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Factors associated with neonatal near miss and death in public referral
maternity hospitals

Abstract

Objectives: to evaluate factors associated with neonatal near miss and death in reference

hospitals.

Methods: this case-control study included 364 cases and 728 controls among 4,929

births. Cases were identified by Apgar < 7 at 5 minutes, weight < 1500 g, gestational age

<32 weeks, mechanical ventilation or congenital malformation. After follow-up, outcomes

were reclassified into: true controls, near miss and neonatal death. Hierarchically, variables

with a p-value ≤ 0.20 were included in the multiple logistic regression. 

Results: the neonatal near miss rate was 54.1 per 1,000 live births, and the near-miss-to-

death ratio was 2.75. Between the control and near miss groups, the predictor variables were

neonatal intensive care admission [OR = 35.6 (16.7 – 75.9)] and central venous access

[OR=74.8 (29.4 – 190.4)]. Between the control and death groups, neonatal intensive care

admission [OR = 100.4 (18.8 – 537.0)] and central venous access [OR = 12.7 (3.7 – 43.2)]

were significant. Between the near miss and death groups, only Apgar < 7 at 5 minutes [OR

= 4.1 (1.6 – 10.6)] and vasoactive drug use [OR = 42.2 (17.1 – 104.5)] were significant. 

Conclusion: factors associated with a greater chance of near miss and/or neonatal death

were: Apgar score <7 at 5 minutes, neonatal intensive care confinement, having central

venous access, and use of vasoactive drugs. 
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Introduction

A neonatal near miss (NNM) is generally used to

describe a newborn who survives a life-threatening

condition during the first 28 days of life.1 However,

the absence of a universally accepted standard defi-

nition is still considered a challenge to identify and

estimate its actual magnitude.2,3

Among the 5.6 million children who died before

their fifth birthday in 2016, approximately 46% (2.6

million) perished in the first month of life. If this

trend continues, 30 million of the 60 million children

estimated to die between 2017 and 2030 will occur

during the neonatal period. It is unacceptable for the

scientific community that 7,000 of the 15,000 chil-

dren dying every day have died in the neonatal

period.4 In Brazil, despite the decline in infant

mortality, 42,049 and 25,555 child deaths were

recorded in 2017 before the fifth year of life and in

the neonatal period, respectively.5

The prevalence of NNM is four to six times

higher than the mortality rate,3,6 which demonstrates

its probable effectiveness as an instrument for esti-

mating the chance of survival in children with peri-

natal conditions and potentially fatal complications.

Even when they survive these conditions, they

are more prone to morbidities during the first years

of life, and more likely to become carriers of chronic

conditions even in childhood.7,8 Understanding

complex and high-risk conditions provides relevant

information for appropriate guidance, which

contributes to the prevention of undesirable

outcomes.

With the consistently high incidence in the

recent decades, it is understood that the concept of

morbidity is equally relevant and worrisome in the

current global health scenario. Thus, the collection

of quantitative and qualitative data related to severe

morbidity, through the neonatal near miss criteria, is

crucial to combat the increasing neonatal mortality.

So far, few studies have searched for criteria that

reflect risk conditions at birth, through which we

define near miss classification factors. Among these

studies, the paper of Silva et al.3 stood out for its

applicability. In their study, they have defined the

following neonatal risk-associated key elements:

Apgar score, birth weight, gestational age, use of

mechanical ventilation (MV), and presence of

congenital malformation. However, other associated

factors (maternal, gestational, and perinatal) must

also be evaluated in different settings (geographic

locations and health care conditions) to better under-

stand how these contribute to neonatal near miss or

death.

Here, we aimed to evaluate the factors associated

with near miss morbidity and neonatal death in a

public maternity hospital in the state of Ceará, a

region still marked by high rates of neonatal and

maternal morbidity and mortality.

Methods

A case-control study was carried out involving all

the live births of the Maternity School Assis

Chateaubriand (Federal University of Ceará) from

January to December 2017. Cases were defined as

having at least one of the neonatal near miss criteria

by Silva et al.3: (1) Apgar score <7 in the 5th minute,

(2) birth weight <1500 g, (3) gestational age <32

weeks, (4) use of mechanical ventilation, or (5) pre-

sence of congenital malformation. 

For the controls, it wasselected a newborn who

did not present with any of these pre-established

severity criteria, with a sequence of birth immedi-

ately before the case, and a newborn immediately

after the identified case, in a proportion of (2:1).

Prospective cases (1) whose information could not

be obtained from medical records or by interview

with family members, (2) that were abortions (<20

weeks and weight less than 500g), (3) with conge-

nital malformations considered lethal or chromo-

somal syndromes, and (4) whose births occurred

outside the hospital environment were excluded for

the study.  Prospective controls who had (1) and (2)

were also excluded.

Cases (27% of newborns) were transferred to

two hospitals (a maternity hospital and a general

hospital with neonatal support) within the state of

Ceará. These newborns were followed up until

hospital discharge or the 28th day of life (in any of

the institutions). After follow-up, cases and controls

were reclassified according to outcomes: true

controls (survival to the neonatal period without

having any of the near miss criteria), near miss and

neonatal death.

Data included the standardized measurements

using several instruments and information from the

maternal and neonatal medical records such as Birth

and Death Declaration and the pregnant woman's

card.

To analyze the study variables, a hierarchical

model was adapted from Lima et al.9 The variables

classified into:

Block I - distal variables - sociodemographic

variables - education, marital status, race, origin,

occupation; Block II, III, IV and V - intermediate

variables I and II - I. maternal characteristics and

conditions - age, number of pregnancies, arterial
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hypertension, diabetes mellitus, smoking, anemia,

urinary tract infection. II. characteristics of prenatal

care, complications of pregnancy and childbirth and

resolution of pregnancy - number of prenatal consul-

tations, location of prenatal care, type of pregnancy,

resolution of pregnancy, preeclampsia, premature

labor, placenta previa, premature detachment of the

placenta, premature rupture of membranes, gesta-

tional diabetes, polyhydramnios, oligodramnios,

fetal growth restriction, fetal distress, use of ante-

natal corticosteroids; Block VI - proximal variables:

newborn health conditions and complications up to

28 days of life - gestational age at resolution, gender,

birth weight, Apgar 1st and 5th minutes, place of

hospitalization, presence of congenital malforma-

tion, convulsion, hypothermia, hypoglycemia, necro-

tizing enterocolitis (NEC) use of O2 by Hood, use of

O2 by continuous positive airway pressure (CPAP),

use of O2 by mechanical ventilation (MV), central

venous access (CVC) with peripheral and central

insertion, umbilical catheter , infection, jaundice, use

of phototherapy, use of blood products, use of

vasoactive drugs, surgery, use of total parenteral

nutrition (TPN), resuscitation maneuvers in the

delivery room (intubation and cardiac massage).

Univariate analyses (Pearson's chi-square test

and Fisher's exact test) were performed between the

outcomes and each of the independent variables.

Variables with p≤ 0.20 were included in the multino-

mial logistic regression. The regression was done via

the stepwise forward method in stages with variables

of each of the blocks (distal, intermediate, and pro-

ximal). Variables that obtained p< 0.05 in the multi-

variate analysis by blocks were included in the final

regression model to identify the predictors for the

various outcomes.10

The odds ratio (OR) was calculated with 95%

confidence intervals (CI95%). Statistical analyses

were performed using statistical package SPSS

version 24.0 for Windows®. The data were compiled

using Excel® software (2010), and the results are

presented in tables.

The sample power was calculated a posteriori

using the program G * Power 3.1.9.2., reaching

99.6% power,11 with the following input parameters:

Tail(s) = Two; Odds ratio = 7.05 (based on the vari-

able with the lowest odds ratio, place of hospitaliza-

tion); Pr(Y=1|X=1) H0 = 0.11 (based on the variable

with the lowest odds ratio, place of hospitalization);

α = 0.01; Total sample size = 1092; R² other X =

0.778; X distribution = Binomial; X parm π = 0.73.

The study was carried out upon the approval of

the Research Ethics Committee (CEP – Portuguese

acronym) of Maternity School Assis Chateaubriand

(MEAC-UFC), under number 1,869,528. We also

requested opinions with the CEP for each transfer

institution, namely, Hospital and Maternity Doctor

ZildaArns Neumann, opinion no. 2,786,308, and

General Hospital Waldemar de Alcântara, opinion

no. 3,016,236. This study complied with the recom-

mendations of Resolution No. 466/12 of the National

Health Council.

Results

Among the 4,929 births, 392 were near miss

newborns. Distribution of NMM is presented as

follows: 16.6% (65/392) had congenital malforma-

tion, 26% (102/392) had Apgar scores <7 in the 5th

minute, 60.5% (237/392) had weight <1500g, 61.9%

(243/392) had gestational age <32 weeks and 66.8%

(262/392) had been assisted with mechanical venti-

lation. Twenty newborns with lethal malformations

and/or chromosomal syndromes were excluded,

while eight newborns were lost to follow-up. Thus,

364 and 728 newborns were considered as cases and

controls, respectively. Among the cases, 267

survived (true near miss newborns), while 97 died

during the neonatal period. Moreover, among those

who died, 68% and 32% had early and late deaths,

respectively (Figure 1).

Maternal sociodemographic characteristics that

showed no significant difference were education

(p=0.910) and marital status (p = 0.440). Maternal

occupation (p = 0.169), race (p=0.060), and origin

variable (p< 0.001) were selected for the multino-

mial analysis.

Maternal characteristics and conditions that

showed statistical significance were maternal age

(p= 0.037) and presence of diabetes mellitus

(p=0.013). Other variables of this level selected for

the multinomial analysis include: number of preg-

nancies (p = 0.150), arterial hypertension (p= 0.075),

smoking (p = 0.145), anemia (p = 0.136), and

urinary infection (p= 0.176).

The prevalence of premature and caesarianbirths

were 40.7% and 58.3%, respectively. Table 1

presents the univariate analysis related to the inter-

mediate II variables of hierarchical modeling:

prenatal care, and complications of pregnancy, child-

birth, and resolution of pregnancy.

All the proximal variables of the hierarchical

modeling that concern the health conditions of the

newborn and neonatal care showed statistically

significant associations with neonatal near miss and

death in the univariate analysis (Table 2).

The multinomial analysis of variables that

revealed significant results for the three hierarchical



Rev. Bras. Saúde Mater. Infant., Recife, 20 (3): 839-850 jul-set., 2020842

Carvalho OMC et al.

miss groups, with OR values of 1.6 and 1.7, respec-

tively. Regarding intermediate level II (prenatal care,

complications during pregnancy and childbirth, and

resolution of pregnancy), the number of prenatal

visits and use of antenatal corticosteroids showed

significant associations. The number of prenatal

visits ≤ 4 was significant in the three groups. The use

of antenatal corticosteroids was associated (OR=3.0)

in the control and near miss groups while no signifi-

cant association was observed in the control and

levels is shown in Table 3. Regarding the distal level,

only the origin variable was significantly associated

when comparing the control with the near miss

groups (OR = 2.5) and with the death groups

(OR=2.2). However, there was no significant associ-

ation observed between the neonatal near miss group

and death.

As for maternal characteristics and conditions,

systemic arterial hypertension and age ≤ 18 years

remained significant only in the control and near

Figure 1

Newborns selected in the study sample based on the classification of the final outcome. Maternity-School Assis

Chateaubriand-UFC, 2017.

Births in the Maternity

School Assis Chateaubriand

2017 

n= 4,929

Not Near Miss

Neonatal 

n= 4,537

Control n= 728

Near Miss Neonatal

Criteria

n= 392

Losses n= 28

Initial sample of Near

Miss Neonatal 

n= 364

Final sample of Near

Miss Neonatal 

n= 267

Deaths 

n= 97
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Table 1

Characteristics of prenatal care, complications during pregnancy and childbirth and pregnancy resolution between

controls, neonatal near miss (NNM) and death. Fortaleza-Ceará, 2017.

Variable                                                        Control          %          NNM           %              Death          %                 p

Number of prenatal consultations <0.001*

≤4 94 13.5 85 33.2 42 47.2

5 – 6 169 24.3 84 32.8 25 28.1

≥7 433 62.2 87 34.0 22 24.7

Prenatal location 0.034*

Primary attention 538 77.6 181 70.9 60 64.5

Specialized/MEAC 142 20.5 69 27.1 30 32.3

Private clinic 13 1.9 5 2.0 3 3.2

Type of pregnancy <0.001**

Singleton 708 93.7 212 79.4 78 80.4

Twin 20 2.7 49 18.4 17 17.5

Triplet 0 - 6 2.2 2 2.1

Pregnancy resolution <0.001**

Vaginal delivery 329 45.2 75 28.1 48 49.5

Cesarean delivery 396 54.4 192 71.9 49 50.5

Forceps childbirth 3 0.4 0 - 0 -

Preeclampsia <0.001*

Yes 164 22.5 94 35.2 27 27.8

Premature labor <0.001*

Yes 141 19.4 220 82.4 83 85.6

Placenta previa 0.051**

Yes 2 0.3 4 1.5 0 -

Gestational diabetes 0.012*

Yes 45 6.3 11 4.2 12 13.0

Placental abruption 0.001*

Yes 14 1.9 30 11.2 6 6.2

PROM <0.001*

<18 hours 158 21.7 31 11.6 17 17.7

≥18 hours 60 8.2 49 17.2 18 18.6

No 510 70.1 190 71.2 62 63.9

Oligohydramnios <0.001*

Yes 44 6.5 29 11.6 19 21.8

Polyhydramnios <0.001*

Yes 11 1.6 16 6.4 11 12.6

IUGR <0.001*

Yes 53 7.3 60 22.5 21 21.6

Fetal suffering 0.013*

Yes 83 11.4 48 18.0 17 17.5

Use of antenatal corticosteroids <0.001*

Yes 131 18.0 198 74.2 65 67.0

NMM = neonatal near miss; PROM = premature rupture of the ovular membranes; IUGR = intrauterine growth
restriction; MEAC=Maternity School Assis Chateaubriand.* Pearson's chi-square test; ** Fisher's exact test.
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(maternal characteristics or conditions, prenatal care,

complications during pregnancy, and childbirth)

were not associated with neonatal near miss and

death. Proximal determinants, such as health condi-

tions of the newborn and neonatal care, were associ-

ated with neonatal near miss and death. Furthermore,

the variables that were shown to increase the chance

of neonatal near miss and death were: Apgar in the

5th minute, place of hospitalization, use of CVC, and

use of vasoactive drugs.

It is worth mentioning that the determination of

causality goes through different hierarchical levels,

with some of these causal factors being closer than

others, in relation to the development of the clinical

condition. In the context of neonatal morbidity and

mortality, distal determinants or the factors that

contribute to the conditions through their impact on

other sectors rarely directly affect the outcome. As

for the intermediate factors, it is possible that the

presence of maternal diseases, inadequate prenatal

care, and complications during pregnancy and child-

birth may have triggered events that remained asso-

ciated with neonatal near miss or death.9

In the literature, sociodemographic indicators

have been widely described as risk factors for

neonatal morbidity and mortality. A survey involving

eight reference hospitals of Recife  (northeastern

Brazil city) have shown that about 90% of neonatal

near miss cases were associated with low economic

classes.13 Also in northeastern Brazil, a prospective

study conducted with pragmatic and management

criteria for neonatal near miss in a maternity hospital

for women with high-risk pregnancies have also

reported that sociodemographic factors did not asso-

ciate with the outcome.14 These studies are consis-

tent with the data of this paper. It should be noted

that the entire sample of this work came from hospi-

tals with exclusively public services, which are tradi-

tionally responsible for the health care of the poorest

socioeconomic classes.

In a study on the prevalence and factors associ-

ated with neonatal near miss in a municipality in

southern Brazil, cesarean delivery doubles the risk

of neonatal near miss.15 Furthermore, there is

evidence that several negative health outcomes, such

as neonatal respiratory disease, prematurity, admis-

sion to the ICU, and use of mechanical ventilation

associated with abdominal delivery.16,17 In this

study, cesarean section was significantly prevalent

(58.3%) showing an association in the univariate

analysis. This, however, was not associated with the

outcome studied in the final model. The high rate of

surgical deliveries was justified because the hospi-

tals involved are regional referral hospitals for high-

death groups. However, it seems that the use of ante-

natal corticosteroids has a significant protective

association (OR = 0.4) in the near miss and death

group. The variables preterm labor, placental abrup-

tion, intrauterine growth restriction (IUGR), oligo-

hydramnios, and polyhydramnios also showed statis-

tically significant associations.

Regarding the proximal variables, only the

following showed significant associations: gesta-

tional age, birth weight, Apgar in the 5th minute,

hypothermia, confinement in the intensive care unit

(ICU) and semi-intensive care, and use of vasoactive

drugs (Table 3).

After adjusting for the three-level hierarchical

model of neonatal near miss and death, the variables

that remained associated and made up the final

model of the multinomial logistic regression are

shown in Table 4. All variables were proximal

including Apgar in the 5th minute, place of hospita-

lization, use of central venous access (CVC), and use

of vasoactive drugs (Nagelkerke's R² value = 0.778,

Akaike Information Criterion (AIC) = 517).

Discussion

The definition of the neonatal near miss event is still

under discussion. The development of this criterion

warrants involvement of a variety of results with

various etiologies. In this study, the role of several

factors such as sociodemographic determinants,

maternal characteristics and conditions, prenatal and

delivery assistance, newborn health conditions, and

neonatal care on neonatal near miss and deaths were

studied. This augments the criteria for life-threa-

tening conditions from the definition of Silva et al.3

Some of these variables are already recom-

mended by the Latin American Center for

Perinatology (CLAP) covering two sets of criteria,

namely, pragmatic and management criteria, to iden-

tify newborns at high risk for death at birth.

This study has found that neonatal morbidity and

mortality among near miss newborns were 54.1 and

2.75 per thousand live births, respectively. These

disturbing rates unfortunately reaffirm the need to

understand the factors associated with the neonatal

near miss event and death, mainly because neonatal

near miss morbidity has been proposed as an indi-

cator of healthcare quality.12 The greater the

mortality from near miss cases, the worse the quality

of care provided to prevent progression of severe

morbidity to fatality.

The final model of multinomial regression has

shown that distal determinants (i.e. sociodemo-

graphic indicators) and intermediate determinants
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Table 2

Health conditions of the newborn and neonatal care between controls NNM and death. Fortaleza-Ceará. 2017.

Variable                                                         Control          %          NNM           %              Death          %                 p

Gestational age of resolution (weeks) <0.001*

< 37 146 20.1 225 84.3 85 87.6

≥ 37 582 79.9 42 15.7 12 12.4

Gender <0.001*

Female 376 51.6 124 46.6 40 42.6

Male 352 48.4 142 53.4 54 57.4

Birth weight (grams) <0.001*

<1750 11 1.5 188 70.4 74 76.3

≥1750 717 98.5 79 29.6 23 23.7

Apgar score in 1-min <0.001*

< 7 45 6.2 131 49.1 77 79.4

≥7 683 93.8 136 50.9 20 20.6

Apgar score in 5-min <0.001**

<7 0 - 53 19.9 49 50.5

≥7 728 100.0 215 80.1 48 49.5

Place of stay <0.001*

ICU 37 5.1 213 79.8 92 94.9

Semi-intensive 87 11.9 32 12.0 1 1.0

Joint accommodation 604 83.0 22 8.2 4 4.1

Presence of FM <0.001**

Yes 0 - 38 14.3 27 2.8

Infection <0.001**

Yes 21 2.9 154 57.7 97 100.0

Jaundice <0.001*

Yes 297 40.8 239 89.5 56 57.7

Seizure <0.001**

Yes 0 - 8 3.0 1 1.0

Hypothermia <0.001*

Yes 68 9.3 213 79.8 75 78.1

Hypoglycemia <0.001*

Yes 111 15.2 95 35.6 25 26.0

NEC <0.001*

Yes 1 0.1 18 6.8 7 7.2

O2 by hood <0.001*

Yes 122 16.8 27 10.1 1 1.0

O2 by CPAP <0.001*

Yes 23 3.2 58 21.7 3 3.1

MV <0.001**

Yes 0 - 170 63.7 92 94.8

Central venous access (peripheral 

and central insertion) <0.001*

Yes 8 1.1 188 70.4 29 29.9

Use umbilical catheter <0.001*

Yes 9 1.2 199 74.5 89 91.8

Use of phototherapy <0.001

Yes 280 38.5 235 88.0 55 56.7

NNM = neonatal near miss; ICU = intensive care unit; FM= fetal malformation; NEC = necrotizing enterocolitis; CPAP =
continuous positive airway pressure; MV= mechanical ventilation; TPN = total parenteral nutrition; * Pearson's chi-
square test; ** Fisher's exact test.

continue
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Table 2

Health conditions of the newborn and neonatal care between controls NNM and death. Fortaleza-Ceará. 2017.

Variable                                                         Control          %          NNM           %              Death          %                 p

Use of blood products <0.001*

Yes 2 0.3 68 25.5 44 45.4

Surgery <0.001*

Yes 2 0.3 33 12.4 17 17.5

Use of TPN <0.001*

Yes 4 0.6 190 71.2 71 73.2

Use of vasoactive drugs <0.001**

Yes 0 - 36 13.6 85 87.6

Resuscitation maneuvers in 

the delivery room <0.001*

Yes 1 0.1 143 53.5 85 87.6

NNM = neonatal near miss; ICU = intensive care unit; FM= fetal malformation; NEC = necrotizing enterocolitis; CPAP =
continuous positive airway pressure; MV= mechanical ventilation; TPN = total parenteral nutrition; * Pearson's chi-
square test; ** Fisher's exact test.

concluded

Table 3

Multinomial analysis of the distal, intermediate and proximal variables associated with the controls NNM and deaths.

Fortaleza - Ceará. 2017.

*Control x Near miss *Control x Death             *Near miss x Death

OR (CI95%)                   OR (CI95%)                           OR (CI95%)                                                                                                       

Block I - Distal variables - sociodemographic

Origin - inland 2.5 (1.7 - 3.5) 2.2 (1.3 - 3.7) 0.9 (0.5 - 1.6)

Block II - Intermediate variables I -

maternal characteristics and conditions

SAH 1.6 (1.0 - 2.7) 1.8 (0.9 - 3.6) 1.1 (0.5 - 2.3)

Age range ≤18 years 1.7 (1.1 - 2.5) 1.0 (0.5 - 2.0) 0.6 (0.3 - 1.3)

Block III / IV / V - Intermediate variables II -

prenatal care, complications during pregnancy

and childbirth and resolution of pregnancy

Number of prenatal consultations ≤4 2.5 (1.5 – 4.0) 5.3 (2.7 – 10.4) 2.1 (1.1 – 4.1)

Use of antenatal corticosteroids 3.0 (1.8 – 5.1) 1.3 (0.7 – 2.6) 0.4 (0.2 – 0.9)

Premature labor 7.3 (4.2 – 12.6) 13.5 (5.9 – 30.5) 1.9 (0.8 – 4.4)

Placental abruption 5.0 (2.2 – 11.6) 2.1 (0.6 – 6.9) 0.4 (0.2 – 1.2)

Fetal growth restriction 3.6 (2.1 – 6.1) 3.3 (1.7 – 6.7) 0.93 (0.51 – 1.71)

Oligohydramnios 0.78 (0.41 – 1.46) 2.07 (0.99 – 4.33) 2.7 (1.3 – 5.3)

Polyhydramnios 7.1 (2.8 – 18.3) 22.3 (7.8 – 64.2) 3.2 (1.3 – 7.5)

Block VI - Proximal variables - health conditions

of the newborn and neonatal care

Gestational age (weeks) 20.4 (1.6 – 250.0) 1.7 (0.7 – 333.3) 0.8 (0.1 – 6.7)

Birth weight (grams) 10.9 (3.1 – 3.8) 32.3 (4.9 – 200.0) 2.9 (0.7 – 1.3)

Apgar in the 5th minute <7 ** ** 7.1 (2.4 -20.8)

Hypothermia 8.0 (2.1 – 30.6) 5.2 (0.9 – 29.6) 0.6 (0.2- 2.0)

Place of stay - NICU 30.7 (5.6 - 166.4) 53.9 (3.5 - 823.9) 1.8 (0.2 - 15.2)

Place of stay - semi-intensive 3.6 (0.6 – 22.8) 3.0 (0.1 - 109.1) 0.9 (0.1 – 18.9) 

Use of CVC (peripheral and central insertion) 8.9 (1.8 – 44.6) 0.7 (0.1 - 4.5) 0.1 (0.1 - 0.2)

Use of vasoactive drugs ** ** 14.0 (5.3 – 37.0)

NNM= neonatal near miss; SAH = Systemic Arterial Hypertension; NICU = neonatal intensive care unit; CVC = central
venous access; SAH = systemic arterial hypertension; CI95% = 95% confidence interval; OR = odds ratio. * Reference
between groups; ** Impossible to calculate because of the quasi separation.10
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risk maternal and neonatal care.

Proper prenatal care has been shown to be one of

the most relevant factors for preventing unfavorable

outcomes such as low birth weight, prematurity,

IUGR, and neonatal deaths. The quality of care

provided during prenatal period can cause a 10-20%

reduction in all neonatal deaths.18 Studies have

shown that unfavorable perinatal results were due to

delayed, insufficient, and inaccessible prenatal

care.1,19

Since 1990, Brazil has advanced the coverage of

prenatal care to over 90% in all of the regions in the

country. The scope was wide, reaching women with

different demographic, social, and reproductive

characteristics.20

In the present study, 52.1% of pregnant women

had 7 or more consultations. However, multinomial

analysis has shown that prenatal consultations ≤ 4

were associated with neonatal near miss and death.

This emphasizes the importance of prenatal care in

the prevention of unfavorable health outcomes.

The reduction of neonatal morbidity and

mortality is difficult to attain due to its close and

complex relationship with social, biological, and

health care determinants. Health care determinants,

especially those practiced in the hospital setting

where almost all births occur in Brazil, included

obsolete practices, medicalization of childbirth,

availability of beds, overcrowding, deficiency in

material resources (equipment and supplies),

hospital complexity, and lack of professional

training.21,22

The data from this study have pointed out that

the chances for neonatal near miss and death are

related, especially, to the newborn's conditions and

neonatal care. Studies show that the first two days

and first week of life are responsible for more than

50% and 75% of neonatal deaths, respectively. These

deaths are often the result of asphyxia at birth,

prematurity, sepsis, and congenital malformation.23

In this study, the proportion of deaths that had

occurred in the first week of life was 68% (66/97),

which is close to the expected 75% from other

studies. These results have emphasized that interven-

tions should be focused on the period of delivery and

shortly after birth. 

Although WHO recommendations for postnatal

care already exist for at least 24 hours after birth, a

new concept involving the first hour of life (golden

hour) has recently been introduced in the field of

neonatology. It is estimated that if implemented

worldwide, these recommendations can reduce

neonatal deaths by up to one million.24,25 These

guidelines involve the use of evidence-based inter-

ventions aimed at minimizing neonatal complica-

tions to yield the best neonatal outcomes.26

In the final model of the study, (1) Apgar in the

5th minute, (2) place of hospitalization, (3) use of

CVC, and (4) use of vasoactive drugs were signifi-

cantly associated to near miss and death.

Apgar score (< 7) in the 5th minute of life

showed a statistically significant association (OR of

4.12) when comparing the near miss and death

groups. This association has been consistently veri-

fied in the literature. Poor birth conditions related to

low Apgar values in the 5th minute is also related to

several unfavorable situations to the newborn, such

as the need for intubation, the use of mechanical

ventilation, and admission to the ICU. Neonates with

low Apgar scores are 15 times more likely to die

than those with normal Apgar.27

The place of hospitalization is also an important

predictor of clinical outcome. Compared to controls,

neonates confined in the ICU were 35.6 and 100.4

times more likely to become cases of near miss and

death, respectively. Neonatal ICUs are designated

Table 4

The final hierarchical logistic regression model of the determinants associated with neonatal near miss and death.

Fortaleza - Ceará. 2017.

Variable                                                             *Control x Near miss *Controle x Death              *Near miss x Death

OR (CI95%)                   OR (CI95%)                           OR (CI95%)                                                                                                       

Apgar score in 5-min< 7 ** ** 4.1 (1.6 – 10.6)

Place of stay

NICU 35.6(16.7 – 75.9) 100.4 (18.8 – 537.0) 2.5 (0.5 – 12.8)

semi-intensive 7.1 (2.9 – 16.9) 5.1 (0.4 – 69.9) 0.7 (0.1 - 9.9)

Use of CVC (peripheral and central insertion) 74.8 (29.4 – 190.4) 12.7 (3.7 – 43.2) 0.2 (0.1 – 0.4)

Use of vasoactive drugs ** ** 42.2 (17.1 – 104.5)

NICU = neonatal intensive care unit; CVC = central venous access; CI95% = 95% confidence interval; OR= odds ratio.   
* Reference between groups; ** Impossible to calculate because of the quasi separation.10
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spaces equipped with advanced and highly complex

life support technologies to provide clinical manage-

ment in newborns with serious medical conditions.28

Various invasive procedures crucial in high-risk

patients contributes to an increased risk of infec-

tions.29

The use of CVC and vasoactive drugs were the

main predictors of the most unfavorable outcomes in

this study. Neonates with central venous access were

74.8 times and 12.7 times more prevalent in the near

miss group and death group, respectively, than in the

control group. However, in the near miss group,

CVC has been shown to be protective against death.

Neonates using vasoactive drugs are 42.2 times more

likely to die in the neonatal near miss group.

These findings corroborate with this study, in

which the use of central venous catheter increased

the chance of neonatal near miss and death by 74.8%

and 12.7%, respectively, when compared to controls.

Among the newborns in this study, 31.3% were

hospitalized in the NICU, 24% have used MV,

32.3% had hypothermia, 24.9% had infection, 20.6%

have used CVC, and 11.2% have used vasoactive

drugs. Among the newborns that have used vasoac-

tive drugs, 87.6% (85) died.

This was the first study to be developed in Ceará

with the objective of evaluating neonatal near miss,

in an attempt to estimate the overall scenario in the

entire state. Thus, the findings reflect positive and

negative points regarding preventive and assistive

care in the maternal and pediatric context. This was

a study involving the prospective selection of cases

and controls covering all deliveries that occurred

daily in a year, in a tertiary care maternity.

As for improving neonatal care, the Ministry of

Health developed the QualiNEO Strategy in 2019.30

This strategy aims to reduce neonatal mortality rates

and provide neonatal and maternal care in the North

and Northeast regions. Ceará, the setting of the

study, is chosen as the matrix state because it has a

reference center for good practices in childbirth and

birth assistance recommended by Rede Cegonha

(Stork Network). This may direct more appropriate

behaviors and agreements by the assistance and

management teams.

Despite its comprehensive methodology, some

possible limitations of this study must be addressed

in the future. Although the participant selection was

carried out prospectively, the data collection

occurred retrospectively. The medical records were

reviewed after 28 days of inclusion in the study in

order to check the selection and inclusion criteria,

and search for data on neonatal outcomes and

morbidities. This implies that there was a secondary

source of data subject to information bias. However,

it is worth mentioning that other sources of records,

such as birth and death declarations, and the preg-

nant woman's card, were collected in addition to the

medical records.

Another issue to be considered is that the study

of neonatal near miss was derived from a tertiary

maternity hospital for women with high-risk preg-

nancies. This limits the generalizability of its results

to medium - and low-complexity pregnancies. We

can highlight once again that the study contemplated

a care reference scenario for other adjacent loca-

tions, allowing better understanding of the expected

result for this care profile. In this way, the results can

be extrapolated to several other maternity hospitals

in Brazil and other countries including maternal-

clinical characteristics, socioeconomic profiles and

care networks.

The third limitation of this study is that the

sample originated from a reference maternity

hospital with high complexity care. With the possi-

bility of identifying more cases of neonatal near

miss in relation to other maternity hospitals, selec-

tion bias might have been committed. However, this

might be considered an advantage because the high

number of selected cases facilitated a more represen-

tative statistical analysis.

The prediction variables associated with

neonatal near miss and death point, especially, to the

so-called proximal variables related to the health

conditions of the newborn and neonatal care.

However, the importance of distal and intermediate

factors has long been understood, forming a compre-

hensive chain of causalities. The homogeneity of the

population of a lower socioeconomic level may have

impaired the analysis of these more distal variables

in the studied outcomes.

This study stresses the importance of actions to

reduce inequities, improve the educational condi-

tions of the population, provide timely high-quality

access to prenatal care, and build a referral network

to immediately assist neonatal and maternal needs at

birth and post-birth.
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