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SUMMARY

OBJECTIVE: To describe the characteristics of patients treated at a level Ill surgical Neonatal Intensive Care Unit outside of a maternity
service and analyze possible risk factors for mortality in this population.

METHODS: A retrospective cohort study evaluating patients admitted to a level Il surgical Neonatal Intensive Care Unit from June/2015
to November/2017. Univariate analysis was performed by the Chi-square test and T-student test or Mann-Whitney test. Multivariate
analysis by logistic regression was performed including in the model the variables with a P-value <0.2 in univariate analysis. Kaplan-
Meier curve and Log-Rank test were performed using the variables that were statistically associated with death in the multivariate
analysis. A significance level of a=5% and an error B=80% were adopted.

RESULTS: During this period, 246 patients were admitted to this service. 58 (23.8%) patients died, with a mean time until death of 18
days. Half of the patients had a clinical diagnosis of sepsis (50.6%), blood culture was positive in 25.2%, and gram-positive bacteria
(48.4%) were the main pathogens isolated. The variables that remained in the final model after multivariate analysis were diagnosis of
congenital heart disease (OR = 4.5; p = 0.016), clinical diagnosis of sepsis (OR = 8.1; p = 0.000), and isolation of gram-positive bacteria
in blood culture (OR = 3.9; p = 0.006).

CONCLUSION: The level Ill surgical Neonatal Intensive Care Unit outside of a maternity service has a different profile of morbidity and
mortality, and death was associated with the diagnosis of congenital heart disease, the clinical diagnosis of sepsis, and the isolation of
gram-positive bacteria in the blood culture
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INTRODUCTION

Currently, neonatal deaths account for more indicating a close relationship between prenatal care
than half of infant mortality in Brasil, and early neo-  and delivery assistance.! Maternal and perinatal fac-
natal death (in up to 7 days) is its main component,  tors, such as prematurity and perinatal infections,
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are the main causes of death in the neonatal period,
followed by congenital malformations, which together
account for 80% of deaths during the 1* year of life.!
However, when infant mortality is considered as a
whole, the deaths due to congenital malformations
have surpassed the perinatal causes in recent years,
being consolidated as the main cause of death in the
first year of life. This is due to the growth in mortality
due to this cause, which rose from 11.4% in 2000 to
20.7% in 2013." One explanation for that could be the
improvement of health care service quality, resulting
in the maintenance of life in the early neonatal phase
due to better access and quality of service in Neonatal
Intensive Care Units (NICU), which in turn enables
higher rates of diagnostic and notification of these
malformations.?

Congenital malformations are morphogenetic
changes capable of causing functional changes, with
a global prevalence of 2-3%.3 The impact of congenital
malformations on infant mortality depends on several
factors, including the effectiveness of primary preven-
tion that the prevalence of anomalies, and, above all,
the access to, availability and quality of health care
services for medical and surgical treatment to pre-
serve life.*

The last census of the Brazilian Association of
Intensive Medicine (AMIB) in 2016 showed that the
number of NICUs represents 24.2% of all ICU ser-
vices in the country®. The number of beds in Bahia
represents 21.7% of the Northeast, and 13.5% of them
are located in the capital. NICUs outside maternity
services are infrequent in Brasil since they usually are
located in general hospitals with maternity services.
Souza et al.® demonstrated that 82.4% of the services
of NICU/PICU were located in general hospitals, in
a study conducted in 2002 in the city of Séo Paulo.
This distribution of services is logical, considering
that out of the total number of deaths in the 1% year
of life, 7.1% occur in the first hour of life, and 24.7% in
the first day of life, demonstrating the importance of
services located where it is possible to have immediate
access so as to act during the most critical period for
mortality.

The Surgical NICU of the Martagao Gesteira Hos-
pital was inaugurated in 2015 as a level III NICU and
was consolidated as a reference service for the entire
state of Bahia. It services mainly newborns with
congenital defects that require a surgical NICU to
undergo a surgical procedure to preserve life at this
stage. This service is located in a pediatric hospital

outside a maternity service; thus, the assistance pres-
ents some limitations due to the need for transport for
other services and suffers from a lack of important
information for patient care, such as reliable documen-
tation of prenatal care and data relating to the labor
conditions. Thus, we couldn’t find in the literature any
studies performed at a service that presents a parallel
with the characteristics mentioned above.

Therefore, this study is justified because it is an
analysis of a level III surgical NICU service outside a
maternity service, which is an unusual service model,
which is a reference for the entire state of Bahia, ser-
vicing a extensive geographic area of great importance
in the Northeast of the country, a region that still lacks
studies when compared to large centers of the South,
and Southeast regions and that represents the highest
rate of neonatal deaths in the country (38.3%).” Thus,
the goal of this study was to establish the epidemio-
logical profile of patients treated in this service and
analyze which factors were more closely related to
neonatal mortality to improve the planning of preven-
tive health care for this population.

METHODS

This is a retrospective cohort study carried out with
all the children admitted to the NICU of the Martagao
Gesteira Hospital, a reference level I1I neonatal surgi-
cal ICU for surgical congenital malformations in the
state of Bahia.

The inclusion criteria were all children admitted
to the NICU of the Martagao Gesteira Hospital from
June/2015 to November/2017.

The data were collected by reviewing the electronic
medical records, relying on information from patient
admission to discharge or death.

The independent variables analyzed were: sex,
prematurity, low birth weight, days of life upon
admission, days of hospitalization, diagnosis at
admission, presence of congenital malformation, hav-
ing undergone surgery, clinical diagnosis of sepsis,
blood culture results. The dependent variable con-
sidered was death.

The congenital malformations were classified
according to the following categories: Malformations
of the gastrointestinal tract (GIT), clinical diagnoses,
malformations of the central nervous system (CNS),
congenital heart defects and others (wall closing
defects, urinary tract malformations, and tumors).
The patients were classified according to birthweight

1253

REV ASSOC MED BRAS 2020; 66(9):1252-1257



LITY DUE TO SURG

CAL CONGENITAL MALFORMATIONS FROM THE PERSPECTIVE OF SURGICAL NEONATAL ICU OUTSIDE A MATERNITY SERVICE.

as low weight (<2500g) and gestational age in preterm
infants (<37 weeks). The pathogens isolated in blood
cultures were classified as gram-positive bacteria,
gram-negative bacteria, and fungus.

The statistical analysis was performed using the
data analysis software Statistical Package for Social
Sciences, V 23.0 (SPSS Inc., Chicago, IL, USA). We
used the Kolmogorov-Smirnov test to determine the
normality of the distribution of continuous variables.
For the descriptive analysis, we used means and stan-
dard deviation for continuous variables with normal
distribution, median and interquartile ranges for con-
tinuous variables with non-normal distribution, and
proportions for categorical variables. We calculated
the odds ratio and confidence interval (95% CI) for all
the variables. Univariate analysis was conducted com-
paring the individuals based on the death outcome
using the chi-square test was used for the categorical
variables and the Student t-test or Mann-Whitney test
for continuous variables, depending on their distribu-
tion. Then we carried out a multivariate analysis by
logistic regression, including variables that showed a
p-value <0.2 in the univariate analysis. Survival anal-
ysis was performed by the Kaplan-Meier curve and
Log-Rank test with the variables that were statisti-
cally associated with death in the multivariate anal-
ysis. We adopted a significance level of a=5% and an
error B=80%.

This study was carried out after approval by the
Research Ethics Committee of the Faculty of Medicine
of Bahia CAEE (66804316.3.0000.5577).

RESULTS

During this period, 246 patients were admitted
to this service and had their data collected. Of these,
most were male, the minority was premature (39.0%),
and nearly half had low birth weight (46.6%). The
median of days of life on admission was 9 days, which
classified the population as late neonates. The vast
majority of hospitalized patients had some congenital
malformation (77%). The main congenital malforma-
tions were: Malformations of the GIT (32%), malforma-
tions of the CNS (18.4), and congenital heart diseases
(10.7%). (TABLE 1)

Most patients underwent some surgical proce-
dure (67.4%) to correct the congenital malformation.
The clinical diagnosis of sepsis was present in little
more than half of the cases (50.6%). The blood culture
was positive in only 25.2%; and the main pathogens
isolated were Gram-positive bacteria (48.4%), mainly
Coagulase-negative Staphylococcus, representing
almost half of all isolated pathogens (43.5%), followed
by gram-negative bacteria (37.1%), mainly Klebsiella
sp. (16.1% of all pathogens isolated), and fungi 14.5%,
with only Candida sp being isolated. The mean length
of hospitalization was 13 days. Death was the outcome
in 23.8% of the cases, with a median of 18 days up to
this outcome. (TABLE 2)

It was possible to demonstrate through univari-
ate analysis that the variables that were associated
with death were low birth weight, diagnosis at admis-
sion, diagnosis of sepsis, and blood culture results.
The variables that presented a trend of significance

TABLE 1. PATIENT DISTRIBUTION BY EPIDEMIOLOGICAL CHARACTERISTICS. SALVADOR (BA) BRASIL, 2018

Patients Death Gross OR (95% Cl) P-value
N=246 (%) N=58 (23.8%)
Sex 1.21(0.673-2.191) 0.519
Male 133 (54.1%) 29 (221%)
Female 13 (45.9%) 29 (25.7%)
Prematurity 87 (39%) 22 (25.3%) 1195 (0.634-2.254) 0.719
Low birth weight 109 (46.6%) 32 (29.4%) 1.946 (1.049-3.609) 0.033
Days of life at admission (median; IQR) 9; 22 119.66' - 0.771
Days of hospitalization (median; IQR) 13;22 136.0" - 0.082
Congenital malformation 188(77%) 46 (24.7%) 1.205 (0.586-2.475) 0612
Diagnosis at admission 0.002
Clinical diagnosis” 56 (23%) 12(21.4%) 1.0 -
GIT Malformation 78 (32%) 20(25.6%) 1.264 (0.559-2.859) 0.573
CNS Malformation 45 (18.4%) 6 (13.6%) 0.579 (0.198-1.697) 0.318
Congenital heart disease 26 (10.7%) 14(53.8%) 4.278 (1.572-11.639) 0.004
Other malformations 26 (10.7%) 6(24%) 0.688 (0.233-2.026) 0497

TSum of the Mann-Whitney test rank; *Variable used as reference
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TABLE 2. PATIENT DISTRIBUTION BY THE CLINICAL CHARACTERISTICS OF EVOLUTION DURING HOSPITALIZATION.

SALVADOR (BA) BRASIL.

Patients N=246 (%) Death 58 (23.8%) Gross OR (IC 95%) P-value
Surgery 164 (67.2%) 44 (24%) 1.758 (0.897-3.444) 0.098
Diagnosis of sepsis 118 (50.6%) 46 (39.3%) 8.585 (3.824-19.273) 0.000
Blood culture 0.001
Negative” 182 (74.5%) 34 (18.7%) 1.0 -
Gram-positive 30 (48.4%) 15 (50%) 4.353 (1.942-9.755) 0.000
Gram-negative 23 (371%) 8 (34.8%) 2.322 (0.911-5.917) 0.078
Fungus 9 (14.5%) 1(1.1%) 0.544 (0.066-4.497) 0.572

* Variable category used as reference

with a p-value <0.2 were days of hospitalization,
having undergone surgery. All of these variables
were included in the multivariate analysis by logis-
tic regression.

After the completion of the multivariate analysis,
it was possible to observe that the only three variables
in the model that still demonstrated a significant asso-
ciation with death were the diagnosis of congenital
cardiopathy, which resulted in a chance approximately
4.5 times greater of death, the clinical diagnosis of
sepsis, with a 8.1 times higher chance of death, and
the presence of gram-positive bacteria isolated in the
blood culture, with a 3.9 times higher chance of death.
(TABLE 3).

The survival curve was drawn with the three vari-
ables that remained in the model after multivariate
analysis. The median of days until death for the entire
population was 18 days (95% CI 11.7-24.2). The clinical

TABLE 3. RESULTS OF THE LOGISTIC REGRESSION
FOR RELATED VARIABLES AND MORBIDITY AND
MORTALITY IN PATIENTS FROM THE SURGICAL NICU.
SALVADOR (BA) BRASIL, 2018.

diagnosis of sepsis was the only variable that showed
statistical difference regarding the number of days
until death between the groups in the Log-Rank test,
showing that individuals who presented sepsis had
a median of 18 days until death (95% CI 11.3-24.6),
while those who did not have a clinical diagnosis of
sepsis had a median of 13 days (95% CI 0.0-38.6), with
a p-value = 0.005 in the Log-Rank test (FIGURE 1).

DISCUSSION

The NICU services not linked to a maternity ser-
vice usually present different epidemiological pro-
files and morbidity and mortality characteristics. We
can observe that the profile of the patients treated in
this service was of neonates with low birth weight,
the minority of which was premature (39%), admit-
ted already in the late neonatal period, in their great
majority with surgical congenital malformations.

FIGURE 1. SURVIVAL CURVE OF INDIVIDUALS WITH A
DIAGNOSIS OF SEPSIS.

Adjusted OR (95% Cl) | P-value

Diagnosis at admission

Clinical diagnosis” 1.0 -

GIT Malformation 0.925 (0.317-2.699) 0.389

CNS Malformation 0.557 (0.147-2.108) 0.557

Congenital heart disease 45 (1.317-15.432) 0.016

Other malformations 0.656 (0170-2.533) 0.540
Days of hospitalization 0.979 (0.956-1.003) 0.084
Surgery 2.531(0.976-6.564) 0.056
Diagnosis of sepsis 8121(3.332-19.795) 0.000
Blood culture

Negative” 1.0 -

Gram-positive 3.958 (1.490-10.513) 0.006

Gram-negative 1.622 (0.546-4.817) 0.384

Fungus 0.395 (0.043-3.583) 0.409

* Variable category used as reference
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These characteristics alone imply a different pattern
of morbidity and mortality in this period since mater-
nal and perinatal factors are expected to already have
less impact on mortality.!

Initially, low birth weight was one of the variables
associated with death in the univariate analysis. This
finding was already expected since this association is
well established in the literature.”® However, in the
multivariate analysis, low birth weight was not asso-
ciated with death, so that it is assumed that, when
there is interaction with other factors, perinatal fac-
tors demonstrate a lower influence in the late neonatal
period in detriment to factors related to hospitalization
and the underlying disease.

GIT malformations were the most frequent diag-
nosis in our population, along with malformations
of the CNS, and congenital heart diseases. Whereas
the diagnosis of congenital heart disease was the only
one associated with death in the univariate analy-
sis and that remained in the final model after the
multivariate analysis, presenting a 4.5 times higher
chance of death, as corroborated by Stewart et al.'®
That demonstrates that congenital malformations
are responsible for 45% of deaths in a NICU in North
America, and congenital heart disease is one of the
main contributing factors. In addition, this diagnosis
in our population showed a high frequency in com-
parison to the general population, in which the prev-
alence is approximately 4 to 5 cases per 1000 live
births." This greater frequency can be due potentially
to the high severity of heart malformations, requiring
the assistance of highly specialized services, some-
thing that is corroborated by the high mortality rate
(53.8%), and this is the diagnosis with the highest
rate of lethality in our population.

The univariate analysis failed to demonstrate
an association between the diagnosis of congenital
malformation and death, as would be expected for
the late neonatal period, something that has been
demonstrated in several studies on general NICU ser-
vices.®1%2 However, our sample consists of patients
from a NICU service that receives mainly surgical
patients; thus, almost our entire population has been
diagnosed with some type of malformation, which
leads to the failure in identifying a difference between
the groups.

The clinical diagnosis of sepsis was established in
almost half of the individuals in our population and
proved to be associated with death in the univariate
analysis, remaining in the model after multivariate

analysis and increasing the chance of death in around
8 times. However, this was not reflected by positive
blood culture results, although this was already
expected since it is known that the positivity rate of
blood cultures from neonates is usually low, often due
to the collection of an insufficient volume of blood,
both due to difficulty in puncture and unfavorable
hemodynamic conditions of these patients.™ The
pathogens most frequently isolated were similar to
those demonstrated in the literature, indicating a
higher frequency of agents that usually are not patho-
genic in healthy newborns, such as coagulase-negative
Staphylococcus and Candida sp."" In fact, even after
the multivariate analysis, the isolation of gram-posi-
tive bacteria, among them the most frequent being
coagulase-negative Staphylococcus, increased the
chance of death in approximately 4 times. In North
America, infections by this pathogen are responsible
for up to 70% of the cases of neonatal sepsis and are
related to longer hospitalizations and, consequently,
higher treatment costs, thus burdening the health
system. '

The survival analyses were carried out with the
three variables that remained in the model after mul-
tivariate analysis. However, the clinical diagnosis of
sepsis was the only variable to present a statistical
difference regarding the number of days until death
between the groups, demonstrating that the individ-
uals who received a clinical diagnosis of sepsis later
died, suggesting that the longer the length of hospital-
ization, the greater the chance of nosocomial sepsis
due to interventions carried out.

Among the limitations of our study, we emphasize
that the main one was analyzing a single-center, with
retrospective data collection from patient records,
which presents a risk of record bias.

CONCLUSION

We conclude that the NICU service outside a
maternity service has a different profile of morbidity
and mortality, receiving mainly patients with congen-
ital malformations that require surgical repair, and
death as an outcome was associated with the diagnosis
of congenital heart disease, clinical diagnosis of noso-
comial sepsis, and isolation of gram-positive bacteria
in the blood culture.
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RESUMO

OBJETIVO: Tragar o perfil de pacientes atendidos em uma Unidade de Terapia Intensiva Neonatal cirdirgica nivel 11l desvinculada de
maternidade e analisar fatores de risco para mortalidade nesta populagdo.

METODOS: estudo de coorte retrospectivo, avaliando os pacientes internados em um servigo de Unidade de Terapia Intensiva Neonatal
cirdrgica nivel Ill de referéncia no estado no periodo de junho/2015 a novembro/2017. A andlise univariada foi realizada pelo teste de Qui-
quadrado e T-student ou Mann-Whitney. Foi realizada a analise multivariada por regressédo logistica incluindo no modelo as variéveis
que apresentaram valor de P <0,2 na analise univariada. Foi realizada curva de Kaplan-Meier e teste Log-Rank com as vardveis que
foram estatisticamente associadas ao 6bito na andlise multivariada. Adotou-se um nivel de significdncia de a=5% e um erro B=80%.

RESULTADOS: Neste periodo, 246 pacientes foram internados neste servigo. Foram a 6bito 58 (23,8%) pacientes, com tempo médio de
6bito de 18 dias. Metade dos pacientes apresentaram diagnéstico clinico de sepse (50,6%), com hemocultura foi positiva em 25,2%
e bactérias gram-positivas (48,4%) foram os principais patégenos isolados. As varidveis que se mantiveram no modelo final apés a
andlise multivariada foram diagnéstico de cardiopatia congénita (OR=4,5; p=0,016), diagnéstico clinico de sepse (OR=8,7; p=0,000), e
isolamento de bactéria gram-positiva na hemocultura (OR=3,9; p=0,006).

CONCLUSAO: O servico de Unidade de Terapia Intensiva cirdrgica nivel Ill ndo vinculada a maternidade apresenta perfil diferenciado de
morbimortalidade, e o 6bito esteve associado ao diagndstico de cardiopatia congénita, ao diagnostico clinico de sepse e ao isolamento
de bactérias gram-positivas na hemocultura.

PALAVRAS-CHAVE: Mortalidade infantil. Anormalidades congénitas/cirurgia. Unidades de terapia intensiva neonatal.
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