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aBStraCt 

Introduction: The analysis of deaths occurred in the neonatal period and the association of these data to necropsy data are crucial to 
reduce infant mortality rate worldwide. Objective: To analyze the preventable causes of death and the factors associated with a higher 
risk of early newborn death. Methods: A cross-sectional and descriptive study was performed with data about newborns that died during 
the neonatal period at a university hospital located in Curitiba; 314 cases of pediatric necropsies were selected, and preventable causes of 
death, survival time, sex, weight, gestational age, first- and fifth-minute Apgar score, cyanosis, acidosis, meconium aspiration, the need 
for oxygen resuscitation, cause of death and baseline disease were analyzed. Results: When considering only the cause of death, 300 cases 
(95.54%) would have preventable causes, but when analyzing the underlying disease, the number of cases decreased to 209 (66.56%). 
The most frequent cause of death was hypoxia (85%), and the main baseline disease was diffuse alveolar damage (52.9%). There was 
a positive association between these variables with survival time: cyanosis (p = 0.02), gestational age (p = 0.012), cause of death (p < 
0.001), Apgar score < 6 (p < 0.001) and pH value (p < 0.001). Conclusion: The incidence of preventable causes of death is probably 
lower when analyzed concurrently with the underlying disease. Cyanosis, gestational age, cause of death, Apgar < 6 and arterial blood pH 
are associated with survival time of newborns.  
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introDuCtion

Reduction of infant mortality rate is a goal in all countries 

in the world, including Brazil(1). From January to June 2012, 

according to the Ministry of Health, 11,089 deaths occurred in the 

neonatal period (from birth up to 28 days of life), with 10,889 

(98%) considered deaths from preventable causes(2).

Analysis of clinical, epidemiological, demographic features 

and etiopathogenesis of deaths occurred in the neonatal 

period, and the association of these data to those of necropsies will 

be able to bring relevant information to help in the prevention of 

fatal outcomes.

This study was aimed at observing the preventable causes of 
death, as well as the clinical and laboratory factors associated with 
higher risk of early neonatal death.

MEthoDS

A descriptive cross-sectional study was conducted with an active 
survey of records and files of the necropsy bank of the pediatric and 
perinatal pathology unit of Hospital de Clínicas da Universidade 
Federal do Paraná (HC/UFPR), between January 1992 and 
December 2007. This study was approved by the Research Ethics 
Committee of the university under report nº. 2533.140/2011-06. 
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Among the 1,837neonatal necropsies of the necropsy bank, 
483 (26.3%) were analyzed from newborns who died within 28 
days postpartum (neonatal death). Cases with complete necropsies 
(analysis, macroscopic and microscopic findings), whose records 
presented all the data analyzed in this study, were included. Thus, 
314 cases were selected, from which were collected: birth weight, 
gestational age, sex, first-minute and fifth-minute Apgar scores, 
presence or absence of acidosis, presence or absence of cyanosis, 
signs of meconium aspiration, need for oxygen resuscitation, 
cause of death and baseline disease.

The Brazilian Ministry of Health considers as avoidable causes 
of death those comprised in the list of preventable causes of death 
for children under 5 years of age(3):

1. Preventable causes of death

1.1. Reducible by immunosuppression

1.2. Reducible by adequate assistance to women during 
pregnancy and childbirth and to the newborn

1.2.1. Reducible by adequate assistance to women during 
pregnancy

1.2.2. Reducible by adequate assistance to women during 
childbirth

1.2.3. Reducible by adequate assistance to the newborn

1.3. Reducible by adequate diagnostic and treatment actions

1.4. Reducible by adequate actions of health promotion, 
associated with adequate actions of attention to health

2. Ill-defined causes

3. Other causes (not clearly avoidable)

Postneonatal survival time was determined by age at death 
and divided the sample in two groups. The first group comprised 
the newborns who survived up to seven days; the second, those 
whose death occurred more than seven up to 28 days after birth.

Data such as sex, birth weight, gestational age, first-minute 
Apgar score, fifth-minute Apgar score, presence or absence 
of cyanosis, signs of meconium aspiration, need for oxygen 
resuscitation, presence or absence of acidosis, cause of death, 
and arterial blood pH level were associated with survival time in 
neonatal period, in order to analyze possible risk factors. Data on 
acidosis were classified in two groups, whether present or absent. 
Acidosis was considered present when arterial blood pH was ≤ 7.2.

Gestational age of newborns was determined by ultrasound 
age (or chronological age, in the absence of the first) and was 
divided into three groups: 1) gestational age of 24-33 weeks;  

2) gestational age of 33-36 weeks and 6 days; 3) gestational age 
> 37 weeks.

In order to compare groups in relation to newborn survival, 
Student’s t-test was considered for independent samples or the 
analysis of variance (Anova) with a factor. For assessment between 
quantitative variables and newborn survival, Pearson’s correlation 
coefficient was estimated. In order to describe survival time, 
Kaplan-Meier curves were built. Comparison between groups in 
relation to survival time was drawn using the Log-rank test. Values 
of p < 0.05 indicated statistical significance. Data were analyzed 
using Statistica v.8.0 software.

rESuLtS

Using just annotations of necropsy reports about cause 
of death (first column of Table 1) to classify these causes as 
preventable or not, according to the list of avoidable death causes 
in children under 5 years published by the Brazilian Ministry 
of Health (previously specified), we observed that 300 (95.54%) 
cases (third column of Table 1) would be considered preventable 
causes of death. However, analyzing the annotations of death causes 
together with those of the underlying disease (second column of 
Table 1), probably only 209 (66.56%) cases would be avoidable 
causes (fourth column of Table 1).

The results obtained about survival, birth weight, gestational 
age, first- and fifth-minute Apgar score, presence or absence 
of acidosis, presence or absence of cyanosis, presence or 
absence of meconium aspiration signs, and need for oxygen 
resuscitation are shown in Table 2.

The group with gestational age > 37 weeks presented longer 
survival (> 7 days, on average) than the group of 24-33 weeks of 
gestational age, with an average of less than 7 days of life (p = 0.012).

An Apgar score < 6 in the first minute and/or fifth minute was 
another significant factor in the reduction of newborns’ life time 
(p < 0.001), as demonstrated in the Figure.

The presence of cyanosis was statistically higher in the group 
of shorter survival, that is, in the group of those who presented less 
than seven days of postneonatal life (p = 0.02).

Perinatal hypoxia was the main death cause in this study and 
was associated with shorter survival of newborns (p < 0.001).

When the presence or absence of acidosis was analyzed, no 
statistically significant relationship with survival was found. In the 
analysis of linear pH values, a Pearson’s coefficient estimated in 
0.28 was associated with shorter lifetimes (p < 0.001).
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taBLE 1 − Causes of death and underlying diseases found in the study (n = 314), as well as preventable causes of death

Cause of death n Underlying disease n Preventable cause of death n Preventable underlying disease n

Perinatal hypoxia 267 Diffuse alveolar damage 169 Perinatal hypoxia
(reducible through adequate 

care to newborn)

267 Diffuse alveolar damage 169

Malformations 81 Hemolytic disease of the newborn 10

Hemolytic disease of the newborn 10 Others 7

Others 7

Infections 31 Cardiac malformations/abdominal wall 
defects

10 Infections
(reducible through adequate 

care to newborn)

31 Necrotizing enterocolitis/peritonitis/sepsis 8

Necrotizing enterocolitis/peritonitis/
sepsis

8 Bronchial pneumonia 7

Bronchial pneumonia 7 Aspiration 6

Aspiration 6

Heart failure 11 Cardiac malformation 11

Birth traumas 2 Traumatic brain injury 2 Birth traumas
(reducible through adequate 

care to birth)

2 Birth injury 2

Others 3 Sudden infant death syndrome 1

Cephalothoracopagus 1

Idiopathic infantile arterial calcification 1

Total 314 Total 314 Total 300 Total 209

taBLE 2 − Clinical, epidemiological and laboratory profile of the studied population (n = 314)

Variable Median Average Standard deviation Minimum value Maximum value

Weight
Gestational age (weeks)

Survival time (days)

1,490 g
33
1

1,680 g
32
4

919 g
4.5
5

400 g
24
1

5,700 g
42
28

n %

Sex

Total

Male
Female

Undetermined

142
171

1
314

45.2
54.5
0.3

First-minute Apgar

Total

< 6
> 6

211
75

286

73.8
26.2

Fifth-minute Apgar

Total

< 6
> 6

146
140
286

51
49

Total pH

Total

< 7.1
> 7.1

177
70

247

71.7
28.3

Cyanosis

Total

Present
Absent

276
24

300

92
8

Signs of meconium aspiration

Total

Present
Absent

42
246
288

14.6
85.4

Oxygen resuscitation

Total

Necessary
Not necessary

263
38

301

87.4
12.6
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There was no statistically significant difference when newborn 
survival was compared with sex (p = 0.488), birth weight 
(p = 0.79), presence or absence of clinical signs of meconium 
aspiration (p = 0.629), need for oxygen resuscitation (p = 0.19), 
and presence or absence of acidosis (p = 0.221).

DiSCuSSion

According to the Brazilian Ministry of Health, from January 
to June 2012, 98% of death causes in the neonatal period were 
considered preventable(3). In our study we observed that 95.54% 
of deaths would be considered preventable causes by the Ministry of 
Health when we took into consideration just the immediate cause 
of death, according to recommendation of the list of preventable 
causes of death for children under five, published by the Ministry 
of Health(3). However, if we consider the immediate cause of 
death together with the baseline disease found in the necropsy 
reports, just 66.56% could be considered preventable causes. This 
fact is particularly important when it comes to public health 
statistics collected from death certificates. These discrepancies 
may be associated with the filling of death certificates by 
health professionals, because death certificates generally bring 
information on the cause of death in the first line, and the 
underlying and correlate diseases in the three subsequent lines. 
Moreover, information from death certificates tend to be more 

concise, and, not rarely, imprecise. If statistics were produced based 
on diagnoses described in the first line of death certificates, that 
is, just with the immediate death causes, we would have a large 
number of preventable causes of death, as already reported by the 
Ministry of Health and found in this study. However, these data 
can be distorted by inadequate interpretations of the true event 
that led the patient to death. For this reason, there is a need to 
alert city and state professionals that work in mortality committees 
to consider not only the immediate cause of death, but also the 
baseline disease.

Another important factor is that practically all statistics on 
neonatal mortality are based on death certificates, which not 
always contain the ideal information for processing of these 
data. There are several reports in scientific literature pointing to 
significant discrepancies between information collected from death 
certificates and information collected from necropsy reports(4). 
Because of this, postmortem histopathological examination is 
important. Necropsy studies are necessary to identify death-causing 
factors, and serve as quality control of diagnostic procedures and 
the provided treatment(5).

In order to interfere in the death process, it is necessary to 
know the factors that cause neonatal death and, thus, identify 
avoidable deaths(4). According to Malta et al. (2007), avoidable 
causes of death can be partially or totally prevented by health 
services and depend on the technology available at that moment. 
The Brazilian reality demonstrates that neonatal mortality is 

figurE − Relationship between first- and fifth-minute Apgar score < 6 and newborn survival

A BApgar 1’ Apgar 5’

Ac
cu

m
ul

at
ed

 p
ro

po
rti

on

Ac
cu

m
ul

at
ed

 p
ro

po
rti

on

 < 6
≥ 6

≥ 6
< 6

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
 0 5 10 15 20 25 30 35  0 5 10 15 20 25 30 35

Survival (days) Survival (days)

Mona A. Simões; Francisco Cesar Pabis; Ana Karyn E. Freitas; Patricia K. Watanabe; Rafael M. Kayano; Lúcia de Noronha



342

considered relevant, although studies on avoidable death become 
important tools to improve assistance and consequently, reduction 
of these deaths(3).

Preterm birth has been identified as major contributor to 
neonatal mortality(6). In our results, there was predominance of 
preterm babies in the necropsy findings, representing 77.5% of the 
sample. Studies demonstrate that preterm newborns present higher 
susceptibility to adverse events. The consequences of prematurity 
reflect both immaturity of organs and systems and intensive 
interventions necessary to survival(7-9). Approximately 12% of all 
births in the United States are preterm, and approximately 2% are 
less than 32 weeks’ gestation. Prematurity is one of the leading 
causes of newborns’ hospitalization, morbidity and mortality. 
Among these causes, we may cite neurological, cardiovascular, 
ophthalmological, hematologic, nutritional, metabolic, 
gastrointestinal, kidney, immune system, temperature regulation 
and respiratory problems. These last ones are the most common 
causes of hypoxia and death in newborns(8-10).

Among all the stresses to which the newborn is subject, probably 
the most important and clinically relevant is hypoxia. This can be 
defined as an inadequate oxygen supply at cell level, most of the 
times indicated by the presence of cyanosis. The criteria used to 
characterize hypoxia, besides the presence or absence of cyanosis, 
are Apgar scores ≤ 6, need of continuous resuscitation, severe 
acidosis (pH < 7 or base deficit ≥ 16 mmol/l), and evidence of 
hypoxic-ischemic encephalopathy in the neurologic examination 
(lethargy, stupor, coma, hypotonia, or abnormal reflexes)(11-14).

As a result of this study, in agreement with the literature, we 
present the predominance of diffuse alveolar damage as basic 
cause, and hypoxia as the main cause of death. These results 
demonstrate the importance of prematurity in the development 
of pulmonary lesions, which can be responsible for hypoxia just 
after birth or in the long term. In the histopathological study, the 
main findings of hypoxia are congestion, edema, and petechial 
hemorrhages in internal organs, with the most common being 
brain edema, ecchymoses and hemorrhages in lungs, heart, and 
thymus. The causes of perinatal hypoxia of major importance 
are those related to failures in the natural adaptation of the 
cardiovascular and respiratory system of the newborn; the most 
common are: apnea at birth, transient tachypnea of the newborn, 
hyaline membrane disease (or respiratory distress syndrome), 
among others. Any of these situations can cause a hypoxemic 
condition that may bring dangerous consequences to the baby, 
with serious death risk(10-12).

Sequelae of a hypoxemic event depend on its intensity and 
duration. In some cases, the brain may be the only affected organ. 

In a series with 57 children, hypoxic-ischemic encephalopathy 
isolated occurred in 14 (24.5%). In another retrospective study with 
130 hypoxic newborns, there were also dysfunction in the renal 
(70%), cardiovascular (62%), pulmonary (86%), and hepatic 
(85%) systems(8). Early monitoring, measures that minimize 
hypoxia, and the establishment of clinical and laboratory criteria 
to guide this care are of utmost importance for these patients’ 
survival.

Quantifying hypoxia in newborns is a difficult task. The Apgar 
score is one of the most used parameters, and it can be low even 
if the newborn has not presented fetal acidosis. In most of our 
sample, Apgar score was < 6, both in the first minute and in the 
fifth minute(15).

The definition of hypoxia or asphyxia is confusing, because of 
that the American Academy of Pediatrics determined that the term 
asphyxia must be used in case of profound metabolic or mixed 
acidemia (pH < 7) in umbilical cord arterial blood, Apgar score 0-3 
for longer than five minutes, neonatal neurological manifestations 
(seizures, coma, hypotonia), and multisystem organ dysfunction 
(for example, cardiovascular system). Another concept for definition 
of asphyxia is that formulated by Buonocuore et al. (2002). It uses 
the following parameters: umbilical cord pH < 7.2, fifth-minute 
Apgar of 4-6, and FiO

2
 ≥ 0.4 to saturate 86%. There is no consensus 

on the use of these criteria on neonatology services(16).

In our sample, factors such as sex, need for resuscitation, 
presence of meconium and acidosis were not associated with 
newborn survival time. Factors such as the presence of cyanosis, 
gestational age, cause of death, first- and/or fifth-minute Apgar < 6, 
and pH value were associated with death in the first week of life. The 
Brazilian Network on Neonatal Research demonstrated that factors 
such as gestational age, fifth-minute Apgar of 0-6, and presence of 
respiratory distress are associated with early neonatal death, besides 
presenting that fetal maturity has been the dominant predictive 
variable. Geib et al. (2010) indicated male sex, prematurity, 
low birth weight, and first- and fifth-minute Apgar score < 7 as 
determinant of neonatal mortality. In another study carried out with 
13,399 newborns, the fifth-minute Apgar score of 4-6 demonstrated 
a neonatal death risk 13 times bigger. The first-minute Apgar value 
was not considered useful as a death risk predictor(17-19).

We also observed that pH value has week relationship with 
newborn survival time. A research conducted on laboratory 
parameters demonstrated that pH was a week death predictor in 
very low birth weight newborns. Yet, pH has been widely used as 
a complement of Apgar score, aiming at improving identification 
of fetal health and as a criterion to distinguish hypoxia from 
asphyxia(20, 21).

Preventable causes of death and factors associated with newborn survival at a university hospital in Curitiba, Paraná, Brazil
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rESuMo 

Introdução: A análise de óbitos ocorridos no período neonatal e a associação desses dados aos de necrópsias são fundamentais 
no auxílio à redução da taxa de mortalidade infantil no mundo. Objetivos: Observar as causas evitáveis de morte e os 
fatores associados ao maior risco de óbito neonatal precoce. Métodos: Foi realizado estudo transversal e descritivo de recém-
nascidos que foram a óbito em um hospital da Universidade Federal do Paraná (UFPR). Foram selecionados 314 casos 
de necrópsias e analisadas as causas evitáveis de morte, tempo de sobrevida, gênero, peso, idade gestacional, índice de 
Apgar do primeiro e do quinto minuto, cianose, acidose, aspiração meconial, necessidade de reanimação com oxigênio, 
causa de morte e doença básica. Resultados: Quando se analisa apenas a causa de morte, 300 casos (95,54%) seriam de 
causas evitáveis, porém, quando se analisa a doença básica, o número de casos diminui para 209 (66,56%). A causa de 
morte mais frequente foi hipóxia (85%), e a doença básica principal foi dano alveolar difuso (52,9%). Houve associação 
positiva das seguintes variáveis com o tempo de sobrevida: cianose (p = 0,02), idade gestacional (p = 0,012), causa do 
óbito (p < 0,001), valor de Apgar < 6 (p < 0,001) e valor do pH (p < 0,001). Conclusão: A incidência de causa evitável de 
morte é provavelmente menor quando analisada concomitantemente com a doença básica. A cianose, a idade gestacional, 
a causa do óbito, o Apgar < 6 e o valor do pH do sangue arterial estão associados ao tempo de sobrevida de recém-nascidos. 
 
Unitermos: recém-nascido; prematuro; causas de morte; autópsia; hipóxia fetal.

Mortality causes within this age group in Brazil, in the 
investigated literature, were prematurity, congenital malformations, 
infections, asphyxia and hypoxia. It is important to highlight that a 
proportionally higher death rate for infection was found in the North 
and Northeast Regions of Brazil; and more records of congenital 
malformations, in the South and Southeast Regions(22).

A study in Fortaleza indicates low birth weight and prematurity 
as determining factors for neonatal death(23). Another research 
conducted in capitals of the Brazilian Northeast Region, in which 
first-day mortality was analyzed, high neonatal mortality in this 
period is associated with weight, sex, vitality at birth and the worst 
structure of the hospital where the childbirth took place(24).

In the world scenario, a multicenter study involving India, 
Guatemala, Pakistan, Zambia, and Kenya, the main mortality 
causes found were: trauma at birth, congenital anomaly, infection, 
asphyxia, and prematurity complications(25).

Even in countries such as the United States of America and 
Canada, prematurity and its consequences are one of the main 
causes of neonatal mortality(26).

We have not found, in the researched literature, a Brazilian 
study that uses necropsy analyses to clarify the mortality cause in 
this age group.

ConCLuSion

The incidence of preventable causes of death is probably lower 
when analyzed concomitantly with the underlying disease.

Cyanosis, gestational age associated with prematurity, cause of 
death, Apgar score < 6, and arterial blood pH value are associated 
with survival time of newborns in the studied sample.

Regardless of the region of the world, prematurity, as this 
study demonstrates, is one of the leading neonatal mortality 
causes.

The study of preventable causes of death and factors that lead 
to early neonatal death is fundamental to reduce infant mortality 
rate in the world.
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