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Summary
Background Accurate cause of death data are essential to guide health policy. However, mortality surveillance is lim-
ited in many low-income countries. In such settings, verbal autopsy (VA) is increasingly used to provide population-
level cause of death data. VAs are now widely interpreted using the automated algorithms SmartVA and InterVA.
Here we use conventional autopsy as the gold standard to validate SmartVA methodology.

Methods This study included adult deaths from natural causes in S~ao Paulo and Recife for which conventional
autopsy was indicated. VA was conducted with a relative of the deceased using an amended version of the SmartVA
instrument to suit the local context. Causes of death from VA were produced using the SmartVA-Analyze program.
Physician coded verbal autopsy (PCVA), conducted on the same questionnaires, and Global Burden of Disease Study
data were used as additional comparators. Cause of death data were grouped into 10 broad causes for the validation
due to the real-world utility of VA lying in identifying broad population cause of death patterns.

Findings The study included 2,060 deaths in S~ao Paulo and 1,079 in Recife. The cause specific mortality fractions
(CSMFs) estimated using SmartVA were broadly similar to conventional autopsy for: cardiovascular diseases
(46.8% vs 54.0%, respectively), cancers (10.6% vs 11.4%), infections (7.0% vs 10.4%) and chronic respiratory disease
(4.1% vs 3.7%), causes accounting for 76.1% of the autopsy dataset. The SmartVA CSMF estimates were lower than
autopsy for “Other NCDs” (7.8% vs 14.6%) and higher for diabetes (13.0% vs 6.6%). CSMF accuracy of SmartVA
compared to autopsy was 84.5%. CSMF accuracy for PCVA was 93.0%.

Interpretation The results suggest that SmartVA can, with reasonable accuracy, predict the broad cause of death
groups important to assess a population’s epidemiological transition. VA remains a useful tool for understanding
causes of death where medical certification is not possible.
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Research in context

Evidence before this study

Verbal autopsy (VA) is used increasingly in resource-lim-
ited settings to improve cause of death data. There are
three automated VA algorithms that are endorsed by
the World Health Organisation for interpreting VA data:
SmartVA, InterVA and InSilicoVA. Prior to this study, to
our knowledge, no research had been conducted to val-
idate any of these tools using conventional autopsy as
the gold standard.

Added value of this study

This study provides researchers and countries imple-
menting VA methods with a robust comparison of
SmartVA and conventional autopsy diagnosis for the
first time. We show that SmartVA can predict broad
cause of death groups, that are important for health
policy in resource-limited settings, with reasonable
accuracy.

Implications of all the available evidence

Despite improvements in mortality surveillance and civil
registration and vital statistics globally, verbal autopsy
will remain an important tool for poorer countries to
understand the causes of death in their populations for
many years to come. This research, further to the initial
validation of SmartVA using hospital cause of death
data, should provide confidence in the accuracy of
SmartVA methodology for countries in which medical
certification of cause of death is inadequate. Further val-
idation studies using different VA methodologies would
be useful for countries deciding whether to implement
VA and what methods to use.
Introduction
Accurate cause of death data are essential for under-
standing countries’ major health problems and to guide
health policy debate. These data are also required for
evaluation and optimisation of health programs. Ideally,
cause of death data are derived from complete and accu-
rate medical certification of cause of death by trained
physicians using the standard international form to
identify the underlying cause of death.1,2 However,
many populations, particularly in low-income settings,
lack effective mortality surveillance due to limited
health and civil registration services. The required
systems for recording complete and accurate cause of
death data are not available in some areas of Brazil,
which results in a high proportion of ill-defined causes
of death.

Where medical certification is not a feasible option
in the short term, verbal autopsy (VA) methodology is
increasingly used to estimate causes of death at the pop-
ulation level.3 VA involves a structured interview, usu-
ally with a relative of the deceased, to identify key
factors in the history and circumstances leading to
death that will enable prediction of most likely cause of
death. Until recently, physician review of VA interviews
was required for prediction of causes of death from the
interviews, however computer algorithms that cost less,
save time and are more consistent are now generally
preferred by countries implementing VA.4 There are
three VA algorithms that are endorsed by the World
Health Organisation: SmartVA, InterVA and InSili-
coVA.5−7 SmartVA analyses data from the shortened
PHMRC questionnaire, which contains approximately
50% fewer questions than the World Health Organisa-
tion 2016 questionnaire that is required to run InterVA
and InSilicoVA, which may represent an important
time saving when introduced into routine health worker
activities.8

SmartVA has been validated using gold standard
causes of death diagnosed through robust criteria,
including clinical endpoints, laboratory findings, medi-
cal imaging, and pathology.9,10 However, SmartVA and,
to our knowledge, no other VA methodology has been
validated using conventional autopsy. Although conven-
tional autopsy rates have plummeted from as high as
60% of hospital deaths in high income settings to lower
than 10% now, autopsy is generally still considered the
most accurate gold standard diagnosis for comparing
other methods of diagnosing cause of death, such as
medical certification.11 Reasons why conventional
autopsy has not been used to validate VA likely include
the expense and logistical difficulty of conducting con-
ventional autopsy in the remote areas where VA is
required, the potential for a biased sample as not all
deaths are submitted to autopsy procedures, and
responses to VA questions may differ between remote
areas and the urban areas in which most autopsies are
performed.

Here we present the validation of SmartVA method-
ology using conventional autopsy for deaths occurring
in S~ao Paulo and Recife. Whilst we may expect some
discrepancy in the causes identified from these two very
different methods that are generally applied in different
www.thelancet.com Vol 5 Month January, 2022
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settings, the development of VA algorithms is likely to
benefit through validation with the highest quality gold
standard causes. We discuss potential reasons for dis-
crepancies in cause predictions and their implications
for the more widespread use of SmartVA.
Methods

Study Setting
Data for this study were collected in S~ao Paulo and
Recife. The Faculty of Medicine of the University of S~ao
Paulo houses the Post-Mortem Verification Service
(PMVS), which performs autopsies for all natural
deaths for which a physician is unable to complete the
medical certificate of cause of death. Approximately
14,000 autopsies are conducted per year, which corre-
sponds to approximately 15-20% of all natural deaths.
Similar procedures are followed in Recife.

Verbal autopsies were conducted for deaths at age 18
years and over that were due to natural causes and for
which the cause of death was undetermined clinically,
requiring them to be sent for the local Post Mortem Ver-
ification Service in S~ao Paulo or Recife. At the study
sites, approximately 80% of autopsies conducted are for
natural deaths occurring in the community, or within
48 hours of arrival at hospital, when a cause of death
cannot be determined. The remaining 20% of autopsies
are for cases that were hospitalised for a longer period
of time but for which there is no clear diagnosis or the
case is of academic interest − these cases were excluded
from this study. VAs were conducted from May 2016 to
June 2018 in S~ao Paulo and from December 2018 to
April 2019 in Recife. A convenience sample of cases
that underwent autopsy during these periods was
included in the study.
Verbal autopsy interview
The verbal autopsy instrument was amended from the
standard SmartVA tool. The questionnaire was trans-
lated into Portuguese and questions were added relating
to Chagas disease, alcohol use and dementia, as well as
to measure the length of the interview. Questions relat-
ing to injuries and some of the female-specific ques-
tions were excluded. Initially a paper form with
subsequent electronic data entry was used prior to the
development of an electronic tool amended from the
SmartVA questionnaire. An online system that included
the questionnaire was then implemented to schedule all
study tasks, providing the required information for each
member of the study, including interviewers, supervi-
sors, pathologists, clinicians, and coders.

A single VA supervisor in S~ao Paulo and one in
Recife oversaw the data collection processes and sup-
ported the interviewers. Due to the challenging nature
of conducting VAs, that requires empathy and psycho-
logical resilience, as well as technical skills, several
www.thelancet.com Vol 5 Month January, 2022
interviewers were trained on all aspects of VA, including
consent, ethics and the study rationale, and their roles
were changed over the course of the study. A study
interviewer explained the research and if the relative
consented, the interview was conducted in a private
room. VA interviews were conducted with family mem-
bers when they visited the PMVS to await the release of
their relatives' bodies and for the medical certificate of
cause of death (MCCOD). In Recife, home interviews
were conducted when the person taking the body to the
PMVS was not appropriate for the VA interview.
Gold standard criteria
Autopsies at PMVS involve macroscopic examination
plus histological examination of samples typically taken
from the heart, pancreas, kidney, lungs, liver, spleen
and brain, plus other organs as indicated. Sample blocks
are prepared, sliced, and stained with haematoxylin and
eosin; other staining techniques may be used if
required. Information on medical conditions and risk
factors is routinely available for the pathologists from a
short interview conducted with the next of kin by
administrative staff, social workers and sometimes the
pathologist, depending on the site. For this purpose, in
S~ao Paulo, the open narrative section of the VA inter-
view was made available to the pathologists. The pathol-
ogists may be able to list the underlying, intermediate,
and immediate causes of death from the macroscopic
findings alone, in which case the MCCOD is completed
without delay. Others are completed after review of the
histopathological findings.

The autopsy diagnoses for this study were produced
by senior pathologists who conducted the histopathol-
ogy slide reading and had access to the macroscopic
findings at autopsy. The sequence of causes that led to
death, from underlying to immediate, were defined
according to International Statistical Classification of
Diseases Tenth Revision (ICD-10) criteria.12 For cases
where the pathologist was unsure of the diagnosis, a
panel discussion with two or three pathologists was
used to determine the causal sequence, which was
recorded in an Excel sheet. The causal sequence was
then compiled and coded by a single senior medical
coder trained in ICD-coding.
Data analysis
The VA interview data were cleaned to remove the addi-
tional questions that were asked, and blank columns
were added for variables that were removed. Interviews
were then analysed using the SmartVA-Analyze pro-
gram to diagnose most likely causes of death. The
SmartVA program redistributes cases for which there is
not enough information to assign a most likely cause of
death to other VA causes based on: a) the likelihood of
each cause being assigned as undetermined using a
database of 12,542 VAs for which the true COD was
3
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known; and b) the Brazil COD estimates reported in the
Global Burden of Disease Study (GBD).10,13 As redistri-
bution is an integral part of the SmartVA algorithm,
which is designed for predicting population cause of
death patterns, the validation was conducted of the
redistributed cause of death patterns as opposed to indi-
vidual causes of death. SmartVA can predict 33 adult
causes of death, listed in Table 1 with ICD-10 codes.
This cause-list includes nine external causes, including
a residual “other injuries” category, which we would not
expect to be predicted for many deaths as known non-
natural deaths were excluded from the study.

The VA data were also assessed by one physician in
S~ao Paulo, experienced in family health, to assign a phy-
sician coded verbal autopsy (PCVA) diagnosis. All VA
output data, and the corresponding conventional
autopsy diagnoses, were grouped into 10 broad causes
Broad cause SmartVA Cause ICD-10

Cardiovascular diseases Ischaemic heart disease I20-I25

Stroke I60-I69

Other cardiovascular diseases I00-I19 I2

Other NCDs Other NCDs All other

Cancers Breast cancer C50

Cervical cancer C53

Colorectal cancer C18-C21

Oesophageal cancer C15

Leukaemia/lymphoma C81-C85

Lung cancer C34

Prostate cancer C61

Stomach cancer C16

Other cancers C00-C14

Infections AIDS B20-B24

Diarrhoea/dysentery A00-A09

Malaria B50-B54

Other infectious diseases A10-A14

Pneumonia J10-J22,

TB A15-A19

Diabetes Diabetes E10-E14

Chronic respiratory disease Chronic respiratory disease J40-J46

Cirrhosis Cirrhosis K70-K76

Renal failure Chronic kidney disease N17-N19

Maternal Maternal O00-O99

External Homicide X85-Y09

Falls W00-W1

Road traffic V01-V89

Drowning W65-W7

Fires X00-X19

Bite of venomous animal X20-X29

Poisonings X40-X49

Suicide X60-X84

Other injuries S00-T98,

Table 1: Adult causes of death from SmartVA mapped to 10 broad caus
Diseases Tenth Revision (ICD-10) codes
for the validation of SmartVA (Table 1). The rationale
for this is that the real-world utility of VA generally lies
in the broad assessment of population data to assess the
stage of the epidemiological transition that a population
has reached by measuring the leading causes of mortal-
ity broadly, to guide policy debates.

Cause specific mortality fraction (CSMF) accuracy
was calculated for ten broad cause categories, both from
the application of SmartVA and PCVA, in each case
compared to conventional autopsy. The CSMF for each
cause is calculated as the number of deaths from that
cause divided by all deaths. CSMF accuracy is defined
as one minus the sum of all absolute CSMF errors
across causes divided by the maximum total error.14

The metric varies between zero and one; the higher the
value, the more accurate are the cause of death diagno-
ses compared with the reference (autopsy) standard,
codes

6-I59, I70-I99

ICD-10 codes if greater than 12 years of age

, C17, C22-C33, C35-C49, C51-C52, C54-C60, C62-C80, C86-C90, C97-D48

, A20-B19, B25-B49, B55-B99

J85

9

4

V90-V99, W20-W64, W75-W99, X30-X39, X50-X59, Y10-Y98

es with corresponding International Statistical Classification of
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Age group

18-44 years 45-64 years 65-84 years 85+ years Total

Study deaths

Male n (%) 135 (4.3) 626 (19.9) 745 (23.7) 164 (5.2) 1,670 (53.2)

Female n (%) 85 (2.7) 372 (11.9) 672 (21.4) 340 (10.8) 1,469 (46.8)

Total n (%) 220 (7.0) 998 (31.8) 1,417 (45.1) 504 (16.1) 3,139 (100.0)

GBD estimates

Male % 4.1 14.9 24.9 8.2 52.0

Female % 3.0 10.1 22.1 12.9 48.0

Total % 7.0 25.0 46.9 21.0 100.0

Table 2: Mortality by sex and age group in the study sample compared to GBD estimates

Articles
regardless of the number of causes. GBD 2019 data
were used as an additional comparator to assess the
plausibility of the cause of death distributions from
autopsy and SmartVA.15 This is an important consider-
ation as SmartVA is primarily designed to understand
population cause of death patterns, not individual
causes of death.4
Ethical considerations
This study was approved by the Research Ethics
Committee of Hospital das Cl�ınicas, University of
S~ao Paulo School of Medicine; reference number
17261814.8.0000.0068. Relatives of all decedents
included in the study provided written informed con-
sent.
Role of the funding source
This study was funded by: Brazil Ministry of Health
(grant number: 815781/2014); FAPESP S~ao Paulo
Research Foundation (grant number: 2013/21728-2);
and FAPESP SPRINT University of Melbourne (grant
number: 2016/502215). The funder of the study played
no role in study design, data collection, data analysis,
data interpretation, or writing of the report.
Results
The study included 2,060 deaths in adults aged 18
years or older in S~ao Paulo from 2,286 next of kin
approached to participate (90.1% included); and 1,079
adult deaths in Recife. Conventional autopsy was per-
formed and verbal autopsy interviews were conducted
with relatives for all deaths. All VA interviews were ana-
lysed using the SmartVA-Analyze software. PCVA was
only available for the S~ao Paulo dataset.

The age and sex structure of the autopsy dataset
compared to GBD estimates for Brazil is shown in
Table 2. The greatest difference was a higher proportion
of male deaths in the 45-64-year age range compared to
GBD (19.9% vs 14.9%).
www.thelancet.com Vol 5 Month January, 2022
The cause specific mortality fractions estimated
using SmartVA were broadly similar to autopsy for: car-
diovascular diseases, cancers, infections and chronic
respiratory disease, a group of causes that account for
76.1% of the autopsy dataset (Table 3). Compared to
autopsy, the SmartVA estimates were lower for “Other
NCDs” (7.8% vs 14.6%) and higher for diabetes (13.0%
vs 6.6%).

CSMF accuracy of SmartVA for 10 broad causes,
using conventional autopsy as the gold standard, was
84.5%. CSMF accuracy for PCVA on the subset of data
for which this was available was higher, at 93.0%.

Cardiovascular disease mortality, identified using
conventional autopsy, was higher at the S~ao Paulo site
than Recife (56.8% vs 48.8%). Infectious mortality,
identified using conventional autopsy, was lower at the
S~ao Paulo site compared to Recife (5.5% vs 9.7%). The
data are also presented by study site in Table 3.

Details of cause specific mortality fractions, before
and after redistribution of undetermined cases, are pro-
vided in Supplementary table 1. Estimates of stroke
mortality were higher from application of both VA
methods than autopsy (SmartVA: 20.9%; PCVA: 15.5%;
autopsy: 6.5%). The converse was true for ischaemic
heart disease, where the VA and PCVA estimates were
similar, but lower than predicted from autopsy
(SmartVA: 25.4%; PCVA: 26.5%; autopsy: 31.2%). Over-
all, the total CSMFs for all cardiovascuular diseases
were similar across the three data sources.
Discussion
Our study has demonstrated that SmartVA can, with
reasonable accuracy, predict the broad cause of death
groups that are important for identifying a population’s
stage of epidemiological transition, which in turn is
broadly useful for guiding policy. Differences in CSMF
estimates between conventional autopsy and VA for
some non-communicable diseases, such as ischaemic
disease and diabetes, are to be expected, and are dis-
cussed in more detail below. More accurate
5



Broad cause Cause specific mortality fractions (%)

Recife N=1,079 S~ao Paulo N=2,060 Combined N=3,139 GBD 2019

Autopsy SmartVA Autopsy SmartVA PCVA Autopsy SmartVA

Cardiovascular diseases 48.8 44.8 56.8 47.9 53.9 54.0 46.8 33.6

Other NCDs 18.0 8.6 12.8 7.3 13.5 14.6 7.8 14.1

Cancers 9.8 10.6 12.0 10.5 8.9 11.4 10.6 22.4

Infections 9.7 10.2 5.5 10.6 10.5 7.0 10.4 10.9

Diabetes 7.0 13.2 6.3 12.9 3.2 6.6 13.0 5.6

Chronic respiratory disease 2.5 3.7 4.3 4.3 4.9 3.7 4.1 6.5

Cirrhosis 3.7 2.1 2.0 1.5 3.1 2.6 1.7 3.3

Renal failure 0.2 3.5 0.1 2.4 0.8 0.2 2.8 3.5

Maternal 0.2 0.9 0.0 0.8 0.0 0.1 0.8 0.1

External 0.0 2.3 0.0 1.9 0.0 0.0 1.9 -

Undetermined 0.0 0.0 0.0 0.0 1.2 0.0 0.0 -

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 3: Cause specific mortality fractions for deaths in Recife and S~ao Paulo by broad cause categories from conventional autopsy,
SmartVA, and physician-certified VA; GBD estimates of CSMFs for Brazil are shown as an additional comparator
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identification of specific causes, as might be required for
some research purposes, or to more precisely guide spe-
cific disease control programs, may require more
detailed follow-up than is possible through VA methods.
PCVA more accurately predicted the conventional
autopsy causes of death in this study than SmartVA.
However, the study was designed to validate the perfor-
mance of SmartVA against other methods and the use
of the narrative section of the PCVA by the pathologists
may have led to increased concordance between those
methods.

The estimate of diabetes mortality from SmartVA
was roughly twice as high as autopsy (13.0% vs 6.6%).
The estimate from PCVA was considerably lower
(3.2%). These discrepancies may be related to the signif-
icant challenges associated with identification of the
underlying cause for some clusters of conditions, for
example between diabetes and cardiovascular diseases
in patients with evidence of both conditions, and how
the data available using the different diagnostic meth-
ods may be systematically interpreted differently. Diabe-
tes and cardiovascular disorders are part of the same
pathophysiological cascade and have overlapping char-
acteristics, which may often pose a challenge in select-
ing the most relevant factor as underlying cause of
death. Prevalence of diabetes is known to have increased
considerably in Brazil, as well as being underdiagnosed.
A study using data from 13 primary health clinics in S~ao
Paulo reported diabetes prevalence between 6.7% and
10.7% in women; and between 5.1% and 7.1% in men.16

Cross sectional studies in S~ao Paulo state have reported
diabetes prevalence of 12.1% in 30-69 year olds in
Ribeirao Preto, 46% of which were undiagnosed; and
13.5% in 30-79 year olds in S~ao Carlos.17,18

In 9.6% of VAs in this study, a previous diagnosis of
diabetes was reported so the true prevalence of diabetes
may be considerably higher than this. An urban-weight-
ing of the study sample may be expected to increase the
SmartVA estimate of diabetes mortality above the GBD
estimate of 5.6%. However, the underlying cause that is
selected in such cases by the different methods will
inevitably vary. Medical certification of cause of death
data from Recife suggested cardiovascular complica-
tions were the most common recorded underlying cause
of death in those aged >50 years when diabetes was
reported on the MCCOD.19 This highlights in the study
setting that these conditions are common comorbidities
and that cardiovascular causes are usually interpreted as
the underlying cause. This would support the higher
diabetes mortality estimated by SmartVA, and the low
diabetes mortality estimated from PCVA may be
explained by the trained physician usually interpreting
cardiovascular causes as underlying cause.

The relatively low estimate of “Other NCDs” (close to
half that of conventional autopsy: 7.8% vs 14.6%) may
be explained by the relatively blunt nature of VA diagno-
sis. “Other NCDs” is a residual category that includes all
ICD codes not specified in the rest of the SmartVA
cause list − it consists of multiple different causes. If a
small proportion of each of these causes (with symp-
toms that overlap with those of specific causes identified
by SmartVA) were misdiagnosed to the specific
SmartVA causes, it would contribute to this underrepre-
sentation of “Other NCDs” by SmartVA.

There are particular challenges related to conven-
tional autopsy diagnosis of some conditions such as
myocardial infarction and stroke. Myocardial infarction
becomes evident macroscopically about 18 hours after
the ischaemic injury in cases that survive that long; and
microscopically after about four hours when loss of
cross striations and contraction bands on the myocardial
fibres may appear as evidence of myocardial infarction.
www.thelancet.com Vol 5 Month January, 2022
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Identification of myocardial infarction in patients that
die within four hours of infarction is therefore particu-
larly challenging, and it is estimated that approximately
50% of deaths in acute myocardial infarction occur in
the first hour and the majority before arrival at hospi-
tal.20 Due to these difficulties, in this study, the autopsy
diagnosis for myocardial infarction included cases pre-
senting with either: a) sudden death exhibiting classical
histopathological signs of necrosis; or b) a family report
of acute death preceded by chest pain, with evidence of
chronic ischaemic cardiomyopathy, acute pulmonary
oedema, and acute vascular congestion on histology,
and without evidence of chronic congestive heart fail-
ure. It is feasible that these criteria could lead to overes-
timates of myocardial infarction deaths by the
pathologist, particularly in place of other cardiovascular
diseases, such as stroke. Indeed, stroke patients are
likely to have widespread atherosclerotic changes and
acute neurogenic pulmonary oedema is a common com-
plication.

The main difference in the age structure of the study
dataset compared to GBD was the higher proportion of
male deaths in the 45-64 year age group (19.9% vs
14.9%). The reasons for this are unclear although may
reflect constraints on recruitment for this study. The
exclusion of injury deaths, which the GBD estimates as
12.1% of adult deaths in Brazil, may be expected to
increase the proportion of deaths occurring at older
ages, which is not apparent in this study. Injury deaths
are generally well recalled by VA respondents and accu-
rately predicted by VA. Their exclusion will inevitably
decrease the predictive accuracy of SmartVA. It is worth
noting that the (very low) injury mortality predicted by
SmartVA is due to the redistribution of undetermined
cases.

The estimates of cardiovascular disease mortality
were significantly higher in the study sample compared
to GBD estimates, which may reflect the study popula-
tion. The fact that the study was conducted at sites
where about 80% of autopsies conducted are for indi-
viduals who die of natural causes at home, on the
streets, or on arrival at hospital, was expected to provide
a relatively representative sample of mortality in these
populations, which in turn was expected to be similar to
the general Brazil population.15 However, the discrepan-
cies between GBD estimates and the study sample, par-
ticularly the cardiovascular disease mortality, indicate
the sample may not be representative of the broader
population in Brazil. Whilst this would not affect the
validation of a technique purely for the assessment of
individual causes, for VA, which is designed for use at
the population level, significant differences in the cause
patterns may affect the CSMF accuracy.

The SmartVA questionnaire is generally imple-
mented in a highly standardised manner, with exact
wording for each question. This is because the wording
influences the responses and the whole basis of
www.thelancet.com Vol 5 Month January, 2022
SmartVA relies on the symptom-cause associations that
were identified in the large Population Health Metrics
Research Consortium study.10 It is possible that the
changes and additions to the questionnaire in this study
could negatively affect the performance of SmartVA. An
additional consideration is that only one physician in
S~ao Paulo was used in this study to diagnose the
PCVA causes, which may affect the reliability of the
PCVA output and comparisons compared to the
usual practice of using two or three physicians. Due
to the subjectivity of physician coding of VA, it is
common to use two physicians to diagnose the
causes with a third physician to resolve discrepan-
cies, in order to reduce bias.21

This study is the first to use conventional autopsy to
validate SmartVA methodology. We have discussed
expected differences when comparing these vastly dif-
ferent methods, where conventional autopsy aims to
accurately diagnose each death, whereas VA is a tool
solely aimed at describing population cause of death
patterns. However, the results suggest that SmartVA
can predict the broad cause of death groups to identify
the stage of a population’s epidemiological transition
even when comparing to a mostly urban cohort eligible
for conventional autopsy. VA remains a useful tool for
improving our understanding of causes of death in
remote areas where medical certification of cause of
death by a trained physician is not possible.
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