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Abstract

Background: Every year 3.2 million infants are stillborn and 3.6 million die

within the first month. Up to 98% of these deaths occur in countries with
inadequate or non-existent vital registration systems, where cause of death data
are sparse and mostly derived from verbal autopsies (VA). It has been advocated
that VA are included in routine national statistics. This thesis proposes and
compares the strengths and limitations of methodologies to collect and interpret

VA data for stillbirths and neonatal deaths.

Methods: Data were derived from three research areas in Malawi, Nepal and
Mumbai. The development of classifications, diagnostic algorithms and
guestionnaires for VA, suitable for physician review interpretation is described.
A probabilistic method to analyse all age deaths (InterVA) was adapted for
stillbirths and neonatal deaths. Cause specific mortality fractiorescoenpared

using physicians’ review and InterVA.

Results: Neonatal mortality rate in Malawi was 25/1000 livebirths (LB), in Nepal
31/1000 LB and in Mumbai 16/1000 LB. A total of 922 VA including both live
and stillbirths were analysed to establish causes of death. Stillbirthenéed for
44-54% of deaths. Of neonatal deaths, in Malawi the majority were attributed to
severe infections according to physician review (55%) and InterVA (46%); in
Nepal (43%) and Mumbai (61%) perinatal asphyxia was most common according
to InterVA. In Nepal however, physician review ascribed the majority of neonatal
deaths to severe infections (50%). Kappa statistics for individual agreement
comparing both methods was 0.60 (CI 0.567-0.702) in Malawi, 0.62(CI 0.59-
0.65) in Nepal and 0.48(0.40 - 0.50) in Mumbai.



Discussion:Different VA interpretation methods exist, however standardised
procedures are necessary for international comparisonrolenef physician

review in interpreting VA is changing while computerised methods are becoming
more widespread. The modified InterVA model provides a rapid and consistent
method to establish causes of stillbirths and neonatal deaths, however it requires
further refinements and ultimately a validation study using a comparison other

than physician review.
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Glossary

Live Birth: Infant born at any gestational athat after delivery shows signs of

life (e.g. breathing, heart beat, voluntary movements).

Stillbirth or Foetal Death: Death of a foetus after 28 completed weeks gestation
(or 6 completed months gestation, when no information about weeks of gestation
are available.

Antepartum or Macerated Stillbirths: Foetal death occurring prior the onset of
labour(recognisable by macerated skin).

Intrapartum or Fresh Stillbirths: Foetal death occurring during labour or at
delivery (recognisable by intact skin). Death is considered to have happened less
than 12 hours before birth.

Neonatal Death:Death of a liveborn infant within the first 28 days.

Early Neonatal Death: Death of a liveborn within the first 7 days from birth.

Late Neonatal Death:Death of a liveborn occurring between day 8 and 28 after
delivery.

Perinatal Death: Stillbirth or early neonatal death.

Maternal Death: Death of a woman after conception and within 42 days after
delivery from a cause related to the pregnancy. It excludes deaths due to causes of
death unrelated to the pregnancy itself (e.g. accidents).

Neonatal Mortality Rate: Number of deaths/ All livebirths/ 1000 per year.

Early Neonatal Mortality Rate: Early neonatal deaths/live births per 1000 per
year.

Late Neonatal Mortality Rate: Late neonatal deaths/live births per 1000 per

year.

Stillbirth Rate: Number of stillbirths/Total births (live and still) per 1000 per

year

Perinatal Mortality Rate: Number of stillbirths and early neonatal deaths/ all

births (live and still) per 1000 per year.



Post-neonatal Mortality: Number of infant dying after 28 days and before their
first birthday/ livebirth per 1000 per year.

Infant Mortality Rate : Number of children dying within a year of birth/livebirth
per 1000 per year.

Under Five Mortality Rate: Number of children dying before their fifth

birthday/ livebirth per 1000 per year.

Maternal Mortality Ratio: Number of maternal deaths/ livebirths per 100,000
per year

DALY: Total number of productive life years lost to disability or premature death
Gross Domestic Product (GDP)Sum of all final products (goods and services)

of a country in a given period, including taxes. Expressed in current US $

GDP Growth: Percentage Growth rate of the GDP per year

Gross National Income (GNI):sum of goods and services produced by a country,
including taxes and income from abroad.

Per capita:per person calculated on the basis of the mid year population
Purchasing Power Parity (PPP):a conversion factor. It is used to convert the
amount of local currency necessary to purchase a product locally compared to the
amount of U.S. dollars necessary to buy the same product in the United States.
Gross National Incomeper capitaPurchasing Power Parity (GNI PPP):lt is

the GNI calculated using the purchasing power parity rates for an international
dollar.

International Dollar: It is a currency with the same purchasing power as a US $
in the US at a given time.

Human Development Index (HDI): It is a composite indicator set by the United
Nation Development Programme measuring health, education and waj bei
using 4 indicators: the life expectancy at birth, mean and expected gkar
schooling, and the GNI per capita PPP.

InterVA: Computer software based on Bayesian probability for the interpretation

of verbal autopsy data
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Abbreviations

ANC: Ante Natal Care

CHERG: Child Health Epidemiology Research Group
CSMF: Cause Specific Mortality Fraction

DALY: Disability Adjusted Live Years

DHS: Demographic and Health Surveillance

GA: Gestational Age

GBD: Global Burden of Diseases

GBS: Group B streptococcus

ICD: International Classification of Disease

ICH: Institute of Child Health

LB: Live Births

MDG: Millennium Development Goals

OH: Open History

PHM: Population Health Metrics

PVA: Perinatal Verbal Autopsy

SAVVY: Sample Vital Registration with Verbal Autopsy
SD: Standard Deviation

UCL: University College London

US5MR: Under Five Mortality Rate

UN: United Nations

UNDP: United Nations Population Division

UNICEF: United Nations Children Fund

SP: Symptom Pattern

VA: Verbal Autopsy

WCBA: Women of Child Bearing Age (Between 14 and 59 years old)
WHO: World Health Organisation
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Introduction

I Aim and objectives of the thesis

The thesis was developed between 2004 and 2011. During this time the
importance of establishing causes of death became a priority in the global health
agenda, with the time left to meet the Millennium Development Goals looming
closer and clos&r? As under five mortality reduced, the consistent number of
neonatal deaths contributed an ever increasing proportion of death, attention to
the number of stillbirths also increas&tf. This thesis describes the burden of
stillbirths and neonatal deaths in three developing countries: Malawi, Nepal and
Mumbai and develops a verbal autopsy methodology to establish the causes of
death attribution process in these populations. The verbal autopsy process is
conceptualised and analysed in light of the experience obtained in Malawi and it is

extrapolated and generalised to other countries.

The aims of this thesis are to:

» Conceptualise the verbal autopsy process, splitting it in its different
components of data capture and analysis.

* Propose strategies to analyse verbal autopsy data for countries with non-
existent or incomplete vital registration systems in a standardised and
universally relevant fashion.

» Describe the epidemiology of stillbirths and neonatal deaths in three

developing countries using verbal autopsy data
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More specifically this thesis will discuss the following questions:

1. Is it necessary and feasible to propose a single standardised classificatio
and diagnostic algorithm for stillbirth and neonatal deaths to interpret
verbal autopsy data?

2. Can a single guestionnaire to investigate stillbirths and neonatal death
using verbal autopsy serve all purposes?

3. How do crude mortality fractions for stillbirths and neonatal deaths in our
three studies compare with the available literature?

4. Is InterVA suitable to provide cause-specific mortality fractions in the
perinatal and neonatal period in comparison with physician review in our
three study settings?

5. How do cause-specific mortality fractions from three different countries

compare when a standardised method is used?

23



1 Thesis outline

Chapter 1lis a literature review of the available knowledge of the burden of
stillbirths and neonatal deaths. The role of verbal autopsies is described in the
context of defining causes of death in countries lacking adequate vital registration
systems. The current thinking about the verbal autopsy process is discussed in

broad terms and with specific focus on the perinatal and neonatal period.

An introduction to the three countries from which the data analysed in this thesis
are derived is given i€@hapter 2, with a description of the respective research

projects.

Chapter 3 describes the VA tools for physician review interpretation: presenting
the questionnaires, classifications and algorithms development. The adaptation of

InterVA to include stillbirths and neonatal deaths is then explained.

Chapters 4, 5 and Geport the results of the crude mortality data from Malawi,
Nepal and Mumbai and the cause specific mortality obtained with two methods:

physician review and InterVA.
Chapter 7 compares the cause specific mortality data in the three studies using
the InterVA method, and presents different possible outcomes using alternative

interpretation of InterVA data.

Chapter 8 and 9Develop a discussion centred on the five questions set as the

objectives of this thesis.

Chapter 10 Summarises the research finding and lists a series of

recommendations derived from this research.
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11 Role of the Investigator

The original idea of the analysis presented in this study follows my participation
as a clinical research fellow to the Maimwana project, originated byd3mfe
Anthony Costello from the Centre for International Health and Development
University College London, Professor Marie-Louise Newell from the Africa
Centre for Health and Population Studies, University of KwaZulu Natal, South
Africa (and ICH,UCL), Dr Charles Mwansambo and Dr Peter Kazembe from
Kamuzu Central Hospital, Lilongwe, Malawi. When 1 joined the project a grant
proposal had been written and funds approved. As most large international trials,
Maimwana was the result of the contributions of several people with differe
skills and abilities. | contributed to the setting up of “Maimwana Project” in the
role of technical advisor with the main task of offering technical assistartie i
development of the peer-infant feeding intervention and health strengthening
programme, including the setting up and development of a PMTCT programme.
In my capacity as a paediatrician | was able to contribute to the development of
the questionnaires used in this study. I lived in Mchinji District, Malawi from
June 2003 to April 2006.

To clarify my role in this thesis | will try to spell out my original contributions:

. When this study began there were a number of different perinatal and
neonatal mortality classifications mostly used in high income countries to
describe causes of death from a clinical perspective. | was responsible for
defining and then refining a stillbirth and neonatal death classification in
collaboration with Dr. David Osrin for physician review use. This
classification has since been used in other CIHD projects in Nepal, India
and Bangladesh.

. | contributed to the design of quantitative data collection instruments,
particularly the Perinatal/Neonatal Verbal Autopsy questionnaire used in

Maimwana. | then further refined the questionnaire in collaboration with
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Dr David Osrin and the final version is now in use in the Centre for
International Health and Development projects.

| devised the interpretative algorithm for physician review used in the
Maimwana study and contributed to its refinement that led to the
algorithms used for Nepal and Mumbai.

To analyse the results from the VA interviews available from Maimwana
project in a standardised manner | contacted the research group that
devised a probabilistic approach to interpret VA data (InterVA) and
proposed to trial it on perinatal data. | adapted InterVA by modifying the
original probability estimates and adding new indicators and causes of
death to the original model, as it was previously not possible to analyse
stillbirths.

| proposed and supported the addition of stillbirths as part of the causes of
death in the modified InterVA.

| was the third paediatrician establishing diagnoses for a part of the
Malawi VA guestionnaires.

To ensure that the model was adequate to other study settings and cultural
contexts | approached researchers within the Centre for International
Health and Development to obtain VA from stillbirth and neonatal death
and corresponding physician reviews to test the modified InterVA tool.

| finally analysed the different data sets and compared the results.
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Chapter 1

Measuring Causes of Stillbirths and Neonatal Mortality in
Resource Poor Countries

“Making the best the enemy of the good is a sure way of hinder any statistical
progress. The scientific purist who will wait for medical statistics until &ney
nosologically exact, is no wiser than Horace’s rustic waiting for the river to flow
away” (Major Greenwood)

In the year 2000 the Millennium Declaration was endorsed by 192 states in the
United Nations General Assembly and from it the Millennium Development
Goals (MDG) were drawfi

Principles and aims already spelled out in the Alma Ata declaration in 1978
became objectives to be achieved by all signatories in a clearly set tifie line
MDG 4 mandates a reduction of under-five mortality by 2/3 by the year 2015
compared with 1990 figuré$

Given the tight time limits, precise estimates on mortality rates by agejand se
over time have became essential to monitor progffés$/oreover a detailed
breakdown of mortality by cause became necessary to inform policy on
selecting appropriate interventions to achieve MB%&4

As vital registration is currently available in only a limited number of low
mortality countries, in the short term improving verbal autopsy (VA) methods
to collect causes of death in high mortality countries will increase data
availability®*3#34

The focus of this thesis is on improving the verbal autopsy process to establish
causes of deaths for stillbirths and newborns.
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1.1 - Why Newborns are Central to Millennium Development Goal 4?

Published figures from the 1950s to 1999 have shown a consistently decreasing
trend in under-five mortality globally. Ahmaat al. reported the global number

of under-five deaths to be 10.5 million in 1999, with a mean mortality rate of
70.4/1000 (SD 69), much reduced from 159/1000 (SD 102), in the%956s
extensive review of under-five mortality for the year 2000 was undertaken by
CHERG, a group of technical experts established by the World Health
Organisation (WHO) in 2001 with the purpose of developing and improving
epidemiological tools to define the burden of mortality and disease in children
under 5. From this review, it became apparent that an increasing proportion of
under-five mortality was due to neonatal deaths, representing about 4 millions
deaths in the year 2080

Murray et al. modelled break down of mortality by age from 1970 and

projected it to 2015 clearly showing the relative increase in proportion of
neonatal deaths (from 31% in the 70s to 37% in 2005) within a reducing under-
five mortality trend due to the stable number of neonatal deaths. Childhood
mortality decreased from 13.5 million (13.4-13.6) in the 1980s to 9.7 million
(9.5-10) in 200%. More recent estimates continued to show a trend of
decreasing under-five mortality. In 2008, when the total under-five mortality
was calculated at 8.795 million an even higher proportion of neonatal deaths
was calculated, by then constituting 41% of all under five d®aths

Counting neonatal deaths and addressing the problem of high neonatal
mortality with appropriate action has consequently become necessary for the
achievement of MDG 4“2 A number of initiatives to improve neonatal health
and raise their profile within the international political agenda took place in the
last 10 years. The Lancet series on newborn health in 2003 was part of this
process and contributed to bring newborns to the centre of the political

agend&®*®
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The Demographic and Health Surveillance (DHS) reports published since 2000
for 36 out of 52 African countries included neonatal mortality. The neonatal
mortality rate ranged from 15/1000 in South Africa to 47/1000 in Lesotho.
Perinatal mortality data were available for only 17 countries and ranged from
25/1000 in Zimbabwe to 54/1000 in Lesotho. Excluding India, China and high
income countries with complete vital registration systems or sample vital
registration systems, all DHS from 12 Asian countries published since 2000
included neonatal and perinatal mortality figures and indicated a NMR ranging
from 12/1000 livebirths in Vietnam to 54/1000 in Pakistan and perinatal
mortality from 21 in Vietnam and 159 in Pakistan

(http://www.measuredhs.com/pubs/acceddad 2011).

Stillbirths, defined in this thesis according to the WHO criteria as the death of
foetus of more than 10009 birth-weight or born after 28 weeks gestational age
without any sign of lif¢’, are not included in the MDGs. The interest for rate

and causes of stillbirths emerged more recently compared with neonatal deaths.
The “Global Burden of Diseasg&gublished in 2006 included stillbirth in

global mortality statistics and in the calculation of DALYs for the firset{®.

Recent estimates, calculated using data up to the year 2000, determined that
stillbirths added 2.64 million deaths per year (2.14-3.82 millions) to the under-
five burdeft’. Previous estimates calculated on the same datasets estimated the
total stillbirth toll to be about 3.2-3.5 million death®*>. These differences

are due to the different estimation methods used, given the same data sources.
Large uncertainty margins reflect the lack of data from countries with high
burden of stillbirths with lacking or incomplete vital registration systéms

The crude separation between antepartum and intrapartum stillbirths offered
important programmatic information, as interventions to reduce their number
are different. Estimates of the burden of intrapartum stillbirths has been

modelled to amount to about 1 million deaths per3ear
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1.1.1 Uncertainties in Measuring Stillbirths and Neonatal Mortality

The interest in measuring trends of under-five mortality, assessing progress
over time and testing the efficacy or otherwise of development programmes
began long before the MDGs. UNICEF, the World Bank, the United Nations
have been monitoring under-five mortality since at least the ¥980s
(http://data.worldbank.org/indicator/SH.DYN.MORTHowever the MDG

made measuring progress paramount in a climate of scarce resources and

increased interest in evidence based programming and Bdficy

Ideally, to describe global mortality, vital registration systems in which all

births and deaths are recorded with their causes established by a skilled health
professional are necessary from all countries. However, whereas vital
registration systems are mostly adequate in developed cothiries

developing countries, where the burden of mortality lies, most deaths occur
outside clinical settimy®" and vital registration systems are non-existent or at
best inadequat&®* with less than 90% coverdge

As for any other age groups, data on crude neonatal mortality are therefore
mostly available through alternative sources such as censuses, demographic
health surveillances, fertility surveys, sentinel surveillance sitesipheul

indicators cluster surveys and sample vital registration sy&téfi&

All these data sources, apart from sample vital registrations, aretedllec
periodically though questionnaires asking the respondent to report births and
deaths over a variable period of time. It is well known that neonatal deaths and
particularly stillbirths are more likely to be omitted and therefore under-
reported® "%

The available data are therefore far from being perfect and require modelling
and complex analysis to produce estimates that can then be acted upon by
policy maker& "> UN agencies, such as WHO, UNICEF, the World Bank have

been reporting annual estimates that were not consistent with each others’.
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Different models to produce these estimates have been used and pfbfiosed
Academic and UN agencies, mostly WHO and UNICEF, continue to produce
better and more sophisticated analysis metHoHstimates are reported with
margins of error reflecting the uncertainties of the models and can differ quite
substantially. The estimate of stillbirths recently calculated for tteugato

the year 2000 was 560,000 per year, lower than previously calclaed
animated debate regarding who should be in charge of proposing new models
and analyse data surrounds the world of estirfatest has been questioned
whether attention and energy would be better dedicated to improving data
collection rather than on modelling as this would make data more usable not
only by academics and the international community but also by the national
governments which most neefit Tension also exist between the needs for
data at national and global level as useful indicators may differ in the two

context&®.
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1.2 - Causes of Death for Stillbirths and Neonates: a Short History

The availability of cause of death data is progressing at a slower pace than for
crude, age and sex related mortality data in all age dtbupsr example in

2006, only 7 African countries were able to report cause specific mortality data
to WHO (Figure 1.1).

Figure 1.1 - Availability of Causes of Death to WHO in 2006

Source: Health Metrics network WHO

For the neonatal period, causes of deaths were listed in the World Health

Report as a single category of “perinatal deaths” without any attempt to

separate them in detail until the 2005 reffo@ongenital malformations were
classified separately as causing death in any age group. Perinatal deaths formed
a single but heterogeneous category of deaths and grew to include just under
40% of all under-five deaths in the year 28500As part of the review of under
five-mortality CHERG, analysing the year 2000 figures, resolved to separate
perinatal deaths into 7 categofie$. The result of this work was published by
WHO in the World Health Report 2005: “Make every mother and every child
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count”®

(Table 1.1). The following year the global burden of diseases (GBDs)
2001 was published and presented neonatal deaths and stillbirths separately
(Table 1.1). The classification of perinatal deaths used by these two groups
were very similar, however CHERG used prematurity as one of the causes of
death for both the neonatal and post-neonatal period, and included “small for
gestational age” with “other causes of neonatal death”, arguing that only a
small minority of infants’ deaths were due to birth-wef§hthe GBD

classification however used “low birth weight” as a category of death including
both premature and low birth weight infaétitsThe proportion of deaths

estimated using the two methods was similar still, with the exception of
neonatal tetanus, representing 7% of all neonatal deaths according to the
CHERG estimates and 4% in the GBD (Table 1.1). The GDB also estimated a
higher proportion of “other” causes of death and severe infections compared
with CHERG (11 vs 3 and 34 vs 26 respectively) (Table 1.1). The estimates for
2004 for the GBD and 2008 for the WHO did not show major changes in the
proportion of causes of neonatal deaths except from the reduction of deaths due

to neonatal tetanci&®®
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Table 1.1 - Comparison of Causes of Neonatal Mortality - CHERG and GBD

CHERG / WHO Global Burden of Diseases

Estimate for the year Estimate for the year Estimate for the year Estimate for the year 2004

200089 200890 200191
Neonatal deaths by Number % Number % Number % Number %
causes in millions in millions in millions in millions
Preterm birth 1.091 28 1.033 29 1.098 ~ 26 1.17 31
Birth asphyxia 0.896 23 0.814 23 0.729 17 0.87 23
Severe infections 1.013 26 0.521 15 1.446 34 0.98 26
Pneumonia - - 0.386 11
Neonatal tetanus 0.273 7 0.059 2 0.168 4 0.13 3.4
Diarrhoeal diseases 0.117 3 0.079 2 0.116 3 0.10 2.6
Congenital 0.312 8 0.272 8 0.32 8 0.26 6.8
abnormalities
Others 0.194 7 0.409 11 0.471* 11 0.26 7
Total 3.91 100 3.573 100 4.195 100 3.77 99.8
Stillbirths
Antepartum 2.192
Intrapartum 1.082
Total 3.274 -

Note: *not assigned ~ Low birthweight
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1.3 - Limitations in Measuring Cause Specific Mortality for Stillbirth and
Neonatal Deaths

Cause of death data are obtained through vital registration systems, other
sources are scanty: hospital records, research studies, sentinelswwesites,
single diseases surveys, sample vital registration systems, and some DHS,
leaving large information galfs’". Apart from vital registration systems and
hospital deaths, where contemporary diagnoses are made by a health
professional, all other methods rely on information collected through verbal

autopsie®

1.3.1 Vital Registration Systems

Vital registration systems covered only about 3% of neonatal deaths for the
CHERG group estimation of the year 2000 and 4% for 280%

Information about causes of death in death certificates is standardisssl acr
countries, and includes an underlying or direct cause of death, defined as the
disease or injuries leading to death and, if appropriate, the antecedent cause of
death and other associated condittBhdhe diagnoses are coded according to
the International Classification of Diseases, version 10 (ICD-10), an
internationally recognised system of classification of diseases developed in
collaboration with the WHO. The present version was compiled in 1989,
comprises 21 chapters and cites over 2000 causes of d§&athe ICD-10

coding system allows comparisons of causes of death in populations over time
and between countri®8. However variations to the ICD-10 have been
developed in different countri®

Attribution of causes of death by the medical profession can be problematic

however, as there is often lack of physician training in compiling death

35



certification forms and there may also be bias due to the perception of the local
epidemiology®**® Physicians poorly trained in ICD coding may choose
information-poor codes such as “respiratory failure” or “cardiac arresthwhi
classify only the final process leading of death but do not record the antecedent
diagnoses necessary for public health use (ICD-10). It has been shown in
countries where a vital registration system, however incomplete, exists, for
example in Thailand, that up to 20-30% of death certification contains such

poorly informative ICD-10 coding that these cannot be utitfsg*'?

1.3.2 Hospital Records

Deaths occurring in hospital are documented in the health records, however in
developing countries only a minority of deaths occur in hospitaf™? Itis
guestionable whether such deaths are representative of deaths occurring in the
community for a number of reaséfis™ Care seeking behaviour may be

different according to several factors, such as the travel time to hospital,
maternal education and economic situation of the users, thus under-representing
causes of death that are more common in poorer rural poputatitiis

Moreover, deaths occurring in hospital are more likely to be due to severe
diseases that occur over a period of time long enough to reach the health
facility™'® In Malawi for example maternal deaths occurring in health facilities
are reported to be due mostly to post partum haemorrhage and puerperal
sepsi$'®*?° Community studies found that haemorrhages are the most common
cause of maternal death, when the course of disease is too rapid to reach a
health facility*?2 Access to hospital treatment modifies the natural history

of disease. For example it is well known that use of antibiotics to treat neonatal

sepsis is an effective strategy to reduce neonatal deaths and WHO recommends
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the use of intravenous antibioti$ which is possible in health facilities,

therefore access to treatment can change the course of this otherwise deadly
disease. However admission of low birth-weight infants in neonatal units
exposes them to resistant organisms, again modifying the epidemiology of
sepsi$?*!% For all these reasons hospital records cannot be simply used
unmodified to infer population CSMF. Nevertheless, hospital diagnoses remain
an important resource and can be used in selected epidemiological

circumstances for estimation purpo$és

1.3.3 Other Data Sources

Data can also be extracted from research studies and longitudinal
surveillance sites. Nonetheless these data cover areas chosen forat#as=ons
than their representativen&s's Moreover interventions in such areas may

change the mortality pattern compared to other regions in the same country.

Data for single diseases, such as malaria or HIV, have also been used to
model mortality, however they may over-represent deaths due to the disease in

focus®

All data collected through these sources use verbal autopsy methods to
ascertain causes of death. Given that implementing complete and good quality
vital registration systems worldwide will not be achievable in the short or
medium term?¥**? the international community focused attention on the VA
process as the only currently available mean to establish population CSMF in

developing countries without vital registration systeths™
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1.4 - The Role of Verbal Autopsies in Establishing Causes of Death

Verbal autopsies consist of two stages. Firstly information is collectedafrom
standardised questionnaire administered to a close caregiver of the deceased:
for the neonate and the child this is generally the mother. Data are then
interpreted to establish diagnoses. Traditionally physicians have been
interpreting VA using their clinical knowledge with or without classifications

or algorithms to facilitate and standardise their opitibhi® Alternatively data
obtained from VA questionnaires have been elaborated using computer
software to produce diagno$&s°

Verbal autopsies have been used in developing countries to collect information
about causes of death since the 1950s. Originally, on the model of'the 16
century Bills of Mortality, they were open interviews between a next of kin of
the deceased and an interviewer who established the cause of death. Generally
the interviewer was a physician. This method had the obvious limitation of
requiring large amounts of physician titife The introduction of detailed
guestionnaires made the method more widely available as it could be
administered not only by physicians but also by other health professionals or
trained lay peopfé® The technique became more widely used when the WHO
published a document legitimising the use of lay intervietfers

Currently a renewed interest in VA methodology is reflected by a number of
initiatives attempting to standardise the whole process. In 2007 WHO published
standardised questionnaires for different age groups and adapted the ICD-10
coding for VA us&*. In 2011 the first global congress on verbal autopsy was
held with the aim of promoting debate on the subject, improving quality and
advocating for VA to be used as a means to collect data in routine national
statistics. Funds have been invested by USAID to set up “sample vital
registration with verbal autopsy” (SAVVY) a system to increase the data

collection using verbal autopsy within routine national statistics: sample vital
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registration or DHSHttp://www.cpc.unc.edu/measure/tools/monitoring-

evaluation-systems/savaccessed March 2011). The Institute of Health

Metrics has been granted funds from the Bill and Melinda Gates Foundation to
develop methodologies to improve data collection and transmission using new
technologies, interpret verbal autopsy data, and validate them with a large
hospital dataset as part of the Population Health Metrics Consortium project.
(http://www.healthmetricsandevaluation.org/research/project/population
health-metrics-research-consortium-project).

A combined search using Pubmed and Medline engines with a single key word
“verbal autopsy”, with no limits reflects this wave of recent interest. This
simple search yielded 385 articles in Pubmed and 319 in Medline. On reading
the abstracts and excluding unrelated research or duplicates 319 artieles wer
considered relevant either as original research on methodology or as studies
that used VA to establish causes of death or as review articles. Intelest in t

neonatal period emerged in the last 10 years only (Figure 1.2).

Figure 1.2 - Published Studies using Verbal Autopsies
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| describe the current state of development of VAs and their limitations, as they

are pertinent to the content of this thesis. Specific development issues ielated t
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perinatal verbal autopsies are discussed in more detail. Figure 1.3t#lsisinae
phases of the VA process: data capture, analysis and validation as described in the

following sections of this chapter.
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Figure 1.3- The Verbal Autopsy Process
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1.5 - Data Capture

151 Questionnaires

Questionnaires can include an open-ended question asking the carer an
account of the events that led to death or a series of closed questions to
establish the presence of specific signs and symptoms or a combination of the
two**. Detailed questions can be grouped in clusters of symptoms preceded by

a filter questioff*®4’

Negative answers to a filter question allow moving to
the next section reducing the interview length. Selection of appropriate filter
guestions prevents submitting long questionnaires with irrelevant questions, but
requires a careful choice of filters to ensure the complete picture isedfitur
It has been observed that clinicians mostly make their diagnoses by reading the
narrative and refer to closed questions when the history section is unclear or
ambiguou’'**° Computer algorithms, data derived and probabilistic models,
however, rely mostly on closed questions that fit into a binary'goeeen
though narratives can be coded and entered into computer sottiare
Marsh showed that mixed questionnaires increased the sensitivity of neonatal
diagnoses compared with open ended or closed questions models alone when
physicians are used for data interpretdfidn

Verbal autopsy questionnaires, formulated by the INDEPTH network
or WHO with the contribution of field experts, have been available for about a
decade and are easily accessible on thé3fi&t{http://indepth-network.ory/
The most recent is the WHO Verbal Autopsy Standards, published in°2007

' INDEPTH is network of over 30 longitudinal indeplemt surveillance systems, mostly in

African and Asian countries, each collecting healtd demographic data from household surveys
in well-defined areas at regular intervals.. Thiewoek was established to facilitate

communication between sites, offer support, statidamethods and technologies suitable for
surveillance systems, facilitate multisite intertienal studies and build capacity within the site
countries™.
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15.2 The Interviewer

In different studies interviewers have been either health professionals or
lay peoplé®®. The advantage of health workers conducting interviews is their
understanding of the medical signs and symptoms, their ability to probe
appropriately®>. On the other hand they can introduce bias during the
interview, over-interpreting statements to reach a diagnosis rather thay sim
recording fact®'*®? Finally health workers have the logistical disadvantage of
being costly and scarcely available in the countries where VAs are necessary.
Lay interviewers of different levels of education have been proposed by the
WHO in 1976* and since used in various studies after training periods of
variable lengtf3*%°

There is little research on the impact of gender, ethnicity, educational
level of interviewers on the quality of responses to VA questionn&iréshas
been observed that interviewees may respond in different ways to very young
investigators or more mature ones, but this has also not been formally

assesséedt.

1.5.3 Recognition, Recollection and Reporting of Signs and Symptoms

Few studies evaluating the ability to recognise, recollect and report
clinical signs and symptoms have been undertdkefhey are mostly based
on recognition and recollection of symptoms compared with clinical records in
health facilities, therefore the accuracy of recall may be higher than in
communities where there has not been exposure to the hospital environment
and vocabulary/*!"® Alonso in 1987, showed that mothers accurately

recognise and describe most clinical signs of serious diseases in chifdhood
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However better defined symptom clusters such as trauma or convulsions were
more easily identified than common and less catastrophic ones, such as fever or
cough®!’® In children under 2 years of age, Kalter observed that diarrhoea
was reported accurately in 78-84% of mothers interviewed. Measles was also
recognised and reported accurat€ly A South African study showed good
recognition of respiratory signs in children by their mothers. However the

signs were not necessarily reported to health professionals during
consultation¥®. In the context of verbal autopsy studies, signs of neonatal
tetanus were recognised in 100% of cases, low birth weight, and prematurity
had sensitivity and specificity above 75% when compared with hospital
diagnoses, while symptoms associated with pneumonia, and asphyxia were
more difficult to elicit, with lower sensitivity and specificittfs Marsh

analysed causes of death in 137 newborns from Pakistan and found that
mothers were accurate in their recollection of signs of neonatal tetanus (84-94%
depending on the signs elicited), prematurity “pregnancy<8 months” (82%) and
“baby smaller than usual” (70%), compared with hospital rec8rda.

diagnostic algorithm combining “born too early and too small” was 90%
sensitive and 67% specific in the same study, while prematurity alone had a
sensitivity of 71% and specificity of 84%. Birth asphyxia and neonatal

infections had lower sensitivities (<60%5) Recall of the time of death in

relation to birth is a very important discriminator to ascribe diagtfdsis

Marsh observed that mothers were able to discriminate early and lateaheonat
deaths, irrespective of the cause of death, but could not remember accurately
the day of deatff>. Freeman reported the respondent’s ability to recall birth
weight and gestational age at the time of verbal autopsy without using hospital
records. Respondents were part of a study where women of reproductive age
were visited every 5 weeks and had a pregnancy test if they missed their
menses in the previous month, therefore gestational age could be recorded. The

birth-weight of the infant was measured mostly within 72 hours of birth
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allowing contemporaneous records of the small for gestational age infants. The
responses to VA questionnaires could be compared with survey records. Using
this method of comparison maternal reporting of size at birth was 100%
specific and 45% sensitive and gestational age (<9 months) was 94% sensitive
and 62% specifi®.

A number of studies in developed countries looked at the ability to
recall events occurring at the time of labour by comparing hospital records and
phone interviews after different time interV8l5"° Sou in a study in Taiwan
reported that birth weight and gestational age were reported correctly 3-9 years
after delivery compared with hospital records in over 80% and 90% of mothers
respectively’’. Serious events such as caesarean sections and maternal
hypertension were reported accurately, while other obstetric complications such
as pre-eclampsia or antepartum bleeding were more often not described.
Similarly in Boston women, contacted up to 22 years after delivery, had perfect
recall of having caesarean sections, breech deliveries, or multiple births
(kappasl); however the recall of stillbirths and preterm deliveries was low
(kappa0.37 and 0.5 respectively). Ability to recall changed with years in
education® It is unclear how these data from populations of wealthier
countries, where delivery occurred in hospital could be extrapolated for
developing countries settings with no access to hospitals, different educational
backgrounds, socio-economic status and parity. However no studies in
developing countries addressing recall of delivery events was found.

Recollection and reporting of stillbirths and neonatal deaths in a
population census in Egypt showed accurate recollection and reporting of
neonatal and child deaths within 1-3%, with underreporting of 4% of stillbirths
compared with a prospective data collectidn
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154 Interval between Death and Interview

Before approaching a relative after the death of a child a period of
mourning is observed. This period varies according to cultural norms and
studies have used a range of different time-points. Research looking at
recollection of symptoms after death showed that between 1 Wbstk
months®®, and up to about 1 year after the event had occiifnedtall could be
considered accurate. A survey in Vietnam showed, by cross-validating different
data sources, that visits after a 4 months interval were optimal to capture
mortality data, including infant and newborn defths
Ideally it is recommended that VA interviews are delivered as soon as deemed
appropriate and there is lack of data on the accuracy of recall above 12
month$®® There are no studies that attempt to establish an optimal time
interval to conduct verbal autopsy interviews according to age of death, for
example perinatal compared with late neonatal deaths, or according to cause of
death®’.
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1.6 - Method for Causes of Death Assignment

Verbal autopsy questionnaires need to be read and interpreted to assign
causes of death. In the clinical tradition often more than one cause of death is
ascribed, as death is the end point of a number of patho-physiological
processes, expressed as a hierarchy of underlying and contributing causes of
death. In the public health context listing all the contributory factors leading to
death is important as interventions to reduce mortality may have a greater
impact than expected when contributing causes are also addressed. One of the
classical examples is malnutrition which does not directly cause death but is
one of the most important contributory causes of death in the undérfiaed
it is often under-estimated in VA studt&s Similarly in the perinatal period
prematurity is the most important co-morbid event contributing to all causes of

perinatal and neonatal mortafit§ 2%

Traditionally verbal autopsies have been interpreted by physicians reading
guestionnaires and establishing a diagnosis with or without the use of expert
algorithmg®2%  Alternative methods have been used to increase the speed and
the reproducibility of the process with variable outcoifies’ (Table 1.2).
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Tablel.2 - Interpretative Methods for Verbal Autopsies

Verbal Autopsy Interpretation Methods

Physician review

Expert algorithms

Other health professionals

Lay people

Data-derived methods Logistic regression
Decision tree
Neural network
Random Forest
Tariff
Probability density

Probabilistic methods InterVA
King and Lu
Symptom pattern method

16.1 Physician Review

Physician review has been the first method of interpreting VA and proved
adequate in estimating causes of death in population studies, comparing
diagnoses obtained using physician review with hospital ret6rd$ The
method involved two or more physicians reading the VA questionnaire
separately and attributing one or more causes of death to each questionnaire.
When agreement between physicians was reached a cause of death was
established. If there were differences of opinion either a third physician was
called, the same physicians reconsidered and discussed the discordant
diagnoses, or a panel of physicians reviewed the questiotirfair&vhen
agreement was reached the diagnosis was established: otherwise tha# cause
death was considered undetermfif@dOpen history information was included
in the diagnostic process as a diagnosti¢*aid

Recent studies demonstrated that agreement between physicians
assigning causes of death justifies the use of a single cokigppestatistics

between two coders have been as high as 0.94 for all age groups, 0.69 for
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stillbirths and 0.74 for neonatal de&®1$%> Using a single physician to
establish diagnoses could simplify the process further, however it may lose
some of the subtlety, particularly given the uncertainties of the diagnostic
proces&® Other trained health professionals less qualified than physicians
have also been used in interpreting questionnaires with similar results as
physiciang?’??® Lay personnel have been compared with physicians to
diagnose causes of death from adult VA in one study in India. Here the authors
showed a good agreement between lay personnel, trained for one week in the
use of a standardised algorithm, and physicians. They performed better for
broad categories of causes of death such as communicable, non communicable
diseases and injuries. Agreement remained good to moderate for injuries,
diarrhoea and fever but was worse for less well defined diseases such as
meningitis, HIV, pneumonia, acute abdomen, cardiovascular diseases and
obstructive airways diseasés

The disadvantages of physician review rest on the difficulty in ensuring
repeatability*’over time and in different settirfd§ particularly when
diagnostic criteria are not standardi§8d In some situations disagreement
between physicians’ opinions may be Kitflwith a large percentage of
indeterminate causes of deatff>* Physician review often attributes a single
rather than multiple causes of death to each indivitfuaMost importantly it
requires time and expertise of health professidttaist always achievable or
cost-effective, particularly when large surveys are neces4ary

49



1.6.2 Hierarchical Algorithms

Physician review can be standardised, improving repeatability with the
use of hierarchical algorithrfi, where a number of criteria are established by
an expert panel of physicians to determine causes of death. The Delphi method
has been used to reach agreement between a panel of ph§&iciaresDelphi
method consists of consulting a group of experts on a pre-defined subject. The
panel receives relevant literature and a questionnaire to answer anonymously
and does not necessarily meet. The analysis of the responses is fed back to the
participants until consensus is reachied

Hierarchical algorithms need clear definitions and a fixed order of
priority®*® mostly resulting in hierarchical algorithms with a single
diagnosis®® The main criticism is that they are influenced by their hierarchical
order, with causes of death appearing first more commonly reported than
causes of death lower down in the hierarchy. Therefore prevalence of diseases

can change substantially with alteration of the order®i5&t

1.6.3 Data-Derived Methods

To overcome some of the limitations of physician review, such as poor
repeatability, cost, time-scale, and physicians’ time, data derived methods have
been explored. They involve the use of different computational approaches to
interpret VA questionnaires and ensure consistency of diagnosis, facilitate
comparison between sité3?*® process large datasets quickly and cheaply.

They are also easy to apfily Data obtained from close questioning are
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entered into a computer programme. Information collected in the open history
can be coded and entef&br is not includetf**°

Several types of data-derived approaches have been assessed:
computerised algorithms using logistic regression, decision trees and rule-based
method$>, all trying to emulate physician decision making. They require high
specificity of symptom combinations for each cause of death to be accurate and
a validation population (hospital based) on which to base their “leafffng”
Computerised data derived methods perform better with clear and well defined
diagnoses such as snake bites or injuries than for some less well defined
diagnoses with overlapping symptoms such as malaria or merfitigitisthat

are epidemiologically much more significant.

1.6.3.1 Logistic Regression

Most diagnostic criteria are categorical and logistic regression is
familiar to epidemiologists, moreover adequate software has been easily
available for a long time, so logistic regression has been one of the first
computerised methods applied to VA interpret&tidfr? To build the model
of best fit, data extracted from VA questionnaires were divided into a train and
a test dataset. The train dataset was used to fit the model. The testvdadaset
then interpreted using the model. Different logistic regression expressions have
been applied to different causes of death, each applied to all subjects, allowing
more than one cause of d&ath

Quigley and Chandramohan tested logistic regression models in
children and adult populatioft?°® In the test dataset for a paediatric
population their logistic regression method had sensitivity and specificity above
80% for measles, accidents and malnutrition, and specificity was above 77%

for all causes of death, including malaria, respiratory infections and meningitis.
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It performed better than physician diagnosis and expert algorithms when
validated against hospital diagnd&isA logistic regression model tested for 16
causes of adult deaths in the test dataset from three African populations also
had specificity above 79% but a lower sensitivity compared with physician
review”>’. When they tested the model on different populations for only 4
causes of death they found that logistic regression was comparable to physician
review in assigning cause specific mortality fraction (CS®F)More defined
diagnoses, such as injuries and measles, with characteristic signs and ssymptom
had better sensitivity and specificity then less clear cut diagnoses such as
malarid®®#*%?® The use of logistic regression had the main limitation of

relying on a test dataset and therefore its repeatability in differenetiateas

difficult to evaluate, but it allowed the use of multiple diagntsé?

1.6.3.2 Artificial Intelligence

Instruments of artificial intelligence have been used to deal with
complex problems and simulate medical diagnoses and are proposed for the
interpretation of verbal autopsy questionn&fted he first approach was the
use of neuronal networks. The network learns to recognise patterns from a
training dataset: it then learns to classify new patterns and solve problems on
the basis of the training on the test daf48efhe method was applied in a
single study where 796 adult deaths were compared with physician review and
logistic regression and obtained comparable réSult®ecision trees and
probability density have been used in diagnostic medi¥aad suggested as
possible methods for interpreting VA but they have never come to practice.
More recently the availability of a large validation dataset by the Population
Health Metrics Consortium has made it possible to refine and test new

methods. They performed better than physician review for neonatal, childhood
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and adult deaths when compared with hospital diagnoses. These methods also
need to be modelled on medical records. They require “training” using datasets
where the “true” CSMF is known. They are therefore necessarily linked to the
validation datasets used. They include the tariff and random forests

method&!*21>
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1.7 - Probabilistic Methods

Probabilistic methods are based on Bayes’ theorem of conditional

probability?®’, using the following formula:

p®) * p(datal)
p(0]data) = -------------n=memmmeeeeeeee
p(data)

Where pf|data) is the posteriori probability p(0) is thea priori probability.

P (datd)) is the probability based on the available data and p(data) also called
“likelihood”, and it is the likelihood o given the data [P(datzﬁ)) x PO)]

+[P(data| 16) x P(19)]*

The Bayesian approach is clearly distinct from the frequentist or classical
approach where an iteration process is used to estimaéke frequentists
assumption is that population and sample have the same distribution: mostly a
normal distribution. The value of interest is inferred from repeated experiments
on random samples considered to be representative of the population studied.
The experiments assume that there is no relationship between the values
measuredr(ull hypothesisand only if this statement is falsified the null
hypothesis can be rejected. The p value is a measure of the probability for the
null hypothesis to be rejected. Generally a value of p<0.05 is considered
acceptable to refute the null hypothesis. The null hypothesis, however, cannot
ever be accepted in line with the nature of the iteration process at the basis of
the frequentist approach. In other words, if an experiment is repeated a large
number of times using random samples, assuming the choice of the distribution
is appropriate, the frequentists define a numerical interval where the value of
interest is likely to lie. This is the confidence interval. The results of the
frequentist analysis express the degree of confidence that the same reglalts w
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be obtained in subsequent experiments or that the null hypothesis would be
rejected in repeated experiments.

The Bayesian approach measures directly the probability of an evddatpj,

it combines the knowledge of the researchet} (& priori probability) with the

data from the experiment under study p(d@tép obtain the value of interest.

The a priori assumptions in Bayesian statistics derive from eith@opse

available knowledge such as literature, previous experiments or, when this is not
available, a non informative distribution, generally a uniform distribution is
used, minimising the influence ofg)( A well-known example of the use of
Bayes’ theory is the experience of a newborn who sees the sun rising the first
day of his life. At this point the probability of the event repeating itself is 50%-
50% but on the second morning of his life when the sun rises again the initial
probability of the event repeating itself will be 75% and if the event keep
repeating itself every day the probability of it happening again will approximate
100%. This knowledge is based on the previous knowledge of the observer and
the results of the repeated experiment. The Bayesian statistical mModss! thie
refinement of the probabilities based on current data and information acquired

with previous experiments.

1.7.1 InterVA

The first application of the probabilistic theory to VA was by Peter
Byass and his group in 2003 and resulted into the development of “InterVA”.
The causes of death and indicators used were originally derived from available
guestionnaires and classifications. The list of causes of death watedgty
diagnoses that could be realistically derived using VA data:'d peori”

probabilities were assigned according to the personal experience of a single
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researcher. The method was tested on 189 VA from Vietnam and compared
with physicians’ review (2 physicians) and reached consensus with physician
diagnoses in 70% of ca$&s Subsequently probabilities and indicators were
refined by a panel of five physicians from different disciplines with expegienc
in working in a number of developing countries and familiar with VA
interpretatioR®. The original data were re-run in the modified model and
agreement with physician diagnoses was reached in 90% of casé&’(170)

The model was subsequently used to interpret VA from Ethiopia and
South Africa, including all age groups and was compared with physician
review?’%?"t In the Ethiopian study the first 4-5 causes of death for children
and adults accounted for over 50% of causes in each age€ Grauouth
Africa the 10 most common causes of death included over 80% of déaths
The ranking of causes of death in both studies was comparable using physician
review and InterVA. The latter had the advantage of being internally consistent,
cheap and rapid to use. The method proved to be comparable with physician
review when used in different settings such as Vietnam, with an older
population affected by chronic degenerative conditions
(http://www.who.int/whosis/erdccessed Aug 2007) and Ethiopia, where

deaths are still caused mostly by infectious diseases

http://www.who.int/whosis/erdccessed Aug 20075. In Ethiopia the model

was also able to give different CSMF in rural and urban populations showing
flexibility 2. InterVA was compared with hospital diagnoses in an Ethiopian
population with regard to HIV diagnosis. The sensitivity and specificity for the
diagnosis of AIDS was 82% and 76% respectively and, for the combined
diagnosis of AIDS and tuberculosis was 91% and 78% respectiVeRhis is

to date the only study that compares the method directly to hospital records.
The model has been applied to monitor the impact of an intervention
introducing artemether and lumefantrine in Ethiopian rural communities on

malaria deaths. The CSMF due to malaria was derived by VA using InterVA
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and showed a statistically significant difference in the intervention and control
groups. The same difference was confirmed by the lower prevalence of malaria
and lower mortality attributed to malaria amongst inpatients in health feiliti
from the control and intervention aré%s

To establish causes of maternal mortality a different tool (InterVA-M)
was developed using data from Burkina Faso, Bangladesh, Ghana and Ethiopia
(358 cases) and tested using 258 VA from Burkina aso

The original InterVA tool had not been tested on neonatal deaths and

stillbirths had not been included.

InterVA applies the Bayesignrmula:

(P(ICh x P(C|1h-2)
o (]

[(P(Ch x P(C|Ih-)+(P(I[!Chx P({Ch-1)]

where P§ | datg is P(C|I),, the probability of a death to be due to cause
C given the presence of the indicator (I), n is the number of predefined
independent causes of death.

p(®) is: (P(1|C),, the probability of a given indicator | to be reported in
who died of cause C, for each independent cause n.

p(datap) is P(C|I)-1the probability of cause C to be associated with
the indicator I.

P(data{ 10) is P(I|!C), the probability of a given indicator | being present
in those who died of any cause other than C

P(18) is P(IC)..1being the probability of any cause of death other than C.

InterVA compares each cause of death with all other and treats them as

independent entities.
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The matrix of probabilitie®(I|C)is obtained by expert opini6H**°

The problem in the application of the theorem is defining P(l[iC)
other words the probability of an indicator | to be reported in an infant dying
for a cause other than C. InterVA sums all the probabilities over all n causes of
death in the denominator, rather than separating each cause of death from all
others to solve P(I|!G)

P(C|h = (PUIC) x P(C|1h-1) / Z[(P(I|Ch x P(C[Ih-1)]

As an example a table with three causes of death, Cause 1, 2 and 3 can be created.
P(Ch. P(I|C), P(l|Cy, P(I|C) are obtained by consens&{C|l) for Cause 1 is

calculated as A: (axd)/ [(axd)+(bxe)+(cxfjgr cause 2 is B: (bxe)

[(axd)+(bxe)+(cxf)] and so o?(C|I)}, for Cause 1is calculated as (Axg)/
[(Axg)+(Bxh)+(Cxi)]. The sum of all probabilities (P(C|l},), in our example the

sum of A+B+C is always 1 by definition.

Table 1.3 Application of the Bayes Theorem -

Cause 1 Cause 2 Cause 3
P(C)o - Probability of dying in the newborn period a b c
for each cause
P(IIC)1 Probability of dying in the newborn period d e f
if indicator l1 is present
P(ClI) A B c
P(IIC)2 Probability of dying in the newborn period g i
if indicator l2is present
P(Cll)2 D F
P(lIC)s Probability of dying in the newborn period I m n
if indicator lzis present
P(Cll)s G H |
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1.7.2 King and Lu Method

King and Lu developed a method to interpret verbal autopsy questionnaires
based on a matrix representation, to infer the CSMF, without estimating the
causes of death at the individual Iév&| They reversed the classical approach
considering the symptoms rather than causes of death as dichotomous variables
resulting from the cause of death D. Their assumption is that the fraction of
the hospital population with a defined symptom profile for each cause of death
is the same as the fraction of the community population: P(S|D)=Ph(S|D),
where P is the distribution of symptoms (S) in the community and Ph is the
distribution (S) in the hospital and D is the cause of death. This assumption is
independent from the prevalence of the cause of death or the symptom in the
hospital or the community, but requires that the association between symptoms
and causes of death is universal.

From this model King and Lu also developed a software available on the web
(http://gking.harvard.edu/va/docs/va.pdfn non-mathematical terms it

operates like a tabulation of the distribution of symptoms for each cause of

death observed in a sample population (the hospital): a symptom profile
corresponds to each cause of death.

For their model to be accurate, the symptoms chosen should not change
whether an individual is hospitalised or dies in the community. Sensitivity and
specificity of symptoms are not important and they do not have to be in the
physiological cause pathway of disease but have to be associated with the cause
of deati'®%#/

They applied their method to 2822 deaths from China from which hospital
diagnosis was available and randomly separated half of the deaths to be their

“hospital population” and half of the deaths to be their “community population”
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and used 13 categories of causes of death and over 50 different symptoms.
They were then able to compare their “population deaths” with the true cause of
death available from hospital diagnoses and demonstrated that their model
almost perfectly predicted the causes of death. They also tested the model on
282 deaths occurring in the community in Tanzania where cause of death was
available and similarly demonstrated almost perfect correspondence between
“true” diagnoses and model diagnd®&sKing and Lu’s method needs to be
validated in different settings and contexts and has never been applied

specifically to the neonatal population. Stillbirths were not incléfded

1.7.3 Symptom Pattern Method

The symptom pattern method also uses Bayes’ theorem. HowevVar the
priori” probabilities, rather than being derived from a panel of “experts” as for
InterVA, are extracted from an iterative process of a large number of
combinations of symptoms profiles modelled on hospital populations using the
formula proposed by King and Lu: P(S|D). From this process the programme
selected 16 symptom patterns all deriving from combinations of symptoms with
equal probability. These symptoms were then entered in the Bayes’ formula to
derive the individual level probability of dying given the presence or absence of
the symptoms select€f This process, repeated several times resulted in a
mean of all calculated probabilities. The symptoms pattern method was tested
on over 2000 deaths from China for which “true” hospital diagnosis was
available. The number of causes of deaths was 23 and a simulation dataset was
used to mimic a hypothetical community population. The CSMF obtained
using the SP method and physician review were compared with the “true”
CSMF and showed that SP method had an average relative error of 16% while

physician review had a relative error of 278
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1.7 - Validation

Apart from physician review and interVA all other interpretative
methods illustrated have been constructed using hospital dataset as models,
bringing the issue of validation to the forefront of the VA debate.

The validation of verbal autopsies consists of comparing diagnoses derived
from hospital records, considered as the “gold standard”, with those obtained
by interpreting VA. The next of kin of patients who died in hospital are traced
in the community and given a verbal autopsy questionnaire that is interpreted
by physician review or data derived methods. Diagnoses are then compared,
and sensitivity, specificity, positive predictive value, average error are
calculated®?%

The validation process is however highly controversial as it assumes that the
CSMF of hospitalised populations is similar to CSMF of communities without
access to hospital, that hospital diagnoses are accurate, and the response to VA
guestionnaires is similar between relatives of people that were hosgpitatid

those who were n8t. Here we will analyse these three statements.

Concern has been expressed about the assumption that the CSMF in
communities with and without access to hospitals are similar. People agcessi
hospitals are different from people dying at home for a number of reasons:
travelling distance to the hospital is a barrier to access, education and socio-
economic status influence access to hospital and these factors may be
associated with different patterns of disé&s®eaths due to sudden causes

may be underrepresented in hospital as they leave little time to the patient to
reach the health facilit§?.

The second assumption is that hospital diagnoses are accurate. Rural hospitals
and health centres in developing countries in particular lack sufficient gdalifie
staff, basic diagnostic facilities and detailed hospital records, theadaret

allow a high level of accuracy in recording causes of death making it a
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problematic “gold standaré®*?%° Referral centres in urban areas with better
diagnostic capabilities have different catchment populations from the rural
areas where most deaths occur at home. The Population Health Metric
Research Consortium recently used considerable resources to overcome the
problem of inadequate representativeness and inaccurate diagnoses offered by
the available validation datasets by recruiting large hospital populations acros
six countries and fixing clear diagnostic criteria for a number of causes of
deat®™. This validation dataset however still presents the drawback of using
tertiary referral hospitals located in urban areas in the attempt to provide bette
diagnostic accuracy and consistency: therefore it requires the CSMF of these
urban hospital populations to be similar to any other population in need of
verbal autopsy data.

The third assumption is that respondents who have been exposed to a hospital
environment would respond in the same way as respondents who have not had
any contact with a clinical setting. However it has been suggested that people in
contact with the health system may be more accurate in their description and
recognition of signs and symptoms or may know the diagnosis in comparison to
communities that did not have any contact with medical persoafigl To try

and overcome this issue the Population Health Metric Consortium analysed
their data with and without diagnostic indicators only available to patients
admitted to health facilities, to simulate the situation of populations with no
contact with health servic& This does not, however, consider the knowledge
that people derive from staying in a clinical environment during the terminal
illness of a close relative, neither can account for the different socio-eanomi
profile of populations living in urban and rural areas.

Because of the fallacies of the assumptions above, validation studies in
populations with a particular epidemiological structure may not be universally
applicable, as their sensitivity, specificity and positive predictive valuendepe

on their CSME®>. Knowing the true CSMF in a population allows correction of
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misclassification errors, defined as the failure of the VA instrument toctlyrre
estimate the proportion of death due to a specific é&uddis happens when
the VA instrument attributes a specific cause of death when this is not true
(sensitivity) or when it fails to attribute it when this is present (spégific
Specificity increases the accuracy of a VA fdbIMisclassification errors are
dependent on the prevalence of a specific cause of death in the population and
can be corrected if the true CSMF is known, therefore through validation
studie$®® However hospital diagnoses are not necessarily an accurate
substitute of the “true population CSMF” leading to a cyclical
argumernt#16:299

In populations with good access to health care a high proportion of deaths
occurs in hospitals. With no, incomplete, or inaccurate vital registration
systems, hospital diagnoses may play an important role to improve cause of
death data. VA have a role in improving data derived from poor ICD-10
coding® The King and Lu and the SP methods may be best applied in
population where most deaths occur in hospitals. They could contribute
information to incomplete vital registrations systems by allowing deaths
occurring at home to be diagnosed with use of VA.

A number of validation studies have been conducted for VA in all age
group$®, including newborns, on the basis that even though the process may
not be entirely satisfactory it is nevertheless the only way to check whether
diagnoses obtained through the VA process are accurate, at least when

compared with the hospital setting.

Both physician revie#/” and data derived methods have been validated using
hospital diagnoses. In the perinatal/neonatal period, different diagnostic
algorithms have been used and therefore their comparability is poor. This is

true both for the order in which diagnoses are hierarchically {tadd for the

63



specific definitions choséf3’

(Table 1.3). The use of algorithms has proven
helpful, particularly for certain well defined diagnoses such as neonatal tetanus
with distinctive signs and symptoms, but sensitivity and specificity remain low
for common diagnoses such as perinatal asphyxia and infections with huge
overlapping of symptoms and sigf&® This constitutes a significant

limitation for computerised algorithms: for example prematurity and low birth
weight had high sensitivity and specificity in some studfdsut not in

other§'’. Death due to sepsis was often underestimted

To optimise hospital record performance as validation tools, the use of
adequate and internationally agreed standard definitions is paramount.
Currently, available databases are not necessarily representative of the
populations most in need for verbal autopsy data interpretation: establishing
international databanks joining existing databases with standard definitions of
signs and symptoms and of causes of death could potentially improve
representativeness and serve as a better tool to validate new or improng existi

computerised approaches to interpreting verbal autopsy questionnaires.

Physician review has been used to validate verbal autopsy tools in absence of
hospital validation data, however this approach presents a large number
limitations. As discussed above the cause of death in this context is driven by
the physicians’ opinion, which in turn depends on the single physician
experience and knowledge of the local epidemiology and the use of
predetermined algorithms. In studies where physicians’ opinion is compared
with hospital diagnoses the agreement between physicians is very
variablé'!®*'® Sensitivity and specificity compared with hospital diagnosis in
neonatal populations varied between 64-74% in a recent’staayl concerns

about inter- and intra-rater reliability are well-described
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Computerised methods are becoming more and more promising as
mathematical modelling and machine power improve. However the limitation

in their development will always be linked to the quality of the validation data
on which these programmes are modelled. The focus of future research should

be centred on exploring better validation models.

In developed countries the most common cause of death un-witnessed by a
health professional in the paediatric population is “Sudden Unexplained Infant
Death” (SUID) or “Sudden Infant Death Syndrome” (SIDS). In these
circumstances infants reach the health facilities post mortem. Tdigates

such cases complex inquires are undertaken including interviews with carers,
visits to the place of death and finally post-mortem investigations. Only this
comprehensive approach has lead to improvement in understanding and
therefore effective preventive strategies to be devefdpedEven though such
thorough investigations would be difficult to apply in developing country
settings an open mind to alternatives or adjuncts to hospital records should be
kept to improve the quality and reliability of computerised methods which are
likely to inform us on causes of death for the majority of the population of the

world in the near future.
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Table 1.4- Definition of Causes of Neonatal Deaths

Congenital Prematurity/ Asphyxia Neonatal tetanus Neonatal sepsis ALRI Birth injury Diarrhoea
malformation SGA
Kalters'? Pregnancy Not able to cry after bith ~ Age 3-27 days and Fast breathing
ended early and and either convulsions or  convulsions or spasms and chest
baby very small spasms or not able to and able to suckle or indrawing
or smaller than breathe after birth or not cry normally after birth
usual at birth able to suckle normally and stopped suckling
after birth or crying
Marsh3'®  Visible anomaly Prematurity: Death <7 days of age, Death 4-28 days, baby ~ Death after day1 + 2 of the Cough, difficulty 3 or more loose
Pregnancy <8 convulsions in first 2 sucks or drinks well for  following: jaundice, fever or breathing, rapid liquid stools/day,
full months days, breech, Labour>24 2 days after birth, hypothermia, convulsions, vomiting  breathing, chest dry mouth,
SGA: Baby hours, continuous poor stops sucking any time indrawing >24hrs, sunken fontanel,
smaller than suck or, extreme after 2nd day jaw nasal flaring >24 extreme thirst,
usual baby irritability or weak cry or continually locked, hrs, grunting >24 sunken eyes,
<2500 at birth sleepiness for 1st2 days  arching of back or hrs, blue loose stools >14
rigidity, convulsions lips/tongue days
after day 2
Baqui¥®®  Physical Baby very small Age at death <7 days Age at death 3-27 At least 2 of the following: stopped Age at death Local term for
malformation or or smaller than AND not be able to cry days AND EITHER suckling, fever OR cold to touch, <7days AND diarrhoea or
gross usual at birth after birth or not able to local word for tetanus unresponsive or unconscious OR signs of injury  frequent/
malformation breathe after birth or not OR lethargic, bulging fontanel, at birth watery/loose
present at birth able to suckle normally convulsions/spasms convulsions, vomiting (redness OR stools

after birth

and able to suckle or
cry normally after birth
and stopped suckling
or crying

drainage from the umbilical stump),
OR skin bumps containing pus or
blisters or single large area of pus
with swelling, chest in-drawing, fast
breathing OR local term for
pneumonia
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Cont. Table 1.4- Definition of Causes of Neonatal Deaths

Congenital Prematurity/ Asphyxia Neonatal tetanus Neonatal sepsis ALRI Birth injury
malformation ~ SGA
Freeman® Abnormality of  Birthat GA<9 Death within 1st 7 days Death between 5and  Any 2 of the following: poor suck Death between 3 Loose watery
2 head, eyes, months and small of life and failure to 28 days and any soon after birth or prior to death, and 28 days and stools in the 2
ears, nose, size at birth breathe/cry after birth; stiffening of the body, ~ weak cry or cessation of crying, difficulty breathing days prior to
mouth, jaw, and either convulsions arching of the back, fits  purulent rash anywhere on the body,  and either fast death
arms, hands, and died within 2 days of ~ or convulsions in 2 high fever breathing or chest
back, legs, birth or not able to days prior to death indrawing in the 2
feetor breathe/cry for 2 or more days prior to
genitalia at minutes or not able to death
birth suckle normally after birth
Edmond® 1 or more of: 1 or more of: severe  Infant =33 weeks GA due Infant =233 weeks GA due to 1 or
2 major lethal immaturity (<33 to 1 or more of: more of;
congenital weeks), Bwt <1.8 Kg  Obstetric complications, Tetanus, meningitis, pneumonia,
abnormalities where GA is maternal haemorrhage, diarrhoea, septicaemia, other
unspecified; unknown, specific or clinical diagnosis of infections
specific severe birth asphyxia (no cry
abnormality complications of soon after birth + either
e.g. neural prematurity such as convulsions/spasms or

tube defect

surfactant deficiency
or NEC

not able to suckle
normally after birth)




1.9 - Social Autopsies

It is well recognised that environmental and social factors have a
central role in perinatal and neonatal health and disease in developed and
developing countri€é*>?" In countries where vital registration is incomplete
or not existing, the identification of social causes of death may be as relevant
from a public health perspective, as the clinico-pathological processes
investigated using verbal autopsfés The systematic use of death enquires
and audits has proven useful to improve health services performance in
developed countries as each death is analysed in context, therefore both clinical
and non clinical component are analysed and modified as required (CEMACH
http://www.dur.ac.uk/ne.pho/index.php?c=473)Suboptimal care and system
shortfalls are taken into consideration, changes can be implemented and
reviewed for example as part of the audit cycle, to ensure mechanisms are in
place to avoid death where possible (http://www.hqip.org.uk/). New concepts
such as the “human factor” have acquired an increasing importance in health
care in the most recent years as a result of analysis derived from deaths or
critical incident&®®. The human factor definition within the UK National Health
Service consists of all features that influence people’s behaviour, such as their
own personality, the environment where they operate, the organisation where
they work and their job requirements (http://www.patientsafetyfirst.nhs.uk). It
has been recognised that factors well beyond clinical competence can impinge
in the quality of care delivered when, for example, team work is not effective,
therefore effort has been placed to understand and manipulate those factors.
Equally in developing countries the process of establishing causes of death
needs not to be limited to establishing clinical diagnoses. Audits of health
facilities have been used and showed some effect in reducing perinatal

mortality in several countriés %> However the majority of deaths occur
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outside the health facilities and there is need to explore at community level
what are the circumstances leading to deaths and what changes can be
introduced to avert deaths. Community audits have beef*fjsettl as part of
them social and verbal autopsy tools have been used to gather information.
Social autopsy interviews explore the context in which each death occurs and
add essential information to the verbal autopsy interview for public health
decision makini’’3*° Social autopsies explore death through the whole
pathway from well-being to disease and death. Their framework investigates in
detail the steps from the recognition of iliness to the actions taken (or
otherwise) to re-establish health. The analysis includes home care precedure
traditional beliefs associated with health and illnesses; and the usdtbf hea
providers whether traditional or allopathic. It takes into account the actions of
the health providers within the health system. If referral is required it looks at
how this is (or is not) followed up. The outcome is complex but helps to
establish not just the type of intervention but also the timing and the location
where this could be most effectifé

Although not originally called social autopsy, the concept has been developed
initially within the maternal health groups. “Beyond the Numbers”, a WHO
document aimed at understanding “the underlying factors that lead to
[maternal] deaths”, calls verbal autopsy an instrument that involves a much
broader remit than the term generally implies: much closer to the socialyautops
framework. Concepts well described in this document could helpfully be
transferred to the perinatal and neonatal cofftextn example of information
captured using the social autopsy approach is exploring the three causes of
delay in receiving treatment. Understanding the reasons beyond failure to reach
a health facility, for example lack of transport to access to health facisitie
essential®3* If the health facility is not reachable, even if health provision is
optimal, death would not be averted. This information is crucial to policy

makers to allocate resources.
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This thesis will not analyse the social causes of neonatal deaths as its
focus is the interpretation of causes of death in the clinical sense. Social
autopsy data exploring care seeking behaviour were not collected with the aim
of developing social autopsy tools. Definitions for social causes of death need
to be developed for the perinatal and neonatal period using available
frameworks. Computerised systems for the interpretation of social autopsy
guestionnaires could also be adapted making data more easily available to
policy makers. The issue of validation is challenging as it is difficult to think
about an objective gold standard comparison. As for verbal autopsies, the lack
of appropriate validation is problematic if resources are allocated on tlse basi
of results obtained by analysing questionnaires whether through computerised

systems or use of health personnel.
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1.10 - Perinatal/Neonatal Verbal Autopsies

As neonatal medicine progresses and infants are cared for at an evesidgcrea
gestational age, the definition of stillbirths has been evoltingapturing
stillbirths and separating them from early neonatal deaths is difficult wAth V
The accuracy of recollection and/or believes around early deaths may alter the
perception and the narrative of the families involved with over or
underreporting of stillbirthi>. Therefore stillbirths are excluded in many

studies describing neonatal mortality (Table £%¥*3*® Finally, data on

stillbirths are not consistently collected as they are not part of national or global
mortality statistics. There are no validated algorithms to classify them
accuratel§*’. Nevertheless they represent a large mortality burden, almost
equal to neonatal mortality and deserve attention if stillbirths are to be
reduced”®*° Moreover interventions targeting the perinatal period are likely

to affect their number and proportion, making it even more important to follow
up trends over time, particularly in the context of a reduction in under-five

mortality.
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Table 1.5 — Methodology Studies on Stillbirth and Neonatal Verbal Autopsies

Author and  Country VA Stillbirths Purpose of the study VA Classification of Interviewers Causes of Interpretative Recall Hospital
year number questionnaire causes of death death method period “validation”
Guatemal
a, Congo , .
Engmann . 7 Exploring coding Open and closed ICD-10 .
20113! errr:gm 252 134 strategies questions Lay Three 2 physicians nfa no
Pakistan
Edmond Validation of physician ~ Open and closed
. Ghana 502 314 review compared with questions WHO Purposefully written Lay One 3 physicians Yes
2008352:353
hospital diagnoses questionnaire
5 diagnoses -
. . Modelled on . 2 Physicians
Different algorithms to (Congenital Lay-10 .
lgsie 2008 Nepal 759 0 diagnose perinatal X}TSS dogﬁgeznd malformations, NNT, years VA Multiple ar;grggfsgm n/a No
asphyxia questions sepsis, birth a§phyX|a, experience algorithms
prematurity)
582 Validation of all ages
gggg’m Tanzania  (SB& VA with hospital O{f’:;ggg closed ICD-10 Lay Three  2physicians  n/a Yes
NND) diagnoses a
Setel Chinaand  SB& Production of core Open and closed i
2006356 Tanzania NND forms for VA studies questions ICD-10 Lay Three n/a No
7 diagnoses:
I turity, NNT
Validation of an prematurtty, ’
Freeman Nepal 167 0 algorithm to diagnose Open.and closed asphyxia, ALRl’ Lay Multiple 2 physicians n/a No
200537 neonatal VA questions congenital
malformations, sepsis,
diarrhoea
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Cont. Table 1.5 — Methodology Studies on Stillbirth and Neonatal Verbal Autopsies

Author and  Country VA Stillbirths Purpose of the study VA Classification of Interviewers Causes of Interpretative Recall Hospital
year num questionnaire causes of death death method period “validation”
ber
Marsh 9 diagnoses (Sepsis,
200388 prematurity, Lay: 1
_— SGA,LBW, birth woman
Validation of an o . .
Pakistan 137 0 algorithm to diagnose Open.and close asphyxia, .NNT’ mterwe\./ver.. Two 2 physicians 8-230 Yes
questions congenital Education: days
neonatal VA ) .
malformations, MA in
diarrhoea and Economics
pneumonia)
Bang India i i Suggested perinatal i List of 16 causes of
1992208 VA criteria death
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For accurate reporting of causes of stillbirths and neonatal deaths theréoneeds
be a classification of causes of death with clear and unambiguous definitions
for use in verbal autopsy studies.

In the UK a succession of classifications for clinical purposes have been used,
as the needs of clinicians evolved. In the 1950s in Scotland perinatal mortality
rates was as high as 50 deaths per 1000 births per year and clinicians’ interests
were mostly focused on obstetric causes of perinatal deaths. Classificat

were therefore centred on obstetric underlying causes of death and required
details provided only by post mortem examinatidh®: As neonatal health
improved, clinicians interest on newborns increased and classifications used
more clinical information, moving away from the requirement of post
mortems®

In 1980 Wigglesworth proposed a perinatal death classification listing 5 causes
of perinatal death, based exclusively on clinical information: such as birth
weight and time of deaif? (Table 1.5). In 1986 Hey proposed an extended
Wigglesworth classification integrating Wigglesworth criteria with the oabi
Aberdeen classification. He refined clinical definitions and suggested a flow
chart to guide the correct use of the classification and suggested using the
International Classification of Disease coding for each of the factors

contributing to the death for comparabiffty/

The debate about the most appropriate classification has been lively in the
UK3® Several other perinatal death classifications have been proposed in
different countries and at different tini&%s mostly modelled on these two.

In 1998 the NICE classification was proposed in Sweden to analyse causes of
perinatal death from 4 national registers using a computer based method. The
NICE classification is a hierarchical etiological classificataiming at

describing the events leading to death, similarly to the Aberdeen
classificatiori®’*® It includes 13 causes of death: 7 of which describe physio-

pathological causes of death. The causes of death unexplained by etiological
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criteria were divided into categories, in the attempt to store most of the
available information. The approach of this classification was of interdss to t
international health community as it was proposed as an epidemiological tool

rather than as a clinical instrument (Table 1.5).

Table 1.6- Perinatal Classifications of Causes of Death

ABERDEEN?3® WIGGLESWORTH?37 NICE3"!

Congenital anomaly Lethal malformation Congenital anomalies
Multiple births

Maternal disorder Maternal disease

Pre-eclampsia
Iso-immunisation Specific conditions Specific foetal conditions
Miscellaneous

Unexplained Small for Date

Ante-partum haemorrhage Placental abruption

Mechanical Obstetrical complications
Unexplained ante partum
stillbirth <37 weeks
Unexplained antepartum
stillbirth >=37 weeks
Specific infant condition

Unexplained <2500 Death before onset of labour

Unexplained >= 2500

Asphyxia condition developing Unexplained asphyxia

in labour

Condition associated with L )

immaturity Unexplained immaturity
Unclassifiable Unclassifiable Unclassifiable cases
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1.11 - Classifications of Causes of Stillbirth and Neonatal Death in
Developing Countries

Developed countries rely on information extrapolated from a wealth of
clinical information such as clinical records, imaging, laboratory tests, and in
some instances post-mortem examinations. Few studies evaluate existing
neonatal death classifications in developing countries, and mostly provide data
from a hospital perspective. Amar used the Wigglesworth classification for
institutional deaths in Malaysia and found that nurses could classify all
stillbirths and neonatal deaths in the study and only 2.9% of 482 deaths had to
be reclassified by doctofd. Similarly in Bangladesh the same classification
was used by nurses, midwives and doctors to classify 1069 perinatal deaths and
only 9% were ascribed to a miscellaneous or “other” causes of Beath

However, when data from verbal autopsy were used, the existing
classifications left many deaths undetermii&t{> Elamin et al compared the
Wigglesworth, Aberdeen and North Baltic classificatfdnsSudan using VA
data. The authors used three criteria to judge them: simplicity, validity and
usefulness in improving quality of care. They valued the Nordic-Baltic
classification over the others; however they found that all available
classifications used very detailed categories resulting in large numbers of
unclassifiable data, with information loss. They concluded that existing
classifications have limited value in guiding clinical care and policies in
developing countri€®. In 1992 Bang proposed the first neonatal death
classification for the analysis of neonatal verbal autopsy%ata

In collecting and reporting the main causes of neonatal mortality
CHERG proposed a very simple classification with only 8 categories:
accidental deaths, congenital abnormalities, prematurity, birth asphyxise sever

infections, tetanus, diarrhoea, other specific conditidnghe CHERG

2 Based on 6 criteria for diagnosis (lethal malfatiora gestational age, birth-weight, Apgar score,
multiple births time of deathf°
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classification is simple, with mutually exclusive categories, and distaies
between groups of diseases relevant from a public health perspective.

Given the nature of verbal autopsy data and the need to compare them
across countries and over time, classifications require strict definitions,
standardised for international 4§&*’° The CHERG hierarchical classification
modifies and simplifies the definitions used by the NICE group, offering an
accepted international standard, however it does not include stillbirths.

An adaptation of the NICE and CHERG classifications was subsequently used
successfully in Kintampo, Ghana in a study to establish causes of perinatal and
neonatal deaths, only 1.4% of causes of neonatal death were left undiagnosed
and about 68.5% of the fresh stillbirth and 43% of macerated stillbirths were
further classifietf*®*(Table 1.6).
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Table 1.7 - Kintampo Classification

Antepartum stillbirths*

Intrapartum stillbirths**

Neonatal deaths***

Congenital abnormality (Major
or lethal congenital
abnormalities unspecified;
specific abnormality:
neurological, neural tube
defect)

Maternal disease (one or more
of: eclampsia, pre-eclampsia,
renal disease, hepatosis,
severe anaemia, severe
infections (Syphilis, HIV,
malaria, other)

Maternal haemorrhage (one or
more of placental abruption,
other haemorrhage)

Other (cause not included in the
first causes, including, accident,
injury, foetal infection, hydrops
foetalis

Unexplained: unknown cause

Congenital abnormality

Obstetric complications (one or
more of malpresentation, cord
prolapse, precipitate labour,
prolonged or obstructed labour,
uterine rupture, other specific
obstetric complications sufficient
to cause death

Maternal haemorrhage

Other

Unexplained

Congenital abnormality

Prematurity (one or more of: GA <
33 weeks, Bwi< 1.8 Kg with
unknown gestation, specific severe
complications of prematurity:
surfactant deficiency, NEC)

Birth asphyxia (GA >33 weeks and
one or more of obstetric
complications, maternal
haemorrhage, clinical diagnosis of
birth asphyxia: no cry soon after
birth plus either
convulsions/spasms/not able to
suckle normally after birth)

Infection (GA>33 weeks and one or
more of tetanus, meningitis,
pneumonia, diarrhoea, septicaemia,
other infection)

Other: GA >33 weeks and cause
not included in the first causes,
including, accident, injury, infant
haemorrhage, RDS, severe
neonatal jaundice)

Unexplained

Note: *Antepartum stillbirth any foetus >28 weeks gestation dying before onset of labour when
mothers reported loss of foetal movements before birth or macerated at birth; ** intrapartum
stillbirths: foetal deaths above 28 weeks gestation when mothers reported baby movements in
labour or delivery and normal skin at birth; ***neonatal death infant born alive and cried, moved

or breathed after birth and then died within the first 28 days of life
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1.11.1 International Classification of Disease

While a number of different perinatal death classifications are in use in
developed and developing countries, the International Code of Diseases,
Version 10 (ICD-10) has been universally accepted to code all causes of deaths.
Diagnoses from death certificates and verbal autopsies therefore are best
reported using the ICD-10 syst&fh Chapter 15 and 16 of the ICD-10,
dedicated to “Certain conditions originating in the perinatal period (POG-P96)
and to “Congenital malformations, deformations and chromosomal
abnormalities (Q00-Q99Yespectively, count over 100 causes of d&atf his
complexity is not suitable for data derived from verbal autopsies, and as a
consequence, simplified versions of the ICD-10 are in use. The INDEPTH
network and WHO compiled simplified lists of causes of death for VA
(Simplified ICD-10 for VA) in use in many studié&*®* The simplified
version of the ICD-10 coding for use in verbal autopsy’daséill contains a
number of diagnoses not easily distinguishable by VA such as prematurity
versus low birth weight infants, neonatal pneumonia versus congenital viral
diseases and bacterial sepsis to mention &few

Coding the causes of death using the ICD-10 requires training as the
coders needs to express multiple causes of death according to a pre-established
hierarchy®. The ICD-10 has been conceived to classify clinical diagnoses and

may not be the most appropriate mean of classifying VA data for public health

use,
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1.12 Research Gaps

In summary the knowledge gaps identified from the literature review were the

following.

1. Questionnaires: the WHO proposed a standardised questionnaire for research
purposes. However, it remains to explore whether much shorter versions could be

devised for large surveys.

2. The most appropriate interviewers’ characteristics in term of age and gender,

and the ideal time interval between death and interview are still to basistdbl

3. A classification of causes of deaths for the perinatal period has not been
universally agreed. The inclusion or exclusion of stillbirths from such

classification is of relevance and is still being debated.

4. The diagnostic coding commonly used refers to the ICD 10 system of
classification that is far too detailed for VA purposes and does not include
stillbirths. This needs to be adapted to the VA context.

5. The main research dilemma on VA remains the interpretation of the VA
guestionnaires to achieve consistent and accurate diagnoses. While consistency
can be achieved with computational method, establishing the accuracy of the VA

interpretation is extremely difficult.
6. Closely linked with the previous point is the establishment of the most

appropriate validation method to which comparing computerised methods to

interpret VA questionnaires. Hospital diagnoses and physician review have been
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used to compare the performance of new VA interpretation methods. Better means
of comparison such as use of post-morf&ii&’or full confidential enquiries as
they occur in developed countries,

(http://www.cdc.qov/sids/TraininqMaterial.h}f‘ﬁsor use of information collected

from community surveys particularly for specific causes of death, such as
prematurity for the newborns, need to be explored.

This thesis explores the differences in the completeness of questionndires a
availability of open histories as a proxy for quality of questionnaires at different
time intervals between death and interview. It proposes a classificdtio

perinatal causes of death, including stillbirths and a shortened questionnaire for
use with a computerised interpretative methods. It highlights some of the
limitations of using physician review to interpret VA questionnaires, while
proposing standardised algorithms to improve consistency of data interpretation
using this method.

Finally it described the adaptation of InterVA to the neonatal period, and proves
its internal consistency, however it cannot provide data on its accuracy as it

compares it with physician review with its limitations.
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1.13 - Conclusions:

Targeting interventions appropriately in developing countries to reduce
childhood mortality requires causes of death data.

As vital registration systems are not widespread, particularly in the
poorest countries where the majority of deaths occur, different strategies to
collect mortality data are necessary. They mostly rely on the use of VA to
establish causes of death.

Stillbirths are often neglected and not included in VA studies.

Several classifications with associated definitions of causes of death are
used to classify stillbirths and neonatal deaths, and international coding is not
aimed to information collected through verbal autopsies.

Verbal autopsies have been used for over fifty years, but there is no
consensus on a methodology to collect (questionnaires, interviewers
characteristics, time etc) and interpret data.

Data interpretation is obtained either by physician review or by an ever
increasing number of data derived methods.

Validation methods to assess the accuracy of VA results have limitations,
but no studies into the use of different validation models are available.
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Chapter 2:

Study Settings

2.1 - Malawi

2.1.1 Geography and Climate

Malawi is part of East Africa and borders with Tanzania to the north and
northeast; Mozambique to the south, south west and east; and Zambia to the west
and northwest. The country total surface is 118,484akmi is divided politically
in three regions the northern, the central and the southern. About one fifth of its
surface is occupied by Lake Malawi, which is part of the Rift Valley, crossing the
country from north to south. South and west of the lake are high plans culminating
in the south to Mt Mulanje, the highest peak in the country: 3,002m above the sea
level (Figure 2.1).

The climate alternates between two seasons: dry and colder from April to
October, wet and hot from November to March. The temperature reaches about
30°C on the lakeshore and can be as low as 0°C in the higher areas of the Mulanje

plain.
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Figure 2.1 - Map of Malawi

Note: Adapted from United Nations 2004
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2.1.2 Population

Malawi has a population of just over 13 million, one of the most densely
populated countries in the regi8h The majority of the population lives in rural
aread®® and urbanisation is increasing slowly. The main ethnic groups are
Chewa, Yao and Ngoni, each with their own language. The Chewa group

predominates. The official languages are Chichewa and English (Table 2.1).

Table 2.1 - Malawi Demographic Indicators

1998 2008
Total Population 9,933,868 13,077,160
Population density (per Km2) 105 139
Northern region (per Km?) 46 63
Central region (per Km2) 114 155
Southern region (per Km2) 146 184
Annual growth rate (87-98) 2 (98-08) 2.8
Rural (%) 86 85
Urban (%) 14 15
Total fertility rate(%) 48 5.2
Literacy rate (%) 57 64
Women literacy rate (%) 51 59
Orphans (%) 10 12

(under 20 years) (under 18 years)

Note: data derived from Malawi Census>2°%
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2.1.3 Economy

The country is rated amongst the low income countries by the World Bank, with

about 68% of the population living under the poverty*fiiét ranks 198 out of

210 for Gross National Income (GNI) per capita

(http://siteresources.worldbank.org/DATASTATISTICS/ResourcesRaNbdf).
The economy is almost exclusively agricultural with a large part of the

agricultural land dedicated to subsistence farming. About 90% of the exports are

from agricultural products: tobacco and, to a lesser extent, coffee, tea arid'sugar

(Table 2.2).

Table 2.2 - Malawi Economic Indicators

Malawi 1987 1998 2008
GDP (million current US$)* 1,183 1,750 4,269
GDP growth (annual %)* 2 4 10
GNI per capita, PPP (current
international $)* 400 600 830
Official development assistance & 275 434 735 (2007)
official aid million (current US$)
. 0.379 0.493
Human Development Index (1985) (2007)
*Note: For the definitions please refer to the Glossary Source:

http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20399244~menu

PK:1504474~pagePK:64133150~piPK:64133175~theSitePK:239419,00.html
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214 Health Sector: Obstetric and Neonatal Indicators

Malawi maternal mortality ratio is one of the highest in the wotld984
per 100,000 according to the 2004 DffSThese data were measured using the
sisterhood method, by which women were asked about whether any of their
female relatives died in childbirth. Although retrospective, this remainsake m
accurate method available and it is indicative of the generaftfend
In 2004, 95% of Malawian pregnant women attended antenatal care (ANC) at
least once during their pregnancies, 92% in a health facility. The majority
presented for the first time in the second or third trimester of pregnancy and only
about 57% attended all the four recommended ¥3itThe number of deliveries
assisted by a trained health attendant defined as a medical doctor or a nurse
midwife was 56.1% in 200%. Emergency obstetric care was of poor quality and
underutilised. The highest percentage of deliveries attended by trained personnel
was in cities, amongst the richest quintile and the better educated. Postreatal ¢
uptake was still very limited, with 69% of women never receiving a postnatal
check.

The 2004 MDHS reported a neonatal mortality rate of 27 per 1000 live
births***, a considerable drop from 42 per 1000, in 2000. The apparent 36%
reduction of neonatal mortality was explained in the MDHS 2004 by artefacts in
data collection rather than being considered as a real decrease. It wastbserv
that the total number of births during the first year of the MDHS survey was
inexplicably low compared with the preceding and following years of the survey.
This seemed to occur because of a systematic error in reporting datels of birt
deceased children born in the first year of the survey as occurring in the year
preceding the survé¥. Since the last MDHS there had been no change in skilled

birth attendance at delivery, rate of attendance to ANC, or coverage of TTV in
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ANC, factors that are mostly related with neonatal rates. Moreover the

percentage of neonatal deaths compared with under five mortality was low (20%)
in the 2004 MDHS, compared with most developing countries where neonatal
mortality accounts for about 40% of under five de&fH@able 2.3). Between the
Malawi DHS 1992 and 2004 maternal mortality ratio estimated through the
sisterhood method (each woman interviewed is asked for the number of her sisters
who died, their age, cause of death and whether they died in pregnancy or within
two months of a pregnancy) went from 620 to 1120 to 948 per 168>000s

likely that this discrepancy is due to the inaccuracies of the sisterhood method
rather than real changes over a short period oftfine

Table 2.3 - Malawi - Maternal and Neonatal Health Indicators

1992 2000 2004
Maternal mortality ratio (per 100,000) 620 1120 984
Neonatal mortality rate (per 1000) 42 49 27
Infant mortality rate (per 1000) 134 112 76
Under five mortality rate (per 1000) 234 187 133
Perinatal mortality rate (per 1000) n/a n/a 34
Note: data from>*****
2.1.5 Health Service Structure

Health care in Malawi is delivered free of charge. Antenatal, basic bstet

services, (defined as the availability of parenteral antibiotics, pareoxstacic

drugs, parenteral sedatives for eclampsia, manual removal of placenta and manual
removal of retained produétd), and neonatal care are offered in the majority of
health facilities. District hospitals offer comprehensive essestigtetric care

defined as the availability of basic care and surgery, anaesthesia, and blood

transfusior’”. Shortage of personnel, disposables and drugs is not uncommon. A
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parallel fee paying system is the Christian Health Association of MaGdA[M)
that offers mostly a primary care service in rural areas. The private sector i
limited to towns and larger centres and generally does not offer assisted

deliveries.

2.2 - Mchinji District and Mai Mwana Project

Mchinji District (Figure 2.3) is one of the districts of the Central Region.
Its population was just under 460,000 people in 2508 he district lies in a
plain. Its main road crosses the south of the district through its main centre
(Mchinji Boma) and connects Lilongwe to Lusaka in Zambia. Another tarmac
road crosses the district north to south and connects Mchinji to Kasungu district.
Over 90% of the population depends on agriculture as the main economic activity,
organised as smallholders or estate workers, but generally productivity is low
resulting in food insecurity and malnutrition. Safe water is accessible to 95% of
the population and latrines to 77
HIV prevalence measured amongst pregnant women aged 15-49 was 14.8
(77/522) in 2005 and decreased to 8.8 (44/500) in 287
The health service consists of a District Hospital located in the main niawnket
With about 2000 deliveries per year, it is the only facility in the district offering
caesarean sections. A small nursery for neonatal emergencies is alduevaila
where oxygen and phototherapy can be delivered. Another 7 health centres, one
rural hospital and 3 health facilities run by the Christian Health Association of

Malawi (CHAM) are scattered in the more rural parts of the district (EigL).
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Source: Centre for International Health and Development
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Figure 2.2 -Map of Mchinji District Health Facilities

Source: adapted from Malawi DHS and Mai Mwana GPS map
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221 Maimwana

The Maimwana (mother and child) Project is a cluster randomised controlled
study set up to test the effectiveness of two community participation
interventions. One intervention was based on a community action cycle delivered
through women'’s groups on the model of the MIRA Makwampur study, N&pal

403 The second intervention used peer counsellors to increase the rate of early
and exclusive breastfeedif{g*®

The study population consisted of 48 clusters (zones) each with a population of
about 8,000, obtained from the 1998 census Enumeration Areas. Of each cluster
about 3000 population was selected from the centre of each zone to constitute the
study population.

All women of childbearing age (WCBA), who consented to the study, were

visited by women enumerators (one per zone) every month with a brief
guestionnaire to establish whether the WCBA missed her period, when the same
WCBA misses 3 consecutive periods she was considered pré&daantnotified

to a field interviewer (Fl). If the pregnancy carried on, a field interviewer (ane pe
one to two zones) visited the WCBA at 1 and 6 months after the birth of the infant
with a questionnaire about the pregnancy, delivery and postnatal care. If the
pregnancy ended with a stillbirth or a neonatal or a maternal death the Monitoring
and Evaluation Officer (M&EO) was notified and visited the family with a verbal
autopsy questionnaft®

As part of the study a health strengthening strategy was set up across the district
to improve maternal and newborn services within the existing health services. As
part of the health strengthening activities a Prevention of Mother To Child

Transmission of HIV (PMTCT) programme in the district was also estatifféhe
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PMTCT Awareness Campaign — Mchinji District 2005
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2.3 - Nepal

2.3.1 Geography and Climate

Nepal borders with Tibet to the north and India to the south, east and west. It is a
landlocked country of 147,181 Kmwith a great diversity of geographic and

climatic zones. The Himalayas (4000 to 8000 m above sea level) lie on the north,
bordering with China. They are the least densely populated areas of the country,
with an arctic, hostile climate and extremely difficult communications. Tliés"H
ranging from 800 and 4000m above sea level have a temperate climate, and are
more densely populated, hosting about 42% of the population. Kathmandu, the
capital city is in the Himalaya valley at 1350m above sea level. The Gangetic
plains, at sea level have a tropical and subtropical climate and mostly occupy the
south of Nepal (Figure 2.3). They are the most fertile, densely populated area and
enjoy better communications. Nepal has a wet warm monsoon season between
June and September and a dry season for the rest of the year. The rainfall varies

widely across the different climatic zones.

Source: Centre for International Health and Development
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Source: Adapted from http://www.venturenepal.com/nepal-resources.aspx
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2.3.2 Population

Nepal's population was just over 23 million in the 2001 census and it is projected

to be about 28 million in 20£%°. The average population density was 157 per
Km? according to the 2001 census (Table 2.4). There are 103 different ethnic
groups each with a different language. Nepali is the official language and the

majority of the population can understand it.

Table 2. 4 - Nepal Demographic Indicators

1991 2001
Total Population (million) 18.5 23.2
Annual growth rate 2.1 2.2
Male - life expectancy 55 60.1
Female - life expectancy 53.5 60.7
Population density per Km2 126 157
Urban Population per Km2 9.2 13.9
Total fertility rate 4.6 41

Source: http://www.digitalhimalaya.com/collections/nepalcensus/

2.3.3 Economy

Between 1996 and 2006 a civil war between the Maoists and the

government tore down Nepal’s constitutional monarchy who had been in power

since 1990. Nepal is now one of the poorest countries of the world with about 1/3

of its population living below the poverty lif8 It ranks 19% out of 210 for
Gross National Income (GNI) per capita, 5 places above Malawi (Table 2.5).
(http://siteresources.worldbank.org/DATASTATISTICS/ResourcesRaNbdf).
The majority of the population lives in rural areas and agriculture is the main
economic activity employing 80% of the population involved, but contributing to
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only 39% of the national GDP. The greatest economic entry is offered by

remittance from abroad.

Table 2.5 - Nepal Economic Indicators

Nepal 1988 1998 2008
GDP (million current US$)* 3,487 4,856 12,615
GDP growth (annual %)* 8 3 5

GNI per capita, PPP (current 460 730 1120
international $)*

Official development assistance & 408 401 598**
official aid million(current US$)

Human development index* 0.309 (1980) 0.553 (2009)

* For the definitions please consult the Glossary ** data from 2007 . Source:
http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20399244~menu
PK:1504474~pagePK:64133150~piPK:64133175~theSitePK:239419,00.html

2.34 Health Sector: Obstetric and Neonatal Services

Health policy for Nepal, as for most countries has been dominated in the last
decade by the Millennium Development Goals and improvement of maternal and
under five mortality has been high on the political agenda. A number of initiatives
to increase antenatal care attendance, deliveries assisted by qualgathpeand
promote post natal care have been introduced. According to the 2006 demographic
and health survey, the percentage of women who attended ANC at least once
during her last pregnancy was 84%, however only 43% of women saw a doctor or
a midwife. These figures doubled from 1996. Only 28% of women delivered in a
health facility and 19% of deliveries were attended by a doctor or a midwife.

About 33% of women received postnatal care. Better educated women and women

living in the “hill” areas were more likely to receive antenatal care (AbiCa
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doctor or a midwife, to deliver with a health professional and to have received

postnatal care (Table 2%6)

Table 2.6 - Nepal: Maternal and Neonatal Health Indicators

Nepal 1996 2006
Maternal mortality ratio(per 100,000) 539 281
Neonatal mortality rate (per 1000) 50 33
Infant mortality (per 1000) 79 48
Under five mortality rate (per 1000) 118 61
Perinatal mortality rate (per 1000) - 45

412-415
Source

Source: Centre for International Health and Development
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2.4 - Makwampur District and Mother and Infant Research Activities
(MIRA)

“Mother and Infant Research Activities” (MIRA) was established in 1992 as a
non-governmental organisation to improve maternal and newborn health

(http://www.mira.org.njp The group is a collaboration between Nepalese health

and development professionals and the Centre for International Health and
Development at UCL. MIRA researches the main causes of stillbirths andaleona
morbidity and mortality such as perinatal asphyxia and neonatal sepsis, and the
effects of cost effective interventions on maternal and neonatal outcomes and runs
a number of projects. The VA analysed in this study are based on data collected as
part of randomised controlled studies coordinated by MIRA, to test the effect of

women's groups on maternal and neonatal mortality in Makw&Mpur

Makwampur district (2426 ki is situated in the Narayani zone, Central region

and borders with Kathmandu to the north east, less than 50 km from the capital,
but separated from it by the Himalayas. The total population was 392,604 in 2001
census, the main ethnic group are the Tamang, Brahmin and Chetri
(http://www.digitalhimalaya.com/collections/nepalcendast accessed Mar

2011). Hetauda is its main administrative town. Topographically the district is a
mix of hills and plains. Two tarmac roads cross it, but communications are
difficult and villages far apart. Agriculture is the main economic activity,
occupying about 80% of the population. The human development index is 0.471,
ranking 31 over the 75 districts of Neffal

A district hospital with 24 in-patient beds is located in Hetauda. The hospital had
antenatal and essential delivery facilities, without capability for aperat

deliveries when the study was developed. Four primary health centres, 10 health
posts, 30 sub-health posts and 3 ayurvedic health facilities were scattered in the

district. Sub-health posts offer mostly primary health care. All act egaéf
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points for TBAs and female community health volunteers. Quality of service is
patchy and often staff nurses and doctors’ posts are vacant in the primary health
facilities™®.

From the data collected by MIRA in 2001 90% of mothers delivered at home.
Only 6% of deliveries were attended by a health worker and 8% by &'F8A

The Makwampur study has been described in details B&f8& Briefly, it

involved a cohort of 28,031 women between 15 and 49 years of age chosen from
24 Village Development Committees (an official administrative division, each
with a representative) randomly selected from a total of 42. Each village
development committee represented a cluster with a population of about 7000
people and was randomised to receive either the Women’s groups intervention
(where women'’s groups were formed and met regularly with the help of a
facilitator to discuss problems and strategies about pregnancy, delivery and
newborn care) or to be one of the controls.

In a similar way to the Maimwana study, WCBA recruited were visited every
month by women enumerators who recorded their menstrual history. When the
same woman misses 3 consecutive periods she was considered ffegndnt
notified to a cluster interviewer. Women were then visited at 7 months gestation
and one month after delivery by cluster interviewers who administered a
guestionnaire focusing on pregnancy, delivery and newborn health. If the
pregnancy ended on a stillbirth, neonatal or maternal death one of nine senior field
coordinators visited the family with a verbal autopsy questionnaire.

All the facilities in the district benefited from a health strengthening eseeto

improve maternal and newborn care services.
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25 - Mumbai; India

251 Geography and Climate

Mumbai is the capital city of Maharashtra district and it is situated on tis¢ We

coast of the Indian peninsula, facing the Arabian Sea. The ever expanding city is
structured into the City district or old Mumbai in the south and Mumbai suburban.
The City district now hosts the headquarters of major business companies and has
become the economic heart of the city. Mumbai suburban is a hilly area expanding
toward the northern outer zone to the island of Salsette. These two
administratively separate entities constitute Greater Mumbai (Figafé®*?’

The climate is tropical with a dry season lasting for about 7 months from
November to June. The South-West monsoon season extends from June to
October, and pre monsoon rains start in May.

(http://mdmu.maharashtra.gov.in/pages/Mumbai/mumbaiplanShow.php last

accessed Mar 2011
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Figure 2.4 - Map of Mumbai

Source: Adapted from http://geology.com/world/india-map.gif

2.5.2 Population

According to the 2001 census the population of Greater Mumbai was over 16
million, being the most populous city of India with a density of 16,461 per

km?{ref: http://www.censusindia.gov.in/towns/mah_towns Jpdf

To accommodate an ever-growing population of immigrants in search of
employment the city grew and continues to expand. The original city district

extends over a surface of 67.79%and lies at sea level. Greater Mumbai covers
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about 430 krhin hilly areas reaching up to 450m above the sea and is divided in
24 ward§?®*?’The population growth, however, exceeds the housing capacity of
the city and a larger proportion of the population than any other Indian city lives in

slums (54%) (http://www.censusindia.gov.in/2011-

common/CensusDataSummary.hnld http://www.reqgionalplan-mmrda.org/N-

3.pdflast accessed Mar 2011)

Mumbai is a polyglot, multicultural large city with 16 major languages spoken.
The official language is Marathi. There are at least 8 major religionssesyes,
Hindus are the majority (67%) followed by the Muslims (19%), Buddhists, Jains,
Christians, Sikhs, Parsis and Jews.

2.5.3 Economy

India is listed by the World Bank as one of the “medium human
development” countries ranking 134 of 182 countries
(http://hdr.undp.org/en/statistidsist accessed Mar 2011), its Human

development index is 0.612. Per Gross National Income (GNI) per capita India
ranks 162 out of 210 (Table 2.7)
(http://siteresources.worldbank.org/DATASTATISTICS/ResourcesRaNbydf).
Mumbai is a major port with a flourishing diversified manufacturing and
commercial industry, and a developing financial sector. Its per-capita income is
about 3 times higher than the national average making Mumbai the richest city in

India.
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Table 2.7 - Mumbai Economic Indicators

2009
GDP (million current US$)* 1,296,085
GDP growth (annual %)* 6.1
GNI per capita, PPP (current international 1040
9
Human development index* 0.612
*For the definitions please consult the Glossary. Source:

http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20399244~menu
PK:1504474~pagePK:64133150~piPK:64133175~theSitePK:239419,00.html

254 Slums

Slums in Mumbai host about 9 million people (Census 2001) and resulted from
scarcity of land and unaffordable housing prices forcing people to settle in
informal accommodations, with little access to basic facilities sucleas water

and sanitation faciliti€'é’.

The definition of slums varies in the literature however the 2001 Indian census
defined them as “any area notified as slum by the state, local government,
administration, housing or boards. Or areas of at least 300 population (about 60-
70 households) of poorly built congested tenements, in unhygienic environment
usually with inadequate infrastructure and lacking in proper sanitary and drinking
water facilities.” (http://www.censusindia.gov.in/2011-

common/CensusDataSummary.htast accessed Mar 2011).

The land where slums develop is not owned by their dwellers, and therefore the
slum inhabitants are at continuous risk of land expropriation and loss of
housing?®

104



255 Health Service Structure

Health care is delivered free of charge in Greater Mumbai through health posts,
dispensaries, maternity homes, peripheral general hospitals and tertiary medical
colleges. About a quarter of hospital beds are provided by corporation hospitals.
The private sector provides the rest of the available hospital beds and deliver care
through general practitioners, small and larger hospitals (Tabf&°2.8)

Private practitioners, often without qualifications are often consulted partly
because state services are few and partly because they are perceivefd to be

better quality and more friendff**3

Table 2.8 - Mumbai Demographic Indicators

1981 1991 2001
Total Population 9,902,100 13,378,249 16,400,000
Population density (per Km2) 13,391 18,489 22,262
Annual growth rate 3.28 1.87 1,84
Literacy rate (%) 68 71 77
Women literacy rate (%) 61 65 72

Source: (http://www.censusindia.gov.in/2011-common/CensusDataSummary.html last accessed

Mar 2011).
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25.6 Health Sector: Obstetric Services

More et al. describe the flux of obstetric and neonatal care in the same slum areas
described in this thedi&. As in Malawi the majority of women attended antenatal
care at least once (93%) however here the majority (95%) attended all three
recommended visits. About half of these women opted for private health facilities
for their ANC. Of the women delivering in Mumbai 90% delivered in an

institution, a much higher percentage than in both rural Malawi and Nepal, of
those women 60% chose a state facility and 40% a private instfftition the

women who went back to their home village to deliver 38% delivered at*fibme

Source: Centre for International Health and Development
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2.6 - Slums and Sneha Project

Figure 2.5 - Map of City Initiative for Newborn Health - Slum Areas

Adapted from Centre for International Health and Development

The data for this study derive from a prospective surveillandeinvi cluster
randomised controlled trial with the aim of improving maternal and nabna
health in 6 slum communities in Mumbai through community mobilisation, in a
similar fashion to the model of the Warmi project, MIRA andrivl@ana studies
(Figure 2.5,
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Six wards of the municipality of Mumbai were involved in this project (F North,

G North, H West, K west, M East and P North), 48 clusters of about 1000-1500
population were selected (Figure 2.5). These areas were served by 24 health posts.
Similarly to the previous studies described, pregnancies were identifiedaby loc
women enumerators and followed up with an interview 6 weeks after delivery by
interviewers. If maternal, stillbirth or neonatal death occurred, a senior

interviewer followed it up with a verbal autopsy questiorfaire

Table 2.9 summarise the characteristics of the three countries anddistric
presented in this thesis.

Source: Centre for International Health and Development
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Table 2.9 - Three Countries Comparison

Malawi Nepal Mumbai
Country surface in km2 118,484 147,181 430
Population density per 139 157 22,262
Km?
HDI~ 0.493 0.553 0.612 (India )
Total Fertility rate 6.0 3.1 1.68
(per woman)
HIV prevalence 12% -** 0.62% ( Maharashtra)
Maternal mortality rate 984 281 183 (Maharashtra)+
(per 100,000)
Perinatal mortality rate 34 45 36 (Maharashtra)
(per 1000)
Neonatal mortality rate 27 33 25 (Mumbai)
(per 1000)
ANC attendance 95% (1 visit) 84%™ (1 visit) 90% (3 visits)
Skilled  personnel  at 56% 28% 82%
delivery
Post natal care 69% 33% 63%
Mchiniji District Makwampur 6 Mumbai Wards
Population 460,000 400,000 350,000
HIV prevalence 8.8 -
Agriculture 90% -
Maimwana study MIRA City Initiative
Population ~ 150,000 ~168,000 ~192,000
Detection of births Women enumerators Women enumerators Women enumerators
Detection of deaths Women enumerators Women enumerators Women enumerators
then verified by field then verified by field then verified by field
interviewers interviewers interviewers
VA questionnaires 5 Senior monitoring and 9 Field coordinators Supervisors

evaluation officers

Note: ~ Human Development Index; * only 43% had ANC form a doctor or midwife. ** Data not
collected as part of the DHS.+ Data collected using the snowballing methodology (only 10 deaths in the

436
sample)
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2.7 - Ethics

The three projects described in the thesis underwent separate ethic approval
processes involving Great Ormond Street Hospital for Children and local ethics
commissions.

The MaiMwana study was approved by the Malawi National Health Sciences
Research Committee and the ethics committee at Great Ormond StreealHospit
for Children.

The MIRA- Makwampur study was approved by the Nepal Health Research
Council and the ethics committee at Great Ormond Street Hospital for Children.
The City Initiative for Newborn Health study (Sneha) was approved by the
Municipal Corporation of Greater Mumbai, the Independent Ethics Committee for
Research in Human Subjects and the ethics committee at the Institute of Child
Health and Great Ormond Street Hospital for Children.

Consent for the studies was sought from the hosting communities initially through
a participatory process. Subsequently individual consent was obtained at
enrolment and at each subsequent encounter prior to the administration of the

guestionnaires for each woman of childbearing age.
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2.8 - Summary

This chapter described

* The countries where the studies were set up, with an emphasis on their
health sector and in particular the organisation of the obstetric and
newborn services and

* The three studies from which the data for this thesis were extracted
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Chapter 3:

Methods

This chapter describes and compares the tools and methods used for verbal
autopsy data collection in three studies. It describes two strategies to amalyse
interpret VA data: physician review and a computerised method based on

probabilistic theory. The data analysis plan for this thesis concludes the chapter

3.1 - Verbal Autopsy Tool Development

Classically, a verbal autopsy package includes a classification of pedndital

neonatal deaths, a verbal autopsy questionnaire, and an interpretative algorithm
for physicians to establish diagnoses. For the studies presented in this thesis these
separate instruments were developed across a period of about 8 years from the
initial version developed in Nepal to the subsequent refinements in Malawi and
Mumbai. The different tools were prepared expressly for physicians to scrutinise
and analyse the data. During this period of time external research and
development of verbal autopsy classifications and questionnaires contributed to

the final shaping of the VA tools in this thesis.

VA differ from other forms of data collection as the information obtained from
questionnaires need to be interpreted and converted into diagnoses or diagnostic
categories before being analysed. The first step was therefore to formulate a
working classification of causes of death for stillbirths and neonatal d€atlys.

with a perinatal death classification a list of signs and symptoms of dismalse

then be derived and appropriate questions put together for VA questionnaires
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(Figure 3.1). The list of questions derived from this process was subsequently

enriched by questions available from the literaf{if&’4*®
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Figure 3.1 — Framework for the development of VA questionnaires

Haemorrhage 1=Yes
Convulsions 2=No

Ruptured uterus
Labour 1=0-6 hours

icati 2=7-12hours
complications How long didithe S 1318 b

labour last? 4 =19 - 24 hours
5=>24 hours

Labour duration

Labour and
delivery history

1 =Normal
Type of delivery W How was the baby 2 = helper pulled
delivered? the baby or pushed
on the belly
Presentation at 3 = Health worker
Perinatal birth used forceps
: 4 = Health worker
asphyX|a did a caesarean
section

Which part of the
baby came out
first?

1 =Head

2 = Buttock

3 = Hand/foot
4 = Cord

5 = Don’t know

Specific signs and
symptoms
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3.2 - Classifications

3.2.1 Stages in the Development of Stillbirth and Neonatal
Classifications for Verbal Autopsies

In 2001, when MIRA Makwampur was set up, a number of classifications of
perinatal deaths were available in developed countries for clinicaftEe*

(Table 3.1). Only Bang had proposed a classification of neonatal and child causes
of deaths for VA us®®. The classification of neonatal deaths devised originally

for Nepal followed the categories proposed by Bang for neonatal deaths. It
included 16 categories for neonatal death and 9 for stillbirths on the model of the

NICE classification. This original classification was never used far aaalysis.
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Table 3.1-Classification of Causes of Perinatal Deaths

Bang 1992

NICE 1998

Nepal

Neonatal deaths

Perinatal deaths

Neonatal deaths

1. Prematurity

2. Low birth weight
3. Congenital malformation

4. Birth asphyxia
5. Neonatal tetanus

6. Neonatal pneumonia
7. Post natal aspiration
8. Respiratory distress syndrome

9. Diarrhoea

10. Dysentery

11. Hypothermia

12. Neonatal sepsis
13. Sudden death
14. Feeding problem
15. Other

16. Cause not known

1. Congenital lethal anomalies
(still or liveborn)

2. Multiple births

3. Maternal disease

4. Specific foetal conditions
5. Unexplained SGA infant

6. Placental abruption

7. Obstetric complications

8. Unexplained antepartum
stillbirth < 37 weeks

9. Unexplained antepartum
stillbirth > 36 weeks

10. Specific infant conditions
including infants >32 weeks
gestation with sepsis/meningitis,
SIDS, RDS, accidents

11. Unexplained asphyxia
12. Unexplained immaturity
13. Unidentifiable cases

1. Congenital malformation

2. Asphyxia or birth injury

3. Complications of preterm
(Apart from hyaline membrane
disease alone)

4. Low birth weight

5. Respiratory distress syndrome
(Includes  hyaline  membrane
disease, congenital pneumonia or
meconium aspiration)

6. Neonatal tetanus

7. Neonatal pneumonia

8. Neonatal sepsis (includes
septicaemia and meningitis)

9. Hypothermia

10. Feeding problem

11. Postnatal aspiration
12. Diarrhoeal disease
13. Dysentery

14. Sudden death

15. Other

16. Cause not known

Stillbirths -Fresh or Macerated

1. With low birth weight

2. Unknown, with normal birth
weight

3. Antepartum haemorrhage
4. Foetal malformation

5. Maternal disease

6. Pre-eclampsia/eclampsia
7. Mechanical/trauma

8. Infection

9. Isoimmunisation
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When the Maimwana project in Malawi developed in 2003, it was chronologically
the second study (Figure 3.1). In 2002 the CHERG classification was formulated
to describe global neonatal mortality and profoundly influenced the development
of the classification used for the MaiMwana profé&ct*®

The classification used in Malawi reflected a move toward simplification:
pathophysiological distinctions more relevant in clinical practice than for
epidemiological purposes were lost. Verbal autopsies could describe a term
newborn with signs of respiratory distress but could not help in determining
whether he had suffered from pneumonia, meningitis, or septicaemia. The
classification reflected this and grouped causes of death in 7 main categories. A
sub-classification was kept to ensure more detailed information would not be lost,
when available, and to avoid the physicians classifying too many infants as
“other” causes of death because of the lack of sufficient diagnostic cheicke (T

3.2 and 3.3).

The classification was aimed at physicians that could choose more than one cause

of death for each infant, modelled on the death certification protess
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Table 3.2 - Maimwana Stillbirth and Neonatal Death Classification

CHERG Malawi Maimwana (2004)

Neonatal deaths Neonatal death

1. Congenital malformation 1. Congenital anomalies and inherited disorders
2. Prematurity 2. External conditions

3. Asphyxia 3. Asphyxia

3a. Associated with obstetric complications including placental abruption or
severe haemorrhage
4, Pneumonia 2. Immaturity/SGA
5. Neonatal tetanus 4, Severe infection
4a. Neonatal tetanus
4b. Neonatal sepsis/meningitis
4c. Pneumonia/respiratory conditions
4d. Diarrhoea/dysentery
4e. Local infections
6. Diarrhoea 6. Other
7. Other 7. Unexplained

Antepartum stillbirth

1. Congenital anomalies and inherited disorders
2. Prematurity/ small for gestational age (SGA)
3. External condition

4, Other

5. Unexplained

Intrapartum/fresh stillbirth

1. Congenital anomalies and inherited disorders

2. Associated with obstetric complications including placental
abruption/haemorrhage

3. Multiple births

4, Immaturity

5. External conditions

6. Other

7. Unexplained
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The definitions used were derived from the literature, including CHERG and
NIC E38;208;437;444-44.9

Table 3.3 - Definitions Used in Maimwana Study

Maimwana definitions

Congenital anomalies. Infants with lethal malformations or potentially lethal malformations that markedly
increase mortality risk

Immaturity/SGA: Infants< 33 completed gestational weeks (or <8 months or wt <1500 gr, baby very early or
small) or small for gestational age (SGA) <2.5 sd of birth weight for gestational age reference range

Asphynxia: not cried or breathe immediately after birth + either convulsions/spasms or poor suck, irritability
or poor cry

Asphyxia + obstetric complications: as above and uterine rupture, malpresentation, cord prolapse,
placenta praevia, precipitate labour, prolonged labour, obstructed labour, including placental abruption or
severe haemorrhage

Severe infection: any of neonatal tetanus, meningitis, pneumonia, septicaemia, local infection,
diarrhoea or other serious infection

Tetanus: Convulsions or spasms in a baby who was able to suckle normally for the first few days of life but
becomes unable to suckle or cry normally or had lock jaw or back arching

Sepsis and meningitis Two or more signs of sepsis: fever, cold to touch, lethargy, reduced feeding, weak
or absent cry plus no focal signs of pneumonia, diarrhoea, tetanus, skin infection or other infection or signs
of meningitis: convulsions or bulging fontanelle

Pneumonia/respiratory conditions Cough or difficult breathing plus fast breathing, chest indrawing, nasal
flaring, or grunting for > 1 day.

Diarrhoea/Dysentery : Abnormally frequent loose / liquid stools +/-blood or local term for diarrhoea for > 1
day

Local infections: Skin rash with areas containing pus or blisters containing fluid or any part of the skin
becoming inflamed, red and hot, Pus discharging or draining from umbilical stump

External condition: Accident or injury
Other: Tumours, haemorrhagic disease of the newborn, sudden infant death syndrome, severe jaundice

Unexplained / unknown: none of the above
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3.2.3 City Initiative for Newborn Health- Mumbai Classification

The Mumbai study was developed in 2004. Stillbirths and neonatal death
definitions and classifications went through a new stage of refinement modelled
on previous experience, new literature and the collaboration with the research
group in Kintampo, Ghaft? (Figure 3.2). The Kintampo classification was

based on the NICE model, and reintroduced a number of causes of death such as
specific foetal and antepartum conditions, sudden infant death and placental
abruption as distinct categories from obstetric complications (Table 3.4).
Physicians were allowed a single diagnosis, therefore there was a need to make
the classification strictly hierarchical. Perinatal asphyxia andtiofec

reintroduced the concept of age. Here a cut off of 33 weeks was used, rather than
34 weeks used by CHERG. The definition of prematurity and small for gestational
age were joined as a single category. The Kintampo classification and
questionnaires were validated using hospital diagfitses

The final classification for physician diagnoses in Nepal and Mumbai is illedtra

in Table 3.4 and 3.5.
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Figure 3.2 - Development of Study Classifications

NICE classification Bang classification
1998 1992

1. MIRA initial CHERG

classification 200 classification 2003
Wigglesworth

classification 1986
2. Maimwana

NICE classification  classification 2%
1998

3. MIRA final and
CINH classification

Kintampo
2009

classification 200.
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Table 3.4 - Comparative Hierarchical Classifications

Kintampo (2006) Nepal MIRA and India SNEHA (2007)
Neonatal death
1. Congenital anomalies and inherited disorders
2. Immaturity/small for gestational age
2a. with multiple births
2b. with maternal disease
2c. with placental abruption/ severe haemorrhage
2d. unexplained immaturity
3. Asphyxia
3a with placental abruption/ severe haemorrhage
3b. with obstetric complications
3c. with maternal disease
3d. unexplained asphyxia
4. Severe infection
4a. Neonatal tetanus
4b. Neonatal sepsis/meningitis
4c. Pneumonia/respiratory conditions
4d. Diarrhoea/dysentery
4e. Local infections
5. External conditions
6. Specific foetal/ antepartum conditions

Neonatal death
1. Congenital anomalies
2. Immaturity (<33 weeks gestation)
2a. with multiple births
2b. with maternal disease
2c. with placental abruption
2d. unexplained immaturity
3. Asphyxia
3a. with placental abruption
3b. with obstetric complications
3c. unexplained asphyxia

4, Severe infection
4a. Neonatal tetanus
4b. Meningitis
4c¢. Pneumonia
4d. Diarrhoea
4e. Neonatal sepsis
5. Other
5a. External conditions
(accidents/injuries)
5b. Specific foetal/antepartum
conditions
5c. Other placental abruption
5d. Other. Specify
6. Unexplained
6a.0Other unknown
6b. Sudden infant death syndrome
9. Unexplained

7. Placental abruption/haemorrhage
8. Other

Kintampo (2006)

Stillbirth

Antepartum stillbirth

1. Congenital abnormality
2. Maternal disease

3. Haemorrhage

4, Other
4a. External conditions/ accidents/injuries
4b. Specific foetal conditions
4c. Placental abruption
4d. Other. Unspecified
5. Unexplained
Intrapartum/fresh stillbirth
1. Congenital abnormality
2. Obstetric complications
3. Haemorrhage
4. Other
4a. External conditions (accidents/injuries)
4b. Specific foetal conditions
4c. Placental abruption

4d. Immaturity
4e. Unexplained

5. Unexplained

Nepal MIRA and India SNEHA (2007)

Stillbirth

Antepartum stillbirth

1. Congenital anomalies and inherited disorders
2. Associated with maternal disease

3. Placental abruption/haemorrhage

4. Specific foetal/antepartum conditions

5. External conditions

6. Other

7. Unexplained
Intrapartum/fresh stillbirth

1. Congenital anomalies and inherited disorders
2. Associated with maternal disease
3. Associated with obstetric complications

5. Specific foetal/antepartum conditions
6. Multiple births

7. Immaturity

8. External conditions
6. Other

10. Unexplained

Adapted from NICE, Wigglesworth and CHERG"™*™*
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Table 3.5 - Definitions Nepal/MIRA

Definitions

Early neonatal
death

Late neonatal
death

Lethal
malformation/
Congenital
anomaly
Macerated SB

Fresh SB

Asphyxia

Obstetric

complications

Prematurity/
Small for
gestational age
(SGA)

Severe infections

Multiple births

Maternal disease

Death within the first week of life (0-7 days)
Death after day 7 and before day 28.

Stillbirth (SB) or livebirth with lethal or potentially lethal malformation (e.g. anencephaly, large
meningomyelocoele, duodenal atresia, major cardiac malformation)

Death before onset of labour of a normally formed infant. Mother may report loss of foetal
movements before labour or the baby may be born macerated (skin and underlying tissue
pulpy and disintegrating).

Death during labour or delivery. Mother may report baby moving up until the time labour
commences.

Fresh SB with no other specific conditions

OR livebirth AND gestational age > 33 weeks No cry or breathing immediately after birth
plus either convulsions or spasms or poor suck, irritability or poor cry (Supportive criteria:
history of prolonged labour, malpresentation, twin, very large baby)

Obstructed labour, haemorrhage (APH, PPH), cord prolapse, eclampsia, ruptured uterus,
emergency C section, malpresentation, precipitate labour, prolonged labour, placenta
praevia, placental abruption**

Prematurity: < 33 completed gestational weeks or < 8 months gestation. If gestation
unknown, birthweight < 1500g, or baby born very early or very small
Small for gestational age: birth weight < -2.5 SD for gestational age reference standard

> 33 weeks gestation with tetanus, meningitis, pneumonia, septicaemia, skin infection,
diarrhoea or other serious infection.

Neonatal tetanus Normal for the first 2 days of life then develops convulsions or spasms,
unable to suckle or cry normally orlock jaw or arching back.

Severe sepsis or meningitis > 33 weeks gestation. Convulsions or bulging fontanelle plus
either fever or one or more signs of sepsis (cold to touch, lethargy, reduced feeding, weak or
absent cry). Two or more signs of sepsis - fever, cold to touch, lethargy, reduced feeding,
weak or absent cry plus no focal signs of pneumonia, meningitis, diarrhoea, tetanus, skin
infection or other infection.

Pneumonia or respiratory condition > 33 weeks gestation. Cough or difficulty in breathing
plus fast breathing, chest indrawing, nasal flaring, or grunting for > 1 day.

Diarrhoea or dysentery > 33 weeks gestation. Abnormally frequent loose or liquid stools or
local term for diarrhoea for > 1 day.

Local infection Pus discharging or draining from umbilical stump, a skin rash with areas
containing pus or blisters containing fluid or any part of the skin becoming inflamed, red and
hot.

Multiple births other than duplex, or duplex and immaturity (< 33 completed weeks of
gestation). Twin to twin transfusion syndrome

Includes eclampsia, pre-eclampsia, renal disease, hepatosis, severe anaemia, severe
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malaria or other severe infection (e.g. HIV) when combined with immaturity or small for
gestational age or maternal diabetes mellitus if the infant is large for gestational age*

Specific foetal Hydrops foetalis: Severe generalised oedema (anasarca) at birth or on antenatal
conditions ultrasound.
Foetal tumour Foetal tumour by ultrasound diagnosed by a health worker.
Specific foetal infections Toxoplasmosis, rubella, cytomegalovirus, herpes simplex or other
specific infection diagnosed by a health worker

Placental Placental abruption if combined with asphyxia or immaturity (< 33 completed gestational

abruption or weeks) or intrauterine death.

haemorrhage

Other Other specific infant condition. Infants > 33 weeks gestation. Includes tumour, haemorrhagic
disease of the newborn, sudden infant death syndrome, kernicterus

Unclassified Other causes not included above

Note: *Definition of maternal conditions used in all algorithms: Maternal diabetes mellitus:
Diabetes mellitus diagnosed by a health worker prior to the onset of pregnancy. Gestational
diabetes excluded. Maternal renal disease: Renal insufficiency or failure diagnosed by a health
worker. Maternal hepatosis: Liver dysfunction with jaundice and pale stools or dark urine
diagnosed by a health worker. Maternal eclampsia: Convulsions plus diastolic blood pressure > 90
mmHg after 20 weeks gestation plus proteinuria (2+) and seizures during pregnancy. Severe
maternal pre-eclampsia: Diastolic blood pressure >110 mmHg after 20 weeks gestation plus
proteinuria (3+) diagnosed by a health worker.

Severe maternal anaemia: Anaemia with haemoglobin less than 7g/dl, or haematocrit < 20% or
clinical symptoms/signs (difficulty breathing or pallor) diagnosed by a health worker. Severe
maternal malaria: Malaria with coma, anaemia, jaundice, convulsions or circulatory compromise
diagnosed by a health worker. Maternal HIV infection. Mother was told she had HIV/AIDS by a
health worker or had a positive HIV/AIDS test.

**Definition of obstetric complications used in all algorithms: Placental abruption: Diagnosis by a
health worker of the detachment of a normally located placenta from the uterus before the foetus
is delivered. The uterus is usually tense or tender and if bleeding occurs it is usually associated with
abdominal pain. Placenta praevia: Diagnosis by a health worker of implantation of the placenta at
or near the cervix by ultrasonography. Antepartum haemorrhage: Vaginal bleeding > 22
completed gestational weeks. If gestation in weeks is not known then use > 6 months gestation.
Uterine rupture: Disruption of the wall of the uterus. Is associated with severe abdominal pain,
usually associated with a tender abdomen, loss of uterine contour and easily palpable foetal parts.
Bleeding may be intra-abdominal or vaginal. Malpresentation: All presentations of the foetus other
than vertex (e.g. breech, face, foot). Cord prolapse: The umbilical cord lies in the birth canal below
the foetal presenting part or the umbilical cord is visible at the vagina following rupture of the
membranes. Precipitate labour: Labour lasting < 4 hours. Prolonged labour: Labour lasting > 24
hours. Obstructed labour: Prolonged labour ended with a Caesarean section, undelivered baby
and/or ruptured uterus.
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3.3 - Questionnaires

The Nepal VA guestionnaire was adapted from the WHO standard VA
questionnaire for infants and children (WHO/CDS/CSR/ISR/$Y.4hd its
updated version from 2003 (WHO/JHU/AKU/SNL 11/05/2003). Questionnaires
for all the studies were initially formulated in English then translated intotag |

language and piloted.

The Maimwana questionnaire was developed from the Maimwana classification of
causes of death, using as a model the Nepal questionnaire and an updated WHO
guestionnaire version: WHO/JHU/AKU/SNL 11/05/2003. The main substantial
change to this version was the use of open questions to explore signs and
symptoms of maternal health in the antenatal period, labour and delivery and signs

of illness in the newborn.

Finally the Mumbai questionnaire was a synopsis of the two previous
guestionnaires, the differences concerned the specific study questions rather than
to the structure or substance of the previous versions. The “WHO standard
questionnaire for stillbirths and neonatal dedtfsvas finalised subsequently in
2007.

All the questionnaires in this thesis have an open question about circumstances
surrounding death at the beginning of the interview and a series of closed
guestions to help define the diagnoses (Table 3.2) (Appendix I, Il, ll). The details
regarding labour and delivery were part of the maternal questionnaire and, for all
the studies in this thesis, were separate from the verbal autopsy questionnaire and
delivered to all study participants giving birth in the study areas irrespective of the

newborn outcome (Table 3.6).

125



Table 3.6 Questions from the Maternal Questionnaire

Questions Answers
How long did the labour last? 1=0-6hours
2=7-12hours

3=13-18 hours
4 =19 - 24 hours

5=>24 hours
How many hours before the baby was born did the waters break? 1 = <24 hours
2 =>24 hours
3 =Don't know
How did the waters smell and look? 1 = No odour/normal odour
and clear
2 = Foul smell and green
3 =Don't know
How long after the baby’s birth did the placenta come out? 1 =<1 hour
IF THE BABY WAS BORN BY C-SECTION, CIRCLE “<1 hour” 2 =>1 hour
Did you drink a traditional oxytocic medicine to assist labour? 1=Yes
2=No~>
How many spoonfuls did you drink? |__| spoonfuls

3.3.1 Comparison of Questions

The number of questions varied from 147 for Maimwana, 118 for MIRA-
Makwampur and 274 for Sneha- Mumbai.

The questions concerning demographic information, details of the interviewee and
interviewer, open account of the facts leading to death were all very similar.
Consent was requested in the first section of all questionnaires. At the end of the
open history account, the WHO questionnaires included a checklist of conditions
to guide the interviewer during the open account of events. At the end of the open
history, the 2007 WHO questionnaire specifically asked the interviewee’s opinion
about what caused the death, these questions were not available in any of our

studies’ questionnaires.

Questions to establish the conditions at birth (weight, size, gestational age and

gender), presence of congenital malformations and whether the infant was a still
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or livebirth and whether a stillbirth was fresh and macerated were veryrsimila
Clinical signs were investigated in all questionnaires using closed questions and
although the order of the questions varied, the information gathered was very
similar (Table 3.7).

The questions about care practices such as hand washing, use of gloves, umbilical
cord care, resuscitation given at birth and risk factors not strictly related to
establishing signs and symptoms leading to death, and were more variable
between the sites reflecting the different interests of the investigatalscing

the studies.

Breastfeeding was explored in detail in the Maimwana study as it was dree of t
outcomes. Postnatal care and use of health services after birth weredxplor

Maimwana questionnaire and the last version of the WHO questionnaires.

The WHO questionnaires had a final section collecting information from death
certification which had been omitted in the Nepal and Malawi questionnaires a
very rarely available, but was introduced in the Mumbai questionnaire, as this
information were accessible given the higher use of health facilities in this
population. Finally the WHO questionnaire had a detailed section about accident
and external injuries that was not present in any of the questionnaires presented in

this thesis.
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Table 3.7 - Comparison of Stillbirth and Neonatal Death Questionnaires —Sigrof Ilinesses

WHO/CDS/CSR/ISR/99.4
The WHO infant VA: the origin of the
modified neonatal version

WHO/JHU/AKU/SNL 11/03/2003 MIRA

Maimwana

WHO 2007

Crying at birth

Stopped crying (<1d before death, >1d
before death)
Able to breath after birth?

Suckle normally after birth

Stopped feeding (<1d, 1-2d, 3-7d, 8-
144, 15-30d)
When did the infant stop suckling?

Spasms or convulsions

Local term for tetanus?

Crying at birth and onset (within
5 min/ between 5-30 min, after
30 min , never)

Stopped crying (<1d before
death, >1d before death)

Able to breath immediately after
birth

Anything done to help the baby
breathe at birth? (what) repeated
for still and live births

Able to suckle in the first day

Ever suckle normally?

Stopped suckling (<1d, 1-2d, 3-
7d, 8-14d, 15-30d)

Spasms or convulsions

Local term for tetanus?

Crying after birth

Alertness just after birth
Floppiness just after birth

Feeding difficulty (<3d old, >3d
old)

Feeding difficulty duration
Feeding difficulty until death

Feeding (less, normal, more)
Choking on feed
Fits and on which day

Back arching and spasms
Local term for tetanus?

Crying at birth and onset (within 5
min/ between 5-30 min, after 30 min
, hever)

Anything done to help the baby
breathe at birth? (what) repeated for
still and live births

Floppiness just after birth

Ever suckle normally?

Did the baby always suckle
normally?

Stopped suckling (at birth/between
2 and 3 d/ after 3d)

Feeding difficulty duration

Feeding difficulty until death

Could baby open the mouth

Convulsions in the first day or after
first day

Back arching and spasms

Local term for tetanus?

Ever able to suckle?
How soon after birth did the
baby suckle

Did the baby stop suckling (in
days?)

Fits and on which day

Became stiff and back arching
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Cont. Table 3.7 - Comparison of Stillbirth and Neonatal Death Questionnaires —Sigrof llinesses

WHO/CDS/CSR/ISR/99.4 WHO/JHU/AKU/SNL 11/03/2003 MIRA Maimwana WHO 2007
The WHO infant VA: the origin of the
modified neonatal version

Mouth opening Mouth opening -

Bulging fontanelle

Became unresponsive/unconscious

Fever and duration

Cough & duration
Fast breathing & duration

Stop breathing for long time and start
again
Difficulty breathing & duration

Chest indrawing
Grunting (demonstrate)

Stridor (demonstrate)
Wheezing (demonstrate)
Nostril flaring
Pneumonia

Local term for diarrhoea

More loose or frequent stools than
usual

Bulging fontanelle

Lethargic after a period of normal
activity

Fever, onset and duration
Cold to touch, onset and duration

Fast breathing onset and
duration in days

Difficulty breathing, onset and
duration

Chest indrawing
Grunting (demonstrate)

Nostril flaring
Pneumonia

Local term for diarrhoea

More frequent loose or liquid
stools than usual

How many stools on the day that
the diarrhoea was most frequent

Sunken fontanelle
Drowsy after 3 d of life

Sunken eyes
Fever and duration

Cough
Fast breathing or intermittent
breathing

Difficulty breathing onset
(immediately, <6h, >6h) and
duration

Difficulty breathing until death
Chest indrawing

Grunting (demonstrate)

Blue colouration Cyanosis

Diarrhoea >3 times a day

Bulging or sunken fontanelle

Lethargic after a period of normal
activity

Fever, onset and duration
Cold to touch, onset and duration

Fast breathing or intermittent
breathing

Difficulty breathing, onset
(immediately, <6h, >6h) and
duration

Difficulty breathing until death
Chest indrawing

Grunting (demonstrate)

Nostril flaring (demonstrate)
Pneumonia

Difficulty breathing until death
Local term for diarrhoea

More frequent loose or liquid stools
than usual & duration

Bulging fontanelle and what
day

Become unconscious and
which day

Fever & onset

Cold to touch, onset
Cough and onset

Fast breathing and onset

Difficulty breathing & onset

Chest indrawing
Grunting (demonstrate)

Nostril flaring

Did the baby have diarrhoea
and onset

How many stools per day when

diarrhoea was most severe
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Cont. Table 3.7 - Comparison of Stillbirth and Neonatal Death Questionnaires —3ig of llinesses

WHO/CDS/CSR/ISR/99.4 WHO/JHU/AKU/SNL 11/03/2003 MIRA Maimwana WHO 2007
The WHO infant VA: the origin of the
modified neonatal version

Diarrhoea duration
Infant drunk oral rehydratation solution
Blood in stool - Blood or mucus in stool Blood in stool Blood in stools?
Vomit everything Repeated vomiting Vomit everything Vomit and onset
- Urine colour - How many vomits per day
when vomiting was most
severe
Urine quantity (less, normal,
more)
Abdominal distension - Abdominal distension and
onset
Red or draining umbilical stump Red ring around umbilicus Red ring around umbilicus Red ring around umbilicus Umbilical redness or discharge
Red and hot areas of skin
Skin pustules Skin pustules Skin pustules Skin pustules
Yellow eyes Jaundice (yellow skin) Yellower than other babies Skin and eyes yellow Yellow palms and soles, onset
and duration
Ear discharge -
Redness of and drainage of pus
from the eyes
Bleed from anywhere
Where?
Duration of illness (in days)?
Sudden death Sudden death
Head, chest and abdomen felt -
cold >2 h before death

Any other illness (describe)
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3.4 - Algorithms

Maimwana’s algorithm to guide clinicians in assigning causes of death was the
first to be produced. It allowed physicians to choose up to three causes for each
death, similar to death certificatibfi using the ICD-10 rules. This gave more
flexibility in the interpretation of the questionnaires, but potentially made the
process less repeatable and reprodutite®(Table 3.8).

For Nepal and Mumbai a single hierarchical algorithm was subsequently
developed guiding physicians to a single diagnosis. To ensure consistency in the
diagnostic process the algorithm did not allow the coexistence of two diagnoses,
for example a death due to prematurity could not be caused by perinatal asphyxia
or severe infection, given the age restriction in the definition of asphyxia and
infection. Physicians were allowed to use diagnoses not listed in the cléssifica

if deemed necessary, however a single cause of death had to be established. The
hierarchical order of the algorithm was different from the one used for Malawi
congenital malformation remained the first in the hierarchical order, however
prematurity was given priority over asphyxia and was followed by infection and
external conditions in Nepal and Mumbai, while in Malawi external conditions
preceded asphyxia, followed by prematurity and severe infections (Table 3.8 and
3.9).
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Table 3.8 - Algorithm for Primary or Underlying Causes of Stillbirths and
Neonatal Deaths for Verbal Autopsy Studies — Malawi

Neonatal Death Algorithm

Choose up to 3 causes of death following the classification below, if possible use the

subclassification

Congenital anomaly

Accident or injury and external conditions 2

Subclassify:

Asphyxia 3 Associated with obstetric complications 3a
Unspecified 3b

Immaturity or small for gestational age 4

Infection 5 Neonatal tetanus 5a
Severe sepsis or meningitis 5b
Pneumonia or respiratory condition 5¢c
Diarrhoea or dysentery 5d
Local infection 5e

Other 6

Unexplained 7

Stillbirth algorithm

Subclassify...

Antepartum or macerated stillbirth 1 Congenital anomaly 1a
Accident or injury 1b
Other 1c
Unexplained 1d

Intrapartum or fresh stillbirth 2 Congenital anomaly 2a
Accident or injury or external conditions 2b
Obstetric complications 2c
Immaturity 2d
Multiple births 2e
Other 2f
Unexplained 7
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Table 3.9 - Algorithm to Establish the Causes of Stillbirths or Neonatal

Deaths from Verbal Autopsy Studies: Nepal and Mumbai

Neonatal Death Algorithm

Exclude in order... Code Subclassify... Code
Congenital anomaly 1
Immaturity or small for gestational age 2 Multiple birth 2a
Maternal disease 2b
Obstetric complications 2c
Unexplained 2d
Asphyxia 3 Maternal disease 3a
Obstetric complications 3b
Unexplained 3c
Infection 4 Neonatal tetanus 4a
Severe sepsis or meningitis 4b
Pneumonia or respiratory condition 4c
Diarrhoea or dysentery 4d
Local infection 4e
Accident or injury 5
Specific foetal conditions 6
Placental abruption or haemorrhage 7
Other 8
Unexplained 9
Stillbirth algorithm
Exclude in ordetr... Subclassify... Code
Antepartum or macerated stillbirth Congenital anomaly 1
Maternal disease 2
Obstetric complications 3
Specific foetal conditions 4
Accident or injury 5
Other 6
Unexplained 7
Intrapartum or fresh stillbirth Congenital anomaly 1
Maternal disease 2
Obstetric complications 3
Specific foetal conditions 4
Multiple births 5
Immaturity 6
Accident or injury 7
Other 8
Unexplained 9
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3.5 - Data Collection Storage and Management

In the Maimwana study, neonatal deaths were reported by the field interviewers to
five monitor and evaluation officers, who were Malawians with secondary school
education, experienced in working with local communities. They were trained
initially for two weeks on epidemiological surveillance and interviewing
techniques. Over the course of the study they received further refresher courses.
After completion, the VA guestionnaires were checked by a researcher and
inconsistencies were clarified with the interviewers. Given the natuhe of

interviews, interviewers were not asked to return to the families foficédion.

Data were entered by data-entry clerks in a bespoke multi-relationaldditr

Office Access 2003 database. The database contained all the indicators derived
from the stillbirth and neonatal VA, the maternal questionnaires, or maternal VA
in case of maternal death: therefore it was possible to access datal fpossiile
sources. Data were extracted using an Access query and transferred into Stata 9

for analysié®’.

The open narrative from Malawi were translated from Chichewa to English by a
nurse fluent in both languages and entered into a word file. They were all read by
the author and coded using a pre-defined list of clinical signs derived from the
cause of death classification and definitions. Every time a clinically resaiggi

sign or symptom was reported it would be added to the codiftj ff&(Table

3.10). The open histories were used in the probabilistic analysis of the Malawi

guestionnaires.
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Table 3.10 - Open Histories Coding

Maternal conditions

Newborn

Anaemia

Sexually transmitted diseases, including syphilis
Fever

HIV

Malaria

Epilepsy

Diabetes

Malnutrition

Tuberculosis

Other severe acute infections
Jaundice

Dysuria in pregnancy

Previous miscarriages/abortions
Accidents

Labour and Delivery

Absence of foetal movements

Prolonged labour

Obstructed labour

Prolonged rupture of membranes
Green/smelly liquor

Malpresentation/ cord prolapse

Assisted delivery (C section/ instrumental
delivery, pulling on baby or pushing on abdomen)
Antepartum or postpartum haemorrhage
High blood pressure/blurred vision
Swollen ankles

Maternal convulsions

Retained placenta

Ruptured uterus

Fresh stillbirth

Macerated stillbirth
Congenital malformation
Cord around neck
Malpresentation
Resuscitation at birth
Large infant

Twin

Difficulty breathing at birth
Difficulty feeding at birth
Not crying at birth
Convulsions or spasms
Prematurity/small infant
Difficulty breathing occurring after birth
Cough

Respiratory distress
Grunting/nasal flaring
Chest indrawing

Gasping

Difficulty feeding occurring after birth
Poor/weak sucking

Fever/ hypothermia
Jaundice

Inconsolable crying

Becoming unconscious/drowsy
Umbilical redness/discharge
Diarrhoea

Vomiting

Distended abdomen

Bleeding

Not passing stools/urine

Similar to the data collection in Malawi, in Nepal stillbirths and neormaths

were reported by field interviewers to 9 senior field coordinators, who were all

Nepali, recruited from the local communities and had been trained in verbal

autopsy techniques.
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Data were checked locally by the coordinators and centrally by the data entry
team and entered into a relational database (Microsoft SQL server 7.0). fReleva
data were subsequently extracted into Stata 9 for analysis by one of the principal

investigators of the stufy/.

VA data from the City initiative for Newborn Health in Mumbai were also
collected by experienced supervisors, all from Mumbai and trained in VA
techniques. Data collected were checked and entered into a Microsofs Acces
2003 database, extracted into Stafa’@nd elaborated locally into a format

suitable for the present study.

Open histories from Makwampur and Mumbai were available only to the
physicians to establish diagnoses. They were not available in English for coding
and therefore were not included in the probabilistic modelling (Table 3.11).
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Table 3.11 - Summary of Data Collection Procedures in the Different Studies

Surveillance Identification of pregnant women Questionnaires
system
Maternal & infant Questionnaires Verbal autopsies
Maimwana Local women enumerators visited Field interviewers delivered the questionnaires: 5 Monitor and Evaluation Officers delivered the
each WCBA every month and -1 month after birth maternal questionnaire and VA interview
followed up women with 3 -6 months after birth
consecutive missed periods or alerted the Monitor and Evaluation Officers in case of
infant or maternal death
Makwampur As above Cluster interviewers delivered the pre delivery and the post 9 field coordinators delivered the maternal
delivery questionnaires: questionnaire and VA interview
7 months gestation
1 month after birth
or alerted the field coordinators in case of infant or
maternal death
Mumbai As above Field interviewers delivered questionnaire Supervisors  delivered  the  maternal

6 weeks after birth
or alerted the supervisors in case of infant or maternal death

questionnaire and VA interview
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3.6 - Data Interpretation and Physician Review

Questionnaires, classifications and algorithms used in this thesis wies with

the plan of using physicians’ review for analysis.

3.6.1 Maimwana - Malawi

The original verbal autopsy questionnaires were photocopied and two local
experienced paediatricians and principal investigators to the project read 161 of
337 VA used in this thesis in the order that they received them from the project
data coordinator. They read them separately and used the stillbirth and neonatal
death classification and algorithm above to ascribe the causes of death on a
standard proforma. Where discordance in diagnoses emerged between the
physicians, they met and discussed the cases. If they reached an agreement the
diagnosis was established otherwise the cause of death was considered
indeterminaté®®. They could ascribe up to 3 causes of death, an immediate (direct
or primary), an underlying and an associated cause of death according to the rules
of the ICD-10. The agreement between physicians was testedKiagipg &)

statistic in STATA version¥’.

Data collected from physician review were added to the main Microsoft Access
database for analysis. The remaining 157 VA, not yet reviewed by the Malawian
physicians were interpreted by two British paediatricians with experience of
working in Africa (Dr Helen Payne and Dr Adam Irwin). This choice was made to
expedite the diagnostic process. The physicians were briefed in the use of the
stillbirth and neonatal death classification and were given the algorithm and
explained the process of interpreting the questionnaires. They also had available
the open history translated into English. As with the Malawian paediatricians they

could give up to 3 causes of death for each questionnaire and were encouraged to
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do so. If the diagnoses amongst the 2 physicians were discordant, a third
paediatrician (the investigator) read the questionnaires and established the
diagnoses. Kappa statistic was used to measure agreement between the two

British physicians.

3.6.2 MIRA — Nepal and Sneha - Mumbai

In Nepal all the VA were read separately by two local paediatricians anbess

a single cause of death for each infant using the hierarchical algorithre (Tabl
3.8). Where there was a difference in the final diagnosis, a third paediatrician,
principal investigator to both projects, experienced in interpreting verbal awtopsie
established the final diagnosis. In Mumbai, five local paediatricians separatel
interpreted a set number of verbal autopsy questionnaires. They were able to
express a single diagnosis for each infant according to the algorithm used in
Nepal. A larger number of doctors was chosen to expedite the process of data
interpretation. The questionnaires were distributed in such a way that each was
given to at least two different paediatricians. As for the Nepal data, ifvilzesre
discordance in the interpretation of the VA data, the same experienced
paediatrician decided on the final diagnosis. Kappa statistic was used tatealcul

agreement between physicians interpreting the VA data.
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3.7 - Bayesian Probability

Comparing diagnoses obtained by physician’s review in these three studies
presented some challenges given the different data collection tools and algorithmi
rules used. It was therefore difficult to establish whether differences iometc
between sites were due to the VA interpretation or linked to real diversity & thes
populations.

This thesis adapted a computerised model based on Bayesian probability theory

(InterVA) to interpret stillbirths and neonatal deaths.

3.8 - Bayesian Theory Applied to Verbal Autopsy Interpretation: the
InterVA Model

InterVA is an application of Bayesian theory to interpret verbal autopsy (VA) data
for all age groups. The aim of the InterVA model is to provide a simple method of
interpreting VA questionnaires for all ages in a standardise@{vay

Version 3 of the InterVA model discriminates between 34 causes of death (Table
3.12). It uses a series of matrix-probabilitie8) geta priori and a number of
indicator-probabilities p(dat@y. The matrix probability for a set number of causes
of death corresponds to the CSMF in the population for that cause of death
established according to a semi-quantitative scale from 0 (virtually never
associated to a specific cause of death) to 100% (almost always to theasmsme

of death) (Table 3.13¥. The probabilities are set by an expert panel of
physicians. For example tetanus is likely to be associated with a receyt injur
(probability 20%), is almost always associated with rigidity and locked jaw
(probability 100%) but is unlikely to be associated with an abdominal mass
(probability 0.5%).

Matrix probabilities are fixed for all causes of death with the exception of deaths
due to malaria and HIV. For malaria and HIV it is necessary to specify whether
the prevalence of the disease is high or low before entering data into the
programme. This is because the model has been developed to suit all age groups
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in different geographical settings, therefore the possibility of changing theria pr
probability of malaria and HIV for older infants, children and adults improved the

performancé”.

Table 3.12 - InterVA List of Possible Causes of Death

1 Transport Accidents 13 Tetanus 25  Acute respiratory diseases (not
pneumonia)

2 Homicide 14 Tuberculosis 26 Chronic respiratory diseases

3 Poison 15 Other acute infections 27  Malignancy

4 Suicide 16  Other chronic infections 28  Kwashiorkor

5  Drowning 17 Pneumonia 29  Diabetes

6  Otherfatal accidents 18  Diseases of the nervous system 30  Sickle cell disease

7 HIV/AIDS 19  Stroke 31 Maternal cause

8  Malaria 20  Disease of the digestive tract 32  Congenital malformation

9  Meningitis 21 Liver diseases 33 Perinatal causes

10  Measles 22  Diseases of the kidneys and 34 Prematurity

urinary tract
11 Diarrhoea 23 Acute cardiac diseases
12 Bloody diarrhoea 24 Chronic cardiac diseases

The presence of an indicator (Table 3.14) modifies the matrix probability
making a diagnosis more or less likely for each case, according to the Bayes’

formula.

In the InterVA model the first nine indicators refer to the age of death and

establish whether the deceased was pregnant. The subsequent five questions refer
to the length of the illness that led to death and the season in which death
occurred. Then a series of indicators (91) lists signs and symptoms surrounding
death. Once age of the deceased is specified, the relevant indicators for the
different age groups are selected, making the data entry process quicker (Figure
3.3).
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Table 3.13 - Probability Table

Description Probability

Almost never 0
0.002

Uncommon 0.005
0.01
0.02

Moderately often 0.05

0.1

Adapted fronf*’

A programme written for Fox Pro (Microsoft Visual Fox Pro 9.0 2004)
allows entering data from a single VA or from batches of data for a large number
of VA, providing the order of the indicators is compatible. The output is available
within a few minutes; with a rate of approximately 1 case every 2 seconds and
consists of a list of a maximum of three causes of death with respective
probabilities and a certainty factor calculated as the sum of the prolatiuiti
the first three causes divided by the number of causes. The model was
programmed in such a way that only the cause of death with a probability higher
than the square route of the baseline probability was listed in the outcome. More
than one cause of death was reported if there was a difference of less than 50%
between the causes of death with highest probability and the subsequent one. For
example, if the first cause of death had probability 90% and the second 50% they
were both shown by the model, however if the first had a probability of 90% and
the second of 30% only the first one only was available for analysis. The model
also had a series of conditions to be met for each cause of death to be selected. If
the model had insufficient information to assign a cause of death the cause of
death remained indeterminate. The InterVA tool is available at

http://www.interva.net
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Table 3.14 - InterVA: List of Indicators

was this an elder 65+ years
was this a child 1-4 years

did final illness last at least 3 wks
was s/he in a transport accident
any obvious recent injury

was the fontanel raised

any stiff neck

any chest pain

any breathlessness on exertion
any wheezing

any vomiting with blood

any vomiting

any swelling of ankles/legs

any measles rash

any acute fever

any anaemia/paleness

any diagnosis of heart disease
any diagnosis of TB

any weight loss

any delivery complications

was the baby small < 2500g

was this an adult 50-64 years

was this an infant 4 wks-1 yr

did final illness last < 3 weeks

did s/he drown

was s/he known to drink alcohol
was the fontanelle /eyeball sunken
any oral candidiasis

was there a cough for > 3 wks

any breathlessness lying flat

any cyanosis

any acute diarrhoea (< 2wks)

any yellowness/jaundice

no bilateral swelling of ankle

any excessive night sweats

any persistent fever (> 2 wk)

any drowsiness

any diagnosis of HIV/AIDS

was s/he adequately vaccinated
any diagnosis of stroke

Heavy bleeding before/after delivery
was there difficulty breathing at birth

was this a female 15-49 years

was this a neonate < 4 wks

was death sudden or unexpected
had s/he fallen recently

any suggestion of homicide

any headache

any rigidity/lockjaw

was there a cough for up to 3 wks
any chest indrawing

any abdominal mass

any persistent diarrhoea (2-4 wks)
any abnormality of urine

any skin lesions/ulcers

any excessive water intake

any enlarged/swollen glands

any delayed/regressed development
been discharged from hospital very ill
any diagnosis of liver disease

any diagnosis of measles

was there prolonged labour > 24 hrs
any congenital malformations

was this a male 15-49 years

was she pregnant at death

was death during wet season

any poisoning, bite, sting

any convulsions or fits

was there paralysis on both sides
abnormal hair colouring

any productive cough

any difficulty breathing

any abdominal pain

any chronic/recurrent diarrhoea (4+w)
any urinary retention

any rash (non-measles)

any excessive urination

any facial swelling

any diagnosis of asthma

any suggestion of suicide

any diagnosis of cancer

any diagnosis of haemoglobinopathy
were there convulsions at delivery
was this a multiple birth

was this a child 5-14 years

did pregnancy end within 6 wks
was death during dry season
was s/he a known smoker

any diagnosis of epilepsy

any paralysis/weakness on 1 side
any coughing with blood

any rapid breathing

any breast lump or lesion

any diarrhoea with blood

any abdominal swelling

any haematuria

any herpes zoster

any excessive food intake

was there a coma > 24hrs

any diagnosis of diabetes

any surgery just before death
any diagnosis of kidney disease
any diagnosis of malaria

was the baby born early < 34 wks
any umbilical infection
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Figure 3.3 - Example of InterVA Output

Local malaria & HIV

InterVA-3 Verbal Autopsy Interpretation System prevalence seftings

Mal aria preval ence set to H CGH
H VI AIDS preval ence set to H CH

run at 12/12/08 11:55:06

ID: 31120901 Signs, symptoms and history
reported. Only positive
data input answers

affect outcome

Up to 3 likely causes

was this a neonate < 4 wks = yes
was death during wet season = yes
any chest indraw ng = yes
any difficulty breathing = yes
was the baby born early < 34 wks = yes
was the baby small < 2500 g = yes
was there difficulty breathing at birth = yes with associated
was this a multiple birth = yes likelihoods
did the mother fail to receive ttv = yes

Most |ikely cause: Pre-term smal | baby - likelihood
56 %
Second |ikely cause: Perinatal asphyxia - likelihood
44 %

Overall certainty factor
relating to determined
causes

certainty 50 %
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3.9 - Adaptation of InterVA to Perinatal and Neonatal Deaths

The original InterVA model did not include stillbirth amongst the causes of death. To
establish whether the original InterVA model was adequate to assign causes ailneonat
death, the 46 live births from the Malawian dataset with available physician déggnos
were compared with InterVA results. Data were extracted both from tist@ueires

and the open histories and entered into the InterVA version 3 model.

There was poor agreement between CSMF using the two methods. InterVA attributed
26% of diagnoses to prematurity, compared with 17% according to physician review,
56% to asphyxia compared with 30% and 8% to severe infections compared with 46%
(Table 3.15). Atindividual levéd{appawas 13 (Cl 0.023-0.3).

Physician review was used for comparison as it is a widely accepted method of

establishing diagnosis using verbal autopsy in the liter&tif&

Table 3.15 - Causes of Death for Livebirths using the Original InterVA Mode

Physician Difference in proportions

CSMF diagz'r;;ses '"t(ﬁ/:;’A (95%Cl)
Congenital anomalies and inherited disorders 3 0 0.03 (-0.02-0.08)
Immaturity/small for gestational age 17 26 -0.09 (-0.3-0.08)
Asphyxia 30 56 -0.3 (-0.46- -0.06)
Severe infection 46 8 0.4 (0.2-0.5)
External conditions 0 0 0

Other 0 0 0
Unexplained 4 10 -0.06 (-0.2-0.04)
Total 100 100

Causes of death:

The exclusion of stillbirths was an important limitation of InterVA version 3 when the
model was applied to the perinatal period for three main reasons. Firstly the number of
stillbirths globally is close to the number of neonatal dé&ti&and it is an important
contributor to perinatal mortality. Secondly preventative interventions to reduce the

number of stillbirths exist, and if VAs are needed to provide data to monitor
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interventions and guide policy, it is important to include stillbirths. Ideally it is
necessary to separate fresh and macerated stillbirths as differergntitsns are

required to tackle the two problems. Finally, if the VA had to be sorted in advance to
separate stillbirths from neonatal deaths, interpretation biases couldoole detd

making the tool less comparable between sites and over time. Manually reading, sort
and interpreting questionnaires requires time and skill and limits the use df verba
autopsies in surveys. To overcome these limitations it was decided, aitedsbate,

to adapt the InterVA model to include stillbirths.

The main differences between InterVA version 3 and the modified version presented in
this thesis were the addition of 2 causes of death: fresh and maceratethstiliit

their respectiva priori probabilities and the adjunct of 8 new indicators.

Eight New Indicators:

New indicators were added to allow accurate cause of death ascription forirtia¢ape

and newborn period, particularly with regard to fresh stillbirth and maceratéd tbisl)
neonatal tetanus and perinatal asphyxia. The indicators added were: “was there no
cry/move/breath at birth?”, “Was infant's skin puffy/mushy at birth?”, “did infant have
arched back after 2 days?”, “did the infant stop sucking after day 3?”, “did the mother
fail to receive tetanus toxoid vaccination?”, “did the infant die on day 1?”, “did
convulsions happen on day 1?7, and “did the infant fail to cry at birth?”. As the model
uses only affirmative data (“yes” answers to the indicators) thersfone of the

indicators are formulated using a double negation.

The indicators were added by the author on the basis of clinical experience and data on
the sensitivity and specificity of algorithms published in the perinatal VA

literaturg 8469471

More in detail, the question distinguishing between livebirths and stillbirthstheas
no cry/move/breath at birth?” was chosen as it is widely used in the verbal autopsy
literature and it is included in the most recent Verbal Autopsy StartdfaSisnilarly

the distinction between fresh and macerated stillbirths: “Was infant's skyirpughy
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at birth?” was also derived from the literature: Edmond defines macerditadists
“skin and tissues pulpy or disintegrating” and fresh stillbirths as “skin and tissue

intact™’2

Three indicators were added to ensure the diagnosis of neonatal tetanus was possible
“did infant have arched back after 2 days?”, “did the infant stop sucking after day 37",
“did the mother fail to receive tetanus toxoid vaccination?”. A combination of &hese
guestions plus convulsions or spasms after day 2 of birth have been used in previous
Studieé58;208;473-47.6

The cut off of 2 days for the diagnosis of neonatal tetanus was chosen as it had been
used by Marsh in Pakistan, Edmond and the WHO neonatal VA questionnaires both in
2003 and in the most recent 2007 ver§ioff 8 Bang however used a cut off of 4
day$®® The WHO included the inability to open the mouth as one of the diagnostic
criteria for neonatal tetanti& this was not included to keep the questionnaire short and
because in the Malawi dataset most infants not feeding were described by the m®ther
unable to open their mouth even in a context where neonatal tetanus had been
eradicated. Finally Kalter using only the criteria of age, convulsions, back arching and

difficulties sucking from day 2 and obtained a specificity for this algorithm of'89%

Time to symptoms’ occurrence or death (“did convulsions happen on day 1?” and “did
the infant die on day 1?”) were included to separate birth asphyxia from neonatal
infections as suggested by the literature: Bang used a cut off of 3 days for the
appearance of convulsions and drowsiness to diagnose’&epéissh and the WHO
Verbal Autopsy Standard use death after day one in the algorithm of neonatal
sepsi$®®*®2 Edmond for neonatal asphyxia included the criterion of time (within the
first day) for two symptoms: convulsions and not being able to suck or Kf¥&ath¢he
context of InterVA the question “Did the infant stop sucking after day 3?” also

discriminates asphyxia/prematurity from sepsis.
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“Did the infant fail to cry at birth?” was added as it is used in previous algorittrms f
perinatal asphyxf&***> No questions about the ability to suck at birth were added in

the interest of keeping the questionnaire short.

The tool was trialled with the first 100 VA available from the Malawi datasdt

compared with physician review. Physician review was used as a model to adapt
InterVA for the perinatal and newborn period, as no death certificates welahvali

and only 4 infants died in a health facility. Therefore validating the probabilities with
hospital records was not possible. The probabilities chosen for the new indicators wer
ascribed using the semi-quantitative scale in Table 3.13. Indicators werai@ssadth

a specific diagnosis “frequently” (probability between 0.1-0.5) if they were part of
algorithms for that diagnosis and rarely (probability between 0.002-0.01) if they were
not part of existing algorithms but could co-exist by chance. For example, fever is a
relatively common symptom and could be associated by chance with death due to
accident, and this was assigned a probability of 0.002. Probabilities of 1 or O were used
very rarely. For example the probability of being a stillbirth was 1 if the ansvike t
guestion “was not able to move, breathe, cry at birth” was yes, and 0 if any of the
questions referring to signs of live had a positive answer.

The first change to InterVA to reach the modified version presented in this thedis wa
add the new causes of death and the 8 indicators with their probabilities. The CSMF of

this first version are shown in Table 3.17.

Subsequently the probabilities of 15 existing indicators were changed in correspondence
with causes of death pertinent to the neonatal period (perinatal asphyxia, prgmaturit

and pneumonia). The changes were introduced stepwise and compared with the existing
CSMF obtained by physician review. The final probability used are shown in table 3.17.
The indicators’ probabilities in correspondence with perinatal asphyxia werededuc

The probabilities of indicators related to sepsis and meningitis were incréased.
occurrence of complications during delivery was increased given the frequency of

complicated deliveries amongst the neonatal deaths encountered.
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After these first modifications the CSMF obtained with the new indicatoss wa
compared with the CSMF obtained by physician review: the proportion of prematurity
was unrealistically low at 2% of causes of death (Table 3.16 and 3.17). This was also
very low when compared with the available data from VA studies. Studies from
African, Asian, Southern Pacific and Latin American countries were revianegd
considered if they reported the incidence of neonatal sepsis, perinatal asphyxia,
prematurity, congenital malformations, neonatal tetanus and stillbirthk ének
maceratedy®*®%>"" The percentages of deaths attributed to the different causes of
death varied widely. Neonatal sepsis was on average 24% of deaths (range 4-63%),
perinatal asphyxia 24% (range 3-54%), prematurity 24% (range 7-50%), congenital
malformation 6% (range 0-22%), diarrhoea 4% (range 0-6%) and neonatal tetanus 7%
(0-18%) the remaining were either attributed to other causes or were léfrmohate.

The wide ranges reflected probably the different study populations: for example a study
in Gaza of 68 neonatal deaths had the highest rate of congenital abnormafigs¥(22
while one in Pakistan of 689 newborns had the highest rate of neonatal®eténes
CHERG projected figures for causes of death in the perinatal and neonatal peod w
Prematurity 28%, neonatal sepsis 26%, neonatal tetanus 7%, Diarrhoea 3%, asphyxia
23% congenital malformation 79%. Stillbirths represented about 50% of all perinatal

deaths in several studre%°*

CSMF obtained using InterVA are dependant on indicator probabilities, but more so on
matrix probabilities which are set for the entire population and change by age groups.
The next modification for the new version of InterVA involved changing the matrix
probabilities for newborns. These changes were done stepwise using the probability
scale in Table 3.13 and compared with the first 100 VA interpretation using physician
review and available literature. The matrix probabilities were changed keeming int
account the probabilities already fixed for the whole population (Table 3.16 Baseline
Population). For acute infections and pneumonia the probability was increased by one
log, while for asphyxia it was decreased by one. The diagnosis of diarrhoea was reduced

by 3 logs as diarrhoea was considered an extremely rare cause of neonatal death, as
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indicated in the literature and in the VA interpreted by physician review. In the original
version diarrhoea in the newborn had the same a matrix probability than the population
as a whole. When the ranking of causes of death was the same between physician
review and InterVA and the proportion of the causes of death were within the ranges

described in the literature, the model was considered satisfactory.
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Table 3.16 — A Priori probabilities in the different versions of the Modifed InterVA model

Occurrence Accident  Acute Prematurity ~ Tetanus Diarrhoea Meningitis Pneumonia  Asphyxia  Congenital
infections Malformation

Baseline population 0.002 0.005 0.002 0.002 0.05 0.005 0.05 0.002 0.002
Original 0.02 0.005 0.2 0.5 0.05 0.05 0.2 0.2 05 0.5
1st 0.02 0.005 0.2 0.5 0.02 0.02 0.2 0.2 0.2 0.5
2nd 0.02 0.005 0.2 0.5 0.02 0.01 0.2 0.5 0.2 0.5
3rd 0.02 0.005 0.5 0.5 0.02 0.005 0.2 0.5 0.2 0.5
4t 0.02 0.005 0.5 0.5 0.02 0.005 0.2 0.5 0.2 0.5
Current 0.02 0.005 0.5 0.5 0.01 0.005 0.2 0.5 0.2 0.5

151



Table 3.17 — Comparison of CSMF between different version of the modified
InterVA

InterVA InterVA

Phvsician Addin Changing Modified Version
CSMF Y g Existing Changing Matrix

Diagnoses New Indi Probabiliti

Indicators n |ca_1t_o_r robabilities
Probabilities

Congenital anomalies 3 1 1 1
and inherited disorders
Immatprlty/small for 10 5 5 6
gestational age
Asphyxia 16 29 13 14
Severe infection 19 1 23 26
Tetanus 0 2 1 0
Fresh Stillbirth 40 40 44 40
Macerated Stillbirths 8 16 15 8

Ultimately the computer programme used 35 indicators including the age of death,
excluding the ones stating the season of death and assuming all neonatal deaths were
acute and sudden. As for the causes of death the principle was to keep the InterVA tool
as close as possible to the original version to avoid altering the performance of the

model for other age groups previously te&tegf?>>>10

152



Table 3.18 - Comparison between “A Priori” Probabilities from the Original and Modified InterVA Model

Occurrence Accident Infection Prematurity Tetanus Diarrhoea Meningitis Pneumonia Perinatal Congenital Fresh Macerated
asphyxia Stillbirth Stillbirth

New Original |[New Original New Original New Original New Original New Original New Original New Original New Original New Original New New
Expected 0.002 | 0.002 |0.005 0.005 |0.002 0.002 |0.002 | 0.002 | 0.05 0.05 0.005 | 0.005 | 0.05 0.05 0.002 @ 0.002 |0.002 | 0.002 0.002 0.002
Was the a 0.02 | 0.02 0.005 = 0.005 0.5 0.2 0.5 0.5 0.01 0.05 |0.005 0.05 0.2 0.2 0.5 0.2 0.2 0.5 0.5 0.5 0.5 0.02
newborn
was there a cough 0.1 0.1 0.1 0.1 0.1 0.1 0.002 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 0.5 0.002 0.1 0.1 0.1 0 0
for up to 3 wks
any rapid 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.5 0.5 0.1 0.005 0.1 0.1 0 0
breathing
any chest 0.002 |0.002 0.002 = 0.002 0.002 0002 | 0.05 0.002 0.002 0.002 0.002 0.002 | 0.002 0.002 0.5 0.02 0.005 0.002 0.002 0.002 0 0
indrawing
any cyanosis 0.002 | 0.002 0.002 0.002 0.002 0.002 0.005 0.005 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.05 0.5 0.002 0.002 0 0
any diarrhoea with  0.005 | 0.005 0.005 0.005 0.02 0.005 0.005 0.005 0.005 0.005 0 0 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0 0
blood
any 0.005 | 0.005 0.005 0.005 | 0.01 0.005 | 0.01 0.01 | 0.005 | 0.005 | 0.005 0.005 |0.005 0.005 | 0.05 0.005 0.002 0.005 |0.005 0.005 0 0
yellowness/jaundice
any acute fever 0.2 0.2 0.2 0.2 0.5 0.5 0.2 0.2 0.2 0.2 0.5 0.5 0.5 0.5 0.5 0.5 0.05 0.2 0.005 0.2 0 0
any drowsiness 0.1 0.1 0.1 0.1 0.1 0.1 0.005 0.1 0.2 0.2 0.1 0.1 0.5 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0 0
any delivery 0.005 0.002 0.002 0.002 0.01 0.01 0.002 0.002 0.002 0.005 0.002 0.002 0.002 0.002 0.002 0.002 0.2 0.5 0.002 0.002 0.2 0.005
complications
Heavy bleeding 0.002 | 0.002 0.002 0.002 0.05 0.05 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.2 0.5 0.002 0.002 0.2 0.002
before/after
delivery
was there 0.002 | 0.002 0.002 | 0.002 | 0.01 0.01 0.002 | 0.002 |0.002 | 0.002 |0.002 0.002 |0.002 0.002 |0.002 0.002 0.2 0.5 0.002 | 0.002 0.5 0.002
prolonged labour >
24 hrs
was the baby born  0.002 | 0.002 0.002 0.002 0.02 0.02 1 1 0.002 0.002 0.002 0.002 0.05 0.002 0.05 0.01 0.05 0.5 0.01 0.002 0.002 0.005
early < 34 wks
was the baby small 0.002 0.002 0.002 0.002 0.02 0.02 0.5 1 0.002 0.002 0.002 0.002 0.05 0.002 0.05 0.01 0.05 0.5 0.01 0.002 0.002 0.005
<2500¢g
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Cont.Table 3.17 - Comparison between “A Priori” Probabilities from the Original and ModdilnterVA Model

Occurrence Accident Infection Prematurity Tetanus Diarrhoea Meningitis Pneumonia Perinatal Congenital Fresh Macerated
asphyxia Stillbirth Stillbirth

was there 0.002 | 0.002 0.002 0.002 0.002 0.002 0.1 0.5 0.002 0.002 0.002 0.002 0 0 0.002 0 0.5 1 0.002 0.002 0 0
difficulty breathing
at birth
any congenital 0.002 | 0.002 0.002 0.002 0.002 0.002 0.05 0.05 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.005 0.002 0.002 1 1 0.05 0.02
malformations
was this a multiple  0.005 |0.005 0.002 0.002 0.005 0.002 0.2 0.2 0.002 0.002 0.002 0.002 0.005 0.002 0.01 0.005 0.005 0.05 0.002 0.002 0.005 0.02
birth
was there no 0.002 0 0 0 0 0 0 0 0 0 1 1
Cry/move/breath at
birth
Was infant's skin 0.002 0 0 0 0 0 0 0 0 0 0 1
puffy/mushy at
birth
did infant have 0.01 0.002 0.002 0.002 0.5 0.002 0.05 0.002 0.002 0.002 0 0
arched back after 2
days
did the infant stop  0.002 0.002 0.2 0.002 0.2 0.002 0.5 0.5 0.002 0.002 0 0
sucking after day 3
did the mother fail  0.005 0.002 0.002 0.002 0.05 0.002 0.002 0.002 0.002 0.002 0.002 0.002
to receive TTV
did the infant die 0.005 0.002 0.05 0.02 0 0.002 0.02 0.02 0.5 0.2 0.5 0.5
onday1
did convulsions 0.002 0.002 0.05 0.002 0 0 0.05 0.002 0.5 0.002 0 0
happen on day 1
did the infant fail 0.005 0.002 0.05 0.1 0.002 0.002 0.05 0.05 0.5 0.002 0 0

to cry at birth
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3.9.1 Adaptation to the InterVA Format

Not all the information collected from the study questionnaires was used in the
probabilistic analysis, as InterVA used a restricted number of indicators.
Therefore the data extracted from the different studies in STATA spredsishe

were transferred manually to the InterVA format. For some indicators this proces
involved simply a change in the order of the indicator to suit the format of

InterVA, for others it involved a process of interpretation of the information
derived from the questionnaires and condensing data from several questions to a
smaller number of indicators (Table 3.18). The fact that the InterVA programme
allowed only affirmative answers to change the matrix probability required
interpretation of questions with multiple answers. Strict standardisedecvitere
established by the author, to systematise this process. Data entry into Fox Pro was
done using Stat Transfer 9 (2009 Circle Systems, Inc). Missing data, like negative

answers, were not included in the model.

All deaths were considered for the purpose of InterVA data entry as having
occurred suddenly within the first 28 days of life. The question about presence of
bruising at birth was not interpreted as “recent injury”. The InterVA indicator for
rigidity and locked jaw was not used as a large number of infants were considered
unable to open their mouth if they had a generic feeding difficulty, while in the
InterVA model rigidity and locked jaw referred specifically to spasms agedcia
with tetanus. Any sign of respiratory distress such as grunting or nasal flare was
entered as difficulty in breathing. Difficulties breathing started at (srkcified

in the questionnaire as difficulties breathing immediately at birth for thawial

and Nepal questionnaire and in the first day for the Mumbai database) were
entered as “born not breathing” while difficulties in breathing that aroselaifth

(not immediately after birth and after the first day in Mumbai) were ensered
“difficulty in breathing”. Both hyper or hypothermia were entered as “fever”.

“Drowsiness” was interpreted as drowsiness developing in a previously well
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infant. Delivery complications included: any abnormality during delivery,

duration of labour over 24 hours, a presenting part other than the head, any type of
delivery different from spontaneous vaginal delivery and moderate or severe
vaginal bleeding. Infants “born early” included all infants with a gestational age
<33 weeks ok8 months or simply born early according to the questionnaire.
Infants “born small” included all infants with birth weight <2500g or, if weight

was not available, infant small or very small at birth according to their msther’
opinion. All congenital malformations were entered irrespective of their
description. Failure to receive tetanus toxoid vaccine was defined as having
fewer than two injections in the current pregnancy or fewer than 5 injections in the
mother’s lifetime. Convulsions occurring on day 1 were all convulsions occurring
within the first 24 hours from birth. The indicator of failure to cry at birth referred
to infants that were able to breathe or move at birth but failed to cry.

In MIRA, stillbirths were derived from the question about whether the infant was

a stillbirth, as the question asking whether the “infant was able to breathe or move
or cry even a little at birth” were not an available in the dataset. Theeenwer
guestions in the database directly assessing the presence of a maceratty stillbi
such as any reference to macerated skin or any attempt to establish whether the
infant was dead before labour, therefore macerated stillbirths were naitedalu
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Table 3.19 — Conversion of categorical to binary data from Questionnaires to InterVAndicators

InterVA question Malawi Nepal Mumbai InterVA
did final illness last < 3 weeks? The answer to this question was yes for all neonatal deaths
was death very sudden or The answer to this question was yes for all neonatal deaths
unexpected?
was death during wet season? Not used
was death during dry season? Not used
Was s/he in a transport accident ~ From Open History Not used Did the baby have any injury or accident? Motor vehicle Yes
Did s/he drown From Open History Not used Did the baby have any injury or accident? Drowning Yes
Had s/he fallen From Open History Not used Did the baby have any injury or accident? Fall Yes
Any poisoning, bite, sting From Open History Not used Did the baby have any injury or accident? Poisoning Yes
OR
Bite/sting from venomous animal

any convulsions or fits? Did the baby have any convulsions/fits? Yes Yes
was the fontanel raised? How did the baby’s fontanel look like? Bulging up Did the baby have a bulging fontanel? Yes Yes
was the fontanel or eyeball What did the baby’s fontanel looked like? Sunken Not used Yes
sunken?
any rigidity/lockjaw? Not used in the Malawi dataset, as babies Could the baby open his mouth? No Yes

with feeding difficulties were said not to be

able to open their mouth
was there a cough for up to 3 wks? From open history data Not used Yes
any rapid breathing? What difficulty in breathing? Fast breathing Did the baby have fast breathing? Yes Yes
any chest indrawing? Was there chest indrawing? Yes Yes
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Cont Table 3.18 — Conversion of categorical to binary data from Questionnaires to l#tdndicators

InterVA question
any difficulty breathing?

any cyanosis?

any abdominal mass?

any diarrhoea with blood?

any acute diarrhoea (< 2wks)?

any abdominal swelling?
any vomiting?

any yellowness/jaundice?
any skin lesions/ulcers?

any rash (non-measles)?
any acute fever?

any anaemia/paleness?
any drowsiness?

Malawi Nepal
Did the baby ever had difficulty in breathing? Yes AND

when did the difficulty start? “Not immediately but within 6 hours OR

more than 6 hours after birth”

OR What was the difficulty? Intermittent breathing

OR was there grunting? Yes

OR was there nostril flare? Yes

OR did the baby have pneumonia? Yes

From open history Not used

From open history Not used

Was there blood (or mucous) in the (loose or liquid) stool? Yes
Did the baby have diarrhoea? Yes

From open history Not used
Did the baby vomit everything? Yes

Were the baby’s skin and eyes very yellow? Yes

Did the baby have any pustules on the skin? Yes

Not used

Did the baby have fever? Yes

OR Did the baby feel cold? Yes

Not used

Did the baby became drowsy or
unconscious when had been normal before
? Yes

Mumbai

During the illness did the baby have difficulties in breathing? Yes
AND when did the difficulty start? After >1 day

OR did the baby have grunting? Yes

OR did the baby’s nostril flare with breathing? Yes

OR did the baby ever stop breathing for a long time and start
again? Yes

OR did the baby have pneumonia? Yes

During the illness did the baby turn blue? Yes

Did the baby have more frequent liquid stools than usual? Yes
OR did the baby have diarrhoea? Yes

OR Did the baby have frequent loose or liquid stools? Yes
Did the baby have any abdominal distension? Yes

During the illness, were there any of the following on the baby’s
skin? Any of: Boils,

Blisters

Single large area of pus

Redness with swelling

During the illness did the baby became unresponsive or
unconscious or very sleepy? Yes

OR did the baby became very lethargic after a period of normal
activity? Yes

InterVA
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes
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Cont Table 3.18 — Conversion of categorical to binary data from Questionnaires to l#tdndicators

InterVA question
any delivery complications?

Heavy bleeding before/after

delivery?

was there prolonged labour > 24

hrs?

were there convulsions at delivery?
was the baby born early < 34 wks?

Malawi

How was the baby delivered? Any
answers >1 (TBA/Relative/friend pulled
the baby or pushed on the tummy,
health worker used forceps, caesarean
section)

OR How long did the labour last? Answer 5
(>24 hours)

OR Which part of the baby came out first?
Any answer >1 (buttock, hand/foot/cord)

From open history

How long was the labour? answer 5 (>24
hours)
From open history

Nepal

How was the
delivered? Any of:
Manually
Forceps
Operatively

OR Which part came out
first? Any of:

Buttock

Hands/foot/cord

baby

Not available

How long was the labour?
>24 hours
Not used?

Was the baby born at the expected time? Early

Mumbai
Which part of the baby came out? Any of:
Bottom,
Feet,
Hand or arm,
Caesarean
OR Did any of these problems occur during delivery? Any of:
High blood pressure measured by health worker
Convulsions,
Fever during labour,
Umbilical cord came before the baby,
Cord around the baby’s neck,
Heavy bleeding
OR How was the baby delivered? Any of
Baby was pulled out by manipulation by hand,
baby was pulled out with an instrument
C section
Did any of these problems occur during delivery? Heavy bleeding

How long did the regular strong labour pains start before the baby
was born? >24 hours
Did any of these problems occur during delivery? Convulsions

OR After how many completed months of pregnancy was the baby born? < 8 months

InterVA
Yes

Yes

Yes

Yes
Yes

3 27% of mothers reported having had convulsions in labour. The Nepali research team considered this indicator spurious as during the interviews
there was difficulty in explaining differences between fainting and convulsions.
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Cont Table 3.18 — Conversion of categorical to binary data from Questionnaires to l#tdndicators

InterVA question
was the baby small < 2500 g?

was there difficulty breathing at
birth?
any congenital malformations?

was this a multiple birth?
any umbilical infection?

did the mother fail to receive TTV?

did the infant stop sucking after day
3?

did infant have arched back after 2
days?

did convulsions happen on day 1?
did the infant die on day 1?

Malawi Nepal Mumbai

How big was the baby? Very small or tiny or smaller than usual

OR do you know the birth weight of the baby? <2500g

Did the baby ever had difficulty in breathing? Yes During the iliness did the baby had difficulty breathing? Yes
AND when did the difficulty start? Immediately at birth AND How long after birth did the difficulty start? On the first day
Did the baby have any obvious deformity/congenital malformations? Yes [How did the baby look at birth? Abnormal]

OR did the baby have a very small head? Yes

OR did the baby have a mass or defect at the back of the head (or spine)? Yes

OR did the baby have cleft lip/palate? Yes

Was the baby one of twins? Yes Was the baby a singleton or multiple birth? Multiple

Did the baby had a bright red ring on the skin around (or drainage from) the umbilical stump? Yes

During this pregnancy how many times did  Not used Not used
you get the TTV injection in the arm? <2

injections

AND have you received all 4 injections? No

Did the baby always suckle normally? No

AND When did the problem start? 3 (after 3 days)

Did the baby arch his back or had spasms? Yes

Convulsions: In which day of life:? After first day Not available
Date of death — date of birth >1 day How old was the baby at the time of death?
> 24 hours old

InterVA
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Cont Table 3.18 — Conversion of categorical to binary data from Questionnaires to l#tdndicators

InterVA question
was there no cry/move/breath at
birth?

Was infant's skin puffy/mushy at
birth?4

did the infant fail to cry at birth?

Do you think the infant suffered
from tetanus?

Malawi Nepal
Did you think the baby was born dead or alive? Dead
AND Did the baby cry even a little? No

AND did the did the baby ever move even a little? No
AND did the baby breathe even a little? No

Was the baby still moving when the labour started? No

OR when did you last feel the baby moving? >24 hours previous to delivery

/ Days before labour started

OR did you think the baby was dead before delivery/ before you went into

labour? Yes
Did the baby cry at birth? No

Not used in Maimwanas

Mumbai

InterVA
Yes

Had he baby’s body changed so that the skin was soft and pulpy ~ Yes

or discoloured? Yes

OR was the baby still moving when labour started? No

OR When did you last feel the baby moving? Days before labour
started

How long after birth did the baby first cry?

Never cried

Not used

Yes

# Ambiguous question in maiMwana and Nepal’s questionnaires. Therefore data from open history were used and either mum last feel baby movements >24 hours
previous to delivery OR mum thought the baby was dead before delivery OR the baby was no longer moving before labour

> The common names for tetanus: Kufumbata or kalongolongo were used to describe a number of illnesses including the prominence of the veins
around the umbilicus and umbilical flare. “Tetanus” therefore was reported commonly (6% of 156 neonatal deaths), even if it had been eliminated

according to the WHO criteria (< 1 case per 1000 births) since March 2002 °*".

517
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Table 3.18 describes in detail the criteria for interpretation of data from the
questionnaires used in the 3 studies and the InterVA indicators. For the Mumbai

database the data received were compatible with the InterVA format.

3.9.2 Comparison between InterVA and Physician Review Outcomes

To compare CSMFs between physician review and InterVA an “infectious
diseases” category was created grouping together the probabilities cdltylate
InterVA for sepsis, pneumonia, diarrhoea, other infections and meningitis,
because from a public health perspective they did require similar preventative
interventions. Moreover, the aim of using InterVA was to classify consistently the
causes of death into 6 categories for neonatal deaths and two for stillbirths. These
categories were common to all perinatal death classifications thiilgub-
classifications varied among studies. Moreover InterVA output had to be
maintained as it is written for all age groups. Neonatal tetanus was an@xcept

It was the only sub-classification to be maintained and compared with the two
methods as its detection has important public health implications.

Kappa(x) statistic was used to compare the causes of death obtained using
InterVA and physician review. The analysis was performed in STATA9 using the
“kap” and “kapci” commands’>'® Kappawas used as comparison method
assuming that both InterVA and physician review are equally valid methods to

interpret verbal autopsy datéappa (k) statistic is expressed with the formula:

D(obs) - D(exp)
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where D(obs) is the proportion of agreement observed between diagnoses by
different physicians and D(exp) is the percentage of agreement observed between
two physicians by chance alone. Kappa was used rather than sensitivity and
specificity formulas as physician review cannot be considered a true gold dtandar
for the interpretation of verbal autopsy data, given the poor repeatability of its
results'®. Agreement between methods was considered “substantakias

between 0.61 and 0.8, “moderatekivas between 0.41 and 0.6, “fairkfwas

between 0.21 and 0.4, “slight” if it was between 0 and 0.2 and “poor” if etflal 0
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3.10 - Analysis Plan

The 337 VA from Malawi collected between 2004 and 2006 were divided into 5
datasets for analysis. Two datasets included the first 100 verbal autopsies
chronologically available that were used for the original adaptation of the InterVA
model to include stillbirths and improve separation of causes of neonatal deaths.
Those were compared with physician review to establish the performance of the
adapted model. The database with the information derived from the open history
coded and integrated with the closed questions was used for initial comparison. A
second database with the same 100 VA data did not include the open history
information and was subsequently run to compare the model performance with
and without open history data to establish whether it changed the performance of
InterVA.

The remaining 237 untouched VA from Malawi were separated to test the
modified InterVA model in comparison with physician review when the new data
were submitted. Again two databases, with and without open history information,
were created to establish how essential open histories data were in the
interpretation of the VA data using InterVA (Figure 3.4).

Finally only that VA data collected betweetMarch 2005 and $1April 2006

(318 deaths) were analysed using physicians’ review and InterVA to present the
CSMF for the study period to answer the epidemiological question of the causes
of perinatal and late neonatal mortality in Mchinji District.

Causes of death by time of death were also analysed.
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Figure 3.4 Analysis Plan for Malawi Data

InterVA model

tested
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diagnoses diagnoses
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The burden of stillbirths and neonatal deaths in Makwampur, Nepal and in the

City Initiative for Newborn Health slum area in Mumbai is described using the
CSMF according to physicians’ review and InterVA and compares the two
outcomes. Causes of death were separated by time of death of the infants. For the
data from Mumbai it was also possible to assess the accuracy of maternal
perception of infant’s size to validate the use of the parameter in this thesis.

A comparison of the mortality figures and CSMF in the three studies using
InterVA is shown, also comparing causes of death by day of death. Similarities
and differences in the technical characteristics of the VA interviegisasithe

time lapse between death and interview, the characteristics of the resptdmelent

demographics and some of the health care practices are compared and discussed.

Different outputs derived from InterVA are presented using different andlytica
methods.

1. Calculating the model uncertainties:
InterVA expresses between one and three diagnoses for each individual death,
each with an associated likelihood. The total of the likelihoods for each death does
not necessarily add up to 100 as there were not always sufficient signs and
symptoms to allow the model to express this degree of certainty. The original
model used in the analyses of this thesis does not take account of this percentage
of uncertainty. In this analysis each death was considered to have a total
likelihood of 100, therefore if the sum of the likelihoods did not add up to 100, the

difference was added to the indeterminate category.
2. Excluding all model uncertainties:

In this analysis the model outputs was calculated in the same manner as physician

review outputs are interpreted: if a single cause of death was expressedsthis wa
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given a value of 100 and if two were considered, they were given the value of 50

each and so on. In this way all model uncertainties were excluded.

3. Single cause of death:
Here only the cause of death with the highest likelihood was included and it was
given the value of 1 in the same way as single diagnosis by physician review is

calculated.

Outcomes obtained by consensus through physician review were compared to
outcomes when all physicians’ opinions were given the same weights without

taking into consideration the consensus.

Finally, to understand on which indicators InterVA is mostly basing its cause of
death attribution, indicators from InterVA and three causes of death (perinatal
asphyxia, sepsis and prematurity) were tabulated. As only a small number of
indicators were consistently used by the model, InterVA was re-run using a
reduced number of indicators to establish whether a reduced number of questions

would still provide comparable CSMF.
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3.11 - Conclusions

» This chapter describes the stages of development of a verbal autopsy tool
consisting of a classification of stillbirths and neonatal deaths, an
interpretative algorithm and a questionnaire for physicians’ review
interpretation.

* The data collection tools, procedures, storage and maintenance were
similar in the three studies as they evolved from one another over a period
of about 8 years. The interpretation using physician review varied in the
number of physicians involved, the number of causes of death allowed for
each questionnaire and the interpretative algorithm used.

* The adaptation of a computerised programme based on probabilistic theory
to interpret VA data in a consistent, repeatable and rapid manner was
explained.

» The analysis plan of the thesis was described.
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Chapter 4:

Results

Refinement and Testing of the InterVA Model Using Stillbirth and
Neonatal Verbal Autopsy data from Maimwana - Malawi

4.1 - Burden and Causes of Perinatal and Neonatal Mortality in Mchinji
District, Malawi

Over a period of a year betweethApril 2005 and 33 March 2006 birth and

death data were collected as part of the epidemiological surveillandargéa
cluster randomised trial evaluating two community participation interventions to
reduce neonatal and maternal mortality in Mchinji, the westernmost dafttioe
central region of Malawi. During this period 6574 births were followed up, of
those 6,414 resulted in live-births and 160 in stillbirths. Of the live-births, 161
died in the neonatal period. Of these neonatal deaths 108 (67%) occurred within
the first week of life and 53 (33%) between 8 and 28 days after birth. The overall
neonatal mortality rate (NMR) was 25 per 1000 livebirths, the stillbirth r&R)S
was 24 per 1000 total births, and the perinatal mortality rate (PNMR) was 41 per
1000 births.

During this period 318 verbal autopsy (VA) questionnaires were collected and
subsequently interpreted by physician review and an adapted version of interVA.
After physician interpretation of the VA questionnaires, considering that only 3
VA were missing, the NMR and SBR could be corrected to 26.6 per 1000
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(171/6414) and 22.4 per 1000 (147/6574) respectively. Using the InterVA model
NMR was 25.7 per 1000 (165/6414) and SBR was 23.3 per 1000 (153/6574).
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4.2 - Causes of Stillbirths and Neonatal Death — Physician Review

Mothers were the respondents for the majority of the questionnaires (n=306,
96%). In three cases of maternal death a paternal or maternal relgtiveded.
None of the 12 VA where respondent was not the mother had indeterminate as a

cause of death.

4.2.1 Quality of Verbal Autopsy Data

The VA were collected between 3 and 1076 days after the infant death with
median of 62 days (inter quartile range = 109, Figure 4.1), 252 interviews (79%)
were collected within 6 months and 280 (88%) within a year of the death. The

date of interview was not available in 3 instances.

Figure 4.1 - Interval between Death and Verbal Autopsy Interview Dates
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The open history narrative was available for 207/283 (73%) of the VA obtained
within 1 year and from 20/33 (60%) of the VA over a year after the infant’s death
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(p=0.1), in two cases the date of the interview was unknown. None of the causes
of death from the VA taken a year after death were left undetermined by
physician review or the InterVA model. The overall causes of death ranking did

not change whether they were included or excluded.

Considering the 318 VA collected during the year from March 2005 and April
206, the agreement between Malawian physicians reading 161 questionnaires,
calculated usingappastatistics was 76%: very good agreerfénThe main
discordance of opinion was in establishing whether a stillbirth was fresh or
macerated, and whether a death was due to perinatal asphyxia or was a fresh
stillbirth.

Agreement between the second pair of paediatricians after reading 157
questionnaires was 78%appa0.7273 Cl: 0.643 - 0.803).
The main disagreement was over birth asphyxia and fresh stillbirths, fresh and

macerated stillbirths, neonatal sepsis and tetanus.

Of the 318 deaths, 145 (46%) were classified as stillbirths and 173 (54%) as
neonatal deaths. Amongst the stillbirths there were 50 ante-partum and 95 intra-
partum deaths.

About 2/3 of the 173 neonatal deaths occurred in the first week from birth and 1/3
in the late neonatal period: 83 infants (48%) died within the first 24 hours from
birth, 120 (69%), in the first week, while only 53, (31%) were late neonatal
deaths (between 8 and 28 days from birth, Figure 4.2).
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Figure 4.2 — Distribution of Neonatal Deaths by Time
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Of the neonatal deaths 96 infants (55%) were boys and 77 (45%) girls. Of
the stillbirths 63 (43%) were girls and 81 (55%) were boys, for one the sex
was missing. The results of physician review diagnoses are reported in
Table 4.1.
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Table 4.1 — Causes of Stillbirth and Neonatal Death According to Consensus
Physician Review

Stillbirths
Fresh stillbirths Macerated Total
stillbirths
Number Percentage Number Percentage Number Percentage
Prematurity 1 11 1 2 12 8
Obstetric | 44 45 1 2 45 29
Complications
Accidents 0 0 0 0 0
Congenital
malformation 8 . 5 10 8 2
Multiple births 5 3 - - 5 3
Other 4 4 5 10 9 6
Indeterminate 36 35 38 76 74 48
Total diagnoses 103 100 50 100 153 100
Neonatal deaths
Early Late Total
Number PercentageNumber Percentage Number Percentage
Congenita} 6 3 1 1 7 3
malformations
Perinatal Asphyxia 36 19 - 36 14
Asphyxia with Obstetric
Complications 19 L - 19 4
Severe Infections 35 47 82
Pneumonia © 13 29
Meningitis 6 18 24
Local Infections 3 19 - 70 3 32
Diarrhoea 1 - 1
Other 28 15 5 7 33 13
Indeterminate 14 7 5 7 19 7
Total diagnoses 189 100 67 100 256 100

Note: more then one cause of death for each questionnaire.
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4.3 - Use of Multiple Diagnosis and Standardisation between Physician
Opinions

The use of multiple diagnoses by physician review introduced a large variability

in data interpretation and possibly some inconsistencies (Table 4.2). Overall

British were as likely as Malawian paediatricians to report multipleesaois

death 52% (82/157) of cases and 47% (86/181) respectively.59% of infants

born at a gestational age of 8 months or earlier according to the questionnaire, had
prematurity listed as one of the causes of death. There were 28 infants reported to
have a congenital malformation, but only 14 had this as a diagnosis. Physicians
also reported a number of diagnoses as “other”: such as obstetric complications,
jaundice, intestinal obstruction, multiple pregnancy, macrosomia, haemorrhagic
disease of the newborn and maternal infections. However in the raw data extracted
from the questionnaires, those symptoms were reported for a larger number of

infants than acknowledged in the diagnoses (Table 4.2).

Table 4.2 - Comparison between Questionnaire Data and Physician
Diagnoses

Neonatal death Questionnaires Physician diagnosis

Final cause Underlying Associated

of death cause of death  cause of death Total (%)
Congenital
Malformation 28 3 B 0 14(50)
Obstetric
Complications* 156 0 8 56 64 (41)
Prematurity 115 18 43 7 68 (59)
Multiple Births 51 0 5 9 14 (27)
Jaundice 35 0 2 4(11)
Large Infant
(macrosomia)* 97 0 0 2 2()
Bleeding 9 0 1 0 1(10)

* Obstetric complications: Labour duration over 24 hours, infant presentation different from
vertex, delivery type different from spontaneous vaginal delivery and any delivery problem
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4.4 - Refinement of the InterVA Model on 100 Perinatal Verbal
Autopsies

A method of estimating the CSMF using a computerised algorithm was refined
and tested on the first batch of VA completed with physician diagnosis available
from Malawi: 81 of these questionnaires belonged to the period under study (April
2005 to March 2006) and 19 were collected between November 2004 and the end
of February 2005. Those earlier VA were collected by the same interviewers and
interpreted by the same physicians, this period was excluded from this final study
as the surveillance system was being piloted and not all deaths were captured,
however there was no reason to assume that the VA collected in that period would

differ in any way from the ones in the year considered by the study.

4.4.1. Description of the Dataset

The initial 100 questionnaires were collected between 11 and 338 days after the
infant’s death with a median of 65 days. Mothers were the respondents to all the
guestionnaires but one, where the mother also died and a maternal relative was

interviewed.

4.4.2. Physician Review

All questionnaires were interpreted by the same two Malawian paeidiasriwho
reached the same diagnosis for the underlying cause of death in 71 cases, while

29 required a discussion. Agreement was reached in 96 cases. Four deaths were
considered undetermined, either there was no agreement reached (3 cases) or both
physicians considered that there was not enough information to reach a diagnosis

(1 case). A single diagnosis was expressed in 45 cases, two diagnoses in 47 cases
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and three or more in eight cases. There were 52 stillbirths and 48 neonatal deaths
of which 32 (67%) were early death (0-7 days).

For the calculation of CSMFs using physician review, if more than one cause of
death was assigned by the physicians, each was considered as a proportion of the
total. Therefore, if a single cause of death was assigned by all physicians, this
cause counted as 100% of the death. If more than one cause of death was
attributed, each contributed an equal proportion to a total of 100% of the deaths.
For example, if both reviewing physicians assigned a cause of prematurity to a
case and one of the physicians also assigned sepsis as a contributory cause, then
prematurity contributed 75% to the death and sepsis contributed 25% (Table 4.1).
This system was used to avoid loss of information and bias that can be introduced

when consensus is used.

4.4.3. InterVA Model

The data from the same 100 VA questionnaires were batched and entered in the
modified InterVA model. To ensure all the information available from the data
were incorporated into the model, the open histories were also all read and coded.
The codes were then extracted and added to the InterVA model where
appropriate. The same data were analysed omitting the open histories

information.

The CSMFs were calculated from the InterVA output by adding the sum of the
likelihoods computed by the programme for each cause of death category divided

by the sum of the likelihoods for all causes (Table 4.3).
CSMFs and individual agreement between the InterVA results and physician

review were compared. Figure 4.3 shows comparability between the causes of

death obtained by physician review and the InterVA model.
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Table 4.3 - CSMF using Physician Review and InterVA Including and
Excluding Open History Codes

InterVA + Physician Difference in InterVA No
Open History Review proportion (CI) Open History

Fresh Stillbirths 40.0 33.1 0.07 (-0.005-0.14) 438
Macerated Stillbirths 8.0 7.9 0.001 (-0.04-0.04) 113
Congenital Malformation 0.8 25 -0.012 (-0.03-0.006) 0.8
Perinatal Asphyxia 13.7 13.2 0.01 (-0.04-0.06) 15.5
Neonatal Infection 26 17.9 0.08 (0.02-0.14) 19.5
Prematurity 59 10.3 -0.04 (-0.08-0.002) 9.1

Other 0.0 13.9 -0.14 (-0.2--0.1) 0.0
Indeterminate 1.1 1.1 0 (-0.01-0.01) 1.2

Figure 4.3 - CSMF using Physician Review and InterVA — Including Open
History Codes
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Other causes include “obstetric complications”, “jaundice”, “multiple pregnancies”,
“maternal causes”, “hypothermia”, “hypoglycaemia”

The hierarchy of causes of death was equivalent between the two models.
InterVA had a higher proportion of fresh stillbirths and neonatal sepsis and a
lower proportion of prematurity, compared with physician diagnoses. In the

physician review model about 14% of causes of death were classified as “other”.
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The majority of the “other” diagnoses (n= 30, 85%) were obstetric complications
associated mostly with fresh stillbirths and perinatal asphyxia. Thememali

causes were jaundice, multiple pregnancies, maternal causes, hypotimeimia a
hypoglycaemia and accounted for 8 cases (15%). If obstetric complications were
included in the diagnoses of perinatal asphyxia and fresh stillbirth the “other”
causes of death decreased to 2.4% and the two datasets remained comparable
(Figure 4.4)

Figure 4.4 - CSMF using Physician Review and InterVA Considering
Obstetric Complications as Part of the Diagnoses of Fresh Stillbirth ah
Perinatal Asphyxia
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Individual agreement was calculated by comparing all the diagnoses expressed by
physician review with all diagnoses obtained through InterVA. In 73% of
individual cases at least one of the InterVA diagnoses agreed with at least one of
the physician diagnosekdppa=0.60, 95% CI 0.567-0.702).
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4.4.4. Comparison between InterVA Model and Physicians’ Review —
Without Open H