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stillbirth
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Objective To validate the verbal autopsy tool for stillbirths of the World Health Organization (WHO) by using hospital diagnosis of the
underlying cause of stillbirth (the gold standard) and to compare the fraction of stillbirths attributed to various specific causes through
hospital assessment versus verbal autopsy.

Methods In a hospital in Chandigarh, we prospectively studied all stillbirths occurring from 15 April 2006 to 31 March 2008 whose
cause was diagnosed within 2 days. All mothers had to be at least 24 weeks pregnant and live within 100 km of the hospital. For verbal
autopsy, field workers visited mothers 4 to 6 weeks after the stillbirth. Autopsy results were reviewed by two independent obstetricians
and disagreements were resolved by engaging a third expert. Causes of stillbirths as determined by hospital assessment and verbal
autopsy were compared in frequency.

Findings Hospital assessment and verbal autopsy yielded the same top five underlying causes of stillbirth: pregnancy-induced
hypertension (30%), antepartum haemorrhage (16%), underlying maternal illness (12%), congenital malformations (12%) and obstetric
complications (10%). Overall diagnostic accuracy of verbal autopsy diagnosis versus hospital-based diagnosis for all five top causes
of stillbirth was 64%. The areas under the receiver operator characteristic curve (ROC) were, for congenital malformations, 0.91 (95%
confidence interval, Cl: 0.83-0.97); pre-gestational maternal iliness, 0.75 (95% Cl: 0.65—0.84); pregnancy-induced hypertension, 0.76
(95% Cl: 0.69-0.81); antepartum haemorrhage, 0.76 (95% Cl: 0.67-0.84) and obstetric complication, 0.82 (95% Cl: 0.71-0.93).
Conclusion The WHO verbal autopsy tool for stillbirth can provide reasonably good estimates of common underlying causes of stillbirth
in resource-limited settings where a medically certified cause of stillbirth may not be available.

Abstracts in 3 5=, ¥R 3Z, Francais, Pycckuit and Espafiol at the end of each article.

Introduction

Over 3 million stillbirths occur in the world every year.! Whereas
the main direct causes of neonatal death have been identified as
preterm birth, severe infections and asphyxia,” data on the causes
of stillbirth are grossly insufficient. The available data, which
is largely hospital-based, suggests that in developing countries
prolonged and obstructed labour, pre-eclampsia and infections
account for the majority of stillbirths,’ yet such data may be
unreliable because in countries in development most deliveries
take place at home.” Furthermore, hospitals are poorly equipped
to assign causes of stillbirth appropriately and civil registration
systems with medical certification of causes of death are not

well established.

Several countries rely on verbal autopsies to generate infor-
mation on causes of death. However, verbal autopsy question-
naires, field operations and the definitions used to classify the
deaths vary widely in different places.’ To fulfil the need for a
standard international classification system for assigning cause
of death by verbal autopsy,’ the World Health Organization
(WHO) developed a tool containing a set of standards for
neonatal deaths and stillbirths.® However, the tool requires
validation in countries having different patterns of mortality.”

Whereas several verbal autopsy validation studies have been
performed for infant and early childhood deaths,*"* only two
validation studies for stillbirth have been reported so far.'"'*
Both were retrospective hospital-based studies, one of which
had alongrecall period and the other combined stillbirths with
carly neonatal deaths. Moreover, differences in the prevalence

of underlying causes of death make it important to conduct
verbal autopsy validation studies in different epidemiological
settings.'’ Hence, this study was conducted to assess the validity
of the WHO verbal autopsy tool for ascertaining major causes of
stillbirth and to compare the fraction of stillbirths attributed to
specific causes on the basis of hospital assessment versus verbal
autopsy.

Methods

This prospective study was carried out during 2006-2008 in a
tertiary care hospital in Chandigarh, a city in northern India.
Participants of a WHO proposal development workshop as-
sessed proposals submitted by research teams from Bangladesh,
Ghana, India and Pakistan, all of whom attended the workshop,
and selected this particular study after considering each team’s
experience in evaluating verbal autopsy, the overall quality of
cach proposal and the rates of stillbirth and neonatal mortality
in the four candidate countries. Moreover, verbal autopsies were
felt to be useful in monitoring the impact of efforts being made
by the Government of India to improve maternal and neonatal
care through innovative schemes, such as janani suraksha yojna
[women’s safety plan], to promote institutional deliveries for
safe childbirth. At the time of the study, the rate of stillbirth,
defined as the number of fetal deaths divided by the number of
live births plus fetal deaths in a particular year, was around 30 per
1000 births in the neighouring states of Punjab and Haryana.'*"
The year before this study was initiated, a total of 3913 deliver-
ies and 281 stillbirths had taken place in the institute covering
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Chandigarh and the nearby states of
Punjab, Haryana, Himachal Pradesh and
Uttar Pradesh.

All stillbirths that occurred in the
study hospital from 15 April 2006 to 31
March 2008 to mothers who resided no
more than 100 km from the hospital and
who were at least 24 weeks pregnant were
eligible for the study. An additional inclu-
sion criterion was the assignment of the
cause of death within 2 days of the still-
birth to minimize recall bias and ensure as
accurate a hospital-based diagnosis as pos-
sible. The first set of criteria were met by
353 stillbirths, but only 294 of them had
had a cause of death assigned within the
stipulated 2 days. Verbal autopsies were
conducted between 4 and 6 weeks after
the eventin 225 of these 294 cases (77%),
since 50 families could not be traced and
either the mother was not available or
consent was denied in another 19 cases.
These 225 cases, for which complete hos-
pital and verbal autopsy information was
available, were the ones included in our
analysis. We compared the stillbirths that
were included in the final analysis with
those for which verbal autopsy could not
be performed to check for any systematic
difference between the two groups in
terms of maternal age, gestational age,
birth weight, maternal haemoglobin
status, occurrence of multiple births or
lethal congenital malformations. No
specific questions were asked about acute
infectious or traumatic conditions that
may have affected the pregnancy and led
to stillbirth, although general questions
regarding problems in the first, second
and third trimester were formulated and
the details were recorded.

Study tools

A structured clinical case sheet was used
to record maternal age; date of last men-
strual period; maternal history of chronic
conditions such as diabetes mellitus,
chronic hypertension, epilepsy, renal or
hepatic disease; obstetric and antenatal
history; findings on clinical examina-
tion; fetal heart sounds and antenatal
ultrasound results; details of labour and
delivery and results of gross examination
of the stillborn and placenta. The case
sheet was also structured to record the
results of relevant laboratory tests.

To conduct the verbal autopsies we
used the WHO verbal autopsy tool for
stillbirths, slightly modified to improve
cultural sensitivity and eliminate ques-
tions unrelated to the purpose of our
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study. The tool’s questionnaire, which
contained seven sections, was translated
in the local languages (Hindi and Pun-
jabi), back-translated to ensure content
validity and pre-tested. The first page
was designed to enter the data from the
hospital case sheet. Sections 1 and 2 were
for background information, such as
identification number, interview date and
sociodemographic characteristics of the
respondents. Section 3 contained ques-
tions to differentiate between a stillbirth
and a neonatal death. Specific questions
related to stillbirth were subsequently
asked only if the event had been identified
as a stillbirth in section 3. Section 4 was
for recording verbatim an open narrative
of the history of the entire pregnancy
until delivery of the stillborn. This was
followed by specific close-ended ques-
tions to explore maternal history during
the pregnancy, labour and delivery (sec-
tion 5), the condition of the baby when
delivered (section 6) and the stillborn’s
appearance (section 7). Photographs of
macerated and fresh stillborn babies and
of neonates having low birth weight and
major congenital malformations were
shown to the families while questions
relating to the stillborn’s condition were
beingasked. A professional photographer
took the photographs in the local hospital
with family consent. A few photographs
of rarer major congenital anomalies and
macerated stillbirths were downloaded
from the Internet. The entire set of pho-
tographs was pretested on health workers
and on women in the postnatal ward who
had recently given birth.

Training of the study team

Field workers with school-level education
(10th grade) were trained to conduct
interviews and record the responses to
the verbal autopsy questionnaires using
the interview guide. Training methods
included classroom presentation, discus-
sion and role plays. All questions were
discussed with project staff to clarify the
clinical terms and the response choices.
Pictures and other visual aids were used
as required. Completed verbal autopsy
forms from a former study were used
as models by the principal investiga-
tor to train field workers. Each worker
conducted five interviews in which the
principal investigator acted as the mother
and responded in accordance with the
completed verbal autopsy form. Repeat
interviews were conducted by the same

field worker in a different order. The
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principal investigator observed and noted
the differences in the responses obtained
for the same case by different workers
and also by the same worker. Workers
were then given feedback about the
discrepancies observed in the interview.
The process was repeated with different
case studies until no more discrepancies
were noted. Later, one of the investigators
(AKA) observed the process of conduct-
ing the verbal autopsy in the homes. This
helped make the staff more sensitive to
bereavement-related issues.

Project medical officers were trained
to retrieve the clinical information from
the clinical case files, and supervisors were
taught to check data collection forms
for completeness and accuracy. A senior
supervisor randomly checked members of
the project team to ensure that the project
was proceeding as planned and to resolve
any problems on site. The senior supervi-
sor also gave the principal investigator
a list of the verbal autopsies conducted
every week from which to draw a sample
for the supervisory visits in the homes.
Data managers were trained on how to
maintain the data set, generate periodic
reports and keep data backups. A team
of clinicians was trained to record the
causes of stillbirths on the international
death certificate and to codify them in ac-
cordance with the International statistical
classification of diseases and related health
problems, 10th revision (ICD-10).'¢ All
team members received instruction on
ways to ensure confidentiality.

Definitions of stillbirth

In the hospital, a baby was classified as
stillborn if no fetal heart sounds could
be heard during labour by a trained
obstetrician using a stethoscope (with
confirmation by Doppler ultrasound
whenever this was available, which was
in most cases) and the neonatologist
perceived no signs of life in the neonate
upon physical examination at delivery.
For a baby to be considered stillborn by
verbal autopsy, the family had to report
that the baby had been “born dead” and
had never been observed to cry, move or
breathe even slightly.

Enrolment of stillbirths

Trained medical officers visited the hospi-
tal on all working days and recorded the
stillbirths that had occurred over the pre-
vious 24 hours. Stillbirths that took place
on Sundays or holidays were registered on
the following working day. The medical
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officer who recorded the identification
details for each stillborn took down the
family’s complete address and telephone
number, if available, and prepared a guide
map to locate the house. The medical of-
ficers retrieved the clinical information
in the clinical case files and discussed it
with the appropriate attending physician
within 48 hours of the occurrence of each
stillbirth to fill any potential gaps in the
clinical history and laboratory data. They
then gave the complete information to the
clinical investigator. All stillbirths that
occurred in the hospital during the study
period were screened for compliance with
inclusion criteria and eligible stillbirths
were enrolled in the study. As explained
earlier, however, only 225 cases were
eventually considered in the final analysis.

Verbal autopsy interviews

From 4 to 6 weeks after each stillbirth,
two trained female field workers visited
the household of the deceased to conduct
averbal autopsy interview. If a telephone
number was available, an advance ap-
pointment was made with an appropriate
respondent (e.g. the mother or, in her
absence, an adult respondent who had
been with her at the time of the stillbirth).
If the respondent was not available on
the first visit, at least one repeat visit was
made until the respondent was found. The
field workers obtained written informed
consent in the local language in every
houschold they visited before conducting
each interview, also in the local language.
To obtain consent, they read the contents
of the consent information sheet out loud
to each respondent, who was given the
opportunity to ask the questions. During
the interview, photographs of babies with
major congenital malformations and of
babies who were stillborn and appeared
macerated or who had various grades of
prematurity or low birth weight were used
to help respondents’ recall. It took an aver-
age of 30 minutes to complete all seven
sections of the verbal autopsy, which were
administered in sequence.

Quality assurance

The study was approved by the hospital’s
ethics committee and WHQO’s Ethics
Review Committee. Respondents’ infor-
mation was kept confidential. Quality was
assured through weekly review meetings
and supervisory field visits. Investigators
drew a weekly random sample of 10% of
the stillbirths. Field visits were also con-
ducted during two of the review meetings

by a staff member of WHO, the funding
organization, to determine if procedures
were being properly followed in the hos-
pital and in the field.

Supervisors visited the sampled
houses to verify whether the field work-
ers had come by and interviewed an ap-
propriate respondent. The houscholds of
12 stillborns were revisited. The families
had been pre-informed by field workers
during the verbal autopsy visits that a
supervisor would perhaps be calling on
them. Supervisors called the sampled
families whose telephone numbers were
available to obtain their verbal consent for
the supervisory interview, and they again
sought the families” consent upon reach-
ing the houscholds. After confirming that
a field worker had already visited and
conducted an interview, the supervisors
filled out a form with information about
the stillborn and explained to the families
that the information was being collected
again to verify the correctness of the facts
taken down by the field worker. The forms
filled out by the supervisors and the field
workers were subsequently compared.

We calculated kappa values to assess
agreement between field workers and
supervisors on five key questions aimed
at: (i) distinguishing a stillbirth from
a neonatal death; (ii) determining the
presence of underlying chronic maternal
illness and high blood pressure; (iii) dif-
ferentiating spontaneous labour from
induced labour; and (iv) distinguishing
spontancous delivery from instrumental
or Caesarean delivery. Any discordant
results were discussed with the entire team
at weekly meetings to ensure continuous
quality improvement in recording and
collecting the data.

Cause of death assignment

The clinical investigator (V]) discussed
all the available clinical and laboratory
information on each stillbirth with the
team of attending obstetricians and filled
the international death certificate, where
an underlying cause of death had to be
indicated. The hospital diagnosis was
based on standard obstetric guidelines
and reflected the best judgment of the
clinical investigator and the attending
obstetricians. Thus, it was used as the gold
standard for validating WHO?s verbal
autopsy tool for stillbirth.

Verbal autopsy forms were reviewed
byasecond panel of two independent ob-
stetricians whose experience was similar
to that of the obstetricians working in the
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study hospital. These independent experts
were blinded to the clinical information
and to the hospital-based diagnosis of the
cause of death and were provided with
standard definitions (Box 1) and asked to
follow the ICD-10 to hierarchically clas-
sify the causes of stillbirth. The ICD-10
defines the underlying cause of stillbirth
as the disease or condition that triggered
the chain of events leading to the death.
Conditions that occurred early in the
chronological order of events are placed
higher in the hierarchy than conditions
that originated later. For example, if a
neonate with a severe congenital anomaly
was also premature at birth, the underly-
ing cause of stillbirth was recorded as
congenital anomaly. The definitions were
based on those developed by WHO in
2003¢ and the classification system for
causes of death was adapted from the
Neonatal and Intrauterine Death Classi-
fication according to Etiology (NICE)."”
The obstetricians who read the verbal au-
topsies filled out a death certificate similar
to the one used by the clinical investigator.
In cases of disagreement between the two
obstetricians, a third expert was asked to
review the forms. If this third expert’s
diagnosis agreed with that of either ob-
stetrician, that diagnosis was taken as the
final one. If the third expert did not agree
with either obstetrician, the cause of death
was classified as undetermined.

Statistical analysis

The fraction of stillbirths attributed to
specific underlying causes was calculated
for both hospital and verbal autopsy diag-
nosis. The sensitivity, speciﬁcity, positive
predictive value and negative predictive
value of verbal autopsy were estimated,
with their 95% confidence intervals (Cls),
for the five most common underlying
causes of stillbirths, with the hospital
diagnosis used as the gold standard. The
diagnostic accuracy of verbal autopsy
was also calculated for each of these five
causes of death, both individually and for
all causes combined.

The calculations were repeated after
these most common underlying causes of
stillbirths resulting from verbal autopsy
were re-categorized to allow for multiple
causes of death. If any of these five causes
of stillbirth were registered as a direct,
antecedent or underlying cause in the
verbal autopsy death certificate, by either
reviewer, it was considered a cause of
death and its frequency after hospital and

verbal autopsy assessment was compared.
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The area under the receiver operator char-
acteristic (ROC) curve, which shows the
trade-off between sensitivity and specific-
ity, was calculated for both classification
methods. For the performance of the
verbal autopsy tool to be considered ad-
equate, the area under the ROC curve had
to be atleast 0.75 and the tool’s sensitivity
and specificity had to be above 60% and
85%, respectively.*'

Results

A rtotal of 570 stillbirths occurred in the
hospital during the study period. Of these
stillbirths, 353 met the study’s inclusion
criteria but only 294 could be enrolled.
The final analysis was based on 225 cases
for which a verbal autopsy was performed
(Fig. 1). Verbal autopsy interview respon-
dents had mean age of 27 years (standard
deviation, SD: 5.6) and a mean of 8 (SD:
5.4) years of schooling. Of the stillbirths
that met the inclusion criteria, those that
were included in the final analysis did not
differ significantly from those that could
not be included with respect to maternal
age, gestational age, birth weight, maternal
haemoglobin status, occurrence of multiple
births or lethal congenital malformations.
The kappa values to test the agreement
between field workers and supervisory in-
formation revealed that for different ques-
tions it ranged from 0.437 to 1.0 indicating
good to perfect agreement.

Stillbirths and neonatal deaths

During verbal autopsy, the families of 18
stillborns reported that the babies had
been born alive. Almost half of these
stillborns had lethal congenital anomalies
or fetal conditions. Based on the clinical
information available and on the results
of verbal autopsy, the clinical investigator
and the panel of obstetricians respectively
classified all deaths as being either an-
tepartum or intrapartum, regardless of
the cause. In the hospital, 150 (66.6%)
stillbirths were classified as antepartum,
69 (30.6%) as intrapartum and 6 (2.7%)
as indeterminate; after verbal autopsy,
114 (50.7%) stillbirths were classified as
antepartum, 93 (41.3%) as intrapartum
and 18 (8%) as indeterminate.

Cause-specific mortality

The fraction of stillbirths attributed to
the five leading underlying causes as de-
termined by hospital assessment versus
verbal autopsy are presented in Table 1.
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Box 1. Definitions used in study conducted to validate the World Health Organization’s
verbal autopsy tool for stillbirth,’ Chandigarh, India

Antepartum death: death before labour as evidenced by either maceration of the stillborn or by
a report of loss of fetal movements before the onset of labour, even without maceration.

Intrapartum death: death during labour, as evidenced by lack of maceration and by a reporting

of fetal movements after the onset of labour.

Congenital malformations: any lethal physical anomaly or one accompanied by a markedly
increased risk of death (e.g. anencephaly, large meningomyelocoele).

Underlying chronic maternal iliness predating the pregnancy and parameter(s) for determining

its presence:

e Diabetes mellitus: report of diagnosed diabetes mellitus before pregnancy;
e Chronic hypertension: report of hypertension diagnosed before pregnancy or in the first 20

weeks of pregnancy;

e Fpilepsy. history of epileptic convulsions or of use of anti-epileptic drugs during pregnancy;
e [jver disease: history of deep jaundice during pregnancy, with or without severe itching and

altered state of consciousness.

Pregnancy-induced hypertension: report of high blood pressure with swelling of hands or face,

blurring of vision and severe headache:

e Fclampsia: if hypertension associated with convulsions or unconsciousness.
Antepartum haemorrhage: vaginal bleeding (sometimes retained in the uterus) after the 22nd

week of gestation. Causes:

e Placenta previa: bleeding not associated with pain;
e Abruptio placentae: bleeding associated with intermittent or constant abdominal pain (other

than labour pain).

Obstetric complications:

e Malpresentations: any part of the body other than the head delivered first;

e Cord prolapse: umbilical cord delivered first;

e (bstructed labour. labour lasting >12 hours. Eventual delivery with manual manipulation,
use of instruments for extraction or surgical intervention.

Fig. 1. Selection of stillbirths for inclusion in study conducted to validate the World
Health Organization’s verbal autopsy tool for stillbirth, Chandigarh, India

Stillbirths registered during
study period: 353

- No clinical information could be obtained: 11
- Clinical information obtained > 2days after stillbirth: 48

Clinical information
obtained within 2 days of
death: 294

Verbal autopsy could not be performed: 69
Reasons:

- Family could not be traced: 50

- Mother not available or consent not given: 19

@ 15 April 2006 to 31 March 2008.

Clinical diagnosis yielded a somewhat
higher proportion of stillbirths due to
underlying maternal disease, pregnancy-
induced hypertension and specific fetal
conditions than did verbal autopsy. On the
other hand, the proportion of stillbirths
with unexplained preterm birth, asphyxia
unexplained by the mother’s condition
and other unexplained problems was

somewhat higher for verbal autopsy. In
total, verbal autopsy resulted in 18.2%
unexplained stillbirths, compared with
12.4% for hospital diagnosis. Babies who
were small for gestational age comprised a
good fraction of unexplained stillbirths in
the case of hospital-based as well as verbal
autopsy diagnosis. Preterm births com-

prised 4% of the unexplained stillbirths

Bull World Health Organ 2011;89:31-40 | doi:10.2471/BL7.10.076828



Arun K Aggarwal et al.

Research

Verbal autopsy for ascertaining causes of stillbirth

Table 1. Causes of stillbirth, unexplained stillbirths and unexplained non-specific fetal
problems, as determined through clinical assessment versus verbal autopsy
conducted with the World Health Organization’s verbal autopsy tool for

stillbirth,° Chandigarh, India

Diagnostic category Clinical assessment  Verbal autopsy
(n=225) (n=225)
No. (%) No. (%)
Congenital malformations 27 (12.0) 31 (13.8)
Multiple pregnancy 5(2.2) 7(3.1)
Underlying maternal illness? 29 (12.9) 19 (8.4)
Pregnancy-induced hypertension 69 (30.7) 57 (25.3)
Antepartum haemorrhage 35 (15.6) 38 (16.9)
Obstetric complications 19 (8.4) 21 (9.3)
Asphyxia not explained by any maternal condition 4(1.8) 11 (4.9
Other specific fetal problem 9 (4.0 0(0)
Unexplained stillbirth 23 (10.2) 18 (8.0)
Unexplained small size for gestational date 0 (0) 10 (4.4)
Unexplained preterm birth (< 37 weeks gestation) 5(2.2) 13(5.7)

2 The main underlying chronic maternal illnesses were, in descending order of frequency, chronic
hypertension, epilepsy, renal disease, liver disease and diabetes mellitus.

diagnosed through verbal autopsy and 0%
of those diagnosed in the hospital.

Diagnostic accuracy

The five leading causes explained 80% of
the stillbirths, and each cause accounted
for at least 8% of them. Hence, these five
leading causes were used to calculate the
diagnostic accuracy of WHO’s verbal
autopsy tool for stillbirth against that of
hospital assessment.

Table 2 shows the sensitivity, speci-
ficity, positive predictive value, negative
predictive value and area under the ROC
curve for the verbal autopsy tool when
used to diagnose a single underlying cause
of stillbirth among the five leading causes
identified. The overall diagnostic accuracy
of the tool was 64% for these top five
underlying causes of stillbirth combined.
However, its diagnostic accuracy for any
single cause was very high (78-95%).

When the scope of verbal autopsy
diagnosis was expanded from a single
underlying cause to multiple causes (i.e.
when the diagnosis was listed as either an
underlying cause, a direct cause, an ante-
cedent cause or a contributory cause by
any of the reviewers), the sensitivity of the
tool for most causes of death improved.
However, its specificity dropped for all
causes (Table 3).

Potential contributory factors

According to clinical records, 39.8% of
the mothers included in the analysis had
a blood haemoglobin of < 10 g/dl. Dur-
ing verbal autopsy, 29.3% of the mothers

who were interviewed for verbal autopsy
reported having been told by a health
worker during an antenatal care visit
that they had “less blood than normal”
or anaemia.

Discussion

This is, to our knowledge, the first pro-
spective study for the validation of the
WHO verbal autopsy tool for stillbirth.
Of two previous validation studies con-
ducted on other verbal autopsy instru-
ments, one was hospital-based and retro-
spective and had alengthy recall period,*!
and the other combined stillbirths with
carly neonatal deaths.'”

Several findings have important
implications for maternal and neonatal
health programmes. First, over two-thirds
of the stillbirths were attributable to
causes for the majority of which, if notall,
preventive and therapeutic interventions
are available, namely pregnancy-induced
hypertension, antepartum haemorrhage,
underlying maternal illness and obstetric
complications. Interventions targeting
these conditions should be integrated
into antenatal and childbirth care. Sec-
ond, the similarity in the fractions of
stillbirths attributed to specific causes by
verbal autopsy and hospital assessment,
despite an overall diagnostic accuracy
of 64%, suggests that the distribution of
causes of death as determined by verbal
autopsy can be confidently used to plan
public health interventions. Third, the
diagnostic accuracy of the verbal autopsy

Bull World Health Organ 2011;89:31-40 | doi-10.2471/BLT.10.076828

tool for each of the five major causes of
stillbirths was very high. The fraction of
stillbirths attributed to a specific cause can
heavily influence the size of the error for
given levels of sensitivity and specificity,
and if such a fraction is small (< 10%),
specificity becomes more important than
sensitivity in terms of the accuracy of the
diagnosis made with the verbal autopsy
instrument.'®

Currently, most studies of stillbirth
based on verbal autopsy assign a single
underlying cause of death. However, some
experts’ have suggested that this may not
be appropriate and that multiple causes
of death should be considered. When we
took multiple causes into account, the
sensitivity of verbal autopsy in identify-
ing common causes of stillbirth increased
from 4% to 13% at the expense of a reduc-
tion in specificity of 2-12%.

In this study, as has been reported
elsewhere,'” differentiating stillbirths
from neonatal deaths occurring in the
first few minutes of life caused consider-
able difficulty. Furthermore, while the
hospital obstetricians classified about
one-third of the stillbirths as having oc-
curred intrapartum, the verbal autopsy
panel classified half of them as such. This
possible overreporting of intrapartum
stillbirths by verbal autopsy should be
taken into account when producing esti-
mates of intrapartum stillbirths based on
verbal autopsy results."”

There were some noteworthy differ-
ences in the cause-specific mortality frac-
tions resulting from verbal autopsy and
clinical diagnosis. Verbal autopsy yielded
alower proportion of stillbirths assigned
to more specific causes (e.g. underlying
maternal illness, pregnancy-induced hy-
pertension or specific fetal conditions)
than did verbal autopsy. On the other
hand, verbal autopsy tended to result in
a somewhat higher prevalence of non-
specific conditions, such as unexplained
prematurity or asphyxia. The reason may
be that more or better information was
available in the hospital than was provid-
ed through recall during verbal autopsy.
Nonetheless, it is remarkable that clinical
assessment and verbal autopsy resulted in
similar cause-specific mortality fractions
for most causes of stillbirth.

This study has several strengths.
First, the hospital-based causes of death
were ascertained by highly-experienced
obstetricians who used all available
clinical and laboratory information. The
diagnosis was made within 2 days of
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placed higher in the order.

¢ The area under the ROC curve captures the relationship between the sensitivity and specificity of a diagnostic tool or method and is therefore indicative of diagnostic performance with respect to a given condition. Because it is a probability, it

takes on values between 0 and 1. A larger value generally indicates better diagnostic performance.

4 Number of positives correctly diagnosed through verbal autopsy divided by number of positives diagnosed in hospital (gold standard).

¢ Number of negatives correctly diagnosed through verbal autopsy divided by number of negatives diagnosed in hospital (gold standard).

epilepsy, renal disease, liver disease and diabetes mellitus.

The main underlying chronic maternal illnesses were, in descending order of frequency, chronic hypertension

b ([True positives + true negatives] + 225) x 100.

Arun K Aggarwal et al.

when the stillbirths occurred, when the
events surrounding them were still fresh
in the minds of the attending team. For
consistency, the same clinical investigator
ascertained the hospital-based diagnosis
for all stillbirths. Second, the verbal
autopsy was conducted within 2 months
of the event by well trained field workers
who used the standard WHO tool. Third,
the causes of stillbirths determined by ver-
bal autopsy were based on standard case
definitions and a hierarchical pre-defined
classification. The use of photographs of
stillborns with major congenital anoma-
lies, maceration or low birth weight may
have improved families’ recall and field
workers reported no negative emotional
reactions to the photographs on the part
of the respondents. No similar experience
is available in the literature.

The study has some limitations as
well. First, all the stillbirths enrolled in the
study occurred in a tertiary hospital. As
a result, some may argue that the results
obtained may not be applicable to the
general population because of potential
differences in the distribution of causes
between the general population and the
validation sample, or because of possible
differences in recall between the groups
being compared. Also, interaction with
health-care providers may have influenced
recall later, during verbal autopsy. How-
ever, acommunity-based validation study
cannot be conducted because of the lack
of an acceptable gold standard against
which to validate the verbal autopsy
tool. Furthermore, in a community-based
verbal autopsy study of stillbirths in Him-
achal Pradesh, India, 63% of the mothers
had consulted a health-care provider at
least once before the stillbirth, and 35%
had already contacted a physician at first
consultation.” Thus, a community-based
study would be susceptible to recall bias
just as much as a hospital-based study.
Second, we used only one method of as-
signing cause of death by verbal autopsy,
namely a review by a panel of obstetri-
cians. Several methods have been reported
in the literature, including physician
review, pre-defined computer algorithms
and probabilistic models."**"** How-
ever, the most commonly used method
for interpreting verbal autopsy results is
review by a panel of physicians. Third,
we used clinical assessments supported by
tests, including ultrasonography, instead
of the final autopsy-based diagnosis to
assign the hospital-based cause of death,
as our objective was to assess the validity
of verbal autopsy against hospital-based
diagnosis.

Bull World Health Organ 2011;89:31-40 | doi:10.2471/BL7.10.076828
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¢ Number of negatives correctly diagnosed through verbal autopsy (true negatives) divided by number of negatives diagnosed in hospital (gold standard).

' The main underlying chronic maternal illnesses were, in descending order of frequency, chronic hypertension, epilepsy, renal disease, liver disease and diabetes mellitus.

b ([True positives + true negatives] +225) x 100.
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Conducting verbal autopsy 4 to 6
weeks after the stillbirths may have intro-
duced recall bias. However, a mourning
period of at least one month should be
allowed before the interviews for ethical
reasons. Obviously the later the verbal
autopsy is conducted, the more recall
can be impaired. However, after 4 to 6
weeks there is probably less recall based
on communication with hospital staff
but sufficient recall of the symptoms and
signs that preceded the stillbirth. In this
study a panel of obstetricians assigned the
causes of death after verbal autopsy using
standard definitions as guidelines and a
hierarchical classification. Some favour
using general physicians for this purpose,
as specialists may have their own prefer-
ences with respect to the specific clinical
conditions.'> However, we chose obstetri-
cians for our validation study to ensure
similarity in the training and experience
of those who assigned the causes of death
in the hospital and after verbal autopsy
in an effort to prevent reviewer bias in
classifying the causes of death. We used
the commonly used method of use of
third reviewer to settle the disagreement
among the two reviewers by agreement of
two out of three. The first two reviewers
agreed on the underlying cause of death
in 59% of cases. We did not attempt to
achieve consensus by discussion to avoid
the reviewer with seniority within the
organization unduly influencing the deci-
sion. Further, most differences between
reviewers were related to what they chose
to be the single underlying cause of death.
On considering multiple causes of deaths,
the differences were minimal. Classifica-
tion of small for date babies could be a
problem as it may not be the actual cause
of death. The problem is compounded in
arcas with high low-birthweight rates. We
therefore classified the cause of stillbirth
in this case as unexplained small for date.
However, it may be noted that difference
in the cause specific mortality fractions
between hospital and verbal autopsy is
not marked.

In conclusion, the rate of stillbirths in
many countries warrants the use of inno-
vative approaches to generate information
for decision-making to improve care.” In
our area there is evidence of a high still-
birth rate of around 30/1000 births.!*"
This study shows that verbal autopsy can
produce reasonably good estimates of the
proportionate causes of death compared
with medically certified causes. Thus
verbal autopsy methods and tools as used
in the study can be used in settings with

37



Research

Verbal autopsy for ascertaining causes of stillbirth

similar stillbirth rates. As these validation
results are based on stillbirths enrolled in
ahospital, care must be taken to carefully
monitor the quality of verbal autopsy data
from stillbirths that occur at home. Ml
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Résumeé

Validité de I’autopsie verbale dans la détermination des causes de mortinaissance

Obijectif Valider I'outil de I'autopsie verbale de I'Organisation mondiale de
la Santé dans le cadre des mortinaissances en recourant au diagnostic
hospitalier de la cause sous-jacente de la mortinaissance (modele idéal)
et comparer la part des mortinaissances attribuée a différentes causes
spécifiques selon I'évaluation de I'hdpital d’une part, et I'autopsie verbale,
d’autre part.

38

Méthodes Dans un hopital de Chandigarh, nous avons étudié¢ de maniere
prospective toutes les mortinaissances survenues du 15 avril 2006 au
31 mars 2008 et dont les causes avaient été diagnostiquées dans les
2 jours suivant I'évenement. Toutes les meres devaient avoir eu une
grossesse d’une durée minimale de 24 semaines et résider dans un
périmétre maximum de 100 km autour de I'hdpital. Pour réaliser I'autopsie

Bull World Health Organ 2011;89:31-40 | doi:10.2471/BL7.10.076828
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verbale, les agents de terrain ont rendu visite aux meres 4 a 6 semaines
apres la mortinaissance. Les résultats de I'autopsie ont ensuite été
examings par deux obstétriciens indépendants et leurs divergences ont
été résolues par I'engagement d’un troisieme expert. Les causes des
mortinaissances, telles que déterminées par I'évaluation hospitaliere et
par I'autopsie verbale, ont été comparées en fonction de leur fréquence.
Résultats L'évaluation hospitaliere et I'autopsie verbale ont rapporté
cing causes sous-jacentes principales identiques de la mortinaissance:
hypertension liée a la grossesse (30%), hémorragie ante partum (16%),
pathologie maternelle sous-jacente (12%), malformations congénitales
(12%) et complications obstétriques (10%). L'exactitude générale de
I'autopsie verbale au regard du diagnostic hospitalier, pour les cing

Research
Verbal autopsy for ascertaining causes of stillbirth

causes principales de mortinaissance, était de 64%. Les aires sous la
courbe de caractéristique de fonctionnement du récepteur étaient, pour
les malformations congénitales, 0,91 (95% intervalle de confiance, IC:
0,83-0,97); les pathologies maternelles prégestationnelles, 0,75 (95% IC:
0,65-0,84); I'hypertension due a la grossesse, 0,76 (95% IC: 0,69-0,81);
I'némorragie ante partum, 0,76 (95% IC: 0,67—0,84) et les complications
obstétriques, 0,82 (95% IC: 0,71-0,93).

Conclusion Loutil d’autopsie verbale de I'OMS en matiére de
mortinaissance peut fournir des estimations relativement bonnes des
causes communes sous-jacentes de la mortinaissance chez les familles
aux ressources limitées, pour lesquelles une cause de mortinaissance
médicalement certifiée peut ne pas étre disponible.

Pesrome

JJocToBepHOCTD BepOaIbHOI ay TOIICUY IIPU ONIpeie/IeHNN IIPUIVH MEPTBOP OXKAEHMIT

Ilens OneHUTb HaZEKHOCTb paspaboTaHHOro BeeMupHoit
opraHmsanueit 3gpaBooxpanenus (BO3) crangaprHOro
MHCTPYMEHTa 110 IPOBefIeHNI0 BepOalbHOI ayTONCUU NIPK
OHpeie/IeHNI IIPUYMH MEPTBOPOXKIEHII ITy TeM UCTIO/Tb30BAHMA
IIOCTAB/IEHHOTO B OO/bHMIlE JYarHO3a OCHOBHOJ IIPUYMHBI
MepPTBOPOX/eHMS («30I0TOrO CTaHJApPTa») U CPABHUTH
IPOLEHTHbIE O/ MEPTBOPOXKIE€HNI, BbI3BAHHBIX PA3/IMYHbBIMU
KOHKPETHBIMU NPUYMHAMU, [0 MaTepuaaaM OLE€HKMU,
IPOBEJIEHHO B OOIbHIIIE, V1 110 JAHHBIM BepOa/IbHON ay TOIICHIA
Metoppl Hamu nposefieHO IPOCHEKTUBHOE UCCIE[OBaHME
BCeX MePTBOPOX/eHMIT B 60bHMIIe T. YaHUrapX B IIepuop,
¢ 15 ampena 2006 r. mo 31 mapra 2008 r., IpUYMHBI KOTOPBIX
ObINM [MAaTHOCTUPOBAHbI B TedeHue AByX #Helt. Cpox
OepeMeHHOCTH Y BCeX MaTepeil JO/DKeH ObUI COCTAaB/IATh He
MeHee 24 HefleTb, 1 OHU JIOJDKHBI ObIIM IIPOXXMBATD B pafuyce
100 kM ot 60/bHMIIBL []151 IpOBEeHNs BepOaIbHOI ay TOIICUM
I107IeBble PAaOOTHMKY IIOCELIa/II MaTepeil B TeueHe 4—6 Hefierb
HOC/Ie MEPTBOPOXK/IEHNs. Pe3y/IbTaThl ay TONCHUY IPOBEPAIICDH
ABYMsA HE3aBMCUMBIMU aKyllepaMy, a /i1 paspelleHus
BO3HMKAIOIMX Pa3HOITIACUI IPUBJIEKA/ICA TPETUIl 3KCIIepT.
[Tpy4ymHbI MEPTBOPOXK/IEHNI, YCTAHOBJIEHHBIE B Pe3y/IbTaTe
OIIGHKM, IIPOBEJICHHOII B OOMIbHILIE, U BepOATbHOI ay TOICHIL,
CPaBHMBAJIUCD I10 YaCTOTE.

Pesynsrarsr O1jeHKa, IpOBeieHHas B 00/IbHILIE, 11 BepOabHast
ayTOICUs BBIABMIN OfIHU M T€ K€ IATb OCHOBHBIX NPUYMH

MePTBOPO>K/EHNII: OBBIIIEHHOE [jaB/ieHNe, BBI3BAHHOE
6epemeHHOCTBIO (30%), MOC/IEPOOBOE KPOBOTEUYEHNIE
(16%), nmeromeecst B aHamMHese 3aboneBanne matepu (12%),
BpoxeHHbIe TOpokn (12%) n akymepckie ocmoxHeHust (10%).
B 11€710M TOYHOCTH [MaTHO30B, MOCTABIEHHBIX HA OCHOBAHNI
BepOanbHOIl ayTOICKUM, 10 CPABHEHNIO C AMATHO3AM,
[IOCTaB/IEHHBIMI B OOJIbHUILE, /IS IISITY [JIABHBIX [IPUYUH
MepTBOPOXKJEHNIL, cocTaBAna 64%. ObmacTy mox KpuBoii
paboueit xapakrepuctuku Habmogaresns (receiver operator
characteristic curve, ROC) cocrasmsinu: ist BpOXKI€HHbBIX
nopokoB -- 0,91 (moBepurensHbllt uHTEpBan (AV) 95%:
0,83-0,97); ms 3aboneBaHms mMarepu ;0 OepeMEHHOCTH —
0,75 (95% JOW: 0,65-0,84); 114 IOBBIIIEHHOIO [aBjIeHIeE,
BBI3BAHHOTO OepeMeHHOCTHI0, — 0,76 (95% [IV1: 0,69-0,81); mst
0CIepopoBoro Kposoredenust — 0,76 (95% JVI: 0,67-0,84) u
IS aKyIepcKoro ocnokuenns — 0,82 (95% J1: 0,71-0,93).
Brisop C nomoupio paspaboranHoro BO3 mHcrpymeHTa
[I0 TIPOBEEHNI0 BepOAIbHOI ayTOICUY IIPU OIIpefie/IeHIN
[IPUYUH MEPTBOPOXKIEHMI MOXKHO [IOCTATOYHO KAYECTBEHHO
OLIEHUTDb HanboJIee PaCHPOCTPaHEHHbIE OCHOBHbIE [IPUYMHBI
MepTBOPOXK/IEHNIT B CTOBISIX OTPAaHITIEHHOCTH PECYPCOB, KOT/IA
HEBO3MOYXHO YCTaHOBUTb MEUIIVHCKI-CePTU(UIMPOBAHHYIO
IPUYMHY MEPTBOPOXKEHN.

Resumen

Validez de las investigaciones verbales para determinar las causas de la mortinatalidad

Objetivo Validar las entrevistas verbales a parientes y allegados para
determinar las causas de la mortinatalidad que utiliza la Organizacion
Mundial de la Salud (OMS), empleando el diagnostico hospitalario de
las causas subyacentes a la mortinatalidad («criterio de referencia») y
comparar la proporcion de mortinatos atribuidos a determinadas causas
especificas, a través de la valoracion del hospital, en comparacion con
los resultados de las investigaciones verbales.

Métodos Realizamos un estudio prospectivo de todos los mortinatos
que nacieron en un hospital de Chandigarh (India) entre el 15 de abril de
2006y el 31 de marzo de 2008 y cuya causa de defuncion se diagnosticd
dentro de un plazo de 2 dias. Todas las madres debian encontrarse como
minimo en la semana 24 de gestacion y vivir dentro de un radio de

Bull World Health Organ 2011;89:31-40 | doi-10.2471/BLT.10.076828

100 km del hospital. Para las entrevistas verbales, los trabajadores en el
terreno visitaron a las madres entre las 4 y las 6 semanas posteriores a
la mortinatalidad. Dos obstetras independientes revisaron los resultados
de las autopsias y, en caso de desacuerdo, se solicitd la participacion
de un tercer experto. Se comparo la frecuencia de las causas de la
mortinatalidad, segun lo establecido por la valoracion hospitalaria y por
las investigaciones verbales.

Resultados Tanto la valoracion hospitalaria como la entrevista verbal
coincidieron en cuales eran las cinco causas de mortinatalidad mas
frecuentes: preeclampsia (30%), hemorragia prenatal (16%), enfermedad
subyacente de la madre (12%), malformaciones congénitas (12%) y
complicaciones obstétricas (10%). La precision general del diagnéstico
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mediante investigacion verbal, en comparacion con el diagndstico basado
en la informacion hospitalaria para las cinco causas mas frecuentes de
mortinatalidad, fue del 64%. Las areas bajo la curva de eficacia diagnostica
(ROC) fueron: para las malformaciones congénitas, 0,91 (intervalo de
confianza del 95%, IC: 0,83-0,97); enfermedad pre-gestacional de la
madre, 0,75 (95%, IC: 0,65-0,84); preeclampsia, 0,76 (95%, IC: 0,69—
0,81); hemorragia prenatal, 0,76 (95%, IC: 0,67—0,84) y complicaciones
obstétricas, 0,82 (95%, Cl: 0,71-0,93).

Arun K Aggarwal et al.

Conclusion La herramienta de investigacion verbal de la mortinatalidad
que emplea la OMS puede ofrecer unas estimaciones razonablemente
aceptables de las causas subyacentes mas frecuentes a la mortinatalidad
en los ambitos con recursos limitados, en los que la causa de
mortinatalidad pueda no estar certificada por un médico.
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