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Abstract

Objective: to assess the agreement and describe the causes and preventability of infant deaths before and after the
investigation. Methods: investigation files and death certificates of infants under one year, of mothers living in Recife, Brazil,
in 2014 were used; the Cohen kappa index was adopted for agreement analysis of the underlying causes of death; the list of
preventable causes of deaths by interventions of the Brazilian National Health System was also adopted. Results: 183 infant
deaths were analyzed, of which 117 (63.9%) had the underlying cause revised; before the investigation, 170 (92.2%) deaths
were considered preventable, and after investigation, 178 (97.3%); there was reasonable agreement (0.338) regarding the
underlying causes of death, and moderate (0.439) for preventability. Conclusion: infant mortality surveillance enabled the
improvement of vital events information, contributing to the progress in the specification of underlying causes of death and
in the preventability of infant death.
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Introduction
Health information systems are important sources
for the continuous monitoring of vital statistics. 1
Despite the importance of access to reliable and
timely information for improvement of the health of a
population, in many low and middle-income countries,
the statistical systems still do not meet their goals.2 This
hampers the monitoring of progress of international
agendas, such as the Sustainable Development Goals.3
In Brazil, due to the need for standardization of
mortality statistics, the Ministry of Health implemented
the Mortality Information System (SIM) in 1976 and
defined a unique model for a Death Certificate (DC).4
Although the DC is a widely used resource, physicians
do not always correctly identify the cause of death.1 The
adequate classification and record of the underlying
cause of death favors the assignment of preventability
criteria to infant deaths.5 This classification allows the
monitoring of the quality of health services, the analysis
of the mortality trends and the planning of actions to
reduce them.6

Surveillance of infant and fetal
death is recommended to improve
notification of the underlying
cause and to determine
preventability criteria.
In order to improve the quality of the DC information,
the Ministry of Health and the state and municipal
health departments have developed a number of
strategies,7 among them the training of physicians,
the strengthening of the Death Verification Services
(SVO) and the Forensic Medicine Institutes (FMI). In
2010, surveillance service for infant and fetal death
was implemented.8
Surveillance of infant and fetal death is recommended
to improve notification of the underlying cause and
to determine preventability criteria.9 This strategy
also contributes to the improvement of mortality
records and enables the adoption of preventive and
health promotion measures.10 The Ministry of Health
recommends that the investigation of deaths should
be carried out by records of outpatient, hospital and
household investigation, necropsy and case synthesis.
The record for infant and fetal death investigation
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– containing the case synthesis, conclusions and
recommendations – is used to summarize the
information after the discussion of each case. This
method also supplies the module for the investigation
of infant deaths at the federal level, the SIM-Web.11
With the incorporation of the normative and legal
basis for the monitoring of infant and fetal deaths, the
investigation and the accomplishment of case syntheses
in the scope of technical groups and of Committees
for the Prevention of Death have gained importance,
starting to collaborate to clarify the causes of death
and the circumstances of its occurrence.9 However, few
studies have evaluated the contribution of infant death
investigation performed in daily services, as well as the
improvement of vital information and its implications
in the classification of prevention of death.
This research aimed to measure agreement, to
describe the causes and the preventability of infant
deaths before and after research in the city of Recife,
Pernambuco State, Brazil, in 2014.
Methods
This is a cross-sectional study. The DC and summary
forms of the investigation of all deaths of children
under one year old born to mothers residing in Recife
in 2014 investigated and discussed by the Child Death
Surveillance were included.
Recife is the capital of Pernambuco State, located in
the Northeast region of Brazil. In 2014, the municipality
had 1,608,488 estimated inhabitants, distributed into
218 square kilometers.12 We selected the underlying
cause reported in the DC and in the summary form of
the investigation of infant death. The data were grouped
by component of infant mortality (early neonatal, late
neonatal and post-neonatal) and organized with the
aid of Tabwin version 3.6b. The agreement of the
underlying cause of infant deaths before and after the
investigation was analyzed by comparing the causes
based on the codes of the International Statistical
Classification of Diseases and Related Health Problems
Tenth Revision (ICD-10), by chapters and specific
groups of causes of death.13
For the classification of preventability of deaths, the
Brazilian List of Preventability (BLP) was adopted – a
list of causes of preventable deaths under the Brazilian
National Health System (SUS) for children under five
years. The deaths considered avoidable were classified
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by groups of health actions: immunization; adequate
follow-up and care for pregnant women, delivery
and care for the newborn; appropriate diagnosis and
treatment; and adequate health promotion actions,
linked to adequate health care actions.14
Cohen's kappa coefficient was then calculated based
on the following criteria: excellent agreement (0.80 to
1.00), substantial agreement (0.60 to 0.79), moderate
agreement (0.40 to 0.59), reasonable agreement
(0.20 to 0.39), poor agreement (0.00 to 0.19) and
no agreement (=0.00).15 To indicate the reliability of
this estimates, the 95% confidence interval for each
age group was calculated. The analysis was carried
out using the Statistical Package for the Social Sciences
(SPSS), version 15.0.
The research project was approved by the Research
Ethics Committee of the Health Center of the Federal
University of Pernambuco (CEP/CCS/UFPE) (Report
No. 1,702,600) on August 30th, 2016, and there was
consent of the Municipal Health Department of Recife.
Results
Of the total of 280 infant deaths recorded in SIM in
2014, 76 (27.1%) had congenital malformations, the
only causes of infant death not investigated in Recife. Of
the 204 (72.9%) eligible deaths, 10 (4.9%) were not
investigated because the address or medical record was
not found, or because the family refused to participate,
and 11 (5.4%) had the record lost, representing a
loss of 10.3%. The remaining 183 (89.7%) deaths
were included into this study, corresponding to 94

(51.4%) early neonatal, 50 (27.3%) late neonatal and
39 (21.3%) post-neonatal (Figure 1).
Of the 183 (89.7%) deaths investigated and
discussed, 117 (63.9%) had the underlying cause
redefined, of which 59 (50.4%) were early neonatal
death, 36 (30.8%) were late neonatal death and 22
(18.8%) were post-neonatal death. In the original DC,
148 (80.8%) were the underlying causes of death seen
in Chapter XVI, corresponding to conditions originating
in the perinatal period. Of these, 91 (96.8%) referred to
early neonatal deaths, 42 (84.0%) late neonatal and 15
(38.5%) post-neonatal deaths. After the investigation,
the causes related to this chapter increased, with
156 (85.2%) deaths, being 92 early neonatal, 45 late
neonatal and 19 post-neonatal (Table 1).
Of the causes redefined, 98 (83.8%) presented
equivalence in the chapters (Table 2). Agreement between
infant death before and after the investigation, according
to the kappa index was reasonable (0.338 - 95%CI
0.303; 0.373) for the underlying cause, and moderate
(0,439; 95%IC 0,389; 0,489) for preventability. Among
the components, the highest agreement was observed in
the post-neonatal period, classified as moderate (0.418;
95%CI 0.399; 0.497) for the underlying cause and also
for preventability (0.549; 95%CI 0.462, 0.636) (Table 3).
Before the investigation, 170 (92.9%) deaths were
classified as preventable, 90 of them were included as
part of the early neonatal component, 47 were part of
the late neonatal period and 33 were post-neonatal.
After the investigation, the proportion of preventable
deaths increased to 178 (97.3%), with an increase
in all components, especially in the early neonatal

280
Infant deaths
76 (27,1%)
Excluded
(congenital malformation

94 (51,4%)
early neonatal

204 (72,9%)
elegible for investigation

183 (89,7%)
deaths investigated

11 (5,4%)
lost records

50 (27,3%)
late neonatal

39 (21,3%)
Post-neonatal

10 (4,9%)
Not investigated

Figure 1 – Flowchart of the study about agreement between underlying cause and preventability of infant
deaths before and after the investigation in Recife, Pernambuco State, Brazil, 2014
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Table 1 – Agreement between the underlying causes of death informed in the Death Certificate (DC) and after
investigation, per chapters of the International Statistical Classification of Diseases and Related Health
Problems Tenth Revision (ICD-10), Recife, Pernambuco State, 2014

CID-10 Chapters
I – Certain infectious and parasitic diseases
II - Neoplasms
VI - Diseases of the nervous system
X - Diseases of the respiratory system
XIV - Diseases of the genitourinary system
XVI – Certain conditions originating in the
perinatal period
XVII – Congenital malformation, deformations
and chromosomal abnormalities
XVIII - Symptoms, signs, and abnormal from clinical
and laboratory findings, not elsewhere classified
XX – External causes of morbidity and mortality
Total

Early neonatal
Before
After
n
n
2
2
–
–
–
–
–
–
–
–

Late neonatal
Before
After
n
n
2
2
–
–
–
–
1
–
–
–

Post neonatal
Before
After
n
n
8
8
–
1
–
1
5
2
1
1

Infant death
Before
After
n (%)
n (%)
12 (6.6) 12 (6.6)
–
1 (0.5)
–
1 (0.5)
6 (3.3)
2 (1.1)
1 (0.5)
1 (0.5)

91

92

42

45

15

19

148 (80.8) 156 (85.3)

1

–

1

–

2

–

4 (2.2)

–

–

–

1

–

3

1

4 (2.2)

1 (0.5)

–
94

–
94

3
50

3
50

5
39

6
39

8 (4.4)
9 (5.0)
183 (100.0)183 (100.0)

Note: for the remaining chapters of ICD-10, no deaths were identified.

Table 2 – Comparison, between chapters of the International Statistical Classification of Diseases and Related
Health Problems Tenth Revision (ICD-10), of underlying causes of infant death informed in the Death
Certificate (DC) and defined after investigation, Recife, Pernambuco State, 2014
ICD-10 chapters of underlying
causes on the original DC
I
II
VI
X
XIV
XVI
XVII
XVIII
XX
Total in the corrected DC

I
6
–
–
3
–
2
–
1
–
12

II
–
–
–
–
–
–
–
1
–
1

Relocation per chapter after the investigation
VI
X
XIV
XVI
XVII
XVIII
–
–
–
6
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
2
–
–
–
–
–
1
–
–
–
–
–
–
146
–
–
1
–
–
3
–
–
–
–
1
–
1
–
–
–
–
–
–
1
2
1
156
–
1

XX
–
–
–
1
–
–
–
–
8
9

Total in the
original DC
12
–
–
6
1
148
4
4
8
183

Note:
Chapters of ICD-10.
I – Certain infectious and parasitic diseases.
II - Neoplasms.
VI - Diseases of the nervous system.
X - Diseases of the respiratory system.
XIV - Diseases of the genitourinary system.
XVI – Certain conditions originating in the perinatal period.
XVII – Congenital malformation, deformations and chromosomal abnormalities.
XVIII - Symptoms, signs, and abnormal from clinical and laboratory findings, not elsewhere classified.
XX – External causes of morbidity and mortality.

period, in which all deaths were considered avoidable
(Table 4).
In the early neonatal component, there was an
increase from 52 to 73 in deaths classified in the

4

group of reducible by adequate care for the pregnant
woman. In the group of preventable causes by adequate
care for the newborn, there was a reduction from 25
to 13 deaths. Ill-defined causes and other causes not
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Table 3 – Analyis of agreement between underlying cause and preventability of infant death per mortality
component before and after investigation, Recife, Pernambuco Sate, 2014
Component
Early neonatal
Late neonatal
Post-neonatal
Total

Kappa index
UCa
0.343
0.247
0.418
0.338

Classification
reasonable
reasonable
moderate
reasonable

95%CIb
0.293;0.393
0.188;0.306
0.339;0.497
0.303;0.373

Kappa index
BLPc
0.327
0.396
0.549
0.439

Classification
reasonable
reasonable
moderate
moderate

95%CIb
0.247;0.407
0.304;0.488
0.462;0.636
0.389;0.489

a) UC: underlying cause.
b) 95%CI: 95% confidence interval.
c) BLP: Brazilian List of Preventability.

Table 4 – Classification of preventability of infant death before and after investigation, Recife, Pernambuco
State, 2014
Early Neonatal Late Neonatal Postneonatal
Infant death
Before After Before After Before After Before
After
n
n
n
n
n
n
n (%)
n (%)
Preventable causes
90
94
47
49
33
35
170 (92.9) 178 (97.3)
Reducible by immunization
–
–
–
1
3
5
3 (1.6)
6 (3.3)
Reducible by adequate care for the pregnant woman
52
73
20
37
7
16
79 (43.2) 126 (68.9)
Reducible by adequate care for the woman during childbirth 13
11
4
3
2
1
19 (10.4)
12 (6.6)
Reducible by adequate care for the newborn
25
13
17
5
6
3
48 (26.2) 21 (11.5)
Reducible by adequate diagnosis and treatment
–
–
2
–
10
3
12 (6.6)
3 (1.6)
Reducible by health promotion
–
–
4
3
5
7
9 (4.9)
10 (5.5)
Ill-defined causes
1
–
1
–
3
1
5 (2.7)
1 (0.5)
Other causes (not clearly preventable)
3
–
2
1
3
3
8 (4.4)
4 (2.2)
Total
94
94
50
50
39
39 183 (100.0) 183 (100.0)
Preventability criteria

clearly avoidable were fully clarified in the investigation
(Table 4).
In the late neonatal component, after the investigation,
there was an increase in the number of deaths due to
causes reducible by immunization and adequate care for
the pregnant woman. However, there was a reduction in
the causes reducible with adequate care for the newborn.
The ill-defined causes were clarified, and one cause not
clearly preventable remained so after the investigation
(Table 4).
After the investigation of post-neonatal deaths, there
was an increase from 3 to 5 in the group of deaths with
causes reducible by immunization. Reducible deaths
by adequate care for the pregnant woman increased
from 7 to 16. Causes reducible by adequate care for the
pregnant woman during childbirth reduced from two
to one, and causes reducible by adequate care for the
newborn decreased from 6 to 3. Only one ill-defined
cause was not clarified, and three causes remained not
clearly preventable (Table 4).

Discussion
The majority of deaths had a change in the underlying
cause after the investigation, although deaths reclassified
in their original chapter of ICD-10 predominated. When
considering the underlying causes of death before and
after the investigation, there was reasonable agreement
for the underlying cause, and moderate agreement for
the preventability classification. After investigation, there
was an increase in the number of deaths preventable
by SUS interventions. The great majority of deaths were
considered preventable, especially those in the early
neonatal period.
The redefinition of most of the underlying causes
of infant death and the agreement of the causes of
death and preventability identified in this study can be
considered indicators of the adequacy of the actions of
infant death surveillance. An assessment of the social
representation of physicians on the perinatal diseases,
performed in the city of São Paulo in 2012, points out
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that the quality of information on mortality is related,
above all, to adequate data collection and in recording
processes in the health care facilities for women and
infants, reflecting the consistency of the information
provided.16
The importance of the investigations of deaths and of
the action of the Centers of Hospital Epidemiology for
the improvement of the information on the underlying
cause of death in the DC are clear.8,17 The conduction of
the investigation facilitates the qualification of services
performed by the clinical staff of health facilities,
minimizing the lack of knowledge of the physicians
regarding their role in the production chain of vital
information.18 Despite the investments in the training
of physicians and the advances made in the adequate
filling of the DC, fragilities persist.19
The identification of the circumstances of deaths
only by cause groups is not enough to understand the
conditions of their occurrence. Studies point out that
changes in the cause of death and their classification
regarding preventability redirect actions to achieve
it, constituting a defining element of greater or lesser
possibility of success in coping with and preventing
infant deaths.1,5,20
After investigation and reclassification of deaths
according to the preventability criteria, it was found
that nine out of ten deaths were considered preventable
by SUS interventions. Among these deaths, the early
neonatal component presented the highest percentage
of preventable causes when compared to the other
components, both before and after the investigation.
Research has shown that the information obtained near
the birth is better filled, both in terms of completeness
and reliability.2,21 The availability of reliable data allows
us to verify, with greater precision, the conditions of
births, deaths and their determinants.22
After the investigation, there was an increase in deaths
due to causes reducible by immunization, with a greater
increase in the post-neonatal component. The correction
of these causes of death potentially contributes to the
knowledge of factors closely related to the mortality of
newborns, and to the definition and dimensioning of
health promotion and prevention measures.23
Approximately 70% of deaths could have been
prevented if adequate attention had been paid to
women during pregnancy. The causes for maternal
conditions observed after the investigation represented
twice as many deaths compared to those recorded in

6

the original DC. The highest increase in these causes
was observed in the late neonatal component. Adequate
prenatal care and pre-childbirth follow-up and routine
laboratory examinations not only can identify early
complications but also reduce complications of
pregnancy.24 Thus, it is possible to control infections
by vertical transmission and avoid possible maternal
and infant deaths.20
The group of causes reducible by adequate care to
the pregnant woman presented the highest percentage
of preventable deaths in the original DC, and after the
investigation. The inadequate registration of intermediate
causes, to the detriment of specific causes, does little to
clarify the mortality conditions;9 this also compromises
the identification of risk factors for the newborn,
possibly related to intrauterine, maternal, placental
problems or problems with the fetus.25,26 Altering
the epidemiological profile of these deaths can help
achieve decisive changes in health interventions aimed
at optimizing the prognosis of newborns and avoiding
an unfavorable outcome.5
The causes of death that were not clearly preventable
and ill-defined were also reduced after the investigation.
This finding reinforces the idea that the investigation of
deaths through the conduction of audits on mortality
and verbal autopsy has contributed to the quality of
information on vital events.27-30
Regarding the limitations of this study, we highlight
the absence of assessment of the reliability of the
investigation and the sample loss. This, although
representing 10.3% of the deaths eligible for research,
did not compromise the analysis of the results found.
The agreement of the underlying cause and
preventability ranged from reasonable to moderate in
infant deaths, with better agreement in the post-neonatal
component. The main changes were observed in the
reducible causes by adequate care to the pregnant
woman. The surveillance of infant death contributed
to more specific underlying causes, redirecting the
intermediate causes recorded in the DC and correct
classification of the preventability of infant deaths. This
strategy favors the strengthening of the health system,
through the systematic analysis of the events that led to
the occurrence of death; it also allows the correction
of vital information and the identification of failures in
healthcare, with a view to prevention of similar deaths
and reduction of infant mortality. For this to happen, it
is necessary to continuously monitor the data produced
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with the investigation of the deaths. Further studies are
suggested in order to assess the reliability of information
generated by infant death surveillance.
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