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Abstract Objective This study aimed to assess if 24-hour in-house neonatologist (NN) coverage
is associated with delivery room (DR) resuscitation/stabilization and outcomes among
inborn infants <29 weeks’ gestational age (GA).
Study design Survey-linked cohort study of 2,476 inborn infants of 23 to 28 weeks’
gestation, admitted between 2014 and 2015 to Canadian Neonatal Network Level-3
neonatal intensive care units (NICUs) with a maternity unit. Exposures were classified
using survey responses based on the most senior provider offering 24-hour in-house
coverage: NN, fellow, and no NN/fellow. Primary outcome was death and/or major
morbidity (bronchopulmonary dysplasia, severe neurological injury, late-onset sepsis,
necrotizing enterocolitis, and retinopathy of prematurity). Multivariable logistic
regression analysis was used to assess the association between exposures and out-
comes and adjust for confounders.
Results Among the 28 participating NICUs, most senior providers ensuring 24-hour
in-house coverage were NN (32%, 9/28), fellows (39%, 11/28), and no NN/fellow (29%,
8/28). No NN/fellow coverage and 24-hour fellow coverage were associated with higher
odds of infants receiving DR chest compressions/epinephrine compared with 24-hour
NN coverage (adjusted odds ratio [aOR]¼4.72, 95% confidence interval [CI]: 2.12–
10.6 and aOR¼3.33, 95% CI: 1.44–7.70, respectively). Rates of mortality/major
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Advances in Neonatology and the regionalization of neona-
tal care have significantly improved the outcomes of ex-
tremely preterm infants <29 weeks’ gestational age (GA).1–5

Despite this progress, over 65% of extremely preterm infants
<29 weeks’ GA will either die or develop major neonatal
morbidity during initial hospitalization. Centralizing the
care of higher risk patients into hospitals with specialized
units (level-3 neonatal intensive care units [NICUs]) has
allowed the development of clinical expertise and subse-
quently improved outcomes.4,6–8 Similar to pediatric and
adult ICUs, daytime (8 a.m.–5 p.m.) presence of an attending
physician in level-3 NICUs is currently considered a stan-
dard of care in most units. Nevertheless, there is still no
consensus on 24-hour (h) in-house neonatologist (NN)
coverage.9–12

The presence of 24-hour in-house NN coverage may
contribute to better patient outcomes through the provi-
sion of better delivery room (DR) resuscitation (lower
intubation rates and lower need for advanced resuscita-
tion) and by improving the coordination of stabilization
and subsequent temperature management.13,14 Addition-
ally, 24-hour NN coverage could help establish early
treatment plans, provide uninterrupted provision of com-
plex care, and mitigate patients’ deterioriations.10,12,15–17

Two recent studies showed higher mortality rates in
extremely preterm infants born at night compared with
daytime, and suggested that staffing patterns may con-
tribute to these differences.18,19 In contrast, 24-hour NN
coverage is resource-intensive and may not be as benefi-
cial in units where senior trainees (such as neonatal
fellows) are available at night.20–22 Studies in adult ICUs
have also shown varying impacts of 24-hour in-house
intensivist coverage; some reported a reduction in mor-
tality, while others found no impact on mortality.9–12,20,23

Consequently, we aimed to assess the association of 24-
hour in-house NN coverage with death and/or major
morbidity and care practices among extremely preterm
infants <29 weeks’ GA born in hospitals with a level-3
NICU.

Materials and Methods

Study Population and Eligibility Criteria
This was a survey-linked cohort study of inborn infants born
between 230/7 and 286/7 weeks’ GA from January 1, 2014, to
December 31, 2015. We included infants admitted to NICUs
with a maternity unit who were part of the Canadian
Neonatal Network (CNN) and who completed the 2015
CNN/International Network for Evaluating Outcomes in Neo-
nates (iNeo) survey on resource allocation.24 We excluded
infants with major congenital anomalies and infants who
were moribund on admission.

Data Collection and Survey Description
Thesurveyonavailable resources andstaffing in theNICUswas
distributed in 2016 and has previously been described.24 The
survey included questions on the type of coverage offered
during different times of the day. Sites answered based on
staffing patterns of 2015. The survey was circulated among all
30 level-3NICUs inCanada (28 siteswithmaternity unitswere
included in this study) and closed after three rounds of
reminders. At the time of the survey, all Canadian NICUs
consented to linking the survey data to CNN patient data.

Patient characteristics and outcome data were obtained
from the CNNdatabase. Trained abstractors collected data for
each infant during their NICU stay following standard proto-
col, with information from patient charts entered electroni-
cally into a data-entry programwith a built-in error checking
system that has shown high reliability and internal consis-
tency.25 Maternal variables included maternal diabetes, ma-
ternal hypertension, rupture of membranes (ROM)
>24hours, antenatal magnesium sulfate (MgSO4), antenatal
steroids exposure, multiple gestation, and mode of delivery.
Infant variables included GA, birth weight, small for GA
status (birth weight below 10th percentile),26 sex, 5-minute
Apgar’s score, and the Score for Neonatal Acute Physiology,
version 2 (SNAP-II).27 This project was approved by the
McGill University Health Centre Research Ethics Board and
by the CNN Executive committee.

Key Points
• Lower rates of DR cardiopulmonary resuscitation with 24h in-house NN coverage
• The type of 24h in-house coverage was not associated with mortality and/or major morbidity.
• High-volume centers more often have 24h in-house neonatal fellow coverage

morbidity did not differ significantly among the three groups: NN, 63% (249/395
infants); fellow, 64% (1092/1700 infants); no NN/fellow, 70% (266/381 infants).
Conclusion 24-hour in-house NN coverage was associated with lower rates of DR
chest compressions/epinephrine. There was no difference in neonatal outcomes based
on type of coverage; however, further studies are needed as ecological fallacy cannot
be ruled out.
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Variable Definitions
Exposure for each infant was classified based on the most
senior provider offering 24-hour in-house coverage based on
survey responses linked to NICU of admission. Exposures
were categorized as 24-hour NN in-house coverage, 24-hour
fellow in-house coverage (neonatal-perinatal medicine sub-
specialty residents or clinical assistants), and no 24-hour
NN/fellow in-house coverage (residents or neonatal nurse
practitioners).

Outcomes
The primary composite outcome was death prior to NICU
discharge and/or major morbidity. Major morbidities in-
cluded bronchopulmonary dysplasia (BPD; need for sup-
plemental oxygen at 36 weeks postmenstrual age or at
time of discharge to a level-2 center if discharged alive
prior to 36 weeks),28 severe neurological injury (SNI;
grade �3 intraventricular hemorrhage [IVH] according to
Papile et al29 and/or periventricular leukomalacia based
on ultrasound findings), severe retinopathy of prematurity
(ROP; stage �3 ROP in at least one eye according to the
international classification30 or need for treatment with
laser or ophthalmologic injection),31 necrotizing entero-
colitis (NEC; stage �2 according to Bell’s criteria),32 and
nosocomial infection (NI; positive blood and or cerebro-
spinal fluid culture in symptomatic neonate after at least
3 days in the NICU). Predefined secondary outcomes
included death and the composite outcome of death
and/or SNI.

We identified resuscitative measures in the DR and stabi-
lization processes that may be affected by 24-hour NN
coverage: DR intubation, DR chest compressions/epineph-
rine, and themaintenance of optimal admission temperature
(temperature between 36.5 and 37.2°C).13

Statistical Analyses
Preliminary data indicated a rate of mortality and/or major
morbidity of approximately 67% among extremely preterm
infants <29 weeks’ GA and 30% of CNN NICUs had 24-hour
NN coverage. We estimated that a sample size of 369 infants
per group would be required to detect a 10% absolute
difference in the risk of death and/or major morbidity
between two of the exposure groups with a power of 80%
and a type-I error of 5% using Fisher’s exact test. Approxi-
mately 1,200 inborn infants with <29 weeks’ GA are admit-
ted in the CNN per year. Consequently, a 2-year study period
would provide a sufficient sample size under the assumption
that 15 to 30% of infants (�400–800) would be exposed to
24-hour NN coverage (depending on site volume and type of
coverage).

Descriptive statistics were used to compare infants’ char-
acteristics and outcomes according to exposure groups.
Unadjusted comparisons were made using the Chi-square
test for categorical variables, and the Mann–Whitney and
Kruskal–Wallis tests for continuous variables. Logistic re-
gression models were used to calculate adjusted odds ratios
(aORs) and 95% confidence intervals (CIs) for the association
of exposures with outcomes using 24-hour NN coverage as a

reference group. ORs were adjusted for potential confound-
ers including GA, antenatal steroids exposure, antenatal
MgSO4, ROM>24hours, mode of delivery, multiple birth,
and small for GA status. To account for clustering within each
site, the Generalized Estimating Equations approach with
symmetric covariance structure was used.33

We conducted two additional exploratory analyses to
assess for additional confounders and interaction. First, we
observed high collinearity between the type of coverage
and site volume (number of infants <29 weeks’ GA admit-
ted per site per year). Consequently, we evaluated the
association between type of coverage and outcomes in the
subgroups of infants admitted to low-volume NICUs (num-
ber of infants <29 weeks’ GA � median) and to high-
volume NICUs (number of infants <29 weeks’ GA>medi-
an) and tested for interaction between the type of
coverage and the site volume. Second, previous studies
have suggested that infants born at nighttime may have
worse outcomes than those born during daytime.18,21 To
evaluate this, we compared outcomes of infants born
during daytime (8 a.m.–5 p.m.) to those born at nighttime
(5 p.m.–8 a.m.) based on the type of coverage and tested
for interaction between type of coverage and time of birth
(daytime vs. nighttime).

Primary analyses focused on the association between the
type of coverage and death and/or major morbidity.
Predefined secondary outcomes were death and death
and/or SNI. Additional analyses on care practices and indi-
vidual morbidities were not adjusted for multiple compar-
isons, as these were conducted to generate hypotheses, and
should be interpretedwith caution.34 A two-sided p-value of
<0.05 was considered statistically significant. Data manage-
ment and statistical analyses were performed using SAS,
version 9.3 (SAS Institute Inc., Cary, NC).

Results

During the study period, a total of 2,611 inborn infants with
<29 weeks’ GA were admitted to the 28 eligible NICUs. Of
those infants, 135were excluded for the prespecified reasons
(►Fig. 1). Of the participating sites, 32% (9/28) had 24-hour
NN coverage (395 infants), 39% (11/28) had 24-hour fellow
coverage (1,700 infants), and 29% (8/28) had no NN/fellow
coverage (381 infants).

Characteristics that differed between groupswere rates of
ROM >24hours, use of antenatal MgSO4, antenatal steroids
exposure, multiple birth, and 5-minute Apgar’s score of <7
(►Table 1). Rates of DR intubation did not differ significantly
among the three groups (►Table 2). Unadjusted rates of DR
chest compressions/epinephrine were significantly lower in
the 24-hour NN coverage group comparedwith both 24-hour
fellow coverage and no NN/fellow coverage groups. Unad-
justed rates of optimal admission temperature significantly
differed between the groups: higher rates of optimal admis-
sion temperature were reported in the 24-hour fellow cov-
erage group compared with 24-hour NN coverage and no
NN/fellow coverage groups. Rates of death and/or major
morbidity did not significantly differ among the three
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groups. However, unadjusted rates of death before discharge
significantly differed between the groups. Rates of death
and/or SNI did not significantly differ between the three
groups.

In the adjusted analyses, both 24-hour fellow coverage
and no NN/fellow coveragewere associatedwith higher odds
of DR chest compressions/epinephrine administration com-
pared with 24-hour NN coverage (►Table 3). Optimal admis-
sion temperaturewasmore likely in 24-hour fellow coverage
when compared with 24-hour NN coverage. There was no
difference in death and/or major morbidity based on type of
coverage. Nevertheless, 24-hour fellow coverage was associ-
ated with lower odds of death before discharge when com-
pared with 24-hour NN coverage. There was no association
between the type of coverage and death and/or SNI. Primary
analyses were repeated in the subgroup of infants <26
weeks’ GA and yielded similar results (data not shown).

There was a significant association between site volume
and type of coverage: the majority of high-volume sites had
24-hour fellow coverage (10/14, 71%), whereas low-volume
sites either had 24-hour NN coverage (7/14, 50%) or no
NN/fellow coverage (6/14, 43%; ►Supplementary Table S1

[available in the online version]). Amonghigh-volumeNICUs,
no NN/fellow coverage was associated with higher odds of

mortality/major morbidity compared with 24-hour NN cov-
erage (►Table 4; ►Supplementary Table S2 [available in the
online version]). Nonetheless, we report no statistically
significant interaction between site volume and type of
coverage. In the exploratory analyses looking at the time of
birth, we also found no significant interaction between the
time of birth and the type of coverage (all p-values for
interaction �0.19; ►Supplementary Table S3; available in
the online version).

Discussion

In this study-linking survey data to outcomes of infants with
<29 weeks’ GA admitted to 28 level-3 NICUs in Canada, we
report no association between 24-hour NN in-house cover-
age and death and/or major morbidity. The 24-hour NN
coverage was associated with lower odds of DR chest
compressions/epinephrine compared with 24-hour fellow
coverage and no NN/fellow coverage.

There are several possible explanations for the absence of
association between the type of coverage and death and/or
major morbidity. First, our study was designed to detect a
10% absolute risk difference between groups and was under-
powered to detect smaller differences. Second, death and/or

Fig. 1 Infants included in the study sample for the time period between 2014 and 2015. iNeo, International Network for Evaluating Outcomes in
Neonates; NICU, neonatal intensive care unit.
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major morbidity is a multifactorial outcome and may not be
the most sensitive outcome to evaluate the impact of 24-
hour NN coverage. A single-center study in a Canadian NICU
did not find an association between 24-hour NN coverage

and death and/or major morbidity but reported a reduction
in the duration of invasive mechanical ventilation.22 This
suggests that 24-hour NN coverage may be associated with
improvement in outcomes that are more closely related to

Table 1 Characteristics of infants according to type of coverage

24-hour neonatologist
coverage (n¼ 395)

24-hour fellow
coverage (n¼1,700)

No neonatologist/
fellow coverage (n¼ 381)

p-Value

Maternal variables

Maternal diabetes 35 (10) 179 (11) 35 (9) 0.77

Maternal hypertension 66 (17) 287 (17) 63 (17) 0.99

Rupture of membranes >24 hours 112 (30) 481 (29) 82 (22) 0.03

Antenatal MgSO4 232 (60) 1,158 (70) 279 (75) <0.01

Antenatal steroids exposure 371 (95) 1,608 (95) 337 (90) <0.01

Multiple births 96 (24) 429 (25) 124 (33) 0.01

Caesarean birth 269 (69) 950 (56) 221 (58) <0.01

Infant variables

Gestational age (wk) 26 (2) 26 (2) 26 (2) 0.68

Birth weight (g) 913 (240) 917 (252) 912 (239) 0.93

Small for gestational age 45 (11) 157 (9) 37 (10) 0.42

Male sex 203 (52) 879 (52) 195 (51) 0.99

Apgar’s score at 5minute <7 173 (44) 652 (39) 167 (44) 0.04

Score for neonatal acute
physiology-II score >20

109 (28) 489 (29) 99 (27) 0.66

Abbreviation: MgSO4, magnesium sulfate.
Notes: Data presented as n (%) or mean (standard deviation)
p-Value comparing the three groups obtained with the Chi-square test for categorical variables and the Mann–Whitney test for continuous variables.
Bold values are statistically significant.

Table 2 Care practices and outcomes of infants according to type of coverage

Care practices and outcomes 24-hour neonatologist
coverage (n¼ 395)

24-hour fellow
coverage (n¼1,700)

No neonatologist/
fellow coverage (n¼ 381)

p-Value

Care practices

Intubation in delivery room 176 (45) 738 (44) 160 (42) 0.72

Chest compressions/epinephrine
in delivery room

7 (2) 89 (5) 27 (7) <0.01

Optimal admission temperature 182 (46) 1,113 (66) 198 (52) <0.01

Primary outcome

Death/major morbidity 249 (63) 1,092 (64) 266 (70) 0.08

Secondary outcomes

Death before discharge 62 (16) 198 (12) 60 (16) 0.02

Death/severe neurological injury 87 (22) 375 (22) 88 (23) 0.90

Major morbidities

Bronchopulmonary dysplasia 149 (44) 721 (48) 158 (48) 0.47

Severe neurological injury 38 (10) 233 (14) 43 (12) 0.08

Late-onset sepsis 109 (28) 348 (21) 79 (21) 0.01

Necrotizing enterocolitis 31 (8) 138 (8) 28 (7) 0.88

Severe retinopathy of prematurity 42 (14) 148 (13) 36 (14) 0.81

Notes: Data presented as n (%).
p-Value comparing the three groups obtained with the Chi-square test. Bold values are statistically significant.
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physician decision-making, such as the decision to intubate,
timing of extubation, or whether a baby needs to receive DR
chest compression/epinephrine or time for transition in-
stead. Third, NNs likely modulate their degree of supervision
based on the trainees’ level of experience, evenwhen theyare
not providing systematic 24-hour in-house coverage. Fourth,
the effects of 24-hour NN coverage may vary based on the
type of daytime organization in the NICU. Wallace et al
reported that among adult patients admitted to low-inten-
sity ICUs (defined as units not having a mandatory consulta-
tion with an intensivist on admission), 24-hour in-house
intensivist coverage was associated with lower mortality;
however, such an association was not observed among
patients admitted to high-intensity ICUs (defined as units
with transfer of care to an intensivist on ICU admission).12

Although the secondary analyses were limited by small
group size, we found higher odds of death and/or major
morbidity among high-volume NICUs with no NN/fellow
coverage compared with 24-hour NN coverage which may
reflect differences in the supervision based on site size.

Overall, 32% (9/28) of NICUs had 24-hour NN in-house
coverage. This highlights an important change in practice; in
a study conducted in 17 level-3 NICUs in Canada in 1996 to
1997, only 1 unit (6%) had 24-hour in-house NN.21 Addition-
ally, our study did not find a difference in death and/or major
morbidity among inborn infants with <29 weeks’ GA in
hospitals with level-3 NICUs, whereas the study by Lee

et al showed higher mortality among infants born at night-
time.21 This suggests that the changes in staffing patterns in
level-3 NICUs, in combination with quality improvement
initiatives and bundles aimed at improving the care of
extremely preterm infants, may have helped harmonize
care for infants regardless of their timing of birth.3

A recent, Canadian population-based study including all
extremely preterm births in the country between 2010 and
2015 (in level-1, -2, and -3 NICUs) showed higher mortality
rates among extremely preterm infants born at nighttime
compared with daytime but did not report information on
the level of care provided by the birth hospital.18,19 The
difference in mortality when comparing daytime and night-
time births in Canada (in all hospitals), in combination with
our results, showing no association between timing of birth
and death and/or major morbidity in level-3 NICUs, suggest-
ing that the variation in outcomes between daytime and
nighttime birth might be driven by infants born in level-1
and -2 NICUs. This is important, since most quality improve-
ment programs and resource allocation studies have so far
focused on level-3 NICUs, and little is known on circadian
variations in staffing patterns and their impacts on patient
outcomes in level-1 and -2 NICUs.

We still observed some differences in care practices that
were associated with the type of coverage. First, 24-hour NN
coverage was linked to lower odds of DR chest
compressions/epinephrine compared with 24-hour fellow

Table 3 Multivariable logistic regression analysis assessing the association of medical team coverage with care practices and
outcomes

Care practices and outcomes 24-hour fellow coverage vs. 24-hour
neonatologist coverage

No neonatologist/fellow coverage vs.
24-hour neonatologist coverage

Crude OR (95% CI) Adjusted OR
(95% CI)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Care practices

Intubation in delivery room 0.94 (0.40, 2.19) 1.04 (0.36, 2.95) 0.89 (0.37, 2.13) 0.97 (0.33, 2.89)

Chest compressions/epinephrine
in delivery room

3.03 (1.37, 6.71) 3.33 (1.44, 7.70) 4.20 (1.95, 9.02) 4.72 (2.12, 10.60)

Optimal admission temperature 2.22 (1.48, 3.34) 2.26 (1.51, 3.37) 1.27 (0.65, 2.48) 1.21 (0.60, 2.44)

Primary outcome

Death/major morbidity 1.05 (0.60, 1.83) 1.01 (0.56, 1.82) 1.36 (0.80, 2.31) 1.43 (0.82, 2.51)

Secondary outcomes

Death before discharge 0.71 (0.46, 1.10) 0.62 (0.43, 0.88) 1.00 (0.52, 1.92) 0.90 (0.51, 1.57)

Death/severe neurological injury 1.00 (0.67, 1.50) 0.97 (0.65, 1.43) 1.06 (0.74, 1.52) 1.02 (0.77, 1.36)

Major morbidities

Bronchopulmonary dysplasia 1.15 (0.59, 2.23) 1.16 (0.55, 2.43) 1.19 (0.62, 2.28) 1.35 (0.63, 2.87)

Severe neurological injury 1.47 (0.87, 2.47) 1.57 (0.93, 2.64) 1.19 (0.86, 1.65) 1.29 (0.92, 1.81)

Late-onset sepsis 0.68 (0.41, 1.12) 0.63 (0.38, 1.03) 0.69 (0.40, 1.17) 0.61 (0.35, 1.07)

Necrotizing enterocolitis 1.02 (0.53, 1.96) 0.98 (0.59, 1.63) 0.92 (0.45, 1.89) 0.81 (0.45, 1.48)

Severe retinopathy of prematurity 0.90 (0.51, 1.57) 0.71 (0.38, 1.34) 0.98 (0.57, 1.68) 1.00 (0.51, 1.94)

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: ORs adjusted for gestational age, antenatal steroids exposure, antenatal magnesium sulfate (MgSO4), rupture ofmembranes>24 hours, mode
of delivery, multiple birth and small for gestational age with the Generalized Estimation Equations approach to account for the clustering within each
site.
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coverage and no NN/fellow coverage. Although the event rate
was small and was not paralleled with lower death and/or
major morbidity, this suggests that having 24-hour NN cover-
agemayprovidemoreeffective initial steps ofDR resuscitation
which could reduce the eventual need for advanced resuscita-
tive measures like chest compressions/epinephrine. This is
consistentwith results fromBensoudaet alwho found that 24-
hour NN coverage was associated with a reduction in chest
compressions among infants with �36 weeks’ GA.35 Rates of
optimal admission temperature were higher among infants
admitted to NICUs with 24-hour fellow coverage compared
with NICUs with 24-hour NN coverage. It is possible that
temperature management may not be an outcome sensitive
to the presence of NN. In addition, 71% (10/14) of high-volume
NICUs had 24-hour fellow coverage which suggests that inter-
disciplinary teams in high-volumeNICUsmay have developed
more expertise for temperature management due to higher
volume of infants.

Strengths and Limitations
We leveraged the use of a large national dataset that well
reflect the practices of all Canadian level-3 NICUs. Moreover,
all sites participated in the survey which helped provide
better insight on the type of coverage and improved
generalizability.

This study is subject to limitations. First, exposures were
based on survey data which prevent us from precisely
extracting which type of provider was present at each
delivery. Reduced insight into the exact type of coverage at
birth or throughout NICU stay for each patient thus reduces
the granularity of our investigation and excludes causation
between exposure and outcomes. Moreover, exposures were
defined by the presence of the most senior provider and do
not preclude overlap between different types of providers
(i.e., NN and fellows present during shifts). Second, there is
the intrinsic possibility of an ecological fallacy, as the exact
exposure of an infant cannot be ascertained. Third, the
association between the type of medical coverage and the
outcomes of preterm infants may also be influenced by other
providers, such as nursing staff and respiratory therapists,
who were not included in the present study. Fourth, man-
agement of patients’ deteriorations along with major deci-
sions taken during the night after initial stabilization (e.g.,
reintubation or extubation) was not assessed in this study.

Conclusion

In this study-linking survey data to infant outcomes among
all level-3 NICUs in Canada with a maternity unit, we found
that the majority of NICUs have either 24-hour in-house NN
coverage or fellow coverage, and that there was no associa-
tion between type of coverage and death and/or major
morbidity among inborn infants <29 weeks’ GA. These
results are from a survey-linked cohort, and data on the
actual presence of providers were not available. Additional
prospective studies describing providers present in the DR
and theNICU are required to better understandwhether type
of coverage is associated with infant outcomes.
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This study was partly presented at the Canadian Pediatric
Socciteoes – June 11th 2021 Annual Conference (Oral
Presentation) and Pediatric Academic Societies – May
2nd 2021 (Poster Presentation).
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