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Abstract

Objectives: to assess preterm infants’ characteristics, health conditions and neonatal
care effect on their death at the neonatal ICU.

Methods: this was a non-concurrent cohort study, including preterm infants from three
neonatal ICUs from January st to December 31st, 2016, followed during the neonatal period
and deaths registered during the entire hospitalization. Multivariate analysis was performed
using Poisson regression.

Results: of the 181 preterm infants, 18.8% died during hospitalization. Associated with
the outcome: a gestational age between 28 and 32 weeks (RR= 5.66; C195%= 2.08-15.40),
and less than 28 weeks (RR=9.24; C195%=3.27-26.12), Apgar score of 5th minutes less than
7 (RR: 1.82; C195%=1.08-3.08), use of invasive mechanical ventilation up to 3 days (RR=
4.44; C195%= 1.66-11.87) and 4 days and more (RR=6.87; C195%=2.58-18.27). Besides the
late sepsis (RR: 3.72, C195%=1.77-7.83), acute respiratory distress syndrome (RR=2.86,
C195%=1.49-5.46), pulmonary hemorrhage (RR=1.97; C195%=1.40-2.77), and necrotizing
enterocolitis (RR= 3.41; C195%=1.70-6.83).

Conclusions: the results suggest the importance of using strategies to improve care
during childbirth, conditions for extremely premature infants, early weaning from a mecha-
nical ventilation and prevention on nosocomial infection.
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Introduction

Prematurity constitutes as an important public health
priority worldwide! and its complications were
responsible for 18% of the mortality in children
under 5 years old in 2016.2 In Brazil, Franga ef al.3
research highlighted prematurity as the main cause
of death in children below 5 years old, in the States
of Acre and Bahia were the ones with the highest
rates.

The maintenance of these indicators suggests
failure in the obstetric and neonatal care, accompa-
nied by national and regional inequalities care,
quality at the neonatal intensive care unit (ICU),
healthcare provided, and disproportional distribution
of beds at the neonatal ICU,#4 with greater inequali-
ties in towns in the countryside and especially those
more distant from the cities.

The preterm infants’ survival depends on various
factors, highlighting on the higher risk of mortality
of those small for gestational age, gestational age
(GA) of <28 weeks, in need of resuscitation maneu-
vers in the delivery room, and low Apgar score at the
5th min.5-7 Prematurity complications conceded this
group with the highest death rates when compared to
those born at term and they were divided into short
and long-term complications.8 Studies on this popu-
lation show that pulmonary hemorrhage, respiratory
distress syndrome, and necrotizing enterocolitis are
some of the main short-term morbidities that inter-
fere in the preterm infants’ death.5-7.9

With the evolution of multi-professional care at
the neonatal ICU, knowledge is required when it
comes to the conditions experienced by preterm
infants that interfere with their mortality and
survival. This knowledge reflects on human and
technological resources that permeate in this care.
Factors associated with preterm infants’ mortality
and survival reflect on the entire journey of this
fragile baby from the maternal uterus until his/her
long stay at the neonatal ICU. Thus, this present
research aimed to assess the newborns’ characteris-
tics effects, health conditions, and neonatal care on
preterm infants’ deaths hospitalized at the neonatal
ICU in a town in the Northeast Brazilian country-
side.

Methods

This is a non-concurrent cohort study, hospital-
based, that included preterm infants admitted at three
neonatal ICU in a mid-sized town located in the
Northeast Brazilian countryside, located more than
500 km from the capital of the State and with
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approximately 2 million dependents of its health
services. This town has a [ndice de Desenvolvimento
Humano Municipal (IDHM) (City Human
Development Index) of 0.678 in 2010 (average range
in the IDHM). Longevity was the domain that
mostly contributed with the IDHM, followed by
income and education. Its per capita income in 2010
was R$555.66.10

All the preterm infants that were admitted to the
neonatal ICU from January 1st to December 31st,
2016,were included. The population was followed
from the day of admission until hospital discharge,
transference, or death, following the censorship of
27 days of life (follow-up interruption). Those with
any major congenital anomaly were excluded from
this study, such as severe anatomical alterations:
complex congenital heart diseases, gastrointestinal
tract atresia, abdominal wall defects, hydrocephalus,
encephalocele, and diaphragmatic hernia.

Data were obtained by analyzing medical and
statistical records stored in three hospitals that assist
the population in urban and rural areas. Two of these
neonatal ICU are located in the public administra-
tion hospitals: only one is a public reference for
high-risk pregnancies in the region and the other
does not perform obstetric procedures, and assisting
referred patients from other institutions with mater-
nity wards. The third ICU is located at a private
funded hospital. Each neonatal ICU offers 10 beds
and serves as an internship field for the pediatric and
neonatology medical residences, thus these clinical
practice protocols are very similar.

The Human Research Ethics Committee of the
Instituto Multidisciplinar em Saude da Universidade
Federal da Bahia (UFBA) (Multidisciplinary Health
Institute of the Federal University of Bahia) (CAAE:
79450717.4.0000.5556 and document number
2.485.073) approved this study on February Sth,
2018.

The total number of eligible preterm infants’
medical records were used to estimate the minimum
sample size in 2016 (N=248). The following para-
meters were applied: expected frequency of 50%,
given to the heterogeneity of the outcomes, the accu-
racy was measured at 5%, confidence interval of
95%, and an increase of 20% for possible losses,
resulting in 181 medical records.

Data were collected by volunteer health
researchers after training and under the supervision
of neonatologists using a specific questionnaire,
based on the Inquérito Nascer para o Brasil (Born
for Brazil Survey) instrument.!! A pilot study was
conducted in May 2018, with approximately 20% of
the total number of medical records, from November



to December 2015 for the three neonatal ICU, thus,
the objective of the pilot study was to improve and
standardize the instrument and enable researchers to
collect data. The data collection took place from
June to October 2018, using tablets containing a
digital questionnaire created using the Kobo Toolbox
1.4.8® application.

The dependent variable was death during the
hospitalization period at the neonatal ICU.

The independent variables used were divided
into two blocks: the first block containing the
newborn’s characteristics, health conditions, and
neonatal care. The gestational age was obtained
using the best obstetric estimate, a reference by the
date of the last menstruation, followed by early ultra-
sonography. Due to the impossibility of these find-
ings, the evaluation of physical and neurological
signs of newborns was used.12.13 The gestational age
was estimated in weeks and categorized according to
the World Health Organization as extreme preterm
(less than 28 weeks), very preterm (28 to less than
32 weeks), and moderate/late preterm (32 to less
than 37 weeks).!l Birth weight was measured in
grams and classified as adequate/low weight (>1,500
g), very low weight (between 1,000 and 1,500 g),
and extremely low weight (<1,000 g).

The other variables used were Apgar score at the
5th minute of life (Apgar <7 and >7); resuscitation
procedures in the delivery room (not needed, posi-
tive pressure ventilation [PPV] or advanced resusci-
tation: PPV accompanied by cardiac massage and/or
drugs);14 use of early continuous positive pressure
(CPAP) in the delivery room (yes or no); use of
surfactant in the delivery room and/or neonatal ICU
(yes or no); use of invasive mechanical ventilation
during the neonatal period (0, 1-3, or 4 days and
more); and use of central venous access (up to 6 or 7
and more days). The categorization of variables —
use of mechanical ventilation and central venous
access - was performed by using the medians.

The second block presented the newborn’s cli-
nical evolution in the neonatal period: acute respira-
tory distress syndrome, early sepsis, late sepsis
(received antibiotic scheme for late sepsis and/or
report on the diagnosis described in the medical
record), pulmonary hemorrhage, and necrotizing
enterocolitis (all categorized as yes or no).

To describe the assessed population’s characte-
ristics, the following variables were also used: sex
(male or female), maternal race/color (white or
black/mixed), maternal age (<20; 20-34; >35 years
old);15.16 marital status (with a partner and without a
partner), maternal schooling (without
schooling/elementary; high school or higher educa-
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tion), and place of residence (rural or urban area).

Losses were evaluated by comparing the
obtained sample with the total population using
Pearson’s chi-square test or linear trend and showed
no differential losses according to the analyzed vari-
ables (hospital of origin and weight at birth).
Nevertheless, to assess whether there would be or
not an impact on the death outcome, a calibration of
natural expansion factors was performed. These
factors consisted of estimating weights for each
element of the sample, according to the variable
information for the total population.!? When
comparing the estimates on the relative risk points
on deaths with and without the calibration factor, no
significant differences were observed in the esti-
mates (p=0.26), and thus, the analyses were
conducted without considering the calibration factor.
The descriptive analysis of these variables was
carried out using absolute and relative frequencies.
The bivariate analysis between independent vari-
ables and death was made by Poisson’s regression
with robust variance, obtaining estimates on relative
risk (RR) and its respective 95% confidence interval
(CI95%). Differences between exposures of interest
and the outcome occurrence were tested using
Pearson’s chi-square or Fisher’s exact tests. For the
multivariate analysis, the Stepwise Backward
method was adopted, which consists of inserting all
explanatory variables of the proposed model and
then removing them in stages. All variables that
presented an association with the outcome at a
significance level of <20% were included in the
initial model in the bivariate analysis. For all tests
and variable permanence in the final model, a signif-
icance level of <5% was used. These models were
compared using Akaike’s criterion and the adequacy
was evaluated by the chi-square test. The Stata
program version 15.0 (Stata Corporation, College
Station, USA) was used for analysis.

Results

A total of 265 preterm infants were admitted to the
units during the study period, 17 were excluded
because of some major congenital malformation, and
67 medical records were not found, having a sample
of 181 preterm infants. Among them, 59.7% were
males, with mothers aged between 20 and 34 years
old (66.3%), black/mixed color (62.4%), living
without a partner (42.5%), with high school educa-
tion (29.3%) and residents of urban area (79.6%)
(Table 1).

Of the studied population, 18.8% (34) preterm
infants died during their stay at the neonatal ICU,
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Table 1

Characterization of the assessed population (N=181). Preterm Born Cohort, 2016.

Variables N %
Sex

Male 108 59.7

Female 73 40.3
Maternal age (years)

<20 24 13.3

20-34 120 66.3

235 35 19.3

Ignored 2 1.1
Maternal race/color

White 34 18.8

Black/Mixed 113 62.4

Ignored 34 18.8
Marital status

With a partner 65 35.9

Without a partner 77 42.5

Ignored 39 21.6
Schooling

Without schooling/elementary 37 20.4

High school 53 29.3

Higher education 47 26.0

Ignored 44 24.3
Place of residence

Rural area 36 19.9

Urban area 144 79.6

Ignored 1 0.6

and 52.9% of these deaths occurred during the first 7
days of hospitalization. Among the main causes of
death were septic shock, multiple organ failure, and
acute renal failure.

Gestational age ranged from 23 0/7 to 36 weeks
6/7, with 62.4% moderate or late preterm infants,
25.4% very preterm, and 12.2% extreme preterm.
More than half of the population weighed more than
1,500g (60.2%), Apgar score at the Sth minute of life
>7 (61.3%), did not require resuscitation maneuvers
(58.6%) or early CPAP in the delivery room (83.4%)
and 65.8% did not receive surfactant in the delivery
room and/or at the neonatal ICU. The use of central
venous access for <6 days was observed in 63.0% of
preterm infants and 57.5% did not receive invasive
mechanical ventilation (Table 2). In the neonatal
period, 72.4% of the preterm infants presented early
sepsis, 35.4% late sepsis, 32.0% respiratory distress
syndrome, 1.1% pulmonary hemorrhage, and 2.8%
necrotizing enterocolitis (Table 3).

Bivariate analysis showed a higher risk of death
among preterm infants with lower GA, lower weight,
with Apgar score at the 5th minute of life < 7, who
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needed advanced resuscitation, who used surfactant
in the delivery room and/or at the neonatal ICU, with
use of >7 days of central venous access and a higher
number of days of invasive mechanical ventilation.
After the adjustment, gestational age, Apgar score at
the 5th minute <7, and a longer time of invasive
mechanical ventilation (with dose-response relation-
ship) remained associated with the occurrence of
death (Table 2). Additionally, a clinical association
was observed with the following diagnoses: late
sepsis, acute respiratory distress syndrome,
pulmonary hemorrhage, and necrotizing enteroco-
litis (Table 3).

Discussion

This is the first study conducted in the region
portraying conditions associated with hospitalized
preterm infants’ death at the neonatal ICU and this
serves as a baseline for future follow-ups regarding
preterm infants’ survival. Approximately 18.8% of
the preterm infants died and most of them occurred
with the most immature preterm infants with lower
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Table 2

Description of the studied population according to the newborns’ characteristics, health conditions, and neonatal care (N=181), incidence, and relative risk for death. Preterm Birth Cohort,
2016.

Variables N % Death
n % RRcrude C195% RRdjusted Cl95%
Gestational age
Moderate/late preterm 113 62.4 5 4.4 1.00 - 1.00 -
Very preterm 46 25.4 16 34.8 7.86 3.05-20.25 4.44 1.66-11.87
Extremely preterm 22 12.2 13 59.1 13.35 5.28-33.75 6.87 2.58-18.27
Birth weight
Adequate /low weight 109 60.2 5 4.6 1.00 - - -
Very low weight 47 26.0 12 25.5 5.56 2.07-14.95 - -
Extremely low weight 25 13.8 17 68.0 14.82 6.02-36.45 - -
Apgar at the 5th minute of life
<7 70 38.7 25 34.7 4.14 2.18-8.89 1.82 1.08-3.08
>7 111 61.3 9 8.1 1.00 - 1.00 -
Resuscitation procedures
None 106 58.6 12 11.3 1.00 - - -
Positive pressure ventilation 57 31.5 12 21.1 1.85 0.89-3.87 - -
Advanced resuscitation* 18 9.9 10 55.6 4.90 2.49-9.64 - -
Early CPAP in the delivery room
No 151 83.4 28 18.5 1.00 - - -
Yes 30 16.6 6 20.0 1.07 0.48-2.38 - -
Use of surfactant
No 119 65.8 13 10.9 1.00 - - -
Yes 62 34.2 21 33.9 3.10 1.66-5.77 - -
Use of central venous access
Up to 6 days 114 63.0 16 14.0 1.00 - - -
7 or more days 67 37.0 18 26.9 1.91 1.04-3.50 - -
Use of mechanical ventilation
None 104 57.4 4 3.9 1.00 - 1.00 -
1 to 3 days 30 16.6 10 33.3 8.67 2.92-25.75 4.44 1.66-11.87
4 or more days 47 26.0 20 42.6 11.06 3.99-30.67 6.87 2.58-18.27

RR= relative risk; CI195%= 95% confidence interval; * Advanced resuscitation = positive pressure ventilation + cardiac massage and/or drugs; CPAP= continuous positive pressure (pressdo
positiva continua).
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Table 3

Description on the clinical assessment of the studied population (N=181), incidence, and relative risk for the occurrence of deaths. Preterm Born Cohort, 2016.

Variables N % Death
n % RRcrude C195% RRadjusted Cl95%

Early sepsis

No 50 27.6 4 8.0 1.00 - - -

Yes 131 72.4 30 22.9 2.86 1.05-7.73 - -
Late sepsis

No 117 64.6 8 6.8 1.00 - 1.00 -

Yes 64 35.4 26 40.6 5.94 2.85-12.37 3.72 1.77-7.83
Acute Respiratory Distress Syndrome

No 123 68.0 1 8.9 1.00 - 1.00 -

Yes 58 32.0 23 39.7 4.43 2.31-8.48 2.86 1.49-5.46
Pulmonary hemorrhage

No 179 98.9 32 17.9 1.00 - 1.00 -

Yes 2 1.1 2 100.00 5.59 4.08-7.66 1.97 1.40-2.77
Necrotizing enterocolitis

No 176 97.2 30 17.1 1.00 - 1.00 -

Yes 5 2.8 4 80.0 4.69 2.71-8.11 3.41 1.70-6.83

RR= relative risk; CI95%= 95% confidence interval.
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Apgar score at the Sth-minute and greater need for
invasive mechanical ventilation. The following asso-
ciated clinical conditions also interfered in the
survival: late sepsis, necrotizing enterocolitis, acute
respiratory distress syndrome, and pulmonary
hemorrhage.

The difficulty of directly comparing our findings
with other findings on preterm cohorts should be
emphasized, mainly due to methodological diffe-
rences employed, since some restrict the analysis to
certain GA subgroups or weight. In this cohort, an
analysis of all GA and birth weights was performed.

In this series, 59.1% of the preterm infants with
a GA of <28 weeks died, a result observed in
Sweden (22%), Canada (14.7%), and China
(31%).6,18,19 In Brazil, a research carried out in
Vigosa, in the State of Minas Gerais, showed that
13.3% of the preterm infants died, and in the
extreme preterm infant subgroup, this rate was
47.5%.5 Conversely, a study conducted by the Rede
Brasileira de Pesquisas Neonatais (Brazilian
Network of Neonatal Research) with GA preterm
infants from 23 to 33, weighting between 400 and
1,499¢g and without congenital malformations repre-
sented 30% of deaths in hospital units; this rate was
higher than found in our cohort, but with some
methodological differences in relation to the eligible
population.”

In the aspect discussed above, regional and local
inequalities related to obstetric and neonatal care of
greater complexity cannot be disregarded in our
country, where we verified the inadequate or insuffi-
cient incorporation of technologies, inputs, and
human resources in several cities.4 In our region,
many pregnant women at risk in the Public Health
System (SUS) at the time of childbirth, do not have
access to the reference maternity, and preterm
infants are born in the surrounding towns. After this
birth, preterm infants remain in the hospitals with
few diagnostic and therapeutic interventions, dispute
vacancies in the neonatal intensive care units and are
subjected to risky neonatal transportation. These
factors probably interfere with their prognosis.

Therefore, specific regional and local public
policies should be reviewed to consolidate the Rede
de Assisténcia Perinatal (Perinatal Care Network),
with cost-effectiveness assessments, by secondary
care expansion for high-risk pregnant women, beds
at referred maternity, health education, greater avail-
ability of beds at the neonatal ICU, guarantee
adequate inter-hospital transportation, and a creation
of a systematic assessment database on the main
quality of care indicators offered.20 With the greater
availability of dense technologies, the use of light
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technologies should be emphasized, in the command
of the whole work process, employing sensitive
listening to mothers and family members, respecting
the singularities, skin-to-skin contact stimulation:
mother and newborn after birth (if possible) and
guaranteeing that the preterm infant receives breast-
milk.

In this study, the Apgar score <7 at the 5th-
minute increased the risk of death by 82%, an asso-
ciation confirmed in other studies.57,13.21 This score
allows us to assess the newborns’ vitality conditions
after birth and perinatal asphyxia is considered when
Apgar score <7 at the Sth-minute,!! which can cause
avoidable death through appropriate, systematic, and
uniform measures in childbirth and birth care to
reduce fetal suffering and complications.14.15

The highest number of days of invasive mecha-
nical ventilation presented a dose-response relation-
ship for the occurrence of the outcome. Its use
during 1 to 3 days increased deaths risk by 4 times,
whereas, its use for >4 days increased by almost 7
times this risk, an association corroborated by other
researchers.6 A systematic review of invasive
mechanical ventilation in preterm infants demon-
strates other complications of this modality, such as
pulmonary bronchodysplasia, pulmonary hemor-
rhage, and ventilator-associated pneumonia.22 Such
an invasive procedure is indicated for the most cri-
tical patients, and its appropriate use constitutes an
impact on the reduction of deaths, being the primor-
dial elaboration of well-defined clinical protocols at
the beginning and the end of its use.

In this study, the diagnosis on late sepsis, respi-
ratory distress syndrome, pulmonary hemorrhage,
and necrotizing enterocolitis was strongly associated
with death, and such findings were also found by
other authors.5,6,7.9 Late sepsis should be of great
concern at the neonatal ICU due to its association
with invasive procedures, often used in preterm
infants.23 These results demonstrate the need for
improvements concerning the care provided at the
neonatal ICU; therefore, permanent surveillance
methods and preventive actions of healthcare-related
infections (HRI) should be intensified through daily
follow-ups of diagnosed infections, such as contami-
nation sites and better integration between the care
professional and hospital infection control commis-
sion (HICC).24

Acute respiratory distress syndrome (ARDS)
was strongly associated with death during their
hospitalization at the neonatal ICU, a finding also
verified in other studies.”.9 The protective effect of
antenatal corticosteroids can prevent and reduce
ARDS severity, optimize the effect of surfactant
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therapy after birth, and reduce the incidence of peri-
intraventricular hemorrhage.25 We verified in this
cohort that only 35.4% of the mothers were adminis-
tered antenatal corticosteroids; however, these data
were not found in 17.1% of the medical records (data
not previously shown). Remarkably, one of the
neonatal ICU located in a hospital that does not
perform obstetric procedures, which limited the
acquisition of this information.

In Brazil, differences in the use of antenatal
corticosteroids greatly varied in studies, with varia-
tions ranging from 39.3 to 70.1%.5.9 Therefore, we
found controversial results: low-frequency antenatal
corticosteroid use or no reference to its use in
medical records. As recommended by the Ministry
of Health, all pregnant women with GA between 24
and 34 weeks, with a risk of preterm childbirth,
should be considered as candidates for antenatal
treatment with corticosteroids, except those with
contraindication.26 Regarding to the late preterm
(GA >34 and <37 weeks), the Society of Maternal
Fetal Medicine and the American Academy of
Gynecology and Obstetrics recommend the exten-
sion of antenatal corticosteroid use to this specific
group in assessed clinical situations due to reduce
short-term respiratory morbidities.27 Therefore,
these results justify the need to review clinical proto-
cols for prenatal care. Regarding the main ARDS
therapy with the exogenous surfactant, no significant
difference was found with its use in relation to the
outcome.

Necrotizing enterocolitis (NEC) is considered
one of the most enigmatic and feared morbidities at
the neonatal ICU.28 In this study, despite the low
incidence of NEC (2.8%), we observed concerning
results: 80% of the preterm infants had an unfavor-
able outcome, and this clinical condition increased
the risk of death by 240% (CI95%=1.70—6.83). A
study conducted by the Vermont Oxford Network
(VON), with 71,808 preterm infants, showed a
mortality rate for NEC of 16-42%, according to
weight subdivisions.29 Remarkably, the results found
were to emphasize the need for reviewing care proto-
cols with better scientific evidence to prevent NEC,
such as the use of antenatal corticosteroids (when
indicated), use of breastmilk, avoid unnecessary
antibiotics, standardize feeding protocols, and
among others.30

Among the limitations in this study, we highlight
a possible bias information due to the collection of
medical records, containing difficulties in acquiring
data related to maternal characteristics, pregnancy,
and time of childbirth. For this reason, analyzing the
preterm infants’ health conditions and the neonatal
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care received were prioritized, with these data being
more consistent and reliable.

During the study period, the evaluated units did
not perform any severity score calculations, such as
the Neonatal Therapeutic Intervention Scoring
System (NTISS). Despite the possibility of esti-
mating them retrospectively, some necessary infor-
mation was not obtained from the medical records,
making comparisons between the population’s cha-
racteristics at different intensive care units and in the
service itself, making it difficult over time.

Regarding to the non-located medical records,
due to their physical nature and many of them of
long permanence, making it difficult to store them in
hospital units, but as for the outcome studied, the
losses did not influence the results, as verified by the
differential loss analysis.

This study is a pioneer in the region and it
describes hospitalized preterm infants’ characteris-
tics, health conditions, and neonatal care effects of
their death at the neonatal ICU. The results showed
that the death rates were similar to those in national
studies, but distinct from those observed in interna-
tional studies. Deaths were associated with lower
gestational age, Apgar score <7 at the Sth-minute, a
higher number of days of mechanical ventilation,
diagnosis of late sepsis, respiratory distress
syndrome, pulmonary hemorrhage, and necrotizing
enterocolitis. These findings suggest the importance
of using specific strategies to improve care for the
preterm infant during birth, specific protocols to
conduct extremely preterm, early weaning from
invasive mechanical ventilation, and prevention of
nosocomial infection.
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