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The golden hour in infants <32 weeks of gestational age

Joana Ferreira, Henrique Soares, Filipa Flor-de-Lima, Méario Mateus, Hercilia Guimaraes

Abstract

The Golden Hour in perinatal and neonatal medicine refers to the period of time since
the infant is born until he is stabilized, usually defined as the first hour after birth. This period of
time has an important impact in the outcomes of the newborns, especially in those born
prematurely. The aim of our study was to evaluate the impact of golden hour in the short-term
outcomes of newborn infants with gestational age less than 32 weeks.

We performed a retrospective study of infants with less than 32 weeks of gestational
age, born between December 2012 and December 2014, and admitted to our center, a level 11l
neonatal intensive care unit (NICU). Those with major congenital anomalies, hydrops and
chromosomal abnormalities, outborn sand those transferred to other centers were excluded. Data
about demographics, prenatal and peripartum periods, procedures performed after birth,
laboratory data in the first hour of life, evolution NICU and outcomes assessed at discharge
were recorded.

Our study included 84 newborns. The multivariate analysis by logistic regression
showed association between Apgar score at 5" minute <7 and development of sepsis (p=0.022),
hyaline membrane disease (p=0.033), brochopulmonary dysplasia (p=0.012) and patent ductus
arteriosus (p=0.006). Also ventilation with positive pressure and mechanical ventilation at birth
were associated with hyaline membrane disease (p=0.014 and p=0.009, respectively) and
vascular catheters with brochopulmonary dysplasia development (p=0.025). No other
statistically significant associations were found between golden hour variables and short term
outcomes.

The golden hour is a crucial period with impact in neonatal outcomes and these results
confirm our hypothesis that the golden hour has an impact on newborn outcomes with less than
32 weeks old. We should be aware to this period and optimize all variables to minimize
neonatal morbidity.
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Introduction

The concept “golden hour” in perinatal and neonatal medicine refers to the period of
time since the infant is born until he is stabilized, usually defined as the first hour after birth.
During this period of adaptation to extrauterine life, changes may occur in the newborn leading
to associated morbidity and mortality (1).

Neonatal outcomes depend on the gestational age at delivery. This means that, the
lower the gestational age, the greater risk of morbidity and mortality (2).

Advances in premature infant care have increased survival in many premature newborn
infants. However, mortality remains a real and serious outcome even in developed countries (3).
The morbidity is also high in premature infants. The main complications associated with
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prematurity are intraventricular hemorrhage, cystic periventricular leukomalacia, pneumothorax,
bronchopulmonary dysplasia, complications with nutrition, necrotizing enterocolitis and
retinopathy of prematurity (3, 4, 5).

Currently, there are few data regarding the recommendations for stabilization and
resuscitation in preterm infants in the delivery room. Usually, neonatology teams are guided by
the Neonatal Resuscitation Program (NRP) whose fifth edition included guidelines for care of
the premature infants (6).

Recent studies have established approaches to newborn care during the golden hour and
have shown that the implementation of standardized protocols increases the stability of
premature newborns and decreases the associated morbidity (4, 7, 8).

The concept "golden hour" was recently introduced in the literature and there is still
little information about its impact on premature newborn infants.

The aim of our study was to evaluate the impact that golden hour has in the short-term
outcomes of newborn infants with gestational age less than 32 weeks.

Methods

We performed a retrospective observational study of all newborns with less than 32
weeks of gestational age who born between December 2012 and December 2014 and admitted
at our center, a Level Il neonatal intensive care unit (NICU).

The inclusion criteria were: newborns with less than 32 weeks of gestational age,
regardless of birth weight, born in our center and transferred after birth to the NICU. Those with
major congenital anomalies, hydrops and chromosomal abnormalities were excluded as well as
newborns transferred from another hospital or transferred to another hospital after birth.

Data was collected from medical records of the delivery room and the NICU.

We have included information about individual characteristics of the mother and
prenatal period (maternal chronic diseases; maternal pregnancy diseases such as diabetes
mellitus, hypertension, pre-eclampsia, Hellp syndrome, infectious risk; intrauterine growth
restriction; abnormal umbical flow; placental abruption; premature membrane rupture;
peripartum antibiotics and steroids), peripartum period (delivery type, infectious risk, Apgar
score at 1%t and 5" minute), demographic characteristics (gender, gestational age, birth weight,
multiple gestation, diagnosis known at birth), procedures performed after birth including
neonatal resuscitation (positive pressure ventilation, endotracheal tube, chest compression,
medication with epinephrine, dopamine), ventilation devices (continuous positive airway
pressure (CPAP), conventional mechanical ventilation), oxygen therapy , vascular
catheterization (umbilical artery, umbilical vein, umbilical artery and vein) and other drugs
(surfactant, antibiotics, steroids).

The laboratory data collected in the first hour of life included peripheral capillary
oxygen saturation (%), systolic, diastolic and mean blood pressure (mmHg), temperature (°C),
umbilical cord pH, hemoglobin (g/dL) and blood glucose level (mg/dL).

Evolution during NICU stay was also recorded: need for surfactant, oxygen therapy (%
and days of oxygen), days of mechanical ventilation, days of parenteral nutrition, days of
mechanical ventilation, days of stay in NICU, data at discharge (deceased, transferred to another
hospital or home) and neonatal morbidities such as sepsis (early or late), pneumothorax, hyaline
membrane disease, bronchopulmonary dysplasia, patent ductus arteriosus and treatment
(surgical, medical or both), necrotizing enterocolitis (if grade >2 according to Bell (9)),
intraventricular hemorrhage (if grade>3 according to Papile (10)), leukomalacia periventricular
and retinopathy of prematurity (if grade>2 according to the International Classification of
Retinopathy of Prematurity (11)).



The outcomes were assessed at discharge by a multidisciplinary team including a
neonatologist responsible for delivery care, physicians responsible in the NICU, nurses and
pediatric surgery.

This study was approved by our institutional ethics committee and access to medical
records was authorized by the office designated for this function.

Statistical analysis was performed using SPSS for Windows, version 20. Continuous
variables were characterized by mean (x standard deviation) or median (medium-maximum) if
they had symmetric or asymmetric distribution respectively and categorical variables by
absolute and relative frequencies. A multivariate analysis by logistic regression was performed
to evaluate the impact of golden hour in neonatal outcomes. A p value less than 0.05 was
considered statistically significant.

Results

In the period study 84 newborns with less than 32 weeks of gestational age were eligible
for this study.

The demographic characteristics and prenatal data are summarized in Table 1.

Thirty-seven newborns ( 44.4%) had an Apgar score at 1% minute less than 7 and 13
(15.5%) had an Apgar score at 5™ minute less than 7; 53 (63.1%) newborns were resuscitated
with positive pressure ventilation, 28 (33.3%) with endotracheal tube and 1 (1.2%) needed chest
compressions; 28 newborns (33.3%) needed early CPAP and 28 (33.3%) needed mechanical
ventilation after birth; vascular catheterization was used by 31 (37.3%) newborns, 3 (10.7%) of
which used the umbilical artery, 11 (39.3%) umbilical vein and 14 (50%) umbilical artery and
vein; medication was used in 3 (3.6%) newborns. Other delivery room and golden hour data are
summarized in Table 2.

Twenty (23.8%) newborns had sepsis. Twenty-seven (32.1%) newborns had patent
ductus arteriosus and 3 (11.1%) of them needed surgical ligation. The prevalence of hyaline
membrane disease, bronchopulmonary dysplasia and retinopathy of prematurity > grade 2 was,
respectively, 47.6%, 13.1% and 13.1%. Intraventricular hemorrhage > grade 3 occurred in 8
(9.5%) newborns, pneumothorax and cystic periventricular leukomalacia were diagnosed in 6
newborns (7.1%) and only 1 (1.2%) had necrotizing enterocolitis > grade 2. Other neonatal
intensive care unit data are summarized in Table 3.

In the multivariate analysis Apgar score at 5th minute < 7 was associated to sepsis (odds
ratio (OR) 4.80; 95% confidence interval (95%CI) 1.3-18.7), hyaline membrane disease (OR
10.60; 95%CI 1.2-93.8 ), brochopulmonary dysplasia (OR 7.1; 95%CI 1.5-33.1) and patent
ductus arteriosus (OR 7.7; 95%CI 1.8-33.4). Moreover, ventilation with positive pressure (OR
4.7; 95%CI 1.4-3) and mechanical ventilation in delivery room (OR 5.9; 95%CI 1.6-22.6) were
associated hyaline membrane disease development. Higher mean arterial pressure was
protective of hyaline membrane disease (OR 0.93; 95%CI 0.8-0.9). The needed of vascular
catheters after birth was associated to bronchopulmonary dysplasia (OR 16.6; 95%CI 1.4-
191.6). The odds of intraventricular hemorrhage > grade 3 was 0.04 (95%CI, 0.002-0.08) in
newborns who delivered by c-section. When we considered the diastolic arterial pressure, the
odds of retinopathy of prematurity > grade 2 was 0.9 (95%Cl, 0.8-0.9).

The other golden hour variables did not show statistically significant association with
the outcomes analyzed (Table 4).

Discussion

Our study showed that the Apgar score at 5th minute <7, one of the determinants of
golden hour, is associated with an increased risk of developing sepsis, hyaline membrane



disease, brochopulmonary dysplasia, and patent ductus arteriosus, adjusted for the main risk
factors. This association of low Apgar score with these various outcomes can be explained
because it is a strong predictor of morbidity and neonatal mortality (12). Several studies have
shown the relationship between low Apgar score and neonatal morbidities. A study aiming to
identify risk factors for the development of sepsis had already showed that the low score of
Apgar is a strong risk factor involved. (13). Another study whose objective was to study
maternal and neonatal risk factors for the development of hyaline membrane disease also
demonstrated this relationship. (14) A recent study demonstrated an association between low
Apgar score at 5" minute and patent ductus arteriosus. (15)

In addition to the Apgar score at 5" minute <7, there is an association between the use
of ventilation with positive pressure and mechanical ventilation at birth and hyaline membrane
disease, when we adjusted variables to birthweight, gestational age and prenatal steroids. On the
other hand, mean arterial pressure appears to be protective for this outcome. In fact, a recent
study found that the prevalence of hyaline membrane disease is more frequent in patients
requiring mechanical ventilation and conclude that CPAP may be a selected technique in the
support of very low birth weight newborns with respiratory distress syndrome (16). The
explanation we found for association between used of ventilation with positive pressure and
hyaline membrane disease is that this type of ventilation is currently the preferred and most used
in our center, furthermore is not without risks.

In this study, we showed that the use of vascular catheters, besides the previously
mentioned Apgar score 5" minute <7, were associated with an increased risk of developing
brochopulmonary dysplasia, when the variables are adjusted to birthweight and gestational age.
A study showed that the risk of brochopulmonary dysplasia is not only associated with low
Apgar score but also with prelabour preterm rupture of membranes, small for gestational age
and comorbidities that may increase the need for vascular access, such as patent ductus
arteriosus, persistent pulmonary hypertension pulmonary, interstitial emphysema,
pneumothorax, late onset infections, intubation, chest compressions and mechanical ventilation
@an.

We also found that some variables of golden hour were associated with decreased risk
of adverse outcome. On the one hand, c-section delivery seems to be associated with a
decreased risk of intraventricular hemorrhage > grade3, when variables are adjusted to
birthweight and gestational age. This association between c-section delivery and the lower risk
of intraventricular hemorrhage is already documented in the literature (18), and nowadays
vaginal delivery is considered one of the risk factors for this outcome (19). Furthermore,
diastolic arterial pressure seems to decrease the risk of retinopathy of prematurity >grade2,
when variables are adjusted to birthweight, gestational age and oxygen therapy. This result
seems to be justified by the fact of considering the hemodynamic instability, with tension
variations, as a possible risk factor for retinopathy (20).

In this study, there was no statistically significant association between the variables
studied the golden hour and the following outcomes: pneumothorax, necrotizing enterocolitis >
grade 2 and cystic periventricular leukomalacia. One possible reason is that golden hour cannot
be a determining factor for the development of these outcomes, that is, perhaps these outcomes
are more dependent on other determinants that may occur later.

By reviewing the literature, it is clear that the concept of golden hour in neonatology is
relatively recent (1) (2). Studies have been conducted to establish the determinants of the first
hour of life and major complications in newborns (4), as well as the importance of the
application of a specific protocol for golden hour to standardize care and increase the stability of
newborns (7) (8). A recent study sought to study the impact of the golden hour in some of the
outcomes but it only demonstrate that the implementation of the golden hour protocol is
associated with marked decreased in intraventricular hemorrhage and faster time for umbilical
catheter insertion (21).



The main limitation of our study consists in its design. As it is a retrospective
observational study, it mainly relies on information from medical records, with possible
inaccuracies and loss of data. Another limitation is the fact that our population sample (n) is
small, since we include only infants with gestational age less than 32 weeks and born in our
center and transferred after birth to the NICU.

Conclusion

In this study, determinants of golden hour showed association with some outcomes in
newborns with less than 32 weeks of gestational age, such as Apgar score at 5" minute < 7 and
development of sepsis, hyaline membrane disease, brochopulmonary dysplasia and patent
ductus arteriosus. Also, there was an association between ventilation with positive pressure and
mechanical ventilation at birth and hyaline membrane disease, and use of vascular catheters and
brochopulmonary dysplasia.

These results confirm our hypothesis that golden hour has an impact on newborn
outcomes with less than 32 weeks old. We should be aware to this critical period and optimize
all variables to minimize neonatal morbidity.
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Table 1. Demographic characteristics and prenatal data

Total (n=84)
Male gender, n (%) 51 (60.7)
Gestational age (wk), median (min-max) 30 (23-32)
Birth weight (g), mean (x SD) 1229 (£414)
Multiple gestation, n (%0) 29 (34.5)
Maternal chronic diseases, n (%) 30 (35.7)
Maternal pregnancy diseases, n (%) 70 (83.3)
Gestational diabetes 8 (9.5)
Hypertension 2(2.4)
Pre-eclampsia 16 (19.0)
Hellp syndrome 3(3.6)
Infection risk 48 (57.1)
Intrauterine growth restriction, n (%) 16 (19.0)
Abnormal umbilical flow, n (%0) 15 (18.3)
Placental abruption, n (%0) 7 (8.3)
Steroids, n (%) 75 (89.3)
Premature membrane rupture, n (%) 22 (26.2)
Peripartum antibiotics, n (%) 22 (26.2)
Table 2. Delivery room and golden hour data
Total (n=84)
Delivery, n (%)
Vaginal 33 (39.3)
C-section 51 (60.7)
Apgar score, n (%)
1%t min <7 37 (44.4)
5" min <7 13 (15.5)
Resuscitation, n (%)
Positive pressure ventilation 53 (63.1)
Endotracheal tube 28 (33.3)
Chest compressions 1(1.2)
CPAP, n (%) 36 (42.9)
Mechanical ventilation, n (%0) 28 (33.3)
Vascular catheterization, n (%) 31 (37.3)
Umbilical artery 3(10.7)
Umbilical vein 11 (39.3)
Umbilical artery and vein 14 (50.0)
Medication, n (%) 3(3.6)
Epinephrine 2 (66.7)
Dopamine 1(33.3)
Umbilical cord pH, mean (£SD) 7.25 (x0.1)
Hemoglobin (g/dL), mean (xSD) 16.5 (£3.0)
Blood glucose level (mg/dL), mean (£SD) 83.3 (£52.5)
Peripheral capillary oxygen saturation, 96 (19-100)
median (min-max)
Blood pressure (mmHg), mean (xSD)
Systolic 53.4 (+11.8)
Diastolic 31.7 (£9.7)
Mean 37.9 (+8.8)



Temperature (°C), mean (£SD) 36.3 (x0.9)
Table 3. Neonatal Intensive Care Unit data
Total (n=84)
Neonatal morbidities, n (%)
Sepsis 20 (23.8)
Early 3(15.0)
Late 17 (85.0)
Pneumothorax 6 (7.1)
Hyaline membrane disease 40 (47.6)
Brochopulmonary dysplasia 11 (13.1)
Patente ductus arteriosus 27 (32.1)
Surgical ligation 3(11.1)
Necrotizing enterocolitis > grade 2 1(1.2)
Intraventricular hemorrhage > grade 3 8 (9.5)
Cystic periventricular leukomalacia 6 (7.1)
Retinopathy of prematurity >grade 2 11 (13.1)
Surfactant, n (%) 44 (53.0)
Steroids, n (%) 10 (11.9)
Oxygen (%), median (min-max) 25 (21-100)
Parenteral nutrition, n (%0) 75 (89.3)
Days of parenteral nutrition, median (min- 11 (1-46)
max)
Mechanical ventilation (days), median 5 (1-59)
(min-max)
Stay in NICU (days), median (min-max) 28 (1-148)
Deceased, n (%) 16 (19.0)
Table 4. The impact of golden hour in neonatal outcomes
Outcomes OR*S 95% ClI P value
Sepsis
Apgar score 5" min <7 4.80 1.3-18.7 0.022*
Other golden hour variables NS
Pneumothorax
All golden hour variables NS
Hyaline membrane disease
Apgar score 5" min <7 10.60 1.2-93.8 0.033**
Ventilation with positive pressure at birth 4.7 1.4-3 0.014**
Mechanical ventilation in delivery room 5.9 1.6-22.6 0.009**
Mean arterial pressure 0.93 0.8-0.9 0.016**
Other golden hour variables NS
Brochopulmonary dysplasia
Apgar score 5" min <7 7.1 1.5-33.1 0.012%**
Vascular catheter 16.6 1.4-191.6 0.025***
Other golden hour variables NS
Patent ductus arteriosus
Apgar score 5" min <7 7.7 1.8-33.4 0.006****



Other golden hour variables NS
Necrotizing enterocolitis > grade 2

Golden hour variables NS
Intraventricular hemorrhage > grade3

C- section 0.04 0.002-0.08 0.032%****>*

Other golden hour variables NS
Cystic periventricular leukomalacia

Golden hour variables NS
Retinopathy of prematurity > grade 2

Diastolic arterial pressure 0.9 0.8-0.9 0.046%*****

Other Golden hour variables NS

Sogistic regression

* Adjusted to birthweight, gestational age, premature membrane rupture and infectious risk)
** Adjusted to birthweight, gestational age and prenatal steroids

*** Adjusted to birthweight and gestational age

**** Adjusted to birthweight and gestational age

**x%x Adjusted to birthweight and gestational age

*rxkxk Adjusted to birthweight, gestational age and oxygen therapy

NS- non significant
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Assunto: Pedido de apreciacdo e parecer para estudo/projecto de investigagdo
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Titulo do projecto de investigagdo: ™ R -
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do Centro Hospitalar de S. Jodo - EPE © esfudo/projec‘rc; de investigacdo em epigrafe,
solicito a V. Exa., na qualidade de Investigador/Promotor, a sua apreciagdo e a
elaboracdo do respectivo parecer.

Para o efeito, anexo toda a documentacdo referida no dossier dessa Comissdo

respeitante a estudos/projectos de investigacdo.
Com os melhores cumprimentos.
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7. SEGURO

a. Este estudo/projecto de investigagdo prevé intervencgdo clinica que implique a
existéncia de um seguro para os participantes?

SIM D (Se sim, junte, por favor, cépia da Apélice de Seguro respectiva)
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Parecer

Titulo do Projecto: The golden hour in infants < 32 weeks gestational age
Nome do Investigador Principal: Joana Maria Soares Ferreira
Servigo onde decorrera o Estudo: Servico de Neonatalogia e Servigo de Obstetricia e

Ginecologia do Centro Hospitalar de S&o Joao

Ob\jec’cwo do pedido oe pavecer:

E objectivo deste estudo conhecer o impacto a curto prazo da “Golden Hour” nos outcomes

nos RN com <32 semanas de idade gestacional

Concepglio e Pertinéunela do Estudo:

Trata-se de um 'estddd prospectiV'E,‘obéérvacional, desenvolvido no ambito do Projecto
Opcéo do Curso de Mestrado Integrado em Medicina, incidindo em RN nascidos no CHSJ
entre 1 Junho e 31 Dezembro 2014. Serdo recolhidos dados demograficos, clinicos e
laboratoriais dos RN, inclusive dados sobre a transferéncia dos RN.

Os Srs. Directores dos Servigos anuiram a realizagéo do estudo.

Beneficlo/risco: Sem beneficios nem riscos directos com a participagédo no estudo.

Respeito pela Liberdade e autonomia do sujeito de ensaio: Sera solicitado consentimento

informado aos representantes legais dos participantes a envolver.

confldencialidade dos dados: Na metodologia prevista para a realizacao do estudo, a

recolha de dados sera anonimizada, garantindo assim a respectiva confidencialidade.

Elo de Ligaghio: Dr. Henrique Soares e Dr. Marina Moucho
twdemnizagho por danos: NA
Contlnuacho do tratamento: NA

Propriedade dos dadoes: Os dados ser&o objecto de divulgagdo a comunidade cientifica



Curriculum do bnvestigador: Adequado ao perfil da investigagao

Data previsivel da conclusbo do estudo: Janeiro de 2015

Conclusio: Proponho um parecer favoravel a realizacdo deste projecto de investigagdo, na

sua actual definicdo metodologica.

Porto e C.H.S.Jodo, 2014.06.20

O Relator

Doytor Filipe Almeida
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