2). Across the five hospitals, 396 babies were either twins
or triplets.

The labour ward registers were named: “Delivery
Register” in Azimpur BD which differed from “Delivery
Register” in Kushtia, BD. Both Bangladesh hospitals used
“Operation Registers” for Caesarean births (Table 2).
“Obstetric Register” is the national standardized register
in Pokhara NP. Both Tanzanian hospitals use the na-
tional standardized HMIS labour ward register and add-
itional data elements are captured in Muhimbili within a
informal perinatal register known locally as “Midwifery
Book”.

The labour ward register designs are summarized in
Fig. 2, shaded in black if the data element is not
captured. Labour ward registers contained ten of 21 data
elements in Azimpur BD, 11 in Kushtia BD, 15 in
Temeke TZ, 17 in Muhimbili TZ, and 12 in Pokhara NP
(Table 2).
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Table 2 Availability of data in labour ward/ operation theatre registers in five EN-BIRTH study hospitals at baseline, total births

recorded n=20,075

Bangladesh Nepal Tanzania Total
Azimpur Tertiary Kushtia District Pokhara Temeke Muhimbili National
Regional  Regional
Register Name Labour Ward Operation  Labour Ward Operation  Obstetric ~ HMIS Labour HMIS Labour Ward Register
Register Register Register Register Register ~ Ward Register & Midwifery Book
Total number of babies 1415 3253 1742 701 8544 2560 1860 20,075
extracted in register
Babies of multiple births 26 60 93 6 76 121 14 396
(twins, triplets)
Total data elements in 18 21 19 21 31 43 45
register
Total data elements of 10 1 12 15 17

21 requested

Across the five hospital registers, these 21 data ele-
ments were recorded in 65 separate columns, of which
61 columns were “specific” for the data element and four

columns were “non-specific”. High completeness (>80%)
was found for 85.2% of the 61 specific columns com-
pared to 25.0% of the four non-specific colums.

* number of babies for whom data element recorded

**Register designed for “intervention not given” to be left intentionally blank, so not a measure of true completeness

KEY
| Register design - allotted specific column for data element

Register design - allotted non-specific column for data element

Register design - no column allotted

Fig. 2 Availability and completeness of data elements in labour ward registers, by intervention, health outcome and other count data coded by

register design. EN-BIRTH Baseline Register Analysis n=20,075

Data Element Completeness*
n (%)
Bangladesh Nepal T
Data Element Numerator |Denominator Azirr!pur Kl.lsh.tia Pok.haral Temeke Regional Muh.imbilli
Tertiary District Na
Total births | Total births Total births Total births Total births
n=4,668 n=2,443 n= 8,544 n=2,560 n=1,860

Intervention Count Data (necessary for coverage)
Uterotonics for prevention of postpartum haemorrhage (PPH) v 0 (0)** (716?51* 2,560 (100) 1,860 (100)
Breastfeeding early initiation in first hour after birth v 2,545 (99.4) 0(0)
Baby resuscitation - stimulation v 2,560 (100) 1,860 (100)
Baby resuscitation - bag-mask-ventilation v 2,560 (100) 1,860 (100)
Antenatal Corticosteroid v
Chlorhexidine applied to cord v Not app Not app
Health O Count Data ( y for impact)
Birth Outcome (liveborn/ stillborn) v v 4,657 (99.8) | 1,920 (78.6) 8,544 (100) 789 (30.8) 1,838 (98.8)
Stillbirth type (macerated/ fresh) v 0(0) 60 (45.5) 61 (100) 104 (100)
Birthweight v v 1,614 (66.1) | 8,509 (99.6) 2,560 (100) 1,856 (99.8)
Gestational age (completed weeks) v v ‘ 1,793 (96.4)
Woman's outcome at discharge from L&D v 1,406 (30.1) | 1,727 (70.7) 8,544 (100) 2,548 (99.5) 1,860 (100)
Baby’s outcome at discharge from L&D v 1,398(29.9) | 1,725(70.6) 8,543 (99.9) 2,508 (98.0) 1,860 (100)
Other Count Data
Woman's age v v 4,650 (99.6) | 2,380 (97.3) 8,544 (100) 2,559 (99.9) 1,849 (99.4)
Sex of Baby v v 4,659 (99.8) | 1,925 (78.8) 8,544 (100) 2,560 (100) 1,860 (100)
Date of Delivery v 4,668 (100) | 2,443 (100) 8,544 (100) 2,560 (100) 1,860 (100)
Time of Delivery v 4,668 (100) | 2,443 (100) 8,533 (99.8) 2,560 (100) 1,860 (100)
Mode of delivery v v 4,668 (100) | 2,435(99.7) 8,536 (99.9) 2,560 (100) 1,860 (100)
Retained placenta v ‘ ‘ 2,560 (100) 1,860 (100)
Woman's Estimated blood loss in ml v ‘ ‘ ‘
Date of discharge from L&D v \ \
Time of discharge from L&D v | |
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Availability of intervention count data

Uterotonics for prevention of postpartum haemorrhage
(PPH) was not captured in the register in Pokhara NP.
In both the Bangladesh hospital registers uterotonics
were recorded in a non-specific column “medicine
given”, left blank for “not given”, so true completeness
could not be calculated. The Tanzanian register had a
specific column headed “Oxytocin, Ergometrine, or Mi-
soprostol” and completeness was 100% in both Muhim-
bili and Temeke TZ (Fig. 2).

Immediate breastfeeding was not captured in either
Bangladesh or Nepal registers. The Temeke TZ register
had 99.4% completeness, but the same data element in
Muhimbili TZ was not completed.

Newborn resuscitation data [25] were also only re-
corded in the Tanzanian registers, within a specific col-
umn “Helping Babies Breathe” coded: “1” suction, “2”
stimulation, “3” bag-mask-ventilation and "no" for no re-
suscitation. Completeness in both hospitals was 100%.

Availability of health outcome data
The baby’s outcome at birth, live birth or stillborn, was
documented in a non-specific column in Pokhara and a
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Completeness of recording was 30.8% in Temeke TZ,
78.6% in Kushtia BD and above 98.0%, for the remaining
hospitals (Fig. 2).

Data elements for stillbirth (SB) timing (antepartum/
intrapartum) were not available in any register and proxy
measures (fresh/macerated) were allotted a specific col-
umn in Kushtia BD (completeness 0%) and both Tanza-
nian hospitals (completeness 100%) and a non-specific
column in Pokhara NP (completeness 45.5%) (Fig. 2).

Birthweight was documented in a specific column in
all five registers, completeness was >99% in four hospi-
tals and 66.1% in Kushtia BD. Stratifying birthweight
completeness by outcome showed that in Bangladesh
stillbirths were much less complete, 50.0% compared to
100% for live births in Azimpur BD and 26.3% com-
pared to 87.8% for live births in Kushtia BD (Fig. 3).
Gestational age was allotted a specific column only in
Pokhara NP and in the additional perinatal register in
Muhimbili TZ, completeness was >95% in both.
Women’s and baby’s condition at discharge from the
L&D ward had specific columns in all registers, com-
pleteness was <80% in Azimpur BD and Kushtia BD
and >99.5% in Muhimbili and Temeke TZ and Pokhara

specific column in the other four hospitals. NP (Fig. 2).
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Fig. 3 Completeness (%) of recording of birthweight data stratified by birth outcome (live birth/stillbirth/birth outcome unknown). EN-BIRTH
Baseline Register Analysis n=19,177
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Availability of other count data
All five labour ward registers, had specific columns
and >95% completeness for: woman’s age, date and time
of birth, and mode of birth (Fig. 2). Baby's sex was >95%
complete in all registers except Kushtia BD, 78.8%.
Antenatal corticosteroids, chlorhexidine application to
cord (implemented in BD and NP), and time of dis-
charge from L&D ward were not allotted columns in any
register. Date of discharge from L&D ward was only al-
lotted a specific column in Pokhara NP and Muhimbili
TZ, 100% complete (Fig. 2).

Objective 2: quality of data

Implausibility

The proportion of implausible values was low across
hospitals — for birthweight 0-1.2%, for gestational age
0-0.2%, and woman’s age 0—0.2%.

Heaping

Birthweight data were heaped in all five hospitals, in four
registers more than 74% of weights were rounded to the
nearest 100g (Fig. 4, Annex, Table 5). The heaping ratio
was highest at 2.00 in Kushtia for 3000g, i.e. twice as many
babies were recorded as exactly 3000g than at any other
weight within the two adjacent 250g brackets (2750-2999
and 3000-3249g) (Annex, Table 5). For the critical 2500g
LBW cut-off weight, among all babies with a birthweight
within range 2250-2749g, the babies with birthweight
recorded as exactly 2500g was very high; 60.7% in Kushtia
BD, 43.5% in Pokhara NP, 42.0% in Temeke TZ, 19.5% in
Azimpur BD and 18.9% in Muhimbili TZ (Annex, Table 5).

Internal consistency

Babies with birth outcome “stillbirth” should also be re-
corded “died” for baby outcome at L&D ward discharge.
In Bangladesh, the non-specific discharge term “unwell”
was recorded for 96.2% stillbirths (n =25) in Azimpur
and 94.6% (n=106) in Kushtia. The discharge term
“alive” or “well” was used for 5.4% (n = 6) in Kushtia BD,
16.3% (n=17) in Muhimbili TZ and 6.6% (n=4) in
Temeke TZ. Stillbirths recorded as having been breast-
fed were 11.5% (n = 7) in Temeke TZ.

Objective 3: utilization of data

Intervention coverage indicators

Coverage indicators calculated from the available regis-
ter count data are shown in Table 3. Uterotonics cover-
age to prevent PPH ranged from 19.5% of live births in
Temeke TZ to 89.1% of live births in Kushtia BD.

The neonatal resuscitation coverage true denominator
is “babies in need of resuscitation”, and as this was not
available in these routine registers, a surrogate of total
births (live births plus stillbirths) was used. Bag-mask
ventilation (BMV) was received by 4.1% (n = 105) of total
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births in Temeke TZ (Table 3), among these 25.7% (n =
27) were live births, 1.9% (n=2) were fresh stillbirths,
and 72.4% (n=74) had birth outcome missing. Among
babies receiving BMV in Temeke TZ only 24.8% (n = 26)
were recorded to have also received stimulation.

Impact indicators

The facility stillbirth rate (SBR) was lowest at 7.4 in
Azimpur BD and highest at 55.9 in Muhimbili TZ per
1000 total births, Table 3. The fresh SBR ranged from
2.2 in Pokhara NP to 18.9 in Muhimbili TZ per 1000
total births.

Low Birth Weight (LBW) prevalence, ranged from
10.3% in Temeke TZ to 22.6% in Muhimbili TZ, Table
3. The adjusted LBW rate (after re-allocating 50% of ba-
bies with a recorded birthweight of exactly 2500g to the
LBW category) increased the LBW prevalence by 1.7%
in Muhimbili TZ and by 7.2% in Kushtia BD (Table 4).

Cross-tabulating categorical birthweight with outcome
(live birth/ fresh stillbirth/ macerated stillbirth) showed
62.4% (n=212) of total stillbirths and 49.3% (1 =41) of
fresh stillbirths were categorised LBW compared to
13.1% (n = 2225) of live births (Table 5).

The preterm birth rate (number of babies < 37 weeks
per 100 live births) was 4.5% in Pokhara NP and 32.5%
in Muhimbili TZ.

Maternal deaths were recorded in Pokhara NP (# = 3),
Muhimbili TZ (n=1), and Temeke TZ (n=5), with
none in Azimpur BD or Kushtia BD. Thus facility Ma-
ternal mortality ratio (MMR) before discharge from
L&D ward ranged from zero in both Bangladesh hospi-
tals to 137.4 per 100,000 live births in Temeke TZ
(Table 3). The neonatal mortality rate (NMR) before dis-
charge from L&D ward ranged from zero in Azimpur
BD and Kushtia BD to 7.5 per 1000 live births in
Muhimbili TZ.

Other indicators of programmatic relevance

The proportion of hospital births to adolescents (11-19
years) ranged from 4.8% in Muhimbili TZ to 18.6% in
Azimpur BD. Ratio of male:female babies was highest in
Pokhara NP at 118:100, Table 3.

Caesarean section rate, using a live birth denomin-
ator [26, 27], was 43.4%, ranging from 10.4% in Kush-
tia to 70.2% in Azimpur BD, Table 3. As 69 stillbirths
(20.2% of total stillbirths) were also delivered by Cae-
sarean, if these were included in the denominator
[27], the Caesarean rate would decrease overall to
37.3%.

Discussion
This is the largest multi-country study we are aware of
in LMICs to assess labour ward register data availability,
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Table 3 Examples of data utilization - transformation of count data into indicators - EN-BIRTH registers baseline analysis n = 20,075

;
Bangladesh Nepal Tanzania
Azimpur Tertiary Kushtia District Pokhara ional Temeke | ili National
Denominator: Recorded Total Births 4,668 2,443 8,544 2,560 1,860
Indicator
Type Denominator: Recorded Live births 4,623 1,802 8,412 728 1,734
Recorded Stillbirths 34 11 132 61 104
Recorded birth outcome missing (babies excluded from IIV.E birth 5 641 132 1832 126
denominator)
Indicator
Women r g ics for the p of PPH during the third N . "
stage of labour/ live births % (95% CI 89.1(87.5,90.4) 19.5 (16.8, 22.6) 34.3(32.1, 36.6)
Coverage | Babies breastfeeding initiated/live births % (95% Cl) 84.6 (81.7, 87.2)* 0
Babies r ing stimulation for r Jtotal births % (95% Cl) 3.4(2.3,5.0) 0.4 (0.2, 0.8)
Babies receiving BMV for resuscitation/total births % (95% Cl) 4.1(2.6,5.4) 0
stillbirth rate / 1,000 total births (95% Cl) 7.4(5.3,10.3) 47.6(39.8,56.9) | 15.4(13.0,18.3) 23.8(18.6, 30.5) 55.9 (46.3, 67.3)
Fresh stillbirth rate / 1,000 total births (95% CI) 0 2.2(1.4,3.5) 10.9 (7.6, 15.8) 18.9 (14.4, 27.3)
Low Birth Weight rate (<2500g)/ 100 live births (95% CI) 12.6 (11.6,13.6)* | 18.5(16.7,20.5)* | 10.5(9.8,11.2)* 103 (8.2,12.7)* 22.6 (20.7, 24.6)*
Preterm birth rate (<37 weeks)/100 live births (95% ClI) 4.5 (4.1, 5.0)* 32.5(30.3, 34.8)*
\mpact |_Ter™m birth rate (37-41 weeks)/ 100 live births (95% Cl) 87.4(86.7, 88.1)* 61.6 (59.3, 63.9)*
Post-term birth rate (42 weeks or more)/ 100 live births (95% Cl) 3.6(3.2,4.0)* 2.4(1.7,3.6)*
:\;I;;e::;sl Mortality Ratio at discharge from L&D ward/ 100,000 live births 0 23.8(2.8,85.86) | 137.4(3.48,762.94)% | 57.7 (1.46,320.9)*
:;;’;‘::,al Mortality Rate at discharge from L&D ward / 1,000 live births 0 0.8(0.3,1.7)* 5.49 (1.50, 14.01)* 7.5(4.0,12.7)*
Adolescent birth rate-facility (11-19 years)/100 total births (95% Cl) 18.6 (17.5,19.7) 7.5(6.6,8.7) 13.3(12.6,14.1) 12 (14.8,17.7) 4.8(4.1,6.2)
Other | Sex Ratio (# Males per 100 Females) 107 102 118 100 106
Caesarean section Rate/ 100 live births (95% Cl) 70.2 (68.8, 71.5)* 10.4 (9.0, 11.9)* 23.9(23.0,24.8)* 14.4(12.0,17.2)* 64.0 (61.6, 66.2)*
Mothers with retained placenta occurred/100 total births (95% Cl) 0.3(0.1,0.6) 0.2 (0.05, 0.5)

* For indicators which use live births as the denominator: calculations include only live births in the numerator given the incomplete recording of birth outcome

data (denominator) in all facilities

Grey cells indicate data element required to calculate indicator not present in the Labour Ward Register

quality, and utility. Hospital registers are key tools used
to collect individual data for aggregation and transmis-
sion up the HMIS data pyramid [6]. Data extracted from
five CEmONC hospitals show that a large amount of
data are being collected in labour ward registers. The
calculation of MNH coverage and impact indicators re-
quire the availability of specific data elements for use as
numerators and/or denominators, yet none of the labour
ward registers contained all 21 selected data elements.
Data for outputs, outcomes, and impact measurement
were more widely available, than for intervention cover-
age. Only the Tanzanian registers captured most of the
selected interventions and gestational age was only cap-
tured by the Nepal register and the additional register in
Muhimbili TZ.

The Performance of Routine Information System Man-
agement (PRISM) framework identifies complexity and

design as technical factors in routine health information
systems performance [28]. The register designs were differ-
ent between countries, and within country in Bangladesh.
Data were captured from the additional perinatal register in
Muhimbili TZ and from operation registers for babies born
by Caesarean in Bangladesh, highlighting further complex-
ity in multiple recording systems.

Whether a specific column was allotted for the data
element related to completeness of recording. Across all
five hospitals, a much lower proportion of non-specific
columns had high levels of completeness than did specific
columns (25.0% versus 85.2%). However, there were other
examples of low completeness within specific columns
(e.g. 0% SB type Kushtia BD) or high completeness within
non-specific columns (e.g. 100% birth outcome, Pokhara
NP) highlighting that technical factors alone are necessary
but not sufficient for data availability.

Table 4 Adjusted and unadjusted Low Birth Weight rate - EN-BIRTH register baseline analysis n=17,033

Bangladesh

Nepal Tanzania

Azimpur Tertiary

Kushtia District

Pokhara Regional Temeke Regional Muhimbili National

Unadjusted Low Birth Weight rate
(<2500 g) / 100 live births (95% Cl)

Adjusted Low Birth Weight rate
(<2500 g) / 100 live births (95% Cl)

126 (116, 13.6)

156 (14.5, 16.6)

Increase in Low Birth Weight rate 293 7.20

(<2500g)

185 (16.7, 20.5)

25.7 (23,6, 27.9)

10.5 (98, 11.2) 103 (82,12.7) 226 (20.7, 24.6)

159 (152, 16.7) 150 (126, 17.8) 244 (224, 264)

541 467 1.73
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Table 5 Birth outcomes cross-tabulated by categorical birthweight, pooled data all EN-BIRTH hospitals baseline register analysis n=17,595

Birth Outcome Total Births?

Categorical Birthweight (g) n (%)

<9999 1000-1999g 2000-2499g 2500-3999g >4000qg
Total Live births (%) 17,033 27 02) 508 (3.0) 1690 (9.9) 14,402 (84.6) 361 (24)
Total Stillbirths (%)° 340 29 (85) 125 (36.8) 58 (17.1) 119 (35.0) 9 (26)
Fresh Stillbirths (%) 83 4 (48) 27 (325) 10 (120) 39 (47.0) 3(36)
Macerated Stillbirths (%) 139 1179 66 (47.5) 24(173) 36 (25.9) 2(14)

“babies with a recorded birth outcome and a plausible birthweight recorded (n =17,595)
Pincludes all stillbirths from all five hospitals, “Information on fresh or macerated stillbirths presented where available (i.e. for 100% of SB in Tanzania, 45.5% of SB

in Nepal and no SB in Bangladesh)

Other factors associated with data completeness
included mode of birth, e.g. in Kushtia BD 97.1% of ba-
bies for whom birth outcome was missing were delivered
by Caesarean. This finding is similar to previous research
in Ethiopia, where a high proportion of babies not re-
corded in the register had required a clinical interven-
tion [11]. Previous studies have highlighted the low
value placed on stillbirths and the resultant data gaps
[29-31] and similarly we found birthweight data com-
pleteness was lower for these babies in Bangladesh.

Incomplete count data affect indicator calculation re-
sults. When intervention coverage numerators are
missing, rates will appear low, e.g. when only the out-
come “unwell” was recorded and no maternal/ newborn
deaths, the MMR, NMR at discharge from L&D ward
and SBR may be inappropriately low - zero in Azimpur
BD and Kushtia BD during this study. When denomina-
tors such as birth outcome are missing (e.g. for 69.2%
of babies in Temeke TZ and 21.4% in Kushtia BD)
many indicators which use live birth as the denomin-
ator will be adversely affected. For example, coverage of
breastfeeding in Temeke TZ would be 292.5% had the
numerator not been restricted to include only babies in
the live births denominator (i.e. exluding babies with a
birth outcome unknown). Calculating coverage using a
total birth denominator instead of a clinical need de-
nominator, as we have done for neonatal resuscitation,
requires benchmarked rates for meaningful tracking
across hospitals.

Alternatively, data completeness may be high, but if
inaccurate, coverage will be falsely low or high. For ex-
ample, uterotonic coverage was apparently low in the
Tanzanian registers. These data are handwritten using a
Swahili abbreviation “N” for “Ndiyo” (Yes) or “H” for
“Hapana” (No) which can be hard to distinguish and
possibly incorrectly extracted. Numbered coding systems
may be helpful when the design is simple e.g. the “Help-
ing Babies Breathe” column in Tanzania. Blank data ele-
ments in the register can mean either “incomplete” or a
true zero, as in the Bangladesh register design, which if
not differentiated can introduce another source of data
inaccuracy [32].

Beyond data completeness, our data quality evalu-
ation showed variable results. Birthweight rounding
and heaping were substantial across all hospitals. If a
baby whose true birthweight of 2470g is rounded to
2500g the LBW rate will be underestimated — in our
model by up to 7.2%. Both analogue and digital scales
were used for birthweight across the five hospitals
which may contribute to rounding. Additional EN-
BIRTH analyses are exploring accuracy and processes
of birthweight measurement [33, 34]. In these high
mortality burden countries, very large variation in
hospital mortality rates may suggest data quality is-
sues; Muhimbili TZ had a stillbirth rate almost eight
times higher that Azimpur BD. The EN-BIRTH
mixed-methods study aims to test validity of these in-
dicator measurements against the gold standard of
observation data.

Barriers and enablers to recording in routine hospital
registers are being explored in the wider EN-BIRTH
study [6]. Quality of register data is affected by HMIS in-
put determinants described by the PRISM framework
[28] including technical, organisational and behavioural
factors. Factors known to negatively impact routine data
quality include poor use of data, lack of feedback, low
management support, lack of health worker confidence,
low motivation, lack of competence and low perceived
utility of routine recording tasks [14, 28, 35]. Health
worker training and supportive supervision regarding
the importance of routine recording around the time of
birth could improve data quality for all babies, especially
stillbirths. Innovations to increase health worker data
utilization skills could also help sustain improvements in
data recording as the purpose of these activities is recog-
nised. Previous studies have demonstrated large gains
from such efforts [12—14, 35, 36].

Further research is needed to understand the effect of
labour ward register design on data quality, the impact
of increased reporting burden on frontline health
workers, and ways to optimize the utility of register data
whilst reducing duplication. Standardized and harmo-
nized registers with inclusion of an appropriate number
of selected key data elements need evaluating against
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What is already known:
coverage data around the time of birth.
where the majority of deaths occur.

million stillbirths), majority are preventable

e >81% births are in hospitals and labour ward registers have potential to close the gap for
e Research regarding availability and quality of register data has been sparse, especially in LMIC
e 5.1 million deaths of babies around the time of birth (2.5 million neonatal deaths and 2.6

e Global goals to reduce these deaths require quality data to track progress and drive action.

What this research adds and what next:

registers for data completeness and quality.

feeding and neonatal bag-mask-ventilation.

the time of birth.

BIRTH study is a response to this need.

e First large (>20,000 babies) multi-country, multi-site detailed assessment of labour ward

e Large quantities of numerator and denominator count data are currently available in the
labour ward registers, which could be used now.

e Impact indicators to inform programme decision making can be calculated with currently
available data, notably intrapartum stillbirth rates, with cross tabulation by weight.

e Coverage indicator data currently available in some hospitals include uterotonics, breast-

e Improvements in data quality is required for certain data elements e.g. birthweight heaping
e Health workers invest time in documentation in labour ward registers, yet these data are

often under-used and currently not reaching their potential to address the data gap around

e Large scale validation studies are needed in order to have confidence in these data, the EN-

Fig. 5 Summary figure: Labour and delivery ward register data, what is already known, what the EN-BIRTH baseline register study adds and what next

registers that contain large numbers of data elements. At
the five study hospitals, all documentation at the health
worker/ mother and baby interface was in paper-based
routine registers. As electronic platforms increase, the
effect of digitization on data quality around the time of
birth requires attention from the source data to the top
of the data pyramid [6].

Utilizing the EN-BIRTH multi-country study hospitals,
a strength of this research is the large amount of data
extracted (20,075 births), providing the first in-depth
and multi-country analysis of routine labour ward regis-
ter data. However, EN-BIRTH study hospitals may not
be entirely representative of routine recording practices
in facilities at different levels of the health system nor in
other LMIC settings. Some EN-BIRTH hospitals have
been involved in previous research, thus routine record-
ing may be better than typical. Conversely, staff work-
load in these high-volume CEmONC hospitals could
reduce data quality. We were unable to assess whether
all babies born on the labour ward were recorded in
the register, nor the relationship between staff levels
and data quality. Research in facilities at different
levels of the health system is required before wider
conclusions can be drawn. Furthermore, evidence of
completeness and quality of register data do not ne-
cessarily correlate with accurate aggregation and
reporting from the facility up the HMIS data pyramid,
therefore research is required to review quality of

facility-reported data used for district/national/global
tracking of MNH indicators.

The Every Newborn strategic objective to transform
measurement aims to increase availability and quality of
data to use for action. Unless all births occur in hospitals,
facility data will overestimate population coverage. How-
ever, as hospital births increase (globally now 81% [7]) this
data source is increasingly valuable. Improving facility data
quality would also benefit wider health system indicators
(e.g. immunization coverage) which currently use census
projection data. Whilst household surveys are useful to
provide information on contact with MNH services at a
population level in LMICs, they have been shown to be
less valid for the capture of content or coverage of inter-
ventions around the time of birth, hence new strategies in-
corporating multiple data sources, including register data,
are required [32, 37-39]. Clarity is needed on the calcula-
tion of Caesarean section rates; the current denominator
recommendation is live births, but more than 10% of still-
births in this dataset were delivered by Caesarean [26, 27].
In our study, inclusion of stillbirths in the denominator as
well as the numerator increased Caesarean rate by nearly
6%. We propose Caesarean rates be calculated using hos-
pital total births and stratified for live births and
stillbirths.

Findings presented here could be used now by deci-
sion makers at various levels of the health system. In the
hospital for quality improvement e.g. if no fresh
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stillbirths are being resuscitated this could lead to review
of guidelines, practice and/or documentation. Birth-
weight data were readily available in all five hospitals, so
LBW rate reporting, one of WHO 100 core health indi-
cators could be improved [40]. If the LBW rate is im-
plausibly low, hospitals might use the same data to
improve quality of birthweight measurement. Using
birthweight categories and birth outcome data, we found
differences between live births and stillbirths, e.g. the
differential growth of stillbirths where 36.8% weighed
1000-1999 g compared to 3.0% of live births. Our study
showed that 50.6% of fresh stillbirths had a normal
birthweight yet died, this metric could also be tracked to
improve quality of care.

Changes in register recording practices during the EN-
BIRTH study will be explored [6]. Importantly, the EN-
BIRTH observational study will further validate indica-
tors from labour ward register data to inform use in
HMIS and areas of focus to further improve data avail-
ability and quality.

Data used for action is foundational for tracking pro-
gress towards global goals for every woman and every
child to survive and thrive [4, 5]. As data is used, data
quality and overall HMIS performance improves [14,
28]. As data quality improves, coverage and outcome in-
dicators can more confidently be used for action to track
progress and drive change.

Conclusions

This study shows that large amounts of specific MNH
data elements are currently available in routine labour
ward registers in five hospitals in Bangladesh, Nepal and
Tanzania. Data quality varied when assessed for complete-
ness and implausibility. There is potential to improve the
quality of available data if HMIS utilization with feedback
loops can be strengthened. By advancing routine health fa-
cility data for use, labour ward registers can contribute to
much needed regular coverage and impact measurements
around the time of birth (Fig. 5). To optimize care around
the critical time of birth, labour ward register data offer
huge potential to be improved and used.
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Chapter 5 - Objective 3: Validity of indicator data elements

This chapter assesses validity of measurement of newborn and maternal health-care coverage in EN-
BIRTH study hospitals

The chapter was published in December 2020 in The Lancet Global Health. The manuscript was
published under a creative commons license (CC BY-NC-ND 4.0 license) and no further permissions
are needed.

The published manuscript is included in full below and supplementary material referenced in the
paper is available at https://www.thelancet.com/cms/10.1016/52214-109X(20)30504-
0/attachment/6a5bf618-706c-4fff-be9b-ae03aad93973/mmcl.pdf

5.1 List of Figures
Figure 1 — Flow diagram for EN-BIRTH datasets

Figure 2 — Coverage for five selected indicators measured by observation,

register, and survey, overall and by mode of birth

Figure 3 - Heatmap for selected indicator validity ratios

Figure 4 - Routine register design for EN-BIRTH study sites and accuracy of data quality dimensions

5.2 List of Tables

Table 1 — Individual-level validity testing for survey-recorded coverage versus observed coverage
rate to neonatal mortality rate
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Articles

Assessment of the validity of the measurement of newborn
and maternal health-care coverage in hospitals (EN-BIRTH):
an observational study

Louise Tina Day*, Qazi Sadeq-ur Rahman*, Ahmed Ehsanur Rahman, Nahya Salim, Ashish KC, Harriet Ruysen, Tazeen Tahsina,

Honorati Masanja, Omkar Basnet, Georgia R Gore-Langton, Sojib Bin Zaman, Josephine Shabani, Anjani Kumar Jha, Vladimir Sergeevich Gordeev,
Shafiqul Ameen, Donat Shamba, Bijay Jha, Dorothy Boggs, Tanvir Hossain, Kizito Shirima, Ram Chandra Bastola, Kimberly Peven,

Abu Bakkar Siddique, Godfrey Mbarukut, Rajendra Paudel, Angela Baschieri, Aniga Tasnim Hossain, Stefanie Kong, Asmita Paudel,

Anisuddin Ahmed, Simon Cousens, Shams El Arifeent, Joy E Lawni, EN-BIRTH validation collaborative groupS§, EN-BIRTH Expert Advisory Group§

Summary

Background Progress in reducing maternal and neonatal deaths and stillbirths is impeded by data gaps, especially
regarding coverage and quality of care in hospitals. We aimed to assess the validity of indicators of maternal and
newborn health-care coverage around the time of birth in survey data and routine facility register data.

Methods Every Newborn-BIRTH Indicators Research Tracking in Hospitals was an observational study in five
hospitals in Bangladesh, Nepal, and Tanzania. We included women and their newborn babies who consented on
admission to hospital. Exclusion critiera at admission were no fetal heartbeat heard or imminent birth. For coverage
of uterotonics to prevent post-partum haemorrhage, early initiation of breastfeeding (within 1 h), neonatal bag-mask
ventilation, kangaroo mother care (KMC), and antibiotics for clinically defined neonatal infection (sepsis, pneumonia,
or meningitis), we collected time-stamped, direct observation or case note verification data as gold standard. We
compared data reported via hospital exit surveys and via hospital registers to the gold standard, pooled using random
effects meta-analysis. We calculated population-level validity ratios (measured coverage to observed coverage) plus
individual-level validity metrics.

Findings We observed 23471 births and 840 mother-baby KMC pairs, and verified the case notes of 1015 admitted
newborn babies regarding antibiotic treatment. Exit-survey-reported coverage for KMC was 99-9% (95% CI 98-3-100)
compared with observed coverage of 100% (99 - 9-100), but exit surveys underestimated coverage for uterotonics (84-7%
[79-1-89-5]) vs 99-4% [98-7-99 - 8] observed), bag-mask ventilation (0-8% [0-4-1-4]) vs 4-4% [1-9-8-1]), and antibiotics
for neonatal infection (74-7% [55-3-90-1] vs 96-4% [94-0-98-6] observed). Early breastfeeding coverage was
overestimated in exit surveys (53-2% [39-4-66-8) vs 10-9% [3-8-21-0] observed). “Don’t know” responses concerning
clinical interventions were more common in the exit survey after caesarean birth. Register data underestimated coverage
of uterotonics (77-9% [37-8-99-5] vs 99-2% [98-6-99-7] observed), bag-mask ventilation (4-3% [2-1-7-3] vs 5-1%
[2-0-9-6] observed), KMC (92-9% [84-2-98-5] vs 100% [99-9-100] observed), and overestimated early breastfeeding
(85-9% (58-1-99-6) vs 12-5% [4-6-23-6] observed). Inter-hospital heterogeneity was higher for register-recorded
coverage than for exit survey report. Even with the same register design, accuracy varied between hospitals.

Interpretation Coverage indicators for newborn and maternal health care in exit surveys had low accuracy for specific
clinical interventions, except for self-report of KMC, which had high sensitivity after admission to a KMC ward or
corner and could be considered for further assessment. Hospital register design and completion are less standardised
than surveys, resulting in variable data quality, with good validity for the best performing sites. Because approximately
80% of births worldwide take place in facilities, standardising register design and information systems has the
potential to sustainably improve the quality of data on care at birth.

Funding Children’s Investment Fund Foundation and Swedish Research Council.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction

Investment in global health measurement has
particularly focused on outcomes, notably deaths.
Accurate data are urgently needed to track the progress
towards the Sustainable Development Goals (SDGs) to
end the annual 5-1 million preventable stillbirths and

www.thelancet.com/lancetgh Vol 9 March 2021

newborn deaths, plus 0-3 million maternal deaths by
2030.* Despite nearly 80% of births worldwide now
being in health-care facilities,” many avoidable deaths
occur, notably intrapartum stillbirths and in preterm
newborn babies.”” Many evidence-based, high-impact
interventions for maternal and newborn health are
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Research in context

Evidence before this study

Increasing coverage and quality of care around the time of birth
is fundamental to reducing 5-3 million maternal, fetal, and
newborn deaths and disability every year and achieving the
Sustainable Development Goals. National and global tracking of
maternal and newborn health has mostly used measures of
contact coverage (eg, skilled birth attendance), with little
attention paid to indicators of content or quality of care.

We searched Ovid MEDLINE for articles published in English
after Jan 1, 2010, with the search terms “valid” AND “maternal
or newborn or neonate or labour or childbirth or delivery or
intrapartum” AND “coverage or indicator or measure or track or
numerator or denominator” and restricted to low-income and
middle-income settings. Of the 598 papers identified, 17 met
our inclusion criteria, among which most observational studies
focused on indicator measurement validation in survey with
two for routine register data. We found no additional relevant
documents in the grey literature. Previous studies have
reported low validity for measures around the time of birth.
High-priority newborn interventions, such as neonatal bag-
mask ventilation and kangaroo mother care (KMC), have not
undergone validity testing in surveys or register data. Early
initiation of breastfeeding has only been validated in surveys.
WHO and UNICEF’s Every Newborn Action Plan prioritised
validation of data on indicators of maternal and newborn
coverage of care to improve measurement of content of care
and especially through routine data systems.

Added value of this study

The Every Newborn-Birth Indicators Research Tracking in
Hospitals (EN-BIRTH) study was done in five hospitals in
Bangladesh, Nepal, and Tanzania, and aimed to assess the
validity of data for five indicators of maternal and newborn
health-care coverage in two data sources: routine facility
registers and women'’s report at exit survey. These data were
compared against a gold standard of direct observation or case
note verification. EN-BIRTH was about 10 times larger than
previous facility-based validation studies and included more
than 25000 cases—either observed births or KMC or newborn
admission case notes. This study is the first to assess the validity
of routine register data for most of these indicators, and of

delivered in health-care facilities, yet gaps in quality of
care and gaps in data result in missed opportunities.”®
The SDGs aspire to achieve universal health coverage,
which will be difficult without addressing the crucial
measurement gaps regarding effective coverage and
quality around the time of birth.’

Coverage is defined as the proportion of individuals
receiving an intervention or practice (numerator) among
the population in need of that intervention or practice
(denominator). National and global tracking of coverage
has primarily focused on survey measurement of contacts
with the health system (eg, institutional birth), with few

survey data for the hospital newborn care indicators. We found
that exit survey reports had low accuracy for uterotonic
coverage and for early initiation of breastfeeding, consistent
with previous smaller studies. Population-based household
surveys already capture early initiation of breastfeeding
coverage but research is needed to improve accuracy. We also
found survey-reported data on bag-mask ventilation had low
accuracy and neonatal infection treatment with antibiotics had
low sensitivity among the target group. KMC coverage was
accurately reported at exit survey by women who had practised
KMC. Thus, further work is required to assess whether KMC
report remains reliable after the typical household survey recall
period of 2-5 years, and also to ascertain the extent to which
mothers who did not practise KMC misreport having done so.
Routine registers in some hospitals were found to be highly
complete, but accuracy varied between hospitals, even with the
same register design. Register accuracy for uterotonics was
excellent in two hospitals, and KMC sensitivity was excellent in
two hospitals and good in two hospitals. One hospital had
good register accuracy for bag-mask ventilation. For early
initiation of breastfeeding, register accuracy was poor in all
four study hospitals with a register column.

Implications of all the available evidence

For care around the time of birth, surveys are important for
estimating population-based contact coverage and family-led
behaviours such as breastfeeding, but our findings do not
support adding questions about clinical interventions to
surveys, with the possible exception of admission for KMC.
Given that approximately 80% of the world’s births are now in
facilities, routine registers can provide data on intervention
delivery more rapidly and at lower cost than surveys. Optimising
register design, filling, and flow into national routine
information systems requires investment in implementation
research. Caesarean birth negatively affected the accuracy of
survey-reported and register-recorded data. Further research is
required regarding the measurement implications of increasing
caesarean section rates. Reliable data are necessary, but not
sufficient to improve care around the time of birth—health
workers, policy makers, and politicians must also value and use
these data to drive change.

indicators capturing content (eg, interventions) or quality
of care.”" Maternal and newborn coverage of care in low-
income and middle-income countries (LMICs) is mainly
tracked through large-scale population-based household
surveys, notably the Demographic and Health Surveys
(DHS) programme and UNICEF’s Multiple Indicator
Cluster Surveys (MICS). Although these surveys
importantly measure population-based contact coverage,
previous research has found mixed validity for the content
of care around the time of birth (eg, breastfeeding).”*
DHS has done more than 400 surveys in 90 countries.
With over 400 questions in the DHS core questionnaire,
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focus has been on the need to validate additional questions
before adding. Overall, few survey indicators have been
validated, and those relating to clinical care for small and
ill newborn babies. have not previously been validated.”

The shift to most births worldwide being in facilities,
paired with rapid improvements for routine national
health management information systems (HMIS)
including digitalisation, have potential to transform
measurement of coverage and quality of care for women
and newborn babies, including in high-burden settings.”
Health workers document details of admitted women
and newborn babies in routine facility registers, usually
in parallel to individual patient case notes. These
registers are the primary source for aggregate data that
flow into routine HMIS. The quality of HMIS data, or
mistrust of quality, impedes full use by policy makers."**
Previous studies of routine paper-based registers in
facilities in LMICs have reported on data availability,”*
but only two small observational studies have examined
some aspects of register measurement validity for care
around the time of birth.»*

Transforming measurement and use of data to track
coverage and quality of care is one of five strategic
objectives in the Every Newborn Action Plan, led by WHO
and UNICEF, implemented in more than 92 countries.”
Validation of coverage measurement for interventions
and practices (content of care) was prioritised.* Core
indicators regarding high-impact maternal and newborn
care recommended by WHO were selected as outlined in
the measurement improvement roadmap for Every
Newborn”?* and Ending Preventable Maternal Mortality
monitoring framework.” The Every Newborn-Birth
Indicators Research Tracking in Hospitals (EN-BIRTH)
study was designed to address these evidence gaps by
assessing measurement validity for high-priority
indicators of newborn and maternal health coverage to
inform their use in routine HMIS and population-based
surveys for national and global tracking. None of these
indicators had previously been validated in routine
register data and few in survey data.”

Criterion validity testing compares measurement against
an objective gold standard to assess whether indicators
measure what they intend to, and can provide accurate
evidence to inform programmes.”* The EN-BIRTH study
protocol outlined four objectives: (1) to assess the validity
of numerator measurement, (2) to compare denominators,
(3) to evaluate content and quality of care, and (4) to assess
barriers and enablers to routine register measurement.”
We report results on the EN-BIRTH study’s first objective
for five prioritised core coverage indicators (appendix p 4).
Validity testing of other core or additional indicators will be
reported separately.

Methods

Study design and participants

EN-BIRTH was a mixed-methods observational study
that compared directly observed or verified interventions
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and practices (considered to be the gold standard) with
coverage measured by two different data sources:
women’s report at exit survey after discharge and
hospital routine register records (appendix p 5). The
contexts and methods are detailed in a previously
published protocol.”® Five public hospitals providing
comprehensive emergency obstetric and neonatal care
and including the interventions of interest in the
contexts of high mortality burden in sub-Saharan Africa
and south Asia were identified in Bangladesh, Nepal,
and Tanzania (appendix p 6). Inclusion and exclusion
critieria are given in the panel.

Participants gave voluntary informed written consent
before recruitment for observation and again for exit
surveys. This study was granted ethics approval by
institutional review boards in all three countries and by
the London School of Hygiene & Tropical Medicine,
London, UK (appendix p 7). All collaborating partners
have signed data sharing and transfer agreements.

Procedures

In each hospital, consenting participants were recruited
in three service delivery contexts to collect data on five
selected interventions (panel). Trained researchers in
each hospital obtained informed consent and collected
participant data prospectively. Data collection varied by
site from 7 months to 12 months to achieve the required
precision-based sample size (appendix p 8). Clinical
observers worked in shifts, covering 24 h each day.
Separate groups of data collectors were responsible for
observation and verification, exit survey, and routine
register data extraction. We used an Android-tablet-based
electronic data capture system that was custom built and
designed to restrict access by data collector group but
linked records at an individual level.®* All data were
stored locally on the tablet and synchronised to a country

database server managed in Microsoft SQL. A centralised  see Online for appendix

Panel: Service delivery contexts and selected interventions

Labour and delivery ward

(1) Uterotonics to prevent post-partum haemorrhage, (2) early initiation of

breastfeeding, and (3) neonatal resuscitation by bag-mask ventilation. Eligible women
and their newborn babies were observed while admitted on the labour ward. Exclusion

criteria at admission no fetal heartbeat heard or imminent birth.

Kangaroo mother care ward or corner

(4) Skin-to-skin contact or kangaroo mother care position between mother and baby.

All mother and baby pairs who were admitted to the kangaroo mother care ward or

corner were eligible for observation and exit survey.

Newborn care ward or paediatrics ward

(5) Antibiotic treatment for neonatal infection. Infection diagnosis and name of injectable
antibiotic treatment was verified from case notes because observation was not feasible.*”

Eligible neonates were those admitted with clinically defined infection (sepsis, pneumonia,
or meningitis). Antibiotic treatment was not documented in routine registers in these

hospitals.
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Labour and delivery ward

Clinical observation (gold standard)

KMC ward or corner

Clinical observation (gold standard)

clinical observation

23811 women identified for

Newborn care ward or paediatrics ward

Case note verification (gold standard)

842 mother-baby KMC pairs

identified for clinical observation

1015 neonates identified for
clinical observation

—P| 87 consent not given |

A

—>| 2 without parental consent

A

23724 women consented

A

840 with parental consent

1015 with parental consent

—P| 709 not observed |

y

A

23015 women observed

16030 vaginal birth
287 missing data

6698 caesarean section

A 4

840 KMC observed

1015 infection verified

23471 babies observed
22242 single
852 twin
45 triplet
332 missing
1013 women register data 1967 not approached for 27 register data not 164 not approached for 57 women not approached
not extracted survey extracted survey for survey
— 1078 babies register data ] 416 consent not given g ] 24 consent not given g 48 neonates without
not extracted parental consent
A 4
22002 women with 20632 women with 813 with register-recorded 652 with survey-reported 910 women with
register-recorded data €D survey-reported data data €---p data survey-reported data
22393 babies with
register-recorded data

Register-recorded data

Survey-reported data Register-recorded data

Survey-reported data i Survey-reported data

Figure 1: Flow diagram for EN-BIRTH datasets
Dashed line indicates methods were compared. KMC=kangaroo mother care.
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web-based dashboard was developed to monitor the
progress of data capture for selected interventions.

Observation data regarding the interventions and
practices were time-stamped, captured in real time by
touching a specific data element: once for “observed done”
and twice for “observed not done” to override the default
“not observed”. Women's responses to close-ended
questions in the exit surveys regarding the interventions
and practices were captured in real time and recorded as
“yes”, “no”, or “don’t know, don’t remember”.

Health workers record each admitted individual woman
and baby on one row in the routine registers and record
data elements in columns that are either specific columns
for that data element or non-specific columns (eg, other
details). Research data collectors extracted intervention
and practice data from these existing register records after
hospital discharge, captured as “yes”, “no”, “not recorded”,
or “not readable”. Registers were assessed according to two
dimensions of data quality, completeness and external
consistency with observation. If the register column was
blank for an intervention, the column was extracted as “not

recorded” in Tanzania and Nepal, but in Bangladesh as
“no” (intervention not given) to align with register filling
instructions. Hence calculating data element completeness
in the Bangladesh registers was not possible. Bangladesh,
Nepal, and Tanzania each had different routine register
designs, all of which were paper based. The labour ward
register design in Bangladesh changed during the study
because of national standardisation. In the tables and
figures we present data from the revised registers. Original
and revised register design and data are shown in the
appendix (pp 9-10). In Muhimbili, Tanzania, additional
data elements were captured in a long-standing informal
perinatal register.

Statistical analysis

Data were anonymised before pooling for analysis using
Stata (version 14.2) To assess coverage for the selected
indicators, we calculated observed, survey-reported,
and register-recorded coverage (appendix p 11). We
excluded participants with missing data from their
relevant sample. For numerator validation, we used the
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Observed coverage

Survey-recorded
coverage

“Don’t know”
responses

Sensitivity Specificity

Percent agreement*

Labour and delivery wardt (n=23 471)
Uterotonics 99:4% (987-99-8)
10-9% (3-8-21-0)

4-4% (1-9-8-1)

Early breastfeeding

Neonatal resuscitation (bag-mask ventilation)
Kangaroo mother care ward or corner (n=840)
Kangaroo mother care 100% (99-9-100)
Newborn care ward or paediatrics ward (n=1015)
Antibiotic injection for neonatal infection§ 96:7% (94-0-98-6)
Named antibiotic for neonatal infection§ 96:7% (94-0-98-6)

because all true negatives not captured. §Verified from case notes.

84.7% (791-89-5)
53-2% (39-4-66-8)
0-8% (0-4-1-4)

99-9% (98:3-100)

747% (55-3-90-1)
12:3% (3-5-25-1)

8:7% (4-5-14-1)
0-6% (0-1-1:3)
5:9% (2-4-10.7)

84-9% (79-6-89-6)
76-9% (70-7-827)
9:3% (4.7-15.0)

32:5% (21-2-44-6)
50-0% (32:3-677)
99-5% (99-2-99-8)
0-0% (0-0-0-1) 100% (99-8-100) s
16-9% (7-4-29-2)
16-9% (7-4-29-2)

759% (55:6-916) %
127%(37-256) %

84-7% (79-4-89-4)
53:8% (40-2-67-2)
96-0% (93-1-98-1)

100% (99-8-100)

75:3% (56:4-90-2)
16-1% (8-0-26-2)

Further individual-level validity statistics and site-specific results by mode of birth are given in the appendix (p 17). *(true positives + true negatives) / n. tData are for all modes of birth. #Specificity not reported

Table 1: Individual-level validity testing for survey-recorded coverage versus observed coverage

simplest denominator (total women observed, total
births [livebirths plus stillbirths] observed, kangaroo
mother care (KMC) mother-baby pairs observed, or
newborn babies treated for infection). A comparison of
denominators, including true denominators of clinical
need where relevant, will be analysed subsequently.
Often, population-based surveys (eg, DHS or MICS)
measure coverage from “yes” responses, therefore “don’t
know” and “no” responses might both be used to suggest
no coverage. For registers, monthly data aggregation
typically involves counting column ticks, so that “not
recorded” is treated as “intervention not given”. In our
analyses we present these typical scenarios and compare
the effect on validity of excluding “don’t know” and “not
recorded” responses (appendix p 12).

We calculated the absolute differences between observed
coverage and exit-survey-reported and register-recorded
coverage. Cut-off ranges were adapted from data quality
review methods (overestimate or underestimate by 0-5%,
6-10%, 11-15%, 16-20%, and >20%) and used to generate
heatmaps.” To assess population-level validity for all
indicators across both platforms (survey and registers
with specific columns) we calculated validity ratios, similar
to verification factors in data quality review methods.*
Validity ratios can be applied when interventions and
practices are intended for all women or newborn babies or
a small target group. A ratio higher than 1.0 implies
overestimation of survey-reported or register-recorded
coverage compared with observed, and a ratio lower than
1-0 implies an underestimate. Ratio measure cut-offs
used 0-05 increments, defining “excellent” as 0-95-1-05.
Measures of individual-level validity were calculated as
follows: when two-way table column totals were 10 or
more we calculated sensitivity, and if relevant, specificity,
negative predictive value, positive predictive value, area
under the curve (AUC), and inflation factor. Otherwise we
present percent agreement.”* We excluded participants
with missing data on a pairwise basis.

All calculations were first done separately for each
participating hospital and exact 95% CIs were calculated
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using the binomial distribution. We then combined
the hospital-specific results using a random effects
meta-analysis approach (Stata metan command). We
calculated 2 and 12 to assess heterogeneity between
hospitals. In addition to the protocol planned analyses,
because of the increasing proportion of caesarean
sections globally, and the many caesarean births in this
study, we did analyses stratified by mode of birth (vaginal
birth [normal vaginal or vacuum extraction and forceps
combined] and caesarean section) to assess any effect on
measurement.

STARD guidelines were followed throughout (appendix
p13).

To assess the reliability of our gold standard observation,
we calculated Cohen’s k coefficient for the 5% of the
sample observed by both supervisors and data collectors.”
We included all indicators in our analyses, discussing
k scores below high or substantial cut offs, less than 0-71
for observation and less than 0-91 for data extraction, in
study limitations. To assess any change in recording
practices in routine registers due to study observer
presence, we compared absolute differences between
completeness of extracted study data with register data
from 1 year pre-study collected retrospectively.? We also
calculated « coefficients for a 5% sample of double-
extracted study register data.

EN-BIRTH is registered with Research Registry, 4833.

Role of the funding source

The funder of the study attended the study design
workshop but had no role in data collection, data analysis,
data interpretation, or writing of the report. All authors
had full access to all the data in the study and had final
responsibility for publication submission decision.

Results

Between July 3, 2017, and May 30, 2018, among
23015 women on the labour and delivery ward,
23471 births were observed, 20632 (89-6%) women had
an exit survey, and 22002 (95-6%) had register data
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Figure 2: Coverage for five selected indicators measured by observation,
register, and survey, overall and by mode of birth

Labour and delivery ward (n=23 015; A), KMC (n=840; B), verified neonatal
infection (n=1015; C). Error bars show 95% Cl. Pooled using random effects
meta-analysis. Site-specific results by mode of birth are given in the appendix
(pp 21-22). KMC=kangaroo mother care.

extracted (figure 1). Exit survey interviews were done at
mean 1-4 days (SD 2-9) after birth (appendix p 8).
Consent was not granted by 87 (0-4%) women for
observation and 416 (1-8%) for exit survey. 1967 (8-5%)
women left the hospital before the survey could be done.

Birth outcomes and background characteristics are
shown in the appendix (pp 15-16). Women younger than
19 years comprised 4-6-17-2% of the sample and
secondary education completion varied between sites
(34-8-61-2%). Caesarean sections were done for
6698 participants, ranging from 7-0% in Temeke,
Tanzania, to 72-8% in Azimpur, Bangladesh (appendix
p 15-16). The proportion of in-facility stillbirths ranged
from three per 1000 to 49 per 1000 total births and the
proportion of newborn babies with low birthweight
(<2500 g) ranged from 7-4% to 26-5% (appendix p 16).

Survey-reported coverage of uterotonics for prevention
of post-partum haemorrhage was 84-7% (95% CI
79-1-89-5), compared with observed coverage of 99-4%
(98-7-99-8; table 1). Exit survey heterogeneity was low
(12 0-027), with 8-7% (4-5-14-1) of responses given as
“don’t know” (appendix p 24). At the individual validity
level, sensitivity of survey-reported coverage of uterotonics
was 84-9% (79-6-89-6) and specificity 32-5% (21-2-44-6;
table 1). Exclusion of “don’t know” responses resulted in
sensitivity increasing to 93- 5% (91-1-95- 5) and specificity
decreasing to 17-3% (7-4-29-4; appendix p 24). Survey-
reported coverage of uterotonics after caesarean birth was
66-3% (44-0-85-3) compared with observed coverage
0f 99-5% (98-9-99-9), and after vaginal birth was 89-3%
(85-3-92-8) compared with observed coverage of 99-6%
(99-1-99-9; figure 2, appendix p 21).

Register-recorded coverage of uterotonics for
prevention of post-partum haemorrhage was 77-9%
(95% CI 37-8-99-5) with high heterogeneity (t2 0-729)
between hospitals, compared with observed coverage of
99-2% (98-6-99-7; table 2; appendix pp 17, 24). In the
hospital in Pokhara, Nepal, the register had no column to
capture uterotonics, all other hospitals used specific
columns. Temeke, Tanzania underestimated coverage by
1-7% and Azimpur overestimated by 0-5% (appendix
pp 17, 24, 29). However, different hospitals in these
countries using the same registers underestimated
coverage, by 78:2% in Kushtia and by 33-9% in
Muhimbili. At the individual validity level, sensitivity was
78-0% (37-8-99-5) and specificity 22-8% (1-7-53-6).
Exclusion of “not recorded” records resulted in sensi-
tivity increasing to 86-1% (48-5-100-0) and specificity
decreasing to 3:5% (0-0-17-2). Register-recorded
coverage of uterotonics after caesarean birth was
68-5% (15-5-100-0) compared with observed coverage of
99-4% (98-7-99-9), and after vaginal birth was 86-6%
(55-0-100-0) compared with observed coverage of 99-4%
(98-7-99.-9; figure 2; appendix p 24).

Validity ratios for coverage of uterotonics by exit survey
were “very good” in Temeke, Tanzania, “good” in Kushtia,
Bangladesh, and “moderate” in the remaining three
sites. Register validity ratios for coverage of uterotonics
were “excellent” in Azimpur and Temeke, but “poor” in
Kushtia, and Muhimbili (figure 3).

Among newborn babies who were observed for more
than 1 h after birth (n=6304), exit surveys substantially
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Observed coverage  Register-recorded

coverage

Not recorded Not readable Sensitivity Specificity

Percent agreement*

Labour and delivery ward (n=23 471)t

99-2% (98-6-99-7)

12:5% (4-6-23-6)
5-1% (2-0-9-6)

Uterotonics 77-9% (37-8-99-5)
85:9% (58-1-99-6)

43% (21-73)

Early breastfeeding

Neonatal resuscitation
(bag-mask ventilation)
Kangaroo mother care ward or corner (n=840)

100% (99-9-100)

Kangaroo mother care 92:9% (84-2-98-5)

3-1% (0-0-19-1)
7-6% (1.1-19-2)
65:4% (15-3-99-2)

0-1% (0-0-0-1)
0-1% (0-0-0-2)
0-3% (0-2-0-6)

78-0% (37-8-99-5)
97-6% (83-9-100)
23-6% (7-3-45-2)

0-9% (0-2-2:0) 0-0% (0-0-0-3)  93-0% (84-5-98-5) +

22:8% (1:7-53-6)
6-4% (0-0-29-2)
96-8% (94-2-98.7)

77-2% (37:7-99-3)
24-6% (8-5-457)
93-2% (88-0-97-0)

93-0% (84-5-98-5)

Further individual-level validity statistics and site-specific results by mode of birth are given in the appendix (p 17). *(true positives + true negatives) / n. tData are for all modes of birth. #Specificity not reported
because all true negatives not captured. Antibiotic treatment for neonatal infections was not documented in routine registers in these hospitals.

Table 2: Individual-level validity testing for register-recorded coverage versus observed coverage

Ratio Hospital Selected indicator Azimpur, Kushtia, Pokhara, | Temeke, | Muhimbili, | All sites pooled
ward Bangladesh | Bangladesh | Nepal Tanzania| Tanzania | (95% Cl)
Tertiary District Regional | Regional | National
1 Uterotonics to prevent post-partum haemorrhage 0-81 0-88 0-85 (0-80-0-91)
B el 2 Early initiation of breastfeeding
ward
3 Neonatal Resuscitation - Bag-mask ventilation
2UVEVIO o M ward | 4KMC
observed . e 4
C.Neonatal | 51 Neonatal infection antibiotics - injection
ward 5.2 Neonatal infection antibiotics - name
1 Uterotonics to prevent post-partum haemorrhage
A Lefizuy 2 Early initiation of breastfeeding
ward

Register to 3 Neonatal resuscitation - Bag-mask ventilation

0-85(0:59-1-23)

observed I\ ward | 4 kMC

0-92 (0-82-1:03)

C. Neonatal
ward

5 Neonatal infection antibiotics/injection

[ <0-80 or >1-20 poor [ 0-80to 0-84 or 1-16 to 1-20 moderate  [] 0-85t0 0-89 or1-11to 1-15good  [] 0-90 to 0-94 or 1-06 to 1-10 very good
[ 0-95t0 0-99 or 1-00 to 1-05 excellent [ Data not captured in specific column in register

Figure 3: Heatmap for selected indicator validity ratios

Validity ratios study by sites and pooled (heatmap cut offs 5%, 10%, 15%, and 20%). Pooled using random effects meta-analysis. KMC=kangaroo mother care.

Cut-off ranges adapted from WHO Data Quality Review, Module 2.

overestimated the coverage of breastfeeding initiated
within 1 hour after birth compared with observed
coverage (table 1). Exit survey heterogeneity was low
(12 0-101), with 0-6% (95% CI 0-1-1-3%) of responses
“don’t know” (appendix pp 17, 31, 36). Survey-reported
coverage of early breastfeeding after caesarean birth was
17-1% (2-3-41-3), compared with observed coverage
of 2-4% (1-2-3-9) and 69-5% (60-5-77-9) after vaginal
birth, compared with observed coverage of 14-4%
(5-4-26-7; figure 2, appendix pp 31, 36).
Register-recorded coverage also substantially over-
estimated early breastfeeding compared with observed
coverage (table 2), with high heterogeneity between
hospitals (12 0-423; appendix pp 31, 36). Register-recorded
coverage of early breastfeeding after caesarean birth was
78-3% (95% CI 37-8-99.7), compared with observed
coverage of 2-2% (0-9-4-0) and after vaginal birth
was 91-4% (74-9-99-5) compared to observed 17-3%
(8-0-29-1; figure 2, appendix pp 31, 36). Validity ratios
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for both survey and registers were categorised as “poor”
in all sites (figure 2).

Exit survey-reported coverage underestimated bag-
mask ventilation compared with observed coverage,
using a total birth denominator (table 1). Exit survey
heterogeneity was low (12 0-003) with 5-9% (95% CI
2-4-10-7) of responses “don’t know” (appendix
pp 18, 38, 43). Sensitivity was 9-3% (4-7-15-0) and
specificity was 99-5% (99-2-99-8; table 1). Exclusion of
“don’t know” responses resulted in sensitivity increasing
slightly to 12-5% (6-5-19-9) with no decrease in
specificity (appendix pp 38, 43). Survey-reported coverage
of bag-mask ventilation after caesarean birth was 0-4%
(0-2-0-8), compared with observed coverage of 3-7%
(0-9-8-3), and after vaginal birth was 1-1% (0-5-2-0),
compared with observed coverage of 5-0% (2-3-8-6)
(figure 2, appendix pp 38, 43).

Register-recorded coverage underestimated bag-mask
ventilation, with low heterogeneity (12 0-017), compared
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A Labourand delivery ward

Measurement gap: register
recorded and
observed

2. Early Initiation of breastfeeding (observed > 1 h)

Azimpur, Kushtia, Pokhara, Temeke, Muhimbili,
Bangladesh Bangladesh Nepal Tanzania Tanzania
Tertiary District Regional Regional National
1. Uterotonics to prevent post-partum haemorrhage
Register design: column allotted data element Specific column Specific column Specific 2 columns | Specific 2 columns
Completeness Data element recorded in register Not possible Not possible 99-2% 68-6%
Indicator: observed coverage % 98.9% 99-8% 99:3% 98-4%
. Indicator: measured coverage, 99-4% 21-6% 97-6% 64-5%
External Consistency register recorded %

Register design: column allotted data element specific column specific column specific 2 columns | specific 2 columns
Completeness Data element recorded in register Not possible Not possible 97-7% 76:6%
Indicator: observed coverage % 1-8% 9-8% 26:0% 191%

Indicator: measured coverage,
External Consistency register recorded %

91.7%

Measurement gap: register
recorded and
observed

3. Neonatal resuscitation (bag-mask ventilation)

96-8% 95:3% 43-8%

Register design: column allotted data element Specific column Specific column Specific 2 columns | Specific 2 columns
Completeness Data element recorded in register Not possible Not possible 91-1% 557%
Indicator: observed coverage % 0-8% 61% 71% 9.0%

Indicator: measured coverage,
External Consistency register recorded %

0-9%

Measurement gap: register
recorded and
observed

B Kangaroo mother care ward or corner

4. Kangaroo mother care

7:7% 53% 5:0%

Measurement gap: register
recorded and
observed

C Newborn care ward or paediatrics ward

5. Neonatal Infection Antibiotic Treatment

[ >20% poor [ 16-20% moderate []11-15% good [] 6-10% very Good

Register design: column allotted data element Specific column Specific column Specific 2 columns | Specific 2 columns
Completeness Data element recorded in register 100-0% 98-5% 99-1% 98-8%
Indicator: observed coverage % 100-0% 99-9% 99-8% 99:5%
Indicator: measured coverage, 100-0% 97-8% 84-8% 852%
External Consistency register recorded %

= No column for dataelement 21 Non-specific column for data element [ Specific column

15-0% underestimate| 14-3% underestimate

[ 0-5% excellent

Figure 4: Routine register design for EN-BIRTH study sites and accuracy of data quality dimensions
Cut-off ranges adapted from WHO Data Quality Review, Module 2. Completeness calculations were denoted “not possible” for Bangladesh registers because the

register was designed to be left blank if the intervention or practice was not done.

with observed coverage (table 2; appendix pp 18, 38).
Register column design varied (figure 4). In Bangladesh,
the column was ticked when bag-mask ventilation
was done and was otherwise left blank, and coverage
was slightly overestimated by 0-1-1-6% (figure 4). In
Tanzania, a numerical code (“3” for bag-mask ventilation)
or “no” was written in the column, and completeness
was 55-7% for Muhimbili and 91-1% for Temeke

An expanded version of this figure is shown in the appendix (p 9).

(appendix pp 38, 43). The Pokhara register did not
capture this data element. Sensitivity was 23-6%
(95% CI7-3-45-2) and specificity was 96-8% (94-2-98-7;
table 2). Exclusion of “not recorded” records resulted in
sensitivity increasing to 53-6% (28-1-78-1) and
specificity decreasing to 77-7% (57-9-92-5; appendix
pp 38, 43). Register-recorded coverage of bag-mask
ventilation after caesarean birth was 3-2% (0-9-6-7),
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compared with observed coverage of 4-1% (0-6-10-4),
and after vaginal birth register-recorded coverage of bag-
mask ventilation was 5-9% (3-6-8-9), compared with
observed coverage of 5-9% (3-3-9-2; figure 2, appendix
pp 38, 43). Survey validity ratios were all categorised as
“poor” (figure 3). For register validity ratios, Azimpur
was “good” but all other sites were “poor” (figure 3).

In KMC wards or corners, 840 mother-baby pairs,
including 91 babies who were born outside of the study
hospital, were observed, with 652 exit surveys done and
813 routine register records extracted (figure 1). 815 (97%)
of KMC babies had a birthweight of 2000 g or less (WHO
recommendation or KMC). Background characteristics
are shown in the appendix (p 45). Pre-discharge mortality
was low (0-0-1-8%; appendix p 45).

Exit survey-reported coverage of KMC was 99-9%
(95% CI 98-3-100), compared with observed coverage of
100% (99-9-100), and sensitivity was 100% (99-8-100),
with zero “don’t know” responses (table 1). KMC coverage
was captured in specific national standardised KMC
ward registers, except in Nepal, which used the general
child register (figure 4). Register-recorded coverage
from standardised specific KMC registers was 92-9%
(84-2-98-5), with low heterogeneity (2 0-065), compared
with observed coverage of 100% (99 - 9-100) and sensitivity
of 93-0% (84-2-98-5; table 2; appendix pp 19, 46, 48).
Validity ratios for KMC by exit surveys were categorised
as “excellent” for all sites, except Azimpur, which was
“good”, and for registers validity ratios were “excellent” in
the Bangladesh sites and good in the Tanzania sites
(figure 3).

In newborn care inpatient wards, among 1532 newborn
babies, a diagnosis of clinically defined infection (sepsis,
pneumonia, or meningitis) was documented in individual
case notes for 1015 (66-6%) neonates and 910 exit surveys
were done (figure 1). Background characteristics of these
neonates are shown in the appendix (p 49). Coverage of
antibiotic treatment verified by case notes (gold standard)
was 96-7% (95% CI 94-0-98-6; table 1). Exit-survey
reported coverage was 74-7% (55-3-90-1) when measured
using a general question regarding injection or antibiotic
use, with sensitivity of 75-9% (55-6-91-6) and high
heterogeneity (12 0-204; appendix pp 19, 50, 52). The
proportion of “don’t know” responses was high (table 1).
When adding the question regarding the name of the
antibiotic, survey-reported coverage dropped to 12-3%
(3-5-25-1; table 1; appendix pp 20, 50, 52). Validity ratios
for the general question (injection or antibiotic) ranged
from excellent in Muhimbili to poor in Pokhara; for the
more specific question (antibiotic name), ratios were poor
in all sites (figure 3).

Analysis of inter-rater reliability for gold standard data
showed high or substantial k scores for most data elements
but moderate scores for observed uterotonic coverage in
Temeke, and early breastfeeding in Nepal and Temeke
(appendix pp 53-54). Lower k scores were found for both
KMC and verification of antibiotics in Pokhara (appendix
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p 51). Inter-rater reliability for routine register data was
lower than the high or substantial cut offs for all labour
ward indicators in Kushtia, Temeke, and Muhimbili; and
for KMC in Pokhara (appendix pp 55-56). Register
completeness comparison, before and during the study,
revealed decreases of more than 5% for bag-mask
ventilation coverage in both Tanzanian sites and for
uterotonic  coverage in Muhimbili. Breastfeeding
completeness increased in Muhimbili from 0 to 99-4%
(appendix p 54).

Discussion

We examined validity of coverage indicators for selected
maternal and newborn care indicators in two data
systems: exit surveys and routine registers. Surveys are
highly standardised in question design and interview
technique. Registers are variable in design and filling
techniques. We found much higher heterogeneity for
register-recorded coverage compared with exit-survey
reported coverage. Even with the same register design,
accuracy varied between hospitals, with good validity for
the highest performing sites. We stratified data by mode
of birth and found that caesarean birth affected
measurement in surveys and registers. With rising
caesarean rates, especially in LMICs,” this finding needs
further consideration. Register data that are aggregated
for use are typically located in the labour and delivery
ward, but with high caesarean section rates, specific
registers in operating theatres might be necessary. For
survey reports after caesarean birth, low accuracy might
relate to not seeing an intervention happening (eg,
whether or not the baby had bag-mask ventilation) but
might also be a reflection on gaps in respectful care;
women have a right to communication and informed
consent regarding care for themselves or their newborn
babies.**

Survey report had low accuracy for indicators of clinical
intervention coverage led by health workers around the
time of birth, notably neonatal care, and to a lesser extent
for uterotonics. This study is the first to test the validity of
survey reporting of indicators of care for small and ill
newborn babies. We found that survey reporting of bag-
mask ventilation coverage had low accuracy and reporting
of neonatal infection treatment with antibiotics had low
sensitivity among the target group. By contrast, KMC,
which is led by the woman had high sensitivity in exit
surveys, with potential for further testing, including report
from women did not practice KMC. Use in population-
based surveys would require sufficient sample size for the
target group of small babies requiring KMC. For neonatal
infection, even interviewing only women whose babies
had been admitted, we found high proportions of “don’t
know” responses and underestimates of observed
coverage. A high proportion of “don’t know” responses
suggests that the survey question is a poor way of
measuring intervention coverage. We reported “don’t
know” as “no” in line with the practice of the DHS and
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MICS for yes or no questions, but we note that sensitivity
increased when “don’t know” responses were excluded for
uterotonic and bag-mask ventilation coverage. Our exit
survey had a recall period of a few days, but most
household surveys cover the previous 2-5 years; other
studies have found recall decay even by 1 year.” Hence,
these results are likely to be worse in a routine household
survey.

Early breastfeeding rates were observed to be very low
across study hospitals, particularly after caesarean. The
early initiation of breastfeeding indicator is already
measured in the DHS and MICS household surveys, and
national and global tracking rely on these data.””® Our
results indicate that both women’s report and routine
register data substantially overestimate coverage. This
finding is in agreement with previous survey validation
studies.”™ One register validation study for early
breastfeeding in a composite indicator of essential
newborn care also showed overestimation.* We postulate
three explanations for these overestimates: first, this
finding might be due to the timing component (ie,
breastfeeding early but not within 1 h) being misreported
by the woman or health worker. Second, successful
initiation of breastfeeding is a process that involves the
baby being put to the breast, then attachment, and then
sucking. Putting the baby to the breast is one important
step and is the focus of the survey-reported question, but
might not have been considered as initiation by the
observer. The observers were trained to click the stamp
on the tablet at the point of initiation and recording is
likely to vary given the challenges of observing this
complex and dynamic process. Third, the overestimate
might be due to social desirability bias among women to
overreport in surveys or professional desirability
pressure on the health worker to over-record in registers.
More work is needed to improve measurement of this
crucial indicator, including exploring whether changing
the timing component could increase accuracy in surveys
and registers. In Muhimbili, before and during the study,
register data completeness for breastfeeding increased
from 0 to 99%. This finding was probably due to the data
being extracted from the informal perinatal register
before the study, rather than the formal labour ward
register, and highlights how complex documentation
systems affect measurement.

Registers have unrealised potential as a useful data
source, shown by the high accuracy and sensitivity for
indicators in some EN-BIRTH study hospitals. Although
hospital registers can only capture a limited number of
data elements, we found that register designs in Tanzania
and Bangladesh already have the relevant numerator or
count data for selected indicators of maternal and
newborn health coverage.”? Many data are already being
collected by frontline health workers. Register data were
highly complete, and although data collectors rarely
indicated data were not readable, we found low inter-
rater k results across register recorded data. Extracting

data for aggregation is a crucial step for data flowing to
higher levels in the health system, and more research is
needed to inform data extraction quality. The accuracy of
register-recorded coverage varied between hospitals even
with identical register design, reflecting variation in
implementation and data culture.” In both Bangladesh
hospitals, register-recorded coverage increased in the
revised registers when specific columns for data elements
replaced absent or non-specific columns in original
registers; however, change in accuracy varied by indicator.
Sensitivity increased (and specificity decreased) when
“not recorded” data were excluded from analyses (eg,
uterotonics and bag-mask ventilation). Further work on
register design for high quality monthly data aggregation,
as well as feedback after use, is needed.” Qualitative
research might help to understand the differences in
these five hospitals by exploring barriers and enablers to
routine documentation, specifically for register design,
register filling, and register use.”

EN-BIRTH study strengths include multi-country
sites, rigorous observational design, and large sample
size (about 10-times higher than that in previous
validation studies®™*) targeting previously missed
clinical care groups, especially small and ill newborn
babies—a priority in wuniversal health coverage
measurement. Errors were minimised in observation
data by the tablet-based app design, which was custom-
built and user friendly, with major effort invested in
being able to navigate between the recording of
simultaneous events for the woman and baby with
minimal delay.” The tablet app also importantly captured
time-stamped data for time-sensitive interventions,
around the time of birth when complications might
mean that women can die within hours and babies
within minutes. Detailed analyses, including quality of
care with timing data, are published separately.** Dual
observation by supervisors showed high or substantial
agreement for most data elements, with breastfeeding
coverage scoring the least well across all sites, probably
due to challenges of capturing the process. Information
bias during data collection was reduced by using
different data collector groups for observation, exit
surveys, and register data extraction. The effect on
register recording completeness from the presence of
researchers was assessed by comparison with register
data extraction before the study.? As per protocol, we did
not base our assessment of validity using AUC cut offs
because our data were all binary (yes or no) for the
coverage estimates; thus, the AUC is simply the average
of the sensitivity and specificity.”® I2 estimates the
percentage of variation that is attributable to study
heterogeneity. For an intervention like uterotonics that
was almost universally applied, there is little total
variation so that even small differences between sites
result in a large I2. We therefore chose to place more
emphasis in 12, which provides an estimate of the
magnitude of the between-site variation. A small value
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of 12 indicates little absolute variation between sites even
when I2 might appear large.

However, our study also had limitations. Despite large
samples, we did not achieve ten or more column counts
in the two-way tables for all indicators, either because
interventions had very high coverage (eg, correctly
provided for all women and babies) or very low
prevalence (eg, small clinical target group). This affected
our ability to report on individual-level validity metrics.
By contrast with other measurement validation studies,
EN-BIRTH chose to use vigorous subset double
observation inter-observer k calculations to assess
possible between-site variation in validation results. In
the protocol, we pre-defined ranges for what would be
considered high or substantial agreement. k scores were
lower than expected for some indicators in some sites.
We postulate that this finding might be a real reflection
of inter-observer variation, and we suspect this to be the
case, for example, regarding breastfeeding in Temeke,
with the lowest percent agreement and a low k. We note
the dependence of k on prevalence with paradoxically
low k scores, due to the imbalance in marginal totals or
with perfect symmetry in the imbalance, as our results
showed.* The tablet app was not available for pre-study
extraction of register data, and the different data
collection methods might account for some of the
differences in completeness before and during the
study.

The five hospitals were high-volume public compre-
hensive emergency obstetric and neonatal care hospitals
in cities and results might not be generalisable to lower-
level or rural facilities with lower volumes. The study
sample might have been healthier than is typical in
such hospitals because recruitment excluded antepartum
intrauterine fetal death and women who were too ill to
consent after admission. This observational study was
not designed to capture true denominators in terms of
the need of intervention required for coverage
indicators—eg, for accurate diagnosis of neonatal sepsis
in terms of microbiological culture or molecular
diagnosis. Although blood culture is still considered the
definitive diagnostic method, even with excellent
laboratory capacity, only about a third of neonatal sepsis
cases have a positive culture result. The focus of this
study was validity of routine health system data,
especially of the clinical diagnosis, and was not
addressing the need for better laboratory systems, which
is also crucial.#¥

Time pressure on health workers in these busy hospitals
might have affected their ability to deliver and
communicate care to women, affecting exit survey reports
and register documentation.® We consider this real-world
time pressure to be present in many such contexts.
Women’s reports were collected at hospital exit, close in
time to the event and without the typical 2-5 year gap in
household surveys. If women cannot report accurately at
exit from the facility, they are unlikely to report more
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accurately later in a household survey, so exit survey
findings are relevant when considering adding questions
to household surveys.” The EN-SMILING study is
following up with the cohort, with the potential to repeat
interviews in 5 years to investigate the change in women’s
report.”

Policymakers and programme managers require
information to inform investments and programmatic
course correction. Surveys are important in most LMICs
for population-based outcome data and contact coverage
of care, but given the high rate of “don’t know” responses
and low accuracy for the reporting of clinical inter-
ventions, adding these indicators to surveys is not
justifiable. Because approximately 80% of births
worldwide are now in facilities, standardising register
design and linked information systems have the potential
to sustainably improve data quality for care at birth.
Routine register data can be accurate and health workers’
time investment would not be wasted if these data were
better used. Well-designed, standardised registers are
important, and could reduce the burden on health
workers of duplicative, or non-valid, data collection.” If
interventions and practices are defined with a timing
element (eg, early initiation of breastfeeding), this
inclusion needs consideration in register design. The
timing component of the uterotonics coverage indicator
is not yet clearly defined, which will limit comparability
if routinely measured. EN-BIRTH tested validity of
measurement in paper-based registers at the interface
with women and their babies. A further phase will explore
the feasibility of these indicators flowing up through the
national routine data systems, many of which are being
rapidly digitised.” Another important research gap is how
to best measure experience of care, including respectful
care in all settings, and the provision and experience of
care for women and newborn babies in fragile and
humanitarian settings.”**'

Valid routine data alone will not save lives. Data need to
be used by health-care professionals caring for women
and their babies, and by policy makers and governments
to invest and transform care, enabling universal health
coverage as a reality that can be measured and improved.
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SECTION B: Identifying opportunities to improve labour and delivery routine register data
quality for hospital births

Section B — explores objectives 4, 5, and 6 as highlighted in the red box in Figure 6:

e Objective 4 — To explore barriers and enablers for health professionals to record high quality
data for newborn and maternal health indicator measurement from labour ward routine
registers in five EN-BIRTH study hospitals.

e Objective 5 —To assess routine birthweight in EN-BIRTH study hospitals: accuracy, gaps and
opportunities to measure coverage and quality of care.

o Objective 6 — To assess measurement opportunities for neonatal resuscitation: indicator
definitions and quality of care.

Figure 10: ‘Quality of Care and Quality of Data conceptual framework’ — highlighting PhD Thesis Section B - Identifying opportunities to
improve labour and delivery routine register data quality for hospital births
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Chapter 6 — Objective 4: Barriers and enablers to routine data

This chapter investigates the barriers and enablers for health professionals to hospital routine
register documentation of coverage of care indicators for women and newborns in five EN-BIRTH
study hospitals.

The chapter was published in March 2021 in BMC Pregnancy and Childbirth. The manuscript was
published under a creative commons license (Creative Commons Attribution 4.0 International
License) and no further permissions are needed.

The published manuscript is included in full below and supplementary material referenced in the
paper is available at https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-
020-03517-3#Sec22
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Figure 1 — Barriers and enablers to routine recording of coverage indicators in labour ward registers,
EN-BIRTH study.
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Table 3 — Summary of research methods assessing barriers and enablers to labour ward register
documentation, EN-BIRTH study.
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Abstract

Background: Policymakers need regular high-quality coverage data on care around the time of birth to accelerate
progress for ending preventable maternal and newborn deaths and stillbirths. With increasing facility births, routine
Health Management Information System (HMIS) data have potential to track coverage. Identifying barriers and enablers
faced by frontline health workers recording HMIS source data in registers is important to improve data for use.

Methods: The EN-BIRTH study was a mixed-methods observational study in five hospitals in Bangladesh, Nepal and
Tanzania to assess measurement validity for selected Every Newborn coverage indicators. We described data elements
required in labour ward registers to track these indicators. To evaluate barriers and enablers for correct recording of
data in registers, we designed three interview tools: a) semi-structured in-depth interview (IDI) guide b) semi-structured
focus group discussion (FGD) guide, and ¢) checklist assessing care-to-documentation. We interviewed two groups of
respondents (January 2018-March 2019): hospital nurse-midwives and doctors who fill ward registers after birth (n =40
IDIand n =5 FGD); and data collectors (n = 65). Qualitative data were analysed thematically by categorising pre-
identified codes. Common emerging themes of barriers or enablers across all five hospitals were identified relating to
three conceptual framework categories.

Results: Similar themes emerged as both barriers and enablers. First, register design was recognised as crucial, yet
perceived as complex, and not always standardised for necessary data elements. Second, register filling was performed
by over-stretched nurse-midwives with variable training, limited supervision, and availability of logistical resources.
Documentation complexity across parallel documents was time-consuming and delayed because of low staff numbers.
Complete data were valued more than correct data. Third, use of register data included clinical handover and monthly
reporting, but little feedback was given from data users.
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information systems

Conclusion: Health workers invest major time recording register data for maternal and newborn core health indicators.
Improving data quality requires standardised register designs streamlined to capture only necessary data elements.
Consistent implementation processes are also needed. Two-way feedback between HMIS levels is critical to improve
performance and accurately track progress towards agreed health goals.

Keywords: Birth, Maternal, Newborn, Coverage, Facility registers, Indicators, Data quality, Health management

Key findings

What is known and what is new about this study?

« Routine facility register data recorded in Health Management
Information Systems (HMIS) in low- and middle-income countries (LMICs)
provide an opportunity to close data gaps for tracking coverage of care
at birth. Although around four-fifths of the world'’s births are now in
facilities, labour ward register data are currently under-used and under-
studied. Specifically, few studies have examined barriers and enablers for
recording high quality routine maternal and newborn data, or on the
use of labour and delivery ward registers.

« EN-BIRTH was the first multi-country, mixed-methods study to assess
validity of register-recorded maternal and newborn coverage indicators.
In the three study countries, we found register coverage measurement
accuracy varied, even between hospitals in the same country using the
same registers.

« Hence to assess barriers and enablers for health workers to record data
in labour ward registers, we interviewed health workers (n =72) and EN-
BIRTH research data collectors (n = 65) across the five hospitals.

What did we find and what does it mean?

« DESIGN of national labour ward registers varied between the study
countries, capturing between 35 and 58 data elements, duplicative with
other recoding in other documents. Coverage indicators of interest
(uterotonics, early initiation of breastfeeding and neonatal bag-mask-
ventilation) are recorded in registers in Bangladesh and Tanzania but not
in Nepal. Standardisation of registers and linkage of these registers to
digital HMIS is urgently needed for global tracking. Registers also need
local ownership to streamline with local facility documentation
requirements, this is critical to reduce burden on frontline health workers.

« FILLING processes of routine registers are not systematically implemented
within or between countries. Completeness was more highly valued than
accuracy. Consistency and accuracy could be promoted by training and
supportive supervision to realize the potential of this data source.

« USE of register data are impeded by lack of trust in its quality.
Promotion of the importance of health facility data for clinical quality
improvement, and monitoring is needed to improve data quality and
use. Feedback from data users at supervisor/manager and district
levels could increase the value frontline health workers attribute to
these data and promote their use at the place of care.

What next and research gaps?

« Routine labour ward register data can be used now to contribute vital
data around the time of birth. Implementation research is required on
interventions to standardise labour ward register designs, and the
processes for filling them with regular data quality review. Such
research could test an improvement package to include a two-way
data flow system up from labour ward registers into HMIS, and feed-
back returning to the facility.

Background

Data gaps to track care around the time of birth in low-
and middle-income country (LMIC) settings impede ac-
tion towards goals to end more than 5 million deaths
annually of newborns, stillbirths and women [1-4]. Al-
though > 80% of the world’s births occur in facilities [5],

routine records are under-utilised as a data source for
maternal and newborn care. The Every Newborn Action
Plan (ENAP), agreed by all United Nations member
states and > 80 development partners, includes an ambi-
tious measurement improvement roadmap with an ur-
gent focus to improve measurement around the time of
birth, especially routine Health Management Informa-
tion System (HMIS) data [6]. Sustainable Development
Goal 17 “Revitalise the global partnership for sustainable
development” includes a specific target to increase the
availability of high-quality, timely and reliable data [7].
Population-based surveys remain a major source of ma-
ternal and child health data in LMIC [8-10]. Such house-
hold surveys— e.g. the Demographic and Health Surveys
(DHS) Program [11] and Multiple Indicator Cluster
Surveys (MICS) [12, 13]— collect information regarding
births over the preceding 2 to 5years, thus are not de-
signed to tracking progress on a month-to-month, or
year-to-year basis [1, 14—16].

Routine HMIS data, in contrast, have potential to be
available more regularly and used for more timely action
by health workers, facility/district managers and policy
makers [17]. The expansion of digital platforms e.g.
District Health Information Software 2 (DHIS-2) in
LMICs in recent years has increased awareness of the
potential of HMIS to improve data availability at the
subnational level and above [18]. Whilst household
surveys are designed to be representative of populations,
as institutional births rise, facility HMIS data is
becoming increasingly useful. However, HMIS data
quality has historically been considered poor, so
increasing data quality and trust are essential [19, 20].
Studies in LMICs have shown how data use positively
impacts quality of care and helps strengthen health
systems [21, 22]. The performance of routine
information system management (PRISM) framework
illustrates the multiple factors (organisational, technical
and behavioural) that influence data quality and
information use (Table 1) [23, 24]. Routine register data
are usually the source for HMIS facility data. Paper
registers are books, typically located on a hospital ward;
they contain a limited number of data elements as a
parallel and wusually duplicate system to individual
patient case notes. Health workers record each admitted
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Table 1 Performance of routine information system management (PRISM) conceptual framework components

Type Category

Content

INPUTS
RHIS Determinants

Technical Factors

Organisational Factors,

Behavioural factors

Complexity of reporting forms, procedures
HIS design

Computer Software

Information technology complexity
Governance

Planning

Training

Supervision

Quality

Finance

Promotion of culture of information
Availability of resources

Level of knowledge of content of HIS forms
Data quality checking skills

Problem solving for HIS tasks
Competence in HIS tasks
Confidence levels for HIS tasks
Motivation

Demand

Data collection

Data transmission

Data processing

Data analysis

Data quality check

Feedback

Data quality/information use

Improved health status

PROCESS RHIS processes

steps

OUTPUT Improved RHIS performance

desired

OUTCOME Improved Health System performance
desired

IMPACT Improved health status

desired

References: PRISM framework and monitoring framework for ending preventable maternal mortality [23, 24]

individual women/newborn on one row in the register
with data regarding care practices and interventions in
columns allotted either for “specific” data elements (e.g.
bag-mask-ventilation) or “non-specific’ data elements
(e.g. other details). Previous studies have assessed avail-
ability and completeness of data elements for maternal
and newborn coverage indicators in routine registers
[25, 26]. Data for local and higher health system use in
HMIS are typically aggregated from registers monthly,
using paper tally sheets and/or summary forms. Data
culture within the health facility influences register data
collection, analysis and use [27].

The Every Newborn — Birth Indicators Research Tracking
in Hospitals (EN-BIRTH) study was a mixed methods
observational study in three countries (Tanzania, Bangladesh

and Nepal). EN-BIRTH aimed to assess measurement valid-
ity of newborn and maternal indicators for routine facility-
based tracking of coverage, quality of care, and outcomes
(21). Indicators were selected based on criteria outlined in
global frameworks [6, 28, 29]. The EN-BIRTH validation as-
sessment reported finding register-recorded coverage accur-
acy varied by indicator and by hospital [30].

Objectives

This paper is part of a supplement based on the EN-
BIRTH multi-country validation study, Tuforming meas-
urement of coverage and quality of maternal and new-
born care’. The purpose of this paper is to explore
general barriers and enablers for health workers to rec-
ord high-quality (complete and accurate) data in labour
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ward registers only. Data recorded in registers in neonatal
and kangaroo mother care wards are explored in other pa-
pers in the supplement [31, 32]. This paper has three
objectives:

1. Describe the STRUCTURE OF ROUTINE
LABOUR WARD REGISTERS for measurement
of coverage of key maternal and newborn health
intervention indicators.

2. Identify BARRIERS AND ENABLERS for health
workers to record and use labour ward register data
for measurement of coverage of key maternal and
newborn interventions.

3. Explore the PROCESSES of labour ward health
care provision and register documentation
including flow and sequence, by health workers for
key maternal and newborn interventions at birth.

Methods

Study sites and overview

EN-BIRTH study was conducted in five public hospitals
in three high-burden mortality countries: Maternal and
Child Health Training Institute, Azimpur and Kushtia
District Hospital in Bangladesh (BD), Pokhara Academy
of Health Sciences in Nepal (NP), and Temeke Regional
Hospital and Muhimbili National Referral Hospital in
Tanzania (TZ) (Additional file 1). These comprehensive
emergency obstetric and newborn care (CEmONC) hos-
pitals were selected since they provided the interventions
of interest across several different wards. Labour ward
register findings for three indicators (uterotonics to pre-
vent post-partum haemorrhage, early initiation of breast-
feeding and neonatal bag-mask-ventilation) will be
reported in this manuscript; other ward findings are
reported in separate manuscripts [31-33]. The multi-
partner research team co-designed the tools and col-
lected data from January 2018 to March 2019.

Objective 1: Structure of routine labour ward registers
We reviewed the design structure for labour ward
registers to summarise: total number of data elements
captured; selected indicator data elements column name,
column type (specific or non-specific) and how the
column was completed if the intervention was either
given or not given.

Objective 2: Barriers and enablers to record and use
register data

The research team, using a literature review, identified
the PRISM conceptual framework (Table 1) and used
these constructs to design guides for semi-structured in-
depth interviews (IDI) and for focus group discussions
(FGD) (Additional file 2). The guides explore routine
labour ward register documentation in general, with
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specific open-ended questions about selected indicators
(Additional files 3, 4) [33]. Tools were developed in
English, translated to local languages (Bengali, Nepali
and Swabhili), then piloted, revised and back-translated
into English.

Respondents and data collection
We purposively selected two groups of respondents: (i)
Health workers (nurses/midwives/doctors) from the
study hospitals routinely caring for women/newborns
and are responsible for recording in ward registers; and
(ii) EN-BIRTH study researchers (clinical observers, data
extractors and supervisors) who were present for more
than 9 months on the study site wards, for an external
perspective on the register documentation process [33].
At least two IDIs were conducted in each site for each
category of respondent. The sample size for the
interviews was determined using saturation sampling:
additional respondents were interviewed until no new
information was learnt by the investigators in each site.
One FGD including at least one health worker from
each ward was added for triangulation. Data were
collected by experienced qualitative researcher co-authors
in two phases: January—June 2018 for EN-BIRTH study
data collectors and January—March 2019 for EN-BIRTH
study hospital health workers. Interviews were conducted
in local languages in a private room and audio recorded
after obtaining informed participant consent.

Data management and analysis

Data transcription, translation into English, codebook
design and analysis were carried out by the same co-
authors involved with tool design and data collection
after all data had been collected. All transcripts were
read multiple times by team members prior to
developing the codebook for familiarization. A coding
template in NVivo software version 12 [34] was
jointly developed based on the PRISM framework
(Additional files 5, 6) and the codebook. Framework
analysis was used to support comparing, and to differenti-
ate between IDI and FGD findings [35]. Two coders from
each country team coded the same 2—4 interviews and
compared results. Any discrepancies were discussed,
which increased inter-coder reliability [36]. Differences
were reconciled through discussion or involvement of an-
other team member, and single individuals coded
remaining transcripts. The multi-country team reconciled
coding issues on weekly calls and the codebook was modi-
fied where necessary.

For the health worker-register interface, the EN-
BIRTH team created a framework based around three
categories: register design, register filling and register
use. We applied this conceptual framework to identify
emerging themes across all sites. Two analysis workshops
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and multiple multi-country calls were held to agree upon
the main themes emerging from the IDIs and FGDs, and
to synthesise the findings. The consolidated criteria for
reporting qualitative research (COREQ) checklist guide-
lines were followed throughout (Additional file 7) [37].

Objective 3: Processes of care and documentation
including flow and sequence

To identify how health care provision and labour ward
register documentation relate to one another on labour
ward, we designed a third tool called the “care-to-
documentation checklist” (Additional file 8). This tool
captured the process, flow and sequence of recording data in
registers by selected indicators: which health worker cadre
usually/sometimes provides the care; which cadre records
the care; what is the order of documentation in labour ward
documents (among register, patient notes, drug charts,
partograph); what is the estimated time in minutes between
intervention given and documentation. These close-ended
questions were asked by the researcher to respondents, im-
mediately after their IDI (but not to FGD respondents). The
checklist data were entered on Excel and proportions and se-
quence were analysed in R version 3.6.1 [38].

Results

Objective 1: Structure of routine labour ward registers
We identified two types of registers on the labour wards:
formal pre-printed and informal hand-written registers,
which are typically facility-specific for programme or
quality improvement purposes (Additional file 9). All
study hospitals used nationally developed, formal paper-
based registers; in Bangladesh, a national register was in-
troduced during the early phase of the study, replacing
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previously existing, hospital-specific ones. In Muhimbili
TZ, the informal “Perinatal Research Register” has been
in continuous use for more than 20 years [39]. In
Temeke TZ, one nurse-midwife was assigned to send
summary data every day from the register to HMIS and
had no other clinical responsibilities. The total number
of data elements captured in formal register columns
was: 58 in Bangladesh, 35 in Nepal and 48 in Tanzania
(Table 2). One data element was captured per column in
the register in Tanzania, but more than one in some
register columns in Bangladesh and Nepal. Data ele-
ments needed as numerators for the three selected
coverage indicators were captured in the Bangladesh and
Tanzania registers but not in the Nepal register. In
Bangladesh register columns were ticked when the inter-
vention/practice was done and left blank when not done;
in Tanzania, register columns were filled with yes/no in
Swahili, except for bag-mask-ventilation, which was
completed with a numerical code (Additional file 10).

Objective 2: Barriers and enablers to record and use
register data

A total of 72 health workers (62 nurse-midwives and 10
medical doctors) and 65 data collectors were interviewed
for this study (Table 3); background characteristics of
participants are shown in Additional file 11.

As shown in Fig. 1, participants reported that these
common themes could either serve as barriers or
enablers to recording and using register data. The
themes are shown radiating from the conceptual
framework to illustrate how these themes were
described as influencing one another and the hospital
data culture. Each theme is summarised in turn below.

Table 2 Ward routine register designs capturing selected newborn and maternal indicators, EN-BIRTH study

Register design BD - Azimpur BD - Kushtia NP - Pokhara TZ - Temeke TZ - Muhimbili
Tertiary District Regional Regional National
Labour and Delivery Ward
Register name Delivery EmONC Delivery EmONC Maternity Delivery Delivery Perinatal research
register register register register Register book book register
Register format Original Revised Original Revised National National National Additional research
hospital national hospital national
Number of data 25 58 24 58 35 48 48 47
elements
Number of columns:
total 20 45 18 45 32 48 48 39
for uterotonics 1 1 1 1 0 2 2 2
for early 0 1 0 1 0 2 2 2
breastfeeding
for neonatal 0 1 0 1 0 1 1 1

resuscitation

Details regarding selected indicators in Additional file 10

Note: register designs may record more than 1 data element per column. BD = Bangladesh, NP = Nepal, TZ = Tanzania
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Table 3 Summary of research methods assessing barriers and enablers to labour ward register documentation, EN-BIRTH study

Method Description of the Duty ward Responsibility Selected indicator
method documented explored

Heath workers:

a) In-depth interviews and Nurses/midwives (n =3 per Labour and Delivery Care for patient and document « Uterotonics to
c) care-documentation hospital, total n = 15) prevent PPH
checklist « Early initiation of

breastfeeding
+ Neonatal bag mask

ventilation

Doctors (n =1 per hospital, Labour and Delivery Care for patient and document All selected indicators
total n =5) included

b) Focus Group Nurses/midwives from Labour and Delivery Care for patient and document All selected indicators

Discussion each ward (n =1 FGD per  included
hospital, total n =5)

EN-BIRTH data collectors:

a) In-depth interviews and Data Trackers (n =3-4 per  Registered patient Observed care process and some  Not applicable

c) care-documentation hospital, total n =19) at start of study content of documentation

hecklist

checkdis Clinical observers (n =4-8  All wards Observed care process but not All selected indicators
per hospital, total n = 24) content of documentation
Data Verifier/Extractor All wards Extracted data from registers and  All selected indicators
(n =1-4 per hospital, patient notes for EN-BIRTH study
total n =13)
Supervisors (n = 1-2 per All wards Observed process and extracted All selected indicators
hospital, total n =9) data from registers and patient notes

Further details of respondents from all wards in Additional file 2

Data culture

Enablers

Factors that promote accurate
register completion

Barriers

Factors that limit the use or
accuracy of register completion

Data culture

L
Shared values related to ~

information systems *

Categories

Key categories identified acting
as barriers and enablers to
routine documentation:
register design, register filling
and register use

Fig. 1 Barriers and enablers to routine recording of coverage indicators in labour ward registers, EN-BIRTH study. The transition from red (barrier)
to green (enabler) serves as a reminder that most factors identified by participants could serve as either a barrier or enabling factor depending
on the facility-level resources and management
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Register design
Three themes emerged:

Complexity The labour ward registers were described
as complex by many respondents in Tanzania and
Bangladesh:

“It is complicated somehow, first it is large and that
book [register] contains a lot of details to be filled
although all of them are important ... .”

-IDI, L&D Nurse-midwife, Muhimbili TZ

Additionally, the data elements recorded in the formal
labour ward register need to be duplicated in multiple
documents (e.g. informal registers, patient notes), as
complex registers form part of a documentation system
that is not streamlined and is burdensome:

“We need to do the same documentation, again and
again in three to four different places, which needs
us to give a lot of time.”

-IDI, L&D Nurse-midwife, Azimpur BD

Standardisation with necessary data elements Health
workers from the Nepal and Bangladesh sites acknowledged
all the data elements they needed were captured. However,
in Tanzania, not all data elements needed to complete
monthly reporting forms for HMIS were in the labour ward
registers:

‘I enter entire patient’s information ... and I sometimes
have to add some columns where I can include some
data that I know is important and should be written to
help me with my end of the month report. So, if I were to
just follow the register it means some data could be
missed and that’s the challenge that I encounter.”

-FGD, Nurse-midwife, Muhimbili TZ

Paper or electronic All five hospitals were using paper-
based registers, but respondents mentioned forthcoming
transition to electronic platforms, which were antici-
pated to be desirable, to save time, and to improve data
completeness, availability, and storage:
“Documentation till today is done in traditional
way. However, writing that every day, is time loss.
Further, if we had computerised system, it would
have been very better, it could last for later.”
-IDI, L&D Nurse-midwife, Pokhara NP

Yet many respondents expressed their need for
computer training, some suggested extra staff would
need to be recruited to manage digitised registers:
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“To operate the computer for documentation, we
need both manpower and proper training. For
example, if we had three more staffs in this
ward, two staffs will work for caring the patient
and the other one will engage with documenta-
tion and can handle the computer. It will allow
us to perform other things more easily.”

-IDI, L&D Nurse-midwife, Azimpur BD

Register filling
Six themes emerged:

Health worker responsibility In all five hospitals nurse-
midwives alone owned the task of labour ward register
recording described as within their current nursing role.
Data quality responsibility was perceived to be better
when the same nurse-midwife providing the care docu-
mented in the register:

“For effective recording and reporting, the one
who provides the care should herself do the
documentation and then only it is complete and
proper. A third person asked to document is not
proper — there will be missing in recording and
reporting. Manpower should be sufficient so the
one who does the care should only perform re-
cording and reporting.”

-FGD, Nurse-midwife, Pokhara NP

However, task shifting of documentation to other
actors was highly valued by several respondents,
although difficult to obtain, especially during night
shifts:

“It is super difficult to get support from students even
the intern doctor and the trainee nurses don’t help
us in documenting the information in register.”
-FGD, Nurse-midwife, Kushtia BD

Training for competence Respondents from Nepal
described attending a short training on register filling as
an enabling factor for register data recording. Tanzanian
respondents stated they had been shown “on the job”
how to fill the register and the lack of specific formal
training or instructions for register filling was a barrier
to documentation. In Bangladesh, only computer
training had been received:

“We have not got any training related to register fill
up. We were given only an orientation on computer
but couldn’t learn anything. It was too short i.e. 2 to
3 days.”

-IDI, L&D Nurse-midwife, Azimpur BD
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Time required to document Respondents expressed The organisation of the large registers laying on a table
the large amount of time spent on documentation in  at the nursing station were described as a logistical
general, even in the Nepal site with the lighter register  barrier by some respondents:

design:

“If we work 7 to 8 hours duty, it usually takes
around 3 hours to do documentation.”
-IDI, Nurse-midwife, Pokhara NP

“In a period of 8 hours of my shift, if I have a large
number of patients, I may spend more time in docu-
mentation than the time I spend in attending the

patients.”
-IDI, L&D Nurse-midwife, Muhimbili TZ

“When she is done she will go to the nursing station
to do her documentation in register book, then fills
the midwifery book, the books are in different places
and are far from the patient or the delivery room.”
-IDI, EN-BIRTH Data Collector, Muhimbili TZ

Supervision for data quality Supervision of register
filling processes was acknowledged to be an important
enabler to register filling by most respondents, yet was
not occurring regularly in every hospital:

In all three countries, respondents related the time
challenge of completing registers to the availability of
the health workforce:

“We never had any sorts of supervision about the
documentation.”

“Our main difficulty to fill up the register appropri-
ately, is shortage of manpower. We have to suffer a
lot to do quality documentation due to short of man-
power.”

-IDI, L&D Nurse-midwife, Azimpur BD

The tension between being too busy to always
document immediately after care led to lower quality
data:

“You find you are having say three patients and they
all need care, you will start with the first one, after
that you can’t do the documentation, you will have
to attend the second and the third, now as you go
for documentation it will be difficult to remember
exactly figures or details, for example it is difficult to
remember exactly the time for each of them so, you
will have to estimate, maybe if you have enough
staff, one does the attending and another do the

-IDI, L&D Nurse-midwife, Azimpur BD

“The only things that displays the work of health
workers are the documentations ... important for su-
pervisors as well. If we show them the recorded data,
they get to advise us about the errors and whether it
[register] is complete or not. So it becomes important
in supervision as well.”

-IDI, L&D Nurse-midwife, Pokhara NP

Register documentation supervision was expressed as
being linked to data quality:

“They normally come to verify their data on regis-
ter books and if there is any problem, they tell
you that here you are supposed to do this and
that. This is how is being done ... It is educative
system because if she criticise you she must ex-
plain to you.”

-FGD, Nurse-midwife, Temeke TZ

documentation.”
-IDI, Nurse-midwife, Muhimbili TZ Many respondents expressed that completeness was

important and the need to “fill the gaps” in registers:

“There is a big delivery book which has headings
therefore, you can’t skip even a single box all of them
must be filled.”

-FGD Nurse-midwife, Muhimbili TZ

Logistical resources needed New registers were
usually available but sometimes the stock were
locked in stores. Pens were only available in some
hospitals:
“There is still a challenge of resources, for instance
now we are asked to document but they don’t think
if pens are provided, instead you have to buy
yourself. You are supposed to write ... .and there are
some things which I would like to write them if they
would provide me with tools. Honestly resource is
very challenging”
-FGD, Nurse-midwife, Muhimbili TZ

Motivation Appreciation from supervisors was articulated
by one respondent as an important motivator, and was also
linked with higher quality documentation:

“We receive praise, when everything (related to
documentation) is good and it works as a motivation
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to continue documentation with care.”
-IDI, L&D Nurse-midwife, Azimpur BD

By contrast, many health workers noted the lack of
acknowledgement and/or recognition served as a
motivational barrier for high quality register recording:

“There is not any formal award or recognition like
that. Instead we get scolded if it’s left. We are not
appreciated for writing.”

-FGD, Nurse-midwife, Pokhara NP

Register use
Three themes emerged regarding perceived register data
utility:

Demand for data Respondents expressed varied register
data demands as enablers. Nurse-midwife respondents
mainly described how they themselves used the data for
patient handover:

“We are documenting because even nursing itself is a
continuous process ... so if you did not document,
the other nurse will not know where you ended, so
documentation is still very important.”

-FGD, Nurse-midwife, Temeke TZ

The same register data were used by supervisors for
management decisions:

“Even the hospital itself insists so much on
documentation... if you don’t document, sometimes
it becomes very difficult for the management to
get revenue to know how many people should get
what medicine, you have to document on health
insurance and normal patients.”

-FGD, Nurse-midwife, Temeke TZ

In Nepal, a doctor respondent expressed that data
were used in research and for indicators:

“We also have doctors and students utilising the data.
It is used for the research and general information.
We create health indicators and send to central level
and they also create national health indicators. And
the ultimate goal for all is to know how the health
indicators are. It helps to do planning accordingly.”
-IDI, L&D Doctor, Pokhara NP

Feedback to health workers Provision of feedback from
HMIS users of register data to those who had collected
the data was perceived to be an enabler; however,
respondents said feedback hardly ever happened:
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“I haven'’t got any feedback from them (HMIS) about
documentation. There sits monthly meeting in
hospital with data people. We don’t usually participate
in that meeting.”

-IDI L&D, Nurse-midwife, Azimpur BD

“It doesn’t come to us directly. We don’t have much
information.”
-FGD, Nurse-midwife, Pokhara NP

Trust in data quality Some health worker respondents
stated that lack of trust in register data quality was a
barrier to the usefulness of register data:

“Sometimes, variables are wmissing and when
research needs to be done then it is not ineffective.”
-IDI, L&D Doctor, Pokhara NP

“There is hardly missing areas in the register- if we
find some we try to collect the information either by
asking the patient again or nurse who attended the
delivery. Using good quality data are important to
decision make.”

-IDI, L&D Nurse, Kushtia BD

Objective 3: Sequence of care and documentation
Analysis of the care-to-documentation checklist showed
that the nurse-midwife who provided the intervention/
practice usually also recorded in the labour ward register
(Additional file 12). However, data collector respondents
stated that health workers sometimes documented care
provided by a colleague (Additional file 13). Among all
documents to be filled, the labour ward register were de-
scribed as the first to be completed in both Bangladeshi
hospitals, but the order varied between first to third in
the Tanzanian hospitals (Additional files 14, 15). The
average estimated time between care provision and
register documentation ranged from 10 to 28 min as re-
ported by health workers and was 9 to 34 min based on
data collectors’ report (Additional file 16).

Discussion

EN-BIRTH study is the first LMIC multi-country assess-
ment of barriers and enablers to labour ward register
data recording. We add to previous research regarding
barriers to routine facility data recording from antenatal
clinics and HIV/AIDS programme data [1, 40, 41]. We
found twelve consistent themes reported in all five hos-
pitals across our conceptual framework of register de-
sign, filling and use. Figure 1 depicts the interconnected
relationship between register data use, register design,
and register filling. The twelve themes identified within
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these categories were described as either enablers or bar-
riers by respondents in the five hospitals. We postulate
that the varying interaction of these themes in each
study hospital contributed to the variation in accuracy in
measurement of labour ward indicators as identified in
the EN-BIRTH validation study [30]. These data practice
themes act within, and likely contribute to, a wider hos-
pital data culture of accepted and normative practices,
which permits health workers to collect high-quality
register data that can be trusted for use.

Improved HMIS performance is increasingly recognized
as a priority to improve coverage and quality of care as
described in the comprehensive PRISM framework, which
demonstrates the many interacting constructs needed for
high-quality data for use [23, 24]. This EN-BIRTH study
used the PRISM constructs to explore the barriers and
enablers to recording at the service user-register interface
and for health workers. We found register design complex-
ity and the burden of data collection were common across
the study sites. The sheer volume of data elements cap-
tured in these national register designs was striking. Nepal
had the lightest register design, yet captured 35 data ele-
ments, compared to 48 in Tanzania and 58 in Bangladesh.
Notably, data elements more than doubled when national
registers were introduced in Bangladesh. Yet labour ward
registers did not always match monthly reporting require-
ments, necessitating nurse-midwives to use their own ini-
tiative and add columns to registers, or start informal
registers, to capture required data. Complexity of docu-
mentation was described as encroaching upon the time
health workers can dedicate to midwifery care. Our find-
ings align with a study describing the balance between ser-
vice provision and documentation practices in Uganda
[42]. Several causes contribute to this high burden of regis-
ter data collection, including a lack of coordination regard-
ing which indicators (and contributing data elements) are
selected for tracking, multiple reporting flows and add-
itional data element capture to signal rigor or research
[43]. Frontline health workers have dual responsibilities of
providing care and documentation of that care. With the
typically high user-to-staff ratios of facilities in many LMIC
settings, urgent attention to reducing any unnecessary
documentation would support efforts to improve quality of
care by health workers for women and babies.

Filling of registers was not systematised or consistently
supported by effective logistics and supplies, even non-
availability of pens and registers was cited by some
respondents. Bedside care provided by the health worker
was documented in one register located on a table in the
labour ward. The documentation was described as done
within 30 min of the care practice/intervention whilst
the health worker was still responsible for the women
and her baby during the critical first hour after birth.
The cumulative effect of distance between point of care
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and point of register documentation, simultaneous
responsibilities of care and documentation for a large
number of data elements to be recalled could account
for both under and over-reporting of interventions,
as found in the EN-BIRTH observational validation
study [30].

Perceived value of labour ward register data by data
users in these large CEmONC hospitals was a further
cross-cutting issue that likely affects data quality [30].
Data-specific training was perceived by health workers
as enabling, yet few had received in-service training on
how to complete registers. Supportive supervision for
register recording was not a priority, as described by
both health workers and research data collectors. Data
completeness was expressed as more highly valued com-
pared to data accuracy by health workers and data
collectors alike. This may be driven by column filling
(completeness) being feasible to visualise in registers by
health workers and supervisors, and thus a signal and
symbol of professionalism [44]. Although notably in
Bangladesh completeness for coverage numerators
cannot be calculated, as registers are designed for
columns to be left blank (true zero) when interventions
are not performed.

Use of register data was valued by health workers for
clinical care handover or other hospital use, however
none of the nurse-midwife respondents who actually fill
registers mentioned use for tracking coverage or impact
of services at higher levels of the health system. Increas-
ing demand for labour ward register data use is needed.
Using register data at facility level to improve quality of
care or to supervise performance was mentioned could
link to priority setting and health unit management also
at sub-national level. National data demand includes for
strategic planning and policy. Health workers around the
world invest considerable time documenting large vol-
umes of data. Nurse-midwives deserve to be informed
about the value of the data they collect for wider
decision making, and to be appreciated for their work in
collecting it.

Enabling environments are needed for health workers
to provide care and are often measured as “service
readiness” [45]. Similarly, enabling “data readiness” is
necessary to promote high-quality register data to flow
into HMIS. An integrated approach is needed to trans-
form routine data on labour wards, taking into account
the midwife’s dual role in care provision and data
recording [20]. The information culture at the facility
level and throughout the system is important. Decentra-
lised data use in facilities may incentivise improving data
quality [46, 47]. By increasing data visibility through
feedback to frontline health workers about data use, data
quality has been shown to improve in registers [14, 19,
22-24, 48-50]. However, a notable finding from our
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labour ward register study was the low level of two-way
feedback loops between different levels of the data pyra-
mid: nurse-midwives collecting register data and other
data users higher up in the pyramid [51, 52].
Paper-based systems remain the norm in most LMIC
labour wards, yet these often feed into digital systems
[53]. However, care should be taken to not just digitise
poor information systems. There has been rapid
expansion of digital HMIS in LMIC with increased IT
capability to improve data quality (automated checks,
validation rules, visualizations, etc.) [1, 46, 47, 54]. Poor
quality of care has been described as “too much too
soon, too little too late” [55]. Similarly, in response to
“too little data too late”, care is needed to avoid
digitisation of routine data creating “too much data too
soon”. Unless we turn our attention to reduce unnecessary
data and improve reliability and quality of the register data,
the value of digital HMIS data for clinical and
programmatic decision making will not be realised. The
risk is that labour ward routine register data will remain in
a “vicious cycle of data quality”, if data are not trusted, they
are not used. If data are not used, investment in data
quality suffers, and data quality deteriorates even further.
Thus, simultaneous action on both data use and data
quality is necessary to break this cycle. In practice, this
means increasing use of current labour ward register data,
whilst investing in improving data quality. Current data
quality reviews typically compare HMIS monthly reports
using register data as the standard [56]. Innovative ways to
routinely include assessment of the quality of the source
register data are important to consider. Register data
assessment can be linked to routine quality improvement
initiatives that use routine data, such as maternal and
perinatal death surveillance and response. Checking
accuracy of register data quality compared to patient case
notes during such perinatal audit meetings and involving
health workers could be one effective way for feedback and
linking quality of data with quality of care. Without focused
action to improve routine data quality, tracking progress
using HMIS data towards agreed Sustainable Development
Goals and ENAP targets by 2030 will be suboptimal [53].

Strengths and limitations

A strength of our study is multi-sites public hospitals in
three high mortality burden LMICs. We used common
tools that were co-designed by our team including the
PRISM framework determinants. We interviewed health
workers involved in the process themselves and, for an
external perspective, EN-BIRTH research data collectors
who had worked day and night on the labour ward for >
9 months. The use of open-ended and close-ended ques-
tionnaires allowed us to generate a broad range of com-
mon findings issues across sites. Our predetermined
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codes were based on the PRISM framework and all sites
used NVivo in a collaborative analysis process.

However, our study also has limitations. There was a
possible desirability bias by health workers, which might
have led to either under- or over-reporting of the
challenges faced. The “care-to-documentation checklist”
dataset analysis was stratified by type of respondent
(health worker and data collector), by indicator and by
site. The qualitative data analysis presented in this paper
identified common barriers and enablers for labour ward
register recording across all indicators, using health
worker and data collector responses together. Indicator-
specific mixed-methods linked analyses will be presented
in other linked papers to further explore subthemes and
differences between cadres [57—-62]. It was beyond the
scope of this study for the EN-BIRTH data collectors to
directly observe or measure the detailed process of regis-
ter filling (e.g. time, logistics availability, supervision, use
for reports). All hospitals were peri-urban CEmONC
hospitals, which may limit generalizability to facilities at
lower levels of the health system.

Research for improving measurement

Further research is needed to explore barriers and
enablers in other settings and at different levels of the
health system to understand the broader relevance of
the themes we identified. Our exploratory research
identified twelve themes that could be used to design
shorter tools for routine register data capture and use, a
component of HMIS that is relatively under-represented
in existing tools [27, 56]. Implementation research is re-
quired for all three components we identified regarding
registers in our conceptual framework (design, filling,
use). To enable national or district tracking of core indi-
cators in HMIS, the priority data elements that are being
harmonized at higher levels of the data pyramid will
need to be included in register design [63, 64]. Register
data element availability is necessary but not sufficient;
more research is required to explore whether register
layout, column labelling and cell coding affect data qual-
ity. For example, facilities might consider excluding
blank cells from their register design, as blank cells may
indicate a health procedure either “not recorded”
(incomplete) or “not done”. Standardised register designs
will require local ownership for adaptation, and testing
of process, with considerable streamlining with other
documentation, to reduce burden on frontline health
workers. Research regarding improved register filling
may focus on capability (capacity to engage in the regis-
ter documentation), opportunity (factors that make the
behaviour possible) and motivation (to energies and dir-
ect behaviour). Exploring flow of aggregated data from
labour ward registers into HMIS is another gap requir-
ing research regarding steps of aggregation. Several
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manual operations (e.g. manual counting, filling paper
summary/tally forms, digital data entry) may reduce data
quality significantly [65]. Finally, perspectives of data
users beyond the patient-health worker-register interface
are critical. Yet, to date, there has been little investment
in improving routine register data quality to maximize
the potential of this underused and widely available data
source around the time of birth.

Conclusion

With more than 80% of the world’s births in facilities,
labour ward register data have an unrealised potential to
track core indicators in facilities and higher up the health
system. Our multi-country study found multiple oppor-
tunities to improve the data and the use of data: standar-
dised design, consistent filling processes and enabling
two-way feedback between different levels of the health
system data pyramid. Overcoming these barriers would
enable frontline health workers, especially midwives, to be
valued for the register data they collect, to improve data
quality and importantly to use those data to improve qual-
ity of care for the women and babies they care for.
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Chapter 7 — Objective 5: Birthweight measurement
This manuscript assesses routine birthweight in EN-BIRTH study hospitals: accuracy, gaps and
opportunities to measure coverage and quality of care.

The chapter was published in March 2021 in BMC Pregnancy and Childbirth. The manuscript was
published under a creative commons license (Creative Commons Attribution 4.0 International
License) and no further permissions are needed.

The published manuscript is included in full below and supplementary material referenced in the
paper is available at https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-
020-03355-3#Sec26
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Abstract

Background: Accurate birthweight is critical to inform clinical care at the individual level and tracking progress
towards national/global targets at the population level. Low birthweight (LBW) < 2500 g affects over 20.5 million
newborns annually. However, data are lacking and may be affected by heaping. This paper evaluates birthweight
measurement within the Every Newborn Birth Indicators Research Tracking in Hospitals (EN-BIRTH) study.

Methods: The EN-BIRTH study took place in five hospitals in Bangladesh, Nepal and Tanzania (2017-2018). Clinical
observers collected time-stamped data (gold standard) for weighing at birth. We compared accuracy for two data
sources: routine hospital registers and women's report at exit interview survey. We calculated absolute differences
and individual-level validation metrics. We analysed birthweight coverage and quality gaps including timing and
heaping. Qualitative data explored barriers and enablers for routine register data recording.

Results: Among 23,471 observed births, 98.8% were weighed. Exit interview survey-reported weighing coverage
was 94.3% (90.2-97.3%), sensitivity 95.0% (91.3-97.8%). Register-reported coverage was 96.6% (93.2-98.9%),
sensitivity 97.1% (94.3-99%). Routine registers were complete (> 98% for four hospitals) and legible > 99.9%.
Weighing of stillbirths varied by hospital, ranging from 12.5-89.0%. Observed LBW rate was 15.6%; survey-reported
rate 14.3% (8.9-20.9%), sensitivity 82.9% (75.1-89.4%), specificity 96.1% (93.5-98.5%); register-recorded rate 14.9%,
sensitivity 90.8% (85.9-94.8%), specificity 98.5% (98-99.0%). In surveys, “don’t know” responses for birthweight
measured were 4.7%, and 2.9% for knowing the actual weight. 95.9% of observed babies were weighed within 1h
of birth, only 14.7% with a digital scale. Weight heaping indices were around two-fold lower using digital scales
compared to analogue. Observed heaping was almost 5% higher for births during the night than day. Survey-report
further increased observed birthweight heaping, especially for LBW babies. Enablers to register birthweight
measurement in qualitative interviews included digital scale availability and adequate staffing.
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Birthweight, Low birthweight

Conclusions: Hospital registers captured birthweight and LBW prevalence more accurately than women's survey
report. Even in large hospitals, digital scales were not always available and stillborn babies not always weighed.
Birthweight data are being captured in hospitals and investment is required to further improve data quality,
researching of data flow in routine systems and use of data at every level.

Keywords: Birth, Newborn, Maternal, Stillbirth, Coverage, Validity, Survey, Health management information systems,

Key findings

What is known and what is new about this study?

+ An estimated 20.5 million low birthweight (LBW) babies are born
each year, and tracking progress in the highest burden countries still
relies on population-based surveys, which are known to have miss-
ing data and substantial heaping (preference for recording weights
ending in 00). Improving birthweight data in both routine systems
and surveys is essential.

« EN-BIRTH is the largest multi-country, multi-site study (> 23,000
births) to assess availability, validity and quality of birthweight data
in both survey and routine registers. Qualitative data explored bar-
riers and enablers for routine register recording of birthweight.

Survey-what did we find and what does it mean?

- Survey-reported birthweight coverage underestimated observed
coverage by nearly 5% and LBW prevalence by 1%.

- Survey-reported birthweight heaping was 1.5 times higher than the
observed heaping.

- Women with stillborn babies reported a much lower coverage of
weighing than observed.

Register-what did we find and what does it mean?

- Routine hospital registers were highly complete (> 96%) and legible
(>99%).

- Register-recorded birthweight coverage underestimated observed
by 2.2%.

+ LBW prevalence underestimated observed by only 0.7%.

- Register-reported birthweight heaping at 2500 g further increased
observed heaping by 1.4% for digital scales and 1.1% for analogue.

Gap analysis for quality of care

- Nearly all (95.9%) babies were weighed within 1 h, however, only
14.7% were weighed on digital scales. Stillbirths were weighed
much less often, despite birthweight data being fundamental to
classifying and intervening to prevent stillbirth.

- Substantial heaping of observed birthweights included those at
2500 g, so the LBW rate will likely be inaccurate.

- Birthweight heaping indices were approximately two-fold lower
using digital compared to analogue scales and also 3-5% lower dur-
ing day shifts compared to night shifts.

What next and research gaps?

- Routine register-records outperformed exit-survey report accuracy
for measurement of birthweight and LBW in these hospitals. Further
research is needed to assess if survey-reported accuracy decreases
over time.

« Investment is needed to explore how digital scales, standardised
register process and design can improve birthweight routine data
measurement quality further.

« Improving data flow of currently available hospital birthweight data
into Health Management Information Systems (HMIS) has potential
to close the large LBW data gap in high-burden LMIC settings.

Background

Birthweight closely correlates with newborn survival and
lifelong health. The World Health Organization (WHO)
recommends measuring birthweight within the first
hour of life, ideally using calibrated digital scales with
10 gramme (g) precision [1]. Low birthweight rate has
agreed global targets and data are needed to track progress
[2]. Among neonatal deaths, 80% have low birthweight
(LBW) defined as < 2500 g [3, 4]. An estimated 20.5 million
LBW neonates were born in 2015; 91% were born in low-
and middle-income countries (LMICs), with almost half in
south Asia (48%) and a quarter in sub-Saharan Africa (24%)
[3, 5]. LBW survivors continue to have a higher risk of
morbidity, including stunting, lower intelligence quotient,
and cardiovascular disease later in life [6-8]. Stillborn
babies, estimated at > 2 million per year and 84% in LMICs,
have similar contributing factors to placental failure as
LBW livebirths, yet are not visible as standard birthweight
indicator definitions use a livebirth denominator [9].

Tracking coverage of birthweight measurement is
recommended and LBW rate is one of only four
newborn health measures in WHQO’s 100 core health
indicators [10]. Global nutrition targets set by WHO
include a 30% reduction of LBW infants from 2012 to
2025 [2], but the required annual rate of reduction is
currently off target [11]. Birthweight data are essential to
reach the target neonatal mortality rate (NMR) of
Sustainable Development Goal (SDG) 3.2 by 2030 [12].
NMR and stillbirth rates stratified by birthweight group
need to be used for perinatal death surveillance and
response in settings where accurate gestational age and
cause of death assessment is not possible [13]. At an
individual level, birthweight data ensures that at-risk
newborns receive the immediate care they need and
serves as the first measurement for monitoring a child’s
growth to promote health outcomes throughout the life-
course.

Birthweight data are not available for almost one-third
(39.7 million) of newborns — the majority in LMICs [3].
Available birthweight data in high mortality burden coun-
tries are mostly from population-based surveys, notably
the Demographic and Health Surveys (DHS) Program and
the United Nations Children's Fund (UNICEF) Multiple
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Indicator Cluster Surveys (MICS) [14, 15]. As >80% of
births globally are now in facilities [15], potentially more
birthweight data can be made available through routine
Health Management Information Systems (HMIS) [4, 14].
When birthweight data are available, concerns about qual-
ity, including heaping, limit use and usefulness. Previous
birthweight-related indicator validation studies in LMICs
have mostly focused on household survey measurement
[16-19], with few addressing routine facility measurement
[20]. The validity of birthweight measurement through
routine hospital registers in LMIC has not previously been
studied. The barriers and enablers that affect the quality
of birthweight data in routine hospital registers in LMIC
are not known.

The Every Newborn Action Plan, agreed by all United
Nations member states and >80 development partners,
includes an ambitious measurement improvement
roadmap [12, 21] with urgent focus to improve data for
use towards high-quality care around the time of birth
[12, 22]. As part of this roadmap, the Every Newborn —
Birth Indicators Research Tracking in Hospitals
(EN-BIRTH) study aimed to validate the measure-
ment of selected newborn and maternal indicators
for routine tracking of coverage and quality of
facility-based care [23, 24].

Objectives
This paper is part of a supplement based on the EN-
BIRTH multi-country validation study, ‘Informing meas-
urement of coverage and quality of maternal and new-
born care’, and focuses on birthweight with three
objectives:

1. Determine accuracy/validity of NUMERATOR
for survey-reported and register-recorded birth-
weight indicator measurement compared to direct
observation.

2. Analyse GAPs in coverage and quality of
birthweight measurement: timeliness, scale
choice, proportion of implausible values and
heaping/rounding inaccuracy.

3. Identify BARRIERS and ENABLERS for routine
register recording of birthweight by evaluating
register design, filling and use.

Methods

The EN-BIRTH study was a mixed-methods observational
study and detailed information regarding the EN-BIRTH
research protocol and overall validation results have been
published separately [23, 24]. This is the first analysis of the
EN-BIRTH birthweight data. A study on birthweight meas-
urement processes and perceived value is published else-
where in the supplement [25]. Data were collected between
June 2017 and July 2018 in five public comprehensive
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emergency obstetric and newborn care (CEmONC) hospi-
tals in three high burden countries: Maternal and Child
Health Training Institute (MCHTI), Azimpur and Kushtia
District Hospital in Bangladesh (BD); Pokhara Academy of
Health Sciences in Nepal (NP); Temeke Regional Hospital
and Muhimbili National Referral Hospital in Tanzania (TZ)
(Additional files 1 and 2). Results are reported in accord-
ance with STROBE Statement checklists for observational
studies (Additional file 3).

Study participants were consenting women recruited
on admission to labour and delivery ward and their
newborn babies. We use the term “newborn” in this
paper to cover both live births and stillbirths (total
births). Exclusion criteria at admission were imminent
birth and no fetal heartbeat heard. Trained research
clinical observers collected the birthweight from the
weighing scale (external gold standard) as the health
worker weighed the newborn. Data were time-stamped
when documenting birthweight in grammes and type of
weighing scale (digital or analogue). Separate groups of
data extractors captured birthweight data from existing
routine labour ward registers and women’s responses to
exit-survey after discharge. Data were captured using a
custom-built android tablet-based application [26]
(Additional file 5).

Implausible observed birthweights (< 350 g or > 6000 g)
were excluded from all analyses. Calculations were done
for each hospital then combined using a random effects
meta-analysis approach. We used 95% confidence inter-
vals to indicate uncertainty when applying our results to a
different population. We calculated I and 1 to assess het-
erogeneity between hospitals. Results were stratified by
mode of birth (vaginal/caesarean), birth outcome (live
birth/stillbirth), and type (single/multiple (twins or higher))
and association determined using chi-squared test.

Analyses were undertaken using Stata version 16 [27]
and R statistical programming version 3.5.0 used for
graphs [28].

Assessing biases in the data

To determine the reliability of our gold standard, we
calculated Cohen’s Kappa coefficient for 5% of the sample
observed by both supervisors and data collectors [23]. To
assess any change in routine register recording practices
due to study observer presence, we compared absolute
differences between completeness of register extracted
study data with one-year pre-study register data collected
retrospectively [29]. We also calculated Kappa coefficients
for a 5% sample of double-extracted study register data.

Objective 1: Determine numerator for indicator
measurement accuracy/validity
We evaluated measurement
birthweight data:

of two aspects of
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a) Birthweight coverage defined as the number of
facility total births (live births and stillbirths) that
were weighed, among total births, expressed as a
percentage.

b) LBW prevalence defined as the number of facility
total births (live births and stillbirths) whose
birthweights were < 2500 g, among total births
weighed, expressed as a percentage.

To assess data accuracy, we compared both routine
register-recorded coverage and exit interview survey-
reported coverage with the gold standard, observed
coverage (Fig. 1). Population-based surveys (e.g. DHS
and MICS) typically measure coverage from “yes” re-
sponses and combine “don’t know” with “no” responses
as “no coverage.” Thus, we analysed survey-reported
coverage in this way and also with “don’t know” ex-
cluded to evaluate effect on accuracy. We interpreted
register “not recorded” to mean the baby had not been
weighed. LBW classification was calculated using avail-
able numeric birthweight data from all three sources.

We calculated absolute differences between observed,
register-recorded and exit survey-reported coverage.
Cut-off ranges were adapted from WHQ’s Data Quality
Review (DQR) methods (over/underestimate by 0-5%,6—
10%, 11-15%, 16—20% and > 20%) [30, 31].
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To understand how coverage measurement affected
low and normal birthweight categorisation, we
calculated “validity ratios”. Similar to verification ratios
in DQR methods [30], a ratio higher than 1.0 implies
overestimation of survey-reported or register-recorded
coverage compared to observed, and a ratio lower than
1.0 implies an underestimate. Cut-off ranges adapted
from DQR methods were used for heat-maps [30].

Individual-level validity “diagnostic test” methods were
calculated using two-way tables. When column totals
were > 10, we calculated sensitivity, specificity, negative
predictive value, positive predictive value, area under the
curve and inflation factor; otherwise we present percent
agreement [23, 32]. Individual-level agreement was
assessed using Bland-Altman plots [33].

Objective 2: Gaps in coverage and quality of birthweight
measurement
We calculated gap analyses for high-quality birthweight
among (A) total births as the total eligible population; (B)
birthweight coverage; (C) right timeliness of measurement
- weighed <1 h after birth; (D) right device - digital scales.
Data completeness for registers was assessed.
Birthweight heaping and rounding were evaluated for
observed, survey-reported and register-recorded data in
two ways: First, the proportion of total birthweights that

. Was baby weighed after birth?

Yes
No
Don't know

OBSERVATION

EN-BIRTH study: Gold standard coverage assessed by trained clinical data collectors:

Observer assessed:

Fig. 1 Birthweight validation design, EN-BIRTH study. Adapted from EN-BIRTH protocol [23]
.

If weighed, how much:

Birth weight (g)
Don't know
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were multiples of 500 g; second, the proportion of heaped
weight values (e.g. 2500g) relative to all weight values
within the adjacent 500 g bracket (e.g. 2250-2750 g). We
stratified by type of weighing device and time of birth by
midwifery shift time (day/night). To demonstrate the ef-
fect of heaping on LBW prevalence in routine register
documentation, we adjusted LBW prevalence by reallocat-
ing 25% of babies with an exact birthweight of 2500 g to
the LBW category and compared with exit-survey findings
using the same method [34].

Objective 3: Barriers and enablers to routine register
recording

We evaluated barriers and enablers to recording of
birthweight in routine registers as part of the wider
barriers and enablers objective of the EN-BIRTH study.
The structure of the routine labour ward register was cor-
related with completeness and accuracy of measurement
[31].

We designed three tools: a) semi-structured in-depth
interview (IDI) guide, b) semi-structured focus group dis-
cussion (FGD) guide, c) “care-to-documentation checklist.”

Experienced qualitative researchers conducted IDIs with
two purposively sampled groups of respondents in each
EN-BIRTH study hospital: 1) hospital midwives and doc-
tors involved in birthweight measurement and 2) study
data collectors. To triangulate results, FGDs were carried
out with health workers. The sample size was determined
using saturation sampling. Qualitative data were thematic-
ally analysed by categorizing pre-identified codes based on
the Performance of Routine Information System Manage-
ment (PRISM) conceptual framework [35] using NVivo 12
for data management. The care-to-documentation check-
list was completed after the IDI and captured details
regarding: which health worker cadre weighs the baby;
who documents the birthweight; into which documents
(patient notes, registers, partograph, etc.); the typical order
of documentation; estimation of how long between weigh-
ing the baby and documentation. Data were entered into
Microsoft Excel and analysed in R version 3.6.1 [28]. This
paper specifically presents emerging themes regarding
birthweight recording across three topics: 1) Register de-
sign 2) Register filling and 3) Register use. Detailed
methods and results of all emerging themes for register re-
cording of all EN-BIRTH selected indicators are available
in an associated paper [36].

Results

Among the total 23,471 births observed, 22,617 (96.3%)
newborns were weighed after birth and implausible
weights were 0.01% (Additional file 4). Exit-survey inter-
views were completed by 88.4% of their mothers and
register data were extracted for 95.3% (Fig. 2).
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Background characteristics are shown in Table 1.
12.1% of mothers were adolescents < 20 years and almost
half of women (48.4%) had completed secondary
education. Live births were 97.3% and twins/triplets
3.9%. The proportion of babies delivered by caesarean
section varied widely, from 7.2% in Temeke TZ to 73.2%
in Azimpur BD. Hospital register design in Bangladesh
was updated during the study as part of a national
standardisation — we present revised register results in
the multi-site tables and figures and report the effect of
this natural experiment in Additional file 6.

Inter-rater reliability was very high for both observation
and data extraction (Additional file 7). Routine register
completeness comparison before and during study
showed decrease in completeness by <1.5%, except in
Kushtia BD, which increased from 66.1% to 85.2%
(Additional file 8).

Coverage data by observation, survey-report and
register-record are shown in Fig. 3. Coverage comparisons
and individual-level metrics are shown in Tables 2 and 3.
Any association with delivery mode, multiple births, and
stillbirth are shown in Additional files 9, 10 and 11.

Objective 1: Numerator validation

Birthweight coverage

Survey-reported  coverage, 94.3%  (90.2-97.3%),
underestimated the observed coverage of 98.8%. Exit-
survey heterogeneity was low, 1 =0.03 (Add-
itional file 12). “Don’t know” responses were 4.5%
(2.1-8.4%) and pooled individual-level validation re-
sults were mixed: sensitivity 95.0% (91.3-97.8%), spe-
cificity 43.3%(15.1-74.0%). There was no evidence of
a difference in survey-reported coverage by delivery
mode or single/multiple pregnancy. Across the sites,
stillbirth observed birthweight coverage ranged from
12.5-98.3%, and survey-report underestimated by 8.2—
46.6% (Additional file 10).

Register-recorded coverage of 96.6% (93.2-98.9%)
underestimated the observed coverage of 98.8%.
Heterogeneity was low, 1> =0.03 (Additional file 12).
In Temeke TZ, coverage was overestimated by 0.1%
and in the other four hospitals underestimated by
0.3-12.1%. Sensitivity was >88% and specificity
ranged from 3.5% in Muhimbili TZ to 82.0% in
Kushtia BD. Register-recorded coverage was significantly
higher among babies born from vaginal deliveries com-
pared to caesarean section, as well as live births compared
to stillbirths (Additional files 10 and 11).

Low birthweight (LBW) prevalence

Observed LBW prevalence overall was 15.6%, lowest in
Temeke TZ 7.6% and highest in Muhimbili TZ 28.1%.
Survey-reported LBW coverage, 14.3 (8.9-20.9%), under-
estimated observed coverage of 15.6%. “Don’t know”
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Clinical observation (Gold Standard)

Women identified
n= 23,811

> Consent not given n= 87
JV

Women consented
n= 23,724

f—? Not observed n= 709

Register-recorded data

Not extracted n= 1078
Missing weighing data in original BD
register n=8

Current or revised register n = 21,440
Birth weight recorded= 20,791

Birth weight not readable= 26
Original Bangladesh registers n=945

Women n= 23,015
Babies n= 23,471

}—P Missing weighing data n= 591

Babies n= 22,880
Weighed= 22,617
Not weighed= 263

Birth weight not recorded= 623 <€

Fig. 2 Flow diagram for birthweight cases, EN-BIRTH study (n=23,471). Adapted from EN-BIRTH protocol [23]

Survey-reported data

Not approached n= 1,967
Consent not given n= 416
Missing weighing data n=283

survey responses were 2.9% (1.8—-4.3%). Sensitivity was
82.9% (75.1-89.4%) and specificity 96.4% (93.5-98.5%).
LBW observed among stillborn babies ranged widely
from 0.0-75.5%, both over- and underestimated by
survey-report in different sites.

Register-recorded LBW coverage of 14.9% (8.8—22.3%)
underestimated observed coverage, 15.6%. Register
sensitivity was 90.8% (85.9-94.8%) and specificity 98.5%
(98.0-99.0%). Both survey-reported and register-
recorded LBW coverage were higher among caesarean
sections, stillbirths, and twins/triplets.

Survey-reported validity ratios for LBW babies were
poor to good (0.78-1.62) and very good to excellent
(0.91-1.08) for normal birthweight (Fig. 4). Register-
recorded validity ratios were excellent (0.99-1.03) for
both LBW and normal birthweight newborns.

Bland-Altman plots showed agreement between
observed and survey-reported birthweight was reasonable,
with mean difference=6.3g (2.7, 9.9), and for register-
recorded was high, with mean difference = - 1.39 g (- 4.4,
1.6) (Additional file 13).

Objective 2: Gaps in coverage and quality of birthweight
measurement

Figure 5 shows gap analyses
measurement. Almost all newborns

linked to coverage
(95.9%) were

observed to be weighed within the right time (C), 1 h of
birth. Digital scales as the right device (D) were used in
only three of the hospitals: Azimpur BD (74.2%),
Muhimbili TZ (29.3%) and rarely in Temeke TZ (2.0%)
(Additional file 14).

Register-recorded birthweight was legible (Fig. 6).
Completeness was very high (>98%) in all hospitals,
except in Kushtia BD (85.5%). Completeness was higher
in Bangladesh revised registers compared to the original:
Azimpur BD =984% from 57.4% and Kushtia BD =
85.2% from 43.8% (Additional file 6).

Birthweight heaping and rounding

Observer-assessed birthweight heaping was two-fold
lower by digital (15.7%) compared to analogue scales
(36%). Survey-report further increased heaping (digital
25.3%, analogue 43.4%). Register-record increased
heaping by only 1.4% for digital scales and 1.1% for
analogue (Table 4). Heaping indices were consistently
lower for digital than analogue scales across all 500 g
increments (Table 5), and higher during night than
day shifts (Table 4). Re-allocation of 25% of 2500¢g
birthweights to the LBW category increased LBW
prevalence by 2.0% for register-record and 2.5% for
survey-report (Additional file 15).
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Table 1 Characteristics of babies and women observed in labour and delivery wards, EN-BIRTH study (n = 23,471 births)

Bangladesh Nepal Tanzania All sites
Azimpur Kushtia Pokhara Temeke Muhimbili
Tertiary District Regional Regional National
n (%) n (%) n (%) n (%) n (%) n (%)
Total Women 2910 2412 7370 6748 3575 23,015
Women'’s Age
< 18 years 25(09) 3(0.1) 311 (4.2) 26 (04) 8(0.2) 373 (1.6)
18-19 years 475 (16.3) 197 (8.2) 817 (11.1) 767 (11.4) 159 (44) 2415 (10.5)
20-24 years 1158 (39.8) 954 (39.6) 3080 (41.8) 2314 (34.3) 722 (20.2) 8228 (35.9)
25-29 years 867 (29.8) 736 (30.5) 2114 (28.7) 1697 (25.1) 1134 (31.7) 6548 (28.5)
30-34 years 297 (10.2) 373 (15.5) 827 (11.2) 1146 (17) 924 (25.8) 3567 (15.5)
35+ years 88 (3) 149 (6.2) 221 (3) 798 (11.8) 628 (17.6) 1884 (8.2)
Maternal education
No Education 39 (1.3) 77 (3.2) 268 (3.6) 202 (3) 66 (1.8) 652 (2.8)
Primary incomplete 111 (3.8 127 (5.3) 252 (34) 81(1.2) 45 (13) 616 (2.7)
Primary complete 339 (11.6) 347 (14.4) 302 (4.1) 31 (0.5) 5(0.1) 1024 (4.4)
Secondary incomplete 985 (33.8) 954 (39.6) 1637 (22.2) 4053 (60.1) 1299 (36.3) 8928 (38.8)
Secondary complete or higher 1273 (43.7) 870 (36.1) 4509 (61.2) 2346 (34.8) 2146 (60) 11,144 (48.4)
Missing 163 (5.6) 37 (1.5 402 (5.5) 35 (0.5) 14 (04) 651 (2.8)
Parity
Nullipara 1350 (46.4) 1038 (43) 4402 (59.7) 2917 (43.2) 1363 (38.1) 11,070 (48.1)
Multipara 56 (1.9) 5(0.2) 6 (0.1) 13 (0.2) 3(0.0) 83 (04)
Missing 1504 (51.7) 1369 (56.8) 2961 (40.2) 3816 (56.6) 2207 (61.8) 11,857 (51.5)
Total Baby 2936 2459 7442 6869 3765 23471
Live Birth 2895 (99.5) 2302 (96.6) 7171 (98.1) 6606 (97.3) 3490 (94.5) 22,464 (97.3)
Baby'’s condition at L&D discharge
Alive 2895 (99.5) 2302 (96.6) 7171 (98.1) 6606 (97.3) 3490 (94.5) 22,464 (97.3)
Stillbirth 11 (0.3) 74 (3) 126 (1.7) 153 (2.2) 186 (3) 550 (2.2)
Neonatal death 10 6 (0.3) 4(0.1) 28 (04) 19 (0.5) 58 (0.3)
Missing 2(0.1) 2(0.1) 6 (0.1) 5(0.1) 0(0) 15 (0.1)
Baby number
Single 2864 (98.3) 2296 (96.1) 7185 (98) 6561 (96.4) 3336 (90) 22,242 (96.1)
Twin 48 (1.6) 86 (3.6) 140 (1.9) 242 (36) 336 (9.1) 852 (3.7)
Triplets 3(0.1) 6 (0.3) 3(0) 0(0) 33(09) 45 (0.2)
Mode of birth
Normal vertex delivery 784 (26.7) 1453 (59.1) 5889 (79.1) 6307 (91.8) 1616 (42.9) 16,049 (68.4)
Vaginal breech/ Vacuum/ Forceps 1(0) 0 (0) 351 (4.7) 10 (0.1) 10 (0.3) 372 (1.6)
Caesarean section 2142 (73) 996 (40.5) 1163 (15.6) 489 (7.1) 2105 (55.9) 6895 (29.4)
Missing 9(03) 10 (0.4) 39 (0.5 63 (0.9) 34 (0.9) 155 (0.7)
Birthweight
Extremely LBW < 1000 g 1(0) 7 (0.3) 27 (04) 13 (0.2) 44 (1.2) 92 (04)
Very LBW 1000-1499 g 10 27 (1.2) 38 (0.5) 22 (0.3) 159 (4.5) 247 (1.1)
LBW 1500-2499 g 351 (12.2) 437 (19.1) 830 (11.4) 466 (7.1) 794 (22.2) 2878 (12.7)
All LBW <2500 g (sum of above) 353 (12.2) 471 (20.6) 895 (12.3) 501 (7.6) 997 (27.9) 3217 (14.2)

Not LBW 22500 g 2528 (87.5) 1804 (78.9) 6274 (86.5) 6051 (91.7) 2549 (714) 19,206 (85)
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Table 1 Characteristics of babies and women observed in labour and delivery wards, EN-BIRTH study (n = 23,471 births) (Continued)

Bangladesh Nepal Tanzania All sites

Azimpur Kushtia Pokhara Temeke Muhimbili

Tertiary District Regional Regional National

n (%) n (%) n (%) n (%) n (%) n (%)
Missing 7 (0.2) 11 (0.5 83 (1.1) 46 (0.7) 24 (0.7) 171 (0.8)

Sex

Male 1465 (504) 1220 (51.3) 3903 (53.6) 3481 (51.5) 1833 (50.2) 11,902 (51.8)
Female 1441 (49.6) 1154 (48.5) 3369 (46.2) 3265 (483) 1813 (49.6) 11,042 (48.1)
Ambiguous 1(0) 4(0.2) 13 (0.2) 7 (0.1) 6 (0.2) 31 (0.1)

Objective 3: Barriers and enablers to routine recording

All study hospital labour ward registers had a specific column
to record birthweight, usually recorded in kilogrammes to 1
decimal place, despite the Bangladesh revised register column
heading specifying the unit in grammes (Fig. 6).

IDIs were conducted with 40 nurse-midwives/doctors
and 65 EN-BIRTH study data collectors and one FGD
was conducted in each hospital (# = 5). Emerging themes
functioning as both barriers or enablers in the five hos-
pitals are shown in Fig. 7.

Register design

All respondents stated the labour ward register was
adequately designed for Dbirthweight measurement.
Complexity of documentation systems was expressed by
respondents as a barrier, since birthweight is also written in
several other formal and informal documents. The order of
birthweight documentation was first into the register in
Bangladesh, while in Nepal and Tanzania birthweights were
recorded in one to three other documents before the
register (Additional file 16).
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Table 2 Individual-level validation in surveys and registers for weighing coverage, EN-BIRTH study (n = 23,471 births)

Bangladesh Nepal Tanzania All sites pooled
Azimpur Kushtia Pokhara TZ - Temeke TZ - Muhimbili (Random
effects)
Tertiary District Regional Regional National
Baby weighed - Survey reported 95% Cl 95% ClI 95% ClI 95% ClI 95% ClI 95% ClI
Observer coverage (%) 995 (99.1,99.7) 971 (963,97.7) 998 (99.7,99.9) 984 (98.1,987) 984 (97.9,988) 988 (97.7,99.6)
Survey reported coverage (%) 928 (918,937) 925 (913,935 978 (974,981) 896 (887,904) 967 (96,973) 943 (90.2,97.3)
“Don't know" responses (%) 68 (59,77 54  (45,623) 20 (1.7,24) 95 (87,103) 22 (17,28 47  (2.1,84)
Sensitivity (%) 931 (921,94) 954 (944,962) 979 (975,982) 898 (889,905 971 (964,97.7) 950 (91.3,97.8)
Specificity (%) 571 (289,823) 846 (735,924) 250 (55,572) 273 (17,396) 209 (100,360) 433 (15.1,740)
Percent agreement (%) 929 (919,938) 951 (94.1,959) 978 (974,981) 890 (882,898) 958 (95 966) 918 (884, 94.7)
Baby weighed - Register recorded
Observer coverage (%) 99.5 (99.1,99.7) 971 (963,977) 998 (99.7,99.9) 984 (98.1,987) 984 (979,988) 988 (97.7,99.6)
Register recorded coverage (%) 984 (97.8,989) 850 (834,865 980 (97.7,984) 985 (982,988) 981 (976,985) 966 (932, 989)
Not recorded (%) 16 (1222) 148 (133,164) 19 (1622 13 (1.1,1.6) 18 (1422 32 (1.0,67)
Not readable (%) - - 02 (0.1,06) 0.1 (002 0.1 (0.1,03) 0.1 (0.1,03) 01 (0,02
Sensitivity (%) * * 87.7 (862,89.1) 982 (979,985) 988 (985,99.1) 984 (979,988) 97.1 (943,990)
Specificity (%) * * 820 (686,914) 154 (19,454) 93 (43,169 35 (04,121) 241 (06,619
Percent agreement (%) * * 876 (858,8387) 981 (976,983) 975 (969,977) 969 (96.1,973) 952 (922, 975)

*Validity statistics suppressed where < 10 count in either column of two-by-two table

- No observations

Percent agreement was calculated as the sum of true positives and true negatives divided by the total number of newborns: (TP +TN)/n. For survey-reported
weighing coverage, we combined “don’t know” with “no” answers. Survey validity results with “don’t know” responses excluded are presented in Additional file

12. Two-way tables are presented in Additional file 19

Register filling
All respondents stated recording birthweight in labour
ward registers is standard practice. Birthweight is usually
written down by the same nurse-midwife who weighed
the newborn, but only after providing all other care
around the time of birth for mother and baby. Estimated
time from weighing the newborn to birthweight register
documentation averaged 4—31 min, up to a maximum of
1-3h (Additional file 17). Shortage of time was a fre-
quently measured barrier to high quality register docu-
mentation. EN-BIRTH data collectors described seeing
that when busy, health workers may record the birth-
weight on a separate piece of paper, or ask the mother
or another colleague to remember the weight, and trans-
fer this weight later into formal documents. The baby
may be weighed again if later no one can recall the
birthweight.

The enabler of additional actors only available during
the day shift was mentioned.

“Most of the time documentation was done appro-
priately because there were students who could offer
assistance during the day. But it was very difficult
during night shift because the midwife should do
everything by herself like getting the birthweight, re-
suscitation ... when it comes to recording she will

find that she has forgotten most of the information.”
-Health worker, Muhimbili TZ

EN-BIRTH study clinical observers commented on the
barrier that health workers did not trust the precision of
the weighing scales and sometimes used their personal
judgement and rounded birthweights:

“If [the analogue scale] shows 4 kilo 300 grammes,
they assume it [is] 4 kilo, 500 grammes.”
-Data collector, Azimpur BD

Register use

Health workers acknowledged the importance of
birthweight data and described its use for clinical care
only:

“Information recording is critical and exact [numbers]
should be recorded ... we take special care on man-
aging babies with low birthweight, high birthweight ...
[which] can require paediatrics consultation.”

-Health worker, Pokhara NP

No respondent mentioned birthweight data for use
higher up the health system. A barrier to use was expressed
in the low level of trust in the birthweight data quality:
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Table 3 Individual-level validation in surveys and registers for LBW prevalence, EN-BIRTH study (23,471 births)

Bangladesh Nepal Tanzania All sites pooled
Azimpur Kushtia Pokhara TZ - Temeke TZ - Muhimbili (Random effects)
Tertiary District Regional Regional National
Low birthweight - Survey-reported 95% ClI 95% Cl 95% ClI 95% Cl 95% ClI 95% ClI
Observer prevalence (%) 123 (11.1,135) 207 (19.,224) 125 (11.7,133) 76 (7,83) 281 (266,296) 156 (93,23.1)
Survey reported prevalence (%) 198 (183,215) 181 (165,198) 11.1 (103,118) 67 (6, 75) 220 (204,237) 143 (89 209)
“Birthweight not informed by 09 (06,14) 02 (0.1,05) 00 (00.1) 73 (668.1) 09 (06,14) 1.1 (00, 43)
provider” (%)
“Don't know" (%) 43 (365.1) 09 (06,14) 27 (2330) 44 (39)5) 32 (264 29 (1.8,43)
Sensitivity (%) 890 (849,923) 810 (769 847) 874 (848,898) 633 (568 694) 888 (858,914) 829 (75.1,894)
Specificity (%) 89.7 (884,91.00 974 (965,98.1) 986 (983,989) 966 (96.0,97.1) 975 (96.7,982) 964 (93.5,6985)
Percent agreement (%) 850 (835,863) 93.1 (92,942) 947 (942,953) 837 (826,847) 918 (90.7,928) 815 (743,87.8)
Low birthweight - Register-recorded
Observer prevalence (%) 123 (11.1,135) 207 (19.1,224) 125 (11.7,133) 76 (7,83) 281 (266,296) 156 (139, 14.8)
Register recorded prevalence (%) 123 (11,138) 21.1 (192,23) 128 (12,136) 75 (69,82 281 (266,296) 149 (88,223)
Sensitivity (%) 933 (896, 96.0) 839 (852,919 940 (922,955 812 (774,846 942 (925,956) 908 (859, 94.8)
Specificity (%) 99.2 (986,995 973 (96.3,98.1) 990 (98.7,99.2) 985 (98.1,988) 982 (976,986) 985 (980, 99.0)
Percent agreement (%) 983 (96.2,97.7) 876 (82,853) 981 (96.1,969) 975 (954,964) 969 (94.6,96.1) 918 (876, 95.1)

Don’t know % = proportion of women who answered “Don’t Know” when asked the weight of their child

“Some nurses do not record the details after they
have helped a mother to deliver ... if [documents
are] not fully filled so people start to estimate, so this
leads to non - accurate data about the weight of a
child ... we sometimes fill not actual data.”

-Health worker, Temeke TZ

Discussion

Birthweight measurement in our five CEmONC study
hospitals was almost universal and routine facility
registers measured coverage of weighing at birth and
LBW classification more accurately than exit interview
surveys. These findings align with our qualitative study

in one EN-BIRTH hospital, Temeke TZ, which reported
birthweight is highly valued by both health workers and
mothers [25].

Routine registers' high completeness and accuracy for
birthweight across all five hospitals was especially
notable. Importantly, we found register records for LBW
babies had both high sensitivity and specificity > 90%,
which was even higher than a study from Nigeria that
reported sensitivity 62% and specificity 85% [20].
Birthweight coverage for babies of any birthweight
(LBW and not LBW) similarly had high overall
sensitivity of 97.1%; however, specificity was very low
(4-15%) in three hospitals. We postulate this might be
due to the baby being weighed and register documented

-

Ratio: Survey: Observed
Y Normal birthweight

Low birthweight
Normal birthweight

Ratio: Register: Observed

0.80 to 0.84
0.85 to 0.89
0.90 to 0.94

Bangladesh Nepal Tanzania
Azimpur Kushtia Pokhara Temeke Muhimbili | All sites pooled (Random effects)
Prevalence Tertiary District Regional Regional National
Low birthweight 0.87 0.89 0.88 0.97

Fig. 4 Validity ratios for survey-reported and register-recorded low/normal birthweight prevalence compared to observation, EN-BIRTH study.
Heat-mapped using WHO's Data Quality Review (DQR) 5%, 10%, 15% and 20% cutoffs [30]

OR 1.16 to 1.20 Moderate
OR 1.11to 1.15 Good
OR 1.06 to 1.10 Very Good
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Pooled (random effects), all modes of birth
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100% 1
75% A
50% 1
25%1
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100%

75% 1
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25%1
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Fig. 5 Gap analysis for coverage and quality of weighing practice at birth, EN-BIRTH study (n = 23,471). Stratified by vaginal and
caesarean births in EN-BIRTH study (observer assessed n = 23,471, survey reported n = 20,349, and register recorded n = 21,440).

ABCDETF ABCDEF

after observation had ceased (higher false positives). The
exception was Kushtia BD’s higher specificity of 82.0%,
which may relate to the lower register completeness
overall (85.2%) (higher true negatives). Register
birthweight for LBW babies outperforming all
birthweight babies may reflect the extra care given by
health workers to the more vulnerable babies — for
example, weighing more quickly after birth and thus
being captured by the EN-BIRTH observers.

Survey-reported birthweight at the point of hospital
discharge soon after birth was also accurate compared to
observation. Our results align with a systematic review of
40 studies that showed high agreement between survey-
recalled and register-recorded birthweights as the stand-
ard [37]. For weighing coverage, survey-report compared
to observation had high sensitivity but lower specificity.
Similar to registers, this could be due to mothers’ correct
report of baby weighing after observation stopped. Survey-
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ite, EN-BIRTH study.

Nepal

Tanzania

Azimpur

Kushtia

Pokhara

Temeke

Tertiary

District

Regional

Regional

National

Register design Column allotted data element specific column

specific column

specific column

specific column

specific column

Column heading Weight (grammes)

Weight (grammes)

Weight

Weight of the child in
gram/Kg

BWT

#kg

##
##kg
###kg

Measurement gap: Register recorded and observed

Data format if birthweight recorded #itkg #itkg :;:;kkgg at g

HHHE

Hi##

Data format if birth weight not recorded blank blank blank dash dash

C Data element recorded in register 98.4% 85.2% 98.1% 98.7% 98.3%
External Consistency  |indicator: Observed coverage 99.5% 97.1% 99.8% 98.4% 98.4%
Indicator: Measured coverage - register recorded 98.4% 85.0% 98.0% 98.5% 98.1%

12.1% underestimate

Fig. 6 Routine register design and data quality dimensions for birthweight by site, EN-BIRTH study. For basis of ranges, see WHO Data Quiality Review [31]

report for LBW babies again outperformed their counter-
parts, likely for the same reasons of extra care given to
LBW babies. This is in contrast to previous studies that
revealed mixed but generally low accuracy for LBW preva-
lence, ranging from a sensitivity of 45% in a study con-
ducted in Nepal to 71% in Kenya [16, 18, 19, 38]. These
validation studies evaluated survey report from soon after
birth to household survey 22 months later.

Quality of birthweight measurement was mixed. Whilst
liveborn babies had timely birthweights, we found quality
gaps for other dimensions, especially the widely recognized
heaping on multiples of 500g [5, 29, 34]. The EN-
BIRTH study design permitted exploration of cumula-
tive heaping at different measurement capture points:
the birthweight observation, exit interview and
register-record. We found heaping increased slightly
between observation and register-record despite the
reality that usually the same health worker weighs
and documents. Notably, heaping doubled when the
same data were captured from women’s report at exit
interview. Obtaining a precise birthweight for all ba-
bies is fundamental. For instance, a baby whose true
birthweight of 2480 g if rounded to 2500 g would not
be correctly identified as LBW and fail to receive ap-
propriate care. The same logic applies to identifying
newborns weighing 2000 g or less, for whom kangaroo
mother care is recommended.

The stillbirth birthweight gap was a striking finding in
all hospitals except Pokhara NP. If gestational age is
uncertain, the definition of stillbirth uses birthweight,
vital for the minimum dataset for perinatal death
surveillance and response to reduce preventable death
[39]. As such, we suggest tracking coverage of stillbirth
birthweight has potential as an indicator of respectful
maternal and newborn care. More in-depth analyses re-
garding stillbirths in the EN-BIRTH study is reported
separately [40].

Digital scale measurement gave lower heaping indices
across all weights compared to analogue scales in our
study. A 1980s Canadian study had postulated that digit
bias was attributed to the use of analogue scales;
however, a British study later found that significant
rounding and truncation persisted even with digital
scales [41, 42]. Few published studies have explored the
relationship between type of scale and LBW estimates.
We found less heaping at 2500 g using digital scales,
implying more babies would have been correctly
classified as LBW. One previous study in India also
found that the percentage of LBW babies identified by
digital scales (29.5%) was higher compared to analogue
scales (23%) [43].

In our study, two of five CEmONC hospitals were
not, or rarely using, digital scales despite the relative
low cost of these devices. This high usage of analogue
scales remains a concern because heaping and
rounding may be attributed to the instrument’s
imprecision and/or the health workers’ subsequent
lack of confidence in the measurement. Increasing the
availability of digital scales at hospitals is important;
however, some nurses stated their preference to use
analogue scales because they were more familiar with
these devices [44]. Thus, beyond providing digital
scales, training and supportive supervision are
required to improve quality of birthweight
measurement. Our findings provide additional support
to inform health system decisions to invest in digital
scales for all facilities providing care at birth and
improve accuracy of birthweight, especially LBW
measurement.

High-quality care must be consistently provided
during both day and night shifts. Our qualitative
interview findings of lower availability of health workers
under increased time pressure during night shifts lends
explanation for poorer quality birthweight measurement
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Fig. 7 Barriers and enablers to routine register recording of birthweight, EN-BIRTH study. This figure illustrates the overall barriers and enablers to
facility-based data collection identified by EN-BIRTH participants. The bold text are the issues specific to birthweight. The transition from red to
green is a reminder that most factors identified by participants could serve as either a barrier or enabling factor depending on the facility-level

resources and management

at night. We suggest that available hospital birthweight
data, stratified by day/night time of birth, could be
explored as a tracer indicator for measuring quality of
care. Additionally, these data can be used to assess the
needs for consistent staffing during all shifts, so
midwives have sufficient support to complete care and
documentation tasks in a timely manner.

We identified opportunities to improve quality of
birthweight register data. In Bangladesh, although original
and revised register designs both included birthweight,
register-recorded completeness improved substantially
after introduction of the revised register design. The im-
provement was seen in both hospitals in Bangladesh; how-
ever, it was lower in Kushtia BD, illustrating that design
alone is not sufficient. In Azimpur BD, health workers
continued to record birthweight in kilogrammes to one
decimal place, despite the revised register instructions
to measure in grammes. Logistical challenges of revised
register stock-outs in Kushtia BD necessitated using
original registers again during data collection. Improv-
ing feedback loops between health workers and those at
other levels of the health system using facility birth-
weight data is critical. Feedback could increase under-
standing of how birthweight data are used, why
accurate measurement is essential and how to address
the opportunities to improve quality of birthweight
measurement in LMIC settings.

Strengths and limitations

A major strength of this study was the multi-site,
multi-country design using direct observation as gold
standard to compare to register records and survey re-
port. The large sample size of >23,000 facility births
enabled diagnostic validation testing with stratification
by normal and low birthweight and by mode of birth.
Our observational gold standard was assessed by dupli-
cate observation, and the effect of register recording
completeness due to the presence of researchers was
assessed by comparison with pre-study data extraction.
Another strength is our inclusion of stillbirths, lending
insight into an important public health issue, as often
only live births are included when calculating birth-
weight indicators [44, 45]. Although the changes in the
Bangladesh registers midway were unexpected, this pro-
vided the opportunity to examine the results of a “nat-
ural experiment.”

However, our study also had limitations. We did not
observe whether scales were calibrated prior to
birthweight, which could contribute to heaping. The
clinical observers read the scale at the same time as
the health worker and thus could have also
contributed to the observed heaping. The data
collection tablet app platform collected birthweight
only in grammes, while health workers recorded in
registers either kilogrammes or grammes. This may
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have introduced information bias, affecting
birthweight in terms of accuracy and reliability and a
missed opportunity to compare any effect of unit of
measurement on birthweight data quality. For the
purposes of calculating the heaping indices, we
assumed that all the birthweights of interest were
heaped despite a proportion of them being truly a
multiple of 500 g. We could not apply a correction for
multiplicity.

Our findings of highly accurate register-recorded
birthweights in CEmONC hospitals may not be
generalizable to facilities at other levels of the health
system. Moreover, our study intentionally focused on
facility delivery; while the global facility delivery rate is
> 80%, in the EN-BIRTH study countries, it is only 37%
in Bangladesh, 57% in Nepal and 63% in Tanzania [15,
46]. The validity of birthweight measurement in
population-based studies has been addressed in a paral-
lel study [47].

Research gaps

Globally, there remains a large gap between facility
births and availability of birthweight data in routine
systems in both south Asia (19.6%) and sub-Saharan
Africa (48.3%) [48]. Further research regarding data
flow and quality of aggregated facility birthweight data
from facilities at all levels of the health system is
critical.

Implementation research is also needed to explore
how hospital birthweight data quality can be
improved: using standardized weighing technique
training to reduce heaping, utilizing calibrated digital
scales and streamlining documentation. Even when
stillbirths were weighed, women were not able to
accurately report that weighing had happened. More
research is required to better understand how
information is provided to women following a
stillbirth, and even if women are routinely allowed to
see their stillborn baby. Since EN-BIRTH only
assessed women’s report at hospital exit, follow-up
studies are needed to determine if exit survey-
reported accuracy decays over time, considering
household surveys are usually every 2-5 years. Studies
could be conducted to explore if household survey es-
timates of LBW are improved if birthweight is re-
corded on health cards given to parents, which they
can show at the time of the survey [49].

Conclusions

We found high individual-level validity for coverage of
weighing at birth and LBW classification in both regis-
ters and surveys, with the former outperforming the lat-
ter. Our results provide evidence supporting the use of
both these data sources to increase the availability of
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birthweight data in LMICs. Surveys will remain an im-
portant data source especially in the most vulnerable
populations, where deliveries mostly occur at home.
Given the increase in facility births worldwide, birth-
weight data recorded in registers and incorporated into
routine administrative systems can provide essential in-
formation for programs and policies. Currently, regis-
ters are an underused source of information. However,
registers could offer a cost-efficient way to generate
more frequent coverage measurements compared to
intermittent population-based surveys. Register data
completeness are already high. Closing data quality
gaps for birthweight heaping will require standardised
processes and ensuring facilities have sufficient staffing
to carry out care and documentation in a timely man-
ner. Only then will each and every newborn — even the
smallest, sickest, and most marginalized — be counted
and weighed, and countries have better data to track
how many survive and thrive.
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Chapter 8 — Objective 6: Neonatal resuscitation measurement

This manuscript assesses measurement opportunities for neonatal resuscitation: indicator
definitions and quality of care.
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Figure 3 - Flow diagram of cases for neonatal resuscitation analysis, EN-BIRTH study (n = 22,752).
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Figure 5 — Hospital register design and completeness for stimulation and bag-mask-ventilation, EN-
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EN-BIRTH study (n =22,752).
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Abstract

Background: Annually, 14 million newborns require stimulation to initiate breathing at birth and 6 million require
bag-mask-ventilation (BMV). Many countries have invested in facility-based neonatal resuscitation equipment and
training. However, there is no consistent tracking for neonatal resuscitation coverage.

Methods: The EN-BIRTH study, in five hospitals in Bangladesh, Nepal, and Tanzania (2017-2018), collected time-
stamped data for care around birth, including neonatal resuscitation. Researchers surveyed women and extracted
data from routine labour ward registers. To assess accuracy, we compared gold standard observed coverage to
survey-reported and register-recorded coverage, using absolute difference, validity ratios, and individual-level
validation metrics (sensitivity, specificity, percent agreement). We analysed two resuscitation numerators
(stimulation, BMV) and three denominators (live births and fresh stillbirths, non-crying, non-breathing). We also
examined timeliness of BMV. Qualitative data were collected from health workers and data collectors regarding
barriers and enablers to routine recording of resuscitation.

Results: Among 22,752 observed births, 5330 (23.4%) babies did not cry and 3860 (17.0%) did not breathe in the first
minute after birth. 16.2% (n = 3688) of babies were stimulated and 4.4% (n = 998) received BMV. Survey-report
underestimated coverage of stimulation and BMV. Four of five labour ward registers captured resuscitation numerators.
Stimulation had variable accuracy (sensitivity 7.5-40.8%, specificity 66.8-99.5%), BMV accuracy was higher (sensitivity
12.4-48.4%, specificity > 93%), with small absolute differences between observed and recorded BMV. Accuracy did not
vary by denominator option. < 1% of BMV was initiated within 1 min of birth. Enablers to register recording included
training and data use while barriers included register design, documentation burden, and time pressure.
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Conclusions: Population-based surveys are unlikely to be useful for measuring resuscitation coverage given low
validity of exit-survey report. Routine labour ward registers have potential to accurately capture BMV as the numerator.
Measuring the true denominator for clinical need is complex; newborns may require BMV if breathing ineffectively or
experiencing apnoea after initial drying/stimulation or subsequently at any time. Further denominator research is
required to evaluate non-crying as a potential alternative in the context of respectful care. Measuring quality gaps,
notably timely provision of resuscitation, is crucial for programme improvement and impact, but unlikely to be feasible

in routine systems, requiring audits and special studies.

Keywords: Birth, Neonatal resuscitation, Coverage, Quality, Measurement, Validity, Survey, Hospital records, Health

management information systems

Key findings

What is known and what is new about this study?

- Neonatal resuscitation programmes are being scaled up globally, yet
coverage of resuscitative interventions is not routinely tracked.
Resuscitation coverage and quality measures have not yet been
validated in either population-based surveys or routine facility
registers.

- Challenges exist for measurement of resuscitation coverage
indicators:

° Numerator: Which action during clinical resuscitation (e.g.
stimulation or bag-mask-ventilation [BMV]) is both measurable and
valid?

° Denominator: What is measurable and useful (e.g. live births plus
fresh stillbirths or non-breathing, or non-crying babies)?

- EN-BIRTH is the first observational study (> 23,000 births) to as-
sess validity of neonatal resuscitation coverage measurement, in
both exit survey of women's report and routine register records.
Using time-stamped data, we analysed coverage and quality of
neonatal resuscitation in five hospitals in Bangladesh, Nepal, and
Tanzania.

Survey — what did we find and what does it mean?

- Numerator options: Survey-reported coverage of BMV (0.3-1.9%)
markedly under-estimated observed coverage (0.7-7.1%). BMV had
low sensitivity (< 21%) and high specificity (> 98%). Newborn
stimulation was reported by < 3% of women, very much lower than
observed coverage (5.2-21.0%).

« Denominator options: Crying at birth had low “don’t know"
responses (< 3%) in exit survey. Compared to observed crying within
a minute of birth, sensitivity was high (> 95%); however, specificity
was low (< 22%). Survey-reported BMV coverage validity was
consistently low for all denominators assessed.

Register — what did we find and what does it mean?

« Numerator options: Stimulation and BMV were recorded by 4 of 5
labour ward registers, yet accuracy varied between hospitals even
with the same register design. BMV sensitivity ranged from 12.4-
484% and specificity was high (> 93%). For stimulation, sensitivity was
low at 7.5-40.8% and specificity was more variable (range 66.8-99.5).

- Denominators: Livebirths and fresh stillbirths were recorded in all
registers. The “non-crying/non-breathing” combined denominator was
only in the Bangladesh registers and could not be validated.
Register-recorded BMV coverage was consistent whichever
denominators was applied.

Gap analysis for quality of care and measurement

+ Most newborns (71.4-94.7%) who did not respond to stimulation
did receive BMV, but only 1% within the recommended 1 min after
birth.

Key findings (Continued)

What next and research gaps?

- Population-based surveys are not likely to be useful for measuring
neonatal resuscitation coverage, given low validity of exit-survey
report. Additionally, household surveys would be underpowered
since resuscitation is required by a small proportion of babies.

« Routine hospital registers have potential to track resuscitation
coverage indicators, but implementation research is needed to
standardise design and processes, including data flow to Health
Management Information Systems. BMV is the most accurate
numerator, true denominator measurement is complex and requires
more research, including assessment of non-crying.

« Data use with feedback loops and support to frontline healthcare
workers could help improve data quality and quality of care. Local
clinical quality improvement and special studies are important to
reduce quality gaps, particularly for timely BMV, and help meet
global goals to end preventable deaths.

Background
Annually, 7-14 million newborns (5-10%) are estimated
to require stimulation to initiate breathing at birth and 6
million newborns require bag-mask-ventilation (BMV)
[1, 2]. Intrapartum-related events (previously termed
“birth asphyxia”) are a leading cause of neonatal mortal-
ity, accounting for 11% of under-five deaths [2, 3]. Such
intrapartum-related events can cause stillbirths just
before birth and neonatal deaths just after. The majority
(>84%) of stillbirths are in low- and middle-income
countries (LMICs) and an estimated 50% are intrapar-
tum [4, 5]. Resuscitation is recommended for all babies
who do not breathe after birth since live births may be
misclassified as stillbirths [6, 7]. Meeting Sustainable De-
velopment Goal (SDG) targets by 2030 for ending pre-
ventable neonatal deaths requires universal coverage of
high quality care around birth for women and their ba-
bies, including resuscitation for those who do not
breathe at birth [8, 9]. Globally ~ 80% of births are now
in facilities [10], with many LMICs scaling up neonatal
resuscitation programs [11-13]. However, lack of meas-
urement for coverage and quality of neonatal resuscita-
tion impedes tracking of progress [14].

The definition of coverage requires a numerator
capturing the intervention (or a component) divided by
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a target denominator regarding clinical need. A good
indicator may not include all of the clinical intervention
but should “indicate” well and also not incentivise
undesirable practices. Resuscitation coverage measurement
has specific challenges. Clinical algorithms have multiple
actions that could be used as numerators, notably:
stimulation of the baby or the action of BMV. Suction is
indicated for some babies, but inappropriate suctioning can
be harmful, thus should be avoided for a measurement
focus [15].

Resuscitation algorithms start at birth for all babies,
including fresh stillbirths, being dried and assessed for
crying or breathing. WHO guidance on basic resuscitation
focuses on the baby who is not breathing spontaneously
or is depressed [16]. A global partnership called “Helping
Babies Breathe,” (HBB) widely used for neonatal
resuscitation training in LMICs, uses crying during
thorough drying as a rapid and objective assessment, then
evaluating breathing (Fig. 1) [17]. In line with WHO
guidelines, if the baby is not crying and not breathing,
then stimulation is provided to improve or initiate
breathing, and clearing of the airway if it is blocked with
secretions. If the baby is not breathing after these actions
BMYV should begin within 1 min of birth.

Most data on maternal and newborn health care
coverage in LMICs relies on population-based surveys,
notably Demographic and Health Surveys (DHS) and
Multiple Indicator Cluster Surveys (MICS), none of
which capture neonatal resuscitation. Routine facility
data are currently an underutilised source for neonatal
resuscitation coverage for routine Health Management
Information Systems (HMIS). Interventions around the
time of birth are typically recorded in one or more facility
documents: individual patient records, labour and delivery
ward registers, and intervention-specific registers (e.g.,
neonatal resuscitation register) [18]. Previous research has
demonstrated availability of some neonatal resuscitation
data in routine labour ward registers [19, 20]. Use of
HMIS data aggregated from registers is impeded by con-
cerns regarding data quality [21], but to date no validation
studies have been undertaken regarding either survey or
routine register data for neonatal resuscitation coverage
indicators.

The Every Newborn Action Plan, agreed by all 195
United Nations member states, includes an ambitious
measurement improvement roadmap [9] to validate
coverage indicator measurement for care and outcomes
around the time of birth. The Every Newborn—Birth
Indicators Research Tracking in Hospitals (EN-BIRTH)
study was undertaken in three countries (Tanzania,
Bangladesh, and Nepal) and aimed to assess validity of
measurement of selected newborn and maternal
indicators for routine facility-based tracking of cover-
age, quality of care, and outcomes [22].
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Objectives

This paper is part of a supplement based on the EN-
BIRTH multi-country validation study, ‘Informing
measurement of coverage and quality of maternal and
newborn care’, and focuses on neonatal resuscitation
measurement with four objectives:

1. Assess NUMERATOR accuracy/validity for
neonatal resuscitation coverage indicator
(stimulation and BMV) measurement by exit survey
of women’s report and routine labour ward
registers compared to direct observation (gold
standard).

2. Compare DENOMINATOR options for
resuscitation coverage measurement: including all
births (except macerated stillbirths), non-crying
babies and non-breathing babies.

3. Analyse GAPS in coverage, quality of care and
measurement in relation to recommendations,
notably timely initiation of BMV.

4. Evaluate BARRIERS AND ENABLERS to routine
labour ward register recording for resuscitation
regarding register design, filling, and use.

Methods

EN-BIRTH was an observational, mixed methods study
comparing data from clinical observers (gold standard) to
survey-reported and register-recorded coverage of
perinatal care and outcomes (Fig. 2). Detailed information
regarding the research protocol, methods, and analysis has
been published separately [22, 23]. Data were collected
from July 2017-July 2018 in five public CEmONC hospi-
tals in three high mortality burden countries: Maternal
and Child Health Training Institute, Azimpur and Kushtia
General Hospital in Bangladesh (BD); Pokhara Academy
of Health Sciences in Nepal (NP); Temeke Regional Hos-
pital and Muhimbili National Referral Hospital in
Tanzania (TZ). (Additional file 1). Baseline health facility
assessments established that all five hospitals had capacity
to resuscitate newborns. Resuscitation guidelines used in
all five hospitals were based on HBB [17]. Participants
were consenting women admitted in labour for care
around birth. Exclusion criteria included imminent birth
and no fetal heart beat heard on admission. Clinically
trained researchers observed participants 24 h per day and
recorded data on the baby’s condition at birth (e.g., cry-
ing/breathing) and care (e.g., stimulation and BMV). The
observers received refresher training in HBB as part of
their clinical observation training before the study started
[22]. Data were collected with a custom-built android
tablet-based application, including timestamps for obser-
vations. Research data collectors interviewed women after
discharge before exit from hospital regarding their baby’s
condition after birth and care received. Resuscitation and
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ACTION PLAN

Helping Babies Breathe

Prepare for birth* See HMS Action Plans for mother

Birth = Denominator option D1

Dry thoroughly
Crying Crying?

= Denominator option D2

Keep warm
Clearai ifneeded
Stimulate == Numerator option N1
Breathing? == Denominator option D3
Keep warm , I
Check breathing Breathing well Not breathing

Breathing Numerator option N2

Cut cord l
l Not breathing
No chest movement
Call for help
Monitor N —
with mother 6
Breathing Improve ventilation
Essential Care for Every Baby
(See ECEB Action Plan)
Not breathing

Heart rate?

-*Equipment to help a baby breathe -

a Gloves 6 Suction device
Cloths O‘% Ventilation
bag-mask

Head U
© covering ® Stethoscope Normal
{ Scissors ( l

Timer
= Ties /Clamps @ (clock, watch) Not Slow
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Decide on advanced care

- Clean equipment immediately after birth——

Fig. 1 Helping Babies Breathe algorithm decision points to measure neonatal resuscitation coverage
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are published separately [22]

EN-BIRTH study: Gold standard outcomes assessed by trained
clinical data collectors

OBSERVATION

observer-assessed to:

-cry within one minute of birth
-breathe within one minute of birth
-receive stimulation and/or suction
-receive bag-and-mask ventilation

Fig. 2 Neonatal resuscitation validation design, EN-BIRTH study. EN-BIRTH validation design comparing observation gold standard with register-
recorded and women's report on exit survey; EN-BIRTH data collection tools (observation checklist, register data extraction tool and exit survey tool)

outcome data were extracted from routine hospital regis-
ters. Metadata definitions of selected indicator options for
validity testing are shown in Additional file 2. To deter-
mine the reliability of the observational data (gold stand-
ard) supervisors duplicated observation (and register
data extraction) for a subset of 5% to calculate
Cohen’s Kappa coefficients. Health workers and data
collectors were interviewed about barriers and en-
ablers to use of routine registers in recording of peri-
natal care and outcomes.

Results are reported in accordance with STROBE
Statement  checklists for cross-sectional studies
(Additional file 3). Quantitative analysis was undertaken
using R version 3.6.1 [24].

Objective 1: Numerator for indicator measurement
validation

Livebirths and fresh stillbirths (hereafter referred to as
“newborns”), were considered to require initial assessment
for resuscitation, whilst macerated stillbirths were excluded.
We explored accuracy of two possible numerator options
N1) Stimulation and N2) BMV in both survey and register
data compared to observation data.

In exit surveys, where a woman reported her newborn
had difficulty breathing at birth, she was asked about
resuscitation practices. In line with common survey
indicator reporting, where women replied, “don’t know”
we considered the survey-reported stimulation/BMV re-
sponse as “no”.

We compared observed coverage (gold standard) of
stimulation and BMV to survey-reported and register-
recorded coverage. We calculated absolute differences
between measured coverage (survey or register) and
observed coverage to understand under- or over-
estimation at the population level. Using two-way tables,
we calculated individual-level validity statistics: sensitiv-
ity, specificity, and percent agreement ((true positive +
true negative)/total) of register-recorded and survey-
reported BMV coverage to measure observed coverage.
Area under the curve, inflation factor, positive predictive
value, and negative predictive value were also calculated.
All calculations were stratified by hospital with 95% con-
fidence intervals. Pooled results for validity analyses were
calculated using random effects meta-analysis, presented
with i%, 1%, and heterogeneity statistic (Q).

Objective 2: Denominator comparisons
We explored neonatal resuscitation coverage measurement
using three possible denominator options: D1) all newborns
(total births excluding macerated stillbirths), D2) newborns
not crying within the first minute after birth and D3)
newborns not breathing within the first minute after birth.
We compared these denominators using validity ratios
(measured:observed coverage), similar to verification
ratios in data quality review methods [25], for survey-
reported and register-recorded BMV coverage. Validity
ratios >1 show overestimation of survey-reported or
register-recorded coverage compared to observed, while
ratios <1 show underestimation. Results were heat-
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mapped using standard data quality review cut-offs
(over/underestimate by 0-5%, 6-10%, 11-15%, 16-20
and > 20%).

Objective 3: Gap analysis for coverage and quality of
care, and measurement

We examined gaps in coverage and timely neonatal
resuscitation amongst a subset of newborns with a clinical
need for resuscitation within 1 min of birth. These
newborns were not breathing in the first minute after
birth and did not respond to stimulation (or suction when
performed). For this (A) eligible population subset, we
analysed four gaps for neonatal resuscitation: (B) coverage
gap for BMV, (C) quality of care gap between any BMV
coverage, and timely coverage (within 1min), (D)
measurement gap for survey-report, and (E) measurement
gap for register-record.

Objective 4: Barriers and enablers to routine recording

Qualitative data collection tools for focus group
discussions and in-depth interviews were informed by the
Performance of Routine Information System Management
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Series (PRISM) conceptual framework [26]. Detailed quali-
tative methods and overall results are available in an asso-
ciated paper [27]. A purposive sample of nurses, midwives,
doctors, and EN-BIRTH data collectors from each of the
five hospitals participated. Analysis identified themes based
on three domains: register design, filling, and use [26]. In
addition, respondents were asked questions regarding the
order in which resuscitation is documented in registers, pa-
tient notes, and other documents as well as how long after
resuscitation is documentation entered in the labour ward
register. This paper presents emerging themes regarding
recording of neonatal resuscitation.

Results

Among 23,811 eligible women across the five
participating hospitals, 23,724 consented to participate
(Fig. 3). Among 23,471 observed births, 22,752 were live
births (22,522) or fresh stillbirths (230). Data extraction
was completed for 21,101 newborns (92.7%), and exit
surveys were conducted with 20,245 women (90.7%).
Reasons for women’s non-participation in exit survey
included refusals and exit from facility prior to research

Clinical observation (gold standard)

Women identified

Register-recorded data

Not extracted, babies n=710
Original register (Bangladesh)
n=941

Babies n=21,101
No column in Pokhara
register=6,790

n=23,977
Not eligible n=166
»| Consent not given
n=87
\4
Women consented
n=23,724
»| Not observed n=709
\ 4

Women n=23,015
Babies n=23,471

l_>

Women n=22,317
Babies n=22,752
Live births=22,522;

Fresh stillbirths=230

Fig. 3 Flow diagram of cases for neonatal resuscitation analysis, EN-BIRTH study (n = 22,752)

Macerated stillbirths=277
Unknown stillbirth type=43
Missing birth outcome=399

Survey-reported data

Not approached n=1,697
Consent not given n=375
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Table 1 Characteristics of babies and women, EN-BIRTH study (n = 22,752 births)

Bangladesh Nepal Tanzania All sites?
Azimpur Kushtia Pokhara Temeke Muhimbili
Tertiary District Regional Regional National
n (%) n (%) n (%) n (%) n (%) n (%)
a) Total babies observed 2903 2352 7211 6702 3584 22,752
Birth outcome - Live Birth 2896 (99.7) 2308 (98.2) 7175 (99.5) 6634 (99) 3509 (97.9) 22,522 (99.0)
Newborn condition at L&D discharge
Alive 2895 (99.7) 2302 (97.9) 7171 (994) 6606 (98.6) 3490 (97.4) 22,464 (98.7)
Fresh stillbirth 7 (0.2) 44(1.9) 36 (0.5) 68 (1.0) 75 (2.1) 230 (1.0)
Neonatal death 1 (0.0) 6 (0.3) 4 (0.1) 28 (04) 19 (0.5) 58 (0.3)
Mode of birth
Normal vaginal birth 766 (264) 1369 (58.2) 5812 (80.6) 6213 (92.7) 1513 (42.2) 15,673 (68.9)
Vaginal breech/ Vacuum/ Forceps 1(0.0) 0 (0.0) 342 (4.7) 10 (0.1) 9(0.3) 362 (1.6)
Caesarean Section 2136 (73.6) 983 (41.8) 1057 (14.7) 478 (7.1) 2060 (57.5) 6714 (29.5)
Birthweight of baby <2500 g 353 (12.1) 471 (20.0) 840 (11.7) 480 (7.2) 938 (26.2) 3082 (13.5)
Sex Female/Girl baby 1439 (49.6) 1143 (48.6) 3329 (46.2) 3229 (484) 1760 (49.5) 10,900 (48.1)
b) Total women observed® 2879 2309 7145 6584 3400 22,317
Women'’s age
< 18years 25 (0.9) 2 (0.1) 305 (4.3) 25 (04) 7(0.2) 364 (1.6)
18-19 years 467 (16.2) 189 (8.2) 800 (11.2) 752 (11.4) 152 (4.5) 2360 (10.6)
20-24 years 1150 (39.9) 901 (39) 2989 (41.8) 2263 (34.4) 687 (20.2) 7990 (35.8)
25-29 years 856 (29.7) 714 (30.9) 2051 (28.7) 1655 (25.1) 1087 (32.0) 6363 (28.5)
30-34 years 294 (10.2) 358 (15.5) 790 (11.1) 1117 (17.0) 883 (26.0) 3442 (154)
35+ years 87 (3.0) 145 (6.3) 210 (2.9) 772 (11.7) 584 (17.2) 1798 (8.1)
Women'’s education
No education 37.(13) 75(3.2) 259 (3.6) 196 (3.0) 63 (1.9 630 (2.8)
Primary incomplete 110 (3.8) 117 (5.1) 244 (3.4) 76 (1.2) 40 (1.2) 587 (2.6)
Primary complete 333 (11.6) 329 (14.2) 289 (4.0) 28 (04) 4(0.1) 983 (4.4)
Secondary incomplete 976 (33.9) 917 (39.7) 1589 (22.2) 3956 (60.1) 1224 (36.0) 8662 (38.8)
Secondary complete or higher 1263 (43.9) 837 (36.2) 4381 (61.3) 2295 (34.9) 2055 (60.4) 10,831 (48.5)
Missing 160 (5.6) 34(15) 383 (54) 33 (0.5) 14 (04) 624 (2.8)
Parity
Nullipara 1333 (46.3) 981 (42.5) 4272 (59.8) 2848 (43.3) 1290 (37.9) 10,724 (48.1)
Multipara 1493 (51.9) 1323 (57.3) 2866 (40.1) 3723 (56.5) 2106 (61.9) 11,511 (51.6)
Missing 53(1.8) 5(0.2) 7 (0.1) 13 (0.2) 4(0.1) 82 (04)

?Individually weighted
PData were collected from women'’s registration and survey report

team approach. Table 1 shows characteristics of
newborns in the EN-BIRTH study sample, by hospital.
Overall, 98.7% were alive at discharge from labour and
delivery, 1% were fresh stillbirths, and less than 1% were
born alive but died on the labour ward. Nearly one-third
of births (29.5%) were by caesarean section, highest
(73.6%) in Azimpur BD.

Among 22,752 newborns (denominator option D1),
3688 (16.2%) were stimulated (numerator option N1)
and 998 (4.4%) received BMV (numerator option N2)

(Fig. 4). Within the first minute after birth, 5330 were
observed as non-crying (denominator option D2), and
among these 3860 were also observed as non-breathing
(denominator option D3).

Assessing biases in the data

Duplicate case observation inter-rater reliability showed
substantial agreement (> 0.71) for resuscitation elements
(Additional file 4). Register extraction agreement was
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Fig. 4 Neonatal resuscitation numerators and denominators, EN-BIRTH study (individually weighted, observation data, n = 22,752)

Table 2 Individual-level validation in exit surveys and registers for stimulation at birth indicator, EN-BIRTH study (n =22,752)

Bangladesh

Azimpur
Tertiary

Bangladesh

Kushtia
District

Nepal

Pokhara
Regional

Tanzania

Temeke
Regional

Tanzania

Muhimbili
National

All sites
Pooled

(random effects)

Stimulation - Survey reported - live births + fresh stillbirths

Observer coverage %
Survey reported coverage %
“Don’'t know" responses %
Sensitivity % (95% Cl)
Specificity % (95% Cl)

Percent agreement (TN + TP/n) %

52 (446.1)
0.7 (04,1.1)
33(274.0)
7.2 (35,129)

99.7 (99.3,99.8)
95.0

10.2 (9.0,11.5)
22 (17,29
0.8 (0.51.3)
13.2 (9.1,185)
99 (984,99.4)
90.6

Stimulation - Register recorded - live births and fresh stillbirths

Observer coverage %
Register recorded coverage %
Not recorded %

Not readable %

Sensitivity % (95% Cl)
Specificity % (95% Cl)

Percent agreement (TN +TP/n) %

52 (446.1)
08 (05,1.3)
98.7 (98.1,99.1)
05 (03,09
75(3.3,14.2)
99.5 (99.1,99.8)
95.1

10.2 (9.0,11.5)
7.7 (6.6,9.0)
91.8 (90.5,93.0)
04 (0.209)
152 (10.5,21.0)
93.1 (91.894.2)
856

206 (19.6,21.5)
0.7 (0.5,0.9)

14 (1.1,1.7)
25(1.7,3.6)
99.8 (99.7,99.9)
80.2

15.8 (15.0,16.7)
0.6 (0.509)

0.3 (0.1,04)
36 (245.2)
99.8 (99.6,99.9)
86.8

15.8 (15.0,16.7)
174 (16.5,183)
20.0 (19.021.0)
0.3 (020.5)
39.5 (36.542.6)
86.8 (85.9,87.7)
793

21(19.7,22.4)
14(1.01.9
4 (3.34.9)

3.1 (1.75.7)
99 (98.5,994)
81.6

210 (19.7,22.4)
34.8 (33.3364)
30.8 (29.2,32.3)
0.3 (0.1,05)
40.8 (37.244.5)
66.8 (65,68.5)
61.3

139 (8.7,20.1)
1.0 (06,1.6)

1.7 (06,3.3)
4.8 (25,7.8)
99.5 (99.2,99.8)
86.9 (80.9,92.0)

124 (6.7,19.6)
123 (23,28.7)
65.9 (20.7,97.8)
04 (03,05)
24.8 (13.3,385)
894 (73.8,98.5)
819 (67.492.9)

Full denominator details presented in Additional file 14
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lower and varied greatly between sites, ranging from -
0.035 to 0.939.

Objective 1: Numerator for indicator measurement validation
Numerator option 1: stimulation

Observed coverage of stimulation ranged from 5.2% in
Azimpur BD to 21.0% in Muhimbili TZ. Survey-report
gave large underestimates for stimulation with survey-
reported coverage ranging from 0.6-2.2%. Sensitivity was
very low (< 14%) while specificity was high (> 98%) (Table 2;
additional validity details in Additional file 5 and
Additional file 6).

Register-recorded coverage (0.8—34.8%) underestimated
coverage in the Bangladesh hospitals and overestimated
coverage in the Tanzania hospitals (Fig. 5). While
sensitivity was low (<41%), specificity was high across
most sites (66.8—99.5%).

Numerator option 2: BMV

Observed BMV ranged from 0.7% in Azimpur BD to
7.1% in Muhimbili TZ. Survey-reported coverage
(0.3-1.9%) underestimated observed coverage (Fig. 6).
Sensitivity was <21% while specificity was high across
all hospitals (>98%). Register-recorded coverage (0.9—
7.2%) was closer to observed coverage. While sensitiv-
ity ranged from 12.4-48.4%, specificity was >93%
across all hospitals (Table 3; additional validity details
in Additional files 7 and 8).
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Objective 2: Denominator for indicator measurement
comparison

Denominator option 1: all newborns (live births and fresh
stillbirths)

The validation of birth outcomes is reported separately
[28]. Survey validity ratios for BMV coverage measurement
using this all newborn denominator performed poorly
(0.11-0.71) and register validity ratios were moderate to
poor (0.70-1.22) (Fig. 7).

Denominator option 2: non-crying newborns

Survey-reported prevalence of crying at birth (90.5-
95.8%) was higher than observed prevalence of crying
within 1 min of birth (72.0-86.7%) with very few “don’t
know” responses (<3%). While sensitivity was high
(>95%) specificity was low (<22%) (Table 4; additional
validity details in Additional files 9 and 10).

Survey validity ratios for BMV using this non-crying
denominator performed poorly (0.13-0.58), while sensi-
tivity was low (<16%), specificity was high (>98%).
Register validity ratios ranged from poor to very good
(0.40-0.92). While sensitivity was low (11.1-46.8%), spe-
cificity was high (> 91%).

Denominator option 3: non-breathing newborns

Prevalence of not breathing within the first minute
ranged from 11.7% in Azimpur BD to 21.0% in Pokhara
NP. The survey validity ratio for BMV coverage
measurement using this non-breathing denominator
performed poorly (0.14-0.49). Sensitivity ranged from 0

Bangladesh
Azimpur Tertiary
Stimulation

Kushtia District

Tanzania
Muhimbili National

Tanzania
Temeke Regional

Bangladesh Nepal

Pokhara Regional

Stimulation-register design: Column allotted data element
Column heading

Data element completed if stimulated

Data element completed if not stimulated

Other elements recorded in column

specific column
Stimulation
Tick|
blank (clear instruction)

specific column
Stimulation

Tick

blank (clear instruction)

specific column
Helping Babies Breathe
2 (= Stimulation)
No (in Swahili)
1=suction, 3=BMV

Denominator D1: All live births and fresh stillbirths

specific column
Helping Babies Breathe
2 (= Stimulation)
No (in Swahili)
1=suction, 3=BMV

Completeness

External Consistency
Indicator:
Indicator:

Measurement gap:

Data element recorded in register

Observed coverage %
Measured coverage - register recorded %
Register recorded and observed

not possible to analyse

5.2%
0.8%

Bag Mask Ventilation

not possible to analyse

10.2%
7.7%

80.0%

15.8%

BMV-register design: Column allotted data element
Column heading

Data element completed if Bag Mask Ventilated
Data element completed if not Bag Mask Ventilated
Other elements recorded in column

specific column
Bag Mask Ventilated
Tick
blank (clear instruction)

specific column

Bag Mask Ventilated
Tick!

blank (clear instruction);

69.2%

21.0%
34.8%

13.8% overestimate

specific column
Helping Babies Breathe
3(=BMV)
No (in Swahili)
1=suction, 2=stimulation

Denominator D1: All live births and fresh stillbirths

specific column
Helping Babies Breathe
3(=BMV)
No (in Swahili)
1=suction, 2=stimulation

Completeness Data element recorded in register
External Consistency
Indicator: Observed coverage %
Indicator: Measured coverage - register recorded %
Measurement gap: Register recorded and observed

not possible to analyse

0.7%
0.9%

no column for data element
specific column

Moderate
Good
Very Good

not possible to analyse

5.9%
7.2%

91.0%

6.4%
5.4%

Fig. 5 Hospital register design and completeness for stimulation and bag-mask-ventilation, EN-BIRTH study (n =22,752)
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to 20.8% while specificity was >97% across hospitals.
Register validity ratios were better, but still classified as
poor (0.45-0.78). While sensitivity ranged from 11.1-
51.3%, specificity was high across all hospitals (> 92%).

Objective 3: Coverage and quality gap analysis

Among the subset proxy for true clinical need [newborns
who did not cry/breathe in the first minute with no
response to stimulation (or suction if needed)], most
received BMV, ranging from 71.4% in Azimpur BD to
94.7% in Pokhara NP (Fig. 8) but timely coverage was very
low (1%). Survey-reported coverage (<28%) substantially
underestimated true coverage. Register-recorded coverage
also underestimated true coverage and ranged widely from
0.0% in Kushtia BD to 52.9% in Temeke TZ.

Among newborns receiving any BMV on the labour
ward, the proportion receiving the first ventilation breath
within 1 min of birth ranged from 0.2% in Temeke TZ to
8.0% in Pokhara NP. Across the three denominators
explored, time to initiation of BMV was similar (Fig. 9).

Objective 4: Barriers and enablers to routine recording
Register design

Labour ward registers varied in design, between the five
hospitals (Fig. 5). Bangladesh labour ward registers had
three specific columns for recording neonatal
resuscitation: (i) “baby did not breathe/cry after birth”
(tick box for ‘yes’ and tick box for ‘no’), (ii) “stimulation”
(instructions to tick for ‘yes’ and leave blank for ‘no’)
and (iii) “BMV” (instructions to tick for ‘yes’ and leave
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Table 3 Individual-level validation in registers and exit surveys of bag-mask-ventilation indicator, EN-BIRTH study (n=22,752)

Bangladesh Bangladesh Nepal Tanzania Tanzania All sites
Azimpur Kushtia Pokhara Temeke Muhimbili Pooled
Tertiary District Regional Regional National (random effects)
D1) Live births and fresh stillbirths
Survey-reported
Observer coverage % 7 (0.4,1.0) 59 (5.0,7.0) 1(1.8,2.5) 4 (5.9,7.1) 1(63.8.0) 40 (1.7,7.0)
Survey reported coverage % 5(03,09) 19 (14,26) 0.3 (0.205) 7 (0.5,1.0) 14 (1.0,1.9) 0.9 (05,1.5)
"Don't know" responses % 5(2.84.3) 1.0(0.7,1.6) 6 (1.3,1.9) 2 (0.1,04) 2 (3.55.1) 1.8 (0.6,3.6)
Sensitivity % (95% Cl) 6.7 (0.231.9) 21 (14.2,29.2) 129 (7.0,21.0) 9.5 (6.2,13.8) 5.0 (2.0,10.1) 113 (64,17.5)
Specificity % (95% Cl) 99.5(99.299.7) 992 (98.7,99.5) 999 (997999  99.7 (99.599.8) 989 (98.3,99.2) 995 (99.1,99.8)
Percent agreement (TN+TP/n) %  99.0 94.9 984 95.6 937 96.6 (94.3,984)
Register-recorded
Observer coverage % 0.7 (04,1.0) 5.9 (5.0,7.0) - 4 (5.9,7.1) 7.1 (63,80) 45 (1.884)
Register recorded coverage % 0.9 (06,1.5) 7.2 (6.1,84) - 4 (496.0) 50 (43,5.8) 43(21,7.1)
Not recorded % 98.9(98399.3) 92 (90.7,93.1) - 9.0 (839.7) 454 (43.847.1)  66.0 (15.7,99.3)
Not readable % 0.2 (0.1,05) 08 (05,1.3) - 3(0.2,04) 0.2 (0.1,05) 0.3 (0.2,06)
Sensitivity % (95% Cl) 23.5 (6.849.9) 164 (102,244) - 484 (436,534) 124 (86,17.2) 246 (72481)
Specificity % (95% Cl) 99.2 (98899.6) 934 (922944) - 976(97.2979) 955 (948962) 96.8 (94.3,98.6)
Percent agreement (TN+TP/n) %  98.7 89.0 - 944 89.7 936 (88.8,97.2)
D2) Non-crying
Survey-reported
Observer coverage % 6(2.16.2) 12.0 (9.515.1) 6.8 (57,82) 174 (157192) 178 (154,204) 109 (6.1,17.0)
Survey reported coverage % 0 (0.94.3) 3.8 (2.3,59) 12(0.7,2) 25(1.734) 25(1542) 23(1.533)
"Don't know" responses % 7 (6.9,13.4) 1.8 (0.93.5) 3.7 (284.9) 0.7 (04,1.3) 8.0 (6.0,10.6) 41 (15,80)
Sensitivity % (95% Cl) 1(0.2413) 16.1 (8.0,27.7) 14.7 (7.3,254) 10.8 (6.8,16.0) 74 (3.0,14.7) 11.6 (8.7,14.8)
Specificity % (95% Cl) 982 (96.299.3) 98 (96.2,99.1) 99.5 (99,99.8) 989 (98.1994) 984 (96.999.3) 987 (98.0,99.3)
Percent agreement (TN+TP/n) % 954 879 953 86.8 84.1 904 (85.1,94.6)
Register-recorded
Observer coverage % 36 (2162) 12 (9.5,15.1) - 174 (157,192) 178 (154,204) 121 (69,185)
Register recorded coverage % 33 (1.6,64) 85 (6.2,11.5) - 13 (11.5,14.7) 72 (5.79.1) 79 (44,12.2)
Not recorded % 96.7 (93.6984) 909 (87.8933) - 10.1 (88,11.7) 47.1 (439,504) 644 (192974)
Not readable % 0.0 (0.0,1.7) 0.7 (02,2.1) - 03(0.1,07) 0(0,0.5) 0.2 (0.006)
Sensitivity % (95% Cl) 250 (5557.2) 11.1 (3.7,24.1) - 46.8 (41.1,52.5) 135 (8.7,19.7) 237 (6547.2)
Specificity % (95% Cl) 97.7 (951992) 918(888943) - 94.1 (92895.3)  94.1 (92.295.7) 944 (924,96.1)
Percent agreement (TN+TP/n) %  94.5 839 - 859 80.0 86.3 (81.1,90.8)
D3) Non-breathing
Survey-reported
Observer coverage % 39 (2.26.7) 180 (13.8,23) 5.1 (4.164) 192 (169,21.7) 159 (133,189) 115 (55,19.5)
Survey reported coverage % 1.9 (0.84.3) 5.8 (34,96) 1.0 (0.5,1.8) 27 (1.74.0) 23(1.243) 25 (134.1)
"Don‘t know” responses % 106 (7.5,14.7) 23(095.2) 32 (2344 06 (0.2,1.6) 7.1 (5.0,10.0) 4.1 (1.579)
Sensitivity % (95% Cl) 0.0 (0.0,30.8) 208 (1053500 167 (7.0314) 113 (62,186) 82 (27,181) 12.8 (8.0,185)
Specificity % (95% Cl) 98.0(95.799.3) 976 (945992) 996 (99.099.9) 988 (97.799.5 987 (96.9,99.6) 98.7 (97.8994)
Percent agreement (TN+TP/n) % 949 833 96.7 86.1 86.0 90.1 (83.1,95.4)

Register-recorded

Observer coverage % 39 (226.7) 180 (1382300 - 192 (16921.7)  159(133,189) 136 (7521.1)
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Table 3 Individual-level validation in registers and exit surveys of bag-mask-ventilation indicator, EN-BIRTH study (n=22,752)

(Continued)
Bangladesh Bangladesh Nepal Tanzania Tanzania All sites
Azimpur Kushtia Pokhara Temeke Muhimbili Pooled
Tertiary District Regional Regional National (random effects)
Register recorded coverage % 29 (136.1) 82 (5.1,12.7) - 149 (128,17.3) 7.1 (54,94) 80 (3.7,13.7)
Not recorded % 97.1(939987) 905 (85893.8) - 9.7 (80,11.8) 466 (42.8504) 64.2(19397.2)
Not readable % 0.0 (00,19 1.3 (0.34.0) - 0.2 (0008 0.0 (0.0,0.7) 0.2 (0.00.7)
Sensitivity % (95% Cl) 250 (5.5,57.2) 11.1 (3.1,26.1) - 51.3 (44,58.5) 15.7 (94,24) 256 (7.2,50.2)
Specificity % (95% Cl) 983 (956995) 923 (87.7957) - 93.8 (92,954) 94.5(923962)  94.8 (92.596.7)
Percent agreement (TN +TP/n) % 94.6 79.7 - 85.6 82.1 85.9 (80.2,90.8)
Full denominator details presented in Additional file 14
blank for ‘no’). The Tanzanian register captured In the other hospitals health workers duplicated

resuscitation steps by numerical code in a column
headed “Helping Babies Breathe” (suction=1,
stimulation = 2, BMV = 3) or “no”, and blanks are treated
as not recorded. There was no specific column in the
Nepal register for resuscitation.

Documentation practices in registers

Resuscitation practices were recorded in varying order
into multiple documents (Additional file 11).
Reported time between care and documentation
ranged from 2.5min in Pokhara NP to 22.5min in
Temeke TZ.

Register design Register design largely acted as a barrier
to recording in Pokhara NP:

“Drying, stimulation, and bag-mask ventilation are
written [in the patient’s chart], but in the main
register it is not present... we do not have routine
care of the newborn in the register, only in the
patient’s chart.”

-Data collector, Pokhara NP

documentation in registers with multiple other documents
(e.g. partographs, patient case notes) (Additional file 12).

Register filling Aspects of register filling acted as both
barriers and enablers. Training and support from senior
nurses enabled improved accuracy of documentation, while
limited time acted as a barrier. Health workers across the
hospitals discussed the lack of time to document,
particularly for complicated cases and resuscitation when
they are focused on delivering care:

“Just after finishing [resuscitation], you must keep
everything clear... time is a problem... you must
estimate, there are times it is difficult and other
times you ask the [senior nurse]... because in an
emergency you all work together; thus, you remind
each other.”

— Health worker, Temeke TZ

Health workers in Pokhara NP received specific
support for documentation in neonatal resuscitation:

Bangladesh

Azimpur Tertiary

Tanzania Pooled
Muhimbili

National

Bangladesh Nepal Tanzania

Kushtia District |Pokhara Regional | Temeke Regional (random effects)

Bag mask ventilation

Denominator D1: All live births and fresh stillbirths
Denominator D2: Non crying
Denominator D3: Non breathing

Denominator D1: All live births and fresh stillbirths
Denominator D2: Non crying
Denominator D3: Non breathing

Ratio: Register: Observed
Ratio: Register: Observed
Ratio: Register: Observed

denominator details presented in Additional file 14

0.80t0 0.84 OR 1.16t0 1.20 Moderate
0.85 to 0.89 OR 1.11to0 1.15 Good
0.90 to 0.94 OR 1.06 to 1.10 Very Good

Fig. 7 Validity ratios for exit survey-reported and register-recorded coverage of bag-mask-ventilation, EN-BIRTH study (n = 22,752). Full

Data not captured in register
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Bangladesh

Azimpur
Tertiary

Bangladesh Nepal
Kushtia Pokhara
District Regional

Tanzania

Temeke
Regional

Tanzania All sites

Muhimbili Pooled

National Random
effects

Cry at birth - Survey reported - live births + fresh stillbirths

Observer prevalence %

Survey reported prevalence %

"Don't know" responses %
Sensitivity % (95% Cl)
Specificity % (95% Cl)

Percent agreement (TN + TP/n) %

86.7 (85.3,87.9)
944 (93.4,95.2)
0.8 (0.51.2)
96.0 (95.1,96.7)
15.7 (12.2,19.8)
853

75.7 (73.8,774)
943 (93.395.2)

774 (764,783)
95.8 (95.3,96.3)

1.2 (081.7) 13(1.0,1.6)
98.5 (97.8,99.0) 97.3 (96.8,97.7)
15.2 (12.3,185) 8.7 (7.3,10.2)
784 770

72.0 (70.9,73)
93.0 (92.3,93.6)
0.8 (0.6,1.0)
97.7 (97.2,98.1)
18.1 (16.2,20.2)
766

726 (71.1,74.1)
90.5 (89.391.6)

77.1 (72.081.8)
93.7 (91.9,95.3)

26(2033) 1.3(081.8)

954 (94.3,96.3) 97.1 (96.1,97.9)
214 (183,24.8) 156 (108.21.0)
763 788 (75.681.9)

Full denominator details presented in Additional file 14

“We have received training on HBB and we were
trained for documentation in that. We were doing
documentation before, but we received direction for

improving it.”

-Health worker, Pokhara NP

However, while health workers in Pokhara NP record
resuscitation in other documents, it is not recorded in
routine hospital registers.

Register use While improved patient care and use of
data by managers motivated documentation and was

Pooled (random effects)
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Fig. 8 Gap analysis for coverage and quality among newborns non-crying/not responding to stimulation/suction, EN-BIRTH study (n = 200). BD =
Bangladesh, NP = Nepal, TZ = Tanzania; BMV = Bag-mask-ventilation; Full denominator details presented in Additional file 14
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affirmation of the care health workers were giving, not
all respondents could identify the use for resuscitation
data in routine registers.

Feedback was lacking where documentation didn’t line
up with clinical need:

“Sometimes when you look at the [APGAR] score of
the baby, maybe it's 5, you wonder why they didn’t
perform resuscitation, there’s a possibility they [did]
but they haven’t documented that... There’s no one
to follow up on that... The person responsible for
data comes and copies what’s written in the register,
be it a low score... but they never ask them why they
didn’t perform resuscitation if the baby had a low
score”

— Health worker, Temeke TZ

Conversely, in Bangladesh, health workers were not

sure what happened with resuscitation data:

“Resuscitation is an emergency subject. There
remains a referral slip while resuscitating a baby
on emergency that indicates the baby went to
operating theatre... We write down the proce-
dures of resuscitation in that slip... I am not
sure whether this actually goes in the monthly
report or not.”

-Health worker, Azimpur BD

Data culture Data culture was both an enabler and barrier
to routine documentation of resuscitation. It acted as a
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barrier where minor interventions were not seen as worth
recording:

“Minor things like suctioning were not recorded and
they only documented on a resuscitation case that
took more than ten minutes.”

-Data collector, Muhimbili TZ

However, the importance of documentation was noted
for organizational and personal protection:

“For instance, if a child has been born but
unfortunately, let us say she had a problem, you
have resuscitated her, but you did not document...
and the mother/parent has become very angry
and start complaining, or the whole management
has become angry with you why the child had this
situation, but you did not record what you have
done ... You will not defend yourself, but documentation
defends you.”

-Health worker, Muhimbili TZ

Discussion

EN-BIRTH study’s large sample size (22,752 live births
and fresh stillbirths) allowed the first validity assessment
of measurement for neonatal resuscitation coverage in
routine hospital registers and surveys, against a gold
standard of clinical observation. We found that survey
report poorly captured resuscitation indicators. Routine
labour ward registers performed better, but variably, and
have potential, especially with data quality improvement.

Survey-reported coverage was challenging, which is not
surprising. We found most women who reported their baby
had trouble breathing after birth did not know if their baby
had been stimulated or received BMV. We recommend
resuscitation need or BMV questions should not be added
to existing population-based surveys. Furthermore, the
sample size required for this relatively low-incidence prac-
tice, would be challenging even in DHS surveys with large,
nationally representative samples [29].

The numerator for neonatal resuscitation is key.
Stimulation by rubbing the baby’s back is easily conflated
with the similar action of drying every newborn baby and
was not recognized at all by mothers (<3% in survey
report). Suction is only necessary if the airway is blocked
and a measurement focus on suction may unintentionally
encourage this potentially harmful practice which can
cause bradycardia. BMV is the most distinguishable option
for a clear subset of non-breathing babies and had higher
accuracy than stimulation. Though underestimated in sur-
veys, accuracy of BMV was still performed better than
stimulation by survey-report. Additionally, BMV is a more
suitable intervention for which to assess quality and links to
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health facility assessments where standard questions in-
clude presence and recent use of neonatal bag and masks.

Health facilities are where ~80% of women now deliver
[10], providing an opportunity to track neonatal
resuscitation coverage through routine facility data using
BMYV as the numerator. Four of the five routine registers
assessed were already capturing BMV count data. At the
population level, register-recorded coverage of BMV was
within 2.1% of observed coverage although individual-level
validation metrics suggested low sensitivity. Selective register
design is important in capturing what is needed yet avoiding
documentation over-burdening. In Tanzania, the register
column labelled “HBB” aligns measurement with scale-up
programming. The design in Bangladesh instructed health
workers to leave the column blank when BMYV is not done;
thus, calculating completeness and differentiating between
truly ‘not done’ and register ‘incomplete’ was impossible.
Where register instructions in Tanzania state to write “no”
if BMV was not done, completeness was moderate to high
(54.6-91.0%). Although data collectors rarely indicated data
were not readable (< 0.5%), there were low inter-rater kappa
results for register-recorded BMV in some sites [23]. Be-
cause extraction/aggregation is the first step for data flowing
to higher levels in the health system, more research is
needed to improve this. Capturing reliable data depends on
user-friendly, appropriate recording systems, however, ac-
curacy varied even within the same country using identical
register design, highlighting the importance of information
culture and supervision. Our qualitative findings suggest dif-
ferences in understanding of importance and utility of resus-
citation data at different hospitals.

Denominators are notably challenging for interventions
such as resuscitation which are indicated based on clinical
need for only a subset of babies [30]. Current WHO
guidance recommends number of live births in a facility,
with a footnote that this is pragmatic whilst ongoing work
to test different denominators, including EN-BIRTH, is
completed [31]. Here we have included live births plus
fresh stillbirths, for whom resuscitation is recommended.
Any newborn without maceration or major malforma-
tions, even if they appear completely lifeless, should be
given the chance of resuscitation [32]. The reduction
in stillbirth rates associated with resuscitation training
[33-35] are likely results of reduced misclassification
of live births as stillbirths.

Measuring the true denominator for clinical need for
resuscitation is complex. Newborns require BMV if non-
breathing/gasping after initial drying/stimulation or if
they suffer subsequent apnoea at any time. Breathing
well may be difficult to measure as the concept excludes
gasping, fast breathing and grunting. It is critical to em-
phasise these breathing patterns during clinical training
as BMV is indicated for some (e.g. gasping) but not all
of these breathing patterns. EN-BIRTH observers collected



KC et al. BMC Pregnancy and Childbirth 2020, 21(Suppl 1):235

breathing or not breathing as a binary variable because
formative research suggested other breathing patterns were
not feasible to capture. In our study, 2/5 registers captured
non-breathing but as a composite non-crying and non-
breathing indicator. Consequently, accuracy of this deno-
minator in registers could not be assessed.

Non-crying has potential utility as a denominator as it is
simple for health workers to capture and is part of the
process in assessing need for resuscitation. Additionally,
crying at birth is a single event and thus more
straightforward to record as opposed to breathing which is
a process and might change over time, particularly for
preterm babies. While not all non-crying babies will require
further steps of resuscitation, almost all babies who do need
BMV are non-crying. One study has shown babies
breathing but not crying after birth have an increased risk
of death [36]. We found the observed coverage of BMV
ranged from 3.6-17.8% among babies not crying in the
first minute. Further research is required to assess if non-
crying is useful and benchmarking is feasible. However, as
considerations turn towards respectful newborn care and
minimal handling, further research is needed related to
newborn physiological responses after birth and what is
appropriate to measure.

Apgar scores are captured in all the routine hospital
registers in our study, including in Pokhara NP, which
captured no resuscitation interventions. Apgar scores do
not capture interventions around the time of birth, rather
describe a newborn’s physical condition and response to
any interventions at 1 and 5 min after birth and are already
known to have limitations, notably low inter-rater reliabil-
ity. The one-minute Apgar score, which includes heart rate,
does not fit well with current resuscitation algorithms
which recommend checking the baby’s heart rate after a mi-
nute of ventilation (2 min after birth). As such, the Apgar
score is not a useful denominator for neonatal resuscitation
and as usually written in individual patient records, we sug-
gest exploring replacing this column in routine labour ward
registers with data elements that can be used for coverage
measurement e.g. not crying after birth.

Timely resuscitation is essential and even small delays
in starting resuscitation can contribute to death or
disability [37]. Our assessment of quality of care focused
on timeliness of the start of BMV within the first minute
after birth. While coverage of BMV was high (85%), only
1% of newborns received the first ventilation within 1
min of birth. In the all newborns denominator, not all
will require BMV within 1 min of birth as many were
crying/breathing at birth and subsequently became
distressed or apnoeic. A coverage gap for BMV of fresh
stillbirths is to be expected as it is not appropriate to
resuscitate those babies who are diagnosed before birth
to have died in utero e.g. confirmed by ultrasound.
Measuring timing of BMV is clearly not feasible in
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surveys and very unlikely to be possible in routine labour
ward registers. Given this major quality gap regarding
timing of resuscitation initiation, local audit and special
studies are important to drive quality improvement.

Strengths and limitations

Strengths of this study include the multi-site and multi-
country design and large sample size enabling the capture
of multiple decision points on resuscitation algorithms.
We evaluated how several possible numerators/denomina-
tors performed using clinical observation as a gold stand-
ard. We assessed possible bias in the observation data
with double observation for a subset of cases. Overall,
BMV had good inter-observer agreement. Whilst clinically
trained observers provided gold standard data on coverage
of interventions, subjectivity remains possible e.g. differen-
tiating stimulation from immediate drying. To limit this,
the tablet application was designed to capture stimulation
in a specific neonatal resuscitation section separate from
the immediate care practices, such as drying. The low
coverage of stimulation amongst non-crying/breathing
newborns (34-38%) may reflect poor quality of care or
difficulty in measurement for stimulation by an observer.

Some other limitations should be noted. Survey-reported
coverage was assessed in exit survey, closer in time to the
events in question than standard population-based surveys
with 2-5-year reference periods. In survey, only women
who answered ‘yes’ to a question asking whether their baby
had difficulty breathing at birth were asked further ques-
tions about resuscitation, thus some who may have recog-
nised newborn stimulation were not counted towards
survey-reported coverage. Additionally, the EN-BIRTH
study sample may be healthier than the average in these
facilities (women too sick to consent, women with no fetal
heart beat heard at admission, etc., were excluded from the
study). As the study sites were CEmONC hospitals, case
mix, coverage, and measurement may differ at lower-level
facilities.

Importantly, the true denominator of babies in need of
BMV will not be captured by facility measurement,
especially the disadvantaged who are more likely to deliver at
home in LMICs. However, home births are less likely to
receive BMV in most LMICs, so facility measurement is
likely to capture nearly all the numerator in terms of
newborns receiving BMV. Hence approaches such as those
used in immunisation when the denominator is missing may
help to estimate the coverage of the whole population for
contexts with many home births.

Conclusion

Neonatal resuscitation is a high impact evidence-based
intervention for a leading cause of under-five mortality,
preventable stillbirth and disability. Yet the current lack of
coverage measurement is impeding global tracking of scale-
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up in high-burden countries. We found bag-mask-
ventilation was the most reliable numerator. Measuring the
true denominator for clinical need is complex and further
denominator research is required, including respectful care
considerations, evaluating non-crying as a potential alterna-
tive. Based on these results, we do not recommend tracking
this indicator through population-based survey. Register
measurement of neonatal resuscitation has potential and if
standardised and included in HMIS, could aid in tracking
progress towards global targets across countries. An appro-
priate resuscitation denominator could potentially replace
the Apgar score, which was recorded as a column in all five
registers. Implementation research is needed regarding
how to improve register data quality. Measuring and
addressing quality of care gaps, notably for timely
provision of resuscitation in the first minute, is crucial for
programme improvement and impact, but unlikely to be
feasible in routine systems, requiring audits and special
studies. Improving data is possible and necessary, inform-
ing progress to meet global goals and meet every family’s
aspiration that their baby will survive and thrive.
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Chapter 9 - General Discussion and Conclusion

9.1 Introduction

This chapter summarises the overall aim of this thesis and main findings of the six research chapters
in section 9.2. The thesis integrated discussion is in section 9.3, overall strengths and limitations of
in section 9.4 and disciplinary implications explored in section 9.5 and final conclusion in section
9.6.%

9.2 Summary of the overall aim of the thesis and main findings from research manuscripts
The overall aim of this PhD thesis is to explore hospital labour and delivery routine register data
quality and opportunities to improve measurement of newborn indicators in high mortality settings.
The research was conducted in five hospitals in three countries — Bangladesh, Nepal and Tanzania as
part of the EN-BIRTH study.

The main findings of my PhD are divided into six objectives arranged by two sections:
Section A: Assessing existing labour and delivery routine register data quality for hospital births
Three objectives contribute to section A:

Objective 1 — To describe the protocol for the ‘Every Newborn-Birth Indicators Research Tracking
in Hospitals’ (EN-BIRTH) observational study for coverage and quality of maternal and newborn
health care in Bangladesh, Nepal and Tanzania.!

This manuscript provided the rationale for the EN-BIRTH study design aligning with the Every
Newborn Action Plan (ENAP) prioritised indicators and measurement improvement roadmap.

Objective 2 — To assess labour and delivery ward baseline routine register data availability, quality,
and utility in five EN-BIRTH study hospitals.?*

This retrospective analysis found data elements used to calculate output, outcome, and impact
indicators were more widely available than indicators for intervention coverage. Available data
elements were mostly highly complete and plausible, but data quality was mixed e.g., marked
birthweight heaping in all hospitals. Data heaping is a measure of the proportion of values that are
rounded and fall on specific values: 2000g, 2500g, 3000g and so on.

Objective 3 — To assess validity of coverage indicator measurement of newborn and maternal
health care coverage in EN-BIRTH study hospitals.?

Observation was used as the gold standard against which register records and women’s reports were
compared prospectively. Routine register data elements were highly complete, but measures of
accuracy varied widely by indicator and between hospitals, even with the same register design.
Mode of birth affected both clinical care provided and measures of validity.

Section B: Identifying Opportunities to improve labour and delivery routine register data quality
for hospital births

Three objectives contribute to section B:

Objective 4 — To explore barriers and enablers for health professionals to record high quality data
for newborn and maternal health indicator measurement from labour ward routine registers in
five EN-BIRTH study hospitals.2®

This manuscript used mixed methods to explore barriers and enablers for health professionals to
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record high quality data in the labour and delivery routine registers that were assessed for validity of
indicator measurement in objective 3. Cross-cutting common themes identified included: register
design (complexity, standardisation and paper/electronic systems), register filling (health
professional responsibility, time available, training, logistics, supervision and motivation) and
register use (data demand, feedback and trust in quality). Depending on the hospital setting,
resources and management, these themes acted as either barriers or enablers.

The final two objectives explored opportunities for two specific clinical interventions:

Objective 5 — To assess routine birthweight in EN-BIRTH study hospitals: accuracy, gaps and
opportunities to measure coverage and quality of care.?”’

Birthweight measurement findings across all five hospitals in this analysis found most babies were
weighed according to recommendations within one hour of birth. The register documentation of
birthweight was accurate compared to observation and measurement for low birthweight newborns
outperformed non-low birthweight newborns. Opportunities were identified to improve data
quality, including reducing birthweight heaping by using digital instead of analogue scales. We
found diurnal variability with higher birthweight heaping for night births compared to day births,
indicating another opportunity for action.

Objective 6 — To assess measurement opportunities for neonatal resuscitation: indicator
definitions and quality of care.®®

This manuscript explored the complexity of indicator measurement for the multi-step algorithm of
neonatal resuscitation by comparing data extracted from the diverse register designs found in the
five EN-BIRTH hospitals with subsets of the observational data. Numerator accuracy was higher for
bag-mask ventilation compared to stimulation and suction. Denominator options tested highlighted
the challenges for routine indicator measurement for this subset target group of newborns needing
resuscitation. Recommendations were made for further work to determine whether the
denominator of total births is more practical to measure in lieu of the true denominator of non-
breathing babies.
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9.3 Integrated discussion

This integrated discussion will advance the conceptual framework relating data quality with quality

of care introduced in the background chapter 2 (Figure 8). In this section | will propose how findings

from my six research papers contribute to a new data quality continuum, by connecting the two

different uses of data for action: for clinical care and to track coverage (Figure 6) using the hospital

routine data culture which determines the data quality for both. This data quality continuum runs

parallel and interacts with the WHO quality of care framework to form the ‘Quality of Care and

Quality of Data conceptual framework’ which will be described later in the thesis in section 9.3.5.2.°

Figure 11: Data quality continuum — data for action both for clinical care and to track coverage depend on a hospital routine data

culture
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9.3.1 Hospital data for action — what was found and why?

9.3.1.1 Data for action: Track coverage

My PhD has explored the quality of data for action to track coverage of core neonatal indicators
captured in routine hospital labour and delivery registers. These indicators track coverage of key
practices, linking to the individual- and facility-level outcomes in the WHO quality of care framework
as highlighted in red in Figure 12. Core newborn indicators are designated because they meet “good
indicator” criteria: they are action-focused, important, measurable (operational and feasible), simple
and valued.”® But indicator measurement costs time and money, thus only credible data are worth
tracking. Data will only be used for action by programme managers and policy makers if it is trusted,
and poor data quality hinders data-informed decision-making.*®%

Figure 12: ‘Quality of Care and Quality of Data conceptual framework’ - Data for action: Track coverage
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With increasing proportion of births taking place in health facilities, routine data has potential for
use at higher levels of the routine health information system. This PhD thesis includes an assessment
of the measurement of ENAP core and additional indicators in hospital labour delivery wards. This
was a priority identified in the newborn measurement improvement roadmap.>%>!

Assessment of validity of indicator measurement

The design workshop for facility-based testing of coverage metrics (later called EN-BIRTH study) was
held with 64 participants in April 2016, before | joined the research team.® The EN-BIRTH design
adopted a criterion validation approach similar to studies conducted by the “Improving coverage
measurement” researchers.”! Based on diagnostic validation methodologies, a suite of studies had
been conducted to validate measurement of maternal and newborn interventions measured by
population-based studies e.g., DHS and MICS. Women's reports were compared against a gold
standard (observation or record) using cut-offs to determine ‘valid’ measurement and showed poor
accuracy of women’s reports for clinical interventions soon after birth. The EN-BIRTH study was
designed to use similar methods to assess the accuracy of data recorded in routine registers and
reported by postnatal women in comparison to observation of the clinical intervention/ practice as
the gold standard (PhD Thesis Chapter 3, Objective 1).1
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The baseline retrospective assessment of data availability in routine labour and delivery ward
registers in the EN-BIRTH five study hospitals (n=20,075 births) showed many data were available
although only the Tanzania design included the coverage indicators of interest (PhD Thesis Chapter
4, Objective 2).%* Implausible data values were low: for birthweight 0-1.2%, gestational age 0-0.2% %
and woman'’s age 0-0.2%.

Despite register data completeness generally being very high, one or more data elements were
much less complete in four of the five hospitals. | explored the register design and found higher
completeness for columns “specific” for the data element compared to “non-specific”.

The prospective assessment of the validity of measurement of the coverage indicators was the next
step in assessing the routine register data quality (PhD Thesis Chapter 5, Objective 3).%> The EN-
BIRTH study protocol paper (PhD Thesis Chapter 3, objective 1) defines the terms: validation as the
process whereby the ability of health indicators to measure what they are supposed to measure is
determined; accuracy as the closeness of a measured value to a standard value.r Whilst the EN-
BIRTH analysis was ongoing, Benova et al published: “What gets measured better get