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ABSTRACT

Introduction. Mortality in very low birth weight
infants (VLBWIs) has remained at ~26% in the
past 16 years in the NEOCOSUR Neonatal
Network.

Objective. To determine the cause of death of
VLBWIs and its temporality in the 2007-2016
period in the NEOCOSUR Neonatal Network.
Population and methods. Observational,
multicenter cohort study; retrospective analysis
of data collected prospectively. Newborninfants
born between 24 and 31+6 weeks of gestation
age with a birth weight between 500 and 1500 g
in the 26 sites of the NEOCOSUR Neonatal
Network wereincluded. The causes of death were
analyzed depending on whether they occurred
in the delivery room (DR) or in the neonatal
intensive care unit (NICU). The postnatal age at
time of death was determined using the Kaplan-
Meier test.

Results. Atotal of 11753 VLBWIs wereincluded;
overall mortality was 25.6%. The prevailing
causes of death in the DR were congenital
malformations (43.3%), respiratory diseases
(14.3%), and prematurity (11.4%). The prevailing
causes of death in the NICU were respiratory
diseases (24.2%) and infections (24.1%). The
average and median age at death were 10.2
and 4 days, respectively. Also, 10.2% of deaths
occurred in the DR; 21.5% on day 1, 52% in the
first 4 days, and 63.8% in the first week of life.
Conclusions. Important differences were
observed in the causes of death of VLBWIs
depending on their occurrence in the DR or the
NICU. Infectious and respiratory conditions were
the most relevant factors following admission
to the NICU.
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and NEOCOSUR Neonatal Network'

INTRODUCTION

Over the years, mortality in very
low birth weight infants (VLBWISs) has
remained stable in the NEOCOSUR
Neonatal Network, at approximately
26%.! Such mortality rate is higher
than that reported by other neonatal
networks in developed countries.
According to data from the Swiss
Neonatal Network, the mortality
rate was only 11% between 2012
and 2014 in the same group of
newborn infants.? The International
Network for Evaluating Outcomes
(iNeo) groups 10 networks from
around the world and describes an
overall mortality of 9.1% in VLBWIs
born between 24 and 32 weeks of
gestational age between 2007 and
2015.% In addition, the Brazilian
Neonatal Network has reported a 30%
mortality in VLBWIs.*

Given our high mortality rate
compared to other networks, it is
highly relevant that the NEOCOSUR
Neonatal Network member sites
know the leading causes of mortality
as well as temporality, categorized
into deaths in the delivery room (DR)
or during the stay in the neonatal
intensive care unit (NICU) based on
days of life.

Recent advances in perinatal
practice have been significant and
have helped greatly to survival
without major morbidities in this
group of preterm infants, including
the NEOCOSUR Neonatal Network.
Such advances imply an improved
antenatal control, a higher rate of
antenatal corticosteroid use, and
the implementation of non-invasive
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ventilation techniques together with early
surfactant administration.'*”

Knowing the causes of death in an accurate
and reliable manner allows us to improve the
quality of clinical practice in the areas with
a greater impact on mortality and, this way,
helps to reduce it. In addition, an adequate
parent guidance, an active resuscitation behavior
—-mainly in relation to viability thresholds (22-
23 weeks of gestational age)- and perinatal care
planning depend on an accurate knowledge of
perinatal outcomes in each site.

The objective of this study was to determine
the leading causes of death in VLBWIs and
its temporality in the 2007-2016 period in the
NEOCOSUR Neonatal Network.

POPULATION AND METHODS

This was an observational, multicenter cohort
study. Data collected prospectively were used to
conduct a retrospective analysis of infants born
between 24 and 31*¢ weeks of gestational age,
with a birth weight of 500-1500 g, in the 26 sites of
the NEOCOSUR Neonatal Network in the 2007-
2016 period. Only patients born and deceased in
the NEOCOSUR sites were included.

NEOCOSUR is a non-profit collaborative
network of South American NICUs that monitor
VLBWI outcomes. It includes NICUs from
Argentina, Brazil, Chile, Paraguay, Peru, and
Uruguay. Data are registered prospectively using
predefined diagnostic criteria and an online data
input system (www.neocosur.org). The following
variables were analyzed: mortality, gestational
age, birth weight (BW), multiple birth, antenatal
exposure to corticosteroids (at least 1 dose), mode
of delivery, Apgar score, surfactant use, invasive /
non-invasive ventilation, and main neonatal
morbidities, e.g. neonatal respiratory distress
syndrome, necrotizing enterocolitis, severe
intraventricular hemorrhage, and retinopathy
of prematurity. Mortality was defined as that
occurred prior to discharge, including death in
the DR, regardless of the length of hospital stay.
Mortality after discharge is not registered in the
network’s database. Gestational age in full weeks
was established according to the best obstetric
estimation based on an early antenatal ultrasound
and/or the last menstrual period.

Major congenital malformations were defined
as the presence of a prenatal structural defect that
affects (or may potentially affect) survival.

The primary or leading cause of death was
classified based on what was registered in the

NEOCOSUR database. The cause was grouped
into specific causes or by body organ system
depending on their clinical relevance. The 6 most
common causes of death were established:
congenital malformations, infections (early
sepsis, late sepsis, clinical sepsis, septic shock,
infection identified as cause of death), respiratory
conditions (pulmonary hemorrhage, air leak,
bronchopulmonary dysplasia, hyaline membrane
disease), conditions associated with the central
nervous system (CNS) (intraventricular
hemorrhage, convulsive status epilepticus,
hydrocephalus, CNS disease identified as cause of
death), prematurity (thus defined in the database
as cause of death), and necrotizing enterocolitis.
If not included under these 6 categories, the
cause was classified as “other”. If the cause of
death could not be clearly established according
to the database description, it was defined as
“unidentified cause”.

The classification and grouping of causes of
death was done and reviewed by 4 clinicians
members of the NEOCOSUR Neonatal Network
based on predefined criteria that were common
for the group as a whole.

The causes of death were broken down
depending on whether they occurred in the DR
or after admission to the NICU. In addition, they
were classified based on temporality (days of life)
and stratified gestational age (24-27 weeks and
28-31 weeks).

For the descriptive analysis, mean and
standard deviation values were used for
numerical variables, whereas frequency and
proportion values were used for categorical
variables. The former were compared using
Student’s t test and the latter, using the x2 test.
A value of p < 0.05 was considered statistically
significant.

Postnatal age at death was determined using
the Kaplan-Meier test for the entire study period.
The causes of death were analyzed for all preterm
infants and based on whether they occurred in the
DR or following admission to the NICU.

The SPSS 17.0 (Chicago, IL, USA) software was
used for analysis.

The study was approved by the Ethics
Committee of the School of Medicine of Pontificia
Universidad Catélica de Chile (ID: 171106002).

RESULTS
A total of 11 753 live newborn infants born

between 24 and 31°° weeks of gestational age
with a BW of 500-1500 g in the NEOCOSUR
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sites between January 2007 and December 2016
were included. Overall mortality since birth until
discharge from the hospital across the study
period was 25.6% (n = 3012). The characteristics
of the study population are described in Table 1.
Figure 1 shows the causes of death classified
as overall, occurring in the DR or occurring
after admission to the NICU. The prevailing
causes of death in the DR were congenital
malformations (43.3%), respiratory diseases
(14.3%), and prematurity (11.4%). After admission

to the NICU, the most common causes of death
were respiratory diseases (24.2%), followed
by infectious diseases (24.1%), and congenital
malformations (10.8%). The cause was not
identified in 21.6% of all deaths.

In relation to temporality, the median age
at death was 4 days, whereas the average age
at death in the study population was 10.2 days
(Figure 2). If the temporality of deaths in the
study population is analyzed in more depth, it
is observed that 10.2% of deaths occurred in the

TasLE 1. Characteristics of the study population (n =11 753) NEOCOSUR Neonatal Network 2007-2016

Gestational age (weeks), mean (SD)
Birth weight (g), mean (SD)
Female sex, n (%)
Multiple pregnancy, n (%)
Antenatal corticosteroids, n (%)
Mode of delivery, n (%)
Spontaneous vaginal
C-section with labor
C-section without labor
Apgar at 1 min <3, n (%)
Apgar at 5 min < 3, n (%)
Mortality, n (%)
Death in the delivery room, n (%)
Respiratory distress syndrome, n (%)
Mechanical ventilation, n (%)
Necrotizing enterocolitis, n (%)
Intraventricular hemorrhage grade Il or IV, n (%)
Retinopathy of prematurity, n (%)

28.0 (2.1)
1054.6 (262.5)
5540 (47.1)
2402 (20.4)
9540 (81.2)

3254 (27.7)
5594 (47.6)
2873 (24.4)
2787 (23.7)
754 (6.4)

3012 (25.6)
307 (2.6)

9774 (83.2)
8243 (70.1)
1402 (11.9)
1222 (10.4)
1977 (16.8)

SD: standard deviation; n: number.

FiGURE 1. Causes of death in very low birth weight infants in the NEOCOSUR Neonatal Network between 2007 and 2016
across different periods: Total, delivery room, and after admission to the neonatal intensive care unit
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DR; 21.5%, between 1 hour and 1 day of life (after
admission to the NICU); 52.1% of patients died in
the first 4 days of life and 63.8%, in the first week
(Table 2).

The relationship between causality and
temporality changes over the first month of life,
as shown in Figure 3. Congenital malformations
are the prevailing cause of death in the DR
compared to respiratory diseases in the first days
of life. After the first week of life, infections are
the leading cause of death in this population,
together with necrotizing enterocolitis.

Figure 4 shows the causes of death by
gestational age (24-27 weeks and 28-31 weeks).
In the older gestational age group (28-31 weeks),
the prevailing cause of death in the DR and
during the first 48 hours of life were congenital
malformations. However, among infants with
a younger gestational age (24-27 weeks), deaths
that occurred in the first days of life were mostly
related to respiratory diseases.

In both gestational age ranges, deaths due to
infections and necrotizing enterocolitis behave

similarly. Infections prevail after the first week
of life, whereas necrotizing enterocolitis is more
common between the second and the fourth week
of life.

DISCUSSION

Overall mortality in VLBWIs was 25.6% in
the study period. The average and median age
at death were 10.2 and 4 days, respectively.
The prevailing causes of death in the DR
were congenital malformations, respiratory
diseases, and prematurity. After admission to
the NICU, the most common causes of death
were respiratory diseases, followed by infectious
diseases and congenital malformations.

Historically, immaturity and respiratory
causes in the first days of life were the leading
causes of death in the group of extremely
preterm infants. However, Patel et al. have
reported a reduction in respiratory diseases
as cause of death among extremely preterm
infants (between 22 and 28 weeks of gestational
age) in the 2000-2011 period according to the

FIGURE 2. Age of very low birth weight infants at time of death. Kaplan-Meier analysis for the entire population
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TaBLE 2. Causes of death as per temporality in the overall population (n = 3012) during the first week of life — NEOCOSUR

Neonatal Network 2007-2016

DR 1h-1do 2 do 3do 4 do 5do 6 do 7 do >7do
Number of deceased patients (n) 307 647 268 183 163 137 118 100 1089
% of accrued deaths 10.2 31.7 40.6 46.7 52.1 56.6 60.5 63.8 100

DR: delivery room; do: days old.
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FIGURE 3. Causes of death as per temporality in the overall population
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DR: delivery room; CM: congenital malformations; Inf.: infections; Resp.: respiratory diseases; CNS: central nervous system;
NEC: necrotizing enterocolitis; PE: prematurity; ND: non-determined.

FIGURE 4. Causes of death in very low birth weight infants by gestational age (24-27 weeks [n = 2029] and 28-31 weeks
[n =983]) in the NEOCOSUR Neonatal Network 2007-2016
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nervous system; NEC: necrotizing enterocolitis; PE: prematurity; ND: non-determined.
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National Institute of Child Health and Human
Development (NICHD) Network (n = 22 248).8
In contrast, necrotizing enterocolitis as a cause
of death increased. Although other networks
have found a recent reduction in the mortality
rate of extremely preterm infants, the causes
of death are not specified. Data from a study
conducted in 2 areas of Croatia (n = 252) point
out that immaturity is the most frequent cause of
death in the first 3 days of life in VLBWIs born at
> 22 weeks of gestational age with a BW <1500 g;
whereas necrotizing enterocolitis is the most
common cause after 12 hours of life, followed
by infections and, finally, renal conditions. In
this study, most deaths occurred in the first
12 hours of life.” A single center study from Korea
described the causes of death in preterm infants
born between 23 and 26 weeks of gestational age
over 2 periods.' In the first period (2001-2005,
n = 382), the prevailing causes of death were
sepsis, air leak, and bronchopulmonary dysplasia
(BPD). In the second period (2006-2011, n = 258),
the causes of death were intracranial hemorrhage
and BPD. A recent study analyzed the causes of
death in infants born between 24 and 26" weeks
of gestational age in the Netherlands and found
that the 3 leading causes were necrotizing
enterocolitis, neonatal respiratory distress
syndrome, and intraventricular hemorrhage.!!

In our study, the main causes of death in the
DR were severe congenital malformations and,
after admission to the NICU, respiratory diseases
and infections, and this is consistent with studies
conducted in developing countries.’!?

The analyses of mortality and its causes in
other networks are variable. Such variability
depends on the target population and excluded
patients. For example, the study from the
Netherlands excluded patients who died after the
first 12 hours of life." In our study, we analyzed
all deceased patients in the predetermined age,
weight, and time group, regardless of their
history. This allows to have an actual overview
of causes of death in VLBWIs.

Similarly to what has been observed in
other networks, prematurity is a cause of death,
especially in the DR and in the first days of life.®
Respiratory conditions prevail in the first weeks
of life, whereas infections prevail after the first
or second week of life, a period during which
necrotizing enterocolitis is also a cause of death.

The analysis of causes of death by gestational
age showed that the relevance of congenital
malformations as a cause of death in the DR is

higher in the population born at a gestational age
between 28 and 31 weeks compared to the group
born between 24 and 27 weeks (65.2% versus
34.4%). In addition, as expected, prematurity
does not play a relevant role as a cause of death
in the group born between 28 and 31 weeks of
gestational age, and respiratory causes reduced
with an older gestational age. Infections and
necrotizing enterocolitis show a similar behavior
in both gestational age groups.

Identifying the causes of death also allows
to establish potentially modifiable causes, such
as respiratory diseases and infections. The
subsequent development of quality improvement
protocols aimed at reducing infections in the
NICU and enhancing respiratory therapies may
help to reduce mortality in this group of VLBWIs.

It is also worth noting the large percentage
of patients who die in their first week of life,
which evidences the relevance of perinatal care
to improve survival.

The main limitation of this study, in addition
to its retrospective nature, is that a large
percentage of causes of death has not been
adequately defined. However, the difficulty
establishing the cause of death is also common in
other networks.® Different factors may contribute
to this, resulting in a potential error in the
classification of the cause of death.

Thus, in the study by Patel et al., the cause of
death was not adequately established in 13.7% of
cases.® Another limitation, also recognized by other
authors, is that our database does not register the
limitation of therapeutic efforts, which may occur
since birth. In addition, we may also consider that
the fact that the NEOCOSUR Neonatal Network
includes selected sites with heterogeneous, public
and private NICUs concerned about keeping a
prospective data registry is another limitation. For
this reason, the collected data may not be entirely
extrapolated to the whole region.

In our study, in order to better classify
the causes of death, a group of clinicians
was specifically trained in this task based on
predefined criteria.

Therefore, it is highly necessary to include
accurate registries and have clear operating
manuals available in relation to causes of death.
This way, the actual cause of death of a patient
may be better and objectively identified.

The strengths of the study are its multicenter
nature and the large group of VLBWIs in whom
we especially sought to determine the causes of
death and thus contribute to research in a field
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that has been little explored in our region.

Another strength is that data collected in this
study have allowed to introduce changes in the
registry of causes of death in the NEOCOSUR
Network in order to standardize and improve
mortality diagnoses, reduce the number of
unidentified causes due to under-registration, and
make better comparisons with the results of other
neonatal networks.

CONCLUSIONS

Fifty-two percent of deaths observed in this
population of VLBWIs occurred in the first
4 days of life. Congenital malformations were the
most common cause of death in the DR, whereas
respiratory conditions and infections were the
most frequent causes during stay in the NICU. B
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