
R E S U S C I T A T I O N 1 6 7 ( 2 0 2 1 ) 2 0 9 –2 1 7
Available online at ScienceDirect

Resuscitation
journal homepage: www.elsevier.com/locate/resuscitation
Clinical paper
Outcomes of delivery room resuscitation of

bradycardic preterm infants: A retrospective

cohort study of randomised trials of high vs low

initial oxygen concentration and an individual

patient data analysis
https://doi.org/10.1016/j.resuscitation.2021.08.023

Received 11 January 2021; Received in Revised form 23 July 2021; Accepted 9 August 2021

Available online xxxx

0300-9572/� 2021 Elsevier B.V. All rights reserved.

Abbreviations: BPD, Bronchopulmonary Dysplasia, DR, Delivery Room, DR-CPR, Chest compressions and/or epinephrine use in the DR, FiO

Fraction of inspired oxygen, GA, Gestational age, GRADE, Grading of Recommendations Assessment, Development and Evaluation, HR, He

rate, ILCOR, International Liaison Committee on Resuscitation, IVH, Intraventricular Hemorrhage, NB, No bradycardia, NEC, Necrotiz

enterocolitis, NICU, Neonatal intensive care unit, O2, Oxygen, PB, Prolonged bradycardia, PRISMA, Preferred Reporting Items for System

Reviews and Meta-analyses, RCT, Randomized controlled trial, RoB, Risk of bias, ROP, Retinopathy of prematurity, SpO2, Oxygen saturation,

Transient bradycardia

* Corresponding author.

E-mail address: Vishal.kapadia@utsouthwestern.edu (V. Kapadia).
Vishal Kapadia a,*, Ju Lee Oei b,c,d, Neil Finer e, Wade Rich e, Yacov Rabi f,g,

Ian M. Wright h, Denise Rook i, Marijn J. Vermeulen i, William O. Tarnow-Mordi d,

John P. Smyth b,c, Kei Lui b,c, Steven Brown j, Ola D. Saugstad k,l, Maximo Ventom

aDivision of Neonatal-Perinatal Medicine, UT Southwestern Medical Center at Dallas, TX, USA
bDepartment of Newborn Care, The Royal Hospital for Women, Randwick, NSW, Australia
cSchool of Women’s and Children’s Health, University of New South Wales, Randwick, NSW, Australia
dNHMRC Clinical Trials Centre, University of Sydney, Camperdown, NSW, Australia
eDepartment of Neonatology, University of California San Diego, San Diego, CA, USA
fUniversity of Calgary, Alberta, Canada
gAlberta Children’s Hospital Research Institute, Alberta, Canada
h Illawarra Health and Medical Research Institute and Graduate Medicine, The University of Wollongong, Wollongong, NSW, Australia
iDepartment of Pediatrics, Division of Neonatology, Erasmus Medical Centre, Sophia Children’s Hospital, Rotterdam, the Netherlands
jParkland Health and Hospital System, Dallas, TX, USA
kDepartment of Pediatric Research, University of Oslo, Oslo University Hospital, Norway
lAnn and Robert H. Lurie Children’s Hospital of Chicago, Northwestern University, Feinberg School of Medicine, USA
mDivision of Neonatology, University and Polytechnic Hospital La Fe, Valencia, Spain
2,

art

ing

atic

TB,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2021.08.023&domain=pdf
https://doi.org/10.1016/j.resuscitation.2021.08.023
mailto:Vishal.kapadia@utsouthwestern.edu
https://doi.org/10.1016/j.resuscitation.2021.08.023
https://doi.org/10.1016/j.resuscitation.2021.08.023
https://doi.org/10.1016/j.resuscitation.2021.08.023
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation


210 R E S U S C I T A T I O N 1 6 7 ( 2 0 2 1 ) 2 0 9 –2 1 7
Abstract
Objective: To determine whether hospital mortality (primary outcome) is associated with duration of bradycardia without chest compressions during

delivery room (DR) resuscitation in a retrospective cohort study of randomized controlled trials (RCTs) in preterm infants assigned low versus high

initial oxygen concentration.

Methods: Medline and EMBASE were searched from 01/01/1990 to 12/01/2020. RCTs of low vs high initial oxygen concentration which recorded

serial heart rate (HR) and oxygen saturation (SpO2) during resuscitation of infants <32 weeks gestational age were eligible. Individual patient level

data were requested from the authors. Newborns receiving chest compressions in the DR and those with no recorded HR in the first 2 min after birth

were excluded. Prolonged bradycardia (PB) was defined as HR < 100 bpm for �2 min. Individual patient data analysis and pooled data analysis were

conducted.

Results: Data were collected from 720 infants in 8 RCTs. Neonates with PB had higher odds of hospital death before [OR 3.8 (95% CI 1.5, 9.3)] and

after [OR1.7 (1.2, 2.5)] adjusting for potential confounders. Bradycardia occurred in 58% infants, while 38%hadPB. Infantswith bradycardia weremore

premature and had lower birth weights. The incidence of bradycardia in infants resuscitated with low (�30%) and high (�60%) oxygenwas similar. Neo-

nates with both, PB and SpO2 < 80% at 5 min after birth had higher odds of hospital mortality. [OR 18.6 (4.3, 79.7)].

Conclusion: In preterm infants who did not receive chest compressions in the DR, prolonged bradycardia is associated with hospital mortality.

Keywords: Bradycardia, Neonatal resuscitation, Death, Mortality, Oxygen saturation, Heart rate, Newborn, Systematic review, Neonatal

Resuscitation Program, International Liaison Committee on Resuscitation, Oxygen, Bronchopulmonary dysplasia, Intraventricular hemor-

rhage
Introduction

Intrauterine hypoxia or factors influencing the physiologic changes

during transition can make a newborn limp, apneic or bradycardic.1,2

Many preterm infants experience suboptimal transition, producing

bradycardia and/or apnea requiring resuscitation at birth.3,4 A rising

heart rate (HR) is an important indicator of effective ventilation in a

bradycardic newborn.5–8 If the HR remains below 100 bpm after

the initial steps, International Liaison Committee on Resuscitation

(ILCOR) guidelines recommend positive pressure ventilation.5,7 If

the HR remains below 60 bpm after attempting adequate ventilation,

ILCOR guidelines recommend chest compressions.5,7 Preterm

infants who received chest compression in the delivery room (DR-

CPR) have increased mortality or morbidity in survivors.9–14 Fortu-

nately, most preterm infants with bradycardia respond to adequate

ventilation and few require DR-CPR.4,6 It remains unclear if the dura-

tion of bradycardia increases morbidity and mortality in preterm

infants not requiring DR-CPR.

The largest clinical trial of initial oxygen (O2) concentration for

preterm resuscitation in the DR so far showed a higher incidence

of bradycardia in infants whose resuscitation began with room

air.15 It was unclear if the duration of bradycardia differed between

preterm infants resuscitated with low vs high O2 concentration.15 In

a post-hoc analysis, O2 saturation (SpO2) < 80% at 5 min after birth

was associated with increased mortality.16 Along with O2 content of

blood, cardiac output is important for adequate O2 delivery to tis-

sues.17 Prolonged bradycardia (PB) compromises cardiac output,

causing inadequate O2 delivery and tissue hypoxia. Intermittent

bradycardia in preterm neonates during their neonatal intensive care

unit (NICU) stay has been associated with decreased cerebral O2

saturation and motor impairment.18–20 It is unclear if prolonged

bradycardia and low SpO2 in the DR have an additive significance

on adverse outcomes.

We therefore obtained individual patient SpO2 and HR data from

randomized controlled trials (RCT) that compared outcomes of high

versus low inspired O2 resuscitation strategies in infants <32 weeks

gestational age (GA). We hypothesized that infants <32 weeks GA
who are bradycardic immediately after birth and remain bradycardic

for two minutes or more will be at a higher risk of the primary

outcome of neonatal mortality and secondary morbidities. We also

hypothesized that preterm infants whose resuscitation started with

low O2 concentration (21–30%) had longer bradycardia.

Methods

Protocol

This individual patient data analysis was conducted in accordance

with the Cochrane Handbook for Systematic Reviews of Interven-

tions and reported following the Preferred Reporting Items for Sys-

tematic Reviews and Meta-analyses (PRISMA) statement for meta-

analysis in health care interventions.21,22 The protocol was submitted

with the Prospective Register of Systematic Reviews (http://www.

crd.york.ac.uk/PROSPERO/CRD42020216231).

Eligibility criteria

RCTs which recorded serial HR, SpO2, fraction of inspired oxygen

(FiO2) during resuscitation of preterm neonates <32 weeks GA,

titrated FiO2 to achieve a target SpO2 and reported neonatal morbidi-

ties and mortality were eligible for this study. Methods of HR assess-

ment, pulse oximeter or an ECG monitor, were noted. Individual

patient data for infants <32 weeks GA were obtained directly from

the authors. Neonates without HR data by two minutes or who

received chest compressions in the DR were excluded as per the

protocol. Patients were divided into three groups based on their

HR data in the DR during the first 10 min from birth. 1. No bradycar-

dia (NB): HR � 100 bpm throughout the first 10 min 2. Transient

bradycardia (TB): HR below 100 bpm for <two minutes 3. Prolonged

bradycardia (PB): HR below 100 bpm for �two minutes.

Outcomes

The primary outcome of this study was neonatal in-hospital mortality.

This and the secondary outcomes of bronchopulmonary dysplasia

(BPD), severe retinopathy of prematurity (ROP), necrotizing

enterocolitis (NEC), and severe intraventricular hemorrhage (IVH)

http://www.crd.york.ac.uk/PROSPERO/CRD42020216231
http://www.crd.york.ac.uk/PROSPERO/CRD42020216231
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were analysed in relation to the three groups of bradycardia. In-

hospital mortality was defined as death before discharge from the

NICU. The low O2 strategy was defined as starting resuscitation with

21–30% O2 while high O2 strategy was defined as starting with 60–

100% O2.
23 BPD was defined as need for supplemental O2 and/or

ventilatory support at 36 weeks postmenstrual age.24,25 Severe

IVH was defined as grade 3 or higher on any head ultrasounds uni-

laterally or bilaterally as per Papile criteria.26 NEC was

defined � Stage 2 based on the modified Bell criteria.27 Severe

ROP was defined as Stage 3 or higher based on the international

classification of retinopathy of prematurity.28

Search strategy and data sources (Fig. 1)

Databases (Medline/PubMed, EMBASE, ClinicalTrials.gov,

Cochrane controlled trial registers) and meeting abstracts (Pediatric

Academic Societies, European Society of Paediatric Research,

European Association of Paediatric Societies) were searched from

1990 to 1 November 2020 without language restrictions using index

terms: preterm, resuscitation and O2. Studies in full manuscript or

abstract forms were acceptable. An iterative approach was used to

ensure that key articles (identified by VK and JO) were found.

Study selection and data extraction

Two authors (VK and JO) independently screened titles and

abstracts. In the event of a disagreement during abstract screening,

the full text was reviewed. They subsequently completed full-text

review for eligibility independently. Final decisions were determined

by consensus. The reason for exclusion was captured according to

a predetermined, ordered list of exclusions.

Data collection, risk of bias, and certainty of evidence

assessment

For each study, two authors (VK and JO) independently extracted

predetermined study characteristics and outcomes and then

achieved consensus. They independently evaluated the risk of bias

(RoB) in individual studies using the Cochrane Risk of Bias Tool
Fig. 1 – PRISMA flow diagr
for RCTs. The two authors also assessed the certainty of evidence

(confidence in the estimate of effect) for each outcome based on

the Grading of Recommendations Assessment, Development and

Evaluation (GRADE) framework (GRADEpro Guideline Development

Tool; McMaster University, Hamilton, Canada). Individual patient

data were obtained directly from the authors including the HR and

SpO2 data downloaded from the pulse oximeter.

Data analysis

A. Individual patient data analysis: Individual patient data analy-

sis was performed to assess the association of bradycardia

with neonatal mortality and secondary morbidities. For this

individual data analysis, categorical data were examined by

chi-square for trend. Continuous variables were assessed

by ANOVA or Kruskal Wallis test. To adjust for confounding

variables, multivariate stepwise forward logistic regression

was conducted, including GA, birth weight, gender, antenatal

steroids, SpO2 < 80% at 5 min after birth and individual stud-

ies as independent variables.

B. Pooled data analysis: Pooled analysis was conducted from

aggregated data per study to compare neonates with PB

and those without PB using Review Manager software 5.3

(The Nordic Cochrane Centre, Copenhagen, Denmark),

which does not adjust for potential confounding variables.

We used the standard methods of the Cochrane Collabora-

tion. Individual studies were weighted. Random effects mod-

els were used to account for variation within and between

studies and to compute the summary odds ratio (OR). We

report unadjusted summary OR and corresponding 95% con-

fidence intervals (CIs) using the Mantel-Haenszel (MH)

method for dichotomous variables. Forest plots were used

for the graphical representation of ORs generated from unad-

justed data. Heterogeneity between studies was evaluated

with I2 statistics and publication bias was assessed by the

Egger’s test and by funnel plot inspection.
am of study selection.



T
a
b
le

1
–
S
tu

d
y
c
h
a
ra

c
te

ri
s
ti
c
s
.

S
tu
d
y

E
n
ro
llm

e
n
t

p
e
ri
o
d

L
o
c
a
ti
o
n

F
iO

2

g
ro
u
p
s

T
o
ta
l
e
lig
ib
le

T
o
ta
l

in
c
lu
d
e
d
,N

(%
)

T
o
ta
l
e
x
c
lu
d
e
d
a
s
n
o
H
R

a
v
a
ila
b
le

fo
r
th
e
fi
rs
t
tw
o

m
in
u
te
s
a
ft
e
r
b
ir
th

N
o
b
ra
d
y
ca

rd
ia

T
ra
n
s
ie
n
t

b
ra
d
y
c
a
rd
ia

P
ro
lo
n
g
e
d
b
ra
d
y
ca

rd
ia

W
a
n
g
e
t
a
l

2
0
0
5
–
2
0
0
7

U
n
it
e
d
S
ta
te
s

0
.2
1
v
s
1
.0

3
7

2
7
(7
3
%
)

1
0
(2
7
%
)

1
4

5
8

E
s
c
ri
g
e
t
a
l

2
0
0
5
–
2
0
0
7

S
p
a
in

0
.3

v
s
0
.9

4
2

4
2
(1
0
0
%
)

0
(0
%
)

2
2
5

1
5

V
e
n
to

e
t
a
l

2
0
0
7
–
2
0
0
8

S
p
a
in

0
.3

v
s
0
.9

7
8

7
8
(1
0
0
%
)

0
(0
%
)

1
8

2
5
8

R
a
b
i
e
t
a
l

2
0
0
5
–
2
0
0
7

C
a
n
a
d
a

0
.2
1
v
s
1
.0

2
6

2
4
(9
2
%
)

4
(8
%
)

7
4

1
3

A
g
u
a
r
e
t
a
l

2
0
1
0
–
2
0
1
2

S
p
a
in

0
.3

v
s
0
.6

6
0

6
0
(1
0
0
%
)

0
(0
%
)

1
4

2
4

2
2

R
o
o
k
e
t
a
l

2
0
1
8
–
2
0
1
2

N
e
th
e
rl
a
n
d
s

0
.3

v
s
0
.6

1
3
9

6
1
(4
4
%
)

7
8
(5
4
%
)

4
4

4
1
3

K
a
p
a
d
ia

e
t
a
l

2
0
1
0
–
2
0
1
1

U
n
it
e
d
s
ta
te
s

0
.2
1
v
s
1
.0

5
1

5
1
(1
0
0
%
)

0
(0
%
)

2
8

1
1

1
2

O
e
i
e
t
a
l

2
0
0
9
–
2
0
1
4

A
u
s
tr
a
lia

M
a
la
y
s
ia

Q
a
ta
r

0
.2
1
v
s
1
.0

2
8
7

2
6
2
(9
1
%
)

2
5
(9
%
)

1
2
7

4
7

8
8

T
o
ta
l

7
2
0

6
0
5
(8
4
%
)

1
1
5
(1
6
%
)

2
5
4

1
2
2

2
2
9

N
o
b
ra
d
y
c
a
rd
ia
:
H
R

�
1
0
0
b
p
m

th
ro
u
g
h
o
u
t
th
e
fi
rs
t
1
0
m
in
.
T
ra
n
s
ie
n
t
b
ra
d
y
c
a
rd
ia
:
H
R

b
e
lo
w

1
0
0
b
p
m

fo
r
<
tw
o
m
in
u
te
s
.
P
ro
lo
n
g
e
d
b
ra
d
y
c
a
rd
ia
:
H
R

b
e
lo
w

1
0
0
b
p
m

fo
r
�t

w
o
m
in
u
te
s
.

212 R E S U S C I T A T I O N 1 6 7 ( 2 0 2 1 ) 2 0 9 –2 1 7
Results

Literature search and study selection (Fig. 1)

In total 152 records were identified. As there were no duplicates,

152 records were screened by title and abstract. Two additional

articles were found via reference searches and added to the full-

text screening.29,30 A total of 13 full text articles were assessed

for eligibility. Two articles were excluded as serial HR data were

not available.30,31 Three articles were excluded as they repre-

sented a further analysis of the previous study.32–34 After consen-

sus between two authors (VK and JO), eight RCTs were included

in the final quantitative synthesis.15,29,35–40

Study and patient characteristics (Table 1)

In total, 720 preterm infants < 32 weeks GA were enrolled in the

eight RCTs. Most infants had serial HR data in the first 2 min after

birth except in the RCTs of Rook et al.38 (44% of infants) and Wang

et al.40 (73% of infants). As pre-specified, 115 infants (16%) were

excluded, as no HR were data available for the first 2 min after

birth. In total, 605 infants (84% of the eligible infants) were

included. All studies used pulse oximetry to collect HR data. Fifty

eight percent of preterm infants were bradycardic when first

assessed after birth. Thirty eight percent of preterm infants had

PB. Amongst bradycardic preterm infants, 93% were bradycardic

when first assessed.

RoB assessment (Supplemental table 1)

All studies except Rabi et al were classified as unclear RoB.37

Caregivers were blinded to the intervention in only three of the

included RCTs.35,37,38 Five RCTs reported that researchers

assessing trial end points were blind to randomized

group.29,35,37–39 In two RCTs, many infants had no HR in the first

2 min after birth making them at high risk of bias because of incom-

plete outcome data.38,40 The study by Oei et al was terminated

early due to low recruitment rate.15 More infants <32 weeks GA

in the RCT by Vento et al had PB compared to the average in

the study (74% vs 38%) and their mean (SD) GA was

26 ± 1 weeks compared with 28 ± 2 weeks GA (p < 0.05) in the

other studies.

Individual patient data analysis (Table 2)

Bradycardic infants in the DR were more premature, with lower

birth weights, than infants without bradycardia. There was no asso-

ciation between initial FiO2 and bradycardia in the DR. More infants

with bradycardia in the DR had SpO2 < 80% at 5 min after birth.

They also had lower 1 min and 5 min Apgar scores. As the duration

of bradycardia increased, the incidence of IVH, BPD and in-

hospital mortality also increased. This was also true for a compos-

ite outcome of in-hospital mortality and/or IVH but not true for in-

hospital mortality and/or BPD. These associations remained signif-

icant even after adjusting for GA. Even after adjusting for these

potential confounders, prolonged bradycardia remained associated

with in-hospital mortality, the primary outcome. [OR 1.7 (1.2, 2.5),

p < 0.01] (Table 3) There was an exposure response relationship

between duration of bradycardia and in-hospital mortality (Fig. 2).

Pooled data analysis (Fig. 3)

The primary outcome of in-hospital mortality was reported in eight

RCTs involving 605 preterm infants (Fig. 3A). The pooled data



Table 2 – Pooled data analysis: Infant characteristics and outcomes.

No Bradycardia

N = 254 (42%)

Transient

Bradycardia

N = 122

(20%)

Prolonged Bradycardia

N = 229

(38%)

P value Adjusted P value for GA

Gestational age, wks 28 ± 2a 27 ± 2b 27 ± 2b < 0.01 NA

Birth weight, g 1152 ± 352a 976 ± 257b 980 ± 270b < 0.01 NA

Male 114 (45%) 65 (53%) 113 (49%) NS NS

Antenatal Steroids 216 (85%) 101 (83%) 198 (87%) NS NS

Cesarean section 152 (60%) 64 (52%) 131 (58%) NS NS

Starting low FiO2 112 (44%) 58 (48%) 122 (53%) NS NS

SpO2 < 80% at 5 min 89 (35%)a 51 (43%)a 149 (65%)b <0.01 <0.01

Apgar 1 min 7 (6,8)a 5 (3,6)b 5 (3,6)b <0.01 <0.01

Apgar 5 min 9 (8,9)a 7 (7,9)b 7 (6,9)b <0.01 <0.01

IVH 10 (4%)a 14 (12%)b 29 (14%)b <0.01 0.03

NEC 4 (2%) 1 (2%) 4 (4%) NS NS

BPD 49 (20%)a 38 (32%)b 58 (27%)a,b 0.03 NS

ROP 34 (14%) 20 (17%) 37 (17%) NS NS

Death 6 (3%)a 9 (7%)a,b 37 (16%)b <0.01 <0.01

Death or BPD 54 (22%)a 45 (38%)b 88 (41%)b <0.01 NS

Death or IVH 16 (6%)a 23 (20%)b 61 (28%)b <0.01 <0.01

Superscripts in columns signify pairwise comparison of columns with different letters (a or b) signify statistical difference with Bonferroni correction and similar

letters are not statistically different.

Table 3 – Multiple regression analysis reporting the association of in-hospital mortality as primary outcome
(dependent variable) – with seven pre-specified exposures (independent variables).

Independent variable Odds Ratio (95% CI) p value Coefficients

Prolonged Bradycardia* 1.7 (1.2,2.5) 0.004 0.552

Gestational Age** 0.6 (0.4,0.8) 0.003 �0.513

Male gender† 2 (1,4) 0.06 0.671

Birth Weight 0.1 (0.1,1) 0.2 �0.00189

Antenatal Steroids 1 (0.2,5.2) 0.9 0.032

Individual Study 0.9 (0.8,1) 0.1 �0.111

SPO2 < 80% at 5 min after birth 1.4 (0.6,3) 0.4 0.327

* Exposure to prolonged bradycardia vs non-exposure is associated with a statistically significant increase in odds of in-hospital mortality of 1.7 (95% CI 1.2–

2.5).
** Each increase in gestation of one week is associated with a statistically significant reduction in the odds of hospital mortality of 0.6 (95% CI 0.4–0.8).

† Relative to being female, being male is associated with a non-statistically significant twofold increase in the odds of hospital mortality.

Fig. 2 – Association of mortality with duration of

bradycardia during resuscitation in preterm infants.
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analysis found higher summary odds of in-hospital mortality for

infants with PB [Summary OR 3.57, 95% CI (1.34, 9.5)]. Pre-

specified sensitivity analysis was conducted by excluding two stud-
ies, which had a large number of infants with no HR recorded by 2

min of life. The summary odds ratio was 3.49 [95% CI (1.45, 8.44)]

(Supplementary Fig. 1). The pooled data analysis did not find any

statistical difference between the PB and no PB groups for IVH

[Summary OR 1.77, 95% CI (0.62, 5.08)] or BPD [Summary OR

1.18, 95% CI (0.78, 1.79)] (Fig. 3B and 3C). The summary OR of

low initial FiO2 was not different between the PB and no PB groups

[Summary OR 1.28, 95% CI (0.71, 2.29)] (Supplementary Fig. 2A).

Similarly, the summary OR of having SpO2 < 80% at 5 min was no

different between the PB and no PB groups [Summary OR 1.89,

95% CI (0.82, 4.36)] (Supplementary Fig. 2B). The certainty of evi-

dence was down-graded to low due to serious concerns with RoB,

imprecision and plausible confounding.

Interaction between SpO2 and bradycardia (Supplementary

table 2)

For this analysis, the group of preterm infants who neither had brady-

cardia nor had SpO2 < 80% at 5 min was used as the reference

group. Compared to this reference group, preterm infants who had



A. Death before discharge 

B. Severe intraventricular hemorrhage 

C. Bronchopulmonary dysplasia 

Fig. 3 – Summary of results: Prolonged bradycardia versus no prolonged bradycardia at birth. The following forest

plots are graphic representation of the unadjusted data. (A) Death before discharge. (B) Severe Intraventricular

haemorrhage. (C) Bronchopulmonary dysplasia.
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PB without SpO2 < 80% at 5 min were 10 times more likely to die

before discharge [OR 10.2, 95% CI (2.1, 48.4)]. If preterm infants

had both, PB and SpO2 < 80% at 5 min after birth, the odds of in-

hospital mortality were 18 times higher [OR 18.6, 95% CI (4.3,

79.7)]. This positive additive interaction between SpO2 < 80% at 5

min and PB in the DR for mortality persists after controlling for GA.

Discussion

In this study, thirty-eight percent of preterm infants <32 weeks GA

experienced prolonged bradycardia, which was associated with
increased mortality and severe IVH. To focus on PB not receiving

chest compressions, infants receiving chest compressions were

excluded from the study. There was no association between duration

of bradycardia and low vs highO2 strategy.Neonateswhowere brady-

cardic were more likely to have SpO2 < 80% at 5 min after birth. There

was an exposure response relationship between duration of bradycar-

dia andmortality. The highest odds of in-hospital mortality were in pre-

term infants with PB and SpO2 < 80% at 5 min after birth.

Studies have shown that infants who receive higher intensity of

resuscitation have a higher incidence of adverse outcomes.41–43 A

recent study showed that low 5min and 10minApgar scores are asso-

ciated with an increased risk of mortality in preterm infants.44 Apgar
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score at 5 min <3 has been linked with higher mortality in term

infants.8,10 None of these studies have examined the association

between the duration of bradycardia and neonatal mortality. Intermit-

tent hypoxemia in the NICU has been associated with adverse out-

comes. Study by Walter et al showed that in preterm infants

admitted to the NICU, bradycardic episodeswere associatedwith clin-

ically significant cerebral desaturations.20 This effect wasmore promi-

nent in preterm infants <32 weeksGA. Interestingly, post hoc analysis

of a large randomized controlled trial by Poets et al showed percent-

age time with bradycardia was associated with motor impairment at

18months of age, but it did not add any significant prognostic informa-

tion when added in the model with exposure to intermittent hypox-

emia.19 We have shown in our previous publication that

HR < 100 bpm at 5 min is associated with mortality and infants who

have SpO2 < 80% at 5 min are more likely to have bradycardia too.16

The current study was designed to examine the association

between duration of bradycardia in preterm infants not needing

CPR and adverse outcomes The PB may reflect in-utero insult and

perhaps in some cases, inadequate resuscitation. In the fetus, HR

is the most important determinant of cardiac output.17,45 In a

depressed preterm neonate at birth, PB can interfere with O2 delivery

and may contribute to tissue hypoxia, which in turn may cause

adverse outcomes. Alternatively PB may just be a surrogate marker

for severity of intrauterine insult or a neonate with significantly

impaired transition at birth. Similarly, the additive interaction between

SpO2 < 80% at 5 min and PB for mortality could reflect severe tissue

hypoxia or suggest severity of illness. Low SpO2 and bradycardia

may not be independent of each other. Given its retrospective nat-

ure, this study cannot prove causation. Even so, this study shows

that HR is the most important vital sign during neonatal resuscitation.

It remains to be seen if DR interventions that decrease duration of

bradycardia improve clinical outcomes.

This study, analyzed individual data on 605 preterm infants in 8

RCTs using pre-specified, uniform definitions for bradycardia and

outcomes. Its strengths include use of individual patient data analy-

sis, pooled data analysis46,47 and inclusion of a biostatistician as a

co-author.48 To our knowledge, this is the only study of the associa-

tion between duration of bradycardia in the DR and adverse out-

comes in infants <32 weeks who did not need CPR. As one

objective was to explore the interaction between PB and low SpO2,

only trials collecting serial FiO2, HR and SpO2 data were included.

The study demonstrates an exposure response relationship between

duration of bradycardia and mortality, which strengthens the associ-

ation between PB and mortality. Also, pre-specified confounders

were included in the logistic regression to reduce bias.

This study has several limitations. All RCTs used pulse oximetry to

record HR data. Pulse oximeters frequently underestimate HR in the

first few minutes after birth, likely due to technical limitation.49–52 It is

unclear if HR measured by ECG, based on cardiac electrical activity,

or by pulse oximetry, based on the peripheral pulse, is a better mea-

sure of a cardiac contraction and circulation of blood to peripheral tis-

sues. Our findings should be confirmed by observations where ECG is

used for HR measurement. Similarly, individual studies do not

describe if delayed cord clamping was practiced on vigorous preterm

infants. Studies have shown that immediate cord clamping results in

bradycardia.45 Healthy newbornswho underwent delayed cord clamp-

ing had lower HRs and higher SpO2 in the delivery room.53,54 Our find-

ings should be confirmed in preterm infants who have undergone

delayed cord clamping as recommended by current guidelines.5,7,55
Inadequate ventilation during neonatal resuscitation may lead to pro-

longed bradycardia. Details of respiratory interventions during neona-

tal resuscitation were not available for the individual patient data

analysis. Future studies should include the amount of DR respiratory

support provided and its duration. None of the RCTs were designed

to investigate the duration of bradycardia and adverse neonatal out-

comes. Despite collecting individual patient data from 8 RCTs, the

sample size is relatively small. The studies included in this study were

heterogeneous and used different O2 strategies, which may have

affected results. The random effect model was used for the pooled

analysis to account for this. In addition, the study did not find any asso-

ciation between starting FiO2 and incidence of PB. Due to missing HR

data for the first 2 min after birth, 16% of eligible infants were excluded

from the analysis based on the pre-specified study protocol. Although

this seems to be missing data at random, a sensitivity analysis of the

primary outcome by excluding these two studies was conducted.

Although Forest Plots are increasingly used in observational analyses

like ours, we used them as only graphic representation of the unad-

justed pooled data analysis.56 Even though logistic regression was

performed to control for known confounders, it is possible that some

variables, which may have influenced mortality and intraventricular

hemorrhage in this population, are unaccounted for.

In conclusion, PB in the DR was associated with mortality and IVH

in preterm infants <32 weeks GA. PB and low SpO2 in the DR

increased the odds of mortality. The quality of evidence was judged

to be low due to risk of bias and imprecision. Future studies involving

resuscitation in preterm infants should report duration of bradycardia

and 5 min SpO2 as an outcome. Larger prospective studies should

bedone to evaluate the association betweenPBandadverseoutcome

in neonates.
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