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Objectives: To investigate the relation between neonatal intensive care init (NICU) volume and

survival, neuromotor and sensory disabilities at 2 years in very preterm infants.
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Study design: The EPIPAGE-2 national prospective population-dasehort study was used to
include 2447 babies born alive in 66 level 11l hitsis between 24 and 30 completed weeks of
gestation in 2011. The outcome was survival withdigabilities (levels 2-5 of the Gross Motor
Function Classification System for cerebral palsthwr without unilateral or bilateral blindness
or deafness). Units were grouped in quartiles aliogrto volume, defined as the annual
admissions of very preterm babies. Multivariateidtg regression analyses with population

average models were used.

Results: Survival at discharge was lower in hospitals wilver volumes of neonatal activity

(adjusted Odds Ratio 0.55, 95% Confidence Inte®vaB-0.91). Survival without neuromotor

and sensory disabilities at two years increaset haspital volume, from 75% to 80.7% in the
highest volume units. After adjustment for gestatioage, small for gestational age, sex,
maternal age, infertility treatment, multiple pregey, principal cause of prematurity, parental
socioeconomic status and mother’s country of bistimvival without neuromotor or sensory
disabilities was significantly lower in hospitalsthva lower volume of neonatal activity (adjusted

Odds Ratio: 0.60, 95% confidence interval: 0.3&Ptan in the highest quartile hospitals.

Conclusions: These results suggest that lower NICU volume i®@sated with lower survival
without an increase in disabilities at 2 years. SEheesults could be useful to generate

improvements of perinatal regionalization.

Studies on regionalization of care have shown thattality and severe neonatal
morbidity of very low birth weight (VLBW) or veryneterm (VPT) infants is lower when birth

occurs at highly specialized hospital$.In most developed countries, it is recommended tha



VLBW and VPT infants be born in specialized hodpitgenerally designated as level 11l NICU
hospitals>®.

Several studies have used hospital volume as acatod of quality of care, and found
that neonatal care at high-volume centers was ededcwith lower in-hospital mortality of
VLBW and VPT infants’*2 However, some of these studigs? also found a higher rate of
severe neonatal morbidity in high volume hospitalsygesting that their survivors may be at
increased risk of disability in survivors. Studyilanger term outcomes at 2 ye@ssneeded to
determine whether the improvement in survival idlofeed by an increase in disabilities,
providing valuable data for policy makers. In agdif it is worth testing whether these
associations, seen primarily in the USA and in VLB¥bies, exist in other countries and in VPT
babies.

Perinatal regionalization has been in place in €eaince 19982 Level Il hospitals are
defined as the highest level of care for preterrthband must have a Neonatal Intensive Care
Unit (NICU), with the permanent presence of a diealipediatrician trained in neonatoloty In
2011, more than 80% of preterm births af®2 30° completed weeks of gestation were
managed in a level Il hospitdf. Previous French studies on regionalization atatively
outdated®*’ and none has investigated the effect of hospiteime.

Our objectives were to investigate the associatibmospital volume with survival at
discharge without severe neonatal morbidity, andigal at two years corrected age without
neuromotor or sensory disabilities, among infamskat 24°to 30°° weeks gestation in tertiary
hospitals. We hypothesized that there would bedrighrvival without disability in VPT children

born in hospitals that managed a high volume ofmatere newborns. We also investigated to



what extent the implementation of evidence-basadtymes varied by NICU volumes, potentially

contributing to the health outcomes of VPT children
M ethods

The prospective population-based EPIPAGE 2 coleiide Epidémiologique sur les
Petits Ages Gestationnels) included all births odog between 22 and 34 completed weeks’
gestation in the 546 maternity units of 25 Frenepions from March to December in 2011.
Recruitment lasted 8 months for infants born at®?26 weeks and 6 months for those born at 27
to 31 weeks gestation. At 2 years corrected agajcal data were collected through two
standardized questionnaires: one completed by dfexring pediatrician and the other by the

parents. Details about ethical approval, the deaigh methods have been described previously

18,19

We restricted our analyses to babies who were blive in tertiary centers between 24
and 30 weeks gestation. We excluded neonates &iben 30 weeks because the French
recommendations allow for the management of tha@sesbin lower level hospitals. Newborns
with lethal malformations (eg, anencephaly, andtbiial renal agenesis) or antenatal decision not
to resuscitate were also excluded. All survivorsenenrolled in follow-up if parents consented at

2 years corrected age.

Volume was defined as the total number of babiésw81 weeks gestation admitted to
each hospital NICU during 2011. This number wasioled from the national hospital discharge
database (“Programme de médicalisation du systé€imérthation” used to determine the
activity-based funding of French hospitals). Weatee four groups of hospitals using thé"25

50" and 7%' percentiles of volume. Hospitals in the highesartile (Q4) were defined as high



volume units. Infants were allocated to the fiestdl 3 unit in which they were hospitalized for
48 consecutive hours, or, when infants died indékvery room, the NICU in connection with
the obstetric unit.

Studied outcomes were survival at discharge, safvat discharge without severe
neonatal morbidity, survival without sensorimotdsabilities at 2 years of age and psychomotor
development outcome at 2 years. Severe neonatdigitgrwas defined by one or more of the
following complications: severe bronchopulmonansplgsia (BPD), defined as administration
of oxygen for at least 28 days plus need for 30¥%ore oxygen and/or mechanical ventilation or
continuous positive airway pressure at 36 weekgnpasstrual age, severe intraventricular
hemorrhage, defined as IVH associated with verarcuilation (grade I, IV) and/or
intraparenchymal hemorrhage, cystic periventriculemkomalacia, Bell’'s stage Il or 1l
necrotizing enterocolitis, and stage 3 or highénopathy of prematurity (ROPY.

Neuromotor and sensory disabilities included twtécomes: cerebral palsy and sensory
disability. We used the diagnostic criteria prediyuestablished by the Surveillance of Cerebral
Palsy in Europe (SCPE) network to define cerebeasyp®, and the five level Gross Motor
Function Classification System (GMFCS) to classifgtor ability?’. A child had a disability if
he/she had cerebral palsy, GMFCS level 2-5, oratarial or bilateral deafness or blindness.
Psychomotor development outcome at two years wssssed using the second version of the
Ages and Stages Questionnaire (AS®)and we analyzed the data if parents filled oig th
document when their child was between 22 and 26timsororrected age and if the child did not
have cerebral palsy or sensory impairments. ASQuates five domains of child development:

communication, gross motor, fine motor, problem/sg and personal-social. We considered a



child as below threshold if he/she scored lowentBastandard deviations from the mean in at
least one domaiff.

We considered the following maternal charactesstinaternal age, maternal country of
birth, and parents’ socioeconomic status (the tggbecupational status of the mother and the
father, or mother only if a single parent). Pregnarcharacteristics were: parity, infertility
treatment, multiple pregnancy, antenatal stera@dggnatal transfer, hospital admission less than
24 hours before delivery, principal cause of premit (classified as preterm labor, preterm
premature rupture of membranes (PPROM), hypertengisorders or abruptio placentae, fetal
growth retardation (FGR), or oth&) and mode of delivery.

Infant characteristics considered were gestatiagal at delivery (in completed weeks’
gestation), sex, small for gestational age (SGA)githe French intrauterine growth cun/és
admission temperature (within 12 hours after bjrgyrfactant (0, 1 or 2 doses) for infants
admitted to NICU and postnatal transfer (includiapatriation transfers).

We also investigated three evidence-based practutesh were recommended in the
early 2010’s and were identified as improving suaVwithout severe neonatal morbidity in VPT
infants?> any administration of antenatal corticosteroidfobe delivery; effective prevention of
hypothermia defined as temperature on admissio860€ or more; and surfactant used within
two hours or early nasal continuous positive ainpegssure (CPAP) for infants born before 28

WG for infants admitted to NICU.

This study was approved by the National Data PtiotiecAuthority (CNIL no.911009)
and by the appropriate ethics committees (Consudt&@ommittee on the Treatment of Data on
Personal Health for Research Purposes - referemc&626, Committee for the Protection of

People Participating in Biomedical Research - egfee CPP SC-2873).



Statistical analyses

Univariate analyses were performed to describe gbpulation characteristics and
evidence-based practices according to hospital meJuusing Chi-squared tests. Statistical
significance was set at a two-tailed test wRh< .05. We used weighted percentages and
gestational age adjustments in the multivariablalyses to account for differences in sampling
times between gestational age groups.

Multivariate logistic regression analyses with plapion average models were used to
analyze the association between hospital volumethadstudy outcomes taking into account
clinical and healthcare factors known to affectcoutes and hospital volume. These factors were
sex, gestational age, small for gestational ageéd"{qfercentile)®*, maternal age, infertility
treatment, principal cause of prematurity, multige singleton pregnancy, parental socio-
economic status and mother’s country of birth. Wedua generalized estimating equation (GEE)
approach to take into consideration the clustesingjrths within hospital$®.

To check the robustness of the results, two seitgianalyses were performed. First, for
children aged between 24 and 25 weeks’ gestatioeretwas no consensus about active
management across French regions in 2811 and the decision to initiate resuscitation athbir
varied greatly between hospitals. These childrencansidered to be on the edge of viability in
France®®?° Therefore, we conducted analysis on a restrippllation of 26-30 weeks for
whom active resuscitation was commonly initiatedriance®. Secondly, as mortality is higher
in French overseas departments and territoffesan analysis was conducted on only the
newborns born in metropolitan France. Finally, lnseanewborns were potentially transferred to
another level 11l unit after birth, we performedsansitivity analysis by excluding newborns

hospitalized in more than one level Il unit.



Survival at discharge was reported for all livethsr In contrast, to account for dropouts
and missing information, survival without severeomatal morbidity at discharge and survival
without neuromotor and sensory disability at 2 geeorrected age was reported after multiple
imputation. Among survivors, results are reported Joth complete cases and all cases after
multiple imputation. Missing data were imputed byamed equations using the SAS “MI”
procedure *. Imputation model variables included maternal, ematal and neonatal
characteristics (maternal age, parity, parentaloggonomic status, country of birth, infertility
treatment, principal cause of prematurity, antdnataroids, multiple pregnancy, caesarean
section, SGA, gestational age, sex, Apgar scorgfacant, admission temperature), and
outcomes (severe neonatal morbidities, cerebraypaeuromotor or sensory disabilities, and
ASQ). For ASQ, missing domains were separatelyuieqh to account for partially completed
questionnaires and ASQ score was then estimated) tise imputed domain specific data for
infants without cerebral palsy, deafness, or blesdn Binary variables were imputed using
logistic regression and socioeconomic data wereutatp using multinomial models. We
generated 50 independent imputed datasets withte3@tions each. Estimates were pooled
according to Rubin’s rule®*. Further details are available in Table | (avddatat

www.jpeds.com). All analyses were carried out V8BS v9.4 software.

Results

Admissions per year were <55 (Quartile 1, Q1), 95Q2), 80-109 (Q3) and > 110 (Q4),
with a range of 14 to 174 very preterm babies aechiper hospital. Hospital characteristics are
presented in Table 2 (available at www.jpeds.cddfthe high-volume hospitals, 87% were part

of a University system and 80% performed neonatajesy.



In total, 2447 infants were born between 24 andwg@ks gestation in 66 level Il
hospitals (Figure 1; available at www.jpeds.comdblé 3 and Table 4 provide maternal and
neonatal characteristics according to hospital meluQ4 hospitals had higher proportions of
women born outside France and of women from a higheoeconomic status.

Only 10% of newborns were admitted to low volumeatuu{Q1). In this group,
significantly fewer women received fertility treagmt or were transferred before delivery.
Moreover, compared with infants born in Q4 hospjtahfants born in Q1 hospitals less
frequently received antenatal steroids or surfdactamd presented more frequently with
hypothermia. The principle cause of preterm dejivgestational age, SGA and sex did not
differ according to hospital volume.

The proportion of infants receiving all three ewvide-based interventions increased
significantly with hospital volume, from 49.8% inl(hospitals to 64.0% in Q4 hospitals. The
proportion of infants receiving surfactant therapyearly nasal CPAP did not significantly differ

according to hospital volume (Figure 2).

Survival at discharge was lower in Q1 hospitals yat§d odds ratio (aOR) 0.56, 95% CI
0.33-0.91, Table 5). The percentages of severeatalomorbidity were significantly higher in the
two top quartiles (Table 6; available at www.jpedsn). Survival without severe neonatal

morbidity did not differ with hospital volume (Tabb).

A total of 2116 infants were discharged home, J&idifter discharge and 104 children
did not participate in follow-up. In all, 1999 aothien were included in follow-up; the medical
guestionnaire for 2 years corrected age was costpfer 1764 children (83.4%) and the ASQ at
22-26 months corrected age was available for 1Z®6%0) (Figure 1). Data were more

frequently missing from children born to familiestlwlow socioeconomic status (Table 1).
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Survival without neuromotor or sensory disabilitias two years was lower in Q1, Q2, Q3
hospitals vs. Q4 hospitals, but the aOR was ormggifcantly lower in Q1 hospitals (aOR 0.60,
95% CI 0.38-0.95) (Table 5). Results from the denti analyses were similar (Table 7;
available at www.jpeds.com). Our findings were agnilar when we excluded newborns (n=49)
who were hospitalized in several level Il unitsa¢® not shown). Among surviving infants, we
found no significant difference in the incidencerefuromotor or sensory disabilities or ASQ

below threshold according to hospital volume (T&hlavailable at www.jpeds.com).

Discussion

In this population-based cohort study, we found théants born between 24 and 30
weeks gestation and admitted to low volume neonanés had consistently lower aOR for
survival without neuromotor or sensory disabiliti@és 2 years corrected age vs. high volume
units. Neuromotor and sensory disabilities and A&Q score did not vary with hospital volume.

The EPIPAGE-2 study is based on a large nationabgactive cohort. Numerous
maternal and neonatal characteristics were cotledieus increasing the robustness of the
adjustments. A robust system of verification wasdugvolving study statisticians and local
investigators with access to original care noteg Mged the volume of admission of VPT
newborns in NICU as the exposure variable becausevariable is a more relevant and accurate
indicator of medical activity in the managemenfpoéterm infants than other indicators such as
obstetric volume. Our exposure variable was bagedeliable data from the national hospital
discharge databasé& A GEE approach was used to take into consideratie clustering of
births within hospitals, and sensitivity analysesrevperformed to account for possible variations

in management of VPT newborns between perinatakarés. Only live births in level I
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hospitals were included; this selection limits ¢emeralization of our results for all neonates born
between 24 and 30 weeks, but it has the advantageatyzing relatively similar services (staff
and equipment) and relatively similar newbornstremsferred after birth.

The main limitation of our study is the follow-uate at two years, which was lower than
in other recent cohort studies on extremely preteintns *>>" but these studies included fewer
infants. The proportion of children lost to follayp was higher in families with low
socioeconomic status® and in hospitals with low neonatal activity, butet neonatal
characteristics of these children were similatiose followed-up. Multiple imputation was used
to account for missing data.

The quality of care received by newborns duringrthieccessive neonatal hospitalizations
until discharge may have affected the relation&lgpveen hospital volume in the initial hospital
and outcomes even though there were fewer postiarafers among children born in low
volume hospitals.

If volume is an indicator of the experience andaoigation of a service, it would be
better to use the volume before inclusion (201Qy, the collection of gestational age in the
national hospital discharge database only becameatary in 2011. NICU volume may be a
surrogate for other hospital characteristics oegas that contribute to the risk of disabilities.
To limit this effect, children with lethal malformans were excluded, and numerous risk factors
were introduced in the models.

In our study, a large proportion of NICUs had ahhigimber of admissions, making it
difficult to distinguish effects between NICUs witver 55 admissions of VPT newborns per
year. In addition, our sample was not large enotgldetect moderate differences in the

intermediate groups, which might have clinical figance. We were also unable to identify an
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admission threshold in the lowest-volume NICUsWnich survival without disability would be
significantly lower. One previous studyused modeling techniques to select the threstolds
investigation, but this required a much larger dangize, and they did not present data on
longer-term neurodevelopment.

Another limitation is the lack of data on matermhstance to the closest level Il
maternity unit. However, low-volume NICUs (Q1) aret always located in isolated areas; for
example, only 3 out of the 40 perinatal networkistaxg in 2011 had a low volume NICU as the
sole NICU in the network. In addition, outborn infa are most affected by distariée’® but our
study did not include this population.

Previous studies on the effect of volume on nedmatie@e have mainly used retrospective
cohorts "2 which had the advantage of large populations, dniy studied in-hospital
mortality and severe neonatal morbidity. These istudound that hospitalization in the top
volume quartile was associated with a decreas&dofisleath. However, improved survival can
potentially lead to an increase in the number dhexable infants developing neonatal and long-
term complications. We found a trend toward inceelasevere neonatal morbidity in our study,
and two other studies have shown an increase@fiBRPD and ROP treatment in large uriit$?
Our results suggest, however, that neuromotor agmksmy disabilities at 2 years and
psychomotor development did not differ with neohatat volume.

To understand the differences in survival betweesphals, factors such as number of
beds, university status and level of care have b®giored, but none were shown to be
associated with survival’®. On the contrary, the association with NICU vo&ufound in several
countries shows the importance of this factor. ghhvolume of activity may be associated with

other beneficial factors such as better coordimatibobstetric-pediatric care, more experienced
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caregiving staff, or better implementation of dadiali guidelines, as our study suggests. The three
clinical practices investigated in our study cancbesidered indirect markers of the quality of
perinatal care because they have been stronglynmeended since 2011 and involve both
obstetrical (antenatal steroids) and neonatal jgec{prevention of hypothermia and surfactant
or early nasal CPAP). The large variability of @il practices across countri®s* suggests that
other clinical practices should be considered gleoto understand which practices have a major
impact on infant health. Evidence-based practidesulsl be encouraged through appropriate
training and evaluation in particular in the smstllgolume hospitals. Morbidity and mortality
reviews and the clinical pathway, as described bijteR et al, are methods for evaluating and
improving practices and could help obstetrical ardnatal teams improve the management of
VPT infants®?

Our results suggest that volume has an impact owivall without neuromotor and
sensory disabilities mainly in tHewest activity units. This raises the questionadifether it is
necessary to establish volume thresholds for theission of very preterm births in neonatal
units, as recommended or enforced for level llitaurgince 2003 in Belgium, Germany (50
VLBW), the Netherlands (200 total admissiofiSjand in the United Kingdom (100 VLBW.
However, closing the lowest activity NICUs couldpetde or delay maternal transfers, thereby
increasing the number of infants born outside ldilehospitals®*. Policy decisions regarding
perinatal regionalization must therefore weigh tespective impact of NICU volume and the

geographic access to these units, as has beerirdiiméed-access zonés

In conclusion, our study suggests that the higlevigal rate in the highest volume neonatal

units was not followed by a higher risk of disalyilat two years. Further studies should focus on

13



why survival at discharge for very preterm infaatimitted to small-volume neonatal units is
significantly lower. Our results add new informatido the ongoing debate on the optimal

regionalization of perinatal care.
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List of abbreviations:

ASQ: Ages and Stages Questionnaire

BPD: bronchopulmonary dysplasia

CPAP: continuous positive airway pressure
EPIPAGE 2: Etude EPIdémiologique sur les PetitssAgEstationnels
FGR: Fetal Growth Retardation

GEE: Generalized Estimating Equation

GMFCS: Gross Motor Function Classification System
NICU: Neonatal Intensive Care Units

OR: Odds Ratio

PPROM: Preterm Premature Rupture of Membranes
ROP: Retinopathy of Prematurity

SCPE: Surveillance of Cerebral Palsy in Europe
SGA: Small for Gestational Age

VLBW: very low birth weight

VPT: very preterm

WG: Weeks of Gestation
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Figurelegend:

Figure 1: Flow chart of study population

ASQ: Ages and Stages Questionnaire

Figure 2: Evidence-based interventions accordirfgpspital volume among infants of 40

30"® weeks gestation admitted to neonatal care.

CPAP=Continuous Positive Airway Pressure. Q: Qlearti

Chi-squared test: p<0.05 for antenatal steroidsvemtion hypothermia, and all three

interventions.
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Table 3: Maternal and pregnancy characteristics according to hospital volume.

Hospital volume*

<55 (Q1) 55-79 (Q2) 80-109 (Q3) >110 (Q4)
Number (%) of mothers N= 213 (10.5%) N=459 (22.2%)  N=598(29.1%) N= 799(38.3%)
Maternal characteristics, n (%)
Materna age (years) 0.18
<25 44 (20.5) 96 (20.6) 137 (22.7) 132 (16.6)
25-34 119 (55.8) 265 (57.7) 326 (54.7) 482 (60.2)
>35 50 (23.7) 98 (21.7) 135 (22.6) 185 (23.2)
Mother born outside of France 40 (19.2) 112 (25.1) 112 (21.0) 194 (27.1) 0.03
Socioeconomic status 0.008
Professional/ Intermediate 74 (36.0) 168 (39.0) 209 (38.2) 327 (43.9)
Other 117 (59.1) 237 (54.6) 309 (56.7) 408 (53.8)
Not employed 19 (4.9) 28 (6.3) 29 (5.1) 17 (2.3)
Nulliparous women 112 (54.6) 223 (51.7) 285 (51.0) 420 (55.6) 0.34
Infertility treatment 21(9.7) 55 (12.0) 72 (12.4) 136 (17.3) 0.001
Doses of antenatal steroids 0.0001
0 37 (18.4) 81 (17.8) 78 (13.2) 59 (7.6)
1 37 (17.8) 61 (14.0) 90 (15.0) 130 (16.5)
2 128 (63.8) 296 (68.2) 411 (71.8) 584 (75.8)
Singleton 180 (84.9) 358 (78.1) 484 (80.7) 632 (79.2) 0.19
Antenatal Transfer 99 (46.8) 213 (48.2) 362 (60.7) 510 (63.7) 0.001
Admission less than 24 hours before
. 103 (47.7) 238 (52.2) 310 (51.6) 426 (53.0) 0.4
delivery
Principal cause of preterm delivery 0.8
Preterm |abor 80 (36.3) 160 (34.0) 209 (34.1) 295 (36.2)
pPROM 59 (28.2) 130 (27.7) 155 (25.6) 230 (27.9)
Hypertensive disorders or
. 53 (25.4) 118 (26.7) 161 (27.7) 181 (23.7)
placenta abruption
Fetal Growth Retardation 11 (5.5) 31(7.2) 34 (6.1) 44 (5.9)
Other circumstances 10 (4.6) 20 (4.4) 39 (6.5) 49 (6.3)
Cesarean delivery 139 (66.1) 289 (66.0) 406 (69.2) 515 (66.8) 0.68

* Annua number of admissions of newborns under 31 weeks.

pPROM: Preterm Premature Rupture of Membranes.



Table 4: Neonatal characteristics according tghalsvolume.

Hospital volume

<55 (Q1 55-79 (Q2 80-109 (Q3 >110 (Q4
Number (%) of newbori N=243(10.1%) N=552 22.6%) N=700(28.8%) N=952(38.5%) P
Neonatal characteristics, n (
Gestational age (weel 0.27
24-25 30 (9.8 75 (10.9 90 (10.2 156 (13.3
26-27 62 (24.1 156 (26.4 192 (25.8 274 (27.0
28-30 151 (66.1 321 (62.7 418 (64.0 522 (59.7
Male Se: 114 (46.3 293 (53.6 389 (55.5 501 (53.0 0.11
Small for Gestational Ac’ 91 (38.2 201 (37.3 241 (35.5 313 (33.9 0.47
Admission temperature (° 0.007
<3€ 84(37.3 173 (31.3 197 (30.6 247(26.0,
36-37.¢ 130 (61.3 352 (67.0 425 (68.3 641(72.0
>38 3(1.4 8 (1.6 7111 18(2.0)
Doses of surfactant (<28wee 0.007
0 11 (13.6 9 (5.0 19 (8.0 20 (5.1
1 54 (62.6 145 (67.7 142 (54.7 254 (63.8
2 20 (23.6 62 (27.4 99 (37.3 126 (31.0
Postnatal transf 0.001
0 173 (72.8 310 (56.7 388 (56.0 508 (54.0
1 48 (20.7 158 (30.6 234 (34.7 357 (38.9
>2 16 (6.5 74 (13.2 65 (9.3 68 (7.1

* Annual number of admissions of newborns undewggks.
£ Small for gestational age was defined as birttghtet 10" percentile for gestational age and sex based on

French intrauterine EPOPé curves (EGO et al 2016).



Table 5: Live birth outcomes according to hospitalime, using logistic regression GEE model.

Hospital volume

<55 (Q1 5579 (Q2 80-109 (Q3 > 110 (Q4
Outcomes Method N=24z N=552 N=70( N=05:
Survival at discharge
% (95 % ClI cC 85.7 (€1.5-89.9 88.1 (85.-90.7 87.5 (85.-89.9 88.6 (86.-90.5
adjusted OR [95% C* 056 [0.33-0.61] 0.9C[0.57-147] 0.81[0.55-1.2(] 1

Survival without severe neonatal
mor bidity

% (95 % CI) MI

adjusted OR [95% C*

Survival without neuromotor or sensory
disabilities at 2 years corrected age.

% (95 % CI) MI

adjusted OR [95% C*

72.4 (66.5-78.2)

0.£0 [0.5(-1.26]

75.0 (54.6-95.3)

0.60 [0.3¢-0.65]

73.8 (69.4-78.3)

1.C4 [0.70-1.53]

76.7 (58.9-94.5)

0.79[0.51-1.21]

.BE54.3-76.0)

0.71[0.48-1.03]

F60.1-95.6)

0.8[0.58-1.2(]

70.3 (64.7-75.9)

1

80.7 (67.5-93.9)

1

CC: complete (fully documented) cases. MI: avadatdses after multiple imputation.

* Annual number of admissions of newborns undewagks.

£ Adjusted for gestational age, sex, small for gestal age, multiple pregnancy, maternal age, filitgrtreatment, principal cause of

prematurity, parental socioeconomic status and emtstlzountry of birth.
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Table 1: Comparison of characteristics among resp@and non-responders

Survivors at 2 years CA eligible for the study
Neuromotor and sensory disabilitidata available

Yes No
n=1764 n= 339 p-value

Maternal characteristics, n (%)
Maternal age (years) 0.0001

<25 274 (15.6) 104 (30.2)

25-34 1076 (60.9) 163 (48.0)

>35 414 (23.5) 72 (21.8)
Mother born outside of France 364 (22.3) 90 (29.5) 0.007
Socio-economic status 0.0001

Professional/ Intermediate 767 (45.3) 75 (25.7)

Other 877 (52.0) 202 (66.8)

Not employed 46 (2.7) 22 (7.4)
Multiple pregnancy 589 (33.3) 101 (29.4) 0.15
Antenatal transfer 989 (56.5) 216 (63.8) 0.01
Infertility treatment 339 (19.4) 41 (12.5) 0.003
Doses of antenatal steroids 0.02

0 183 (10.7) 48 (14.1)

1 263 (15.4) 35 (10.5)

2 1259 (73.9) 244 (75.4)
Principal cause of preterm delivery 0.09

Preterm labor 656 (36.5) 114 (33.3)

pPROM 475 (26.5) 108 (31.1)

Hypert.ensive disorders or Placental 413 (24.1) 64 (19.8)

abruption

Fetal Growth Retardation 105 (6.3) 21 (6.6)

Other circumstances 115 (6.6) 32 (9.2)
Cesarean delivery 1210 (70.0) 205 (63.0) 0.01
Neonatal characteristics, n (%)
Gestational age (weeks) 0.4

24-25 170 (7.6) 36 (8.4)

26-27 465 (24.5) 85 (23.2)

28-30 1129 (67.9) 218 (68.5)
Male Sex 946 (53.8) 162 (47.8) 0.04
Small for Gestational Age 609 (35.2) 116 (35.4) 0.9
Admission temperature (°C) 0.76

<36 478 (27.6) 89 (27.1)

36-37.9 1180 (70.7) 224 (70.6)

>38 27 (1.7) 7 (2.3)
Doses of surfactant (<28weeks) 0.10

0 482 (29.3) 110 (35.2)

1 946 (53.8) 164 (49.6)

2 305 (16.9) 54 (15.2)
Severe neonatal morbidities 32 (18.3) 65 (19.5) 20.6
Hospital volume, n (%) 0.001

<55 157 (9.1) 47 (14.1)

55-79 395 (22.3) 79 (23.2)

80-109 485 (27.8) 114 (33.7)

>110 727 (40.8) 99 (29.0)




Table 2: Hospital characteristics according to hospital volume.

Hospital characteristics (n=66) Hospital volume*
<55 54-79 80-109 >110
n=17 n=17 n=17 n=15
(26%) (26%) (26%) (23%)
University hospital, n (%) 3(18.0) 9(53.0) 12(70.0) 13(87.0)

Type of surgery available®, n (%)

0 10(58.8) 7(4L1)  4(235  3(200)
>1 7(418) 10(586) 13(765) 12(80.0)
Number of neonatal resuscitation beds 62160 9380 119120 14.6/15.0

mean/ median

* Annual number of admissions of newborns under 31 weeks.
£ Ability to perform at least one of the following interventions; laparotomy for NEC, patent ductus

arteriosus ligation, insertion of ventriculo-peritoneal shunt.



Table 6: Association between hospital volume anvgrgeneonatal morbidity.

Hospital volume*

Outcomes <55 55-79 80-109 >110 Total Missing
N=243(10.1%) N=552 2.6%) N=700(28.8%) N=952(38.5%) P data (%)

Severe neonatal morbidity

N= 2116, n/N (%) 32/ 198 (14.5) 75/ 463 (14.8) 115/ 520 (21.2) 151/ 776 (18.5) 373/ 1957 0.02 7.5
BPD 16/200 (7.0) 47/463 (9.0) 49/528 (8.4) 78/782) 190/1979 0.74 6.9
cPVL or IVH (llI/ V) 13/204 (6.0) 23/480 (4.5) 4402 (7.1) 45/830 (4.8) 125/2116 0.24 0
NEC (Il or 1) 5/203 (2.1) 8/ 477 (1.6) 36/588 1§. 29/822 (3.6) 78/2090 0.003 1.2
ROP 4/202 (1.5) 6/479 (1.0) 7/592 (1.0) 18/824)(1.9 35/2097 0.31 1.0

Crude OR 1.00[0.63-1.60] 0.89[0.60-1.33] 1.887-2.10] 1

Adjusted OR 1.21[0.72-2.08] 0.93[0.59-1.45] 1.44[0.81-2.56] 1

* Annual number of admissions of newborns undewggks.

At least one of these diseases: BPD, severe brpothonary dysplasia; IVH, severe intraventriculeentorrhage cPVL, cystic
periventricular leukomalacia; NEC, necrotizing eat®litis; ROP, retinopathy of prematurity.

Missing data = 159.

£ Adjusted for gestational age, sex, small for géstat age, multiple pregnancy, maternal age, iiligrtreatment, principal cause of
prematurity, parental socioeconomic status and en@tlzountry of birth.



Table 7: Sensitivity analysis

Outcome Methoc Hospital volume Total
<55 55-79 8C-109 >110

Survival without neuromotor ¢
sensory disabilities at 2 yee
corrected age in infants bo-
between 26 and 30 WG.

N 212 477 61C 79€ 209¢
% (95 %Cl) Ml 77.9 (60.-94.9 80.2 (67.-93.0, 82.3(70.-93.9  85.1(75.-94.2
adjusted OR [95% C* MI 0.57 [0.36-0.0] 0.6¢ [0.44-1.C7] 0.8C [0.55-1.16] 1

Survival without neuromotor ¢
sensory disabilities at 2 yee
corrected age in metropolit

France
N 21€ 49z 612 952 227¢
% (95 % CI) MI 75.0 (54.6.6-95.3) 76.7 (58.9-94.5) 77.9 (60.2-5.680.7 (67.5-93.8)
adjusted OR [95% C* MI 0.59 [0.37-0.96] 0.78[0.4¢-1.24] 0.€7 [0.59-1.27] 1

* Annual number of admissions of newborns undewggks.

MI: available cases after multiple imputations.

£ Adjusted for gestational age, sex, small for gastal age, multiple pregnancy, maternal age, tilitgrtreatment, principal cause of
prematurity, parental socioeconomic status and en@tlcountry of birth.



Table 8: Survivor outcomes at 2 years correctedaagerding to hospital volume, using logistic resgien GEE model.

Hospital volume

<55 (Q1 55-79 (Q2 80-109 (Q3 >110 (Q4
Outcomes Method
N= 204 N=474 N=59¢ N=82¢

Neuromotor and sensorysabilities

% (95 % ClI ccC 4.2 (1.:7.5) 4.8(2.6-7.0) 3.1 (1.54.7) 3.0 (1.+4.3)

adjusted OR [95% CIf 1.56 [0.58-4.20] 1.81[0.87-3.79] 1.06 [0.55-2.03] 1

% (95 % ClI M 4.6 (1.-7.9) 5.2 (2.67.5) 3.3(1.+5.0) 3.3 (L.¢4.7)

adjusted OR [95% CIf 1.48 [0.56-3.93] 1.73 [0.85-3.57] 1.05 [0.56-1.97] 1
ASQ score below threshold at 2 ye:

% (95 % ClI ccC 46.5 (37.-55.9 44.7 (38.-50.8 43.5 (38.-4823) 40.6 (36.-44.9)

adjusted OR [95% Cf 1.39 [0.82-2.37] 1.06 [0.75-1.50] 0.97 [0.72-1.32] 1

% (95 % Cl MI 49.9 (41.-58.4 49.6 (44.-55.0 47.4 (42.-52.1 45.9 (41.-49.9

adjusted OR [95% Cf] 1.37 [0.88-2.14] 1.00 [0.70-1.42] 0.99 [0.74-1.33] 1

CC: complete (fully documented) cases. MI. avadabhses after multiple imputation. * Annual nhumbéradmissions of newborns under 31

weeks.? Adjusted for gestational age, sex, small for gastal age, multiple pregnancy, maternal age, filitgrtreatment, principal cause of

prematurity, parental socioeconomic status and emtitountry of birth” Infants with cerebral palsy, deafness, blindnes®wzcluded.



2926 live-born neonates at 24-30 weeks of gestation (WG) with parental consent at birth

Excluded

A 4

- Neonates born outside tertiary-level site (n=380)
- Severe birth defects or antenatal decision to not resuscitate (n=99)

\4

Neonates born in tertiary-level site (n=2447)

- Died in delivery room (n=42)
- Died in neonatal intensive care (n=289)

Discharged home alive and eligible for follow-up (n=2116)

- Died between discharge and 2 years (n=13)

A 4

Survivors at 2 years eligible for follow-up: (n=2103)

Excluded

»| - Follow-up refused by parents (n=104)

A

Survivors at 2 years included in follow-up (n=1999)

v

A 4

Parental questionnaire at 2 years corrected age (n = 1788; 85.0%)

Excluded (n= 556)
-ASQ completed outside the expected age (n=429)

> -ASQ not completed (n=47)
-Cerebral palsy, deafness, blindness (n=80)
Medical questionnaire at 2 years corrected age (n =1764; 83.4%) v
Data on survival without neuromotor or sensory ASQ data used in analysis (n=1232; 58.6%)
disabilities at 2 years






